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   When food is your enemy, knowledge is your best weapon of defence.  

    Anonymous, 2009         
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 PREFACE     

  Food allergic reactions have emerged as a growing challenge to the food 
industry. The statistics are quite remarkable:  ∼ 4 – 8% of children and  ∼ 2 – 4% of 
the adult population are believed to have food allergies. Allergic reactions are 
particularly bothersome because in some unfortunate situations, they have 
resulted in anaphylaxis and even death. For example, the death of a young girl 
in Ontario, the most populated province in Canada, after consumption of 
french fries that had been inadvertently in contact with a dairy product in her 
school cafeteria resulted in increased awareness about food allergies, leading 
legislators in the province to enact what is now known as Sabrina ’ s law. This 
legislation requires schools in Ontario to be proactive about allergy education 
and preparedness. The death of Sabrina is not unique, and unfortunately, other 
incidents have occurred around the world. Of the over 160 – 180 foods known 
to be allergenic, some are considered priority allergens. These include eggs, 
milk, soy, peanuts, tree nuts, fi sh, shellfi sh, and wheat (gluten). The health 
burden of allergies and allergy - related diseases still remains unclear. 

 To protect food - allergic consumers, several countries around the world 
have put in place food allergen labeling regulations requiring food industries 
to label the priority allergens when they are present in foods. This has posed 
some challenges to the food industry and has resulted in discussions on the 
need of allergen management programs to allow the identifi cation of allergens 
in the food supply chain and their avoidance in foods targeted toward food -
 allergic consumers. The objective of food safety regulators and the food indus-
try, ultimately, is to provide safe foods to allergic consumers and their families 
while maximizing choice. 

 The market for allergen - free foods has grown astronomically as the 
food industry has awakened to the potential for growth of this sector. These 

xi
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xii PREFACE

developments are exciting and provide a glimmer of hope in a world that has 
proven to be hazardous for allergic individuals. The eagerness of the food 
industry to embrace this market and the readiness of regulatory agencies to 
provide guidelines to support the sector is palpable. It is in this context that 
this book has been compiled, which focuses on providing practical and timely 
information on the manufacturing of foods targeted for allergic consumers. 
Renowned experts from around the world working in the area of food allergy 
have contributed excellent reviews covering the spectrum of allergen manage-
ment from  “ farm to fork. ”  The target audience for the proposed book includes 
food scientists and food processors in academia (professors, researchers, stu-
dents) and the food industry. The book ’ s comprehensive nature will also appeal 
to scientists and researchers in general involved in allergy research, food 
inspection, food safety certifi cation, and policy making. 

 The book is divided into four parts. Part I begins with Chapter  1 , which 
provides an overview of food allergy and food intolerance and the mechanisms 
involved in sensitization and elicitation. A clear distinction between food 
allergy and food intolerance is provided as well as a defi nition of gluten hyper-
sensitivity. Chapters  2 ,  3 , and  4  provide a summary of the major issues that 
need to be addressed in allergen management and the criteria for determining 
priority allergens, using tree nuts and mustard as an example. 

 Part II contains three chapters that address, respectively, allergen manage-
ment in agricultural practices (on the farm), food processing, and the foodser-
vice industry. 

 In Part III, Chapters  8  –  13 , respectively, provide in - depth reviews of each of 
the following priority allergens: dairy, eggs, fi sh and crustaceans, peanuts and 
tree nuts, gluten, and soy. Critical information is provided for the processing 
of foods targeted for consumers suffering from theses specifi c allergies. Chapter 
 14 , the last chapter in this part, provides a practical example of a food product 
formulated to be  “ free from ”  milk, eggs, and soybeans. 

 Chapters  15  –  17  of Part IV, address, respectively, allergen risk assessment 
and risk management, precautionary labeling, and allergen - free certifi cation. 
As more  “ allergen - free ”  products are introduced into the market, consumers, 
as well as the food industry, need to consider the risks and benefi ts of auto -
 certifi cation versus third - party certifi cation. Chapter  18  discusses in detail 
some of the emerging allergens (e.g., lupin, sesame, and mustard) and their 
properties and the need to monitor these foods as global movement and trade 
exposes consumers to an ever - increasing array of new and novel foods. The 
last chapter, Chapter  19 , provides practical tools for managing food allergen 
risks. 

 One of the important areas of food allergy requiring further investigation 
is the threshold dose required to provoke allergic reactions. Zero tolerance, 
while desirable, poses serious challenges to the food industry and could 
increase processing costs considerably. Knowledge of the amount of allergens 
required to elicit allergic reactions may help to provide realistic targets for the 
industry. While this subject is beyond the scope of this book, results of current 
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PREFACE xiii

studies such as those being conducted by the European Union Network 
(EuroPREVALL, http://www.europrevall.org) should shed more light on this 
important area. Methods for allergen detection are not addressed in this book, 
as they have been effectively discussed in the book  Detecting Allergens in Food  
(edited by S.J. Koppelman and S.L. Hefl e, CRC Press and Woodhead Publishing, 
2006). There continues to be a need, however, for improved methods for aller-
gen detection that take into consideration the effect of processing and matrix. 

 The reader will sometimes fi nd the use of multiple terminologies in the text 
and different statistics for allergy prevalence rates. This is expected in a fi eld 
that is transitioning from infancy into adolescence. An example that requires 
mentioning is the use of the terms  “ cross - contact ”  and  “ cross - contamination. ”  
As  “ cross - contamination ”  has been traditionally used in the food safety context 
to refer to contamination by pathogenic microorganisms,  “ cross - contact ”  has 
evolved as a more adequate terminology to describe the inadvertent presence 
of allergenic substances in the food chain. These two terms are used inter-
changeably throughout the book. Additionally, various numbers have been 
reported in the literature for allergy prevalence rates, ranging from 4% to 8% 
for children and 1% to 4% of the adult population. This variability is refl ected 
in some of the literature cited in the text. 

 We would also like to mention that while effort has been made to minimize 
duplication, in a volume that attempts to cover a spectrum as large as this, 
some repetition is unavoidable. There may also be some errors in the text 
especially in a fi eld such as this one, which is quickly evolving. We take respon-
sibility for any such errors and would kindly request that readers inform us of 
any such errors so appropriate corrections and additions can be made in any 
future editions. Finally, we would like to thank the contributors for doing such 
a stellar job of compiling the most up - to - date information for the management 
of food allergens. It is a remarkable piece of work, and we sincerely thank 
them for their hard work and dedication. 

   J oyce  I. B oye  
 S amuel  B enrejeb  G odefroy         

fpref.indd   xiiifpref.indd   xiii 6/17/2010   7:07:55 PM6/17/2010   7:07:55 PM



 CONTRIBUTORS     

     Allaoua Achouri,    Food Research and Development Centre, Agriculture and 
Agri - Food Canada, Saint - Hyacinthe, Quebec, Canada  

   Anton J. Alldrick,    BRI Campden, Chipping Campden, UK  

   Elke K. Arendt,    Department of Food and Nutritional Sciences, University 
College Cork, Ireland    

   Joyce I. Boye,    Food Research and Development Centre, Agriculture and 
Agri - Food Canada, Saint - Hyacinthe, Quebec, Canada, J2S   8E3; Email: 
 joyce.boye@agr.gc.ca   

   Michel Britten,    Food Research and Development Centre, Agriculture and 
Agri - Food Canada, 3600 Casavant Blvd West, Saint - Hyacinthe, Quebec, 
Canada  

   Vernon D. Burrows,    Eastern Cereal and Oilseed Research Centre, Agriculture 
and Agri - Food Canada, Central Experimental Farm, Ottawa, Ontario, 
Canada    

   Ren é  W.R. Crevel,    Safety  &  Environmental Assurance Centre, Unilever, 
Sharnbrook, Bedford, UK    

   Angelina O. Danquah,    Department of Home Science, University of Ghana, 
Legon, Ghana  

   Philippe Delahaut,    CER Groupe –  – Laboratoire d ’ Hormonologie, Marloie, 
Belgium  

xv

flast01.indd   xvflast01.indd   xv 6/17/2010   7:07:49 PM6/17/2010   7:07:49 PM



xvi CONTRIBUTORS

   Lilla D ö m ö t ö r,    Sz ó́ dliget, Budapest, Hungary  
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    Adaptive (acquired) immunity (specifi c immunity).      This is the response of the 
immune system to a specifi c immune stimulus (antigen). The immune 
system  “ remembers ”  that it has encountered a specifi c antigen and reacts 
more rapidly on subsequent exposure (immune surveillance). Critical to 
adaptive immunity are antigen - presenting cells (APCs) including macro-
phages and dendritic cells, antigen - dependent stimulation of T - cell subtypes, 
B - cell activation leading to antibody production, and the activation of mac-
rophages and natural killer (NK) cells.  

 Allergen.      A substance that causes an inappropriate reaction by the immune 
system  “ an allergic reaction. ”   

 Allergic proctocolitis.      A benign disorder manifesting with blood - streaked 
stools in otherwise healthy - appearing infants who are breast -  or formula -
 fed. Its clinical features and laboratory results are often nonspecifi c. 
Symptoms resolve within 48 – 72 hours following elimination of dietary 
cow ’ s milk protein. The underlying mechanism is not known, though IgE is 
clearly not implicated. Endoscopy shows focal or diffuse colitis, with edema 
and erosions. The biopsy reveals eosinophilic infi ltration with focal 
distribution.  

 Allergy.      A hypersensitivity reaction initiated by immunologic mechanisms.  
 Anaphylaxis.      A systemic IgE - mediated allergic reaction that can be fatal 

within minutes, by compromising the airways or through a dramatic drop 
in blood pressure. In a sensitized, susceptible person, contact with or inges-
tion of an allergen may elicit an IgE - mediated adverse immune response 
leading to airway obstruction, hypotension, and loss of consciousness, 
resulting in anaphylactic shock. In anaphylaxis, several systems are usually 

 GLOSSARY OF TERMS            

xix
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xx GLOSSARY OF TERMS

affected simultaneously, including the respiratory tract, cardiovascular 
system, and gastrointestinal tract.  

 Angioedema.      Refers to locally diffuse and painful soft - tissue swelling that 
may be asymmetric, especially on the eyelids, lips, face, and tongue, but also 
on the back of hands or feet and on the genitals. If angioedema affects the 
throat, the person ’ s airway could be blocked, which could be life 
threatening.  

 Antibodies (Abs).      Also called immunoglobulins (Igs) that are released by 
plasma cells. When a B cell encounters an antigen, it is stimulated to mature 
into a plasma cell or a memory B cell. Each antibody molecule has two 
parts. One part varies and is specialized to attach to a specifi c antigen. The 
other part is one of fi ve structures, which determines the antibody ’ s class —
 IgM, IgG, IgA, IgE, or IgD. This part is the same within each class and 
determines the function of the antibody.  

 Antigen - presenting cells (APCs).      T - cell - dependent acquired immune 
responses typically require antigen - presenting cells to present Ag - derived 
peptides within major histocompatibility complex (MHC) molecules.  

 Antigens (Ag).      A substance, usually proteins or polysaccharides, capable of 
stimulating the immune system to produce antibodies.  

 Asthma.      An allergic - mediated response in the bronchial airways and a 
common disorder characterized by chronic infl ammation of the bronchial 
tree with consequent reduction of airfl ow and symptomatic wheezing and 
dyspnea. Asthmatics are more responsive than nonasthmatics to a wide 
range of triggers capable of initiating an asthmatic episode. The narrowing 
of the bronchial tree (bronchi) is usually reversible, but in some patients 
with chronic asthma, there may be an element of irreversible airfl ow 
obstruction. Asthma involves only the bronchi and does not affect the air 
sacs (alveoli) or the lung parenchyma itself.  

 Atopic dermatitis (AD).      A pruritic, chronic infl ammatory skin disease of 
unknown origin that usually starts in early infancy; it is characterized by 
eczematous lesions, dryness, and thickening of the skin. AD may be associ-
ated to acute allergic reactions to foods. Genetic factors are important in 
the development of AD and are often associated with a personal or family 
history of other atopic diseases. The association of food allergy with atopic 
dermatitis has been demonstrated and IgE and non - IgE cellular mecha-
nisms have been implicated. AD is considered to be an inherited genetic 
disorder with an allergic diathesis.  

 Atopy.      A personal or familial tendency to produce IgE antibodies in response 
to low doses of allergens, confi rmed by a positive skin prick test, and typical 
symptoms such as asthma, rhinoconjunctivitis, or eczema/dermatitis.  

 Autoimmune disorders.      Refers to medical conditions that occur when the 
immune system mistakenly attacks  “ itself ”  and destroys healthy body tissue. 
There are more than 80 different types of autoimmune disorders.  
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 Blood pressure.      The pressure of the blood within the arteries produced pri-
marily by the contraction of the heart muscle. Its measurement is recorded 
by two numbers. The fi rst (systolic pressure) is measured after the heart 
contracts and is recorded by the highest number. The second (diastolic 
pressure) is measured before the heart contracts and is recorded by the 
lowest number. Elevation of blood pressure is called  “ hypertension. ”   

 Bronchial asthma.      Refers to the defi nition of asthma.  
 Bronchospasm.      Spasmodic contraction of the muscular walls of the bronchial 

air passages as observed in asthma; it is associated with breathing 
diffi culty.  

 Cardiovascular.      The heart and the blood vessels as a unifi ed body system.  
 Conjunctivitis.      Infl ammation of the mucous membrane lining the inner 

surface of the eyelids and covering the front part of the eyeball.  
 Cross - contact/contamination.      Refers to a food contaminating or entering in 

contact with another unrelated food leading to a  “ hidden ”  source of aller-
genic proteins.  

 Cross - reactivity.      The concept of cross - reactivity concerns two allergens and 
an antibody. The term is used to describe a relation between two allergens 
and a cross - reactive antibody. The closer the similarity between the two 
allergens, the more likely it is to fi nd a cross - reactive antibody. A variety of 
cross - reacting allergens are present among foods and aeroallergens. 
Allergen cross - reactivity can be detected when tested  in vitro , but clinical 
correlation of the cross - reactivity is more variable. For example, cow ’ s milk 
allergy is a common disease of infancy and childhood. Goat ’ s milk cross -
 reacts with cow ’ s milk. Cow ’ s milk allergic patients may also react to goat ’ s 
and/or sheep ’ s milk.  

 Cytokines.      Polypeptides secreted by immune and other cells when the cell 
interacts with a specifi c antigen, endotoxin, or other cytokines.  

 Dermatitis.      An umbrella term for local infl ammation of the skin.  
 Diaphoresis.      Perspiration, especially when profuse.  
 Dyspnea.      Shortness of breath.  
 Eczema.      A general term for many types of skin infl ammation, also known as 

dermatitis, and is characterized by itching and the formation of scales. It is 
a very common condition and can affect all races and ages, including young 
infants. The most common form of eczema is atopic dermatitis.  

 Eosinophilic esophagitis.      A primary clinicopathologic disorder of the esopha-
gus, characterized by (1) symptoms including, but not restricted to, food 
impaction and dysphagia in adults, and feeding intolerance and gastro-
esophageal refl ux disease (GERD) symptoms in children; (2) biopsy with 
 ≥ 15 eosinophils/high power fi eld; (3) exclusion of other disorders associated 
with similar clinical, histological, or endoscopic features, especially GERD. 
Appropriate treatments include dietary approaches based on eliminating 
exposure to food allergens, or topical corticosteroids.  
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 Erythema.      An abnormal redness of the skin caused by various agents, as 
sunlight, drugs, and so on, that irritate and congest the capillaries.  

 Exercise - induced anaphylaxis.      Exercise can induce an allergic reaction to 
food. The usual scenario is that of a person eating a specifi c food and then 
exercising. As the individual exercises and their body temperature increases, 
they begin to itch, get lightheaded, and soon develop the characteristic 
allergic reactions of hives, asthma, abdominal symptoms, and even anaphy-
laxis. Refer to the defi nition of anaphylaxis or systemic reaction.  

 Favism.      Disease that develops in genetically predisposed individuals when 
they ingest broad beans or fava beans or inhale the fl ower pollen. The con-
dition is a result of a defi ciency of glucose - 6 - phosphate dehydrogenase in 
the red blood cells and of reduced glutathione, which is needed for red 
blood cell integrity. Fava beans contain substances that oxidize glutathione, 
which results in acute hemolytic anemia. The condition is not IgE mediated 
and is therefore regarded as food intolerance. Areas of the world most 
affected by this disease are the Mediterranean, Asia, Middle East, and 
Formosa. In the United States, favism is reported to affect 1 – 2% of 
Caucasian - Americans and 10 – 15% of African - Americans.  

 Flushing.      Sudden redness of the skin, especially of the head and neck.  
 Gastrointestinal.      Refers collectively to the stomach and small and large 

intestines.  
 Glottis.      The middle part of the larynx; the area where the vocal cords are 

located.  
 Gluten sensitivity.      This term as used in the literature is confusing and has been 

used to express various types of adverse reactions to dietary gluten.  Gluten 
sensitivity enteropathy  is a term used inter-changeably with celiac disease 
(CD). The term gluten sensitivity has also been used to encompass other 
autoimmune conditions associated with gluten exposure but that often 
present without gastrointestinal symptoms and bowel pathology, e.g., gluten 
ataxia and gluten neuropathy. On the other hand, emerging research has 
used the term gluten sensitivity to differentiate between the autoimmune 
enteropathy CD and those individuals who may present with symptoms 
similar to CD, but without anti - tTG autoantibodies or the autoimmune 
comorbidities (Hadjivassiliou et al. 2010; Sapone et al. 2010). The specifi c 
genetic profi les and mechanisms involved in distinguishing the different 
conditions associated with gluten toxicity are just beginning to be eluci-
dated and the terminology will need further defi nition and clarifi cation. 
Further investigation is also needed to assess the gluten threshold among 
individuals with various gluten toxicity profi les.  

 Haplotypes.      A haplotype is the set of  “ single nucleotide polymorphism 
(SNP), ”  alleles along a region of a chromosome. Some of the segments of 
the ancestral chromosomes occur as regions of DNA sequences that are 
shared by multiple individuals. These segments are the haplotypes that 
enable geneticists to search for genes involved in diseases and other 
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medically important traits ( http://www.hapmap.org/originhaplotype.html.
en;   http://www.genome.gov/10001665 ).  

 Heiner syndrome (HS).      A food immune - mediated pulmonary disease that 
affects primarily infants and is mostly caused by cow ’ s milk.  

 Histamine and histamine intolerance.      Histamine intolerance results from dis-
equilibrium of accumulated histamine and the capacity for histamine deg-
radation. Histamine is a biogenic amine that occurs to various degrees in 
many foods. In healthy persons, dietary histamine can be rapidly detoxifi ed 
by amine oxidases, whereas persons with low amine oxidase activity are at 
risk of histamine toxicity. Diamine oxidase (DAO) is the main enzyme for 
the metabolism of ingested histamine.  

 HLAs (human leukocyte antigens).      Proteins found on the surface of nearly 
every cell in the human body. HLAs are found in large amounts on the 
surface of white blood cells. They help the immune system tell the difference 
between  “ self ”  body tissues and foreign substances.  

 HLA system.      Major histocompatibility complex (MHC) in humans, controlled 
by genes located on chromosome 6. It encodes cell surface molecules spe-
cialized to present antigenic peptides to the T - cell receptor (TCR) on T 
cells.  

 Hypotension.      Blood pressure that is below the normal expected for an indi-
vidual in a given environment. Hypotension is the opposite of hypertension 
(abnormally high blood pressure). It is a relative term because the blood 
pressure normally varies greatly with activity, age, medications, and underly-
ing medical conditions. Unlike high blood pressure, low blood pressure is 
defi ned primarily by signs and symptoms of low blood fl ow and not by a 
specifi c blood pressure number. A sudden fall in blood pressure can also be 
dangerous. A change of just 20   mmHg, a drop from 130 systolic to 110 sys-
tolic, for example, can cause dizziness and fainting when the brain fails to 
receive an adequate supply of blood. Big blood pressure plunges, especially 
those caused by uncontrolled bleeding, severe infections, or allergic reac-
tions, can be life threatening.  

 Hypotension for children.      Defi ned as systolic blood pressure  < 70   mmHg from 
1 month to 1 year, [ < 70   mmHg   +   (2 age)] from 1 to 10 years, and  < 90   mmHg 
from 11 to 17 years.  

 Hypoxia.      An abnormal condition resulting from a decrease in the oxygen 
supplied to or utilized by body tissue.  

 Immune response.      The action taken by the body ’ s immune system to defend 
itself from pathogens. The immune system must be able to determine what 
is a normal part of the body or  “ self, ”  from what is foreign or  “ non - self. ”  
The immune response can be roughly divided into two broad categories: 
innate (natural) immunity and adaptive (acquired) immunity.  

 Immunoglobulins (Ig).      Glycoprotein molecules that are produced by plasma 
cells in response to an immunogen and which function as antibodies. All 

flast02.indd   xxiiiflast02.indd   xxiii 6/17/2010   7:07:52 PM6/17/2010   7:07:52 PM



xxiv GLOSSARY OF TERMS

immunoglobulins have a four - chain structure as their basic unit. They are 
composed of two identical light chains (23   kD) and two identical heavy 
chains (50 – 70   kD).  

 Incontinence.      Inability to restrain a natural discharge or feces from the body.  
 Infantile colic.      Refers to colicky babies who cry constantly and hard at about 

the same time each day at least 3 days a week. It is more common in boys 
and in fi rstborn children. It usually begins at about 2 weeks of age and goes 
away by the fourth month. Infants who are experiencing symptoms of cow ’ s 
milk allergy have a high rate (44%) of colic. However, the role of allergy 
as opposed to other causes among those with colic and without other symp-
toms of food allergy remains controversial and in need of additional study.  

 Innate immunity.      This is a nonspecifi c, fast - acting response and is not directed 
against one type of pathogen/antigen, but is capable of destroying many 
different invaders.  

 Lymphocytes.      These are types of white blood cell responsible for acquired 
immunity and may be T cells or B cells.  T cells  are produced in the thymus, 
where they learn to distinguish self from non - self. Only the T cells that 
ignore self - antigen molecules are allowed to mature and leave the thymus. 
 B cells  are formed in the bone marrow. They have particular receptor sites 
on their surface where antigens can attach.  

 Oral allergy syndrome (OAS).      Oral allergy syndrome is an allergic (immuno-
logic) reaction to certain proteins in a variety of fruits, vegetables, and nuts, 
which develops in some people with pollen allergies, particularly birch 
pollen allergies, but it can also affect people with allergies to the pollens of 
grass, ragweed (more common in North America), and mugwort (more 
common in Europe). These reactions can occur at any time of the year but 
are often worse during the pollen season. Oral and/or pharyngeal pruritus 
appears within minutes after the intake of the food and may be the fi rst 
symptom of generalized anaphylactic reactions or the only manifestation 
( http://www.inspection.gc.ca/english/fssa/concen/tipcon/orale.shtml ).  

 Rhinitis.      Allergic symptoms involving the nose (e.g., itching, sneezing) with 
increased secretion and blockage.  

 Rhinoconjunctivitis.      Allergic conjunctivitis is also called  “ rhinoconjunctivi-
tis. ”  It is the most common allergic eye disorder. The condition is usually 
seasonal and is associated with hay fever. The main cause is pollens, although 
indoor allergens such as dust mites, molds, and dander from household pets 
such as cats and dogs may affect the eyes year - round. Typical complaints 
include itching, redness, tearing, burning, watery discharge, and eyelid swell-
ing. To a large degree, the acute (initial) symptoms appear related to hista-
mine release.  

 Sensitivity and specifi city.      These terms are used as measures of how good a 
medical test, sign, or symptom is. The sensitivity of a test refers to how many 
cases of a disease a particular test can fi nd. On the other hand, specifi city 
of a test refers to how accurately it diagnoses a particular disease without 
giving false - positive results. See also  Gluten sensitivity .  
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3

  1 
IMMUNE - MEDIATED ADVERSE 
REACTIONS TO 
DIETARY PROTEINS    

    1.1.    INTRODUCTION 

 An adverse reaction to food is a general term applied to the clinically abnor-
mal response to an ingested food, food ingredient, or food additive. Adverse 
reactions to food may or may not be mediated by the immune system  [1 – 6] . 
Nonimmune - mediated adverse reactions to food mimicking food allergy are 
termed food intolerances and can be the result of toxicity, for example, hista-
mine in scromboid fi sh poisoning or  nonallergic food hypersensitivity  (Fig.  1.1 ) 
 [4 – 7] . In turn,  nonallergic food hypersensitivity  (Fig.  1.1 ) can result from (1) 
chemical/pharmacological action of food ingredients (e.g., caffeine in coffee, 
tyramine in aged cheese, sulfi tes in wine, phenylethylamine in chocolate, or 
the fl avor enhancer monosodium glutamate  [8 – 10] ; (2) physiological factors 
associated with specifi c characteristics of the host (e.g., lactase defi ciency 
leading to lactose intolerance and defi ciency of glucose - 6 - phosphate dehydro-
genase in favism)  [5, 11 – 13] ; or (3) others such as psychogenic causes (e.g., 
eating disorders may present clinical symptoms suggestive of an adverse reac-
tion to food)  [6, 14] . Conversely, an adverse reaction to food (Table  1.1 ) may 
be mediated by an immunologic response and should be distinguished from 
food intolerances that do not have an immune basis, but may be similar in 
clinical presentation  [2, 7, 15 – 17] .     

  Olga M.     Pulido       
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4 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY 

 Allergy is defi ned as a  hypersensitivity  reaction to intrinsically harmless 
antigens, most of which are environmental, and the process is initiated by 
specifi c immunologic mechanisms  [3] . The term  food allergy  has been recom-
mended when an adverse reaction to food is mediated by immunologic mecha-
nisms  [1, 3, 5, 18] . Food allergens are defi ned as the antigenic molecules giving 
rise to the immunologic response  [3, 19 – 21] . Proteins are the food constituents 
responsible for eliciting immune - mediated adverse responses to food  [3, 19 –
 21] . Hence, the eliciting dietary proteins are known as  allergens . The term 
 IgE - mediated food allergy  is used when immunoglobulin E (IgE) is involved 
in the reaction  [3, 5, 6] . Allergies to food contaminants such as dust mites, mold, 
and parasites should also be distinguished from food allergy elicited by dietary 
proteins. 

 Under the above defi nitions, all immune - mediated adverse reactions to 
dietary proteins are considered  food allergy . Together,  food allergy  encom-
passes a wide range of clinical disorders, which are grouped in Table  1.1  as 
IgE, non - IgE, and mixed IgE/non - IgE  [2, 5, 6, 22] . These include IgE - mediated 
food allergy, celiac disease, dermatitis herpetiformis (DH), and clinical condi-
tions such as allergic eosinophilic esophagitis and food protein - induced 

Food
Intolerances

Nonallergic
food

hypersensitivity

Toxic, for example,
histamine in
scombroid

fish poisoning

Psychogenic
causes/Others

for example, eating
disorders

Physiological
factors/Specific

characteristics of
the host

for example, lactase
deficiency leading to
lactose intolerance,

deficiency of
glucose-6-phosphate

dehydrogenase in
favism

Chemical/
Pharmacological

action
for example, caffeine in
coffee, tyramine in aged
cheese, sulfites in wine,

phenylethylamine
in chocolate, or the

flavor enhancer
monosodium glutamate

     Fig. 1.1     Nonimmune - mediated adverse reaction to food  “ Food Intolerances. ”  See text 
and Glossary of Terms for further explanation and references.  
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6 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY 

enterocolitis syndrome (FPIES)  [14, 23 – 25] . Many factors are implicated in 
the basic pathophysiological mechanisms of  food allergy , such as host genetics, 
biochemical characteristics of the proteins, exposure, changes induced through 
food processing, or genetic engineering in  “ genetically modifi ed foods ”  (Table 
 1.2 )  [20, 21, 26 – 28] .   

 During the last two decades, there has been an increasing trend in the 
prevalence of food allergy in Western countries. It is estimated that food 
allergy affects between 5% and 8% of infants and young children and approxi-
mately 2 – 4% of adults  [2, 7, 15, 17, 29] . Today, food allergies, both IgE and 
non - IgE mediated, are important health concerns from the point of view of 
risk management, policy setting, public health, diagnosis, and treatment for the 
consumers, their families, and the communities where they live, and for the 
food industry at large  [13, 18, 30 – 32] . 

 An understanding of the basic mechanisms underlying adverse reactions to 
foods and an enhanced awareness of the various clinical presentations is 
important for the overall management of food allergies. To this extent, this 
chapter presents an overview of the current understanding of the basic immune 
mechanisms mediating adverse reactions to food proteins and their various 
clinical presentations. For further clarifi cation, refer to the Glossary of Terms 
on pages xix – xxvii.   

  TABLE 1.2    Food Allergies 

      •      Food allergens are generally glycoproteins with molecular weights ranging from 10 
to 70   kDa.  

   •      Innate allergenic capacity of foods may be determined by a combination of factors, 
for example, solubility, resistance to pH, heat, and proteolysis by digestive enzymes.  

   •      Allergenic capacity of food allergens may be modifi ed (increase or decrease) by 
food processing and manipulation, for example, heating.  

   •      The individual must fi rst be sensitized by exposure to the allergenic protein.  
   •      The route of initial exposure and sensitization can be oral, respiratory 

(aeroallergens), or dermal (skin) contact.  
   •      In infants, the route of initial exposure and sensitization can occur in utero or 

through breast milk.  
   •      Food allergy occurs when a sensitized individual is exposed to the same or a 

cross - reactive protein through food ingestion.  
   •      Food allergies are often encountered by infants or children during a 

developmental window of immunologic immaturity.  
   •      IgE - mediated food allergies are characterized by the rapid release of powerful 

cellular chemicals such as histamine.  
   •      In IgE - mediated food, allergy reactions can occur within minutes or up to 4 hours 

after ingestion.  
   •      Clinical disorders associated to non - IgE - mediated mechanisms or to mixed IgE 

and non - IgE, typically have delayed onset of symptoms ( > 2 hours) and a chronic, 
relapsing course.  

   •      Severity of reactions and presenting symptoms may vary with time and exposure.     
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IMMUNE-MEDIATED ADVERSE REACTIONS TO DIETARY PROTEINS  7

 Discussion of other aspects relevant to  food allergy , such as allergen thresh-
olds dose, clinical diagnostic tests, and methods used to detect specifi c aller-
genic proteins in food, are beyond the scope of this chapter. The chapter is 
organized in sections based on the implicated immune - mediated mechanism 
and associated clinical conditions. With the exception of celiac disease, which 
is discussed separately, a brief description of symptoms and medical conditions 
associated with food allergies is presented under each category throughout 
the text or in the Glossary of Terms.  

   1.2.    ORAL IMMUNE TOLERANCE 

 The gut is responsible for the digestion and absorption of nutrients while 
acting as the fi rst line of immune defense against pathogenic microbes within 
the gastrointestinal tract. The gut mucosal immune system accomplishes this 
task partly by establishing a tolerance to macronutrients  [28, 33] . The gastro-
intestinal tract is the largest immune organ in the body and is constantly 
exposed to dietary proteins from ingested food. Immune tolerance to dietary 
proteins is maintained by active suppressive mechanisms involving antigen -
 specifi c regulatory T cells. In the fi rst few years of life, humans gradually 
develop an intricate balance between tolerance and immune reactivity in the 
gut mucosa, along with a tremendous expansion of gut - associated lymphoid 
tissue (GALT). GALT is comprised predominantly of clusters of organized 
lymphoid tissue in the terminal ileum (Peyer ’ s patches), appendix, and isolated 
lymphoid follicles located beneath the epithelium throughout the gut  [34] . 

 Several factors can cause disturbances at different steps in the process of 
developing oral tolerances, disrupting intestinal barrier function, and contrib-
uting to disease pathogenesis  [35] . The factors implicated in the development 
and/or altering the risk of adverse immune reactions to dietary proteins can 
include genetic susceptibility, gastrointestinal infection, age, exposure (route, 
dose, and time), timing and length of initial exposure, association with breast -
 feeding, gastric pH, and type of protein  [2, 13, 36 – 38] . Food allergies may be 
the result of a breach in oral tolerance to ingested food or from cross - reactivity 
between food and nonfood allergens. For example, individuals with allergies 
to fruits and vegetables may have been sensitized by pollen exposure known 
as pollen - food allergy syndrome or oral allergy syndrome (OAS)  [5, 13] .  

   1.3.    FOOD ALLERGY 

 Food allergy is defi ned as an exaggerated immune response (hypersensitivity) 
to dietary proteins  [1 – 3] . Allergies to food develop when exposure to a food 
protein is mistakenly identifi ed as harmful by the human body. Failure of the 
development of gut tolerance for a specifi c food protein leads to hypersensitiv-
ity to that protein  [21, 28, 33] . Food allergies are often seen during the early 
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8 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY 

period of life that coincides with the critical period of development of immune 
tolerance and typically occurs during this period of immunologic immaturity 
 [2, 15, 17, 28, 39] . 

 Host factors, for example, genetics, age, gut fl ora, asthma, history of atopy, 
exercise, and extrinsic factors such as characteristics and dose of the protein 
(threshold), all infl uence the potential allergic reaction  [2, 5, 33, 36, 40, 41] . The 
allergenic capacity of the protein may be modifi ed by food processing and 
manipulation (e.g., heating)  [27, 42, 43] . Food proteins that are resistant to 
digestion are considered to be the most allergenic. The ability of the allergenic 
protein to trigger direct oral sensitization is modulated by gastric acidity  [37] . 

 Although any food protein can potentially provoke an immune reaction, 
relatively few food proteins are responsible for the vast majority of signifi cant 
food - induced allergic reactions  [21] . The most common food allergens in the 
pediatric population include cow ’ s milk, eggs, peanuts, tree nuts, soy, wheat, 
fi sh, and shellfi sh, whereas peanuts, tree nuts, fi sh, and shellfi sh predominate 
in adults  [2, 5, 13, 14, 25, 44] . Gluten from wheat, barley, and rye are the proteins 
of most concern for celiac disease, DH, and other gluten-induced conditions 
(Section  1.4   ), while rice is emerging as a food of concern for FPIES  [45, 46] . 

 The most common food allergies in a given population and the criteria for 
identifi cation of priority allergenic proteins will vary based on world regions, 
individual countries, dietary habits, and regulatory systems  [30] . 

   1.3.1.     I  g  E  - Mediated Food Allergy 

 IgE - mediated food allergies constitute the majority of food allergic reactions 
and are the best studied. An IgE - mediated reaction develops when an aller-
genic protein binds with specifi c IgE antibodies on mast cells and basophils 
activating the release of potent compounds such as histamine. The fi rst step in 
the development of IgE food allergies is sensitization. The fi rst time the sus-
ceptible individual is exposed to the specifi c food allergen, the body ’ s immune 
system misidentifi es the protein as harmful and responds by creating specifi c 
antibodies (IgE) to that allergen. Repeat exposures to the same food protein 
trigger an immune reaction with the release of IgE antibodies  [2, 5, 17, 33] . 
The conjugation of the IgE antibody with the allergens triggers a stimulus to 
mast cells and basophils, which degranulate, releasing mediators (e.g., hista-
mine) and promoting the synthesis of prostaglandins, leukotrienes, and cyto-
kines  [2, 18, 33] . This reaction represents an effort by the immune system to 
reject/remove the protein, mistakenly identifi ed as harmful, from the body. In 
turn, the chemicals released have powerful effects on the respiratory system, 
gastrointestinal tract, skin, and cardiovascular system. 

 Histamine is a powerful biogenic amine, released during IgE - mediated 
allergic reactions. It is synthesized by mast cells, basophils, platelets, and other 
cells such as histaminergic neurons and enterochromaffi n cells, where it is 
stored in the cytoplasm in vesicles and released upon stimulation. Conversely, 
histamine exerts its effects by binding to a family of receptors on target cells 
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IMMUNE-MEDIATED ADVERSE REACTIONS TO DIETARY PROTEINS  9

in various tissues mediating numerous biological reactions. These biological 
reactions include smooth muscle contraction, vasodilation, increased vascular 
permeability, mucus secretion, tachycardia, alterations of blood pressure, 
arrhythmias, and stimulation of gastric acid secretion  [12] . This mechanism 
explains the fast onset of symptoms and potential severity of clinical symptoms 
observed with IgE - mediated food allergies. 

 IgE - mediated reactions can start within minutes to 1 hour (rarely past 2 
hours) of exposure. Reactions often affect the skin (urticaria, angioedema, 
morbilliform eruptions, fl ushing, pruritus)  [47]  and can involve the respiratory 
tract (sneezing, rhinorrhea, congestion, cough, wheezing, diffi culty breathing) 
 [48] , the gastrointestinal tract (OAS, nausea, vomiting, diarrhea, cramping, 
abdominal pain)  [17, 49] , and the cardiovascular system (tachycardia, hypoten-
sion)  [50, 51] . Severe systemic reactions can result in anaphylactic shock and 
death  [52] . 

 A late - phase response may follow the immediate reaction beginning 4 – 6 
hours after contact with the allergen and continuing for several days. This 
response is caused by chemotactic mediators released at the same time as the 
immediate reaction, which promote selective recruitment of infl ammatory 
cells, mainly eosinophils and neutrophils, which infi ltrate the tissue producing 
an infl ammation that can last for a few days  [6] . 

   1.3.1.1.    Anaphylaxis.     Anaphylaxis is a serious generalized allergic reaction 
that may cause death. Anaphylaxis represents the most severe form of IgE -
 mediated food allergy and is clinically defi ned as a food allergic reaction 
involving two or more organ systems  [50 – 52] . It can include cutaneous (skin), 
respiratory, cardiovascular, and gastrointestinal symptoms. The onset of symp-
toms after exposure to food is usually abrupt. In extremely sensitive individu-
als, reactions may be triggered by minute amounts of food proteins  [31] . 
Symptoms can start within seconds to 2 hours following allergen ingestion and 
can include feelings of impending doom, throat tightness, coughing or wheez-
ing, abdominal pain, vomiting, diarrhea, and loss of consciousness. Skin symp-
toms such as fl ushing, urticaria, and angioedema are present in most 
anaphylactic reactions. However, the most rapidly progressive anaphylactic 
reactions may not have cutaneous manifestations. Severe anaphylaxis is char-
acterized by life - threatening upper airway obstruction, bronchospasm, and/or 
hypotension. In children, bronchospasm is a common symptom, and a back-
ground of atopy and asthma is often present  [52] . 

 An international task force on anaphylaxis and the European Academy of 
Allergology and Clinical Immunology recommend the following working 
clinical defi nition of anaphylaxis in which the diagnosis is considered highly 
likely when any one of the following three criteria are met  [50, 51] : 

  1.     acute onset of an illness (minutes to several hours) with involvement 
of the skin, mucosal tissue, or both (e.g., generalized hives, pruritus or 
fl ushing, swollen lips, tongue – uvula), with respiratory (e.g., dyspnea, 
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bronchospasm, stridor, hypoxia) or/and cardiovascular compromise (e.g., 
hypotension, collapse); or  

  2.     two or more of the following that occur rapidly after exposure to a likely 
allergen for that patient (minutes to several hours):  
  a.     involvement of the skin or mucosal tissue (e.g., generalized hives, itch, 

fl ushing, and swelling),  
  b.     respiratory compromise (e.g., dyspnea, bronchospasm, stridor, hy-

poxia),  
  c.     cardiovascular compromise (e.g., hypotension, collapse), and  
  d.     persistent gastrointestinal symptoms (e.g., crampy abdominal pain, 

vomiting);    
  3.     hypotension after exposure to known allergen for that patient (minutes 

to several hours).    

 In the literature, grading systems for acute systemic hypersensitivity reac-
tions vary considerably, have a number of defi ciencies, and lack a consistent 
defi nition of anaphylaxis. Despite limitations, the following clinical criteria and 
grading system of anaphylaxis  [52]  provide general guidance: 

  I.     Severe reactions include symptoms that are strongly associated with 
hypotension and hypoxia: confusion, collapse, unconsciousness, and 
incontinence. Preexisting asthma and lung disease are viewed as an 
increased risk of hypoxia.  

  II.     Moderate reactions include diaphoresis, vomiting, pre - syncope, dysp-
nea, stridor, wheeze, chest/throat tightness, nausea, vomiting, and 
abdominal pain.  

  III.     Mild reactions are limited to the skin (urticaria, erythema, and angio-
edema); however, when angioedema includes the face with involve-
ment of the glottis, this is considered severe, since it is associated with 
hypoxia.    

 Anaphylaxis may have a biphasic course of onset in as many as 20 – 25% of 
cases, with initial improvement occurring with or without treatment followed 
by the recurrence of severe symptoms within 1 – 2 hours. The severity of late 
symptoms cannot be predicted based on the early symptoms; for instance, 
early mild symptoms may be followed by anaphylactic shock. Given the poten-
tial for late - phase reactions, an observation period of at least 4 hours is recom-
mended following a reaction. Peanut, tree nuts (e.g., almond, cashew, hazelnut, 
pecan, and walnut), fi sh, and shellfi sh are most often responsible for food -
 induced anaphylaxis  [2] . Cross - reactivity among food allergens or with aero-
allergens may be the eliciting cause  [2] . In rare circumstances, anaphylaxis may 
have a protracted course of onset, with symptoms lasting for days.  
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   1.3.1.2.    Skin (Cutaneous) Manifestations of Food Allergy.     The skin is the 
target organ most often involved in food allergy. Both mixed IgE and non - IgE 
cell - mediated mechanisms have been implicated in various skin manifesta-
tions associated with food allergy  [5 – 7, 47] . Acute generalized urticaria char-
acterized by pruritus and hives, with or without angioedema, is the most 
common clinical presentation of IgE - mediated allergic reactions to ingested 
foods in both children and adults. Onset of symptoms may be rapid (e.g., within 
minutes of ingesting the responsible food). Skin involvement may be isolated 
or associated with other organ systems in food anaphylaxis. Acute IgE -
 mediated urticaria can also be induced by skin contact with cow ’ s milk, raw 
egg white, raw meats, fi sh, vegetables, and fruits. Urticaria symptoms lasting 
longer than 6 weeks are rarely caused by food allergy. 

 Atopic dermatitis is the most common mixed IgE/cell - mediated skin mani-
festation of food allergy  [5 – 7, 47] . It is characterized by eczema that generally 
begins in early infancy, often associated with extreme pruritus, and a chroni-
cally relapsing course  [53, 54] . DH is a non - IgE - immune - mediated condition 
elicited by gluten in susceptible individuals and is discussed under celiac 
disease (Section  1.4 ).  

   1.3.1.3.     Oral Allergy Syndrome (OAS).      OAS is a very common manifesta-
tion of food allergy, especially in adults that are allergic to tree pollen (pollen -
 food allergy syndrome) and, to a lesser extent, among those who are allergic 
to grass, ragweed, and mugwort pollens  [2, 5, 13, 17] . It is seen in response to 
contact to raw fruits and vegetables and is usually confi ned to the oral cavity. 
It affects approximately 50% of pollen - allergic adults and represents the most 
common adult food allergy. OAS can occur as a result of cross - reactivity 
between the allergenic proteins in pollens and plant foods such as birch (apple, 
cherry, peach, carrot), grass (tomato, kiwi), ragweed (melon, banana, tomato), 
and mugwort (carrot, celery)  [2, 5, 13, 17] . Upon contact with an allergenic 
food protein, the susceptible individual develops a reaction characterized by 
oral itching, lip swelling, and oral angioedema. Symptoms can also involve 
other organs and become more severe. There are four levels of increasing 
severity: (1) oral mucosal symptoms only, (2) oral mucosal plus gastrointestinal 
symptoms, (3) oral mucosal plus systemic symptoms (urticaria, rhinoconjunc-
tivitis, or asthma), and (4) oral mucosal symptoms plus life - threatening prob-
lems (glottis edema, anaphylactic shock)  [6, 52] .  

   1.3.1.4.    Respiratory Manifestation of Food Allergy.     Allergic rhinoconjunc-
tivitis, bronchospasm, laryngeal edema, and asthma may follow the ingestion 
of food allergens in allergic individuals  [2, 6, 48, 52] . It is rare that patients 
present with isolated respiratory symptoms. They usually present in associa-
tion with clinical symptoms involving the skin or the gastrointestinal tract 
or in the context of food anaphylaxis. Food - induced upper respiratory tract 
symptoms seem to be more common in infants and young children. Allergic 
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rhinoconjunctivitis is characterized by periocular pruritus, tearing and con-
junctival erythema, nasal congestion, rhinorrhea, and sneezing shortly after 
the ingestion of the allergenic food  [48] . Chronic serous otitis media may 
develop secondary to chronic rhinitis and eustachian tube dysfunction, or the 
middle ear itself can be the primary involved organ  [48] . Food - induced asthma 
is more common in young children, particularly in association with atopic 
eczema. Acute bronchospasm is a feature of severe food - induced anaphylaxis. 
Food allergy is considered a risk factor for severe asthma. 

 The Heiner syndrome is a chronic pulmonary disease caused by non - IgE 
food allergy, particularly to cow ’ s milk proteins during infancy. It is character-
ized by recurrent pneumonia, pulmonary infi ltrates, iron defi ciency anemia, 
and a failure to thrive in small children  [48] . If the associated pulmonary vas-
culitis is severe, alveolar bleeding occurs and causes pulmonary hemosiderosis 
(iron deposits in the form of hemosiderin).  

   1.3.1.5.    Adverse Reactions to Dietary Gluten.     Cereals including wheat, 
barley, and rye are consumed in large quantities all over the world. Worldwide, 
cereal grains account for about 70% of protein consumption. The cereals form 
part of the Gramineae (grasses) family and are divided into four subfamilies: 
the Bambusoideae (rice), the Chloridoideae (including ragi and teff), the 
Panicoideae (most millets, maize, and sorghum), and the Pooideae, which are 
further divided into the Triticeae (wheat, barley, and rye) and the Aveneae 
(oats)  [41] . 

 The wheat grain comprises three major components: starch, protein, and 
fi ber (cell wall polysaccharides), with proteins accounting for about 10 – 15% 
of the dry weight  [41] . Gluten is a generic term used for the storage proteins 
from wheat, barley, and rye and is discussed in more detail under celiac disease 
(Section  1.4 ). 

 Dietary intake of gluten can cause distinct immunologically mediated adverse 
reactions manifesting with gastrointestinal symptoms. These include celiac 
disease, other non - IgE - mediated gluten induced clinical conditions, and IgE -
 mediated food allergy. The pathogenic mechanisms underlying these diseases 
are different. The coexistence of gluten - induced IgE and non - IgE - mediated 
reactions in one individual seems to be rare. Diagnosis and management are 
also different. Hence, establishing a differential diagnosis between cereal (e.g., 
wheat) induced IgE allergy, celiac disease, and other related non - IgE reactions 
(Section  1.4 ) is important for the management of these conditions  [44, 55 – 57] . 

 1.3.1.5.1.   IgE - Mediated Wheat Allergy.     Wheat is the cereal most often impli-
cated in IgE cereal - induced food allergy. Dietary wheat allergy is observed in 
adults and children, and like other IgE - mediated food allergies, there is a risk 
of anaphylaxis  [44, 55 – 57] . The best known IgE allergic response to wheat 
ingestion is wheat - dependent, exercise - induced anaphylaxis (WDEIA). 
WDEIA is the most common type of food - dependent, exercise - induced ana-
phylaxis (FDEIA) (Section  1.3.1.6   ). This syndrome is associated with one 
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major type of wheat gluten protein known as  ω  - gliadins. Other IgE - mediated 
allergic responses to dietary wheat include atopic dermatitis, urticaria, and 
anaphylaxis. These reactions may vary between populations and may be 
related to a wider range of wheat proteins and to nonspecifi c lipid transfer 
proteins. The other known type of allergy to wheat is baker ’ s asthma, which 
results from the inhalation of fl our and dust during grain processing  [41] .  

   1.3.1.6.     FDEIA .     FDEIA is a rare, potentially life - threatening condition 
reported in young, athletic individuals, especially women in late teens to mid -
 30s  [40] . FDEIA can occur in two ways: anaphylaxis may occur when exercise 
follows the ingestion of a particular food to which IgE sensitivity can be identi-
fi ed (e.g., wheat, shellfi sh, fi sh, and celery) or, less commonly, 2 – 4 hours after 
the ingestion of these foods (postprandial anaphylaxis) in association with 
physical exertion. When food intake and exercise are independent of each 
other, there are no allergic symptoms. Although the pathogenesis of FDEIA 
is not yet known, multiple factors may be involved in eliciting or mediating 
these adverse reactions  [58, 59] . For example, affected patients frequently 
identify hot and humid weather as an aggravating factor, and affl icted patients 
generally have asthma and/or other atopic disorders. Wheat gluten is the most 
common dietary protein associated with FDEIA.   

   1.3.2.    Non -  I  g  E  and Mixed Food Allergy 

 In non - IgE - mediated food allergy, multiple infl ammatory cells and their medi-
ators play a role in the immunopathogenesis  [2, 5, 6, 22] . These include activa-
tion of lymphocytes and recruitment of eosinophils and mast cells. Other 
immune - mediated factors such as immune complexes formed by food and 
food antibodies or cell - mediated immunity have been suggested as the mediat-
ing mechanism. In non - IgE - mediated disorders (Table  1.1 ), clinical manifesta-
tions of adverse reactions usually become evident hours to days after exposure 
to the dietary protein ( allergen ). Symptoms and signs may include diarrhea, 
vomiting, protein - losing enteropathy, rectal bleeding, and enterocolitis  [2, 5, 6, 
25] . Growth retardation may also be seen is some children. Milk and soy are 
the most common eliciting foods  [21, 39, 45] . 

 Non - IgE - mediated gastrointestinal allergic conditions include food pro-
tein - induced enterocolitis, allergic proctocolitis, and enteropathy (Table  1.1 ) 
 [2, 5, 6, 25] . Celiac disease and DH are also considered non - IgE - mediated 
adverse reactions and are discussed separately in Section  1.4 . Clinical disor-
ders associated with non - IgE cell - mediated mechanisms, or with mixed IgE 
and non - IgE reactions, typically have delayed onset of symptoms ( > 2 hours) 
and a chronic, relapsing course. Therefore, the allergen cause – effect relation-
ship may be diffi cult to establish. 

 In conditions such as allergic eosinophilic gastroenteropathy (allergic eosin-
ophilic esophago - gastroenteritis, allergic eosinophilic esophagitis, allergic 
eosinophilic enterocolitis, dietary protein enterocolitis), IgE - mediated food 
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allergy often cannot be demonstrated. The presence of eosinophils alone is not 
conclusive evidence of food allergy. However, food has been incriminated as 
the cause in a subset of patients  [2, 25, 60] . 

   1.3.2.1.    Eosinophilic Esophagitis.     The American Gastroenterological Asso-
ciation Institute and North American Society of Pediatric Gastroenterology, 
Hepatology, and Nutrition sponsored a systematic review that provides con-
sensus recommendations for diagnosis and treatment of eosinophilic esopha-
gitis in children and adults  [60] . These authors defi ne eosinophilic esophagitis 
as a primary clinicopathologic disorder of the esophagus, characterized by 
symptoms such as food impaction and dysphagia in adults, and feeding intol-
erance and gastroesophageal refl ux disease symptoms in children. Children 
can also present with epigastric abdominal pain, dysphagia, and failure to 
thrive. The esophageal biopsy is characterized by high eosinophil count ( ≥ 15 
eosinophils  /high power fi eld). Other disorders associated with similar clinical, 
histological, or endoscopic features, need to be excluded. The differential 
diagnosis includes conditions such as gastroesophagel refl ux disease, Crohn ’ s 
disease, hypereosinophilic syndrome, and drug hypersensitivity response. 
Appropriate treatments include dietary approaches based on eliminating 
exposure to food allergens  [60] . 

 Most studies characterizing the allergic phenotype of this condition have 
been performed in children  [60] . The allergic etiology of eosinophilic esopha-
gitis is based on several lines of evidence. The majority of patients with eosino-
philic esophagitis (50 – 80%) are atopic. Usually, there is coexistence of atopic 
dermatitis, allergic rhinitis, and/or asthma and the presence of allergic antigen 
sensitization. Importantly, most patients improve on allergen - free diets, pro-
viding supportive evidence that antigenic dietary protein is eliciting the disease. 

 Evidence suggests that eosinophilic esophagitis is associated with T helper 
cell (Th2) - type immune responses. Elevated levels of Th2 cytokines (e.g., inter-
leukin IL - 4, IL - 5, and IL - 13) as well as mast cells are present in the esophagus 
of these patients. This view is further supported by experimental systems that 
demonstrate an intimate connection between the development of eosinophilic 
infl ammation in the respiratory tract and esophagus not only in response to 
external allergic triggers but also to intrinsic Th2 cytokines  [60] .  

   1.3.2.2.     FPIES .     FPIES is an uncommon, pediatric, non - IgE - mediated disor-
der  [45, 46] . The adverse reaction is triggered by dietary proteins with rice, soy, 
and cow ’ s milk being the most common eliciting foods  [45, 46, 49] . 

 The pathophysiology of FPIES remains poorly understood. However, the 
most likely implicated mechanism is stimulation of T cells by food proteins in 
the gastrointestinal mucosa. The clinical presentation includes profuse vomit-
ing and/or diarrhea about 2 hours after ingestion of the eliciting protein. 
Associated features may include pallor, lethargy, cyanosis, metabolic acidosis, 
and neutrophilia. The cutaneous or respiratory symptoms seen in IgE food 
allergies are often absent. Most children recover within a few hours, but there 
is up to 20% of them that may present with a hypovolemic shock. The diag-

c01.indd   14c01.indd   14 6/17/2010   7:05:43 PM6/17/2010   7:05:43 PM



IMMUNE-MEDIATED ADVERSE REACTIONS TO DIETARY PROTEINS  15

nosis and link to food adverse reaction is often missed, due to the delay in the 
presentation of symptoms after food intake. The moribund appearance that 
many children have at presentation is often attributable to sepsis, a metabolic 
disorder, or a surgical abdominal emergency. Most children develop tolerance 
to the triggering food by 3 years of age. Although the most common presenta-
tion is acute, some children may present a chronic form of the condition 
characterized by chronic vomiting, diarrhea, and failure to thrive when con-
tinuously exposed to the offending food  [25, 45, 49] .    

   1.4.    CELIAC DISEASE (CD) AND RELATED CONDITIONS 

 Celiac disease is a complex, systemic, autoimmune - mediated disorder, observed 
in genetically susceptible individuals in response to exposure to dietary gluten. 
It has been regarded primarily as a disease of the gastrointestinal tract and is 
characterized by chronic infl ammation of the small intestinal mucosa  [61 – 66] . 
This infl ammation may result in atrophy of intestinal villi, malabsorption, and 
a variety of clinical manifestations  [62, 63, 67 – 71] . Celiac disease has also been 
referred to as celiac sprue and gluten - sensitive enteropathy. More recently, the 
term  “ gluten syndrome ”  has been suggested to cover the myriad of extra -
 intestinal symptoms and clinical conditions described in association with celiac 
disease and the absence of gastrointestinal involvement in some cases  [72] . 
These include neurological dysfunctions such as gluten ataxia and gluten neu-
ropathy  [97, 135] . 

 The worldwide prevalence of celiac disease has been estimated to be 
between 1 in 100 – 200 individuals  [63, 64, 73, 74] . Certain groups of people have 
markedly elevated risks of developing celiac disease. First - degree relatives of 
individuals diagnosed with celiac disease have a 10 – 20% increased risk of 
developing celiac disease  [29, 75, 76] . A high prevalence of celiac disease is 
also found in individuals with Down syndrome, diabetes type 1 and IgA defi -
ciency  [65, 77, 78] . 

 Celiac disease can be present in both silent and symptomatic forms affecting 
survival and risk of complications  [79] . Silent celiac disease is characterized by 
positive serology and limited involvement of the gastrointestinal tract. Latent 
celiac disease includes individuals who are positive for serological markers or 
genetic susceptibility to disease but no pathology on biopsy. These individuals 
are asymptomatic but may later develop symptoms and/or histological changes 
 [64, 79] . The difference between the number of clinically diagnosed celiac 
disease individuals with the vast amount of undetected cases has been described 
as the celiac disease iceberg, with those undetected lying beneath the surface. 
Gluten toxicity encompasses a wide spectrum of end target organ pathology, 
clinical disorders, and mechanisms involved  [80, 81, 135, 136] . 

 The clinical manifestations of celiac disease are highly variable in both 
character and severity. They are infl uenced by factors such as age, immunologic 
status, exposure to gluten (amount, duration, or timing of introduction to 
gluten), and the extent and severity of damage caused to the gastrointestinal 
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tract  [23, 61, 69, 70, 82 – 86]  and other organs, for example, the nervous system 
 [97, 135, 136] . The wide spectrum of clinical presentation results in frequent 
delays in diagnosis, and/or misdiagnoses  [71, 85, 87] . Common examples of 
misdiagnoses include irritable bowel syndrome, chronic fatigue syndrome, and 
fi bromyalgia  [85] . 

 Celiac disease can present with gastrointestinal, or  “ classic, ”  and nongastro-
intestinal manifestations. Infants and children are more frequently infl icted with 
gastrointestinal manifestations including diarrhea, abdominal distension, or 
symptoms of malnutrition such as anemia  [63 – 66, 69, 70, 88, 89] . For adults, non-
specifi c gastrointestinal complaints are common and include abdominal pain, 
fl atulence, diarrhea, and, in severe cases, steatorrhea  [63 – 65, 69, 71, 85, 88, 90] . 

 Celiac disease is associated with various extraintestinal disorders and com-
plications in addition to gastrointestinal symptoms and is therefore considered 
a multisystem disorder  [68, 82, 84, 91] . Patients with celiac disease also have 
an increased risk of developing other autoimmune diseases, such as type 1 
diabetes mellitus  [78, 84, 86] . 

 Nongastrointestinal manifestations are more insidious, are highly variable, 
and are the common presenting symptoms in older children and adults. These 
manifestations are either the result of long - term nutrient malabsorption and/
or are part of the autoimmune systemic spectrum  [65, 69, 81, 85, 86, 92, 93] . In 
children, nongastrointestinal manifestations may include short stature, enamel 
defects, neurological developmental delays, and delayed puberty  [63, 66, 70, 
94 – 96] . Many celiac patients experience neurological symptoms, frequently 
associated with malfunction of the autonomic nervous system, cerebella ataxia, 
learning disorders, depression, migraine, and headache  [97, 135] . The absence 
of an enteropathy should not preclude patients from treatment with a gluten -
 free diet  [97, 135] . 

 In addition to neurological symptoms, there are many long - term conse-
quences and complications for individuals undiagnosed, untreated, or under-
treated  [83, 93, 98 – 100] . 

 Celiac disease is a lifelong condition. If celiac disease is not diagnosed early 
and treated with a strict gluten - free diet, it can be associated with serious com-
plications, including osteoporosis, increased risk of fractures, recurrent miscar-
riage and infertility in both sexes, malignancy such as small bowel lymphoma, 
and higher mortality rate  [79, 85, 92, 101 – 103] . Of special concern is the associa-
tion of long - term untreated celiac disease with malignancy. These malignancies 
include small bowel lymphoma and both Hodgkin ’ s and non - Hodgkin ’ s lym-
phoma. Refractory celiac disease, which occurs when both symptoms and 
intestinal damage persist or recur despite strict adherence to a gluten - free diet, 
is associated with increased risk of lymphoma and high mortality  [103] . 

   1.4.1.     Dermatitis Herpetiformis (DH)  

 DH is a condition of the skin that is also triggered by the ingestion of gluten 
in genetically susceptible individuals and is considered the dermatological form 
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of celiac disease  [23, 24, 88, 104] . DH is a chronic papulovesicular skin disorder 
in which lesions are symmetrically distributed over the extensor surfaces of 
the elbows, knees, and buttocks  [23, 24, 88, 104] . The disorder is associated with 
a specifi c non - IgE - mediated immune sensitivity to gluten. A majority of DH 
patients have IgA specifi c for epidermal transglutaminase (TGe) and closely 
related tissue transglutaminase (tTG), and both TGe and tTG are considered 
to be autoantigens  [105] . The concentration of these antibodies in these patients 
is reported to be independent of the degree of villous atrophy  [105] . The test 
for establishing the diagnosis of DH is a biopsy from uninvolved skin for the 
detection of IgA  [106] . Classically, in DH, there is granular IgA deposition 
along the dermo - epidermal junction with concentration at the papillary tips. 

 Patients with DH often do not have associated gastrointestinal symptoms. 
The extent of involvement of the small bowel varies, and 20% show apparently 
normal mucosa, but infl ammatory changes consistent with celiac disease are 
present in most cases  [107, 108] . The treatment of this condition includes a 
gluten - free diet, which helps to recover the injured small bowel and controls 
the rash even in those who do not have an abnormal small bowel biopsy  [107, 
108] . Other skin disorders such as psoriasis or vitiligo can also be seen in celiac 
disease  [23, 109] .  

   1.4.2.    Genetic Factors in Celiac Disease 

 Although the etiology of celiac disease is not fully understood, it is considered 
to be an autoimmune disease with tTG suggested as the major autoantigen. 
The current consensus is that celiac disease is associated with human leukocyte 
antigen (HLA) DQ2 and DQ8 haplotypes  [63, 69, 110, 111] . Virtually all celiac 
individuals express HLA - DQ2 or HLA - DQ8. These two class II molecules 
are chiefl y responsible for the presentation of gluten peptides to the gluten -
 specifi c T cells that are found only in the gut of celiac patients. These predis-
posing HLA - DQ molecules bind enzymatically modifi ed gluten peptides, and 
these HLA - DQ peptide complexes trigger infl ammatory T - cell responses in 
the small intestine. In addition, gluten induces innate immune responses that 
contribute to the tissue damage that is characteristic of this condition (Figs. 
 1.2  and  1.3 )  [69, 112 – 115] . Thus, a combination of adaptive and innate immune 
responses triggered by gluten has been implicated as the cause of the clinical 
presentation of the disease (Fig.  1.4 )  [69, 111, 113] . Continued gluten exposure 
makes the adverse immune reactions self - perpetuating and increases the risk 
of serious complications  [69, 111, 113] .   

 However, many people with similar risk factors do not develop celiac 
disease. This suggests a multifactorial etiology  [63, 64, 69] . Other genetic and 
environmental factors have been implicated in playing a role in the manifesta-
tion of this disease, such as gastrointestinal infections and stress  [116, 117] . 
Regardless of the possible confounding etiological factors, it is agreed in the 
literature that early diagnosis and dietary treatment can prevent severe, some-
times life - threatening, complications.  
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   1.4.3.    Gluten and the Pathogenesis of Celiac Disease 

   1.4.3.1.    Gluten Proteins.     The major endosperm storage proteins of most 
cereal grains are prolamins  [118] . Approximately 80% of the total grain protein 
is accounted for by this major storage protein fraction  [41] . Early classifi cation 
based on extraction in a series of solvents, defi ned four protein fractions, which 
are extracted sequentially in water (albumins), dilute saline (globulins), 
alcohol/water mixture (prolamins), and dilute acid (glutenins). Prolamins of 

     Fig. 1.2     Microscopic view of small intestinal biopsy stained with haematoxylin and 
eosin   (A,C) and with CD3 immunohistochemistry (B,D). From Dr. Mohsin Rashid. A 
and B show the normal mucosa of the small bowel with well - maintained architecture, 
easily seen villi, and sparse CD3+ intraepithelial lymphocytes (IELs). Inset shows the 
tip of the villi. C and D are sections from the small bowel of an untreated celiac indi-
vidual showing injured mucosa, characterized by villous atrophy (arrow), absence of 
villi, crypt hyperplasia, dense infl ammatory infi ltrate (asterisk), and marked increase 
of CD3+ IELs best seen at the upper portion of the mucosa D (insert).  
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     Fig. 1.3     Endoscopic view of the duodenum. (A) Normal (right). (B) Untreated celiac 
patient showing scalloping of the mucosal folds (left).  From Dr. Mohsin Rashid.   

A B

     Fig. 1.4     Schematic representation of the immunopathology of celiac disease (CD). 
CD   involves a complex interplay of many factors, including environmental, genetic, and 
immunologic. Under certain conditions, incompletely digested peptides of gluten from 
wheat, barley, and rye can cross the epithelium in the mucosa of the small intestine. 
Factors such as gastrointestinal infections may affect the permeability of the mucosa 
(leaky gut). After absorption, glutamine residues from gluten peptides are converted 
to negatively charged glutamic acids through deamidation by tissue transglutaminase 
(tTG2). Antigen - presenting cells (APCs) expressing the human leukocyte antigens 
HLA - DQ2 and HLA - DQ8 have an increased affi nity for these deamidated peptides, 
resulting in peptide complexes that can activate a range of inappropriate immunogenic 
responses including reactivity against host tissues. Both innate and adaptive immune 
responses are involved, including antibodies (Abs) to gluten and to tissue proteins, for 
example, IgA anti - transglutaminase, T cell reactivity to gluten, increased number of 
intraepithelial T cells, and increased cytokines that can in turn promote infl ammation 
and villous damage in the small intestine. tTG is pivotal in the pathogenesis of CD and 
is the main autoantigen.  
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the Triticeae (wheat, barley, and rye) comprise three broad groups: (1) sulfur -
 rich (S - rich):  α / β  - gliadins,  γ  - gliadins, B -  and C - type low - molecular - weight 
(LMW) subunits of glutenin; (2) sulfur - poor (S - poor):  ω  - gliadins and D - type 
LMW subunits of glutenin; and (3) high - molecular - weight (HMW) subunits 
 [41, 118] . 

 Wheat proteins are cohesive with each other in wheat dough, giving elastic-
ity to the dough called  “ gluten ”   [41, 118] . It is the gluten in wheat fl our that 
binds and gives structure to bread, baked goods, and other foods, making it 
widely used in the production of many processed and packaged foods. The 
alcohol - soluble fractions from barley (hordein) and rye (secalin) have similar 
amino acid sequences to wheat (gliadin), but they lack the cohesive ability of 
wheat gluten  [119] . Nonetheless, the term  “ gluten ”  encompasses the homolo-
gous prolamins of wheat, rye, barley, and related cereals  [119] . Hence, gluten 
is a generic name given to storage proteins in wheat, barley, rye, and other 
closely related cereal grains. 

 The alcohol - soluble fractions (prolamins) of wheat (gliadin), rye (secalin), 
and barley (hordein) are considered to be the protein constituents of most 
concern to celiac individuals. The wheat gliadins are monomeric proteins 
and are classifi ed on the basis of their electrophoretic mobility at low pH: 
these are  α / β  - gliadins (fast),  γ  - gliadins (intermediate), and  ω  - gliadins (slow). 
The glutenins are polymers of individual proteins linked by interchain disul-
fi de bonds and include HMW and LMW groups after separation by gel elec-
trophoresis  [41] . The presence of amino acid sequences consisting of repeated 
blocks of peptide motifs is responsible for the high proportions of glutamine 
(Q), proline (P), and other specifi c amino acids in some prolamin groups. 
These proteins consist almost entirely of repetitive sequences rich in gluta-
mine (Q) and proline (P) (e.g., PQQPFPQQ)  [120] . The repetitive units 
of  α / β  - gliadins are dodecapeptides such as QPQPFPQQPYP, which are 
usually repeated fi ve times and modifi ed by the substitution of a single residue 
 [120] . The typical unit of  γ  - gliadins is QPQQPFP, which is repeated 16 times 
and interspaced by additional residues. The total wheat gluten protein is char-
acterized by  ≈ 28 – 33% of  α / β  - gliadins units and  ≈ 23 – 31% of  γ  - gliadins  [120] . 
The distribution of total gliadins among different types is strongly dependent 
on wheat variety (genotype) and growing conditions (soil, climate, fertiliza-
tion)  [120] . 

 The glutenin fraction comprises proteins linked by disulfi de bonds and their 
molecular weight distribution has been recognized as one of the main deter-
minants of dough properties and baking performance  [120] . After the reduc-
tion of disulfi de bonds, the resulting glutenin subunits show solubility in 
aqueous alcohols similar to gliadins. The predominant protein type are LMW 
glutenin subunits (LMW - GSs) representing  ≈ 20% of the total gluten protein, 
whereas the HMW (HMW - GS) represents  ≈ 10% of the gluten proteins  [120] . 
The LMW - GSs are related to  α / β  -  and  γ  - gliadins in molecular weight and 
amino acid composition. They consist of an N - terminal domain rich in repeti-
tive glutamine (Q) and proline (P) units (e.g., QQQPPFS), and a C - terminal 
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domain homologous to that of  α / β  -  and  γ  - gliadins. Both wheat prolamins (glia-
dins) and glutenins subunits (LMW - GS and HMW - GS) are characterized by 
high glutamine and proline content, all having protein fragments of concern 
to individuals with celiac disease  [119 – 122] .  

   1.4.3.2.    Gluten and Celiac Disease.     Gluten is partially digested by 
humans. A 33 - amino acid peptide molecule (33mer) and other 
immunogenic peptides remain after the action of gastric, duodenal, and 
pancreatic enzymes. It is this fragment (33mer)  α  2  - gliadin 57 – 89 
(LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF) that is considered to 
elicit the immune response in genetically susceptible individuals  [123]  and 
can bind to the DQ molecule  [124] . The 33mer contains partly overlapping 
copies of specifi c T - cell epitopes  [125] , which are PFPQPQLPY, PQPQLPYPQ 
(three copies), and PYPQPQLPY (two copies)  [123] . HLA - DQ2 binds to the 
ligands via anchor residues that are at positions 1, 4, 6, and 9  [119] . Molecules 
acting as DQ2 ligand have selectively large hydrophobic residues both at the 
terminal positions 1 and 9. Glutamate residues (E) formed by tTG - mediated 
deamidation in positions P4 and P6, and rarely in P7, are required for T - cell 
recognition  [119, 124] . The T - cell stimulatory gluten sequence is a 9 - amino 
acid peptide, and the ideal sequence is (PQ) 1 , X 2 , X 3 , Q 4 , X 5 , P 6 , Q 7 , P 8 , X 9 . The 
presence of at least two P in epitope sequence is necessary for the peptide to 
survive the gastrointestinal digestion  [119] . Gluten sequence with 10 amino 
acid peptides and a P in position 1 can also bind the DQ2 molecule. The 
binding motif of DQ8 also displays a preference for binding negatively 
charged residues at several positions, for example, P1, P4, and P9  [126] . Hence, 
both DQ2 and DQ8 molecules share a preference for negatively charged resi-
dues at some of the anchor positions. 

 It is unclear how the toxic and immunogenic peptides enter the intestinal 
mucosa  [119] . Many factors and mechanisms have been investigated  [69, 91, 
110, 111, 117, 126] . For individuals with celiac disease, undigested gluten protein 
fragments trigger an immune - mediated adverse response resulting in an 
infl ammatory injury in the mucosal surface (site of absorption) of the small 
intestine  [69, 112 – 114, 119] . This results in malabsorption of protein, fat, car-
bohydrate, fat - soluble vitamins, folate, and minerals, especially iron and 
calcium  [69, 83, 111, 127] . 

 Although the precise molecular mechanisms of the toxic reaction to gluten 
are not fully elucidated, the primary event requires that the gliadin oligopep-
tides gain access to their antigen - binding sites, presumably within the lamina 
propria region interior to the relatively impermeable surface of the intestinal 
epithelial layer (Fig.  1.4 )  [91, 126, 128] . Ordinarily, such oligopeptides, gener-
ated through the action of pancreatic proteases, are effi ciently hydrolyzed 
into amino acids, di - , or tripeptides by peptidases located in the brush - border 
membrane of the intestinal enterocyte before they can be transported across 
the epithelial layer. Homologous gluten proteins from wheat, rye, and barley 
are rich in proline (P) and glutamine (Q). The large amount of P residues 
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in the sequence of these proteins, blocks the cleavage of the polypeptide 
by gastrointestinal enzymes at positions immediately next to P  [119, 126] . 
The size of the digested peptides and the position of the Q residues in the 
primary structure of the peptides, both play a pivotal role in their capacity 
to elicit an immune - mediated response in individuals with celiac disease 
 [119, 126] . 

 Under certain conditions, the partially digested peptides of gluten from 
wheat, or their homologous epitopes from barley and rye, can cross the epi-
thelium in the mucosa of the small intestine  [91, 113, 126] . Factors such as 
gastrointestinal infections may affect the permeability of the mucosa (leaky 
gut)  [116, 117] . After absorption, glutamine (Q) residues from gluten peptides 
are converted to negatively charged glutamic acids (E) through deamidation 
by transglutaminase - TG2, which is mainly localized in the lamina propria  [126, 
128] . The affi nity of gliadin peptides for tTG depends on the relative position 
of Q residues and on the amino acid located nearby the target amino acid, 
particularly P  [119, 124, 126, 129] . Once the gluten - derived peptide enters into 
the immunologic compartment of the intestinal mucosa and gets deamidated 
by tTG, it binds to the DQ2/8 molecule on the antigen - presenting cell (APC) 
membranes (Fig.  1.4 )  [126] . These APCs expressing the HLAs HLA - DQ2 and 
HLA - DQ8 have an increased affi nity for these deamidated peptides, resulting 
in peptide complexes that can activate a range of inappropriate immunogenic 
responses including reactivity against host tissues  [68, 91, 110, 111, 126] . Both 
innate and adaptive immune responses are involved, including antibodies 
(Abs) to gluten and to tissue proteins, for example, IgA anti - transglutaminase, 
T - cell reactivity to gluten, increased number of intraepithelial T cells, and 
increased cytokines that can in turn promote infl ammation and villous damage 
in the small intestine (Figs.  1.2 – 1.4 )  [111 – 113, 126] .  

   1.4.3.3.    Grains of Concern and Gluten Threshold.     Presently, the only treat-
ment of celiac disease is a strict lifelong exclusion of wheat, rye, barley, 
and other related cereal grains from the diet  [87, 93, 130] . The amount of 
gluten that can be tolerated varies among people with celiac disease. Some 
individuals tolerate an average of 34 – 36   mg of gluten per day without any 
clinical manifestations of celiac disease, while others who consume approxi-
mately 10   mg of gluten per day developed mucosal abnormalities  [131, 132] . 
Although there is no evidence to suggest a single defi nitive threshold for a 
tolerable gluten intake, there is evidence that a daily gluten intake of  < 10   mg 
is unlikely to cause signifi cant histological abnormalities in the small bowel 
mucosa  [131, 132] . Little is known about thresholds for those with other gluten - 
induced conditions  [135, 136] . 

 The taxonomy and biochemistry of the cereal is relevant to its potential 
toxicity  [119, 121, 126, 127] . Cereal grains that are known to trigger celiac 
disease/DH reactions include the following: wheat (including durum wheat or 
 “ durum, ”  spelt wheat or  “ spelt, ”  kamut), barley, rye, triticale, bulgur, einkorn, 
emmer, and farro  [85, 87, 130] . 
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 The introduction of oats in the diet of celiac individuals has been a source 
of controversy. However, we have recently conducted a systematic review on 
the safety of oats in celiac disease and concluded that most celiac individuals 
can tolerate moderate amounts of pure oats, not contaminated with gluten 
from wheat, barley, and rye  [133] . Wheat, rye, and barley have a common 
ancestral origin in the grass family, whereas oats are more distantly related to 
wheat, rye, and barley. The oat prolamins (avenin) have substantially lower 
proline content. Avenin accounts for 5 – 15% of the total protein in oats, 
whereas in wheat, barley, and rye, prolamins constitute 40 – 50% of the total 
protein  [120, 121] .    

   1.5.    CONCLUSIONS 

 The signifi cance of food allergy to public health has being recognized by the 
World Health Organization (WHO) and other food safety authorities. An 
expert group appointed by the Food Allergy Task Force of the International 
Life Sciences Institute ILSI Europe proposed a revised set of criteria together 
with a framework to help to decide which allergenic foods are of suffi cient 
public health importance to be included in allergen lists  [30] . The criteria 
include the demonstration of an IgE - mediated adverse reaction, estimates of 
the prevalence, severity of reactions, allergenic potency of the food and the 
extent, pattern, and nature of exposure to the food. In their proposed frame-
work, the fi rst stage is to assess the available evidence to decide whether or 
not the allergen in question induces an IgE - mediated food allergy. The public 
health importance given to IgE - mediated food allergy is due to the high 
prevalence and potential acute severity of the condition. However, this set 
of proposed criteria (diagnosis, potency of allergenic protein, severity of reac-
tions, prevalence, exposure, and modulating factors such as food processing) 
could also be applied when assessing the risk of dietary proteins triggering 
non - IgE and mixed adverse reactions. Of particular relevance are gluten 
proteins from wheat, barley, rye, and closely related cereals, which can 
elicit both an IgE - mediated (e.g., wheat allergy) and a non - IgE - mediated 
immune response (celiac disease, DH), depending on the genetic susceptibil-
ity of the population. Gluten proteins from wheat, barley, rye, and related 
cereals are also included in allergen priority lists by regulatory authorities, 
including Canada (http://www.hc - sc.gc.ca/fn - an/label - etiquet/allergen/index -
 eng.php). 

 Food allergies, both IgE -  and non - IgE - mediated, are important health con-
cerns to consumers who are predisposed to these illnesses. Food allergies are 
known to impose a signifi cant impact on the daily life of those affected, their 
families, and communities  [87, 134] . The present - day diagnosis of various dis-
orders elicited by dietary proteins can be impeded by intrinsic limitations in 
generating accurate information from patient history, diagnostic criteria, and 
methods. Distinguishing among the various conditions elicited by adverse 
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reaction to food proteins is important in the management of these disorders 
 [2, 6, 11] . Food allergy encompasses a variety of clinical conditions with diverse 
underlying mechanisms presenting in many instances with common symptoms, 
for example, gastrointestinal symptoms. Increased awareness of the clinical 
presentations, and the foods eliciting these adverse reactions, is the fi rst step 
in the identifi cation of cause – effect and in the management of these 
conditions. 

 Employing food process technologies to eliminate food constituents, which 
can be harmful to susceptible individuals, is a potentially viable approach for 
reducing risk to food - related disorders. The development of practice guide-
lines and standardization of diagnostic tests, methods for food testing, 
approaches to establishing thresholds, food labeling policies, and regulations 
are all positive steps toward the diagnosis, prevention, and management of 
adverse food reactions in hypersensitive individuals  [2, 13, 18] . A continued 
joint effort is needed from the public, the food industry, governments, health-
care providers, researchers, and others to support the needs of these consumers 
by minimizing risk while maximizing the availability of healthy foods.  
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  2 
PROTECTING FOOD - ALLERGIC 
CONSUMERS: MANAGING 
ALLERGENS ACROSS THE FOOD 
SUPPLY CHAIN  

    2.1.    INTRODUCTION 

   2.1.1.    General Facts on Food Allergens 

 While in principle, any food could trigger an allergic reaction, in practice the 
majority of food allergic reactions are caused by a restricted number of foods. 
These include cow ’ s milk, hen ’ s egg, fi sh, peanuts, and a variety of tree nut 
species  [1] . The patterns and prevalence of specifi c types of food allergies vary 
between different population groups. Thus, cow ’ s milk and hen ’ s egg allergies 
are more common in infants and young children, while other foods including 
various tree nuts (especially hazelnut and walnut), peanuts, fi sh, crustacean, 
and mollusks cause allergies more frequently in older children and adults  [2] . 
The components in foods that trigger allergies are almost always proteins. 
Many proteins have been identifi ed as being responsible for triggering immu-
noglobulin E (IgE) - mediated allergic reactions, and many share characteristics 
in common  [3]  including: 
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   •      a molecular weight greater than 3   kDa since this is the molecular weight 
threshold required to elicit an antibody response;  

   •      stability against enzymatic and chemical degradation (e.g., in acid environ-
ments, like in the stomach) and processing procedures (e.g., heat);  

   •      comprising both B - cell and T - cell epitopes, responsible for interacting 
with immune effector molecules including interactions with IgE antibod-
ies (see Section  2.1.2   ); and  

   •      abundance in foodstuffs (e.g., 54% of hen ’ s egg protein comprises ovalbu-
min), although there are exceptions such as the soybean allergen Gly m 4.    

 In common parlance in the analytical community, the foods themselves 
rather than the molecules are often termed allergens. This latter terminology 
will be used in this review.  

   2.1.2.    Food Allergy and Adverse Reactions 

 Adverse reactions to foods, including IgE - mediated food allergies are of major 
concern to consumers and the food industry alike, partly because of the severe 
nature of some reactions and the fact that the prevalence of such adverse 
reactions against food is increasing. 

 Adverse reactions to foods can take many forms, ranging from toxic reac-
tions to components such as histamine and defi ciencies in enzymes such as 
lactase (which mean individuals cannot digest the milk sugar lactose), as well 
as food allergies that have an immune component  [4] . Of these there are two 
main types: the gluten intolerance syndrome known as celiac disease and IgE -
 mediated food allergies. Induction of gluten intolerance results from deamida-
tion of glutamine residues in digested gluten peptides by gut mucosal tissue 
transglutaminase. In susceptible individuals, these modifi ed peptides are able 
to bind to class II human histocompatibility leukocyte antigen (HLA) mole-
cules DQ2 and DQ8, an event which initiates an immune response leading to 
infl ammation. This in turn results in the fl attened gut mucosa characteristic of 
celiac disease  [5] . Such reactions develop relatively slowly and, while debilitat-
ing, are not immediately life threatening. In contrast, IgE - mediated allergies 
result in rapid reactions that usually occur between minutes and hours after 
ingestion of a problem food. During normal immune functioning, IgE mole-
cules are developed to combat parasitic infections such as malaria  [6] . For 
reasons that are not completely understood, certain susceptible individuals 
make IgE toward environmental agents such as pollens, dusts, and foods in a 
process known as sensitization. Once an individual becomes sensitized to a 
molecule (allergen) in subsequent encounters, IgE molecules bound to the 
surface of histamine - packed cells interact with the allergen, triggering the 
release of the histamine and other infl ammatory mediators. It is these media-
tors that cause the symptoms we know as an allergic reaction. The symptoms 
can be manifested as a skin rash (eczema, urticaria), respiratory symptoms, 
like asthma, and gastrointestinal symptoms (vomiting, diarrhea). In some 
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instances, these can be life threatening, involving breathing diffi culties (obstruc-
tion of airways, asthma) and occasionally anaphylaxis, which, among many 
other symptoms, is characterized by a rapid drop in blood pressure. Studies in 
unselected populations indicate that around 2 – 4% of the total population 
suffer from IgE - mediated food allergy  [7, 8] , the prevalence being higher 
among children at around 5 – 8%, and apparently increasing  [9] . There is cur-
rently no effective cure for either celiac disease or IgE - mediated allergies. 
Consequently, individuals suffering from these conditions have to avoid con-
suming problem foods, generally for the rest of their lifetime. This, along with 
provision of emergency rescue medication, is the only treatment currently 
available for food - allergic individuals. Some individuals are very sensitive to 
tiny amounts of allergen, and there are case reports of individuals having a 
reaction after being kissed by someone who has eaten an offending food  [10]  
or from hidden food allergens  [11] . As a consequence of both the prevalence 
and severity of allergic reactions triggered by such small amounts, it was 
agreed worldwide that the major allergenic foods and derived ingredients 
should be identifi ed on food labels to help allergic consumers to make an 
informed choice  [12] .  

   2.1.3.    Stakeholder Perspectives in the Context of  M  oni  QA  

 In order to manage allergens in foods, several stakeholder groups need to be 
involved. Each of these groups, which include food manufacturers, controlling 
authorities, retailers and allergic consumers, has its own requirements regard-
ing food allergens. Elaboration of reliable, reproducible, and sensitive methods 
for detecting and measuring the allergenic constituents in food makes a critical 
contribution to managing allergens but is not an end in itself. Instead, it is a 
tool for affective allergen management to reduce risk at industry level and 
enforcement level and to allow consumers to make an informed choice. 

 Risk can be defi ned as the probability of an adverse outcome and can be 
represented as a function of hazard and exposure. Analytical techniques 
address the exposure side of this function, but only have meaning if the hazard 
in question has been characterized, that is, if the amount of allergen can be 
related to the probability of a reaction occurring and, ideally, to its severity. 
Application of the legislation is complicated by an absence of consensus on 
what constitutes the amount of an allergen that renders a food  “ unsafe. ”  An 
upper limit for noningredient allergenic food components needs to consider 
the no observed adverse effect level (NOAEL  ) reported for each of the impor-
tant allergenic foods. A practical way to deal with unintentional allergenic 
 “ cross - contact ”  could be the adoption of an upper limit for noningredient 
allergenic food components, which minimizes risk to the allergic consumer. 
The discussion on threshold values is of major concern for all affected stake-
holder groups  : allergic consumers seek  “ safe ”  food, food industry would like 
to provide them, and enforcement has to ensure the compliance with food 
regulation, supported by testing labs. 
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 The Working Group Food Allergens of the European Union (EU) project 
MoniQA ( www.moniqa.org   ) and a project like EuroPrevall ( www.europrevall.
org ), both contributing to this chapter, have to be seen in a wider context, 
where the fi ndings of these projects can be used to develop risk assessment/
risk management tools for improved food safety (e.g., threshold level assess-
ment, frequency of improper declaration).   

   2.2.    LIVING WITH FOOD ALLERGIES — CHALLENGES FOR 
THE ALLERGIC CONSUMER 

 Living with a disease that is triggered by foods, which pose no threat to others, 
presents particular problems for allergic consumers and those around them. 
While there is much anecdotal information about the impact of food allergies, 
there has been little objective data regarding its effects on quality of life  [13]  
or its economic cost  [14] . Recent research has led to the development of the 
fi rst validated age - specifi c and disease - specifi c Quality of Life (QoL) study 
instruments  [15, 16]  providing the fi rst objective information that food - allergic 
individuals are at risk of negative emotional and social outcomes, including 
anxiety, avoidance, or risky behavior. These studies have also shown that food 
allergy impacts directly on a child ’ s normal trajectory of psychosocial develop-
ment in a disease - specifi c manner  [17] . 

 Food - allergic children have different views of their allergy and different 
coping strategies that evolve in response to age - , gender - , and context - specifi c 
stressors. The impact of food allergy also extends to parents who appear to be 
extremely worried about their children and demonstrate high levels of stress 
and anxiety due to constant high levels of vigilance and feelings of guilt when 
children have a reaction. Some of this worry is maladaptive, inhibits normal 
socialization of their child, and may have a long - term impact on quality of 
life  [17] . 

 One age group particularly at risk is teenagers and young adults. 
Preadolescence is an important transition point when children must begin to 
gain autonomy and self - belief in their ability to control events in their lives. A 
recent paper by Sampson and colleagues  [18]  found that adolescents and young 
adults appear to be at an increased risk for fatal food allergic reactions, and 
suggested that they may adopt more risk - taking behaviors with regard to their 
food allergy. Such research has emphasized the importance of discerning path-
ways to risk from early childhood to adolescence. Although its roots may lie in 
childhood, risk behavior may evolve more quickly in the vital transition period 
from preteen to teen, as developing children attempt to adapt rigid rules to 
novel social contexts. The following passage of text provides a good example:

  M: Why do you think John said that his food allergy had gone away, even when 
it hadn ’ t? 

 He really wanted the ice cream. (Girl, aged 12) 
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 It was his only chance to get it. (Boy, aged 11) 

 I would try a little bit and see what happens. (Boy, aged 12)   

 Risk events are appraised in the context in which they occur and an aware-
ness of expected behavior. For example, whereas an allergic reaction that 
takes place in the home may be regarded as a low - anxiety event, one that 
takes place in school can be appraised as highly stressful because it impacts 
on the child ’ s goal to  “ fi t in. ”  This goal confronts children with the diffi cult 
balancing act of protecting their ego and managing risk. He or she learns to 
appraise (and weigh) threats to personal safety with threats to social identity. 
The stress appraisal process may result in children  just chancing it will be ok  
when in the company of others, whereas others protect their self - esteem by 
avoiding novelty as much as possible. In an attempt to ensure their safety and 
control their anxiety, around 40% of children and teenagers prefer to avoid 
social events that directly or indirectly involve food (Table  2.1 ). Furthermore, 

  TABLE 2.1    Quotations from Food - Allergic Children and Their Parents  [18]  

   Issues     Examples  

  Allergic children ’ s 
anxiety around 
food  

   Nearly everything says  “ may contain, ”  so what can you eat?  
(Girl, 10   years)  

   If a [chocolate] bar is made in one country, it ’ s all right to eat, 
but if it ’ s made in another country, it ’ s not safe and you can ’ t 
eat it then and that just drives me crazy.  (Boy, 9   years)  

   It ’ s so confusing that you can eat some things and not others. 
On Christmas I ended up in the hospital and I couldn ’ t speak. 
I couldn ’ t tell them how I felt.  (Boy, 9   years)  

   There ’ s always food around you know. It doesn ’ t have to be a 
food party. It ’ s hard to relax.  (Boy, 10   years)  

   It ’ s like they say in a plane: you have to keep an eye on the 
exits.  (Boy, 14   years)  

   He won ’ t try anything that he hasn ’ t had a thousand times 
before; he says he doesn ’ t really care about food.  (Parent of 
multiple allergic child, 10 years)  

  Avoiding social 
situations 
involving food  

   I prefer to go to parties where there is no food. It is better to not 
go to restaurants. You never know    …    the waiters don ’ t know. I 
only go to places where I know I am safe. In the cinema you 
don ’ t know what someone next to you is having    …    To be 
honest, I don ’ t bother going.   

  Stress in carers     I am absolutely terrifi ed that I would buy something with nuts 
in it by mistake. If anything happened, I would never get over 
it.  (Mother of peanut - allergic child, 5   years)  

  Reading food 
labels  

   My heart sinks if I read  “ new recipe ”  on the packet.  (Mother of 
milk - allergic child, 10   years)  

   It ’ s not just the main ingredients you know. You have to scan for 
hidden stuff too.  (Father of multiple allergic child, 12   years)  

   The writing can be very small and you have to read it several 
times.  (Mother of multiple allergic child, 7   years)  

c02.indd   37c02.indd   37 6/17/2010   7:05:49 PM6/17/2010   7:05:49 PM



38 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

it appears that many children and teenagers have a diffi cult relationship with 
food. Food management gives rise to feelings of anxiety and attendant stress 
in carers, a responsibility that tends to fall on mothers. A key part of the 
management strategies adopted by carers of allergic children is to control 
what food comes into the home. In the majority of cases, food containing the 
problem allergen is not allowed into the home, particularly when children are 
young. Parents agreed that children had a restrictive diet with less variety 
than siblings.   

 As a consequence of these issues, food labeling, with regards to both 
content and quality of information, is of crucial importance to allergic con-
sumers in managing their condition and the resulting stress that it imposes 
on them. Food labeling has been mentioned as a signifi cant source of uncer-
tainty and therefore stress for most children  [19] ; such uncertainty gives rise 
to feelings of fear and confusion. All parents were perpetual readers of labels 
when purchasing food in supermarkets and elsewhere. While ingredient lists 
on prepackaged foods provide reassurance and reduce uncertainty, parents 
perceived that foods such as  “ cook - in sauces ”  often contain  “ unsafe ”  
ingredients. All parents agreed that shopping takes much longer and is more 
stressful. As families get older and nonallergic siblings demand their favorite 
food, parents often segregate areas for  “ safe ”  and  “ not safe ”  foods. Again, 
labeling plays an important part in ensuring that food is placed in the 
 “ correct ”  section, or that it can be quickly recognized if the segregation 
breaks down. 

 However, there are problems regarding the readability and comprehension 
of food labels with issues such as the font size being too small, the contrast 
between background and text being inappropriate, present in too many lan-
guages, and a lack of standard position for the text  [19] . 

 Allergic consumers also report problems with precautionary  “ may contain ”  
labeling with phrases such as  “ may contain traces of nuts, ”  or  “ made in a factory 
where nuts are processed ”  becoming commonplace. Studies have shown that 
many allergic consumers ignore precautionary statements although 10% of 
foods with precautionary statements contained peanut although often not at 
clinically signifi cant levels  [20, 21] . The phrasing of precautionary statements 
(e.g.,  “ may contain ”  vs.  “ shared facility ”  statements) did not seem to affect the 
likelihood of containing peanut, but consumers did attach a comparative risk 
assessment to the different phrases. There are also issues of how useful such 
statements are in multicultural environments. Providing allergic consumers 
with the level of information they might need to help them manage their 
condition may preclude the inclusion of all this information on the printed 
label. One option is to use new technology such as mobile phones to read 
information from special bar codes. However, whichever system is adopted to 
communicate information to consumers about allergens in foods, the crucial 
factors are adequate hazard control procedures and the testing framework in 
which food manufacturers work that underpins the information in a label, a 
data matrix, bar code, or radio frequency identifi cation (RFID)   tag.  
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   2.3.    LEGISLATIVE AND REGULATORY CONSIDERATIONS 

 Clearly, food allergy is a public health issue, and the protection of food - allergic 
consumers falls under the remit of food safety legislation and regulation. 
Recent standards and regulations have defi ned food safety. For instance, 
International Organization for Standardization (ISO  ) 22000:2005 defi nes food 
safety as the concept that food will not cause harm to the (average) consumer 
when it is prepared and/or eaten according to its intended use. According to 
the Food and Agriculture Organization   (FAO)/World Health Organization 
(WHO) (2003),  “ food safety refers to all those hazards, whether chronic or 
acute, that may make food injurious to the health of the consumer ”  and  “ is not 
negotiable. ”  The EU ’ s Food Law 2002/178/EC  [22]  elaborates the concept 
further. Under this regulation, food is deemed unsafe if it is either injurious to 
human health or unfi t for human consumption. The regulation also recognizes 
that safety is not an absolute condition and thus mirrors the criterion of  “ rea-
sonable certainty of no harm ”  used in U.S. law from 1996  [23] . However, this 
legislation has been put in place with the average healthy consumer in mind. 

 For the allergic consumer, a new legislation has been issued in recent years 
across the world to help allergic consumers avoid problem foods by regulating 
the labeling of major allergenic foods (Table  2.2 ), in response to changes to the 
Codex General Standard for the Labelling of Prepackaged Foods  [12] . The EU 
thus brought in Directive 2000/13/EC  [24] , as amended by Directives 2003/89/
EC  [25]  and 2007/68/EC  [26] , to govern allergen labeling. The directive and its 
amendments identify 13 foods or food groups and sulfur dioxide (listed in 
Annex IIIa, see Table  2.3 ) that are found in a wide variety of processed foods, 
which are considered to be important relevant triggers of allergic reactions.   

 The EU has recently introduced a specifi c regulation for gluten (41/2009/
EC)  [27] . This regulation is intended to protect people intolerant to gluten and 
is based on the Codex Standard 118 - 1979, revised in 2008  [28] . Both defi ne 
 “ gluten - free ”  foods as having a gluten level not exceeding 20   mg/kg. Regarding 
the labeling of foods specially processed to reduce the gluten content to a level 
up to 100   mg/kg, the European Commission (EC)   regulation stipulates these 
foodstuffs shall bear the term  “ very low gluten, ”  since the complete removal 
of gluten from gluten - containing grains is technically diffi cult and economi-
cally expensive. 

 Ingredients that are exempted from allergen declaration are listed in 
Directive 2007/68/EC  [26]  amending the Directive 2000/13/EC  [25] . Under 
this legislation, even highly processed products like refi ned oils or polydextrins 
require labeling if derived from any of these allergens, even though the offend-
ing protein or substance might no longer be present. Food manufacturers 
wishing for specifi c products or ingredients derived from allergenic ingredients 
to be exempt from these labeling requirements have to make an application, 
supported by a detailed dossier demonstrating the safety of ingredients for 
relevant food - allergic individuals, which is then evaluated by the European 
Food Safety Authority. As a result, a number of exemptions have been granted, 
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  TABLE 2.3    Annex  III  a  of Directive 2007/68/ EC   [25] : Allergenic Food or 
Ingredients to be Labeled and Exemptions from Allergen Labeling 

   Allergenic Food or Ingredient     Products Thereof Excluded  

  Cereals containing gluten, 
that is, wheat, rye, barley, 
oats, spelt, kamut  

      •      Wheat - based glucose syrups including dextrose  a    
   •      Wheat - based maltodextrins  a    
   •      Glucose syrups based on barley  
   •      Cereals used for making distillates or ethyl 

alcohol of agricultural origin for spirit drinks 
and other alcoholic beverages     

  Crustaceans and products 
thereof  

    

  Eggs and products thereof      
  Fish and products thereof        •      Fish gelatin used as carrier for vitamin or 

carotenoid preparations  
   •      Fish gelatin or isinglass used as fi ning agent in 

beer and wine     
  Peanuts and products thereof      
  Soybean and products thereof        •      Fully refi ned soybean oil and fat  a   including 

interesterifi ed and partially hydrogenated 
soybean oil and fat  

   •      Natural mixed tocopherols (E306), natural 
D - alpha tocopherol, natural D - alpha 
tocopherol acetate, natural D - alpha tocopherol 
succinate from soybean sources  

   •      Vegetable oils derived phytosterols and 
phytosterol esters from soybean sources  

   •      Plant stanol ester produced from vegetable oil 
sterols from soybean sources     

  Milk and products thereof        •      Whey used for making distillates or ethyl 
alcohol of agricultural origin for spirit drinks 
and other alcoholic beverages  

   •      Lactitol     
  Nuts, that is, almonds 

( Amygdalus communis  L.), 
hazelnuts ( Corylus 
avellana ), walnuts ( Juglans 
regia ), cashews 
( Anacardium occidentale ), 
pecan nuts ( Carya 
illinoiesis  (Wangenh.) K. 
Koch), Brazil nuts 
( Bertholletia excelsa ), 
pistachio nuts ( Pistacia 
vera ), macadamia nuts and 
Queensland nuts 
( Macadamia ternifolia ), and 
products thereof  

   •  Nuts used for making distillates or ethyl alcohol 
of agricultural origin for spirit drinks and other 
alcoholic beverages  
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   Allergenic Food or Ingredient     Products Thereof Excluded  

  Celery and products thereof      
  Mustard and products thereof      
  Sesame seeds and products 

thereof  
    

  Sulfur dioxide and sulfi tes at 
concentrations of more 
than 10   mg/kg or 10   mg/L 
expressed as SO 2   

    

  Lupin and products thereof      
  Mollusks and products 

thereof  
    

    a And products thereof, in so far as the process that they have undergone is not likely to increase 
the level of allergenicity assessed by the European Food Safety Authority (EFSA)   for the relevant 
product from which they originated.   

TABLE 2.3 Continued

which include some wheat - based glucose syrups, fi sh gelatin used as a carrier 
for vitamins, and fully refi ned soybean oil, among others (Table  2.3 ). 

 A similar legislation was passed in the United States in 2004 with the Food 
Allergen Labeling and Consumer Protection Act (FALCPA)  [29] , which came 
into force on January 1, 2006. This act contains provisions that differ in detail 
rather than principle from those of EU Directive 2003/89/EC  [25] . The act 
mandates a shorter list of allergenic food groups but requires indication of the 
species on the label in the case of fi sh, crustacean, and tree nuts. It also specifi -
cally exempts highly refi ned oils from allergen labeling. Subsequent guidance 
on tree nuts describes a much longer list than the EU ’ s Annex IIIa (Table  2.3 ). 
FALCPA provides for a process to obtain exemption from labeling, but so far, 
no derived ingredients have been exempted. As with the directive, FALCPA 
requires labeling of allergenic ingredients irrespective of the amount ulti-
mately present in the product. 

 Both Directive 2003/89/EC  [25]  and FALCPA from 2004  [29] , as well as 
legislation in other countries such as Australia and Japan, undoubtedly improve 
the labeling of allergenic foods. But, whereas in most countries regulation of 
allergen labeling includes unintended allergen contamination (e.g., carryover 
during manufacturing), the European allergen law for example is applied 
exclusively on allergenic ingredients. However, the General Food Law 178/2002/
EC  [22]  imposes general obligations to provide safe food. Article 14 thus states 
that  “ 1. Food shall not be placed on the market if it is unsafe, ”  and then defi nes 
what is considered  “ unsafe ” :  “ 2. Food shall be deemed to be unsafe if it is con-
sidered to be: injurious to health. ”  The regulation also requires that, in deter-
mining safety, attention needs to be paid    “ to the particular health sensitivities 
of a specifi c category of consumers where the food is intended for that category 
of consumers. ”  Considering also the product safety and product liability 
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Directives 85/374/EC  [30]  and 2001/95/EC  [31] , producers are required to place 
only safe foods onto the market. Managing cross - contact/cross - contamination 
issues requires the food producer to undertake some type of risk assessment. 
For the producer, in order to establish if a risk exists, testing for the potential 
presence of allergens, which are also used on the same production line or in 
the same factory, is essential. An assessment of the presence/absence of the 
allergen is needed, but if present, a level of the allergen present is needed to 
assess if this might be harmful at these levels for allergic consumers. 

 There are indications that there are levels of allergens (thresholds) below 
which   an allergen poses only a small risk of causing harm to an allergic con-
sumer  [32] . However, commonly accepted trigger levels have yet to be estab-
lished (with the exception of gluten), and Directive 2003/89/EC  [25]  gives no 
threshold or guidance to what constitutes a safe level. 

 However, in some countries, there have been attempts to set management 
threshold values. The Swiss authorities — in close cooperation with leading 
allergologists — defi ned an action limit of 1 part per 1000 in 2001. This limit 
represented a compromise between the specifi c food safety needs of allergic 
individuals and industrial food production practices at that time. If unavoid-
able, contaminations of above 1   g/kg (or liter  ) must be declared as ingredients, 
whereas contaminations below 1   g/kg do not need to be declared by law  [33] . 
However, 1   mg/g peanut in, for example, a 50 - g snack bar, could cause anaphy-
lactic shock and subsequent death. 

 The Australian Food and Grocery Council (AFGC) published an industry 
guideline in 2007 as guidance for allergen management  [34] . A three - level grid 
was developed to assist in determining if the residual protein from allergenic 
substances through unavoidable cross - contact presents such a risk that it 
requires a precautionary labeling statement. Three different action levels with 
thresholds for each food allergen were defi ned, derived from published data 
on the lowest triggering amounts measurable. The thresholds of the fi rst level 
(no cross - contact statement required) range from 2   mg/kg for egg, peanuts, 
sesame, tree nuts, and crustacean to 5   mg/kg for milk and 10   mg/kg for soy as 
well as 20   mg/kg for fi sh and gluten. 

 While global food manufactures are usually well aware of the allergen situ-
ation and have appropriate measures in place to control it, small -  and medium -
 sized enterprises are not necessarily in the same position. Here, a lack of 
knowledge is often combined with a very limited budget, which does not 
always allow the assessment of the situation at the production site.  

   2.4.    FOOD ALLERGEN TESTING WITHIN A FOOD 
BUSINESS CONTEXT 

   2.4.1.    The Hazard Analysis Critical Control Point ( HACCP ) Concept 

 The underpinning philosophy of modern food safety management techniques 
rests on quality assurance. In brief, this can be described as optimizing systems 
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to reduce to an acceptable level the probability (risk) of a defective product 
(hazard) being produced. For the purposes of this discussion, the term defec-
tive applies to both food safety and other product attributes. In terms of food 
safety, the quality management system favored within the EU is HACCP, and 
there is a legal requirement that all businesses manage food safety in accor-
dance with its principles  [35] . HACCP recognizes that food processing alone 
does not necessarily reduce the risk of a food safety defect occurring. Reliance 
therefore must be made on supporting (prerequisite) systems  [36] . Examples 
of such systems and relevant to allergen safety extend from those commonly 
associated to the manufacturing process (e.g., supplier quality assurance and 
sanitation) to label/wrapper design and, in particular, information provided 
relating to ingredient composition and required by legislation (discussed pre-
viously), as well as simply ensuring that the correct packaging is used for any 
particular product. 

 In common with any other food safety hazard, it is necessary to identify any 
step within the process, which can either signifi cantly increase or reduce the 
risk of the hazard occurring. Such points are referred to as  “ critical control 
points ”  (CCPs). Codex Alimentarius  [36]  defi nes a CCP as  a step at which 
control can be applied and is essential to prevent or eliminate a food safety 
hazard or reduce it to an acceptable level   . 

 A CCP is thus a process step that either brings about a transition from 
hazardous to safe or, if uncontrolled, has the potential to render the product 
unsafe. A priori, in order to manage a CCP, it is necessary to be able to con-
tinuously monitor the process parameter that affects the safety of the product. 
A classical example of a CCP often quoted is that of a thermal kill step (e.g., 
pasteurization or sterilization). In this case, the factor is the temperature – time   
combination necessary to achieve a particular degree of bacterial kill. If one 
considers a simple example such as the production of pasteurized milk, the 
CCP is the pasteurizer. Given the state of the art, the pasteurizer ’ s operating 
parameters are set on the basis of research demonstrating the various time –
 temperature combinations necessary to achieve a particular degree of kill 
in the relevant food matrix ( validation ). Once in operation, the performance 
of the pasteurizer is monitored by measuring the temperature of the milk 
leaving the holding tube and the time it is held there (usually by measuring 
the fl ow rate of the pump). The effi cacy of the management system regarding 
the operation of the pasteurizer is  verifi ed  by audit and appropriate microbio-
logical analysis of the processed milk. As demonstrated in this example, it is 
important to note that, almost invariably, monitoring involves the measure-
ment of those process parameters on which the risk reduction process depends, 
rather than the end point (in this case, the microbiological loading of the milk 
as it leaves the pasteurizer) itself. 

 The question then arises: are there steps in the actual food manufacturing 
process itself which can be managed to assure against adventitious allergen 
contamination? Food manufacturing processes are almost as diverse as the 
products made from them. Given the physical and chemical nature of food 
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allergens, it is diffi cult to conceive of a current manufacturing process that 
could effect allergen removal or inactivation. Consequently, the CCP concept 
has limited utility in managing allergen contamination within a food manufac-
turing environment, and attention should focus more on prerequisite pro-
grams. This observation is borne out by consideration of food allergen - related 
product recalls notifi ed to the United Kingdom Food Standards Agency  [37] . 
Figure  2.1  refl ects a summary of an analysis of these recalls (relating to over 
150 notifi ed recalls in a 21 - month period, as of December 18, 2008.   

 Consideration of this analysis indicates that the single largest cause of 
product recalls relates to labeling defi ciencies, in that information provided on 
the wrapper did not refl ect the reality of the product. The major source of this 
problem relates to incomplete ingredient declarations, while the smaller group 
represents situations where although ingredient declarations were appropri-
ate, the accompanying allergen advice (including precautionary labeling) was 
not. Defi ciencies in food labeling can have a number of potential origins. Based 
on individual experience, the key contributory factor appears to be human 
error. This is seen to arise from three different sources: 

   •      inaccurate transfer of information from those responsible for formulation 
to those with responsibility for wrapper design,  

   •      failing to communicate the information to the consumer by those respon-
sible for generating the wrapper, and  

   •      not transmitting changes in product formulation to those responsible for 
wrapper design.    
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     Fig. 2.1     Summary analysis of food allergen - related alerts notifi ed (March 2007 to 
December 2008).  
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 Errors that occurred at an operational level were the second largest cause 
of product recalls, that is, when the product was manufactured and packed. 
The most prevalent operational failure appears to be related to using the 
wrong packing for the item concerned. Process errors include using additional 
ingredients not declared on the wrapper, for example, applying a cheese 
topping to convenience food products where such toppings were not intended. 

 The smallest category of recalls relates to direct failures in what can be 
regarded to be the traditional concept of prerequisite programs. These include 
cross - contact and failures in supplier quality assurance ( “ hidden allergen ”  and 
raw materials; see Fig.  2.1 ). Possibly the most disturbing set of recalls, both in 
this category and in the analysis as a whole, are the fi ve recalls associated with 
products carrying an allergen - free claim. In all of these cases, products which 
stated on their label that they were free from a particular allergenic food were, 
on analysis, found to contain the allergen in question. This places the individual 
consumer allergic to that particular ingredient at greater risk, given his or her 
greater chance of selecting that particular product.  

   2.4.2.    Food Allergens and Food Allergen Testing in the Context of Food 
Safety Management 

 Food allergens provide a fundamental challenge to the food safety manage-
ment practitioner, in that not only are they inherent constituents of a food but 
also that their adverse effect is experienced by a proportion of the consumer 
base. It is therefore unlikely that many food businesses will have a process 
step that will substantially reduce the allergen content of a particular food. In 
terms of food safety management, Alldrick  [38]  proposed that the hazard to 
be addressed by food businesses could be defi ned as  the inadvertent consump-
tion of a food allergen by a susceptible individual   . 

 Food allergen analysis is of particular relevance to verifying the effi ciency 
of prerequisite programs. Failures in this area have already been discussed 
above. It is worth noting that in the case of recalls relating to products with 
an  “ allergen - free ”  claim, two are related to gluten, two to casein, and one to 
soya. In terms of the  “ hidden allergen syndrome, ”  recalls are related to milk, 
gluten, fi sh, tree nuts, and peanuts. Most of the recalls were associated with 
milk, which may refl ect the commercial cost and  “ relative ”  ease of detection 
for milk, rather than the frequency of events implicating those allergens. It 
may also relate to the diffi culties factories may encounter in managing dry 
powder ingredients such as skimmed milk powder, caseinates, and whey 
protein isolates. The data should therefore be considered under this aspect. A 
case in point relates to chocolate since, of the 10 recalls under this heading, 6 
were related to chocolate - containing confectionery items. 

 As a case study, chocolate confectionery merits further consideration. 
Examination of alerts recorded under the Rapid Alert System for Food and 
Feed (RASFF) indicates that of 40 alerts recorded on the RASFF system for 
chocolate confectionery from 2005 until mid - February 2009, 26 referred to 
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milk, 5 to peanuts, and 4 to soya followed by 4 to tree nuts (hazelnuts or 
almonds) and 1 to gluten. In a recent study, Pele et al.  [39]  examined 254 choco-
late confectionery products sourced from 10 member states (not including the 
United Kingdom) for the presence of hazelnuts and peanuts. None of these 
products declared either food allergen as an ingredient; however, over 50% of 
those products, for which there was no precautionary labeling, actually tested 
positive for hazelnut (23% for peanut).   

   2.5.    CONCLUSION 

 In many respects, allergens are different from other supply chain hazards. 
Mycotoxins for example enter the supply chain at a very early stage usually 
already on the fi eld or during storage of grain products. Allergens on the other 
hand can enter the supply chain as a consequence of events before, during, or 
after manufacture of the food. Product contamination can therefore occur due 
to contaminated ingredients, poor ingredient or fi nished product storage prac-
tices, and cross - contact due to either close proximity to other manufacturing 
containing allergen - containing foods or poor sanitation practices between 
production runs of allergen - containing or allergen - free products. 

 However, cross - contamination is only one of several issues that may make 
proper labeling of products and therefore consumer choice diffi cult. For one, 
legislation in different countries differs signifi cantly. Whereas in the United 
States eight allergens require labeling (Table  2.2 ), in Canada, the list of aller-
gens to be labeled and declared is extended to a further two totaling to 10 
groups of allergens. In Europe, four more allergens are added, while in Japan, 
up to 25 are listed, which only partially overlap with other legislatures. The 
complexity increases with the level of detail; for instance, the list of nuts to be 
labeled differs between regulations in different countries and regions. 

 Furthermore, there are no labeling threshold levels for allergens yet (except 
for sulfi te and gluten, neither of them being true allergens). Even though 
Switzerland has set a mandatory labeling threshold for allergens at 1000   mg/
kg, this seems exceedingly high considering that many allergic patients react 
at doses in the milligram range; for example, for peanut, this level in portion 
sizes associated with most products could trigger anaphylactic shock and con-
sequently cause death. Thresholds established for the major food allergens 
should be based on transparent scientifi c clinical and epidemiological data and 
reevaluated periodically as new data and tools become available  . 

 The regulatory framework and usage for precautionary ( “ may contain ” ) 
labeling in different countries is already complex enough and makes the choice 
for the allergic consumer very diffi cult. However, it does not and cannot 
provide complete protection, and indeed, it must be used with circumspection 
if it is to retain any value as a risk management tool. Ultimately, this requires 
the defi nition of management thresholds, refl ective of a tolerable level of risk. 
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Defi nition of this level will recognize that total absence of risk is unattainable 
and will therefore aim to minimize the overall public health risk, based on 
analysis of all the factors which affect it. 

 Challenges from the analytical side are hardly less daunting. To determine 
allergen levels (see Chapter  13 ), two main techniques are currently being used: 
enzyme - linked immunosorbent assay (ELISA) and polymerase chain reaction 
(PCR). The presence of DNA proved by PCR may not necessarily indicate 
the presence of offending allergenic structures, meaning that the protein that 
triggers the allergic reaction may not be present while the DNA still is. This 
poses a major problem in interpreting the results of such tests in terms of risk 
to the allergic consumer. In terms of labeling, this may be considered prima 
facie evidence for making an appropriate declaration. 

 ELISA, currently the most common technique, allows the detection of 
proteins qualitatively and quantitatively in the low milligram per kilogram 
range. This technique, however, also has a number of drawbacks as, for example, 
false - positive results due to cross - reactivity of the antibody used (e.g., antibod-
ies against tropomyosin in crustaceans also detect the closely related protein 
cockroaches), false negatives especially in processed products, or very differ-
ent quantitative results. Food matrices can signifi cantly interfere both qualita-
tively and quantitatively with allergen detection. These facts make it very 
diffi cult for food manufacturers or ingredient manufacturers to properly 
control allergen contamination. 

 There is an urgent need for a close collaboration between all affected 
stakeholder groups for which the EU - funded MoniQA project provides a 
platform. Authorities and food industry need robust analytical tools that have 
to be validated properly. This will help to make sure that any future allergen 
regulation is enforceable and ultimately allows the allergic consumer an 
informed choice.  
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  3 
CRITERIA TO DETERMINE 
PRIORITY ALLERGENS: TREE NUT 
ALLERGY REVIEW  

  Jupiter M.     Yeung       

    3.1.    INTRODUCTION 

 In 2004, the U.S. Congress passed the Food Allergen Labeling and Consumer 
Protection Act (FALCPA). This act defi ned the major food allergens, including 
tree nuts. However, the list for tree nuts, as a food group, does not defi ne in 
specifi c terms what is considered a tree nut. The statute only lists three exam-
ples of tree nuts: almonds, pecans, and walnuts. In October 2006, the U.S. Food 
and Drug Administration (FDA) defi ned tree nuts as the following:  “ almond, 
beechnut, Brazil nut, butternut, cashew, chestnut (Chinese, American, 
European, sequin), chinquapin, coconut, fi lbert/hazelnut, ginkgo nut, hickory 
nut, lychee nut, macadamia nut/bush nut, pecan, pine nut/pi ñ on nut, pili nut, 
pistachio, shea nut, walnut (English, Persian, Black, Japanese, California), 
heartnut, and butternut ”  in the latest edition of the  Guidance for Industry: 
Questions and Answers Regarding Food Allergens, Including the Food Allergen 
Labeling and Consumer Protection Act of 2004  (Edition 4)  [1] . However, there 
are concerns in the food and beverage industry that the list includes nuts that 
have minimal health risk, which devalues labeling as a risk management 
measure and, thus, reduces rather than increases consumer safety. On behalf 
of the food and beverage industry, the Grocery Manufacturers Association 
(GMA) examined the allergenic potential of all 19  “ tree nuts ”  defi ned by the 
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FDA and found little science supporting the labeling of several FDA - listed 
 “ tree nuts ”  as  “ major food allergens. ”   

   3.2.    TREE NUT ALLERGY 

 Among foods causing allergic reactions, tree nuts have attracted considerable 
attention. Allergies to these foods are common. In the United States, an esti-
mated 1.4% of the overall general population is allergic to peanuts, tree nuts, 
or both  [2, 3] , which translates into 4.2 million Americans. Reported allergies 
to tree nuts include walnut, cashew, Brazil nut, almond, pecan, pistachio, hazel-
nut, and macadamia nut  [2] . Tree nut allergy frequently has an onset in the 
fi rst few years of life and can result in severe and potentially fatal allergic 
reactions. Fatalities due to ingestion of tree nuts include almond, Brazil nut, 
cashew, hazelnut, pecan, pistachio, and walnut. The treatment of tree nut aller-
gies includes avoidance of the specifi c nuts and educating the tree nut - sensitive 
individuals and their families of the potential for adverse reactions caused by 
accidental ingestion. While tree nut allergy is generally thought to be lifelong, 
about 9% of nut - allergic individuals outgrow their tree nut allergy  [4] .  

   3.3.    CRITERIA TO DETERMINE A MAJOR FOOD ALLERGEN 

 We have previously proposed the criteria to determine a major food allergen 
of public health importance in the context of food labeling  [5] . Without scien-
tifi cally defi ned criteria, proliferation of allergen lists is likely to occur. Such 
practices may lead to an unnecessary elimination of enjoyable foods containing 
important nutrients, compromising food choice. The principal criteria to be 
used for identifying food allergens that are associated with frequent allergic 
reactions are prevalence in the population, severity of the reaction, and the 
threshold levels of the allergen when available. While anaphylaxis is often used 
as a guideline to assess the severity of reactions, prevalence in the population, 
a critical indicator of public health concern, is an obligatory criterion for deter-
mination of a major food allergen. For example, wheat is a major food allergen 
and about 1% of the general population has wheat allergy or celiac disease. 
However, allergic reactions to wheat are generally not severe, and there is no 
published report of fatality. This is further supported by Hefl e et al.  [6]  who 
documented over 160 foods with evidence of allergies; there could well be one 
or more persons in the world who are at risk of developing severe reactions to 
many of these 160 foods. For instance, one chickpea - induced death was reported 
by Pumphrey  [7] ; however, chickpea is not a major food allergen. 

 On the other hand, the International Life Sciences Institute (ILSI) Europe 
Food Allergen Task Force proposed either a positive double - blind, placebo -
 controlled food challenge (DBPCFC) or well - documented anaphylaxis as the 
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main inclusion criteria for defi nition of food allergens that would require 
labeling  [8] , but not all major tree nuts have documented DBPCFC to support 
their inclusions. 

 It is important to recognize that, until recently, there was no consensus 
agreement on the defi nition of anaphylaxis  [9, 10] . Consequently, some of the 
earlier case reports on anaphylactic reactions may not be classifi ed as such 
under the existing defi nition. Anaphylaxis is generally believed to be a severe, 
potentially fatal, systemic allergic reaction that occurs suddenly after contact 
with an allergy - causing substance, and is characterized by life - threatening 
upper airway obstruction, bronchospasm, and hypotension  [11, 12] . A universal 
defi nition of anaphylaxis was recently proposed as follows:  anaphylaxis is a 
serious allergic reaction that is rapid in onset and may cause death   [9] . 
Representatives of this working group were from 16 different international 
organizations or governmental bodies from North America, Europe, and 
Australia. For purposes of our assessment, when possible, we tried to use the 
current defi nition of anaphylaxis when assessing literature reports of adverse 
reactions. Given the limited information available in some reports, it was not 
possible to predict with certainty whether the reported reactions should be 
classifi ed as  “ anaphylaxis. ”  

 To date, science only supports the inclusion of nine nuts of public health 
importance in the list of tree nuts because they are associated with prevalence 
and severity of reactions that warrant their classifi cation as major food aller-
gens. Including tree nuts that have either no evidence of allergic reaction or 
for which the reactions are lacking in prevalence and severity only creates 
confusion to allergic consumers and the food and beverage industry. Labeling 
 “ tree nuts ”  that have minimal risk could potentially devalue labeling as a risk 
management measure and, thus, reduce rather than increases consumer safety. 

   3.3.1.     GMA  - Proposed Tree Nut List 

 The food and beverage industry ’ s objective is to propose a rational tree nut 
list that can protect public health yet does not unnecessarily limit food choices. 
The proposed list is based on recent scientifi c reviews on tree nuts by well -
 known clinicians and by using the lists prepared by international regulatory 
agencies, a consumer group, and the food industry. In addition, GMA reviewed 
the available scientifi c literature and concluded these nine tree nuts of public 
health importance meet the criteria for inclusion in a list of major allergens 
given the prevalence and severity of reactions reported in the literature: 

  1.     almond  
  2.     Brazil nut  
  3.     cashew  
  4.     hazelnut  
  5.     macadamia  
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  6.     pecan  
  7.     pine nut  
  8.     pistachio  
  9.     walnut.    

 These nine tree nuts have also been used by the food industry in its volun-
tary labeling efforts years before FALCPA was enacted. The list is also refl ec-
tive of consumer and physician education over the last 10 years. Using this 
well - established list from North America, Europe, and Australia promotes 
harmonization of food allergen labeling, which in turn facilitates global trade. 
All nine tree nuts in the list satisfy the severity and prevalence criteria as major 
food allergens. Deaths have been documented for these tree nuts, with the 
exception of macadamia and pine nut, which are included in the list based on 
the weight of evidence on severity of reactions. 

 These tree nuts are also found in the list used by the scientifi c community 
(Table  3.1 ), some regulatory agencies (Table  3.2 ), a consumer group (Table 
 3.3 ), and the food industry as indicated below: 

  A.     Medical groups specializing in tree nut allergy (Table  3.1 ), including 
University of Johns Hopkins  [4] , University of California, Davis  [13] , 
Monash University, Australia  [14]  (i.e., same as GMA - proposed list 
minus pecan and pistachio), and University of Cambridge, UK  [15]  
(i.e., same as GMA - proposed list minus macadamia, pine nut, and 
pistachio).  

  B.     International regulatory agencies (Table  3.2 ) such as the Canadian Food 
Inspection Agency (CFIA)  [16] , Health Canada  [17] , European Union 
(EU)  [18] , (i.e. same as GMA - proposed list minus pine nut), Food 

  TABLE 3.1    Comparison of Published Tree Nut Lists — Clinical Classifi cation   

   Tree Nut  

   J Allergy Clin 
Immunol   

   Curr Allergy 
Asthma Rep   

   Clin Exp 
Allergy   

   Clin Exp 
Allergy   

   Fleischer et 
al.  [4]   

   Teuber et al. 
 [13]   

   de Leon 
et al.  [14]   

   Clark and 
Ewan  [15]   

  Almond     ✓      ✓      ✓      ✓   
  Brazil nut     ✓      ✓      ✓      ✓   
  Cashew     ✓      ✓      ✓      ✓   
  Hazelnut     ✓      ✓      ✓      ✓   
  Macadamia     ✓      ✓      ✓       
  Pecan     ✓      ✓          ✓   
  Pine nut     ✓      ✓      ✓       
  Pistachio     ✓      ✓           
  Walnut     ✓      ✓      ✓      ✓   
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  TABLE 3.2    Comparison of Tree Nut Lists — Regulatory Classifi cation 

   Tree Nut     CFIA  
   Health 
Canada     EU     FSANZ     FDA  

   Senate Report 
108 - 226  a   (on 
FALCPA)  

  Almond     ✓      ✓      ✓      ✓      ✓      ✓   
  Brazil nut     ✓      ✓      ✓      ✓      ✓      ✓   
  Cashew     ✓      ✓      ✓      ✓      ✓      ✓   
  Hazelnut     ✓      ✓      ✓      ✓      ✓      ✓   
  Macadamia     ✓      ✓      ✓      ✓      ✓      ✓   
  Pecan     ✓      ✓      ✓      ✓      ✓      ✓   
  Pine nut     ✓      ✓          ✓      ✓      ✓   
  Pistachio     ✓      ✓      ✓      ✓      ✓      ✓   
  Walnut     ✓      ✓      ✓      ✓      ✓      ✓   
  Others                Chestnut    Beechnut    Chestnut  

              Hickory nuts    Butternut      
                  Chestnut      
                  Chinquapin      
                  Coconut      
                  Ginkgo nut      
                  Hickory nut      
                  Lychee nut      
                  Pili nut      
                  Shea nut      

    a According to the Committee on Health, Education, Labor, and Pensions (HELP  ), in Title II of 
S. 741, the term  ‘  ‘ tree nuts ’  ’  refers to a variety of individual nuts, including almonds, Brazil nuts, 
cashews, chestnuts, fi lberts/hazelnuts, macadamia nuts, pecans, pine nuts, pistachios, and walnuts 
(page 6 of the report).   

Standards Australia New Zealand (FSANZ)  [19]  (i.e., same as GMA -
 proposed list plus chestnut and hickory nut), and the FDA  [1]  (i.e., same 
as GMA - proposed list plus beechnut, butternut, chestnut, chinquapin, 
coconut, ginkgo nut, hickory nut, lychee nut, pili nut, and shea nut).  

  TABLE 3.3    Tree Nut List for Kids — FAAN 

   Tree Nut     FAAN  

  Almond     ✓   
  Brazil nut     ✓   
  Cashew     ✓   
  Hazelnut      
  Macadamia      
  Pecan     ✓   
  Pine nut     ✓   
  Pistachio     ✓   
  Walnut     ✓   
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  C.      The Consumer Group, Food Allergy and Anaphylaxis Network (FAAN) . 
The February/March 2007 Food Allergy News for Kids (published by 
FAAN)  [20]  has a  “ Let ’ s Learn about Tree Nuts ”  section (Table  3.3 ). 
The tree nuts listed and pictured are almonds, Brazil nuts, cashews, 
chestnuts, pecans, pine nuts, pistachios, and walnuts. There is no mention 
of other nuts such as coconut or shea nut. 

 Interestingly, FAAN does adopt the FDA list of tree nuts on its label 
card,  “ How to Read a Label for a Tree Nut Free Diet ”   [21] . While FAAN 
includes coconut on the label card, there is a Q & A on the FAAN 
website noting that  “ Coconut, the seed of a drupaceous fruit, has typi-
cally not been restricted in the diets of people with tree nut allergy. 
However, in October of 2006, the FDA began identifying coconut as a 
tree nut. The available medical literature contains documentation of a 
small number of allergic reactions to coconut; most occurred in people 
who were not allergic to other tree nuts. Ask your doctor if you need to 
avoid coconut   ”   [22] .  

  D.      Industry . The risk - based GMA tree nut list is the same as the list advo-
cated by the International Tree Nut Council  [23] . These nine tree nuts 
have been used by the food industry in its voluntary labeling efforts for 
years before FALCPA was enacted.      

   3.3.1.1.     FDA  Tree Nut List.     The FDA announced their tree nut list in the 
 Guidance for Industry: Questions and Answers Regarding Food Allergens, 
Including the Food Allergen Labeling and Consumer Protection Act of 2004  
(Edition 4) in October 2006  [1] . The list consists of almond, beechnut, Brazil 
nut, butternut, cashew, chestnut, chinquapin, coconut, fi lbert/hazelnut, ginkgo 
nut, hickory nut, lychee nut, macadamia nut, pecan, pine nut, pili nut, pistachio, 
shea nut, and walnut. FDA ’ s  “ tree nuts ”  that are not consistent with the GMA   
proposed list are shown in Table  3.4 .     

   3.3.2.    Rationale for Selection for the  GMA  - Proposed Tree Nut List 

   3.3.2.1.    Prevalence and Severity of Reactions to Tree Nuts.     Tree nuts are a 
well - defi ned cause of food allergy. Allergies to tree nuts, peanuts, or both affect 
about 1.4% of the general population in the United States. As a food group, 
tree nuts are the most frequent cause of fatal anaphylactic reactions. 
Anaphylaxis caused by food allergy may differ clinically from other causes of 
anaphylaxis. Death is usually caused by respiratory failure, and patients who 
have asthma are at greatest risk for severe reactions  [24] . A recent analysis of 
32 fatal food allergic reactions in the United States from 1994 to 1999 showed 
tree nuts to be responsible for 31% of the deaths  [3] . A follow - up study 
between 2001 and 2006 reported eight fatalities caused by tree nuts out of 31 
food fatalities  [25] . The greatest number of fatalities still occurred in adoles-
cents and young adults. Similarly, Pumphrey and Gowland  [26]  reported that 
7 out of 48 deaths in the United Kingdom were due to tree nuts between 1999 
and 2006. The majority of deaths also occurred between 11 and 30 years of 
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  TABLE 3.4    Comparison of GMA and FDA Tree Nut Lists 

   Tree Nuts     GMA     FDA  

  Almond     ✓      ✓   
  Brazil nut     ✓      ✓   
  Cashew     ✓      ✓   
  Hazelnut     ✓      ✓   
  Macadamia nut     ✓      ✓   
  Pecan     ✓      ✓   
  Pine nut     ✓      ✓   
  Pistachio     ✓      ✓   
  Walnut     ✓      ✓   
  Beechnut         ✓   
  Butternut         ✓   
  Chestnut         ✓   
  Chinquapin         ✓   
  Coconut         ✓   
  Ginkgo nut         ✓   
  Hickory nut         ✓   
  Lychee nut         ✓   
  Pili nut         ✓   
  Shea nut         ✓   

age. A summary of published tree nut fatalities is tabulated in Table  3.5 . 
Fatality represents the extreme outcome of the severe nature of the adverse 
events. Any tree nut with a reported fatality must be included in the major 
food allergen list. Tree nut fatalities include almond (three cases), Brazil nut 
(four cases), cashew (two cases), hazelnut (two cases), pecan (fi ve cases), pis-
tachio (one case), and walnut (sixteen cases). Only pine nuts and macadamia 
nuts in the GMA list do not have a reported lethal outcome.    

   3.3.2.2.    Specifi c Tree Nut Review. 

   3.3.2.2.1.    Almond.     Allergy to almond was the third most common tree nut 
allergy reported by Sicherer et al.  [27]  with 15% of the 1667 self - reported 
nut - allergic registrants reporting almond allergy. In a later self - reported 
survey, Sicherer et al.  [2]  reported that almond remained the third most 
common tree nut to cause allergy in the United States after walnut and cashew 
with 32 of 82 respondents reporting allergy  . Reactions ranged from hives to 
life - threatening anaphylaxis to fatality. Similarly, Ewan  [28]  reported 14 
almond - allergic patients among 62 tree nut - allergic patients in 1 year from 
1993 to 1994. Clark and Ewan  [15]    reported that 34 of 1000 peanut -  or nut -
 allergic patients showed their strongest reaction to almond. Due to its frequent 
occurrence and severity of the reactions including fatalities, inclusion of 
almond in the tree nut list is warranted.  
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   3.3.2.2.2.    Brazil Nut.     Allergy to Brazil nut is a relatively common nut allergy 
and can be fatal  [29] . Senna et al.  [30]    reported a severe episode of anaphylaxis 
occurred during a skin prick test of fresh Brazil nut that required epinephrine 
and intravenous steroids, while others  [31 – 33]  documented case reports of 
anaphylaxis to Brazil nuts. Sicherer et al.  [34]  documented that 4 of 54 nut -
 allergic patients reported a reaction to Brazil nut. Similarly, Ewan  [28]  reported 
18 Brazil nut - allergic patients out of 62 peanut and tree nut allergics. Peanuts 
were the commonest cause of allergy (47) followed by Brazil nut (18), almond 
(14), and hazelnut (13). Clark and Ewan  [15]  reported that 162 of 1000 peanut -  
or nut - allergic patients (16%) showed their strongest reaction to Brazil nut. 

 Pastorello et al.  [35]    found that all the Brazil nut - allergic patients had spe-
cifi c immunoglobulin E (IgE) against a 9 - kDa allergen, indicating that the 
allergen underlying clinical reactions to Brazil nut is a 2S albumin. Arshad et 
al.  [36]    reported 12 cases of allergy to Brazil nut. Due to its frequent occur-
rence and severity of the reactions including fatalities  [7, 32] , inclusion of 
Brazil nut in the tree nut list is warranted.  

   3.3.2.2.3.    Cashew.     Cashew causes severe symptoms and has caused death  [37] . 
Cashew allergy is described as an evolving clinical problem. Davoren and 
Peake  [38]    reviewed 213 children with peanut or tree nut allergy over a 42 -
 month period and found that anaphylaxis to cashew nut (74.1%) was more 
common than to peanut (30.5%), even though 83.1% of those children have 
peanut allergy and only 12.6% have cashew allergy. Children with cashew 
allergy are at risk of anaphylaxis. Rance et al.  [39, 40]  investigated 42 children 
with cashew allergy. Fifty - six percent had skin symptoms, 25% had respiratory 
signs, and 17% had digestive signs. 

 Allergy to cashew was found to be the second most common tree nut allergy 
 [27]  with 20% of the 1667 nut - allergic registrants reporting cashew allergy. 
Similarly, Sicherer et al.  [34]  reported 11 of 54 nut - allergic patients as cashew 
allergic. Clark and Ewan  [15]  reported that 29 of 1000 peanut -  or nut - allergic 
patients showed their strongest reaction to cashew. Moneret - Vautrin et al.  [41]  
reported that 40% of 140 peanut - allergic patients were sensitized to cashew. 
Tariq et al.  [42]  reported that 1 of 1218 of a birth cohort (0.08%) was allergic 
to cashew. Moreover, Rasanen et al.  [43]  reported a cross - reactivity of pectin 
with cashew nut extract in one patient, and Ferdman et al.  [44]    described a 
pectin anaphylaxis associated with cashew allergy. 

 Quercia et al.  [45]    reported that a patient allergic to pistachio developed 
anaphylaxis after eating cashew. Hourihane et al.  [46]  also reported 29 patients 
with cashew nut allergy aged 1 – 30 years. Fourteen of these reacted to minimal 
contact without actually eating cashew. Fourteen reported wheeze, and 11 
reported collapse or feeling faint. Cashew has recently become widely avail-
able in the form of butter spreads. Cashew causes symptoms in formal food 
challenges and has caused death. Garcia - Menaya et al.  [47]    described clinical 
manifestations in three cases of cashew - related anaphylaxis. A case of acute 
reactions 20 minutes after eating a piece of chocolate candy containing cashew 
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was described by Rasanen et al.  [43] , and Tariq et al.  [42]    also reported a gen-
eralized urticaria in one child. Due to its frequent occurrence and severity of 
the reactions including reported fatalities  [37] , inclusion of cashew nut in the 
tree nut list is warranted.  

   3.3.2.2.4.    Hazelnut.     Hazelnuts are a common cause of food allergy. Children 
can be sensitized to hazelnut at an early age  [34] . Remarkably, a large propor-
tion had never ingested hazelnut to their knowledge, and most allergic reac-
tions to nuts in childhood occur after the fi rst known exposure. As reported 
by Beyer et al.  [48] , allergic reactions to hazelnuts range from mild oral allergy 
syndrome (OAS) caused by cross - reactivity between tree pollen and hazelnut 
proteins to severe anaphylactic reactions. They reported 14 patients with 
hazelnut - induced systemic reactions. Clinical symptoms observed by Schocker 
et al.  [49]  in 26 patients included OAS in 7 of 26 patients, anaphylaxis (6 of 
26), angioedema (6 of 26), urticaria (2 of 26), and food - dependent, exercise -
 induced anaphylaxis in a single patient. 

 Pastorello et al.  [50]  characterized hazelnut allergens by studying the spe-
cifi c IgE reactivity of 65 patients with positive DBPCFC results and 7 patients 
with severe anaphylaxis to hazelnut. The major allergen of hazelnut is an 18 -
 kDa protein homologous to Bet v 1, and the 9 - kDa allergen is presumably a 
lipid transfer protein (LTP). Other major allergens have molecular weights of 
47, 32, and 35   kDa. Hansen et al.  [51]  found that 5 of 17 patients reacted to 
roasted hazelnut with OAS, while all 17 reacted to raw hazelnut. Furthermore, 
the median dose for reaction to raw hazelnut was more than doubled with 
roasted hazelnut. 

 From selected subjects with a history of allergic reactions on ingestion of 
hazelnut, Ortolani et al.  [52]  found that of 86 patients, 67 (77.9%) had a posi-
tive DBPCFC result. Challenge doses were 1.4 – 20   g of ground hazelnut. 
Reactions to hazelnut ranged from oral and gastrointestinal symptoms to 
systemic symptoms. 

 Wensing et al.  [53, 54]    attempted to determine the distribution of minimum 
provoking doses of hazelnut in 31 hazelnut - allergic patients using 1, 3, 10, 30, 
100, and 300   mg and 1   g of hazelnut protein (corresponding to 6.4, 19, 64, 190, 
640, 1900, and 6400   mg of hazelnut meal, respectively) challenging doses. All 
reactors showed itching of the mouth as the fi rst symptom; one showed gen-
eralized urticaria and lip swelling and another slight lip swelling at 1 - mg dose. 
Some gastrointestinal symptoms, including abdominal pain and nausea, were 
also reported. The challenge was continued until objective symptoms were 
observed or subjective symptoms persisted for 1 hour (seven patients). Four 
patients reacted to the lowest dose. Threshold doses for eliciting subjective 
reactions varied from a dose of 1 up to 100   mg hazelnut protein (equivalent 
to 6.4 – 640   mg of hazelnut meal). Extrapolation of the dose – response curve 
showed that 50% of the hazelnut - allergic population would suffer from an 
allergic reaction after ingestion of 6   mg (95% confi dence interval [CI], 2 – 11   mg) 
of hazelnut protein. Objective symptoms were observed in two patients after 
1 and 1000   mg, respectively. 
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 Flinterman et al.  [55]  studied the clinical relevance of hazelnut sensitiza-
tion and eliciting doses (EDs) in childhood by DBPCFC. Twenty - eight sen-
sitized children (8 females, 20 males; age 4 – 16 years) with suspected allergy 
to hazelnut were recruited. The challenge was composed of nine portions of 
defatted hazelnut fl our in series: 10    μ g, 100    μ g, 500    μ g, 1   mg, 10   mg, 100   mg, 
300   mg, 1   g, and 3   g (protein content, 15.5%). The last dose was performed in 
an open challenge and consisted of 10 hazelnuts (5   g; approximately 635   mg 
of protein), because this amount could not be masked in edible portions for 
children. The challenge was discontinued after the occurrence of an objective 
reaction. Doses as large as 1   mg of hazelnut fl our were tolerated by all chil-
dren. The ED for OAS ( ≥ 10   mg; 1.6   mg of protein) and for objective symp-
toms ( ≥ 3.00   mg; 46.5   mg of protein) was observed. While fewer than half of 
the children with sensitization to hazelnut appeared to be allergic to hazelnut 
in this study, due to its frequent occurrence and severity of the reactions 
including reported fatalities  [7, 21] , inclusion of hazelnut in the tree nut list 
is warranted.  

   3.3.2.2.5.    Macadamia Nut.     Macadamia nut was native to Australia before 
being brought to Hawaii; hence, it is also called Australian nut, or Queensland 
nut. There are fi ve reported cases of allergic reactions to macadamia nut even 
though it is commonly consumed  [56 – 60] . 

 Sutherland et al.  [57]  fi rst reported a life - threatening anaphylactic reaction 
to macadamia nut. An 18 - year - old female experienced oral itching immedi-
ately after eating a slice of fl ourless orange cake made with macadamia nut 
meal. Within 5 minutes, this progressed to severe anaphylaxis. Upon arrival 
at the hospital, the patient was hypotensive, which required immediate treat-
ment of epinephrine, prednisolone, diphenhydramine, and overnight hospi-
talization. A similar reaction was reported by Pallares  [58] . A 36 - year - old 
male developed uvular and posterior tongue angioedema, dysphagia, chest 
tightness, chest pain, and chest pruritus 5 minutes after eating a chocolate -
 covered macadamia nut. He was treated with intravenous diphenhydramine, 
methylprednisolone, and femotidine (a histamine H 2  blocker). Another 
severe anaphylaxis was reported by H ä berle and Hausen  [56] ; a 38 - year - old 
developed urticaria, shortness of breath, and shock shortly after eating 
macadamia nuts. 

 Lerch et al.  [59]  documented two patients with allergic reactions to maca-
damia nut. A 42 - year - old man developed generalized pruritus, itching of the 
throat, rhinitis, dyspnea, and dizziness 5 minutes after eating a macadamia nut. 
Another 34 - year - old male repeatedly developed severe OAS after eating 
macadamia and other tree nuts, including hazelnut, walnut, Brazil nut, and 
almond. In addition, a 1 - year - old boy suffered from OAS after putting a maca-
damia nut in his mouth  [60] . 

 Reactions to macadamia nuts can manifest from OAS to severe anaphy-
laxis. While there are no reports of death to macadamia nut, the weight of 
evidence, particularly the reports of severe anaphylaxis, warrant its inclusion 
in a list of tree nuts.  
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   3.3.2.2.6.    Pecan.     Allergy to pecan was the fourth most common of the tree 
nut allergies reported by Sicherer et al.  [27]  with 9% of the 1667 nut - allergic 
registrants reporting pecan allergy. Previously, Sicherer et al.  [34]  reported 13 
of 54 nut - allergic patients as pecan allergic. In the United Kingdom, pecan 
may not be as common a source of tree nut allergy with Clark and Ewan  [15]  
reporting 8 of 1000 patients showing their strongest reaction to pecan based 
on clinical history. Cross - reactivity between pecan and walnut is known  [61] . 
Malanin et al.  [62]  and Berrens  [63]  reported a neo - allergen exclusively present 
in aged or heated pecan nuts, but not in fresh pecans. They suggested that a 
Maillard reaction product might be the allergen. 

 Yunginger et al.  [64]    was the fi rst to report fatal anaphylaxis from accidental 
ingestion of pecan, which occurred in a 16 - year - old male. Subsequently, four 
more cases of fatality were reported  [3, 37, 65] . Due to its frequency in occur-
rence and severity of the reactions including several reported fatalities, inclu-
sion of pecan in the tree nut list is warranted.  

   3.3.2.2.7.    Pine Nut.     Pine nut is commonly consumed in southwestern United 
States, Mexico, China, and Mediterranean countries. It is used in the prepara-
tion of various dishes, particularly pastries, deserts, salads, and pesto sauce. 
Despite the wide use of pine nuts, allergy to pine nuts has been reported less 
frequently than other tree nuts. Reactions, however, were usually severe, and 
emergency room treatments due to severe anaphylaxis immediately after 
eating pine nuts have been documented  [30, 48, 54, 66 – 72] . While most reac-
tions occur in adults, young children can be affected. No fatality due to pine 
nut ingestion has been reported. Pine nut is known to cross - react with almond 
 [69] . Pine nuts are not currently listed in Annex IIIa of the EU directive on 
labeling of prepackaged foods  [18] . Due to the severe nature of the reactions, 
the weight of evidence, particularly the reports of severe anaphylaxis, inclusion 
of pine nut in the major tree nut list is warranted.  

   3.3.2.2.8.    Pistachio.     While anaphylaxis against pistachio is uncommon, one 
fatal accident due to pistachio ingestion has been reported  [3] . Pistachio nut 
contains several protein allergens able to trigger type I hypersensitivity reac-
tions. Fernandez et al.  [73]  reported two cases of pistachio allergy that cross -
 reacted with cashew, and Jansen et al.  [74]    reported three patients with adverse 
food reactions due to pistachio and mango. Using specifi c IgE determination 
by CAP   - inhibition and leukocyte histamine release, Parra et al.  [75]  demon-
strated the cross - reactivity of pistachio with cashew and other dried fruits 
belonging to taxonomically unrelated botanical families. Liccardi et al.  [76]  
described two uncommon cases of OAS in a 54 - year - old man and a 3 - year - old 
girl, both after eating pistachio nuts. The man had put three whole pistachios 
with shells in his mouth and cracked them with his teeth before the onset of 
symptoms. A DBPCFC was performed (0.1 – 50   mg of protein), for ethical 
reasons, only in the adult patient. No reaction was observed after ingestion of 
pistachio protein up to 50   mg in a capsule. Interestingly, they observed a posi-
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tive intraoral itching and angioedema, which required precautionary antihis-
tamine treatment, only after slight scratching of the oral mucosa at 0.1 - mg 
capsule. Since no reaction was recorded after using a placebo capsule on the 
scratched mucosa, it was suggested that slight injury of the oral mucosa might 
enhance the local response. Due to its frequent occurrence and severity of the 
reactions, inclusion of pistachio in the tree nut list is warranted.  

   3.3.2.2.9.    Walnut.     Walnuts rank third in per capita consumption of tree nuts 
in the United States and can be associated with systemic IgE - mediated reac-
tions in some individuals  [77] . Allergy to walnuts was the most common of the 
allergies to tree nuts reported by Sicherer et al.  [27]  with 34% of the 1667 
nut - allergic registrants reporting walnut allergy. Similarly, Sicherer et al.  [34]  
reported 26 of 54 nut - allergic patients as walnut allergic. Clark and Ewan  [15]  
described 1000 patients allergic to either peanut or at least one tree nut. Thirty 
study subjects reacted most strongly to walnut. Walnut - allergic patients often 
have allergies to other tree nuts. Among tree nut fatalities, walnut ranks 
number one. Sampson et al.  [37]  reported the fi rst walnut fatal reaction in 1992. 
Subsequently, 14 more cases were documented  [3, 7, 78] . 

 A single case of IgE cross - reaction of walnut to coconut has been reported 
 [79] . Cross - reactivity between walnut and Rosaceae (peach, apple, plum)  [80] , 
hazelnut, and Brazil nut  [81, 82]  are known. Drug - induced (antihypertensive 
angiotensin converting enzyme [ACE]   inhibitor) anaphylaxis to walnut is also 
known  [83] . Due to its frequency in occurrence and severity of the reactions, 
inclusion of walnut in the tree nut list is warranted.   

   3.3.2.3.    Tree Nuts in  FDA  ’ s List but Not in the  GMA  List.     Extensive litera-
ture review has not revealed any clinical allergy, allergic reactions, or sensitiza-
tion due to consumption of the seven tree nuts listed below that are included 
on the FDA list. Due to the lack of incident of allergic reactions to these nuts, 
inclusion of these nuts in the tree nut list as a major food allergen is not 
warranted: 

  1.     beechnut  
  2.     butternut  
  3.     chinquapin  
  4.     ginkgo nut  
  5.     hickory nut  
  6.     pili nut  
  7.     shea nut.    

   3.3.2.3.1.    Other Tree Nuts in the  FDA  ’ s List but Not in the  GMA  List. 

   3.3.2.3.1.1.     c hestnut.     Chestnut allergy has been almost exclusively consid-
ered in the context of the latex – fruit syndrome. Cross - reactivity in latex allergy 
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has been described with a variety of fruits, including chestnut, avocado, banana, 
kiwi, and papaya  [84 – 86] . However, clinical reactions to chestnut were rarely 
reported despite frequent consumption of this food either alone or with pre-
existent latex allergy. Only two case reports of chestnut allergy, one patient 
per case, of OAS  [87]  and anaphylaxis have been documented  [88] . The latter 
case involved a 4 - year - old male who had developed OAS plus coughing, 
wheezing, and dyspnea after eating an acorn. Months later, he experienced 
similar symptoms after eating a chestnut. No other anaphylaxis was ever 
reported. Due to low incident of allergic reactions and lack of acute anaphy-
lactic reaction to chestnut, inclusion of chestnut in a list of major allergens is 
not warranted.  

   3.3.2.3.1.2.     c oconut.     Botanically, a coconut is a simple dry fruit known as a 
fi brous drupe (not a true nut). Coconut allergy, either alone or with other tree 
nut allergy, is rare. Cross - reactivity between coconut and walnut or hazelnut 
is known. There are six clinical reports, for seven patients, mostly from Europe, 
documented in coconut allergy and coconut - induced allergic reactions  [79, 
89 – 93] . 

 Teuber and Peterson  [79]  fi rst reported two coconut allergic reactions from 
a 21 -  and a 50 - year - old male. Both sensitive individuals experienced previous 
reactions to tree nuts, walnut in particular. While symptoms from walnut -
 induced reactions were clearly described in this report, which included angio-
edema, nausea, vomiting, and asthma, sometimes with hypotension, reactions 
from coconut were only described as systemic but  “ not quite as severe. ”  It is 
also unknown if hypotension was involved in the reactions to coconut in these 
two patients. Data from this study demonstrated that the clinical reactivity of 
these two patients was due to the cross - reactivity of walnut - directed IgE to 
coconut, but not vice versa. This implies that for a potential serious anaphylaxis 
to coconut in this study, prior walnut allergy is a prerequisite. 

 Nguyen et al.  [89]  described a case report of a 19 - year - old male with history 
of seasonal allergic rhinitis, penicillin allergy, OAS to other foods such as lima 
beans and various tree nuts (pecan, almond, and walnut), and coconut allergy. 
His recent coconut reactions involved oral pruritus, generalized hives, and 
wheezing after ingestion of a coconut - fl avored cream topping. In another 
study, a 3 - year - old child experienced abdominal pain, vomiting, and OAS after 
eating a small piece of fresh coconut  [90] . Rosado et al.  [91]  reported that a 
28 - year - old man suffered from vomiting and OAS after ingestion of coconut 
ice cream. This man had a previous reaction with walnut. Couturier et al.  [92]    
reported a suspected coconut reaction of gastrointestinal upset in an 8 - month -
 old baby fed with milk containing coconut. Reactivity was demonstrated by 
positive reintroduction test and specifi c IgE test. Stresemann and Scherhorn 
reported a case of coexisting coconut allergy and inhalation allergy of a stone 
nut ( Phytelephas ) in a 36 - year - old female  [93] . 

 While anaphylactic reactions were reported, such reactions were generally 
mild and nonlife threatening; therefore, they do not fall into the consensus 
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defi nition of anaphylaxis  [15] . Furthermore, the incidents are low. Given the 
lack of prevalence and severity of reactions, inclusion of coconut in a list of 
major allergens is not warranted.  

   3.3.2.3.1.3.     l ychee  n ut.     Lychee (also called lichee) is a drupe and is classifi ed 
as a fruit (not a true nut). There are very few case reports of allergic reactions 
to lychee in the literature; there have been fi ve reports, each involving only 
one patient  [94 – 98] . Strangely enough, all fi ve cases were females from 12 to 
34 years of age. Clinical symptoms ranged from contact dermatitis to dyspnea. 
Lychee fruit contains a signifi cant amount of profi lin proteins that cross - react 
with pollens. Due to low incidence of allergic reactions and lack of severe 
anaphylactic reaction to lychee  “ nut, ”  inclusion of lychee in the tree nut list 
as a major food allergen is not warranted. 

 A review of the scientifi c literature establishes that there is insuffi cient data 
to support the inclusion of  beechnut ,  butternut ,  chinquapin ,  ginkgo nut ,  hickory 
nut ,  pili nut ,  shea nut ,  chestnut ,  coconut , and  lychee nut  in a list of major food 
allergens. Inclusions of  “ tree nuts ”  that have either no history of sensitization 
and elicitation of allergic reactions (beechnut, butternut, chinquapin, ginkgo 
nut, hickory nut, pili nut, and shea nut) or only a few cases of mild and nonlife -
 threatening reactions (chestnut, coconut, and lychee nut) contradict the intent 
of regulatory guidelines such as FALCPA in the United States and leads to 
an unnecessary elimination of food choices that are enjoyable, nutritious, and 
convenient to allergic consumers.      

   3.4.    CONCLUSION 

 Tree nuts are a well - documented cause of food allergy and may constitute a 
health risk to allergic consumers if not properly managed. Tree nuts, peanuts, 
or both affect about 1.4% of the general population in the United States. The 
frequency of nut allergy appears to vary among countries in part because of 
different dietary habits. Allergic reactions to tree nuts tend to be particularly 
severe, sometimes life threatening, and fatal reactions shortly following their 
ingestion have been documented. Nut allergies are managed by avoiding the 
specifi c tree nut that may trigger a severe allergic reaction caused by accidental 
ingestion. Many allergists also recommend avoidance of the entire category 
of tree nuts due to the potential for both cross - contact during processing and 
IgE cross - reactivity. Clearly, it is prudent to properly defi ne and label the tree 
nuts that are  “ major food allergens ”  or  “ priority food allergens ”  in terms of 
prevalence and severity of reactions. 

 GMA proposed a practical and science - based list of tree nuts to inform and 
protect tree nut - allergic consumers. The list consists of almond, Brazil nut, 
cashew, hazelnut, macadamia, pecan, pine nut, pistachio, and walnut. The nine 
tree nuts on this list are consistent with the lists that have been prepared 
by well - known clinicians, scientifi c and regulatory authorities, at least one 
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consumer group, and other food industry groups. The underlying data also 
support the inclusion of these nine nuts of public health importance in a list 
of tree nuts because they are associated with prevalence and severity of reac-
tions that warrant their classifi cation as  “ major food allergens ”  or  “ priority 
food allergens. ”  Because there is either no evidence of allergic reactions, or 
the reactions are lacking in the severity and prevalence needed for classifi ca-
tion as a  “ major food allergen, ”  10 of the nuts listed in the FDA Q & A guidance 
 Guidance for Industry: Questions and Answers Regarding Food Allergens, 
Including the Food Allergen Labeling and Consumer Protection Act of 2004  
(Edition 4)  [1]  should be removed. 

 The food and beverage industry plans and develops their allergen manage-
ment strategies based on science and sound regulations, which constitutes a 
solid foundation for protecting public health. The quality assurance teams in 
food processing establishments have developed programs to manage the 
receipt, storage, use, cleaning, and labeling of allergens in the facility. 
Unfortunately, including additional allergens that are not  “ major ”  not only 
poses a challenge to the general consumer but also complicates the food 
industry ’ s ability to effectively manage the major allergens in their facilities. 
While most medical experts advise their patients who have been diagnosed 
with an allergy to specifi c tree nuts to avoid all tree nuts, inclusion of a com-
monly used ingredient such as coconut or its derivatives would unnecessarily 
restrict food choices. Effective risk communication is an important tool and 
must be used to give truthful and not misleading labeling information to the 
public. Including nuts that should not be considered as major food allergens, 
such as coconuts, that have minimal risk devalues labeling as a risk manage-
ment measure and, thus, reduces rather than increases consumer safety. 
Inclusion of rare allergens into allergen management plans will not only be 
costly, but will also dilute the industry ’ s ability to effectively manage the major 
allergens in their facilities. 
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  4 
THE CANADIAN CRITERIA FOR 
THE ESTABLISHMENT OF NEW 
PRIORITY FOOD ALLERGENS: 
EVIDENCE FOR THE INCLUSION 
OF MUSTARD AND INSUFFICIENT 
EVIDENCES FOR GARLIC AND 
ONION AS PRIORITY ALLERGENS 
IN CANADA  

    4.1.    INTRODUCTION 

 As a result of the public comments on its proposed allergen labeling regul-
ations (see  http://www.hc - sc.gc.ca/fn - an/label - etiquet/allergen/index - eng.php ), 
Health Canada received a number of comments from the general public, patient 
groups, health professionals, consumer organizations, and governmental agen-
cies about the need to consider mustard, onion, and garlic as potential food 
allergens of concern for Canadians. 

 In this context, Health Canada embarked on the development of criteria in 
order to determine the scientifi c validity of including new foods or food ingre-
dients on the list of priority food allergens in Canada. 

 This chapter presents the Canadian criteria applied to the assessment of 
scientifi c information obtained from the available literature, to investigate 
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whether mustard, garlic, and onion should be considered as priority allergens 
with regard to the proposed enhanced labeling regulations in Canada. Two 
systematic reviews were conducted: one for mustard and one for onion and 
garlic. To ensure a consistent and transparent approach when assessing the 
potential allergenicity of a food or food ingredient in terms of established 
criteria, methods for the management and evaluation of available scientifi c 
information were developed. Specifi cally, these methods provide guidance for 

   •      systematic data collection,  
   •      criteria for assessing the strength of evidence,  
   •      organization and tabulation of data, and  
   •      criteria for evaluating the severity of clinical reactions.    

 The information obtained and evaluated using these methods were assessed 
using the Canadian criteria for establishing new priority food allergens. The 
strength - of - evidence approach determines whether the available evidence ful-
fi lls the criteria and substantiates the addition of a new food or food ingredient 
to the list of priority food allergens in Canada. These practices aim to facilitate 
a consistent scientifi c approach for declaring new priority food allergens and 
for the application of the proposed  “ enhanced food allergen labeling regula-
tions in Canada. ”   

   4.2.    CANADIAN CRITERIA FOR THE ESTABLISHMENT OF 
NEW PRIORITY FOOD ALLERGENS 

 In 1999, the World Health Organization (WHO) convened a food allergens 
expert panel to provide guidance to the Joint Food and Agriculture Organization 
of the United Nations (FAO)/WHO Expert Committee on Food Additives 
(JECFA), which is the committee that advises the Codex Alimentarius 
Commission 1  on food additives and other chemicals and ingredients in food 
 [1] . The food allergens expert panel was tasked with the establishment of 
criteria for amending the Codex list of priority allergenic foods. The panel 
advised that the identifi cation of priority food allergens should be based on 
the following criteria: the existence of a cause - and - effect relationship, based 
on positive double - blind, placebo - controlled food challenge (DBPCFC) or 
unequivocal reports of reactions, including severe symptoms associated with 
exposure to the food commodity and prevalence data in children and adults, 
supported by clinical studies relying on DBPCFC studies from the general 
population of several countries. The expert panel acknowledged that avail-
ability of such data for infants, some foods, and in certain regions of the world 
would represent a challenge. As an alternative, the use of comparative preva-
lence data in groups of allergy patients from several countries supported by 
DBPCFC data would be appropriate  [1, 2] . 
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 National food regulatory agencies have used this guidance to build on the 
Codex list and develop their own lists of priority foods that should be targeted 
for mandatory labeling on foods available for sale in the country or region 
under their oversight. In Canada, Health Canada has the mandate to establish 
food standards, policies, regulations, and guidelines with an oversight on label-
ing requirements associated with health, safety, and nutritional quality con-
cerns. Proposed amendments to the  Food and Drug Regulations  in Canada are 
meant to enhance the labeling of prepackaged food products by requiring the 
mandatory declaration of the sources of the priority food allergens, gluten, and 
sulfi tes ( ≥ 10   ppm), when present in a prepackaged food product. In Canada, 
at the present time, these are almonds; Brazil nuts; cashews; hazelnuts; maca-
damia nuts; pecans; pine nuts; pistachios; walnuts; peanuts; sesame seeds; wheat 
including kamut and spelt, triticale, rye, barley, and oats; 2  eggs; milk; soybeans; 
crustaceans; fi sh and shellfi sh; and sulfi tes present in quantities equal to or in 
excess of 10   ppm  [2] . Current estimates are that food allergies affect as many 
as 6% of young children and 3 – 4% of adults  [3] . 

 In order to determine the scientifi c validity of including new foods or food 
ingredients on the Canadian list of priority food allergens, Health Canada 
has adopted the criteria for amending the Codex list of priority allergenic 
foods. In accordance with the JECFA guidelines, these criteria include the 
following  [1] : 

  1.     the existence of a credible cause – effect relationship, based on positive 
DBPCFCs or unequivocal reports of reactions with typical features of 
severe allergic or intolerance reactions;  

  2.     reports of severe systemic reactions following exposure to the 
foodstuff; and  

  3.     assessment of available prevalence data in children and adults, supported 
by appropriate clinical studies with subjects from the general population 
of several countries or alternatively available prevalence data from 
clinical studies with groups of allergy patients from several countries 
supported as per criterion 1.    

 In addition to the above listed criteria, the allergenic potency of a food or 
food ingredient is also considered. In this context, the term allergenic potency 
is defi ned as the amount of food or food ingredient required to elicit a reaction 
in an already sensitized individual  [4] . 

 Consideration are also to be given to the potential exposure of Canadians 
to the food or food ingredient with specifi c consideration given to whether the 
current applications of the food or food ingredient is hidden because it is 
exempt from declaration in the list of ingredients on food packages, as per 
subsections B.01.009 one and two of the  Canadian Food and Drug Regulations . 3  
The intent of the proposed amendments to the  Food and Drug Regulations  is 
to enhance food labeling as a  public health tool  for food - allergic consumers, 
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enabling consumers to avoid allergens to which they are susceptible and 
allowing informed choices of safe food sources. The proposed regulatory 
amendments would require the declaration of potential hidden sources of 
priority food allergens in prepackaged food products. 

 Furthermore, consideration is given to whether it is subject to the proposed 
defi nition of a food allergen. In Canada, in the proposed regulatory amend-
ment (1220 — Enhanced Labeling for Food Allergens and Gluten Sources and 
Added Sulfi tes) ( http://www.hc - sc.gc.ca/fn - an/label - etiquet/allergen/project_
1220_info - eng.php ), the defi nition of a food allergen emphasizes that the 
protein portion of the food is responsible for eliciting an allergic reaction. This 
defi nition is based on the fact that protein is the portion of the food to which 
an individual with a food allergy or celiac disease will react  [5] . Therefore, 
protein from any of the defi ned food allergens, or any modifi ed protein (includ-
ing any protein fraction), that is derived from any of these foods is considered 
a health risk to individuals with food allergies. Additional consideration is also 
given to other relevant factors in the Canadian context, particularly in terms 
of risk management, for example, allergen cross - reactivity. 

 The Canadian criteria are applied to the assessment of scientifi c information 
obtained from a systematic review of available scientifi c literature. Methods 
for the management and evaluation of available scientifi c information have 
been developed in order to ensure a consistent and transparent approach when 
assessing the potential allergenicity of a food or food ingredient. 

   4.2.1.    Systematic Data Collection 

 An electronic database search was conducted utilizing, but not limited to, 
current versions of the following databases: Ovid Medline, Ovid Embase, and 
FSTA Direct. The abstracts for all identifi ed publications directly relevant to 
the allergenicity of the food or food ingredient being assessed were reviewed 
and sorted for inclusion or exclusion based on the following criteria: 

 Include publication if 

  a.     relevant to humans (adults or children),  
  b.     relevant to an allergy via oral exposure through foodstuff, and  
  c.     relevant to the identifi cation and characterization of the specifi c 

allergenic proteins.    

 Exclude publication if 

  a.     experimental study assessing the allergenicity using animal models or  in 
vitro  methods or  

  b.     relevant to humans but the route of exposure is not via the oral route 
through foodstuff, for example, occupational exposures (dermal/
respiratory).    
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 Excluded references were placed in a separate database fi le (e.g., occupa-
tional allergies) for future use/access if required. References fulfi lling the 
criteria for inclusion were transferred to a current reference software manager 
and reprints requested. Complete publications were reviewed by one or more 
investigators and data abstracted using previously agreed upon data abstrac-
tion form. Any discrepancy in data abstraction or interpretation was resolved 
by consensus.  

   4.2.2.    Criteria for Assessing the Strength of Evidence 

 In order to determine the strength of the evidence provided by the publications 
in the database, the study methodology was categorized and rated in accordance 
with the guidelines established by the Joint Task Force on Practice Parameters. 
This joint task force was comprised of specialists in the fi eld of allergy and 
immunology. The guidelines to establish the strength of clinical recommenda-
tions by rating categories of evidence from clinical studies were supported by 
three U.S. national allergy and immunology societies: the American College of 
Allergy, Asthma and Immunology (ACAAI), the American Academy of 
Allergy, Asthma and Immunology (AAAAI), and the Joint Council of Allergy, 
Asthma and Immunology (JCAAI). In effect, the criteria used to assess the 
strength of the evidence contributed by each publication (in descending order 
from the strongest to weakest evidence) were as follows: meta - analysis of ran-
domized controlled trials, randomized controlled trials, nonrandomized con-
trolled trials, quasi - experimental studies, nonexperimental descriptive studies 
(comparative, correlation, or case - controlled studies), expert committee reports 
or opinions, or clinical experience of respected authorities, laboratory - based 
studies  [6, 7] .  

   4.2.3.    Organization and Tabulation of Data 

 All publications fulfi lling the selection criteria were reviewed and categorized 
based on the criteria for assessing the strength of evidence. Publications that 
could not be categorized by these criteria were referenced in the results under 
an appropriate heading. Evidence from publications that fulfi lled the strength -
 of - evidence criteria were tabulated under the following categories: 

  1.     pivotal clinical studies (evidence from meta - analysis and randomized 
and nonrandomized controlled trials),  

  2.     nonpivotal clinical studies (evidence from quasi - experimental studies),  
  3.     other relevant studies (evidence from nonexperimental descriptive 

studies, comparative/correlation), and  
  4.     case reports (evidence from nonexperimental descriptive studies).    

 Within these categories, studies were organized chronologically by publica-
tion date. The following parameters were tabulated from each publication in 
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categories 1 – 3: reference (author, country of origin)  ; study methodology (i.e., 
method of allergy assessment); subjects (adults vs. children, age, sex); clinical 
history (including premorbid conditions and family history); symptoms and 
signs (before challenge); symptoms and signs (after challenge with emphasis 
on the severity of reaction); diagnostic tests (confi rm allergenic response); 
eliciting dose; eliciting allergen (source and type of the allergens, including 
type of food eaten when reaction was elicited); prevalence if provided; and 
comments (relevant notes made by the investigator[s]). 

 The following parameters were tabulated from each publication in category 
4: reference (author, country of origin); cases (number of cases, sex, age); clini-
cal history (including premorbid conditions and family history); symptoms and 
signs (with emphasis on the severity of reaction); diagnostic tests (confi rm 
allergenic response); eliciting dose; eliciting allergen (source and type of aller-
gens, including type of food eaten when reaction was elicited); and comments 
(relevant notes made by the investigator[s]).  

   4.2.4.    Criteria for Evaluating the Severity of Clinical Reactions 

 A wide range of symptoms are known to be associated with food allergies  [5] . 
These include 

   •      gastrointestinal symptoms, for example, vomiting, diarrhea, abdominal 
pain (colic);  

   •      respiratory manifestations, for example, rhinitis, asthma;  
   •      cutaneous manifestation, for example, urticaria, edema, angioedema 

(AE); and  
   •      anaphylaxis (an acute generalized reaction that may include skin, respira-

tory, cardiovascular, and gastrointestinal symptoms and may result 
in death).    

 There are currently several grading systems for acute systemic hypersen-
sitivity reactions. For consistency in the evaluation of the severity of the 
symptoms described in different publications, the clinical criteria and grading 
system of anaphylaxis as outlined in the publication by Brown  [8]  were 
applied as follows: 

  a.     Severe reactions include symptoms that are strongly associated with 
hypotension and hypoxia (life - threatening upper airway obstruction) or 
neurological compromise: confusion, collapse, loss of consciousness, and 
incontinence. Preexisting asthma and lung disease are viewed as an 
increased risk of hypoxia. In children, anaphylaxis is most often caused 
by a bronchospasm associated with food intake; there is also usually a 
background of atopy and asthma  [9] .  
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  b.     Moderate reactions include diaphoresis, dizziness, pre - syncope, dyspnea, 
stridor, wheezing, chest/throat tightness, nausea, vomiting, and abdomi-
nal pain.  

  c.     Mild reactions are limited to the skin (urticaria, erythema, and AE). 
However, when AE affects the face and involves the glottis, it is associ-
ated with hypoxia and graded as severe.    

 Other information that should be considered when assessing the literature 
on the severity of the reaction includes the clinical severity based on the judg-
ment of the primary care healthcare provider and any description of the use 
of epinephrine, emergency medical attention, or hospitalization. 

 The methods developed for the management and evaluation of available 
information including the systematic data collection, the organization and 
tabulation of data, the criteria for assessing the strength of evidence, and the 
criteria for evaluating the severity of clinical reactions help to ensure a con-
sistent and transparent approach when assessing the potential allergenicity of 
a food or a food ingredient. Specifi cally, this practice aims to facilitate a con-
sistent scientifi c approach for considering amendments to the Canadian list of 
priority food allergens, which are subject to enhanced labeling requirements 
in Canada.   

   4.3.    MUSTARD: EVIDENCE FOR ITS INCLUSION AS A PRIORITY 
FOOD ALLERGEN IN CANADA 

   4.3.1.    Background 

 In response to public inquiries, an assessment of mustard as a potential 
food allergen of concern in Canada was conducted. In order to determine 
the validity of including mustard on the list of priority food allergens in 
Canada, a systematic literature review of the available information on the 
allergenicity of mustard following the Canadian criteria (Section   4.2 )   was 
undertaken.  

   4.3.2.    Methods 

   4.3.2.1.    Systematic Data Collection of Mustard Database.     An electronic 
database search of publications in English, French, or Spanish was conducted 
as described in section I. These included current versions of the following 
databases: Ovid Medline, Ovid Embase, and FSTA Direct. The following 
specifi c search terms relevant to mustard as food allergen were used: 
Mustard Plant; Sinapis; mustard * ; brassica (alba or juncea or nigra); (allerg *  or 
hypersensi *  or intoleran *  or anaphyla *  or urticaria *  or hive * ); (food challenge 
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or rechallenge). There was no limitation on the dates of publication, except for 
those within the databases.  

   4.3.2.2.    Organization and Tabulation of Data.     Studies fulfi lling the selec-
tion criteria for mustard as potential food allergen, as per the criteria described 
above, were reviewed and assessed based on the strength of evidence. 
Publications that could not be categorized by these criteria were referenced 
as described in Section  4.3.3.1 , Characterization of mustard  . Evidence from 
publications that fulfi lled the strength - of - evidence parameters are tabulated 
below under the following categories: 

  4.3.3.2   Pivotal clinical studies (Table  4.1 : evidence from randomized and 
nonrandomized controlled trials)  
  1.     DBPCFC  

  a.     Randomized  
  b.     Nonrandomized    

  2.     Single - blind, placebo - controlled food challenge (SBPCFC) 
   a.     Nonrandomized      

  4.3.3.3   Nonpivotal clinical studies (Table  4.2 : evidence from quasi - 
experimental studies)  

  4.3.3.4   Other relevant studies (Table  4.3 : evidence from nonexperimental 
descriptive studies [comparative/correlation])  

  4.3.3.5   Case reports (Table  4.4 : evidence from nonexperimental descrip-
tive studies) 
   1.     Canadian reports  
  2.     International reports          

   4.3.3.    Results 

 A total of 358 publications were identifi ed through the database search using 
the terms denoted above. However, based on the inclusion and exclusion cri-
teria to support regulatory recommendations, only 27 publications fulfi lled the 
strength - of - evidence categorization and tabulation criteria as previously indi-
cated (Tables  4.1 – 4.4 ). Publications reporting the same data were grouped and 
counted as one entry. Additional 17 publications were reviewed but not 
included in the risk analysis. These publications provided information with 
regard to the general characterization of mustard as a food allergen and were 
considered relevant to the evaluation. 

   4.3.3.1.    Characterization of Mustard.     Mustard is an herbaceous fl owering 
plant (Angiospermae) belonging to the family Brassicaceae (formerly known 
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as Cruciferae), which includes, but is not limited to, cabbage, caulifl ower, brus-
sels sprouts, turnips, radishes, broccoli, and fodder (rape) crops  [10] . Brassica 
species ( Brassica napus, Brassica campestris, Brassica juncea , and  Brassica 
nigra ) are grown in Canada, Chile, Europe, China, India, and Pakistan, and 
have been used as a source of industrial and food oil, mustard, and vegetable 
greens in several parts of the world  [11] . Rapeseed ( B. napus ) is also known 
as turnip rape, colza, ravison, sarson, toria, and canbra. Canola is a cultivar 
developed from rapeseed and is part of the Brassicaceae family and is related 
to mustard and other plants in the same family  [12] . 

 Mustard seeds are sold whole, ground into powder, or processed further 
into prepared mustard around the world, including in Canada. Prepared 
mustard is commonly used as a condiment, and mustard seeds and powder are 
increasingly being used in cooking and in processed and prepackaged foods 
as a seasoning or fl avoring agent, emulsifi er, and water - binding agent for 
texture control  [13] . Mustard sauce or other sauces, which may contain mustard 
(such as mayonnaise, curry, ketchup sauces, and dips), are commonly used at 
home as well as in fast food and higher - end restaurants. 

 The major types of mustard seeds used in cooking and food processing are 
white ( Sinapis alba  or yellow mustard), brown ( B. juncea  or oriental mustard), 
and black ( B. nigra  or black mustard). Commercially sold mustard powder is 
usually a mixture of ground black and white mustard seeds, and prepared 
mustard sauce is composed of mustard seeds, salt, vinegar, wheat fl our, and 
other spices and additives. White mustard seeds are much larger and consider-
ably less pungent than the brown variety and are the main ingredient in North -
 American - style mustards. White and brown mustard seeds are blended to 
make English - style mustards. Brown mustard seeds are the main ingredient in 
European -  and Chinese - style mustards  [13] . 

 All three types of mustard seed are available in North America. In fact, 
Canada is a world leader in the international mustard seed market account-
ing for about 35% of world production and 50% of global exports  [14] . 
Yellow mustard seeds contain 20 – 30% protein, 24 – 35% oil, 6 – 12% other 
lipids, and 12 – 18% carbohydrates  [13] . The protein content of wild mustard 
seeds ( B. campestris ) has been estimated to be  ∼ 26%  [11] . Mustard protein 
isolates prepared from oriental mustard ( B. juncea )   seed have protein con-
tents of 45 – 50%  [15] . The high protein content of a variety of mustard and 
rapeseeds makes them attractive potential sources of food - grade vegetable 
protein  [11, 15] . 

 Mustard seeds also contain irritants that may cause nonimmune reactions 
mimicking allergic reactions, for example, capsaicin, the irritant ingredient of 
capsicum, and isothiocyanates. Capsaicin is capable of releasing substance P, 
which may induce non - immunoglobulin E (IgE) - mediated mast cell degranu-
lation  [16] . It is therefore important to base the diagnosis of a mustard allergy 
on evidence of IgE - mediated response. Early studies investigated whether 
the adverse reactions associated with the consumption of mustard were 
attributable to an isothiocyanate sensitivity. Mustard extracts treated with 
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myrosinase, which degrades isothiocynates, did not reduce the cutaneous 
allergenic potency of the extract. Similar treatment with proteolytic enzymes 
found that the cutaneous allergenicity was reduced; this demonstrated that 
the allergic responses to mustard are elicited by protein  [17] . 

 The major allergenic proteins in mustard seeds have been identifi ed and 
characterized. The major allergen of mustard is a 2S albumin, which is a seed 
storage protein composed of one heavy chain and one light chain (39 and 88 
amino acids), linked by two disulfi de bridges  [18] . This seed storage protein 
has also been isolated from rapeseed, leguminous plants (peas and soya), 
walnuts, sesame seeds, and Brazil nuts, and is resistant to thermal degradation 
 [18 – 21] . 

 The major 2S albumin of yellow mustard is  Sin a 1 , and it is a thermostable 
protein that is resistant to digestion by trypsin and degradation by other 
proteolytic enzymes  [22 – 26] .  Sin a 1  is able to interact with membrane lipids 
 [27] . This interaction is postulated to facilitate the uptake of  Sin a 1  at 
the intestinal barrier, thus increasing the resistance of  Sin a 1  to protease 
digestion.  Sin a 1  binding to B - cell membranes would allow cross - linking of 
cell surface proteins, promoting B - cell activation and a subsequent immune 
response  [27] . 

 Characterization of the major allergen found in oriental mustard ( B. juncea ), 
 Bra j 1 , revealed that  Bra j 1  and  Sin a 1  have a homologous epitope  [25, 28, 
29] . These fi ndings imply that individuals known to be sensitive to one species 
of mustard seed are likely to show sensitivity to other species. Furthermore, a 
marked  in vitro  cross - reactivity between the principal allergen of rapeseed ( Bn 
III ) and  Sin a1  have been described in the literature  [19, 30] . Less is known 
about cross - reactivity between mustard seed and leafy vegetables in the 
Brassicaceae species, for example, caulifl ower, brussels sprouts, and turnips. 
While some authors report  [31]  cross - sensitization and cross - reactivity between 
mustard and vegetables from the Brassicaceae family, others indicate that it is 
rare  [10] . The proposed reason for the latter observation is that the proteins 
in Cruciferae leafy vegetables are thought to be more susceptible to digestion 
and thermal degradation than the allergenic proteins in mustard seeds  [32, 33] . 
Mustard greens known as leaf mustard from  B. juncea  are also used as a leafy 
vegetable. It is not known whether the protein contained in the leaf mustard 
is allergenic or if it is more susceptible to degradation as other leafy vegetables 
in the same family. 

 The available scientifi c literature regarding mustard as a potential food 
allergen focuses on mustard seed and their products, protein characterization, 
and cross - reactivity; allergy clinical trials; and exposure from potentially 
hidden sources. More information would be required to address any potential 
concern with leafy vegetables in the same family.  

   4.3.3.2.    Pivotal Clinical Studies.     Three clinical trials are considered pivotal 
to the strength of evidence to support regulatory recommendations and are 
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tabulated in Table  4.1 . Two DBPCFC studies  [31, 34]  and one SBPCFC study 
 [35, 36]  were identifi ed in the literature. 

 Of the DBPCFC studies, one study design was randomized and conducted 
mostly with adult subjects  [31] , and the other study design was nonrandomized 
conducted mostly with children  [34] . In both studies, the number of subjects 
recruited and who actually participated in the challenges was limited. Out of 
38 subjects who were recruited in the Figueroa et al.  [31]  trial, only 24 subjects 
participated in the oral challenge. As well, of the 30 subjects who were recruited 
in the Morisset et al.  [34]  trial, only 24 of them participated in the oral chal-
lenge. The most sensitive subjects who had a history of anaphylaxis were 
excluded from the oral challenges in both of these trials. Both groups of inves-
tigators specifi ed that mustard products used in the trials were free of metabi-
sulfi te, which ensured that any reactions observed after the challenge were 
attributable to a mustard allergy. Both DBPCFC studies masked the strong 
taste of mustard in other food products. 

 Figureoa et al.  [31]  challenged subjects with increasing doses of masked 
yellow mustard sauce (80, 240, 800, 2400, and 6480   mg) containing  S. alba  
mustard seeds (14%   w/v) at 15 - minute intervals until a clinical reaction was 
observed or a cumulative dose of 10   g of the mustard sauce was administered. 
Morisset et al.  [34]  challenged subjects with increasing doses of masked 
mustard seasoning (10, 30, 100, 300, and 900   mg) containing 33.6% of  B. juncea  
mustard seeds at 20 - minute intervals until a cumulative dose of 1340   mg of 
mustard seasoning was administered or until a clinical reaction was observed. 

 In the Figueroa et al.  [31]  trial, 14 out of the 24 challenged subjects (58%) 
were considered to show a positive reaction specifi c to mustard. The most 
frequent symptom observed was oral allergy syndrome (OAS) in 10 subjects 
(71%). This reaction was considered mild and was characterized by pruritus 
and mild AE of the lips, tongue, palate, and throat, and was followed by a rapid 
resolution of symptoms. One subject showed AE and bronchial asthma (BA) 
after mustard sauce ingestion and another subject reacted with systemic ana-
phylaxis. In these two cases, the eliciting dose was 156.8   mg of mustard sauce, 
and the reaction was considered moderate and severe, respectively, according 
to the criteria of Brown  [8] . The lowest dose eliciting a reaction was 44.8   mg 
of mustard sauce. The mean cumulative reactive dose of mustard sauce   was 
891.4    ±    855.2   mg, calculated as an equivalent to 124.8    ±    119.7   mg of mustard 
seeds ( S. alba ). 

 The results of this study also showed a signifi cant association between 
mustard hypersensitivity and mugwort pollen sensitization (97% of patients). 
All patients showed sensitization to at least one other food product within 
the Brassicaceae family, including cabbage, caulifl ower, and broccoli, and 
about 40% of these sensitized individuals were symptomatic. These manifes-
tations comprised of mild symptoms such as OAS to severe reactions such as 
anaphylaxis or BA. Cross - reactivity between mustard and other plant - derived 
foods of the Brassicaceae family was confi rmed. Hence, these authors denote 
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  TABLE 4.1    Pivotal Clinical Studies (Mustard)   

   Author, 
Country     Study Design Details     SUB     Clinical Hx  

   Symptoms and 
Signs  a   (before CH)  

  1. DBPCFC 
 a. Randomized  

  Figueroa 
et al. 
 [31] , 
Spain  

  Prospective Questionnaire and 
CH 

 Increasing dose: 80, 240, 800, 
2400, and 6480   mg w/ a 
15 - minute interval until 
symptoms appeared or 
cumulative max dose of 10 - g 
Mus followed by an open arm 
up to 25   g Mus 

 24/38 (83%) CH w/ Mus 
 14/38 (37%) excluded because of 

SEV of symptoms or did not 
agree to enter the food CH  

  38 SUB 
 Age: 

5/38    ≤    14   y 
 Average: 

21.9    ±    8.6   y 
 Sex: 20 F, 18 M  

  Hx of A in 11% of 
SUB (exclude 
from CH) 

 Hx of atopy in 92% 
of SUB 

 Hx of primary Res 
Sen in 83% of 
SUB  

  A: 11% 
 EIA: 3% 
 OAS: 47% 
 U/AE: 42%  

  b. Nonrandomized  

  Morisset 
et al. 
 [34] , 
France  

  Doses 10, 30, 100, 300, and 900 
every 20 minutes with a 
cumulative dose of 1340   mg 

 Mus seasoning amount selected 
based on routine consumption 

 24 SUB DBPCFC 
 6 SUB SBPCFC  

  30 SUB 
 Ch: 28/30 
 A: 2/30 
 Age: 3 – 20   y 
 Sex: 11 F, 19 M  

  Hx of Rxn to 
ingestion of Mus 

 Screened for Mus 
allergy by SPT 
and IgE  

  U, AE, AD, BA, 
abdominal pain, 
diarrhea  

  2. SBPCFC 
 a. Nonrandomized  

  Ranc é  et 
al.  [35, 
36] , 
France  

  SUB selected for by positive Mus 
SPT 

 Compared SUB to 22 controls 
without Hx of food allergy 

 Increasing doses: 1, 5, 10, 20, 50, 
100, 250, and 500   mg of Mus  

  36 Ch 
 Age: 10 

months to 
15   y 

 Average: 5.5   y 
 Sex: 22 M, 14 F  

  15/30 Ch w/ 
previous Hx of 
food allergy 

 Family Hx of atopy 
81% 

 8/15 SUB (53.3%) 
exhibited Rxn to 
Mus under the 
age of 3 years  

  Of the 54 initial 
clinical features: 

 AD 52% 
 U/AE 37% 
 BA 9% 
 Laryngeal edema   

+   OAS 
  +   C 2%  

    a Symptoms and signs: A, anaphylaxis; AD, atopic dermatitis; AE, angioedema; BA, bronchial asthma; C, conjunctivitis; 
EIA, exercise - induced anaphylaxis; GI, gastrointestinal; OAS, oral allergy syndrome; SK, skin; U, urticaria  .  
   b Severity of reaction: refer to Methods  [8] .  
   c Diagnostic tests: IgE, serum immunoglobulin E; SPT, skin prick test.  
   d To avoid reactions due to sulfi te intolerance.  
  CH, challenge; Ch, children; DBPCFC, double - blind, placebo - controlled food challenge; F, female; Hx, history; M, male; 
max, maximum; mod, moderate; Mus, mustard; Res, respiratory; Rxn, reaction; Sen, sensitization; SEV, severity; sev, severe; 
SBPCFC, single - blind, placebo - controlled food challenge; SUB, subjects; w/, with; y, years old.   

c04.indd   86c04.indd   86 6/17/2010   7:06:02 PM6/17/2010   7:06:02 PM



THE ESTABLISHMENT OF NEW PRIORITY FOOD ALLERGENS 87

   Symptoms and Signs  a   
SEV of Rxn  b   after CH  

   Diagnostic 
Tests  c       Eliciting Dose  

   Eliciting 
Allergen     Prevalence     Comments  

  Positive Rxn 14/24 
(58%) 

 Type of Rxn: 
 OAS 10/14 (71%) 
 SEV: mild 

 AE   +   BA 1/14 (7%) 
 SEV: mod 
 A 1/14 (7%) in a SUB 

without previous Hx 
of A 

 SEV: sev  

  SPT to a panel 
of 
aeroallergens 
and food 
extracts 

 IgE to mugwort 
pollen, Mus, 
cabbage, 
broccoli, and 
so on  

  Mean cumulative 
dose (until Rxn 
appeared or max 
dose reached): 
891.4    ±    855.2   mg of 
Mus sauce 
equivalent to 
124.8    ±    119.7   mg of 
Mus 

 Eliciting dose in most 
severe cases: 
156.8   mg of Mus 
sauce 

 Lowest dose eliciting 
an Rxn was 44.8   mg 
of Mus sauce  

  Mus sauce 
 Metabisulfi te 

free  d    

  58% of SUB 
positive for 
Mus allergy  

  Cross - Rxn w/ 
mugwort 
pollen: 97% 
SUB 

 Other food Sen 
42% SUB 

 Sen to 
Brassicaceae 
100% SUB 

 Assoc. EIA 2% 
SUB  

  Positive Rxn 7/30 
(23%) 

 Type of Rxn: 
 SK, for example, 

pruritus, erythema 
5/7 (72%) 

 SEV: mild 
 GI/Res, for example, 

abdominal pain, 
diarrhea, sneezing, 
wheezing 4/7 (57%) 

 SEV: mod  

  SPT to Mus 
seed, Mus 
fl our, and 
metabisulfi te -
 free Mus 

 Mus - specifi c 
IgE  

  Lowest dose - inducing 
symptoms: 

 1 Ch 40   mg Mus 
(0.8   mg of protein) 

 Subject Sen by Mus 
pollen and rape 
pollen 

 Another Ch 440   mg 
Mus  

  Mus 
seasoning 
( B. juncea  
seed) 
containing 
34% Mus 
seed and 
6% Mus 
protein 

 Metabisulfi te 
free  d    

  23% SUB 
positive for 
Mus allergy  

  SEV of certain 
Rxns argues for 
an informative 
labeling; Mus 
often masked 
allergen in 
many 
manufactured 
sauces  

  Mus allergy confi rmed 
in 15/36 (42%) 

 Most common Rxn: 
 U 14/15 (93%) 
 SEV: mild  

  SPT 
 IgE  

  1 – 936   mg of Mus 
powder 

 Mean cumulative 
dose: 153   mg of 
Mus powder  

  Mus powder    42% SUB 
positive for 
Mus allergy 

 Symptoms 
started  ≤ 3 
years of 
age in 53% 
of the SUB  

  67% of SUB were 
also allergic to 
other foods — 
peanuts, eggs, 
and milk 

 Possible Sen in 
utero or 
lactation 

 Mus in baby food  
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cross - reactions between mustard and taxonomically related foods. Exercise -
 induced anaphylaxis (EIA) was also associated with 2% of the cases. 

 In the Morisset et al.  [34]  trial, 7 out of the 30 challenged subjects (23%) 
were considered to show a positive reaction specifi c to mustard. Symptoms of 
positive reactions included eczema, urticaria, rhinitis, conjunctivitis, abdominal 
pain, diarrhea, pruritus, sneezing, erythema, and wheezing with a predomi-
nance of skin manifestations, followed in frequency by respiratory/gastrointes-
tinal symptoms. Skin manifestations alone are considered mild reactions, 
whereas gastrointestinal symptoms and respiratory symptoms are considered 
moderately severe  [8] . There were no reports of anaphylaxis or symptoms 
indicative of hypoxia or hypotension, which are considered severe reactions. 
Although the cumulative dose aimed during the test was 1340   mg of mustard 
seasoning, eliciting doses were noted at 440 and 40   mg of mustard seasoning. 
The dose of 40   mg of mustard seasoning resulted in the subject experiencing 
rhinitis and urticaria. This dose of mustard seasoning (40   mg) was calculated 
to be equivalent to 13.5   mg of mustard seeds ( B. juncea ), which is roughly 
equivalent to 0.8   mg of mustard proteins ( B. juncea  mustard seeds contain 6% 
mustard protein). This subject was described as being sensitized to mustard 
pollen and to rape pollen. It was reported that the subject lives in an area of 
a mustard seasoning factory, which emits an unpleasant smell. In this case, skin 
reactivity was observed with the two species of mustard ( B. nigra  and  B. 
juncea ), indicating cross - sensitization. 

 Another difference between these two DBPCFC studies worth noting is 
that Morisset et al.  [34]  found that a positive skin prick test (SPT) and the 
presence of specifi c IgE as determined by the radioallergosorbent test (RAST) 
were not predictive of a positive outcome. In contrast, Figueroa et al.  [31]  
demonstrated a signifi cant relationship between SPT mean wheal diameter 
(performed with a commercial mustard extract) and challenge outcome, with 
a cutoff value of 8   mm, a specifi city of 90%, and a sensitivity of 50%. 

 The SBPCFC study by Ranc é  et al.  [35, 36]  investigated 36 children (22 
males and 14 females) aged 10 months to 15 years (average age was 5.5 years) 
who had positive mustard SPT and compared these subjects to 22 control 
subjects without a history of food allergies. Specifi cations for the mustard 
seeds used for the SPT were provided (mustard seed powder, including  S. 
alba  and  B. juncea , 1:10   w/v, protein concentration 5   mg/mL); however, it was 
not clear whether the same source of mustard was used for the oral 
challenge. 

 Of the 36 challenged subjects, 15 had positive reactions (42%) and 21 were 
considered not allergic to mustard. Of the subjects with positive reactions to 
mustard, eight (53%) of the subjects had initially exhibited reactions to mustard 
under the age of 3 years. Based on this latter observation, the authors suggest 
that there may be sensitization to mustard through lactation or in utero. 

 After the challenge, symptoms included urticaria (14 cases), rhinoconjunc-
tivitis (3 cases), AE (1 case), OAS (1 case), and eczema (1 case). These reac-
tions are considered mild  [8] . However, the initial clinical features of the 
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subjects included asthma, laryngeal edema with OAS, and rhinoconjunctivitis. 
These symptoms pose a higher risk for hypoxia and are therefore considered 
more severe than the predominantly dermatological manifestations observed 
after the SBPCFC. The SBPCFC cumulative reactive dose varied from 1 to 
936   mg of mustard powder. The mean cumulative reactive dose was 153   mg of 
mustard powder. No reactions to placebo were observed. It is also worth 
noting that (24/36) 67% of the subjects were also allergic to other foods, 
including peanuts, eggs, and milk.  

   4.3.3.3.    Nonpivotal Clinical Studies.     Six studies that were conducted using 
an open allergenicity assessment, which included mustard as one of the food-
stuffs tested, were identifi ed in the literature. These assessments utilized labial 
(LFC) or oral food challenges (OFC) and/or a combination of SPT, RAST, 
and determinations of serum IgE specifi c to mustard in order to verify an 
allergic response and quantify the frequency of reactions to certain foodstuff. 
These studies are tabulated in Table  4.2 . 

 Niinim ä ki et al.  [37]  conducted SPT and RAST on 50 subjects with a 
reported history of reactions to spices and pollen. Mustard was included in a 
battery of spices tested in a 5% (w/v) test solution. Of the subjects tested, 58% 
had positive reactions for mustard to either one or both SPT or RAST. 
Furthermore, there were positive SPT results for three children, ages 1 – 1.5 
years old, who were breast - fed for 11 months and had never orally ingested 
mustard. These results suggest the possibility of the transfer of mustard aller-
gens through human milk and supports the view expressed by Ranc é  et al.  [35, 
36]  that there is a possible sensitization to mustard though lactation or in utero. 

 Ranc é  et al.  [38]  conducted a similar study designed to assess the prevalence 
of allergic reactions to various spices among children with a history of food 
and pollen allergies. In this study, 83 children were evaluated with SPT and 
IgE against a variety of specifi c spices including mustard. Of the 83 subjects, 
23 (28%) had SPT and IgE positive results for mustard. Out of the 23 subjects 
with SPT and IgE positive results, 11 reacted clinically to mustard; they showed 
symptoms associated with OAS, urticaria, and conjunctivitis. These symptoms 
are considered mild  [8] . The mustard allergy was further confi rmed by either 
LFC or OFC in 7 of the 23 subjects. 

 Ranc é  and Dutau  [39]  examined over 25 food allergens among 142 children 
with a history of food allergies. Subjects submitted to LFC for various food-
stuffs, and when the results of the LFC were negative, SBPCFC were con-
ducted. Twenty - three subjects (16%) had a positive response to mustard, 16 
by LFC, and 7 by SBPCFC. Mustard was the third most common food allergen 
in this study; egg (75%) and peanut (60%) were the most common. Ranc é  
and Dutau  [40]  also reported a similar prevalence of mustard allergy (12%) 
among 45 children allergic to three or more different foods. In 2002, Ranc é  
and Dutau reported a mustard allergy prevalence of 7% among children 
previously identifi ed as having BA by pulmonary function  [41] . However, the 
high prevalence of mustard allergy among children in France, as described by 
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  TABLE 4.2    Nonpivotal Clinical Studies (Mustard) 

   Author, 
Country     Study Design Details     SUB     Clinical Hx  

   Symptoms and 
Signs  a   (before CH)  

  Niinim ä ki 
et al. 
 [37] , 
Finland  

  Open study assessing 
allergy to spices 
including Mus using 
SPT and RAST  

  50 SUB 
 Age: 1 – 47   y 
 Average: 16.2   y 
 Sex: 25 M, 25 F 
 3 Ch: 
 Age: 1 – 1.5   y (never 

ingested Mus; breast - fed 
for 11 months)  

  Hx allergy to spices 
and birch pollen 
64% 

 Hx of atopy 96% 
 Res/OC 
 Sen  

  Gastric pain 
 R 
 AD 26%  

  Ranc é  et 
al.  [38] , 
France  

  Open study assessing 
allergy to spices 
including Mus using 
SPT and IgE 

 7/23 SUB had LFC and/
or OFC conducted 
with Mus  

  83 SUB (Ch) tested for 
allergy to spices 

 Age: 15 months to 16   y 
 Sex: 50 M, 33 F  

  Hx of pollen and 
food allergy  

  Chronic U or 
recurrent AE/E  

  Niinim ä ki 
et al. 
 [16] , 
Finland  

  Open study assessing 
allergy to spices 
including Mus using 
SPT, RAST: IgE at 
2 - month and 2.9 - year 
intervals  

  49 SUB 
 Age: 1 – 51   y 
 Average: 16.5   y 
 Sex: 23 M, 26 F  

  Hx allergy to spices 
and birch pollen 

 Hx of atopy  

  Atopic dermatitis 
w/ Res symptoms 
57% 

 Chronic E  

  Ranc é  and 
Dutau 
 [39] , 
France  

  Open allergy study 
assessing over 25 
allergens including 
Mus using SPT, IgE 

 LFC and SBPCFC 
(when LFC negative)  

  142 SUB (Ch) 
 Age: 7 months to 15   y 
 Average: 4.5   y 
 Sex: 95 M, 47 F  

  Hx of food allergy    Multiple presenting 
symptoms in 66% 
Ch 

 AD 61% 
 Rash 32% 
 AE 25% 
 BA 24% 
 A 4%  

  Ranc é  and 
Dutau 
 [40] , 
France  

  Open allergy study 
assessing foodstuff 
including Mus using 
SPT, IgE, and open 
LFC  

  45 Ch 
 Age: 3 months to 9   y 
 Average: 2.5   y 
 Sex: 30 M, 15 F  

  Family Hx of atopy: 
78% SUB 

 AD: 93% 
 44% SUB w/ 

allergy to  ≥ 3 
foods  

  U 30% 
 AE 26% 
 E 20% 
 BA 10% 
 A 2%  

  Ranc é  and 
Dutau 
 [41] , 
France  

  Open allergy study 
assessing foodstuff 
including Mus 
documented by 
DBPCFC in BA 
patients identifi ed by 
pulmonary function  

  163 Ch 
 Age: 2 – 17   y 
 Average: 7.2   y 
 Sex: 108 M, 54 F  

  Family Hx atopy 
91% 

 Hx of  ≥ 1 food 
allergies 

 BA for an average 
of 5.5   y  

  SK 59% 
 Res 24% 
 GI 12%  

    a Symptoms and signs: A, anaphylaxis; AD, atopic dermatitis; AE, angioedema; BA, bronchial asthma; C, conjunctivitis; E, 
eczema; GE, generalized eczema; GI, gastrointestinal; OAS, oral allergy syndrome; R, rhinitis; SK, skin; U, urticaria.  
   b Severity of reaction: refer to Methods  [8] .  
   c Diagnostic tests: IgE, serum immunoglobulin E; RAST, radioallergosorbent test; SPT, skin prick test.  
  CH, challenge; Ch, children; DBPCFC, double - blind, placebo - controlled food challenge; F, female; Hx, history; LFC, labial 
food challenge; M, male; Mus, mustard; OC, occupational; OFC, oral food challenge; Res, respiratory; Rxn, reaction; Sen, 
sensitization; SEV, severity; sev, severe; SBPCFC, single - blind, placebo - controlled food challenge; SUB, subjects; w/, with; 
y, years old.   
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   Symptoms and Signs  a   SEV 
of Rxn  b   after CH  

   Diagnostic 
Tests  c       Eliciting Dose  

   Eliciting 
Allergen     Prevalence     Comments  

  Positive Rxn to SPT 29/50 
(58%) 

 RAST and SPT 
correlation good 

 Ch who never ingested 
Mus had positive SPT 
Rxn  

  SPT 
 RAST  

  0.648   g of Mus 
dissolved in 
glycerol 
and saline 
to make 
5% (w/v) 
test 
solution  

  Commercial 
powdered 
Mus  

  58% SUB positive for 
Mus by either one or 
both SPT/RAST  

  40/50 (80%) SUB 
positive SPT and 
RAST to birch 
pollen 

 15/50 (30%) SUB 
positive SPT and 
RAST to 
mugwort pollen  

  Positive SPT for Mus in 
23/83 SUB (28%) 

 6 SUB positive for Mus 
LFC and 1 SUB 
positive in OFC 

 Symptoms specifi c to Mus: 
OAS/U/C 11/23 (48%) 

 SEV: mild  

  SPT 
 IgE  

  Not reported    Commercial 
extract  

  39/83 SUB (46%) 
positive (SPT and 
IgE) allergy to spices 

 23/39 SUB (59%) 
positive allergy to Mus 

 7/23 SUB (30%) 
confi rmed by LFC or 
OFC  

  Pollen allergy 
existed in 56% of 

Ch allergic to 
spices  

  Positive Rxn to 
Mus - specifi c IgE 

 22/31 (71%) SUB w/ 
positive SPT  

  SPT 
 RAST: 

total 
IgE 

 Mus -
 specifi c 
IgE  

  4   mg of 
powdered 
spice and 
50    μ L of 
saline on 
the skin  

  Native Mus 
( Sinapis 
alba  and 
 Brassica 
nigra )  

  31/49 (63%) SUB 
positive SPT 

 22/31 (71%) SUB 
positive for Mus 
allergy 

 22/49 (45%) SUB 
positive for Mus 
allergy  

  Concomitant Rxn to 
native spices seen 
in 19/29 SUB who 
were tested with 
all spices 

 38/46 (83%) 
positive to birch 
pollen  

  Positive for Mus allergy 
23/142 (16%), 16/23 in 
LFC, 7/23 in SBPCFC 

 Multiple symptoms per 
Ch (not specifi c to Mus) 

 U 74% 
 BA 22% 
 GE 4% 
 A 2% 
 SEV: sev  

  SPT 
 IgE  

  1   mg to 5   g for 
all allergens 
tested 

 Further 
details not 
provided  

  Extracted 
from 
local food  

  23/202 SUB (11%) 
positive for Mus 
allergy  

  Mus third most 
common food 

allergy in study  

  Positive allergy to Mus 
12% SUB  

  SPT 
 IgE  

  Mean dose by 
OFC 
900   mg 
(1   mg to 
10   g)  

  Details not 
provided  

  Positive allergy to Mus 
12% SUB  

  None  

  Asthma induced by food 
allergens potentially sev 

 A 6%  

  SPT 
 IgE  

  Details not 
provided  

  Various 
food 
extracts  

  Positive allergy to Mus 
7% SUB  

  Prevalence of 
asthma induced 
by food allergen: 
10%  
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Ranc é  et al., appears to be more frequent in the southwest region rather than 
in the other regions of France  [42] . Niinim ä ki et al.  [16]  reported a slightly 
higher prevalence of positive responses: 22 of 49 (44%) of subjects, with an 
average age of 16.5 years, and who had a history of allergies to spices and 
birch pollen, had elevated IgE specifi c to mustard.  

   4.3.3.4.    Other Relevant Studies.     With regard to the literature, three nonex-
perimental descriptive studies were identifi ed as being relevant to the assess-
ment of the allergenicity of mustard. These studies are tabulated in Table  4.3 . 

 A retrospective analysis conducted by Andr é  et al.  [43]  examined which 
foods were most frequently associated with anaphylactic reaction over a 9 - year 
period. Mustard was associated with 3% of such reactions. The authors noted 
an increasing trend in the frequency of sensitization to mustard over time. This 
observation is in agreement with the opinion expressed in an article by Ranc é  
et al.  [38, 44] . 

 In a prospective study, 544 children with a history of food allergies (con-
fi rmed by a food challenge) were investigated  [45 – 47] . Of the 544 children, 49 
(9%) tested positive for an allergy to mustard via SPT and/or specifi c IgE. 
Mustard was the fourth most common allergen identifi ed with this study. In 
addition, one child within the group reacting positively to mustard was reported 
as having an anaphylactic reaction. However, the anaphylaxis - eliciting dose 
was not specifi ed in the report. The cumulative dose used for all allergens 
tested was from 0.1 to 10   g of lyophilized food. 

 A cohort study conducted by Caballero et al.    [33]  in 29 subjects, who tested 
positive for an allergy to mustard by an SPT and mustard - specifi c IgE, reported 
anaphylactic reaction in 14 of 29 subjects (48%) with an overall systemic reac-
tions in 19 of 29 subjects (65%). Symptoms ranged from loss of consciousness, 
dyspnea, AE, generalized urticaria, gastrointestinal symptoms, OAS, conjunc-
tivitis, and rhinitis. The most frequent symptoms were AE (55%) and urticaria 
(34%)  [33] . These symptoms are, for the most part, graded as mild  [8] . However, 
they can be severe in cases of generalized urticaria and rapidly evolving AE, 
involving the face and neck (including the glottis). Symptoms such as these 
can present a high risk of airway obstruction and hypoxia.  

   4.3.3.5.    Case Reports.     A total of 15 case reports of allergic responses to 
mustard were identifi ed in the literature. Two case reports documented cases 
in Canada, and the remaining 13 reports documented international cases 
including Spain (fi ve reports), Italy (two reports), Sweden (two reports), 
France (two reports), Germany (one report), and Turkey (one report). These 
case reports are tabulated in Table  4.4  (Canadian reports and international 
reports). The reports provide descriptions of the severity of reactions to 
mustard as well as identifying the sources of mustard exposure. 

   4.3.3.5.1.    Canadian Reports.     Yip and Zimmerman  [48]  reported fi ve cases of 
a mustard allergy in children (four boys and one girl). Of the fi ve children, 
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three were 3 years of age or less and the other two were 5 – 7 years old. All of 
the children had a reported history of multiple food allergies, and three of the 
fi ve children were atopic. 

 Reactions to mustard included AE, airway obstruction, urticaria, wheezing, 
vomiting immediately after exposure, and swelling of the lips. Two cases had 
at least one episode of airway obstruction or anaphylaxis requiring emergency 
hospital attention. These symptoms are considered moderate to severe  [8] . In 
at least one case, the allergen was hidden within the glazing of a prepared ham. 
The sensitivity to mustard was supported by positive SPT in all cases. However, 
based on the clinical history of the subjects, none of the cases were orally 
challenged with mustard due to the high risk of a severe reaction. 

 The other Canadian report concerned a single case. A 50 - year - old woman 
had a history of anaphylactic - type reactions after exposure to mustard. This 
clinical history was supported by a positive SPT for mustard. Further details 
about this case were not available  [49] . 

 These two Canadian reports provide the only North American data with 
regard to allergic reactions to mustard. Neither report included testing of IgE 
specifi c to mustard or oral challenge.  

   4.3.3.5.2.    International Reports.     For most international cases, the information 
provided was limited because none of the case reports included oral challenges 
(Table  4.4 ). However, the case reports provided valuable information regard-
ing the severity of reactions, which were induced by the ingestion of small 
amounts of mustard. Reactions ranged from acute anaphylaxis to generalized 
skin manifestation, with the majority of cases reporting severe to moderate 
acute reaction to mustard. Of the 13 international case reports, describing 22 
individual cases of allergic reactions to mustard, 15 individuals had anaphy-
lactic - type reactions that required emergency medical intervention. Reactions 
occurred after ingestion of small amounts of mustard: some as a result of 
apparent cross - contamination in fast food, and, in one case, a reaction was 
apparently elicited by the smell of mustard  [50] . All cases tested positive for 
mustard allergy via SPT and/or IgE. This suggested that the dose may only 
need to be minute to elicit a severe reaction to mustard in food.    

   4.3.4.    Discussion 

 An overall assessment of the available literature suggests that a strong scien-
tifi cally based database exists to assess the potential allergenicity of mustard 
in food. However, the following limitations of the systematic literature review 
were taken into consideration when determining the scientifi c validity of 
including mustard on the Canadian list of priority food allergens. 

 There were a small number of DBPCFC and OFC studies identifi ed in the 
literature (Table  4.1 ). There are likely several reasons for this. (1) There is an 
agreement among researchers in the fi eld that the diffi culty of masking the 
strong taste of mustard limits the attempts to perform DBPCFC studies. (2) 
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Many subjects in mustard allergy studies have previous clinical history indicat-
ing a high risk of severe systemic reactions and therefore the use of oral chal-
lenges to confi rm that mustard elicited the allergic reaction was considered an 
unethical health risk. (3) A large number of publications identifi ed in the initial 
database search were excluded from our assessment because the studies 
addressed dermal, respiratory, and/or occupational exposures. These data were 
not considered to be directly pertinent to the issue of food allergenicity; 
however, it is recognized that this information is important for those in the 
clinical fi eld to assess the possibility of occupational or environmental disor-
ders, particularly in areas where mustard is cultivated and/or processed. It is 
also important to note that these other routes of exposure can be the source 
sensitization to mustard proteins; the sensitized individuals may thereafter 
react to oral exposure. Hence, when collecting clinical information on mustard 
allergy, all potential routes of sensitization need to be explored. 

 Looking at the publications that addressed oral exposure to mustard, there 
were wide inconsistencies in the reporting of the data, including the amount 
and level of detail of information provided, and the description and interpreta-
tion of clinical symptoms. Data relevant to the assessment of mustard as food 
allergen were often contained within publications with more general study 
objectives of food allergies, for example, allergy to spices, and not specifi c to 
mustard allergy. This fact made the identifi cation of relevant information more 
challenging and may have led to the exclusion of available information on 
mustard. Because some investigators have several publications of the same 
subject in more than one language, data were sometimes included in more 
than one publication and/or the same data were published in different lan-
guages  . Hence, when feasible, duplications of data were identifi ed and elimi-
nated before assessment and tabulation. 

 The overall analysis of the available scientifi c information fulfi lls the 
Canadian criteria for the introduction of mustard in the list of priority 
allergens in Canada: 

 The fi rst criterion of the Canadian adopted JECFA recommendations stipu-
lates the existence of a credible cause – effect relationship, based on positive 
DBPCFC studies or unequivocal reports of reactions with typical features of 
severe allergic or intolerance reactions. The existing database includes two 
eligible DBPCFC studies: one with a randomized study design conducted with 
adult subjects  [31]  and one with a nonrandomized study design conducted with 
children  [34] . A positive nonrandomized SBPCFC conducted with children 
 [35, 36]  was also considered pivotal in the evaluation of the mustard cause –
 effect relationship because the category of evidence from these studies is 
considered strong as per the strength - of - evidence criteria established by the 
ACAAI  [6] . In addition to these studies, supporting studies were categorized 
by the strength of the evidence provided by the study designs and evaluated 
accordingly (Tables  4.1 – 4.4 ). 

 There is evidence within the database to support the conclusion that the 
amount of mustard required to elicit a reaction may be very small; however, 
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there is insuffi cient information to estimate a dose threshold  [51] . The mean 
cumulative dose – response in a pivotal study with mostly adults was 
124.8    ±    119.7   mg of mustard seed ( S. alba ) contained in yellow mustard sauce 
 [31] , calculated as equivalent of  ∼ 32.2   mg of protein. Yellow mustard seeds 
contain  ∼ 20 – 30   mg of protein  [13] . The lowest dose – response reported in the 
same study was 44.8   mg of mustard seed, calculated as equivalent to  ∼ 11.2   mg 
of protein. In children, the lowest dose – response reported by Morisset et al. 
 [34]  was 40   mg of mustard seasoning ( B. juncea  seed), calculated as equivalent 
to 13.5   mg of mustard seed and 0.8   mg of protein. The mustard seasoning used 
in the study was considered to contain 6% of protein. Furthermore, most of 
the case reports describe that the food eliciting the reaction was mustard 
sauce or mustard hidden in other sauces such as chicken dip, salad dressing, 
and fast food, or due to cross - contamination. Only one case report  [52]  esti-
mated the concentration of mustard in the dip responsible for causing the 
reaction as 0.15   mg/100   mg. Other case reports only indicated that the amount 
of mustard associated with the allergic response was small or present in trace 
amounts, which included reports of cross - contamination of fast food, for 
example, of mustard hidden in the glaze of a ham, and, in one case, the smell 
of mustard  [50] . 

 The prevalence of positive mustard allergies among the challenged subjects 
in the pivotal clinical studies were as follows: Morisset et al.  [34]  reported a 
confi rmation that 23% of the children who had a previous reported history 
of mustard reactions exhibited mustard - specifi c IgE reactions after an oral 
challenge with mustard seasoning. This rate is lower than the results of Ranc é  
et al.  [35, 36]  who reported that 42% of previously sensitized children had an 
IgE - confi rmed reaction to an oral challenge with mustard seed extract and 
the 58% reported by Figueroa et al.  [31]  in atopic adults challenged with 
mustard sauce. 

 In the assembled evidence base, the vast majority of the study populations 
were atopic or have a family history of atopy. In the Figueroa et al.  [31]  trial, 
92% of the subjects had a history of atopy, and in the Ranc é  et al.  [35, 36]  trial, 
81% of the children had a family history of atopy. The term atopy describes 
the genetic predisposition to become IgE sensitized to allergens commonly 
occurring in the environment and to which everyone is exposed but the major-
ity do not produce a prolonged IgE antibody response. Thus, atopy is a clinical 
defi nition of an IgE antibody high responder  [53, 54] . The use of atopic study 
populations in clinical trials is not considered a misrepresentation of the risk 
of the allergenic potential of mustard because this sensitive segment of the 
general population represents the majority of those individuals who are sus-
ceptible to food allergies. The capacity of mustard to elicit an IgE - mediated 
response is valid whether the individual is atopic or not. 

 Subjects with a clinical history of anaphylaxis were excluded from partici-
pating in the OFCs. In the Figueroa et al.  [31]  trial, 11% of the subjects were 
excluded based on their clinical history of severe systemic reactions. 
Nonetheless, anaphylaxis was reported in the challenge studies. One out of 14 
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subjects without a history of anaphylaxis had an anaphylactic reaction after 
being challenged with mustard sauce  [31] . Anaphylaxis in association with 
exercise (EIA) was also noted. Other clinical presentations included OAS, 
urticaria, and AE, which are considered mild reactions  [8] . However, when 
these reactions are complicated by laryngeal edema, BA, or respiratory 
symptoms, particularly in individuals with a previous history of asthma, these 
reactions are considered moderate to severe. 

 The second criterion of the Canadian adopted JECFA recommendations 
calls for reports of severe systemic reactions following the exposure to the 
foodstuff. In the DBPCFC studies, the observed frequency of severe reactions 
and anaphylaxis was higher in adults than in children  [31, 34] . Anaphylactic 
reactions are reported in 2% of children  [39, 45 – 47]  and in up to 48% of adults 
with a confi rmed mustard allergy  [33] . In a Canadian case report, two of the 
fi ve children described had severe reactions to the ingestion of mustard, which 
required emergency medical intervention. These cases were not confi rmed by 
an oral challenge with mustard due to the high risk of another severe reaction. 
Of the 13 international case reports describing 22 individual cases of allergic 
reactions to mustard, 15 individuals had anaphylactic - type reactions that 
required emergency medical intervention. Other severe reactions described in 
case reports included laryngeal edema, generalized urticaria, and BA. 

 The third and last criterion of the Canadian adopted JECFA recommenda-
tions requires the assessment of all available Canadian prevalence data in 
children and adults, supported by appropriate clinical studies or alternatively 
available data from other countries. Data on the prevalence of mustard allergy 
are not available for Canada or for many other regions of the world. However, 
mustard allergy has been reported as the third/fourth most common food 
allergy among children in some regions of France  [39 – 41, 45 – 47]  and is prob-
ably the most common allergy to spices  [16, 37, 38] . Furthermore, mustard is 
affi rmed on the most recent list of 14 allergens to be declared on labels (updated 
in 2007) by the European Commission  [55] . As well, mustard is recognized as 
an allergen by the International Union of Immunological Societies  [56] . 

 Other notable information from the evidence base includes the reported 
occurrence of mustard allergy symptoms beginning in subjects under the age 
of 3 years. In one trial, this age group represented up to 53% of the subjects 
 [35, 36] , and in another study  [37] , positive SPT results were reported for three 
children, ages 1 – 1.5 years old, who were breast - fed for 11 months and had 
never orally ingested mustard. Several hypotheses are discussed in the litera-
ture as to a possible explanation for the early onset of mustard allergies. 
Suggestions include sensitization in utero, during lactation, or the presence of 
mustard in baby foods. This issue will require further investigation. 

 Furthermore, there is also supporting evidence of cross - sensitization 
between mustard, pollen, and other aeroallergens. Figueroa et al.  [31]  reported 
83% of adult cases of mustard allergy had primary respiratory sensitization 
(mustard dust exposure or cross - reactivity to aeroallergens). It is apparent that 
sensitization and reactions to mustard can be elicited via cross - sensitization 
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with other aeroallergens or through contact or inhalation of mustard dust in 
areas where mustard is cultivated. This is important for Canadian consumers 
because Canada is a major producer of mustard seeds. 

 In addition to the Canadian adopted JECFA recommendations  [1]  for the 
introduction of food to the Codex priority list of food allergens by individual 
countries, the proposed amendments to the Canadian  Food and Drug 
Regulations  proposed in July 2008 defi ne food allergens with an emphasis on 
the protein portion of the food being responsible for eliciting allergic reactions. 
The major allergenic proteins in mustard have been identifi ed and character-
ized. Sin a 1 is the seed storage protein in yellow mustard associated with 
allergic reactions. It is resistant to degradation by heat and digestive enzymes 
and interacts with membrane lipids  [23, 25, 27] . These characteristics suggest 
that the allergenic proteins in mustard can remain intact throughout food 
processing and digestion, which would elicit an allergic reaction in a suscep-
tible individual. Furthermore, the seed storage proteins found in mustard have 
also been isolated from Brazil nuts, walnuts, and sesame seeds, which are foods 
currently defi ned as priority food allergens in Canada  [18, 20, 21] . Similar 
structural features of Sin a 1 with proteins characterized in other types of 
mustard indicate that individuals who are sensitive to one species of mustard 
are likely to show sensitivity to other species. 

 Prepared mustard is commonly used as a condiment. Mustard seeds and 
powder are becoming increasingly used in cooking. They are also used in 
processed and prepackaged foods as a seasoning or fl avoring agent, emulsifi er, 
and water - binding agent for texture control  [13] . In Canada, the current 
Canadian  Food and Drug Regulations  exempt components of certain ingredi-
ents, preparations, and mixtures from declaration in the list of ingredients on 
food packages. Mustard falls under this exception; hence prepacked foods for 
sale in Canada can contain undeclared sources of mustard. 

 Since food - allergic consumers must rely on information provided on food 
labels in order to avoid foods that contain the ingredients to which they are 
likely to react, Health Canada has proposed regulatory amendments to iden-
tify potentially hidden sources of food allergens. Once the proposed regulatory 
amendments are adopted, mustard is to be added to the list of priority aller-
gens, and Health Canada would require the declaration of mustard on the 
label of prepackaged food products, either in the list of ingredients or in a 
statement beginning with the words  “ Contains: ”  when mustard protein is 
present in the prepackaged food product.  

   4.3.5.    Conclusions on the Evidence for the Inclusion of Mustard as 
a Priority Food Allergen in Canada 

 An assessment of the assembled evidence base on mustard allergenicity pro-
vides international data supporting a credible cause – effect relationship; reports 
of severe systemic reactions including anaphylaxis following exposure to very 
small amounts of mustard within foodstuff; evidence that mustard allergy is 
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common in some regions of Europe and has been affi rmed on the European 
Commission ’ s list of priority allergens; Canadian case reports supporting the 
occurrence of mustard food allergies in children and adults in Canada; evi-
dence that all three types of mustard seed are available in Canada and mustard 
is used in cooking and in processed and prepacked foods; results of character-
ization studies indicating that the allergenic proteins in mustard are resistant 
to degradation by heat, thus likely to withstand food processing; they are also 
resistant to degradation by digestive enzymes; information that mustard is 
used in food processes that can result in  “ hidden ”  sources of food allergen; 
and evidence that individuals known to be sensitive to allergenic proteins from 
one type of mustard are likely sensitive to other types. Additional factors that 
make mustard allergy relevant to the Canadian scenario include the potential 
cross - reactivity between mustard and rapeseed and the facts that Canada is a 
major producer of both these crops and sensitization to mustard can be 
acquired through dermal and respiratory exposure. 

 This scientifi c evidence provides a suffi cient strength of evidence to fulfi ll 
the Canadian criteria required to add mustard to the Canadian list of priority 
allergens.  

   4.3.6.    Recommendations 

 Based on the conclusions of this assessment, it has been recommended that 
mustard be added to the Canadian list of priority food allergens and that the 
proposed amendments to the  Food and Drug Regulations  relating to the label-
ing of food allergens apply accordingly.   

   4.4.    GARLIC AND ONIONS: INSUFFICIENT EVIDENCE 
TO BE INCLUDED ON THE LIST OF PRIORITY FOOD 
ALLERGENS IN CANADA 

   4.4.1.    Background 

 In response to public inquiries, the scientifi c validity of including garlic and/or 
onion on the Canadian list of food allergens was assessed following the 
Canadian criteria described above. Using information obtained from a system-
atic review of available literature regarding the potential allergenicity of garlic 
and/or onion, an assessment was conducted following the guidelines estab-
lished to identify a new priority allergen.  

   4.4.2.    Methods 

   4.4.2.1.    Systematic Data Collection on Onion and Garlic as Potential Food 
Allergens.     An electronic database search of publications in English, French, 
or Spanish was conducted utilizing the same databases as for the mustard 
assessment. The following specifi c search strategies relevant to onion and garlic 

c04.indd   103c04.indd   103 6/17/2010   7:06:03 PM6/17/2010   7:06:03 PM



104 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

as potential food allergen were used: Allium; garlic *  or onion *  or chive *  or 
shallot *  or leek *  or allium or alliaceae or allisa *  or allibessen or alloton or kwai 
or kyolic or salicap *  or sanhelios or sapec or xund or carisano or alliin *  or 
allicin; exp Hypersensitivity; exp Urticaria; allerg *  or hypersensi *  or intoleran *  
or anaphyla *  or urticaria *  or hive * ; sensiti *  or toleran * ; food challenge or re -
 challenge; exp Bulbous Vegetable; Garlic Extract; Garlic Oil; Onion Extract. 
No date limitations were set except those of the database searched.  

   4.4.2.2.    Organization and Tabulation of Onion and Garlic Data.     Studies 
fulfi lling the selection criteria were reviewed and assessed based on the 
strength of evidence. Publications which could not be categorized by these 
criteria are referenced under Section  4.4.3.1 , Characterization of garlic and 
onion. Evidence from publications that fulfi lled the strength - of - evidence 
parameters are tabulated under the following categories: 

  4.4.3.2   Clinical studies (Table  4.5 ) —  evidence from quasi - experimental 
studies   

  4.4.3.3   Other relevant studies (Table  4.6 ) —  evidence from nonexperimen-
tal descriptive studies (comparative/correlation )  

  4.4.3.4   Case reports (Table  4.7 ) —        evidence from nonexperimental 
descriptive studies   

   4.4.3.    Results 

 A total of 411 publications were identifi ed through the database search using 
the terms denoted above. However, based on the inclusion and exclusion cri-
teria, only 20 fulfi lled the strength - of - evidence categorization and tabulation 
criteria as previously described (Tables  4.5 – 4.7 ). Additional 16 publications 
provided information with regard to the characterization of garlic and onion 
and were considered relevant to the evaluation. Thus, a total of 36 publications 
from the scientifi c literature were considered relevant to the assessment of 
garlic and/or onion as food allergens. 

   4.4.3.1.    Characterization of Garlic and Onion.     Garlic and onion are herba-
ceous perennial fl owering plants belonging to the family Alliaceae (formerly 
classifi ed under the lily family [Liliaceae]). Within the Alliaceae family the 
genus  Allium  includes vegetables with bulbs or corms  [57] . A bulb is an under-
ground bud with thick, fl eshy scales, and a corm is a short, solid, vertical 
underground stem with papery thin leaves  [58] . Garlic ( Allium sativum  L.), 
onions ( Allium cepa ), shallots ( Allium oschaninii ), leeks ( Allium porrum ), and 
chives ( Allium schoenoprasum ) are classifi ed under this genus  [57] . 

 Both garlic and onions have been used as food or medicine for thousands 
of years  [59] . They are rich in volatile sulfur - containing compounds that are 
responsible for their pungent fl avor and odor as well as for many of their 
health - promoting effects. Due to the pungent fl avor of these vegetables, they 
are typically used as a seasoning or condiment in food preparations. In addi-
tion to the use of fresh garlic and onion in cooking, many commercial prepara-
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tions are available for both garlic and onion, including, but not limited to, 
pickled, dehydrated, powdered, oil, or oil macerates. 

 Garlic is one of the most investigated medicinal plants. Between 1960 and 
2007, more than 3000 research papers were published on the chemistry and 
biological effects of garlic and garlic preparations. These studies mainly focus 
on the cardiovascular, antimicrobial, and anticancer effects of garlic  [60] . 
Similar claims have been made for onions; however, there is less detailed 
information available in the literature. 

 The amount of chemical constituents in garlic varies substantially based on 
where and how it is grown, as well as how the end product is prepared and 
stored  [61] . Intact garlic cloves contain only a few active compounds, the main 
chemical constituent being the amino acid alliin, an alkyl derivative of cysteine 
alkyl sulfoxide. The content of alliin may vary from 0.2% to 2% fresh weight 
of garlic. Crushing, chewing, or cutting (or exposing dehydrated, pulverized 
garlic to water) of garlic cloves release the enzyme alliinase   that rapidly lyses 
the cytosolic cysteine sulfoxide to form sulfenic acid, which immediately con-
denses to form diallylthiosulfi nate (allicin). The formation of allicin occurs 
within 0.2 – 0.5 minutes at room temperature. Allicin represents 70 – 80% of the 
total thiosulfi nates and is the least stable of the thiosulfi nates formed. The 
thiosulfi nates released from crushed garlic are reactive molecules and undergo 
a number of transformations, depending on the temperature, pH, and solvent 
conditions  [60] . 

 Similar to garlic, the enzyme alliinase is released when the cells in onion 
are broken through crushing, chewing, or cutting. The enzyme rapidly breaks 
down amino acid sulfoxides and generates sulfenic acids and subsequently 
allicin. As described for garlic, allicin can generate numerous transformation 
products depending on the environmental conditions to which it is exposed 
and the unstable sulfenic acids can further spontaneously rearrange into a 
volatile gas called syn - propanethial - S - oxide, which is an eye irritant  [62] . 

 The majority of identifi ed research publications on onion and garlic 
adverse effects focused on characterizing the irritant and contact sensitization 
properties rather than investigating possible oral allergenic affects of garlic 
and/or onion. Low - molecular - weight proteins, which are usually responsible 
for allergic contact dermatitis reactions, have been detected in garlic extracts 
via patch tests and dermal sensitization experiments in guinea pigs and iden-
tifi ed as diallyl disulfi de, allylpropyl disulfi de, and allicin  [63, 64] . However, an 
irritant type of reaction could not be excluded for allicin in these studies. 
Eliciting agents of systemic allergic reactions are typically proteins of a higher 
molecular weight  [63] . Most known food allergens have a molecular weight 
between 10 and 70   kDa  [65] . 

 Immunoblotting analyses conducted with serum from individuals in case 
reports have identifi ed IgE - binding protein bands with molecular masses of 
approximately 12 and 40 – 50   kDa in both garlic and onion. Using the serum of 
a woman who experienced EIA after the consumption of young unripe garlic, 
a 12 - kDa band was identifi ed on an IgE immunoblot for extracts of young 
garlic, garlic, onion, leek, hazelnut, and mugwort pollen  [66] . Enrique et al.  [67]  
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also reported a single 12 - kDa band using onion extract and the serum of a 
woman who developed urticaria after consuming raw onion. Asero et al.  [68]  
found bands with molecular masses of 10, 20, and 40   kDa using garlic extract 
and the serum of a woman who had urticaria after the ingestion and contact 
with raw and cooked garlic and also reported that the serum of a man who 
experienced urticaria/AE after consuming raw onion had IgE reactivity to 
15 -  and 43 - kDa bands in an onion extract  [69] . Further characterization of 
these proteins has not been described in the literature  [58, 70] . 

 In contrast, Kao et al.  [71]  studied the antigenicity, allergenicity, and IgE -
 binding cross - reactivity of a 56 - kDa protein purifi ed from the sera of 15 sub-
jects with reported garlic allergies. The isolated protein was identifi ed as alliin 
lyase. Skin tests confi rmed that alliin lyase elicited IgE - mediated hypersensi-
tive responses in subjects with garlic allergies. IgE cross - reactivity and IgE -
 inhibition analyses demonstrated that garlic alliin lyase showed high 
cross - reactivity with alliin lyase from other  Allium  species such as leek, shallot, 
and onion. Furthermore, carbohydrate epitopes were found to contribute to 
the binding of IgG and IgE to alliin lyase  [71] . The analysis of the homology 
between the alliin lyase of garlic and onion by Nock and Mazelis  [72]  indicated 
that the enzymes have very little homology in structure; similar sized subunits 
and the carbohydrate moieties are quite different in each case. These results 
may explain why reports of cross - reactivity among different Alliaceae vegeta-
bles vary greatly within the literature. It is also suggested in the literature that 
the varying reports of cross - reactivity may be due to the level of cross - 
reactivity varying among individuals  [73, 74] . However, the effect of the 
carbohydrate moieties in garlic and onion on allergenicity and cross - reactivity 
requires further investigation because carbohydrate epitopes can bind human 
IgE from allergic subjects and have a role in cross - reactivity between allergens 
from unrelated sources  [75, 76] . 

 None of the studies that identifi ed IgE - reactive proteins in garlic and/or 
onion conducted enzymatic or heat stability tests on the proteins. However, 
available evidence from case studies indicates that the allergenic proteins are 
susceptible to digestive enzymes and heat. Two subjects who had positive SPT 
and serum IgE results for onion did not experience allergic reactions after 
consuming onion powder  [77] , and several cases reported a history of allergic 
reactions after consuming raw garlic and onion but a tolerance to cooked 
garlic and onion.  

   4.4.3.2.    Clinical Studies.     Pivotal clinical studies that include evidence from 
meta - analysis of randomized controlled trials, individual randomized con-
trolled trials, or nonrandomized controlled trials were not available for the 
allergenicity assessment of either garlic or onion. However, six studies were 
identifi ed in the literature that were conducted using an open allergenicity 
assessment that included garlic (two studies), onion (one study), or both garlic 
and onion (three studies) as part of the foodstuffs tested. These assessments 
utilized LFC or OFC and/or a combination of SPT, RAST, and determinations 
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of serum IgE specifi c to garlic and/or onion, in order to verify an allergic 
response and quantify the prevalence of reactions to certain foodstuff. These 
studies are presented in Table  4.5 . 

 Ranc é  and Dutau    [39]  examined over 25 food allergens among 142 children 
with a history of food allergies. Subjects were submitted to LFC for various 
foodstuffs, and when the results of the LFC were negative, SBPCFC was con-
ducted. One subject (1%) had a positive LFC response to garlic. Egg (75%), 
peanut (60%), and mustard (16%) were the most common food allergens in 
this study. In 2002, Ranc é  and Dutau also reported a garlic allergy prevalence 
of 1% among 163 children previously identifi ed as having BA by pulmonary 
function  [41] . 

 Valdivieso et al.  [77]  performed SPT for onion allergies among 106 subjects 
randomly selected from an allergy clinic. Of the 106 subjects, eight (8%) had 
positive SPT results for onion and four of those eight subjects experienced 
clinical symptoms such as rhinoconjunctivitis, dyspnea, eczema, and BA. These 
four subjects participated in bronchial, nasal, and/or oral provocation tests. All 
subjects showed positive reactions to heated and nonheated onion extracts. 
Two subjects experienced intense rhinoconjunctivitis and one subject had chest 
tightness and wheezing and dyspnea after exposure to the smell of onions. 
Only two subjects participated in the double - blind oral provocation with 2   g 
of onion powder; however, neither experienced allergic responses. In the 
author ’ s opinion, these results suggest that onion is a respiratory allergen. 

 An open study examining the frequency of reported food - induced symp-
toms, food allergy, or food intolerance in 169 subjects monosensitized to grass 
pollen, reported that the number of subjects with food intolerances was higher 
than that of subjects with food allergies  [78] . A positive food allergy was defi ned 
by evidence of IgE sensitization to food and the demonstration of OAS, gastro-
intestinal symptoms, and urticaria – AE within 2 hours of the ingestion of small 
quantities of food. Out of the 169 subjects, 19 (11%) were considered to have 
food allergies and 46 (27%) were considered to have food intolerances. Positive 
serum - specifi c IgE results for garlic and onion were reported in 58% (7/12) and 
33% (3/9) of subjects tested, respectively. Oral challenge confi rmed that one 
subject had a garlic allergy and one subject had an onion allergy (1/169; 0.6%). 
Garlic intolerance was exhibited in six subjects (4%) and onion intolerance in 
four subjects (2%). Subjects who were challenged with garlic and/or onion 
mainly experienced urticaria and gastrointestinal symptoms. No respiratory 
symptoms were observed among the subjects  [78] . These allergic reactions are 
considered mild to moderate in severity  [8] . 

 A retrospective study was conducted using 26 food allergens and 14 subjects 
who had a history of food - dependent EIA  [79, 80] . Of the 14 subjects, 10 (71%) 
were positive for onion and 9 (64%) for garlic via SPT and/or RAST IgE. One 
subject participated in a food – exercise challenge after consuming garlic. 
However, no reaction was observed. Onion was not tested in a food – exercise 
challenge. Authors noted the clinical history data for the subjects was not as 
helpful in the interpretation of positive SPT/RAST results for garlic, onion, 
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  TABLE 4.5    Clinical Studies (Grouped by Relevance to Garlic, Onion, and Both Garlic 
and Onion and Organized Chronologically by Publication Date within Groups) 

   Author, 
Country     Study Design Details     SUB     Clinical Hx  

   Symptoms and 
Signs  a   (before CH)  

  Garlic  

  Ranc é  and 
Dutau 
 [39] , 
France  

  Open study assessing over 25 
allergens including garlic 
using SPT, prick   +   prick test 
IgE LFC and SBPCFC 
(when LFC negative)  

  142 SUB (Ch) 
 Age: 7   m – 15   y 
 Average: 4.6   y 
 Sex: 95 M, 47 F  

  Hx of food 
allergy  

  Multiple presenting 
symptoms in 66% 
Ch 

 AD 61% 
 Rash 32% 
 AE 25% 
 BA 24% 
 A 4%  

  Ranc é  and 
Dutau 
 [41] , 
France  

  Open allergy study assessing 
foodstuff including garlic 
documented by DBPCFC in 
BA SUB identifi ed by 
pulmonary function  

  163 SUB (Ch) 
 Age: 2 – 17   y 
 Average: 7.2   y 
 Sex: 109 M, 54 F  

  Family Hx atopy 
91% 

 Hx of  ≥ 1 food 
allergies 

 BA for an 
average of 5.5   y  

  SK 59% 
 Res   24% 
 GI 12%  

  Valdivieso 
et al.  [77] , 
Spain  

  SPT for onion performed on 
106 SUB randomly chosen 
from allergy clinic; positive 
responders participated in 
one or more of the following: 
bronchial or nasal 
provocation, double - blind 
oral provocation, IgE 
(RAST)  

  106 SUB randomly chosen 
from allergy clinic 

 8 SUB positive SPT Rxn 
(8%) 

 4/8 SUB has clinical 
symptoms to onion 
exposure 

 Age: 31 – 45   y 
 Sex: 1 M, 3 F  

  Hx of food and 
pollen allergies  

  Pollen or onion 
induced: 

 RC (4/4) 
 D (2/4) 
 E (1/4) 
 BA (2/4)  

  Onion  

  Valdivieso 
et al.  [77] , 
Spain  

  SPT for onion performed on 
106 SUB randomly chosen 
from allergy clinic; positive 
responders participated in 
one or more of the following: 
bronchial or nasal 
provocation, double - blind 
oral provocation, IgE 
(RAST)  

  106 SUB randomly chosen 
from allergy clinic 

 8 SUB positive SPT Rxn 
(8%) 

 4/8 SUB has clinical 
symptoms to onion 
exposure 

 Age: 31 – 45   y 
 Sex: 1 M, 3 F  

  Hx of food and 
pollen allergies  

  Pollen or onion 
induced: 

 RC (4/4) 
 D (2/4) 
 E (1/4) 
 BA (2/4)  

  Garlic and Onion  

  Boccafogli 
et al.  [78] , 
Italy  

  Open study assessing frequency 
of food - induced symptoms 
or allergy in SUB 
monosensitized to grass 
pollen 

 SPT, specifi c IgE  , and oral 
challenge (0.45 - mg food 
administered w/ 10 - fold 
increase in 30 - minute 
intervals until cumulative 
dose of 5   g if no Rxn 
observed administration up 
to 50   g in 30 - minute intervals  

  169 SUB monosensitize to 
grass pollen 

 Age: 9 – 54   y 
 Mean: 28   y 
 Sex: 84 M, 85 F 
 Control: 50 SUB 

monosensitize to 
 Dermatophagoides  

 Age: 10 – 52   y 
 Mean: 30.5   y 
 Sex: 25 M, 25 F  

  Hx of BA and/or 
R during grass 
pollen season 
or household 
dust 

 Positive SPT, 
specifi c IgE, 
and nasal 
challenge for 
aeroallergens  

  Pollen group had 
increased 
frequency of 
adverse food Rxn 
81/169 (48%) 
compared with 
control 3/50 (6%) 

 Symptoms: 
 U 28/169 (17%) 
 GI 28/169 (17%) 
 Res 13/169 (8%)  
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   Symptoms and Signs  a   
SEV of Rxn  b   after CH     Diagnostic Tests  c       Eliciting Dose  

   Eliciting 
Allergen     Prevalence     Comments  

  Positive Rxn to garlic 
1/142 in LFC  

  SPT, prick   +   prick 
test, IgE  

  1   mg to 5   g for 
all allergens 
tested 

 Further details 
were not 
provided  

  Commercial 
extract and 
extract 
from fresh 
foods  

  1/142 (1%) 
positive for 
garlic allergy 
LFC  

  No comments relevant 
to garlic  

  Asthma induced by 
food allergens 
potentially sev 

 6% of SUB reported 
A Rxn  

  SPT 
 IgE  

  Details not 
provided  

  Various food 
extracts 

 Further 
details not 
provided  

  Positive allergy 
to garlic 1% 
SUB  

  Prevalence of asthma 
induced by food 
allergens: 10%  

  2 SUB had intense 
RC and 1 SUB had 
chest tightness, 
wheezing, and D 
after exposure to 
smell of onions 

 Oral provocation in 2 
SUB did not elicit 
an Rxn  

  SPT 106 SUB 
 Bronchial 

provocation 2 
SUB 

 Nasal 
provocation 1 
SUB 

 Double - blind oral 
provocation 2 
SUB  

  SPT —
 516    μ g   protein/
mL 

 Bronchial and 
nasal — 1:1   v/v 
onion extract 

 Oral — 2 - g onion 
powder  

  Fresh onion, 
onion 
powder  

  8 SUB (8%) 
positive SPT 

 3/8 SUB positive 
IgE onion 

 4/8 SUB 
pollen - specifi c 
IgE 

 2/4 SUB 
garlic - specifi c 
IgE  

  4 SUB had immediate 
positive SPT to 
fresh onion, garlic, 
fried onion and leek 

 All showed positive 
reaction to heated 
and nonheated 
onion extract 

 Results suggest Res 
allergy  

  2 SUB had intense 
RC and 1 SUB had 
chest tightness, 
wheezing and D 
after exposure to 
smell of onions 

 Oral provocation in 2 
SUB did not elicit 
an Rxn  

  SPT 106 SUB 
 Bronchial 

provocation 2 
SUB 

 Nasal 
provocation 1 
SUB 

 Double - blind oral 
provocation 2 
SUB  

  SPT — 516    μ g 
protein/mL 

 Bronchial and 
nasal — 1:1   v/v 
onion extract 

 Oral — 2 - g onion 
powder  

  Fresh onion, 
onion 
powder  

  8 SUB (8%) 
positive SPT 

 3/8 SUB positive 
IgE onion 

 4/8 SUB 
pollen - specifi c 
IgE 

 2/4 SUB 
garlic - specifi c 
IgE  

  4 SUB had immediate 
positive SPT to 
fresh onion, garlic, 
fried onion and leek 

 All showed positive 
Rxn to heated and 
nonheated onion 
extract 

 Results suggest Res 
allergy  

  Garlic and onion 
mainly associated w/ 
U and GI symptoms 

 19/169 SUB (11%) 
considered to have 
food allergies 

 1/19 garlic 
 1/19 onion 
 46/169 SUB (27%) 

considered to have 
food intolerance 

 6/46 garlic 
 4/46 onion  

  SPT 
 Specifi c IgE 
 Oral challenge  

  Details not 
provided  

  Garlic and 
onion 

 No further 
information 
provided  

  19/169 SUB 
(11%) 
considered to 
have food 
allergies 

 1/169 garlic 
(0.5%) 

 1/169 onion 
(0.5%) 

 (IgE - sensitized, 
OAS, GI, and/
or U/AE 
within 2 hours 
after ingestion 
of small 
quantity)  

  Number of SUB with 
food intolerance 
higher than that of 
SUB w/ food allergy 

 Cross - reactivity 
between pollen 
allergens and food 
allergens may 
explain food allergy 
association but not 
higher incidence of 
food intolerance, 
increased intestinal 
permeability to 
macromolecules 
hypothesized  
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   Author, 
Country     Study Design Details     SUB     Clinical Hx  

   Symptoms and 
Signs  a   (before CH)  

  Romano et 
al.  [79, 
80] , Italy  

  Retrospective food - dependent 
EIA study in SUB with Hx 
of EIA within 2 hours after 
meal 

 26 food allergens tested by 
SPT, IgE assay 

 8/14 SUB participated in 
food – exercise challenge  

  14 SUB w/ Hx of food EIA 
 Age: 16 – 27   y 
 Mean: 20.5    ±    3.6 
 Sex: 10 M, 4 F  

  Family Hx of 
allergy 50% 

 Hx pollen allergy 
29%  

  Hx of A  

  Asero et al. 
 [81] , Italy  

  Open allergy study assessing 
vegetable foods including 
garlic and onions to identify 
which vegetables are safe for 
lipid transfer protein (LTP) 
allergic SUB to consume  

  49 SUB (monosensitized to 
LTP) 

 Age: mean 29   y 
 Sex: 21 M, 28 F 
 Controls: 24 sensitized to 

birch pollen 
 18 sensitized to profi lin 
 16 sensitized to LTP and 

birch pollen  

  Hx of Rx to 
vegetables 
including garlic 
and onions  

  Hx of OAS, U, AE, 
BA, A 

 No SUB reported 
Hx of allergy to 
garlic 

 2/49 (4%) reported 
Hx of allergy to 
onion  

    a Symptoms and signs: A, anaphylaxis; AD, atopic dermatitis; AE, angioedema; BA, bronchial asthma; D, dyspnea; E, eczema; 
EIA, exercise - induced anaphylaxis; GI, gastrointestinal; OAS, oral allergy syndrome; R, rhinitis; RC, rhinoconjunctivitis; 
SK, skin; U, urticaria.  
   b Severity of reaction: refer to Methods  [8] .  
   c Diagnostic tests: IgE, serum immunoglobulin E; RAST, radioallergosorbent test; SPT, skin prick test.  
  CH, challenge; Ch, children; DBPCFC, double - blind, placebo - controlled food challenge; F, female; Hx, history; LFC, labial 
food challenge; M, male; Res, respiratory; Rxn, reaction; SEV, severity; sev, severe; SBPCFC, single - blind, placebo - controlled 
food challenge; SUB, subjects; w/, with; y, years old.   

TABLE 4.5 Continued

parsley, and basil because subjects generally did not recall if these ingredients 
were part of the meal that caused EIA. 

 Asero et al.  [81]  conducted an open allergy study assessing vegetables 
including garlic and onion in order to identify which vegetables are safe for 
consumption by individuals with a lipid transfer protein (LTP) allergy. LTP is 
the main food - related allergen identifi ed in southern Europe  [67] . Forty - nine 
subjects were selected who were monosensitized to LTP and control groups 
of subjects sensitized to pollen (24 subjects), profi lin (18 subjects), and LTP 
and pollen (16 subjects) were also selected. A history of reactions after con-
suming garlic or onion was reported in zero and two subjects, respectively. The 
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   Symptoms and Signs  a   
SEV of Rxn  b   after CH     Diagnostic Tests  c       Eliciting Dose  

   Eliciting 
Allergen     Prevalence     Comments  

  14/14 allergic to two 
or more food 
allergens 

 10/14 positive for 
onion and 9/14 
positive for garlic by 
SPT/IgE - specifi c 
levels 

 1 SUB participated in 
food – exercise 
challenge after 
consuming 
garlic — no Rxn 
observed  

  SPT 
 RAST (IgE)  

  Not provided    Onion or 
garlic no 
further 
details 
provided  

  10/14 (71%) 
positive for 
onion 

 9/14 (64%) 
positive for 
garlic 

 No Rxn 
observed after 
garlic exercise 
challenge; 
onion not 
tested  

  Hx data less helpful 
interpreting positive 
SPT/RAST for 
garlic, onion, 
parsley, and basil 
because patients 
could not recall if 
they were part of 
the EIA meal  

  8/36 (22%) SUB 
positive SPT to 
garlic 

 16/41 (39%) SUB 
positive SPT to 
onion 

 4/13 (31%) controls 
positive SPT to 
garlic 

 6/14 (43%) controls 
positive SPT to 
onion 

 Results not considered 
statistically 
signifi cant  

  SPT    Not provided    Commercial 
vegetable 
food 
extracts 

 No further 
details 
provided  

  8/36 (22%) SUB 
positive SPT 
to garlic 

 16/41 (39%) 
SUB positive 
SPT to onion 

 4/13 (31%) 
controls 
positive SPT 
to garlic 

 6/14 (43%) 
controls 
positive SPT 
to onion 

 Results not 
considered 
statistically 
signifi cant  

  Specifi city of SPT 
poor, many patients 
showed positive 
SPT to foods that 
they reported eating 
without any 
problems, including 
garlic and onions  

positive SPT results for garlic and onion were not statistically signifi cant 
between the monosensitized LTP subjects and the controls. Out of 36   LTP 
subjects, 22% (8/36) and 31% (4/13) of controls had a positive SPT to garlic, 
and 39% (16/41) of LTP subjects and 43% (6/14) of controls had a positive 
SPT to onion. The specifi city of the SPT was considered poor by the authors.  

   4.4.3.3.    Other Relevant Studies.     Three nonexperimental, descriptive studies 
were identifi ed in the literature search as being relevant to the assessment of 
the allergenicity of onion (one study) and both garlic and onion (two studies). 
These studies are tabulated in Table  4.6 . 
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  TABLE 4.6    Other Relevant Studies (Grouped by Relevance to Garlic, Onion, and Both 
Garlic and Onion and Organized Chronologically by Publication Date within Groups) 

   Author, 
Country     Study Design Details     SUB     Clinical Hx  

   Symptoms and Signs  a   
(before CH)  

  Onion  

  Castan ó n et 
al.  [82] , 
Mexico  

  Retrospective analysis 
of 1419 SUB w/ 
food allergies to 
determine 
frequency of 
hypersensitivity to 
foods  

  1419 SUB 
(Ch) 

 Age: 12 
months to 
18   y 

 Average: 12.8   y 
 Sex: details 

not 
provided  

  Hx of food 
allergies  

  Most allergy affect 
age groups: 

 4 – 7   y (49%) 
 1 – 3   y (24%) 
 12 – 17   y (14%)  

  Garlic and Onion  

  Andr é  et al. 
 [43] , 
France  

  Retrospective analysis 
of 9 - year period 
investigating 
foodstuff most 
frequently 
associated with A 
Rxn  

  580 SUB 
 480 Ad 
 100 Ch 
 Age: 1 – 83   y 
 Mean: 30   y 
 Sex: 290 M, 

290 F  

  Hx of 
adverse 
Rxn to 
food  

  60/580 (10%) SUB 
Hx sev Rxn to food 

 A 52/60 (87%) 
 AE 6/60 (10%) 
 Bronchospasm 2/60 

(3%)  

  Moneret -
 Vautrin et 
al.  [83] , 
country 
not cited  

  Retrospective analysis 
of a food allergy 
database (589 SPT) 
and one case report 
of onion allergy 
(case 1) 

 1 SUB (case 2) 
DBPCFC for garlic 

 1 SUB (case 3) 
SBPCFC for garlic 

 1 SUB (case 4) LFC 
for garlic  

  Food allergy 
database 
589 SUB: 

 402 Ch 
 Age:  < 15   y 
 187   Ad 
 Age: not 

reported 
 Sex: not 

reported  

  Hx of food 
allergy  

  Case 1   w/ systemic 
mastocytosis and A 
induced by celery, 
carrot, onion, 
hazelnut 

 Case 2   w/ U and AE 
 Case 3   w/ R, BA, and 

U from fruits and 
vegetables 

 Case 4   w/ U and A 
from garlic and 
onion soup  

    a Symptoms and signs: A, anaphylaxis; AE, angioedema; BA, bronchial asthma; R, rhinitis; U, urticaria.  
   b Severity of reaction: refer to Methods  [8] .  
   c Diagnostic tests: IgE, serum immunoglobulin E; SPT, skin prick test.  
  Ad, adult; CH, challenge; Ch, children; DBPCFC, double - blind, placebo - controlled food challenge; F, female; Hx, history; 
LFC, labial food challenge; M, male; mod, moderate; Rxn, reaction; SEV, severity; sev, severe; SBPCFC, single - blind, 
placebo - controlled food challenge; SUB, subjects; w/, with; y, years old.   
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   Symptoms and 
Signs  a   SEV of 
Rxn  b   after CH  

   Diagnostic 
Tests  c    

   Eliciting 
Dose  

   Eliciting 
Allergen     Prevalence     Comments  

  Not applicable to 
study design  

  SPT    Details not 
provided  

  Onion 
 Further 

details 
not 
provided  

  4% SUB 
positive 
SPT to 
onion  

  Onion identifi ed in 
group of foods 
responsible for 
58% of allergic 
Rxn (fi sh, milk, 
seafood, soy, 
beans, orange, 
onion, tomato, 
chicken, nut, 
lettuce, and 
strawberry)  

  Not applicable to 
study design  

  SPT 
 IgE  

  Details not 
provided  

  Garlic and 
onion  

  Garlic and 
onion were 
not among 
the top 19 
foods most 
frequently 
associated 
with A 
Rxn 
(celery 
18% to 
chamomile 
1%)  

  Evolution of 
sensitization over 
1984 – 1992 
indicate an 
overall increasing 
trend for garlic 
and onions 

 Increased 
consumption and 
more attentive 
clinical 
examinations are 
credited for this 
evolution  

  Case 1: no 
challenge 
reported 

 Case 2: U after 45 
minutes 

 SEV: mild 
 Case 3: laryngeal 

pruritus, 
rhinorrhea, 
cough 

 SEV: mild - mod 
 Case 4: positive 

LFC result  

  SPT, 
DBPCFC, 
SBPCFC, 
LFC  

  Case 2: 
1000 - mg 
garlic 

 Case 3: 
500 - mg 
garlic  

  No details 
provided 
about 
garlic 
used in 
challenge 
reports  

  20/265 
positive 
SPT for 
garlic (8%) 

 7/263 positive 
SPT for 
onion 
(3%)  

  In this series, two 
spices 
responsible for 
half cases 
observed: garlic 
and fennel seed  
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114 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

 Castan ó n et al.  [82]  conducted a retrospective analysis of 1419 subjects with 
food allergies in order to determine the frequency of hypersensitivity to spe-
cifi c foods. Positive SPT results for onion occurred among 4% (56 subjects) of 
the study group. Garlic was not tested in this study. 

 A retrospective analysis conducted by Andr é  et al.  [43]  examined which 
foods were most frequently associated with an anaphylactic reaction over a 
9 - year period in France. Neither garlic nor onions were among the 19 foods 
most frequently associated with anaphylactic reactions in 580 subjects. The 
authors noted an increasing trend in the frequency of sensitization to garlic 
and onions over time; however, increased consumption and more attentive 
clinical examinations were credited for this evolution. 

 Moneret - Vautrin et al.  [83]  conducted a retrospective analysis of a food 
allergy database that contained the SPT results of 589 subjects. Of these, four 
cases were identifi ed as relevant to garlic or onion food allergy (three garlic 
and one onion). The garlic cases were challenged either by DBPCFC or 
SBPCFC or an LFC. All three garlic cases were positive. In one case, after the 
ingestion of 1000   mg of garlic, urticaria was observed. This reaction is consid-
ered to be mild in severity  [8] . In another case, the ingestion of 500   mg of garlic 
leads to laryngeal pruritus, rhinorrhea, and coughing. This reaction was con-
sidered moderate in severity  [8] . The last case reported positive LFC results 
but no further information was provided. The case of the onion allergy was 
not challenged because the subject had a history of systemic mastocytosis and 
anaphylaxis after the consumption of celery, carrot, hazelnut, and onion. This 
publication also reports SPT positive responses for garlic in 20 (10 adults and 
10 children) (8%) subjects out of 265 tests and 7 (fi ve adults and two children) 
(3%) subjects out of 263 tests for onion.  

   4.4.3.4.    Case Reports.     A total of 12 case reports of allergic responses to garlic 
(six cases), onions (fi ve cases) or both garlic and onion (one case) were identi-
fi ed in the literature. These case reports are tabulated in Table  4.7  and provide 
descriptions of the severity of reactions to garlic or onion as well as identifying 
the sources of garlic or onion exposure. 

 For most cases, the information provided was limited as only three of the 
case reports included oral challenges and only one reported the eliciting dose. 
However, the case reports provided valuable information regarding the 
severity of reactions and condition under which the reaction was elicited. 
Reactions ranged from acute anaphylaxis to generalized skin manifestation. 
Of the 12 case reports, seven (three garlic, three onion, one both) individuals 
reported anaphylactic - type reactions, and four (one garlic, two onion, one 
both) required emergency medical interventions. The case reports provided 
evidence that the allergenic proteins in garlic and onions are susceptible to 
enzymatic digestion and/or heat. Several cases reported a history of allergic 
reactions after consuming raw garlic and onion but a tolerance to cooked 
garlic and onion. An oral challenge with cooked garlic provided negative 
results  [74] . Four of the fi ve cases reported allergies to raw onion; however, 
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an EIA food challenge had positive results after consuming cooked onion 
and exercising but negative results without exercise. This reaction to cooked 
onion was elicited after the consumption of 30   g of onion and running for 10 
minutes  [84] .   

   4.4.4.    Discussion 

 An overall assessment of the scientifi c literature provides very limited infor-
mation on onion and garlic as potential food allergens. The evidence identifi ed 
through this review suggests that cooked onion and garlic are less likely to 
induce an allergic response than when the product is uncooked  [84] . This 
information is relevant since the food labeling regulations and the list of prior-
ity allergens addresses prepacked food and specifi c consideration is given as 
to whether the food or food ingredient may become hidden. 

 The following limitations of the systematic literature review were taken into 
consideration when determining the scientifi c validity of including garlic and/
or onion on the Canadian list of priority food allergens. 

 A large number of publications identifi ed in the initial database search were 
excluded of our assessment because the studies were not relevant to food 
allergy, but to other aspects such as potential benefi ts or to allergies elicited 
through other routes of exposure such as dermal, respiratory, and/or occupa-
tional. These data were excluded because they were not considered to be 
pertinent to the issue of food allergy; however, it is recognized that this infor-
mation is important for those in the clinical fi eld in assessing the possibility of 
occupational or environmental disorders, particularly in areas where garlic 
and/or onion is grown and processed. 

 While there were very few studies that looked specifi cally at onion and 
garlic as potential food allergens, relevant data were sometimes contained 
within publications with other objective such as food allergy in general. This 
fact made the identifi cation of relevant information more challenging and may 
have led to the exclusion of available information on garlic and/or onion. 

 Based on the identifi ed limitations of the systematic literature review, the 
strength of evidence is considered insuffi cient to fulfi ll the Canadian criteria 
for the introduction of food to the priority list of food allergens. 

 The fi rst criterion of the Canadian adopted JECFA recommendations stipu-
lates the existence of a credible cause – effect relationship, based on positive 
DBPCFC studies or unequivocal reports of reactions with typical features of 
severe allergenic or intolerance reactions. In the absence of DBPCFC studies, 
supporting studies were evaluated as per the strength of evidence provided by 
the study designs  [6]  (Tables  4.5 – 4.7 ). 

 The positive results obtained from diagnostic tests (SPT/IgE), which were 
utilized in the majority of the supportive studies, were not considered suffi cient 
to substantiate a cause – effect relationship because evidence within the data-
base suggests that SPT and IgE diagnostic tests may not provide an accurate 
refl ection of the potential for allergic reactions after the consumption of garlic 
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and/or onion. This available evidence is not suffi cient to support the determi-
nation of a credible cause – effect relationship for the allergenicity of garlic and/
or onion as food. 

 Valdivieso et al.  [77]  reported a prevalence (8%) of onion allergies among 
106 adults randomly selected for SPTs from a food allergy clinic. However, 
only four of these eight subjects experienced clinical symptoms associated with 
onion exposure, and only three of these eight subjects had positive onion -
 specifi c IgE results. Furthermore, an oral provocation with onion was con-
ducted with two of these subjects, and both had negative results  [77] . The 
standard tests utilized in this study (SPT and IgE) did not provide an accurate 
indication of allergic reactions following the consumption of onion. The 
Boccafogli et al.    [78]  study further showed inconsistent results between posi-
tive IgE and oral challenge results. In this study, 58% (7/12 cases) and 33% 
(3/9 cases) had positive serum - specifi c IgE for garlic and onion, respectively, 
but only one case in each of the groups had a confi rmed allergy after an oral 
challenge. Asero et al.  [81]  also reported that the results of SPT were not reli-
able for garlic and onion as many of the positive SPT subjects in their study 
consumed garlic and onion without experiencing any symptoms. Furthermore, 
studies that only reported the prevalence of positive SPT responses to garlic 
and/or onion among study populations did not consider the irritant properties 
of the sulfur - containing compounds within garlic and onions. Without further 
confi rmation of a food allergy, these irritant effects cannot be discounted when 
interpreting the results. Without evidence from a DBPCFC study, the small 
number of positive oral challenges reported in the supportive studies and the 
uncertainty in the results due to the inconsistencies observed between the 
reported positive diagnostic results, and the few reports of allergenic or intol-
erance reactions after oral challenges, the strength of evidence in the current 
database is not considered suffi cient to establish a credible cause – effect rela-
tionship for the oral allergenicity of garlic and/or onion. 

 Moreover, this review did not identify DBPCFC studies designed specifi -
cally to assess garlic and/or onion as potential food allergens. The studies 
available were not designed specifi cally to assess the allergenicity of garlic and/
or onion through oral exposure, and consequently, qualitative and quantitative 
details about the garlic or onion preparations were not provided. Furthermore, 
study designs assessing numerous foodstuffs did not report whether appropri-
ate controls were employed in order to differentiate between allergic responses 
and the irritant effects associated with the sulfur - containing compounds within 
garlic and onions. 

 The second criterion of the Canadian adopted JECFA recommendations 
calls for reports of severe systemic reactions following the exposure to food-
stuff. Anaphylactic reactions associated with the consumption of garlic and/or 
onions have been reported in specifi c cases, although the prevalence of severe 
anaphylaxis - type reactions reported to be associated with the ingestion of 
garlic and/or onion is considered low. A retrospective analysis reported the 
incidence frequency of the top 19 foodstuffs involved in anaphylactic reactions 
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over a 9 - year period in France (1984 – 1992)  [43] . Garlic and/or onion were not 
among the top 19 foods associated with anaphylaxis. The foods associated with 
anaphylactic reactions ranged from 1% to 18% incidence frequency in sensi-
tive individuals. Of the 12 specifi c cases reported, seven (three garlic, three 
onion, one both) individuals reported anaphylactic - type reactions and four 
(one garlic, two onion, one both) required emergency medical interventions. 
In some cases, subjects who experienced anaphylactic reactions to a particular 
form of garlic and/or onion on the other hand exhibited tolerance to garlic 
and/or onion in a different form. The case that reported an anaphylactic reac-
tion after the consumption of young unripe garlic also reported that the 
subject had a tolerance to the consumption of garlic cloves and onion  [66] . 
Two cases that reported EIA associated with the consumption of onion 
reported that no allergic reaction was observed after consuming onion and 
refraining from exercise  [84, 85] , and the other case reported reactions only 
associated with consumption of raw onion and a tolerance for cooked onion 
 [86] . The tolerance for cooked garlic and/or onion was also reported in several 
other cases that exhibited less severe reactions than with cooked preparations 
of these vegetables. It is suggested that the lability of the antigens in garlic and 
onions to heat and digestive enzymes are the reasons for these observed toler-
ances and may explain the previously noted low prevalence of anaphylactic 
reactions associated with the ingestion of garlic and/or onion. In an open study 
examining the frequency of food - induced symptoms among 169 subjects 
monosensitized to grass pollen, the consumption of garlic or onion was mainly 
associated with urticaria and gastrointestinal symptoms  [78] . These symptoms 
are considered mild to moderate reactions  [8] . 

 The third, and last, criterion of the Canadian adopted JECFA recommenda-
tions requires the assessment of all available Canadian prevalence data in 
children and adults, supported by appropriate clinical studies or alternatively 
available data from other countries supported as per the fi rst criterion. 
Currently, prevalence data are not available for Canada or other regions of 
the world. 

 Although some scientifi c evidence indicates that some individuals experi-
ence a severe reaction to the consumption of garlic and/or onion, the prevalence 
of food allergies to garlic and/or onion in children and adults remains unknown, 
and there are insuffi cient clinical data to establish a credible cause – effect rela-
tionship for the oral allergenicity of garlic and/or onion. Therefore, the overall 
strength of evidence to fulfi ll the Canadian criteria required to add new aller-
gens to the list of priority allergens is considered inadequate at this time. 

 Despite the limitations of the current database, in accordance with the 
proposed amendments to the  Food and Drug Regulations  (1220 — Enhanced 
Labeling for Food Allergen and Gluten Sources and Added Sulfi te) ( http://
www.hc - sc.gc.ca/fn - an/label - etiquet/allergen/project_1220_info - eng.php ), this 
review gave consideration to the likelihood of allergic reactions occurring as 
a result of nondeclared sources of garlic and/or onion in prepackaged foods. 
Based on available evidence, the potential for severe allergic reactions after 
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the consumption of hidden sources of garlic and/or onion within prepackaged 
products is considered unlikely. The prevalence of severe allergic reactions 
after the ingestion of garlic and/or onion are considered low compared with 
other food allergens based on the results of a retrospective study conducted 
over a 9 - year period. Furthermore, the majority of reported allergic reactions 
occur after the consumption of raw garlic and/or onion. Although the aller-
genic proteins in garlic and onion that elicit systemic allergic reactions have 
yet to be fully identifi ed and characterized, reports of tolerances to cooked 
garlic and/or onion indicate that the antigens are labile to heat and/or digestive 
processes. Based on this evidence, the likelihood of consuming raw garlic and/
or onion present in prepackaged foods is considered minimal, as it can reason-
ably be assumed that the vast majority of prepackaged foods undergo heating 
either as part of the manufacturing process or during the preparation of the 
foodstuff for consumption. Also of note, there were no reports of exposure to 
garlic and/or onion through hidden sources or cross - contamination of food-
stuff. There is insuffi cient information in the database to estimate a dose 
threshold for garlic or onion, as only three case reports provided the eliciting 
amount of garlic or onion ingested before an allergic reaction was observed. 
However, the lowest eliciting dose in the database was reported in a case who 
experienced laryngeal pruritus, rhinorrhea, and coughing after ingesting 0.5   g 
of garlic (30   mg of protein 4 )  [83] . The current limited data indicates that mod-
erate amounts 5  of garlic and/or onion may be required to elicit allergic reac-
tions in sensitized individuals; therefore, the potential risk of allergic reactions 
being elicited after the consumption of garlic and/or onion used as an unde-
clared spice or seasoning is considered minimal.  

   4.4.5.    Conclusions on the Lack of Evidence for the Inclusion of Garlic and 
Onion as Priority Food Allergens in Canada 

 An assessment of the assembled evidence base for garlic and/or onion does 
not provide suffi cient evidence to fulfi ll the Canadian criteria required to add 
new allergens to the list of priority allergens. Although there are few scientifi c 
publications that suggest that some individuals may experience severe reac-
tions to the consumption of garlic and/or onion, particularly if uncooked, the 
prevalence of food allergies to garlic and/or onion in children and adults 
remains unknown, and there are insuffi cient clinical data to establish a credible 
cause – effect relationship for the oral allergenicity of garlic and/or onion. 
Furthermore, based on the information within the current database, the poten-
tial for severe allergic reactions as a result of hidden sources of garlic and/or 
onion in prepackaged foods is considered minimal. 

 In conclusion, at this time, the overall strength of evidence is considered 
inadequate to support the declaration of garlic and/or onion as priority food 
allergens, and therefore the  Food and Drug Regulations  (1220 — Enhanced 
Labeling for Food Allergen and Gluten Sources and Added Sulfi te) is not 
applicable to the use of garlic and/or onion in foodstuff.  
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   4.4.6.    Recommendations 

 Based on the conclusions of this report, it has been recommended that garlic 
and/or onions not be included on the Canadian list of priority food allergens 
at this time.   

   4.5.    SUMMARY 

 Using the Canadian criteria established to consider the addition of new foods/
ingredients to the list of priority allergenic foods in Canada, we conducted two 
systematic literature reviews of the available information on mustard, garlic, 
and onions as potential food allergens in order to determine whether there is 
suffi cient scientifi c evidence to justify including mustard and/or garlic and/or 
onion on the list of defi ned priority food allergens in Canada. 

 For mustard, the following evidence was available to substantiate the addi-
tion of mustard to the list of food allergens in Canada: 

   •      There are Canadian case reports documenting the occurrence of mustard 
food allergies in children and adults in Canada.  

   •      A credible cause – effect relationship between oral exposure to mustard 
and allergic reactions is supported by positive DBPCFC studies designed 
to assess mustard as a food allergen.  

   •      Reports describe severe systemic reactions, including anaphylaxis follow-
ing exposure to very small amounts of mustard within foodstuff.  

   •      Mustard is affi rmed on the most recent list of 14 allergens to be declared 
on labels (updated in 2007) by the Commission of the European 
Communities  [55] , and mustard is recognized as an allergen by the 
International Union of Immunological Societies  [56] .  

   •      All three types of mustard seed are available in Canada, and mustard is 
used in cooking and in processed and prepacked foods.  

   •      Results from characterization studies of allergenic proteins indicate that 
proteins in mustard are resistant to degradation by heat and digestive 
enzymes, which makes these proteins more likely to withstand food 
processing.  

   •      The thermostable allergenic proteins in mustard have the potential to be 
hidden within certain ingredients, preparations, and mixtures in processed 
and prepackaged foods.  

   •      Individuals known to be sensitive to allergenic proteins from one type of 
mustard seed are likely sensitive to other types.  

   •      Additional factors that make mustard allergy relevant to the Canadian 
scenario include the potential cross - reactivity between mustard and rape-
seed and the facts that Canada is a major producer of both of these crops 
and sensitization to mustard can be acquired through dermal and respira-
tory exposure.    
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 This scientifi c evidence provided a suffi cient strength of evidence to fulfi ll 
the Canadian criteria for the addition of a new food to the list of priority 
allergens in Canada. In satisfying the criteria, mustard was recommended for 
addition to the Canadian list of food allergens; the Food Allergen Labeling 
Regulations, which require enhanced labeling for priority allergens in pre-
packaged foods, will be applied accordingly in order to ensure that mustard -
 allergic consumers in Canada are duly protected. 

 For garlic and onion, the assessment of the assembled evidence base does 
not provide suffi cient evidence to fulfi ll the Canadian criteria required to add 
new allergens to the list of priority allergens. Although there is scientifi c evi-
dence that suggests that some individuals experience severe reactions to the 
consumption of garlic and/or onion, particularly if uncooked, the prevalence 
of food allergies to garlic and/or onion in children and adults remains unknown, 
and there are insuffi cient clinical data to establish a credible cause – effect 
relationship for the oral allergenicity of garlic and/or onion. Furthermore, 
based on information within the current database, the potential for severe 
allergic reactions as a result of hidden sources of garlic and/or onion in pre-
packaged foods is considered minimal. 

 Therefore, at this time, it is recommended that garlic and onions not be 
included on the Canadian list of priority food allergens and that the proposed 
amendments to the  Food and Drug Regulations  (1220 — Enhanced Labeling 
for Food Allergen and Gluten Sources and Added Sulfi te) would not be appli-
cable to the use of garlic and/or onion in foodstuff.  

 NOTES 

  1.      The Codex Alimentarius Commission was created in 1963 by FAO and 
WHO to develop food standards, guidelines, and related texts such as codes 
of practice under the Joint FAO/WHO Food Standards Programme. The 
main purposes of this program are to protect the health of the consumers 
and ensure fair trade practices in the food trade, and to promote coordina-
tion of all food standards work undertaken by international governmental 
and nongovernmental organizations.  

  2.      Oats are included in the list of cereal grains capable of inducing adverse 
effects in persons with celiac disease. However, a recent review conducted 
by Health Canada indicates that most individuals with celiac disease can 
tolerate moderate amounts of oats free from contamination with other 
sources of gluten  [87] .  

  3.      Subsections B.01.009 one and two of the Food and Drug Regulations in 
Canada specifi cally exempt components of certain ingredients, prepara-
tions, and mixtures from declaration in the list of ingredients, such as spices 
and seasonings. As a result, prepackaged food products may contain unde-
clared (hidden) sources of food allergens.  
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  5 
ALLERGEN MANAGEMENT AND 
CONTROL AS PART OF 
AGRICULTURAL PRACTICES    

    5.1.    ALLERGEN MANAGEMENT AND CONTROL 
AS PART OF AGRICULTURAL PRACTICES 

 For many individuals, the task of acquiring their daily food requirements is 
analogous to them walking through an allergen minefi eld. With every decision 
they make, they are literally a step away from challenging their immune 
system, which may result in their body responding with either a minor or major 
allergic reaction. These individuals have to try to determine if with every food 
choice they make, they are consuming a dreaded allergen. In many instances, 
they know from reading and from experience which commodities or processed 
foods are unsafe so they can avoid them, but, in other cases, they are unsure 
if an allergen is present in processed foods. They have to decide if they should 
take a chance that the food is safe or whether the risk is too great for them 
to consume. These individuals are in constant fear of making a poor choice. In 
many situations, they do not have enough accurate information to make a 
sound decision so they usually avoid the food. Their diet, thus, becomes more 
restrictive than need be based on fear rather than on knowledge. 

 Systems have to be developed to aid such patients who have been identifi ed 
as allergic to specifi c plants and animal species so that they are confi dent that 
they can avoid the consumption of troublesome allergens. Since there are a 
huge number of allergens in nature, and because individuals in many cultures 
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and regions of the world show different degrees of sensitivity to both common 
and uncommon allergens, it is important that the content of any product that 
is ingested be known with as much accuracy as possible. For example, it is a 
relatively simple matter for sensitive patients to identify foods like shrimp or 
peanuts, but the problem is more diffi cult when pieces of these, or any other 
troublesome species, cannot be identifi ed and are present in foods because 
they impart a desirable fl avor or they impart important functional properties. 
Accurate labeling of packaged foods or any ingested product such as pharma-
ceuticals is helpful or essential, but often manufacturers and chefs are not 
aware of the problems they create by not informing themselves that adding 
certain ingredients to their products can be a real problem for clients suffering 
from severe allergies. Some allergies, such as an allergy to peanuts, are well -
 known in many societies so manufacturers are aware that they must clearly 
label their products and thoroughly clean their equipment between runs if 
peanuts were included in the manufacture of a previous product. Both patients 
and manufacturers of foods must educate themselves if they want to avoid 
sickness or troublesome legal cases. The patient has to read labels and ask 
questions, whereas manufacturers have to become knowledgeable about the 
common allergens and consult medical experts about the advisability of includ-
ing certain ingredients into foods. They also have to avoid cross - contamination 
of ingredients in their processing plants or, in the case of chefs, in their kitch-
ens. Price should not be the only criterion in choosing ingredients. For example, 
it may be cheaper to use wheat starch, which contains traces of the protein 
gluten, to provide bulk in the manufacture of pharmaceutical pills, but wheat 
protein is a problem for celiac disease (CD) patients on a gluten - free diet. For 
CD patients, why not use rice starch, which is fi ne grained and safe for CD 
patients. Rice starch may carry some rice protein as an impurity, but it is safe 
for CD patients to consume. Food processors are not necessarily to blame for 
using impure commodities because pure commodities are commonly not avail-
able. Systems have to be devised both in the manufacture of pure agricultural 
species, in the movement of foods to processors, in the formulation of pro-
cessed foods, in the cleanliness of the processing facilities, and in the accurate 
identifi cation of ingredients for sensitive clients. The goal of the agricultural 
and health sectors is to make certain that safe, pure commodities are available 
to sensitive clients even if only in niche markets. This is a very big subject, and 
the author will deal with allergen management and control as part of agricul-
tural practices. 

 All commodities used for food have to be grown somewhere or captured 
from natural habitats (wild berries, fruits, nuts, bulbs, mushrooms, ferns, etc.), 
and protocols have to be devised, in concert with regulatory systems, to ensure 
the safety of the food for the broad range of the human population. This 
applies to food products produced in any country, whether the product is 
produced domestically or imported from other countries. Unfortunately, stan-
dards for purity differ internationally, and contaminants such as weed seeds 
and other crop species also differ from the common contaminants in the 
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importing country. Importers and regulatory authorities have to be knowl-
edgeable and vigilant on what allergens will likely be present in imported 
foods. They should also be aware of common procedures and chemical pesti-
cides used by foreigners to successfully grow and process foods. Often the 
pesticides applied in foreign countries to control diseases and weeds are pecu-
liar to their region, and the pesticides are not registered for use in the areas 
where the food is consumed. Often these pesticides have not been tested for 
their ability to generate allergenic reactions in countries where the food is 
consumed. Authorities have to be aware of the potential danger of these 
impurities (chemicals or foreign seeds) that may cause allergenic reactions. 
The protein allergens present in the seeds of wild species have often not been 
studied in great detail, so it is prudent to only permit the sale and use of weed -
 free crops but this does not solve the problem of food crops carrying residual 
pesticides. To be aware of all the problems that may arise that will pose prob-
lems to people suffering different allergies is next to impossible. Many allergies 
have not been traced back to impure crops. Alternatively, if a food commodity 
has been found, through extensive scientifi c investigation, to be safe for aller-
gic individuals, all efforts should be directed toward making it available to 
consumers in a pure form that is properly identifi ed. 

 Once the safety of a particular commodity has been judged to be adequate 
for most people, a dedicated agricultural production, harvesting, cleaning, crop 
inspection, storage, transport, processing, and food inspection and labeling 
system has to be devised and followed to deliver this safe food to the market-
place. A study of the process will quickly reveal that the number of opportuni-
ties for contamination is enormous. The diffi culty is that not everyone in the 
food chain is informed about the consequences of sloppy work nor do they 
realize how sensitive some individuals are to low concentrations of allergens. 
The quest for insisting on purity is usually related to price of the commodity. 
If allergic individuals understand why the growing and processing of pure 
foods is more costly than impure foods, they have to determine whether the 
benefi ts they would derive from consuming pure food can be justifi ed with 
their budget. 

 Since approximately 60% of the carbohydrate and 50% of the protein in 
the human diet is derived from cereal grains, it is important to enumerate the 
principles involved in the production of pure cereals. Breeders, seed growers, 
and regulators have worked on this problem for many years in many countries, 
developing new varieties to meet the quality standards and specifi cations of 
both the food and feed markets. All  “ breeder lines, ”  which are bulked to 
produce a new variety, are each true breeding and pure for those traits that 
the breeder has selected them for during the segregating generations following 
the making of a new hybrid. The lines are uniform for important agronomic 
and quality traits such as grain yield per hectare, threshing effi ciency, height, 
uniform maturity, resistance to lodging, winter hardiness, seed weight and 
shape, bushel or test weight, protein content, quality of the protein, milling 
yield, reaction to prevalent races of important disease organisms, plus several 
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other traits that are particular to the crop species. Various genetic protocols 
have been developed and followed by geneticists and breeders to develop new 
varieties, but when a new variety is registered and released, it is inspected by 
regulatory agencies, and if it passes inspection, it is considered to be pure. After 
release, seed of the new variety has to be increased many times by specialized 
growers before a commercial seed is sold to ordinary farmers to grow. In 
Canada, pedigree seed is inspected throughout its passage through the various 
classes of seed from breeder, select, foundation, and registered to certifi ed 
seed. Bags of seed in these various classes carry the variety name and an offi -
cial tag identifying the class. When a certifi ed seed is grown by farmers, the 
seed then becomes commercial seed and is not permitted to carry the variety 
name. It is out of the pedigree system and carries the highest levels of con-
tamination. Each time a variety is grown, the risk of contamination with 
foreign seeds occurs, so the tolerance for impurities increases at each stage of 
the multiplication system. This system was designed for seed growers and 
ordinary farmers and not for manufactures of nonallergenic foods. However, 
later in this chapter, the Professional Advisory Board (PAB) of the Canadian 
Celiac Association (CCA) has used a part of the pedigree system to produce 
safe oats for CD patients. They used this system rather than devise a new 
system for oats to be used to produce pure seed for CD patients because all 
the necessary safeguards were in place in the offi cial pedigree system including 
an inspection system. It is important for the reader to know of some of the 
precautions that should, or must, be taken to prevent contamination of pure 
seed so that it and the products made from it can be safely consumed by indi-
viduals suffering from specifi c allergies.  

   5.2.    PRECAUTIONARY PROCEDURES 
TO AVOID CONTAMINATION 

   5.2.1.    Dedicated Systems 

 All of the participants in the system must be committed to make available safe 
foods to allergic individuals by using dedicated procedures and dedicated 
equipment to produce, isolate, process, label, market, and distribute safe food 
to the marketplace. Because the size of the market is relatively small and the 
costs of producing very pure seed are higher than producing impure commer-
cial seed, the number of growers and processors required is relatively small. 
If only a few seed companies and growers are willing to become involved, it 
may be an incentive to purchase equipment to be used exclusively for produc-
ing and processing pure seed of one crop kind.  

   5.2.2.    Begin with Pure Seed 

 Begin the production system with pure pedigreed seed carrying offi cial iden-
tifi cation tags signifying that the seed has been inspected by an offi cial agency 
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both in the fi eld and again later after the grain is harvested and cleaned. After 
the grain passes offi cial inspection, it is sealed and the sealed bag is labeled 
with an offi cial tag signed by the breeder. This should be followed by a dedi-
cated protocol that will keep its progeny pure each time it is grown to meet 
the desired specifi cations of the intended market. The seed has to be multiplied 
several times to obtain enough seed for processing into product. In a dedicated 
system, the producer must know in detail what market he or she wishes to 
serve and be committed to, taking all the precautions in the assignment of land 
and machinery that are necessary to deliver a safe product. In Canada, this 
operation is carried out by select seed growers who are members of the 
Canadian Seed Growers Association (CSGA) because they have been trained 
previously during a 2 - year probationary period to produce pure pedigreed 
seed.  

   5.2.3.    Choice of Land to Grow Pure Seed 

 The importance of proper crop rotations cannot be overemphasized in the 
growing of pure seed. Many cereal grains will produce a sparse density of 
volunteer plants on the same land that was used the previous season to grow 
the same, or a different, cereal. Never grow cereal grains on the same land in 
two or more consecutive years if the object is to produce pure seed. This is 
true for both spring -  and winter - type cereals. It is preferable to grow a pure 
cereal on land that was used to grow crops like soybeans, lentils, fl ax, canola, 
or corn the previous 1 or 2 years. This will give many opportunities for volun-
teer cereal seeds in the soil to germinate and be eliminated from the soil by 
tillage or in northern countries by freezing winter conditions.  

   5.2.4.    Purchasing Fertilizer 

 There is a danger when purchasing bulk fertilizer that the rail cars and trucks 
carrying fertilizer are not thoroughly cleaned prior to loading and delivery. 
These vehicles may contain traces of other crops or weed seeds resident in 
crevices in the fl oor of the vehicle, and these seeds become mixed with the 
fertilizer and are delivered to the farmer. These contaminants largely go unde-
tected at the time of delivery, and the seeds are spread with the fertilizer on 
the land to contaminate the new crop. One cannot solve this problem com-
pletely, but buying fertilizer in sealed bags can minimize contamination.  

   5.2.5.    Preparing Clean Equipment 

 Many pieces of agricultural equipment are required, at various times, to grow 
and process pure - seeded crops. Great care and time must be taken by produc-
ers to thoroughly clean all equipment before it is used especially if growers use 
the same equipment to grow and clean other crops on the same farm. It would 
be helpful if a complete set of the equipment could be reserved for growing 
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the pure grain each year. This is not always practical unless the specialized 
market for very pure seed is very large, and the grower earns the reputation as 
a reliable supplier of this market. The type of equipment referred to here 
involves fertilizer spreaders; tillage equipment to prepare a proper seedbed; 
soil packers to fi rm the soil after planting; sprayers to control insect pests and 
weeds; swathers to cut the grain and arrange the swathed grain in rows to dry; 
harvesting combines to thresh the grain; trucks to transport it; storage bins to 
hold the grain; seed cleaners to remove weed seeds, chaff, and straw; magnets 
to remove pieces of metal and loose nuts and bolts; destoners to remove small 
stones that may have been picked up from soil by a combine set to pick up 
lodged crop; gravity tables to classify grain; and bagging facilities to hold the 
grain and protect it from becoming contaminated after tagging. Some small 
pieces of equipment are easier to clean than large machines, but the most dif-
fi cult equipment to clean are the combine harvester, the seed cleaning units 
including the destoner, gravity tables, augers, and the various sized sieves that 
are used to separate large (corn) and small crop seeds (canola, mustard, and 
fl ax) and many different weed seeds. Anyone who has worked with harvesting 
and cleaning equipment will testify that to be certain that a piece of equipment 
is free of contamination is more optimistic than realistic. It is amazing how 
many  “ nooks and crannies ”  in a combine will hide contamination because a 
combine was designed to only thresh grain but not to keep it pure. As a breeder, 
I had to insist that my fi eld technician dismantle many of the working parts of 
the combine harvester before use and to employ forced air, and at times forced 
streams of water, to clean the combine before putting the main components 
back together. We would spend 1 day to clean the combine, and the next day, 
we would use it to harvest a breeder plot that took us about 2 hours to complete. 
This is why it is wise for anyone producing pure seed to have dedicated equip-
ment available that they can use each year to process the same specifi c com-
modity. Dedicated equipment requires much less cleaning.  

   5.2.6.    Offi cial Crop Inspection by Regulatory Authorities 

 Offi cial inspection by fi eld and seed inspectors is an essential step in producing 
pure seed. There are specifi c regulations that must be followed dealing with 
the identity and pedigree status of the crop being grown, the cropping history 
of the land, and the identity of previous crops. The CSGA supplies written 
information to pedigree seed growers stating  “ isolation ”  distances that must 
be followed between specifi c crops to ensure crop purity. Failure to follow 
these directions means the crop will not pass offi cial inspection. Isolation 
distances are required to prevent physical seed mixing caused by strong winds 
and cross pollination. Following harvest and cleaning, a laboratory analysis of 
properly sampled harvested seed must be performed to establish its purity. 

 Once the grain has been cleaned and has passed offi cial inspection, it should 
be placed in new  “ tote bags, ”  sealed with offi cial tags and transported to a 
dedicated processing facility. Many different processing facilities may be 
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involved depending on crop identity, and they range from facilities to make 
fl our, pasta, cake fl ours, and bread to malting facilities, beverage manufactur-
ers, to the suppliers of breakfast cereals such as rolled oats, steel cut oats, oat 
fl our, or deep - fried groats. The processor may want to sample each bag with 
an offi cial grain probe before it enters his or her facility to be confi dent that 
the seed is pure. The processor does not want to contaminate his or her facility 
with impure seed. Up to this point, all inspections have been accomplished 
using visual methods, but once the grain has been made into product, the 
processor may have to establish purity by relying on chemical or offi cial immu-
nological tests. In the case of ensuring pure oats for CD patients, an R5 
enzyme-linked immunosorbent assay (ELISA)   test is employed.  

   5.2.7.    Dedicated Food Processing Facilities 

 It is advisable that any company wishing to sell a pure food should operate a 
dedicated processing facility and follow strict rules to avoid contamination. 
Many large food companies do not wish to develop niche markets for allergic 
individuals because of the smaller estimated size of the market and the costs 
involved in building separate facilities. They are also apprehensive about law-
suits arising should one of their products cause harm to a client.  

   5.2.8.    Hazard Analysis and Critical Control Point ( HACCP ) 

 All food processing companies must have HACCP certifi cation to ensure that 
the facility can process, and the owners can legally sell, food products. This 
means that regulatory offi cials will inspect the facility on a regular basis for 
cleanliness.  

   5.2.9.    Equipment and Additives 

 In the manufacture of different products, attention must be devoted to thorough 
cleaning of equipment between runs, and caution must be exercised when 
adding noncereal products such as fl avorings and spices into the product. 
Additives such as adjuncts, starches, proteins, fats or oils, or extruded products 
should be tested to be certain that they do not cause allergic reactions to clients.  

   5.2.10.    Third - Party Inspection of Processing Plant 

 Third - party inspectors should be hired to ensure the safety of manufactured 
products even though this adds to the cost of production.  

   5.2.11.    Marketing 

   5.2.11.1.   Labeling, Identity, and Purity.      All   products sold in the market 
place should be accurately labeled to inform the consumer of the identity and 
purity of all the ingredients in the product. The level of purity has to be defi ned 
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for each food product. Some individuals react violently to an allergen, such as 
those suffering a nut allergy, whereas others are able to tolerate trace amounts 
of a different allergen without exhibiting a violent adverse reaction. In either 
case, the purity of the food product must be stated clearly on the label for the 
benefi t of the client.  

   5.2.11.2.   Packaging.      Pure foods should be sold in sealed packages so that 
there is no contamination in the health food store or supermarket. Some 
health food stores sell grain such as rolled oats in open bins, and it is easy for 
patrons to put scoops, and maybe even product, back into the wrong bin after 
use.    

   5.3.    NEW DEVELOPMENTS IN ALLERGEN MANAGEMENT 
FOR SPECIFIC GRAINS (E.G., OATS) 

 In response to the requests delivered to the CCA by its membership, the asso-
ciation embarked on a program to develop a strategy to make pure oats ( Avena 
sativa  L.) available to patients suffering from CD. CD patients internationally 
were, and are, advised to not consume commercial oats because they may be 
contaminated with trace amounts of various species of wheat ( Triticum  species), 
barley ( Hordeum vulgare  L.), rye ( Secale cereale  L.), and triticale (wheat    ×    rye 
hybrids) seeds, which contain the protein gluten. The CD patient cannot digest 
gluten completely into its constituent amino acids, which leaves a 33 - mer 
peptide  [1, 2]  that is absorbed by the small intestinal wall where it initiates an 
autoimmune reaction leading to an inactivation of the villi located on the inner 
intestinal surface. These villi normally function by absorbing digested food 
ingredients. This immune reaction leads to many health conditions in the 
patient that can only be remedied by the patient adopting a gluten - free diet 
for the remainder of his or her life. Fortunately, the 33 - mer protein does not 
arise after the digestion of oat, rice, or corn proteins, so most CD patients can 
tolerate these grains. Contamination of oats with gluten - containing seeds can 
occur at any point in the production, processing, or marketing chain. 

 Several modern studies have concluded that  “ pure oats ”  are considered safe 
for patients suffering from CD  [3] , and this is why the CCA embarked on a 
program to develop a strategy and a procedure for producers and processors 
to make  “ pure oats ”  available to CD patients. Rice and corn are usually not 
contaminated with wheat, barley, or rye gluten because rice farmers do not 
commonly grow wheat, barley, or rye, and if they grow corn, small oat seeds 
can be easily separated from large corn kernels before processing into food. 

 Many adult patients are diagnosed with CD as adults, and they miss their 
oatmeal porridge, cookies, and many of the other food products that use oat 
as an ingredient in foods: foods such as meat loaf  , oat/rice side dishes, yogurt, 
soups, drinks, custards, pilaf, snack foods, and fi sh and poultry stuffi ngs to name 
a few products. Many patients said they would dearly love to resume eating 
pure oats if they were available. 
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 This quest for returning oats into the CD diet has been given greater 
importance because studies in the past 15 – 20 years have revealed that oat is 
rapidly becoming recognized as both a medical as well as a very good nutri-
tional crop. Oat groats contain approximately twice as much protein as rice, 
and their amino acid profi le is very similar to that of rice grains. The addition 
of oat groats to rice improves the protein content of oat/rice side dishes in 
addition to improving fl avor. The fat content of oat groats is approximately 
equal to corn but four times higher than rice and its fatty acid composition 
is 80% unsaturated (oleic and linoleic). Its soluble dietary fi ber ( β  - glucan) 
content is 6 – 7%, and numerous studies have shown that it helps hypercholes-
terolemic patients lower their low - density lipoprotein (LDL) cholesterol  [4] , 
and this has been verifi ed  [5]  in a 10 - year study to evaluate the Food and 
Drug Administration ’ s decision to permit food processors to claim a medical 
benefi t from eating oats. The starch content of oat groats consists of both 
amylose and amylopectin, which is lower than rice or wheat and may contrib-
ute to its known lower glycemic index. Oats also contain a good supply of B 
vitamins and minerals such as Ca and P, and oats have good quality bran. Oats 
also contain many unique phytochemicals called avenanthramides  [6, 7] , which 
have both antioxidant and anti - infl ammatory properties, and it was shown  [8]  
that some avenanthramides had an inhibitory effect on the expression of 
proinfl ammatory cytokines in coronary heart disease. Stix  [9]  reviewed the 
pertinent medical literature and has stated that infl ammation underlies a 
broad range of human diseases including heart disease, stroke, diabetes, 
Alzheimer ’ s disease, depression and schizophrenia, cancer, and Crohn ’ s 
disease. In the case of cancer, Stix reported that anti - infl ammatory drugs do 
not kill cancer cells but they inhibit tumors from spreading to various parts 
of the body. Stix stated that  “ anti - infl ammatory drugs may join traditional 
chemotherapies which could keep solid tumours or premalignancies localized 
to one place. ”  Since oats contain some unique anti - infl ammatory phenolic 
compounds, these compounds and oats may fi nd a greater role in the health 
of all consumers including CD patients. It may only be necessary to consume 
pure oat variety groats with elevated levels of avenanthramides to combat 
serious diseases in the future. 

 As stated above, it is impossible at present, to guarantee 100% purity of 
oats for CD patients. Although it may be desirable to have such a high level 
of purity, it is almost impossible to achieve 100% purity for most patients. 
Alternatively, medical researchers and government regulators internationally 
have tried to arrive at a safe level of gluten in prepared foods for CD patients. 
The level now adopted by Codex Alimentarius (adopted in 1979, amended in 
1983, revised in 2008) as safe is 20   ppm  [10] . Operationally, the protocol and 
position statement published by the CCA  [11]  supports the lower level of 
5   ppm in pure oat products. The strategy and procedures that were formulated 
and adopted by the PAB of CCA to achieve this goal are now described. 

 To achieve any level of purity that is considered safe, it is necessary to adopt 
a production and inspection procedure that can be monitored by government 
inspectors so that CD patients can be assured that the labeled product is safe 
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for them to consume. The PAB decided to take advantage of the seed purity 
and inspection system  [12]  that is already in place in Canada to service farmers 
and the seed industry (seed regulations of the Canadian Seeds Act). In the 
pedigree system, the amount of impurities permitted in the various classes of 
seed (breeder, foundation, registered, and certifi ed) increases progressively 
from the purest breeder seed to the most contaminated certifi ed seed. 

 Breeder seed comes from the breeder of the variety and consists of a bulk 
of breeder lines that are selected, for phenotypic and quality uniformity such 
as plant height, days to maturity, kernel seed size, kernel color and test weight; 
reaction to important races of disease; and protein, oil, and  β  - glucan composi-
tion  . A 2 - kg reference sample of breeder seed is kept by the Canadian Food 
Inspection Agency (CFIA)   for legal purposes should anyone challenge, in the 
future, the identity of seed of the variety they have purchased. 

 Trained seed growers belonging to the CSGA who have completed a 2 - year 
probationary period as qualifi ed select seed growers are allowed to grow allot-
ments of breeder seed. They are required to remove any impurities from the 
crop, and they arrange for the crop to be inspected by CFIA inspectors to 
make certain that the plants and seed are eligible for select seed status. Select 
seed is then grown on a much larger area to produce foundation seed. The 
crop is again inspected in the fi eld by CFIA inspectors, and properly sampled 
seed is sent to government seed laboratories to check for purity and germina-
tion percentage. To obtain the foundation #1 rating, the seed shall only contain 
from 0 to 1 wheat, barley, rye, or triticale seed per kilogram of oat groats. If 
the crop meets or exceeds this level of purity, the CFIA issues the grower with 
documentation to verify the grains status, and the seed is made secure. The 
gluten content per kilogram with this degree of contamination can be calcu-
lated to be less than 5   ppm, which is much lower than the 20   ppm   required by 
Codex Alimentarius. 

 The CCA has adopted the classifi cation of foundation #1 as the purity clas-
sifi cation to recommend to CD patients for their consumption. Eating pedi-
gree seed at this level of seed purity is costly because stopping seed 
multiplication at the foundation #1 level prevents the seed grower from 
growing repeated multiplications of seed to end up at the certifi ed seed level, 
which is the class of seed commonly sold to ordinary farmers. It is also the 
class of pedigreed seed with the highest level of contamination, which cannot 
be tolerated by CD patients. Many CD patients are willing to pay the price to 
be able to eat foundation #1 seed. 

 Once the seed is sent to a dedicated food processor, it may be steel cut, 
fl aked, or ground into fl our. The level of purity of the fi nal processed food 
product must be verifi ed because contamination with gluten - containing grains 
can occur during delivery or within the confi nes of the processing facility. In 
the fi eld or seed laboratory, purity is determined by visual means by highly 
trained inspectors, but once the grains are cut, fl aked, or ground into fl our, 
purity is monitored using an R5 ELISA test. This test is able to detect a gluten 
concentration of 5   ppm or higher but cannot detect lower levels of gluten. This 
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low level is safer than is required, but the CCA has adopted this standard 
because it is possible that the Codex may wish to adopt a lower standard in 
the future. 

 Products made from oats as described above have to be labeled so that CD 
patients can quickly identify oat products that are safe to consume. Terms such 
as  “ gluten free ”  or  “ only oats ”  are probably not true because if the oats are 
grown and processed as described, they will likely contain some gluten but the 
amount will be less than 20   ppm and likely below 5   ppm. To avoid the problem 
of having to list on the package the actual gluten content, the CCA prefers to 
use their copyrighted logo called  “ PAVENA, ”  which can be affi xed to the 
package to inform the CD patient that it is safe for them to consume. PAVENA 
is a composite word that stands for pure Avena, and Avena is the generic Latin 
name for oats. CD patients will have to inform themselves what PAVENA 
means in terms of how the oats were grown, inspected, and processed for their 
safety. 

 Experience has shown that some individuals react adversely to even pure 
oats. Their diffi culty may be caused by an extreme sensitivity to the small 
amount of gluten in the oat or to other proteins not related to the gluten frac-
tion in the kernel. CD patients are not accustomed to eating substantial 
amounts of soluble dietary fi ber in oats or oat bran, but patients should initially 
consume modest amounts of PAVENA until their system adjusts to the 
increase in fi ber. One could speculate ad infi nitum on what causes a few 
patients to react adversely to oats, and the causal agents might reside in her-
bicides or pesticides that were used to grow the oat crop or to toxins liberated 
by even low infection of the seed caused by fungi present on or in the oats. 
Some very sensitive patients are advised to stop consuming PAVENA oats and 
obtain their important dietary fi ber from other food sources. At present, two 
food companies in Canada, Cream Hill Estates and Farm Pure Seeds, are 
selling pure seed or products to CD patients in Canada and the United States. 

 As stated earlier in this chapter, ideally one would like to formulate a strat-
egy that would produce less expensive and preferably even purer oats for CD 
patients. The author is in the process of developing such a new system at 
Ottawa, which is based upon changing the color of oat hulls to dark brown 
through breeding so that these dark - colored grains can be effi ciently separated 
from all gluten - containing seeds using modern optical, high speed, seed sorting 
equipment after harvest. The hulls of covered seeded oats grown by farmers 
today usually are either white, yellow, or light tan. The strategy is to fi rst 
remove all grains that contaminate the brown hulled oats, including gluten -
 containing seeds, and then to dehull the pure brown oats in a separate opera-
tion to produce pure groats in a dedicated facility. By following this procedure, 
growers will be able to bypass fi eld inspections and the pedigree system and 
may be able to even use commercial seed providing the bulk of the oat seed 
is dark brown. If the seed is heavily contaminated with wheat, barley, or rye, 
the brown oats may have to be put through the seed sorting machines several 
times to obtain the desired level of purity. 
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 Once pure oat groats are obtained, they should be assayed for gluten 
content using the R5 ELISA test and stored in clean tote bags ready for trans-
porting to a certifi ed HACCP food processing facility. Successful seed lots 
should carry the PAVENA trademark label. All agricultural commodities and 
products that may contain even traces of wheat, barley, rye, or triticale should 
be carefully monitored to ensure purity and safety for patients suffering from 
CD. Purity is the watch word for those servicing the celiac community.  
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  6 
PRINCIPLES AND PRACTICES FOR 
ALLERGEN MANAGEMENT AND 
CONTROL IN PROCESSING    

    6.1.    INTRODUCTION 

 Managing allergens during food processing is of vast importance in today ’ s food 
industry. Food allergies affect an estimated 6 – 8% of children under the age of 
3, and 1 – 2% of adults in industrialized countries. While most allergic reactions 
are mild in nature, some of these sensitized individuals can develop serious or 
life - threatening allergic reactions when exposed to allergenic proteins. Since 
there is currently no remedy for food allergies, the only successful method to 
manage one ’ s allergy is to avoid foods containing the causative allergens. 

 The overall objective of an allergen management program can be summa-
rized as avoiding the production and subsequent distribution of products 
containing undeclared allergens into the food chain. This can be further defi ned 
as ensuring that any product destined for consumption and containing aller-
gens is properly labeled. While each operation will have its own unique situ-
ations, fi ve categories are typically involved in successful allergen management: 
administrative and management functions, controls to minimize the potential 
for cross - contact, management of work - in - process (WIP) and rework, effec-
tive sanitation practices, and label control programs. Each of these categories 
can contain many subcomponents depending on the individual operation. In 
all cases, the level of control should be commensurate with the potential risks 
presented.  

Allergen Management in the Food Industry, Edited by Joyce I. Boye and 
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   6.2.    MANAGEMENT RESPONSIBILITIES 

 Management has the responsibility for establishing appropriate policies and 
procedures and providing the necessary resources for an infrastructure that 
will facilitate allergen management such that there are no undeclared aller-
gens in its products. Management must ensure that each facility that stores, 
manufacturers, and distributes products has an active and effective allergen 
management plan. While a plan may contain common components between 
different locations, effective allergen management plans, like Hazard Analysis 
and Critical Control Point (HACCP) plans  , should be location and product 
specifi c. In most instances, the plan will also be line specifi c as well. 

   6.2.1.    The Allergen Management Team 

 One of the fi rst steps in developing an allergen management program is the 
formation of an allergen management team. An effective team is often a mul-
tidisciplinary unit with members from quality assurance, manufacturing, engi-
neering, warehousing, and regulatory affairs. In addition, since they play a key 
role in allergen management, it is important to have representation from the 
line personnel on the team. While some individuals on the team may have 
extensive knowledge of allergens or procedures for allergen management, this 
is not a prerequisite for membership. On the other hand, some, particularly 
smaller, companies may not have ample personnel with such knowledge and, 
therefore, may need to hire consultants or obtain assistance from other outside 
experts. Outside assistance can also be found from trade associations, govern-
ment organizations, universities, and online resources. Assembling this highly 
visible team with authority and responsibility to set plant - wide allergen policy 
represents another form of communicating management ’ s commitment to the 
allergen management program. 

 Responsibility for developing procedures in accordance with the company ’ s 
allergen management policies and objectives will lie with the allergen manage-
ment team. Since the allergen management plan will be facility, product, and 
line specifi c, the team members must have extensive knowledge concerning 
the establishment ’ s structures, equipment, operational procedures, personnel 
practices, ingredients, products, sanitation programs, labels, and label control 
practices. They should also have current information and knowledge concern-
ing allergens, best practices for allergen management, and regulations pertain-
ing to allergens and allergen labeling. In keeping with the objectives that 
products containing allergens are labeled correctly and no products contain 
undeclared allergens, the allergen management team will want to conduct a 
thorough allergen risk assessment for each product produced, stored, and/or 
distributed at a given facility.  

   6.2.2.    Risk Assessment 

 Risk analysis is a key component of a successful allergen management plan. 
It is the backbone on which all future decisions and plans are based. An aller-
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gen management plan will not be effective in preventing undeclared allergens 
reaching the marketplace, regardless of how well it is followed, if the risk 
assessment is not conducted properly and the risks that warrant control are 
not identifi ed. Risk assessment for the development of comprehensive aller-
gen management plans involves two stages: risk identifi cation and risk evalu-
ation. The following are general procedures the allergen management team 
can follow to identify and evaluate the risk of undeclared allergens being 
present in products made at their facility. It is often helpful to perform the 
fi rst three tasks before attempting to undertake the remaining ones: 

   •      identify allergen - containing materials associated with each product and 
process;  

   •      identify the potential presence of unlabeled allergens in incoming 
materials;  

   •      map the traffi c patterns of all ingredients, products, and allergen - 
containing materials through the process facility;  

   •      identify specifi c procedures or areas where cross - contact may occur, 
including handling of rework and WIP materials;  

   •      identify potential labeling/packaging problems; and  
   •      assess the likelihood and probability that any of the above could lead to 

an undeclared allergen in any fi nished product.    

 It is vitally important for the allergen management team to document their 
evaluations of each risk identifi ed. These records can be retained for reference 
when there is a need to review and/or update the allergen management plan. 
Detailed information on risk assessment and risk management is provided 
elsewhere in this book.  

   6.2.3.    Supplier Relations 

 An often overlooked facet of allergen management is the assessment and 
evaluation of practices employed by one ’ s suppliers. Food processors and their 
suppliers should work together to assure that ingredients and packaging mate-
rials are labeled properly and that they contain no undeclared allergens. 

 Prior to approving suppliers, customers should assess whether the supplier 
has procedures in place that can be used to highlight the presence of allergens 
and to minimize the potential for the inadvertent presence of allergens in the 
materials that they provide. In conducting an assessment, customers have a 
variety of methods at their disposal. Supplier inspection surveys, facility audits, 
product testing, and evaluation and review of product specifi cation compliance 
are but a few of the approaches that could be employed. Whatever tactics are 
utilized, the assessment should be designed to provide a level of knowledge 
that programs are, or are not, present, effective, and operating at a level that 
will ensure that no ingredients contain undeclared allergens and those aller-
gens in the ingredients are properly declared. Elements of successful programs 
will be discussed in greater detail later in this chapter. 
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 Customers and suppliers should agree on all controls necessary for the 
proper handling throughout the food chain of allergen - containing ingredients. 
This may be accomplished by the use of a written ingredient specifi cation that 
delineates, among other items, receiving, packaging, labeling, transportation, 
and storage requirements for ingredients containing allergens. To maximize 
supplier customer communications, the supplier and customer should each 
sign or initial the specifi cation. Often, customers may want to reference a given 
specifi cation on their purchase orders. 

 In addition to developing pertinent purchasing specifi cations, customers 
often require a letter of guarantee indicating that materials received from the 
supplier have been manufactured and/or handled in a manner that assures that 
the specifi cations were met and that the materials comply with applicable laws 
and regulations including those related to the declaration of allergens. In 
certain instances, the customer may require that a certifi cate of analysis (COA) 
accompany each lot of material from the supplier. The COA is used to indicate 
that a particular lot has been tested and meets the specifi cation. For example, 
if the customer is aware that its supplier of cornmeal also manufactures peanut 
meal in the same facility, they may require a COA indicating that the cornmeal 
does not contain detectable peanut residues. 

 While requirements will depend on the material involved, information on 
specifi cations, site - specifi c procedures, and customers included on a COA 
could include  [1] 

    •      full description of the commodity,  
   •      lot numbers for products in the shipment,  
   •      date of production,  
   •      date product was shipped,  
   •      quantity of product covered by the COA (e.g., 40 cases at 70   lb each),  
   •      laboratory conducting the testing (supplier ’ s lab or outside laboratory),  
   •      results of analyses,  
   •      methods of analysis (name of test kit used, method number from the 

Association of Offi cial Analytical Chemists [now known as AOAC 
International], etc.)  , and  

   •      descriptions of sampling plans used to generate results contained on 
the COA.     

   6.2.4.    Training 

 All employees involved in the production of foods in a factory that handles 
allergenic ingredients should complete a training session on food allergens. 
The sessions can be part of new employee orientation, as well as ongoing 
training that can be repeated as often as necessary. Consideration should be 
given to the fact that employees have varying backgrounds, knowledge, abili-
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ties, and language skills. For these reasons, the information presented should 
be relevant, applicable, and brief. Information that could be covered for most 
employees includes 

   •      what are food allergies and allergens,  
   •      health consequences of unintended exposure of allergens for food - 

allergic consumers,  
   •      issues involving cross - contact,  
   •      labeling and mislabeling issues.  
   •      recall statistics showing the percentage involving allergen labeling 

issues, and  
   •      allergen management strategies.    

 Members of the allergen management team can attend training with content 
more oriented toward regulatory issues, current research on allergens, risk 
evaluation, and allergen testing.   

   6.3.    PROGRAMS DESIGNED TO PREVENT CROSS - CONTACT 

   6.3.1.    Good Manufacturing Practices ( GMP  s ) and Standard Operating 
Procedures ( SOP  s ) 

 Prevention of cross - contact often starts with compliance to basic and funda-
mental requirements for the production of safe and unadulterated food. 
Referred to as  “ good manufacturing practices ”  or  “ good hygienic practices, ”  
these GMP/GHP programs provide the basic environmental and operating 
conditions necessary for effective control of common hazards in the food 
industry  [2] . Various sections of these regulations deal with issues that indi-
rectly impact food safety. Some of these sections are more relevant to the issue 
of allergen management than others. For example, the sanitary design and 
maintenance of facilities and equipment as well as employee practices can 
have a direct bearing on the effectiveness of an allergen management program. 
Without programs such as the GMP/GHPs, specifi c allergen management 
measures may be ineffective in assuring the production of safe foods. 
Furthermore, the GMP/GHPs simplify the development and maintenance of 
an allergen management program. 

 Key components of an allergen management program may have to be 
developed and documented depending on the individual requirements of a 
given facility. Detailed SOPs can be developed for measures such as control 
of ingredients, storage and handling of ingredients, packaging material and 
fi nished goods, scheduling, and control of rework and WIP materials. The cor-
responding monitoring procedures can also be developed in the form of an 
SOP. It is important to verify that these allergen management and monitoring 
procedures are effective and are being implemented. Therefore, written pro-
cedures should be developed for conducting such verifi cation activities as well.  
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   6.3.2.    Receipt of Ingredients 

 Receiving personnel can have specialized training in procedures for proper 
receipt, handling, and storage of allergen - containing ingredients. Employees 
may be trained to understand color coding or other marking procedures such 
as colored placards or distinct shrink - wrapping that are used for allergen 
control. These procedures should be documented in an SOP. 

 Prior to breaking seals or otherwise opening a delivery vehicle, receiving 
personnel can verify that goods are being received from an  “ approved sup-
plier. ”  Approved supplier status should ensure that the supplier ’ s allergen 
management procedures have been reviewed and found to be acceptable or 
consistent with one ’ s own allergen management strategies. The customer can 
then inspect all ingredients and the vehicle ’ s cargo space prior to acceptance. 
The inspection can determine if there are allergen - containing materials on the 
load or if the packaging integrity of allergen - containing ingredients has been 
compromised creating an opportunity for cross - contact. The vehicle that deliv-
ered the ingredients can be inspected after unloading as well to see if any 
allergen - containing foods are present that could have been hidden when the 
cargo area was full. 

 Some allergen - containing ingredients are received in tankers or railcars and 
unloaded into bulk storage systems. Bulk storage silos or tank farms need 
stringent controls to ensure that nonallergen components cannot be mixed 
with allergen - containing ones. Such controls can include tamper - evident seals 
on delivery vehicle entry and discharge points, verifi cation of prior adequate 
washout, prior load information, and clean transfer areas and equipment. 
Access to ports and pipelines used in the receipt of bulk ingredients should 
be restricted by using locks and/or seals. Where multiple receiving ports are 
available, distinct and proper labeling of each port or pipeline connection is 
also recommended.  

   6.3.3.    Storage and Transfer of Ingredients,  WIP , Rework, and 
Finished Goods 

 Movement and storage of allergen - containing ingredients, WIP, rework, and 
fi nished goods should be done in a manner that minimizes the opportunity for 
cross - contact. The design of storage systems and transfer protocols will depend 
on the nature of cross - contact risks, the characteristics of the allergens involved, 
and individual operations in a facility. Retrieval of the wrong material and 
subsequent usage in a product can have serious implications, the least of which 
is a product recall. As noted earlier, controls to eliminate hazards should be 
commensurate with the risks presented. 

 One of the best ways to prevent cross - contact between allergen - containing 
materials and other items during warehousing is to use segregated storage 
areas. These areas are reserved for the storage of allergens, and ideally, specifi c 
allergens will have designated locations. While this is an ideal situation, the 
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practicality of employing it is often limited. Many facilities do not have avail-
able storage space to implement a program such as this. Also, component 
materials frequently can contain more than one allergen. Many baked goods, 
for example, can include dairy, wheat, soy, eggs, and possibly, tree nuts. 

 A common alternative to segregated storage is to use distinct identifi ers for 
allergen - containing materials. Colored shrink - wrap or colored placards are 
frequently used to designate allergenic compounds. The use of colored shrink -
 wrap has the added benefi t that it can enhance the integrity of a given package. 
In operations that use only a few allergens, different colors of shrink - wrap or 
different colored placards could designate specifi c allergens (e.g., blue for 
dairy and red for tree nuts). Distinct pallets or unique totes or bins can also 
be designated for allergen use only. 

 Whatever method of demarcation and/or identifi cation is selected, includ-
ing the use of segregated storage, allergen - containing materials need to be well 
marked when placed in storage. Somewhere on the container, pallet, or bin, 
there should be information indicating the name of the material, WIP, or 
rework. Other information could include the date of receipt or production, an 
inventory control number, and the name of the allergen present in the mate-
rial. Computerized bar code generation and scanning technology could also 
be used to generate and record necessary information for allergen manage-
ment as well. In the case of palletized items where the units will not be used 
in pallet quantities, care should be taken to place the necessary information 
in a location that will not be lost as the pallet is used. Some companies choose 
to place this information on the lower containers located on a pallet, or on the 
pallet sideboards. If information is placed directly on pallet sideboards, addi-
tional effort should be employed to ensure that the information is removed 
from the pallet once the pallet becomes empty. Failure to do so could result 
with two sets of information on a given pallet. This is the type of confusion 
and miscommunication that can lead to the retrieval and subsequent use in 
production of the wrong ingredient, WIP, or rework. An event such as this 
often leads to a major product recall. 

 It is important to use secure storage containers for the warehousing of 
allergen - containing ingredients or foods. This is especially prudent when 
storing rework or WIP materials that can often fi nd themselves stored in 
makeshift enclosures (see Section  6.3.5 , Management of rework and WIP)  . 
Storage containers should provide two important properties; they should pre-
clude the opportunity for the contents to be contaminated and for the contents 
to contaminate other items. When possible, containers that hold allergen -
 containing materials should be movable on their own (e.g., totes on wheels) 
without the use of forklifts, pallet jacks, and other equipment. If this cannot 
be facilitated, care must be taken to avoid the spread of allergens to other 
parts of the factory through these transport and lifting devices. 

 Handling and transport of allergen - containing ingredients, WIP, and rework 
should also be performed in a manner that minimizes any potential for cross -
 contact. The allergen management team should evaluate traffi c patterns and 

c06.indd   151c06.indd   151 6/17/2010   7:06:13 PM6/17/2010   7:06:13 PM



152 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

product fl ows for all items containing allergens and adopt policies and proce-
dures that offer the optimum protection against cross - contact. Written proto-
cols in the form of SOPs and adequate training of appropriate personnel will 
go a long way toward accomplishing these objectives.  

   6.3.4.    Processing System Design 

 Processing systems should be designed to minimize cross - contact opportuni-
ties, prevent the accumulation of food residues, and facilitate cleaning and 
inspection operations. It is relatively easy to incorporate proper design fea-
tures to minimize the potential for cross - contact of allergens into the overall 
plant layout and process design when building a new facility. On the other 
hand, when working in an existing facility, which is typically the case in the 
industry, dealing with allergen cross - contact issues is characteristically more 
taxing. The challenge is to adequately manage allergens in the facility with 
minimal disruption to existing operations and processes. 

 The use of dedicated processing systems is considered one of the most 
effective methods for dealing with allergen cross - contact. The dedication of 
processing systems can take different forms. In one application of this prin-
ciple, an entire section of a facility is set aside for the manufacture of a par-
ticular allergen - containing product. None of the processing lines in that section 
has any cross - connections to other lines in the plant. At other times, only a 
particular processing line and adjacent equipment are set up for a particular 
allergen - containing product. Lines manufacturing other products that do not 
contain allergens may be close by, but there is no physical connection or shared 
equipment between those lines. 

 While a company may not be able to isolate entire processing lines and 
pieces of equipment for the production of products containing a specifi c aller-
gen, the dedication of utensils, tools, storage areas, smocks or uniforms, and 
even personnel is often possible. Such procedural control measures signifi -
cantly reduce the risk of allergen cross - contact and can be implemented 
without major capital investment. The manner in which each of these measures 
is used will be based on the risks of allergen cross - contact that exist in the 
specifi c processing situation. 

 When the use of dedicated systems is not feasible, adequate control may 
be achieved by physically separating unit operations handling allergen - 
containing materials from the rest of the plant. The degree of separation is 
a function of procedural measures, such as controlling the movement of 
materials and personnel throughout the facility, and physical containment of 
allergen - containing products in tanks, pipes, and enclosed processing rooms. 
The operation may or may not be separated from the rest of the facility by 
walls or other enclosures. Adequate control can be achieved through diligent 
adherence to the procedures and proper supervision. 

 Production scheduling can be a powerful tool to minimize the risk of cross -
 contact associated with producing allergen - containing products on shared 
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equipment. It can often be utilized to offset limitations inherent in facility 
design. Control is attained entirely by procedural means, which are relatively 
easy to implement. However, production scheduling is also more vulnerable 
to human error than line dedication and physical separation. Oftentimes, 
scheduling is not used solely to reduce risk; rather, it is considered an adjunct 
to other measures. Scheduling can enhance allergen management through 
various means including setting the order of production, reducing frequent 
changing from one product to another by running lines for longer hours, 
running allergen - containing product lines when other lines are idle, and manu-
facturing allergenic product last in a series of product runs  .  

   6.3.5.    Management of Rework and  WIP  

 The term  “ rework ”  refers to fi nished or partially fi nished products that are 
later reincorporated into the manufacturing process. For example, ice cream 
in bulk containers left over from the last production run and reintroduced into 
the processing line to manufacture another ice cream product is considered 
rework. Likewise, if a fi nished product is added back to the same product line 
because of a packaging defect, the add - back material is considered rework. 
WIP items are partially fi nished products that are in between different produc-
tion stages. For instance, cheese that is shredded and transferred to a cooler 
to await incorporation into a pizza is considered WIP. Bread that is baked and 
then stored overnight before packaging is another example of WIP material. 

 The generation of WIP products is often inherent to a given processing 
operation but the same cannot be said of rework. Rework that contains an 
allergen is inherently risky to handle. Consequently, any efforts by a fi rm to 
reduce or eliminate rework can signifi cantly reduce the allergen management 
risks involved. While not feasible for all operations, some businesses have 
restricted the use of rework material containing allergens to the particular 
production run that generated the rework or to use in  “ like ”  or same product. 

 Whenever possible, rework or WIP products that contain allergens should 
be used immediately during a production run. When that is not possible and 
these products have to be stored until further use, care must be taken to 
prevent any cross - contact of these materials with other products in the storage 
area. These products should be clearly identifi ed to minimize the possibility of 
their use on the wrong processing line. Appropriate inventory and traceability 
records need to be kept in order to document the control of these materials 
during storage and to be able to appropriately trace allergen - containing mate-
rials. For further information, see the Section  6.3.6 , Documentation and record 
keeping  , located elsewhere in this section. 

   6.3.5.1.    Storage of Rework and  WIP .     There is one signifi cant difference 
between regular ingredients and rework/WIP materials that can affect the 
ability to control incidental cross - contact. Ingredients are usually received in 
their original packages designed to withstand the normal wear and tear of 
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distribution without loss of container integrity (e.g., cans, drums, bins, bags, 
cases). The sturdiness of the packages also minimizes the potential for their 
contents to be released. In other words, the basic integrity of the packaging 
materials, combined with palletization features such as stretch wrap, greatly 
lowers the chance for cross - contact of allergen - containing materials with other 
products in the storage area. Rework and WIP materials, on the other hand, 
are usually stored in temporary containers such as totes, pails, and carts. 
Moreover, the types of covers or closures for these containers can range from 
nonexistent to fl imsy (cardboard covers, foil wrap, shrink - wrap) to secure 
(fastened lids). These temporary and  “ homemade ”  containers have greater 
potential to break or otherwise spill allergen - containing ingredients into their 
surroundings or on to other non - allergen - containing products. 

 Dedicated containers, closures, totes, and so on, should be used to store 
rework and WIP products. If that is not feasible, the containers and lids should 
be thoroughly washed before being reused using a procedure that has been 
validated to facilitate the removal of allergenic residues (see Section  6.3.10 , 
Validation and verifi cation of  “ allergen - clean ”  sanitation standard operating 
procedure [SSOPs], later in this chapter)  . Disposable plastic inserts or liners 
can also be used in the containers. All containers should be clearly marked to 
indicate the contents and the presence of allergens in a product. In operations 
that deal with few allergenic ingredients, a color scheme could be used to 
designate the presence of a specifi c allergen. In facilities that handle numerous 
allergens, color schemes may be used in addition to other identifi cation systems. 
For further information, see Section  6.3.3 , Storage and transfer of ingredients, 
WIP, rework, and fi nished goods  . 

 In addition to being properly identifi ed during storage, in order to avoid 
accidental use of an allergen - containing material in a non - allergen - containing 
product, rework and WIP products need to be accurately inventoried during 
storage. Entering the identifi cation information from WIP and rework contain-
ers into an inventory control system could facilitate tracking and reconciliation 
of usage if the need should arise.  

   6.3.5.2.    Usage of Rework and  WIP  Materials.     For product labeling consid-
erations, as well as food safety concerns, allergen - containing rework should 
only be added back to products that contain the same allergen. This practice 
is referred to as  “ like - into - like ”  or  “ like product. ”  For example, chocolate ice 
cream with peanuts may be added to chocolate fudge ice cream that contains 
peanuts, almonds, and pistachios (provided that all of the ingredients in the 
chocolate ice cream are also in the chocolate fudge ice cream) but not the 
reverse. On the other hand, hummus containing walnuts cannot be added to 
hummus that does not contain walnuts. 

 Reentry of rework and WIP products into the process stream should be 
tightly controlled in order to minimize the potential for faulty product mixing. 
The level of control is a function of various factors, such as the staging and 
transfer of these materials, the reentry points in the process, and the equipment 
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used for add - back. One approach could be to assemble all allergen - containing 
items for a specifi c batch in a dedicated staging area. Ideally, non - allergen -
 containing ingredients should be excluded from this area. The transfer of 
rework and WIP materials from the staging area to the processing line should 
be accomplished without cross - contact with other ingredients or products. 
Tracking the allergen - containing materials through the entire process also 
needs to be documented, including reconciling rework at the end of the day 
or shift  [3] . 

 Without properly documented and executed reentry procedures, the nec-
essary level of control for handling allergen - containing rework and WIP 
potentially cannot be achieved. These procedures could utilize work instruc-
tions on staging, transferring, and safely adding back allergen - containing 
materials, including standard methods of dispersion and prevention of spill-
age. They also could include instructions on how to handle reentry machinery 
including preoperative inspections and cleanup. Record keeping information 
is also important. Spillage may require specifi c instructions for collection and 
disposal.   

   6.3.6.    Documentation and Record Keeping 

 As with any other formal facility program, the management of allergens relies 
heavily on employee conformance with the intent and specifi cs of the program. 
One method to assure conformance is by developing and using written pro-
cedures and/or SOPs that provide enough detail and information for employ-
ees to follow. Such procedures should be easy to understand, applicable to the 
operation, and current. SOPs should be developed for each and every facet of 
the allergen manual program. When dealing with the potential of undeclared 
allergens, the consequences of not following prescribed procedures are too 
severe to leave execution of the plan dependent on verbal instruction. 

 Monitoring records are perhaps the most important daily operations records 
since they document the proper implementation of the allergen management 
measures, or lack thereof. The obvious purpose for monitoring is to generate 
data, either through measurements or observations that indicate that all pro-
cedures were followed according to the allergen management plan and that 
they were effective. When monitoring activities yield unacceptable results, a 
corrective action designed to control or remedy an out - of - compliance situa-
tion should ensue. Monitoring records should provide enough information for 
the person performing the monitoring and a reviewer to determine if a given 
allergen management procedure was conducted properly or if corrective 
actions are needed. Corrective actions should also be documented with sig-
nifi cant detail. 

 A secondary use of monitoring data is the analysis of trends, which may 
provide a mechanism for detecting potential problems before they become 
acute. This would allow a processor to initiate process improvements before a 
particular situation becomes out of control. 
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 Verifi cation is a concept discussed in Section  6.3.7 , Sanitation practices  . 
However, verifi cation activities, and records documenting these activities, 
should also be part of the overall allergen management plan. Verifi cation 
includes those activities, other than monitoring, that are designed to ensure 
that the allergen management plan is being implemented properly. Since veri-
fi cation encompasses overall compliance with the allergen management plan, 
it can include activities ancillary to the actual plan such as verifi cation of GMP/
GHP programs or other indirectly related practices. Common verifi cation 
activities include, but are not limited to, calibration, record review, and inde-
pendent checks. 

 Processors may want to consider a documentation system to track the 
allergen - containing ingredients as well as rework/WIP materials from receipt 
though fi nal usage. While specifi c systems often differ from plant to plant, 
certain basic records can be necessary to keep track of these materials such 
as batch sheets that identify allergen - containing items, designate which 
product/formula the materials will be added to, the processing line, production 
date, and the corresponding batch number. Batch or formula sheets could 
specifi cally identify those ingredients that are allergenic to alert operators that 
they are dealing with allergens and should use special handling procedures. 
This is especially useful when the allergen may not be easily identifi ed (e.g., 
 “ albumin ”  instead of  “ eggs ” ). Also, at a rework/WIP reentry point, informa-
tion on staged containers could be reconciled with a pre - authorized produc-
tion batch sheet. Notation of this reconciliation step could be entered onto the 
batch sheet, along with the operator ’ s initials and the time of the activity. 
Practice or  “ mock ”  tracing exercises can be performed routinely to verify the 
system is functioning as expected. 

 Allergen management depends, to a large degree, on maintaining sanitary 
conditions in a plant that go beyond basic plant sanitation or GMP/GHP 
compliance. Therefore, detailed procedures on how to achieve these condi-
tions should be developed and their compliance verifi ed and documented. 
SSOPs are specifi c written procedures that can be the key in providing food 
contact surfaces that are free of allergenic residues and cross - contact from the 
environment by allergenic substances that have escaped proper cleaning. For 
greater detail, see Section  6.3.7 , Sanitation practices. Nevertheless, documented 
SSOPs designed to deliver allergen - clean equipment should be part of an 
overall allergen management program. Monitoring and verifi cation of these 
SSOPs can also be part of the program. This could include procedures and 
records to verify the concentration of a detergent used in a procedure, or 
similar step. 

 Finally, records should be kept in support of the original risk assessment. 
Notes on why a given risk is part of the allergen plan when others are not 
could be valuable when updating a plan or explaining it to auditors or govern-
ment agents. Any support documentation such as letters from suppliers, scien-
tifi c articles, or regulatory agency guidance can also be kept to support 
decision - making activities associated with the risk assessment or control mea-
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sures. Notes should also be kept to support the adequacy of given sampling 
frequencies where appropriate.  

   6.3.7.    Sanitation Practices 

 A company ’ s sanitation program plays a vital role in the management of 
allergens. In the context of allergen management, the main purpose of sanita-
tion is the removal of product residues through the use of proper cleaning 
techniques. Removal of microorganisms plays a secondary role, as they are the 
target of the sanitizing step that typically follows cleaning. 

 For sanitation measures to be effective, equipment and plant structures 
should employ accepted standards of sanitary design and installation. 
Machinery should be cleanable and accessible and the cleaning step should 
result in the removal of food soils and chemical residues. Documented and 
validated SSOPs should be carried out by a trained, competent, and well -
 staffed sanitation crew. The crew should utilize sanitation systems and tools 
that are appropriate for the job and should have ample time allotted to 
perform an adequate cleaning job. Sanitation effi cacies can be independently 
verifi ed, as appropriate. 

 Most food operations rely on the use of water and detergents and the 
proper application of cleaning equipment to keep their facilities clean. Wet 
cleaning, as it is commonly referred to, is preferred where feasible since aller-
genic proteins tend to be soluble in hot soapy water. Alkaline detergents and, 
in some cases, acid detergents are useful in removing proteins. When deter-
gents are employed, their concentration should be checked with suffi cient 
frequency to ensure they are at the desired strength and the results are docu-
mented on appropriate forms. Clean - in - place (CIP) systems are highly benefi -
cial where feasible because they can be engineered to be very consistent once 
validated. 

 Low - moisture foods rely on low water activity for their microbiological 
stability. The equipment soils left behind on equipment by these foods do not 
have enough available moisture to support microbial growth. However, if 
water is introduced during wet cleaning, microorganisms may start to grow in 
product residues. Therefore, for cleaning dry food lines, activities such as scrap-
ing, vacuuming, brushing, or wiping are usually employed. Wet cleaning, if done 
at all, is restricted to disassembled equipment parts, and these equipment parts 
are often cleaned in a separate location. Also, these parts should be completely 
dried before reassembly. Compressed air can be effective in removing soil 
from hard - to - reach areas, and drying damp equipment, but its practicality is 
limited because it can disperse dust and other debris, and blow allergens from 
one area to another. Therefore, it should only be used with discretion. Residues 
of high - fat products, such as nut butter or milk chocolate, can be scraped from 
equipment surfaces but the results emanating from such a method can be 
inconsistent due to variability in tools and strength of the employee perform-
ing the SSOP. Consequently, any procedure employing such a technique should 
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be properly validated and routinely verifi ed (see Section  6.3.10 , Validation and 
verifi cation of  “ allergen - clean ”  SSOPs). While scraping could be effective for 
high - fat products, this method would be ineffective in removing fl our dust in 
a fl our mill, where vacuums are essential. 

 Vacuum cleaning is one of the most effective means of removing dry par-
ticles from surfaces without spreading dust. This method also does not require 
a secondary means for collecting the debris. Portable vacuum systems are 
usually used in smaller operations. Because of their mobility, care has to be 
taken to prevent these units from contributing to the spread of allergens in a 
plant. Central vacuum systems may be encountered in larger operations. If the 
system hoses are portable, care must be taken to ensure that the hoses do not 
contribute to the spread of allergens. 

  “ Push - through ”  is another approach used in dry cleaning operations, often 
with highly viscous products. Push - through involves pushing the product 
through a process system until all allergenic residues have been eliminated 
from the system. Push - through can be accomplished with the subsequent 
product or with some inert ingredient such as salt or fl our. This method can 
be especially useful in locations such as piping systems where product contact 
surfaces are not entirely accessible. Push - through should not be used without 
proper validation, which will be discussed in subsequent portions of this 
chapter.  

   6.3.8.    Sanitary Design and Construction 

 By incorporating sanitation features into the design and construction of build-
ings and equipment, cleanup efforts can be maximized. This is important 
because many allergen management tools rely on a certain level of accessibil-
ity and cleanability of food contact and nonfood contact surfaces to be effec-
tive. The primary goal of sanitary equipment design is to construct equipment 
that remains as clean as possible during operation and that is easily accessible 
and cleanable. Since most pieces of equipment contain food contact surfaces, 
cleanability issues have a direct impact on the ability to remove allergen con-
taining material from such surfaces. 

 Specifi c design features often vary from equipment to equipment and 
depend on other factors such as what type of product is run or whether wet, 
dry, or push - through cleaning is used. The following list presents some of the 
most desirable features of easily cleanable equipment  [4, 5] : 

   •      All surfaces and areas should be readily accessible and should be designed 
for quick dismantling with simple or no tools.  

   •      All food contact surfaces should be smooth, nonporous, and nonabsorb-
ing, and withstand cleaning, sanitizing solutions, and hot water.  

   •      To ensure proper removal of product, there should be no interior ledges, 
recesses, or unfi nished welds. All permanent joints should be butted and 
continuously welded.  
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   •      All corners should be round or coved.  
   •      Structural components should be round or tubular to avoid accumulation 

of debris and to facilitate cleaning.  
   •      Mixing blades should be welded to the drive shaft or be of one piece 

construction. Shaft and blades should be removable.  
   •      Pipes, fi ttings, pumps, and so on, should be readily dismantled for cleaning 

and inspection or cleanable by CIP procedures. All threads should be 
located outside.  

   •      Liquid handling equipment or equipment that requires wet cleaning 
should be constructed for easy draining.  

   •      All product zones should be covered. The covers should be easily remov-
able for cleaning.    

 For further information on sanitary design of equipment, see the references 
at the end of this chapter. 

 Poorly designed or constructed food processing plants are often plagued by 
inherent sanitation problems. Poor plant layout and lack of sanitary facility 
design features may result in a situation where sanitary conditions cannot be 
maintained in the factory, thus compromising the successful management of 
allergens. Although building requirements often depend on specifi cs of the 
operation, certain sanitary design features are universally applicable to suc-
cessful allergen management programs  [5] : 

   •      There should be suffi cient space for the various plant operations.  
   •      Overhead piping and ductwork in processing areas should be minimized 

or avoided entirely, if possible.  
   •      Floors should be constructed to withstand cleaning, sanitizing solutions, 

steam and hot water, acids, sugars, fats, and heavy traffi c.  
   •      The juncture between fl oors and walls should be coved to avoid duct col-

lection and provide for ease of cleaning.  
   •      Walls should be smooth, fl at, and resistant to wear and corrosion.  
   •      Ceilings with exposed beams and other structural components should be 

designed to eliminate crevices and ledges.     

   6.3.9.    Factory Airfl ow 

 All air handling systems consist of two principal components: the exhaust 
component provides for the removal of air from the building, and the makeup 
component introduces outside air into the plant. The interaction of these 
two components affects parameters such as air pressure differential and airfl ow 
through the plant. Inadequate sanitation of the hardware components of an 
air handling system, negative air pressure in areas where food is exposed, and 
lack of control over makeup air can contribute to the spread of allergen -
 containing material in a factory. 
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 In order to minimize the potential for the accumulation and spread of 
allergens in the air handling system of a processing facility, the following basic 
sanitary design and construction features can be used: 

   •      All incoming air can be fi ltered. The fi lter size can fl uctuate depending on 
the air quality required. High - effi ciency particulate air (HEPA) fi lters may 
maximize air quality.  

   •      All components of an air handling system should be on a preventive 
maintenance and sanitation schedule.  

   •      Makeup air units and air ducts can have access for cleaning and 
inspection.  

   •      Intake and exhaust stacks should  not  be located in close proximity to 
each other.  

   •      Ceiling cooling units and fans should be cleaned and sanitized on a regular 
basis to prevent the accumulation of food residues, some of which could 
contain allergenic components.     

   6.3.10.    Validation and Verifi cation of  “ Allergen - Clean ”   SSOP  s  

 Management of the risks posed by allergens relies heavily on the mainte-
nance of a high level of sanitation in the production facility. In order to 
achieve such sanitary goals certain conditions, in addition to employment of 
sanitary design principles in the facility and its equipment, should be met. 
Cleaning and changeover procedures need to be proven effective; the results 
of the procedures should be validated to ensure that residues of target aller-
gens will be removed when an SSOP is followed correctly. Additionally, the 
proper implementation of these validated procedures should be monitored 
and verifi ed. 

 To explore the effi cacy of a given SSOP, it will be helpful to look at the 
concept of  “ allergen clean. ”  Allergen clean usually means that food contact 
surfaces and areas around the processing line are visibly clean, that is, free of 
visible residues. Whenever an allergen - free product is run after an allergen -
 containing item, or when products that contain different allergens are pro-
duced in sequence, special sanitation measures should be taken between 
production runs. These sanitation measures need to be adequate to render the 
processing equipment allergen clean. 

 Validated cleaning procedures are an integral part of an effective food 
allergen control program. It is important, however, to distinguish between 
validation and verifi cation, particularly for the day - to - day operation of an 
allergen control program. Validation entails collecting and evaluating technical 
information to determine that a process, when properly implemented, will 
effectively control a hazard or produce a desired end point. Within an allergen 
control program, a cleaning procedure would be considered validated when 
the procedure is shown to adequately remove food allergenic residues from 
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food contact surfaces below the established critical limits. A validated process 
needs to be documented to assure consistent implementation. 

 The validation of sanitation practices for shared equipment is very impor-
tant to the overall allergen management program. Once visually clean can be 
achieved on a reliable basis, additional validation should be provided to dem-
onstrate that allergenic proteins are removed when SSOPs are followed. 
Allergen - specifi c test kits can provide additional validation data to indicate 
effectiveness of SSOPs designed to remove allergenic residues. Since regula-
tory thresholds for allergens are not established, the processing facilities can 
establish their risk - based critical limits or use the detection limit of the test, 
for their critical control points. Commercial enzyme - linked immunosorbent 
assay (ELISA) test kits, both quantitative and qualitative, are available from 
several companies and can be used to validate sanitation practices for peanut, 
egg, milk, wheat, soy, crustacean shellfi sh, some tree nuts, sesame seeds, buck-
wheat, lupine, and mustard. When attempting to validate SSOPs that remove 
multiple allergenic residues (e.g., milk, soy, and eggs), processors could target 
their validation strategies to detect the most allergenic allergen (e.g., eggs in 
this case). 

 One protocol that can be used to validate SSOP effectiveness for removing 
allergenic residues is to analyze the fi rst product produced after a changeover 
for the presence of the previous allergens present in the product produced 
prior to the changeover. Test kits may be used to determine if detectable resi-
dues exist in the fi rst product manufactured after changeover. When using CIP 
systems, similar examination of the fi nal rinse water for allergenic residues can 
also serve to validate an SSOP. 

 An alternative validation protocol is to use a qualitative test kit, such as 
dipsticks, to assess whether equipment surfaces are free of allergenic residues 
after application of an SSOP. However, like microbial surface swabs, it is 
impossible to predict how much contamination might exist in the fi nished 
product based on a positive swab test of a food contact surface. When using 
this technique, it is advisable to swab areas that are especially diffi cult to clean. 
 “ Dead spots ”  in the processing systems (valves, joints, corners, etc.) present 
cleaning challenges and should be included in the sampling plan. A positive 
swab test would indicate more cleaning is needed until a negative result can 
be obtained. 

 Validation is particularly important in the case of push - through situations. 
In some cases involving push - through of thick, highly viscous liquids, allergen 
residues have been found hours after changeover  [6] . In this case, only dedi-
cated processing equipment can realistically provide prevention from cross -
 contact. In other cases, however, push - through has been effective and test kits 
are one of the best methods to determine the volume of push - through needed 
to prevent allergen cross - contact. 

 After successful initial and subsequent negative test results, the effi cacy of 
the SSOP can be considered validated. However, validation tests should be 
repeated occasionally to verify continued successful performance. Any changes 
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in an SSOP or the detection of the allergen of concern can require reassess-
ment and possibly revalidation. Changes in product formulation, preparation 
procedures, or processing operations may also trigger a need for reassessment 
of the SSOP. 

 While validation is designed to check the adequacy of the SSOP, verifi cation 
includes those activities, other than monitoring, that determine a validated 
procedure is being implemented properly and the system is operating accord-
ing to plan. Many methods can be used to verify the allergen - clean status of 
a processing system. Visual inspection is a commonly used verifi cation method 
whereby accessible equipment surfaces are checked for the presence of visible 
soil. Less accessible equipment parts, such as pumps, valves, and pipes may 
have to be taken apart or left unassembled after cleaning so they can be visu-
ally inspected. Adenosine triphosphate (ATP) bioluminescence technology 
can be used for verifi cation of previously validated cleanup procedures. The 
use of ATP technology is often paired with visual inspections of processing 
systems. Verifi cation can also include periodic evaluation using allergen test 
kits. By periodically testing equipment surfaces, fi nal CIP rinse water, or the 
fi rst product off a freshly cleaned line, the effi ciency of the SSOP can be 
verifi ed. 

 The outcome of the verifi cation activities will determine whether or not a 
system is considered allergen clean. All verifi cation activities and results 
should be recorded on appropriate forms or checklists, and signed off by 
authorized personnel. This determination, in turn, may be used by authorized 
personnel for a positive release of the system for the next production run. Any 
devices if used for further verifi cation, such as test kits and ATP meters, should 
be appropriately calibrated, and a calibration record should be maintained 
as well.  

   6.3.11.    Label Control Programs 

 Proper allergen management includes safeguards to ensure that each con-
tainer has an accurate label that declares all allergens that are present in the 
product, and meets all applicable laws and regulations. Improper declaration 
of allergens through unsuitable packaging is a leading cause of food recalls in 
the United States, Canada, Australia, and New Zealand  [7 – 9] . Two important 
aspects of label management include controls for label and packaging design 
and for inventory of these items. 

 Label and packaging design controls can often be overlooked, especially in 
a copacking relationship. But it is important to remember that even in a copack 
relationship, both parties have equal legal responsibility for proper labeling: 
the party that supplied the packaging and the party that used the packaging 
and shipped mislabeled products to the marketplace. 

 Common design controls include having orders in writing for artwork and 
labeling copy such as label drafts, sketches, or black and white layouts. The 
labeling copy should be reviewed by someone with knowledge of regulatory 
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requirements, including declaration of allergens, to ensure compliant designs. 
Allergen declarations must use commonly understood terms in consumer -
 friendly language (e.g., milk, not whey or casein). Label and package proofs 
should always be approved in writing. Processors may want to consider iden-
tity coding of labels and packaging through the use of numbers or color 
sequences when designing labels and packaging. Labels and preprinted pack-
aging should be received and stored in a manner that prevents comingling of 
the packaging. 

 Proper control and usage of labels and preprinted packaging is also of 
fundamental importance to ensure that allergens are properly declared on all 
packages. During the labeling and packaging process, only the packaging cur-
rently being processed should be allowed onto the factory fl oor. Return of 
unused packaging to inventory should be done so that there is no comingling 
of labels and preprinted packaging. Prudent processors may have procedures 
to check labels and preprinted packages prior to and during production and 
labeling operations.   

   6.4.    ALLERGEN CONTROL AND PRODUCT DEVELOPMENT 

   6.4.1.    Product Formulation 

 Whenever possible, product developers may want to avoid including any aller-
genic ingredient that does not have a functional effect in a product. By using 
allergen - containing ingredients only when they are essential, companies will 
have fewer allergenic materials in their factories and lessen the opportunity 
for cross - contact with other products. For example, using corn fl our instead of 
wheat fl our, vegetable shortening instead of butter, or a highly refi ned oil 
instead of a cold - pressed one all reduce the presence of allergen - containing 
ingredients in a factory. 

 Even when a particular allergenic ingredient may be crucial to product 
character, proper investigation can be made to select the ingredient with the 
least potential for cross - contact. For example, peanut butter would be far less 
likely to spread allergenic dust than crushed peanuts or peanut meal. 
Conversely, peanut butter might represent a greater sanitation challenge than 
the other two ingredients.  

   6.4.2.    Reformulating Products 

 Reformulation of a product to include allergen - containing ingredients may 
lead to contamination of other lines or products in the absence of proper 
controls. When modifying formulas or extending new varieties of existing 
products, companies should consider whether an allergen - containing ingredi-
ent is critical to the product character. While there may be business reasons 
for choosing such an ingredient, deliberate formula modifi cations that intro-
duce allergens should be taken with caution. The addition of a new allergenic 
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ingredient to a plant ’ s inventory will require, at minimum, reassessment of 
allergen management practices. 

 Reformulating existing products to include new allergenic ingredients not 
previously part of the formula requires clear communication with the con-
sumer. Allergen - sensitive consumers, who may have been consuming the 
product for some time, need to be informed of the new potential hazard. This 
could be in the form of a label banner or highlight indicating something like 
 “ Now with peanuts! ”  

 Businesses may also want to consider discontinuing, reformulating, or 
contract - packing minor lines that are the sole users of allergenic ingredients 
in a factory ’ s product line. Even the presence of one allergen calls for a plant 
to have an allergen management program.  

   6.4.3.    Factory Trials 

 Factory trials of products containing allergens require strict measures to avoid 
allergen cross - contact with existing products. This is especially true if the 
factory does not already handle allergens or a particular allergen. Information 
on the potential presence of a new allergenic ingredient should be made avail-
able to those factory personnel responsible for allergen management plans 
before any new allergenic ingredients are delivered to the factory. To deal with 
the new ingredient, the factory may have to coordinate activities between 
receiving, storage, production, inventory control, quality, and sanitation 
departments.  

   6.4.4.    Consumer Testing 

 Product development laboratories create numerous variations of proposed 
items before culminating in a decision for fi nal merchandise. Often, these 
concept products are affi xed with laboratory - generated labels stating simply 
 “ New Product #1 ”  and  “ New Product #2. ”  These test or concept items will be 
sampled by corporate buyers, taste panels, and other individuals. 

 Samples of new products leaving the product development kitchen, even 
for modest  “ sales presentations, ”  should be clearly marked as containing aller-
genic ingredients. Labeling on containers should contain common names of 
allergens such as  “ milk ”  or  “ eggs. ”  Such terms should be used in place of, or 
in addition to, less common names such as  “ casein ”  or  “ albumin. ”    

   6.5.    CONCLUSION 

 Food allergies affect millions of consumers worldwide, and some evidence 
suggests that this number could be growing. Presently, a cure for food allergies 
does not exist; the only successful prevention for allergic consumers is to avoid 
foods containing the offending protein compounds. 
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 Some may say that helping consumers avoid foods to which they are allergic 
involves two facets of food manufacturing: proper labeling of foods and avoid-
ing potential cross - contact of allergenic foods with nonallergenic foods. This 
statement is far too one - dimensional. As simple as it sounds, experienced food 
professionals realize that this goal entails an extremely complex template of 
well - designed and effective protocols operating under a supportive and 
resourceful management structure. To achieve these two objectives and thus 
prevent consumption of undeclared allergens by sensitive consumers, it is criti-
cal that the sourcing, storage, use, and shipment of allergen - containing foods 
be actively managed and controlled. Of no less importance is the attention to 
scientifi c detail required in certain allergen management disciplines such as 
management commitment, product development, sanitation practices, and risk 
assessment. Only when all of these aspects are operating in tandem, and at the 
utmost effi ciency, can truly effective control be achieved that protects the food 
supply for all consumers.  
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  7 
ALLERGEN MANAGEMENT 
AND CONTROL IN THE 
FOODSERVICE INDUSTRY    

    7.1.    BIOGRAPHY 

 Hazel Gowland has been allergic to nuts and peanuts since 1960 and has sur-
vived some severe reactions since. Since 1994, she has worked for and with the 
U.K. Anaphylaxis Campaign ( www.anaphylaxis.org.uk ) to protect those at risk 
from severe food allergies through assessment, management, and communica-
tion of allergy risks throughout the food supply chain. She investigates allergy -
 related deaths and  “ near misses ”  and works at policy level to improve 
understanding of risk practice and behavior, both among allergic people and 
food business operators ( www.allergyaction.org ). She also develops and 
delivers training courses and materials for a wide range of clients including 
manufacturers, retailers, caterers, food enforcement inspectors, auditors, 
trainers, and school and care personnel ( www.allergytraining.com ).  

   7.2.    INTRODUCTION 

   Eating out with an allergy is really simple. You just need to know what went into 
the food deliberately and what else might have gotten in along the way. (Food 
allergic consumer) 

 People seeking to avoid a particular food or foods encounter numerous barriers. 
Eating out poses an even higher risk because of the complexities of food 

  M. Hazel     Gowland         

Allergen Management in the Food Industry, Edited by Joyce I. Boye and 
Samuel Benrejeb Godefroy
Copyright © 2010 John Wiley & Sons, Inc.
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production in catering establishments, lack of knowledge among catering staff, 
food enforcement offi cers and allergic consumers alike, and the fact that allergic 
consumers do not have the benefi t of an ingredients list to guide them.   [1]     

 Of course, both these assertions are quite true. At the simplest level, a 
person at risk from food allergy only needs to be protected from the particular 
allergens to which he or she is allergic in the particular food or drink he or 
she is about to consume. On the other hand, ensuring that information about 
ingredients and possible allergen contaminants is accurate and can be com-
municated effectively to the consumer at risk is far from simple. 

 This chapter examines the challenges to consumers avoiding particular 
foods to protect their health and to food business operators at all levels who 
are engaged in supplying their food. We examine current and recent eating 
patterns and the trend to have more of our food prepared by strangers. We 
look at the culture of hospitality and the romance of eating for pleasure 
against the apparent increase in consumer demand to avoid a particular 
ingredient(s) for a variety of reasons including the potential for life - threaten-
ing risk. We study the legal aspects of preparing, protecting, describing, and 
selling food and drink, and the shortcomings on both sides of the dining  “ con-
tract ”  among both consumers and food business operators. We examine a 
range of  “ real - life ”  cases and the lessons learned from a wide range of sce-
narios in recent decades. Finally, we look at recent initiatives to address food 
allergy risks including models for best practice and training and how such risks 
may be addressed in the future.  

   7.3.    BACKGROUND 

 The following are the author ’ s comments from a personal perspective:

  I have had a severe allergy to nuts and peanuts since 1960 when I was 14 
months old, and have survived a number of severe reactions over the years. My 
parents had called me Hazel and throughout my childhood, I was the only 
person anybody knew with a nut allergy. As a child, nearly all the food I was 
offered had been made by close family members from simple ingredients. Both 
my grandmothers had excellent food skills, not least because they had had to 
feed their families throughout the 1930s and the rationing during and after 
World War II. We ate foods as they were in season and the traditional dishes 
of northern Europe and England in particular. Although my parents knew that 
I was at risk from nuts and peanuts, these were still around in our home and 
places where we went. I knew what they looked and smelled like, the types of 
dishes in which they would appear, and what it felt like to eat them by mistake. 
I had occasional minor  “ near misses ”  and regularly left parties and celebrations 
wheezy, blotchy, and puffy from low - level exposure to nuts and peanuts. 
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Thankfully, most reactions were controlled quickly, and I rarely needed hospital 
treatment   [2]  . 

 At the same time, our eating habits were beginning to change. As a child, most 
of the bread I ate had been made at home. Holidays were always self - catering, 
so the food we ate was always similar to what we had at home. As one of four 
children, eating in restaurants was a rarity. I can remember my fi rst meal in a 
Chinese restaurant when I was probably about 11 and all the novel attractions —
 the table settings, tea with petals in elegant bowls, hot towels, and then the 
familiar mouth tingle and consequent panic as I reacted to  “ something ”  and had 
to abandon the meal and take medication. As I grew up, eating food prepared 
by others was becoming more frequent. 

 My own fi rst job was in a department store caf é  in 1974, preparing and serving 
snacks and drinks. I began to pick up the basics of commercial food safety and 
also realized that my potentially life - threatening allergy was entirely unrecog-
nized in the early hazard analysis and risk controls of that era. In due course, I 
studied languages and worked abroad in a children ’ s holiday camp in France 
where we were serving three meals a day to over 200 children from a wide range 
of backgrounds. Thirty years ago, the  “ special dietary needs ”  were minimal. There 
might have been a few celiacs, but nobody else had a nut or any other food 
allergy. I then worked with some highly trained and very competent French chefs 
in a German resort hotel. If asked, they might have given you a short textbook 
lesson in the risks associated with scombrotoxins in fi sh, but nobody was aware 
of food allergies.   

 So what has changed?  

   7.4.    FOOD PREPARED BY STRANGERS 

   Eating out  …  throws into sharp relief narrow concerns with food as merely a 
means of subsistence, for eating out seems to be expanding as a form of enter-
tainment and a means to display taste, status, and distinction. Also signifi cant is 
the willingness of people to swap their private domestic food provisioning 
arrangements for commercial or communal alternatives   [3]  . 

 Spending on eating out overtakes meals at home. (Headline — UK Offi ce of 
National Statistics 2006   [4]  )   

 Consider what people eat today. How much of our food was prepared from 
scratch at home using basic ingredients? How much was made in a factory for 
easy preparation and service, perhaps at home or perhaps via some kind of 
food business. The distinctions are ever fuzzier. 

 For the purposes of this chapter, food or drink is included if it is sold for 
immediate consumption. This includes anything not sold in factory - sealed 
packaging, that is, which is sold non - prepacked or  “ loose. ”  In the European 
Union (EU)   and elsewhere, such food has a defi ned legal status, particularly 
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regarding its  “ labeling ”  or description. This will include open bakery and patis-
serie, non - factory - packed sandwiches, counter - served delicatessen, for example, 
cut cheese, cold meats, salads, and similar foods selected and packed by the 
customer using self - service. 

 In addition, the chapter will examine all aspects of catering including res-
taurants; takeaways and home delivery; sandwich and snack bars; hotdog, 
bagel, and ice cream stands; pick  “ n ”  mix sweet counters; stalls; room service; 
events catering; and all aspects of institutional dining — child care, nurseries 
and schools, prisons, workplaces, and care for the elderly. 

 Back in the late 1970s when I was picking up basic foodservice skills, the 
European law on providing food information was updated to help consumers 
fi nd out more about foods on sale  [5] . At that time, the legislators focused on 
the labeling of prepacked foods and did not require key information such as 
ingredients for non - prepacked foods,  provided that the consumer still receives 
suffi cient information   [5] . 

 Of course at that time, not only were those preparing food in the home 
usually competent cooks and able to work from basic ingredients, but those 
preparing and serving food to the public also had a wide range of food skills 
and knowledge. 

 The following is the author ’ s comment:

  The chefs with whom I worked in the French holiday camp would prepare every-
thing from scratch including hastily made and beautifully decorated birthday 
cakes to order. Nowadays, it might be more practical and economic to pick up a 
cake at the local supermarket or cash and carry, or perhaps have a stock of com-
mercial cakes ready in the freezer. We were not as reliant on food prepared 
by others.   

 People eating out would probably encounter somebody who had had a 
close involvement in the preparation of the food. Local (often family - run) 
businesses meant that the food supply chain and, therefore, the food informa-
tion chain were as short as possible. While some restaurateurs were keen to 
ensure that the dining out experience was romantic and full of mystique, it 
was still possible to discuss every aspect of the food on sale with the person 
who had prepared and served it. In addition, as nobody else seemed to have 
any food allergies in the late 1970s, it did not really matter too much that food 
information regulation was a bit vague.  

   7.5.    THE ADVENT OF DIETARY NEEDS — SPECIAL OR NOT 

 While few people in the late 1970s seemed to have food allergies, customers 
in general seemed to be a lot less particular than they are nowadays. There 
were not many vegetarians, and few people knew what a vegan was. Quite a 
lot of food was probably organic, but nobody realized it at the time or asked 
for it specially. In the same way, much more food was local and served in 
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season but nobody asked much about that either. Fewer members of the U.K. 
population were following religious or cultural dietary rules, and the tendency 
to obesity with related diabetes and heart disease from diets high in saturated 
fats, sugar, and salt was not yet common. 

 Conversations with staff working in a range of food businesses in 2008 
indicated that they were aware of customers who avoid different foods. 
Personal preference and moral or ethical reasons as well as religious dietary 
laws may be cited as reasons for avoiding particular ingredients or dishes. 
At a recent meeting with 20 young U.K. catering college students (who also 
had concurrent foodservice work placements), all of them had served a cus-
tomer who had asked to avoid a particular food (unpublished interviews with 
the author)  [6] . Most of these requests were for health reasons including 
allergies, intolerances, and celiac disease, and one student had witnessed a 
severely allergic customer having a reaction from food served where he was 
working. 

 Although accurate data are hard to come by, the U.K. government Food 
Standards Agency quotes prevalence fi gures for immunoglobulin E (IgE) -
 mediated food allergy of 1 – 2% among adults and 5 – 8% among children, for 
example, in Guidance on Allergen Management and Consumer information 
FSA/1064/0606 P7 2006  [7]  — see also House of Lords Allergy Report 2007 P31 
4.12 – 4.14  [8] . The patient/support group Coeliac UK quotes prevalence data 
for celiac disease in the United Kingdom of at least 1 in 100  [9] . 

 One of the practical problems is the need for detailed communication of 
the precise reason behind any avoidance by the consumer to the food busi-
ness operator. The word  “ allergy ”  is widely used, not always by those at risk 
from IgE - mediated allergies, to the extent that some food business staff have 
diffi culty in associating the declared dietary need with the appropriate risk 
management precautions. This will be discussed further in some of the case 
studies. 

 Figure  7.1  provides a simple analysis of the reasons why a consumer might 
seek to avoid a particular food or foods  [10] . On the left - hand side marked 
 personal  are food choices made for personal reasons. These may merge with 
choices made under the heading  moral/ethical  such as ecological or political 
considerations or animal welfare. The next heading  religious  provide a summary 
of some of the more common religious or cultural diets. All the boxes on the 
right - hand side under the heading  health  cover food choices for health protec-
tion and the prevention of short -  and long - term symptoms. The box with the 
thicker border indicates food allergen avoidance for those with IgE - mediated 
allergies.   

 Any food business operator preparing or selling food to or for the public 
needs to be aware of these different subgroups and to be ready to respond 
to their individual needs. The only way that this can happen in practice is for 
the consumer at risk to be very clear about what exactly he or she needs 
to avoid, and for the food business operator to be ready, willing, and able to 
respond.  
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Which customers are avoiding foods and why?

PERSONAL MORAL/ETHICAL RELIGIOUS HEALTH

Avoidance
(of identifiable proteins

or chemicals)Preventing obesity, heart
disease, cancer, diabetes, etc.

Reduced saturated
fats and low “fast”

sugar, low salt

Deficiencies-
chronic conditions
requiring additional

nutrients

Celiac
disease
Gluten

avoidance

Vegetarian (Nothing
animal derived)

Vegan (Ova
and/or lacto-
vegetarians

Dislike Ecological, political,
animal welfare, etc.

Judaism—Kosher
Ritual killing,

segregate milk and
meat, unclean foods,
e.g., pork, shellfish

Islam Halal
Ritual killing,

unclean foods,
e.g., pork, etc.

Hinduism, Buddhism,
and other faiths

Vegetarian or vegan
within their religion/

culture

Food intolerances not lgE mediated,
e.g., gut inflammation from wheat, milk-

due to enzyme deficiency, metabolizing, 
problems, e.g., PKU

IgE-mediated food allergy—symptoms range from mild to severe, can
be life-threatening. Key allergens: peanuts, tree nuts, milk, egg, soya,
sesame, shellfish, fish. Less common: kiwi,other legumes, fruits, e.g.,

banana, mango, avocado, poppy seed, etc.   

Other-consistent symptoms-predictable
but cause uncertain, general well-being

© 2008 www.allergyaction.org

     Fig. 7.1     Special dietary needs — from  www.allergyaction.org   .  

     Fig. 7.2     Menu leafl et — Chinese takeaway.  

   7.6.    SIGNS OF THE TIMES 

 Figure  7.2  is taken from a menu leafl et delivered to homes on behalf of a local 
Chinese restaurant and takeaway in 2005. Along the foot of the menu it says, 
 kindly inform us of any food allergies prior to ordering your meal . Although 
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the text is in smaller print than the main menu, it is printed on a red back-
ground and might encourage somebody with an allergy to mention it when 
ordering.   

 Figures  7.3  and  7.4  are cards that were arranged at place settings at a 
Christmas dinner and dance party in a London hotel in 2007. Those guests 
with food allergies and other food avoidance needs had given advanced notice 
in writing of their dietary requirements. They sat at the places indicated by the 

     Fig. 7.3      “ I ’ m a veggie. ”   

     Fig. 7.4      “ I ’ m special. ”     
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cards, and staff members were able to identify them and make sure they 
received the food that had been prepared specially for them. Although the 
event was noisy and guests were sometimes in semidarkness or with disco 
lighting, the serving staff had been well trained and were well informed and 
helpful.   

 Many menus and notices displayed in catering and food retail operations 
nowadays encourage customers to talk to staff and to discuss their dietary 
needs. 

 Figure  7.5  is a countertop notice from a department store caf é  taken in 2006. 
The notice on the left offers information about ingredients on request, and the 
one on the right focuses particularly on nuts.

  Product information: details of the ingredients used in all our menu items are 
available on request. Please see any of our staff for further information. Nut 
allergies: some of our products contain  nuts . If you require further information 
please ask to speak to any member of our foodservices team.     

 In the United Kingdom, allergies to peanuts and tree nuts are the most 
common food allergies in adults and older children (6541 of the 7900 
Anaphylaxis Campaign members were avoiding nuts and/or peanuts in July 
2008 — from the membership database). 

 In some respects, this has made it easier to raise awareness of food allergies 
among caterers and others supplying food to the public, but it can also mislead 
them into thinking that other allergens are not important. Nuts and peanuts 
can be used as a model for hazard analysis and training for risks from other 
allergens, but it is vital that food business operators are able to identify  any  
ingredient used deliberately or which may have gotten into another product 
or dish along the way.  

   7.7.    WHICH ALLERGENS? 

 While nuts and peanuts are believed to be the most common food allergens 
among adults and older children in the United Kingdom, other food allergen 

     Fig. 7.5     Countertop notice.  
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ingredients also cause a wide range of symptoms and need to be taken into 
account  [8] . In addition to prioritizing the potential risk between different 
consumers with different dietary requirements, food business staff may also 
try to prioritize the potential risk from different food ingredients that they use. 
Such prioritization is an inexact science and involves consideration of the 
allergy risk triangle in Figure  7.6 .   

 Many models for optimizing food allergen controls in foodservice originate 
in food production, particularly in the manufacture of prepacked foods. Since 
November 2005 in Europe, ingredients information on prepacked foods has 
been more closely regulated to enable consumers at risk from allergies and 
intolerances to identify key allergens used deliberately as ingredients. 

 These are 

   •      cereals containing gluten  
   •      crustaceans  
   •      egg  
   •      fi sh  
   •      peanuts  
   •      milk  
   •      nuts — including almond, hazelnut, walnut, cashew, pecan nut, Brazil nut, 

pistachio nut, and Queensland or macadamia nut  
   •      soya  
   •      sesame  
   •      celery  
   •      mustard  
   •      sulfur dioxide and sulfi tes (not food proteins but require labeling at levels 

above 10   mg/kg to protect people whose asthma is made worse by them).    

 Further information about the relevant legislation and amendments to 
regulations may be found in the Appendices to the FSA Guidance on Allergen 
Management and Consumer Information 2006  [7] . 

Prevalence
How may people are
allergic to the food?

Thresholds
How little has been

known to cause
symptoms?

Symptoms
How severe are the

symptoms?

     Fig. 7.6     The allergy risk triangle.  
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 This list was drawn up with guidance from the European Food Safety 
Authority ’ s expert panel of clinicians and scientists who examine each food 
allergen considering the criteria in Figure  7.6  and provide risk assessment 
advice to the European Commission who implements labeling and food 
safety law. 

 In addition to improving the availability of key ingredient information for 
the majority of food - allergic people who need to avoid the above foods, this 
list also began to help food manufacturers and some foodservice businesses 
in prioritizing their routine food allergen risk assessment activities. Typically, 
this would involve collecting information about the potential for cross - con-
tamination by other allergens on the list, and communicating such data through 
the allergen management system. In cases where such contamination cannot 
be controlled, the use of  “ may contain ”  labeling has become widespread on 
packaging. 

 Additional facets to the allergy risk triangle might include the age and 
potential vulnerability of the consumers, as well as known consumption pat-
terns. Certainly, manufacturers of baby food and products for children have 
been fi rst to assess the possibility of the presence of milk and egg in products, 
which do not contain them as ingredients for example.  

   7.8.    WHAT DO WE KNOW ABOUT THOSE AT RISK? 

 For the purposes of this paper, we will focus on the needs of consumers at risk 
from IgE - mediated allergies, while at the same time acknowledging that much 
foodservice allergy training and many of the allergen controls will be of value 
to a wider range of consumers, including those at risk from intolerances and 
celiac disease as well as those making other dietary choices. 

 It is recognized that consumers at risk from food allergy, and particularly 
those who have been advised by a doctor, or believe that they have a poten-
tially fatal food allergy may fi nd eating out stressful or at least life limiting  [2] . 
For a minority, and particularly for those with potentially severe allergies to a 
range of foods, eating food prepared by strangers may be impossible or at least 
very rare. Others may have identifi ed particular ingredients or food practices 
in certain types of food business, which they would consider too risky to 
contemplate. 

 The following is the author ’ s comment:

  In my own case, I choose not to eat in Indian, Chinese, or Thai restaurants, or to 
eat bread or patisserie from local, artisan, or in - store bakeries. I only eat pre-
packed bread from recognized plant bakery manufacturers who do not use nuts 
or peanuts on - site. There are countries where communicating my allergy risk, 
local food safety practices, and the use of nuts/peanuts in everyday food would 
all prove diffi cult, if not impossible for my potential degree of risk.   
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 In recent research interviews with food - allergic teenagers, Dr. Michael 
Gallagher at the University of Edinburgh asked them to describe their food 
allergy. Words used included s evere ,  deadly ,  annoying , and  hassle  (personal 
correspondence [unpublished] 2008)  [11] . 

 The Food Standards Agency report on Qualitative Research into the 
Information Needs of Teenagers with Food Allergy and Intolerance in 2005 
 [12]  includes an overview of many aspects of growing up and leaving home 
with a severe allergy, intolerance, or celiac disease.  “ Eating out is just too much 
hassle — we don ’ t do it anymore ”  (P35)  [12]  or  “ we always go self - catering and 
take food with us ”  (P39)  [12]  refl ects commonly held views of families contact-
ing the Anaphylaxis Campaign helpline. 

 As teenagers and young adults start to develop their own social lives and 
the pressure is on to eat out, share food at other people ’ s houses, travel, 
holiday, and then live with other young people away from home, those at risk 
from food allergies in particular can fi nd life very challenging. For starters, it 
can be more expensive to live with a food allergy. The Food Standards Agency 
study  “ May contain labelling ”  — the consumer ’ s perspective 2002  [13]  indi-
cated that it can cost 11% more just to fi nd everyday prepacked products 
without a  “ may contain nuts ”  warning. Celiacs have to pay a premium for 
everyday substitute items to avoid gluten. Those avoiding milk, egg, wheat and/
or a range of foods can have extremely restricted diets and food can be very 
expensive. For many of these people, eating away from the home is a rare and 
very limited, if not a nail - biting, experience. 

 One of the most signifi cant problems for food - allergic people is not wishing 
to be different or stand out from the crowd. Unless someone is very sure of 
his or her diagnosis (and many people are not, particularly in the United 
Kingdom where there are few specialist clinics  [14]  — over half of those who 
died from food allergy had had no professional allergy advice) and has a con-
fi dent and assertive personality, he or she is unlikely to want to make a fuss 
in many social situations involving food. 

 As previously indicated  [2, 15] , teenagers do not want to be different even 
if it means putting their life at risk. Reports received by the Anaphylaxis 
Campaign include a nut - allergic young male student collapsing in a shop 
doorway after sending his friends on ahead because he did not want to be a 
nuisance, and both male and female young professionals leaving restaurant 
meals with clients midreaction and taking taxis home to fetch emergency 
medication without explaining to the fellow diner(s) what the problem was. 
There can be a tendency to want to hide away, go to the bathroom, and not 
be witnessed having allergic symptoms. More than one young adult has rushed 
from a social event to fi nd his or her injectible adrenaline, which is frequently 
left in his or her student room or bag somewhere else. 

  “ Risk - taking behaviors in teenagers  …  are generally attributed to a reduced 
appreciation of potential dangers and a belief that consequences can be con-
trolled ”   [16] . Pumphrey and Gowland  [14]  described the death of a 16 - year - old 
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who ate a potentially nut - contaminated chocolate because she had her 
injectible adrenaline with her. It did not save her life. 

 Additional factors include alcohol and drugs, either of which may impact 
upon the alertness of the allergic subject (and his or her friends) to identify 
and respond to symptoms in time, and practical logistics to get help, for example, 
not being able to describe exactly where you are or call emergency services. 

 In the same way, inexperienced atopic people may not recognize the added 
 “ allergic load ”  of a fl are - up of eczema, asthma, and/or hay fever, as well as the 
possible impact of exertion, stress, hormonal fl uctuations, or a recent infection. 

 Another factor with improved allergy awareness is that younger allergic 
people may have been so vigilantly protected from any kind of exposure to 
some food allergens (e.g., nuts and peanuts) which have now become taboo 
in homes, child care, and school environments that they are unfamiliar with 
their use, appearance, smell, or taste. A recent fatal reaction in the United 
Kingdom involved a 16 - year - old boy who knew he had a peanut allergy but 
who ate a whole chocolate bar containing peanuts without realizing. As 
described by Grimshaw et al.  [17] , while the fatty chocolate food matrix may 
have disguised some of the peanutty taste and prevented telltale early symp-
toms in the mouth, some warning signals might have been expected before the 
whole bar was eaten. 

 The following is the author ’ s comment:

  I am thankful now that my low - level childhood reactions to nuts and peanuts 
equipped me to recognize what I needed to avoid.   

 The greatest risk factor, which is hardest to plan for, is not actually expect-
ing any kind of allergic symptoms at all. The Anaphylaxis Campaign has 
regular contact with families of those who have died from food allergies. Many 
parents of young adults who have died from anaphylaxis say that their family 
doctor advised them when their children were younger   that the food allergy 
was  “ only mild. ”  Pumphrey and Gowland  [14]  suggested that over half of those 
recorded to have died from food allergy in the United Kingdom between 1999 
and 2006 had only had previous mild reactions and may not have recognized 
the possibility of a potentially fatal risk. Even among members of the 
Anaphylaxis Campaign  [18] , it was  “ notable that about a third of reactions 
happen after exposure to unidentifi ed allergens or to foods not previously 
identifi ed as a risk. ”  

 Roberts  [19]  recognized that identifying the relevant allergen is essential 
to prevent unnecessary avoidance of foods, which may lead to poor develop-
ment in children. In older children, teenagers, young adults, and their friends 
and families, not being able to identify which food triggered the symptoms is 
extremely stressful. Food allergen avoidance is tough enough when you can 
identify the food that caused severe symptoms, but a nightmare when you 
cannot. Finely tuned coping strategies and appropriate levels of confi dence 
and competence are essential.  
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   7.9.    EFFECTIVE AVOIDANCE 

 As outlined at the beginning of this chapter, all food allergy symptoms can be 
prevented provided the person at risk does not come into contact with the 
particular food allergen(s) to which they are allergic. In practice, such avoid-
ance can be implemented by the allergic person himself or herself and/or by 
the food supplier. Effective avoidance depends on either or both parties being 
competent, informed, willing, and able to identify and avoid the relevant food 
allergen(s) in anything they might consume/supply. 

 As discussed above, the foodservice sector has changed beyond recognition 
in the last 30 years. It can no longer be assumed that dialogue is possible 
between a customer and a food competent supplier about allergens used as 
ingredients or handled in the food preparation and service environment. 

 Figure  7.7  — the foodservice spectrum of allergy risk — illustrates two typical 
scenarios in the food supply chain where it is easier for allergic people to fi nd 
out what went into a product or dish and whether it is suitable for them. The 
box on the left (A) describes a scenario where the consumers at risk may 
discuss food on sale with a professional food handler who can match their 
needs with his/ or her product knowledge and, if necessary, prepare something 
especially with confi dence and competence. The box on the right (C) describes 
a scenario at the other end of the food supply chain, where the food has been 
produced and contained in highly controlled factory conditions and the label-
ing is available, clear, and accurate.   

 The middle box (B) describes a scenario in which food allergen avoidance is 
more likely to fail. The staff providing food information may not have fi rst - hand 
knowledge of what went into the product or dish, and may not have factory 
ingredients or  “ may contain ”  information available. They may not have cultural 
knowledge of likely ingredients, particularly in ethnic or traditional recipes. In 
addition, in their wish to be helpful, they may provide information that is what 
they think the customer wants to hear, but which may be far from accurate. 

A: Fully trained 
professional food 

handler, e.g., chef, 
master baker on-

site and available to 
discuss foods with 

customer

C: Food supplied 
prepacked and sealed 

from fully controlled 
factory environment 

with effective allergen 
segregation, clearly 

and accurately labeled 
with all ingredients, and
accurate “may contain”

information 

?
B: Person available 

to supply 
information may not 
have made the food, 
may not know what 
it contains, and may 

not be alert to 
allergen cross-
contamination  

     Fig. 7.7     The foodservice spectrum of allergy risk.  
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   7.9.1.    Avoidance Failure — Fatal Cases 

 Like most safety practice, effective food allergen avoidance strategies are 
often learned from previous failures. Dr. Richard Pumphrey, consultant 
immunologist continues to study both fatal cases and  “ near miss ”  allergic reac-
tions, working closely with the Anaphylaxis Campaign. He has supplied the 
following data from fatal cases  [14, 20] . 

 Figures  7.8  and  7.9  indicate the increase in fatal reactions in people aged 
over 18 eating out in restaurants, on holiday, and at festive events (e.g., a 
wedding or party at a friend ’ s house). Particular risks are associated with 
barbecues where ingredients in marinades and sauces are often hard to iden-
tify and with buffets because there is rarely any ingredients information. In 
addition, at events where the food is brought in by outside caterers or fellow 

     Fig. 7.8     Fatal allergic reactions to food in the United Kingdom (1992 – 2007). The 
graph shows where the reaction was triggered for people aged 0 – 17  .  

     Fig. 7.9     Fatal allergic reactions to food in the United Kingdom (1992 – 2007). The 
graph shows where the reaction was triggered for people aged 18  +.  
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guests, there may be no written information available and those who prepared 
the food may have left the event. Further allergy hazards may be introduced 
by guests themselves who swap serving utensils and introduce allergen 
cross - contamination.   

 Figures  7.10  and  7.11  show Dr. Pumphrey ’ s analysis of the usual allergen 
avoidance practiced by those who died from food allergy in the United 
Kingdom in 1992 – 2000 and indicates that those practicing no or low allergen 
avoidance were more likely to die from food eaten in restaurants. Dr. Pumphrey 
has also examined the nature and presentation of the allergen - containing food 
consumed (Figs.  7.12  and  7.13 ). More adults than children ate the food whole 
or served by caterers whereas more children suffered fatal reactions to pre-
packed and home - prepared foods than adults.    

     Fig. 7.10     Fatal allergic reactions to food in the United Kingdom (1992 – 2007). The 
graph shows situations in which care taken over allergen avoidance was none or low  .  

     Fig. 7.11     Fatal allergic reactions to food in the United Kingdom (1992 – 2007). The 
graph shows situations in which care taken over allergen avoidance was   medium or 
high  .  
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   7.9.2.    Avoidance Failure —  ” Near Misses ”  

 In addition to fatal food reactions, the Anaphylaxis Campaign collects and 
analyzes data on reactions requiring emergency medication and sometimes 
hospitalization. Studies such as Uguz et al.  [18]  and Derby et al.  [21] , as well 
as daily feedback from the helpline, continue to contribute to better under-
standing of food allergen hazards and potential risks.   

     Fig. 7.12     Fatal allergic reactions to food in the United Kingdom (1992 – 2007). The 
graph shows how the food was prepared for children  .  

     Fig. 7.13     Fatal allergic reactions to food in the United Kingdom (1992 – 2007). The 
graph shows how the food was prepared for adults  .  
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   7.10.    UNRECOGNIZED INGREDIENTS 

 One of the most common causes of severe reactions is the consumption of an 
ingredient that was used deliberately in the recipe by the food manufacturer 
or caterer but not recognized by the food - allergic consumer and/or the person 
serving the food. 

 There is a single catering practice, which is widely but not universally prac-
ticed in the United Kingdom, that has been responsible for at least 10 deaths 
and many more  “ near misses ”  in peanut - allergic individuals in recent years. 
The addition of peanut fl our as a thickener in curry sauces is rarely identifi ed 
as a possible allergen hazard by restaurants and takeaway staff. Research 
undertaken by local government food safety and food standards offi cers has 
indicated that 8 out of 20 curry meals sold as peanut free actually contained 
peanut protein  [22 – 24] . 

 This is a particular problem in student populations in the United Kingdom 
for whom  “ going for a curry ”  often follows a good night out. The Anaphylaxis 
Campaign and food control offi cers have undertaken a number of projects in 
areas frequented by students to raise awareness of food allergy risks among 
consumers and businesses alike. Similar data from Canada looking at acciden-
tal exposure to peanut in children indicated 12 out of 35 reactions in which 
the food eaten contained peanut as a deliberate ingredient  [25] . 

   7.10.1.    Case Files: Unrecognized Ingredients 

   7.10.1.1.    Bought - In Desserts in Chain Restaurants.     The supplier had run 
out of the usual stock and sent a substitute product that contained nuts. 
Service staff did not manage the product information and gave the nut - 
allergic diner the usual ingredients list and not the one for the substitute 
product, causing at least two severe reactions requiring hospitalization and 
time off work. 

   7.10.1.1.1.    Who Made This?     Although restaurant recipes are increasingly 
standardized for budgetary and stock management reasons, a number of reac-
tions have been recorded because individual chefs using the same recipe to 
make the same dish occasionally add a  “ secret ingredient ”  without which in 
their view the dish would be incomplete. Food - allergic consumers tend to rely 
on continuity and consistency eating the same product or dish from the same 
food supplier and have been caught out by this practice.  

   7.10.1.1.2.    Bread Rolls on Side Plates.     At least one U.K. fatality and another 
severe reaction requiring life - saving treatment involved these  . In both cases, 
the bread roll contained nuts used deliberately but unrecognized by the diners 
or staff. Bread rolls are often served and may be eaten before the main menu 
choices are made and dialogue about allergen avoidance even begins.  
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   7.10.1.1.3.    Weasel Words.     Peanut -  and nut - containing products and dishes 
with misleading or unknown names such as coronation chicken and satay 
sauce have been responsible for fatal reactions in young adults. Pesto ingredi-
ents may include nuts, seeds, and cheese; curries may include ghee from milk; 
and bakery and patisserie items may include praline (hazelnut paste), marzi-
pan (from almonds), and hidden egg in glazes. There are many more examples, 
and every cuisine has its range of dishes and accompaniments that may be 
made from unexpected allergens. Food allergen management policies should 
begin with the identifi cation of key allergens used deliberately in all products 
and dishes.  

   7.10.1.1.4.    Lost in Translation.     One of the recurrent risks associated with 
eating out and failed allergen avoidance is the problem of communication 
between consumers and food business staff who do not share a language and/
or dining culture. One nut - allergic young woman was misled by an ingredients 
list in English, which included the word Kajo. This turned out to be cashew to 
which she suffered a very severe reaction and hospitalization.  

   7.10.1.1.5.    Suspend Your Disbelief.     Even with extreme vigilance for allergen 
avoidance, there have been cases where a superconfi dent member of the 
service staff was able to convince an allergic person that a particular product 
or dish would be OK for them. One example was a waitress in a family res-
taurant who believed that the ice cream in a dessert dispensing machine was 
totally milk free. Sadly, it was not, and the child suffered severe symptoms and 
poor health for some weeks.    

   7.10.2.    Case Files: Cross - Contamination from Allergen Traces 

   7.10.2.1.    Conveyor Belts at Point of Sale.     A woman suffered a severe reac-
tion to shellfi sh. Her husband had shopped at the supermarket and asked the 
person working on the till to wipe up a wet patch caused by leaking shellfi sh 
on the conveyor belt. Once home, he unpacked the shopping on the kitchen 
worktop. His wife later prepared food on the worktop and unknowingly con-
taminated her food with shellfi sh. In the same way, milk and egg leakage on 
belts in supermarkets and in home delivery vans has caused hidden cross -
 contamination and triggered allergic reactions.  

   7.10.2.2.    Sandwich Bars.     Sandwich production whether in a factory, in a 
catering setting, or in the home can involve a wide range of food allergens, 
many of which (e.g., mustard, celery, soya, egg, milk, sesame) are often unrec-
ognized. While keeping fi llings in a display fridge and making up sandwiches 
to order on the counter above may be considered adequate for the control of 
microbiological risks, repeated use of the same chopping boards, knives, and 
other serving utensils will introduce the possibility of allergen cross - contami-
nation. Breads may leave residues of nuts or seeds, which may not be visible.  
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   7.10.2.3.    Bar Snacks.     One fatal case involved a man with a severe peanut 
allergy. He moved a bowl of peanuts along a bar out of the way. Traces must 
have remained on his hands and transferred to his glass or directly to his 
mouth. We also received a report of a bride who nearly died on her wedding 
day. She had a peanut allergy and ate some crisps from a bowl at the wedding 
reception. Unknown to her, the bowl had previously contained peanuts. Once 
they were gone, bar staff topped up the empty bowl with crisps on top of the 
peanut traces.  

   7.10.2.4.    Service.     In cases where food is served and recognized by the allergic 
diner as likely to contain the allergen they need to avoid, staff may be asked 
to remove the dish and bring something else. One Canadian bride who died 
on her honeymoon was served lobster that she sent back as she had a shellfi sh 
allergy. Further investigation indicated that the steak requested instead had 
been put on the same plate. Allergic people frequently report wafers being 
removed from ice creams, gravy scraped off meat, and garnishes being taken 
off before the dish is re - served.  

   7.10.2.5.    Airborne Contamination.     As a general rule, even the most sensitive 
food - allergic people can be in a room containing the food allergen they need 
to avoid provided they take precautions to prevent surface cross - contamina-
tion, for example, from shaking hands with other diners. There are, however, 
some exceptions. One peanut - allergic woman started to suffer breathing dif-
fi culties when covering cloths were removed from a wedding buffet and par-
ticles wafted around the room. Fish - allergic individuals most frequently report 
symptoms from passing fi sh stalls or cooking fi sh.  

   7.10.2.6.    Gloves.     There are two allergy problems from the use of gloves in 
food preparation and service. If the gloves are made of latex rubber, they may 
well sensitize and/or trigger symptoms in latex - allergic staff and customers. In 
addition, they may transfer latex particles into the food, which may trigger 
allergic symptoms. It is also recognized that food handlers who wear gloves 
may develop a false sense of security about their cleanliness and might not 
change them as often as they would usually wash their hands.    

   7.11.    EFFECTIVE ALLERGEN AVOIDANCE 
IN DIFFERENT ENVIRONMENTS 

 As a general rule, much food allergen management best practice may be 
learned from foodservice professionals working in nurseries, schools, colleges, 
workplaces, and other institutions where they serve the same people every day 
and where staff are motivated to implement practical allergen controls, and 
committed to regular updates and improvements to reduce risks. 
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   7.11.1.    Child Care and Nurseries 

 Managing babies and small children with food allergies involves a number of 
additional challenges for the following reasons: 

   •      The child may not have a history of food allergy, and the fi rst allergic 
reaction may take place in the nursery.  

   •      Small children are dynamic. They can develop new food allergies and 
grow out of older ones by the day. This can cause confusion and make 
preparing up - to - date management plans a particular challenge.  

   •      Small children can have a lot of close contact with one another. Even if 
particular food allergens such as nuts and peanuts are banned from the 
nursery environment, other children may have them on their hands and 
faces.    

 A 5 - month - old baby boy died in a nursery in the United Kingdom in 2002 
having been given a breakfast cereal that contained clearly labeled but perhaps 
unexpected milk and in spite of clear parental instructions.  

   7.11.2.    Schools 

 Whether or not schools are in a position to implement bans on particular aller-
gens (e.g., nuts and peanuts) as described by Yu et al.  [25] , many examples of 
committed allergen controls are to be found in schools, both in the provision of 
food and drink by the school meals service and supervising the consumption 
of food brought from home, and also as part of the main curriculum and in 
peripheral activities such as breakfast, after school, and activity clubs. Many 
catering teams work exhaustively to read packets and to source ingredients, 
which enable those at risk to have the same or something very similar to the 
food other children are enjoying. In this way, the educational aspects of social 
eating, particularly for primary aged children, are recognized and supported. 

 Ideally, the control of particular food allergens in the school environment 
should be integrated into tailored management plans for identifi ed individual 
children and students whose allergies are fully diagnosed and for whom emer-
gency management and treatment are ready if needed. 

 In 2005 in Canada, Sabrina ’ s law was passed followed by the tragic death 
of 13 - year - old Sabrina Shannon. She reacted to milk contamination in French 
fries from the school canteen. The law aims to protect schoolchildren at risk 
from allergies and its implementation continues. CBC News in December 2007 
 [26]  reported that  “ the school board must make it easy to identify students 
with allergies; parents must provide correct documents to the school; and the 
education ministry provides additional EpiPens (adrenaline injectors) to 
schools depending on the number of students who register with allergies. ”  

 In the Anaphylaxis Canada newsletter for August 2008, their Youth Advisory 
Panel discussed how to get through a school day with a potentially severe food 
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allergy. Although students recognized that management plans and good 
general cleaning to remove allergens in the school environment seemed to be 
effective, they were less keen to be singled out to sit at segregated tables. 
Mu ñ oz - Furlong  [27]  also discussed best practice management for children and 
suggested that such segregation policies should be adapted as the children get 
older. One example seen in the United Kingdom is to segregate the allergen 
rather than the food - allergic children. In one primary school with a number 
of children allergic to nuts and peanuts, there was a  “ nut table. ”  If children 
had nuts or peanuts in their packed lunch, they would use this table and then 
put their rubbish in the nearby bin and wash their hands under staff 
supervision.  

   7.11.3.    Residential Care 

 Although there is a perception that children and younger adults are most 
likely to be food allergic, chefs and catering managers do occasionally contact 
the U.K. Anaphylaxis Campaign for advice on allergen avoidance for older 
people, and particularly those who may become more vulnerable and less 
aware of allergy risks in later years, and also those whose tendency to allergic 
symptoms is affected by other medication.  

   7.11.4.    Prisons 

 Managing food - allergic people in prisons is a particular challenge because 
many of them are young adults who may be particularly vulnerable to severe 
reactions. The U.S. website mlive.com  [28]  reports the death of an inmate from 
eating a peanut butter sandwich in April 2008. It is reported that he did not 
inform the jail authorities of any allergies when asked on his arrival there.  

   7.11.5.    Workplace Dining 

 If food - allergic diners are confi dent in allergen avoidance and able to notify 
catering personnel of their needs, then much can be done to protect them. Like 
food - allergic children in schools, they may be recognized by staff who may be 
able to provide additional relevant information and advice about dishes and 
products on sale.  

   7.11.6.    Airlines 

 There are a number of issues about eating on airlines, not least because we 
are short of data about whether airborne and/or surface food allergen con-
tamination may trigger symptoms in susceptible people, and if so, how long 
for. In addition, the practicalities of providing in - fl ight food and snacks are 
complex. Since most airliners do not have trained chefs on board, option A in 
Figure  7.7  is not possible. Most airline food is a combination of options B and 
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C in Figure  7.7 . Some may have come in sealed and labeled packaging from 
highly controlled factory environments where some food allergens were delib-
erately and effectively eliminated. However, airlines have to source their in -
 fl ight meals and snacks from a wide range of destinations, and this may not 
always be possible. Traceability is a challenge, and food brought on board by 
other passengers may also introduce allergen risks. A number of reports of 
food allergy deaths on airlines have been received by the Anaphylaxis 
Campaign including a case where the passenger ’ s wish for a vegetarian meal 
led her to eat nuts to which she knew she was allergic.  

   7.11.7.    Holidays and Travel 

 Food - allergic people traveling and on holiday may encounter some particular 
risks, which can be classifi ed as follows: 

   •      The food is different. Information about what is in it may not be available. 
Part of the holiday experience is trying different foods.  

   •      People on holiday may be relaxed and may drink more alcohol than usual. 
This may affect their allergen avoidance and early recognition of 
symptoms.  

   •      Food suppliers at the holiday destination may not be familiar with food 
allergen avoidance or ready to provide information to consumers.  

   •      Consumers at risk and food suppliers may not share the same language.    

 The Anaphylaxis Campaign has received a report of a groom with a fi sh 
allergy who died on his honeymoon in Thailand, apparently after some confu-
sion over food ingredients.  

   7.11.8.    Celebrations 

 Festive occasions are often the background for failed allergen avoidance. One 
case involved an egg - allergic father of young children who died at a Sikh 
wedding. The meal was served in the temple itself where according to the 
(Guru Da Langar) dietary regime, meat, fi sh, eggs, and alcohol were not 
allowed, and the man had expected his meal to be egg free. 

 A young boy suffered a severe reaction to unexpected nuts at his brother ’ s 
Bar Mitzvah. Although extensive advance precautions had been taken by the 
family, on the day of the party, the boy ’ s mother was misinformed by a waitress 
about ingredients in a dish, and the boy spent the night in hospital.  

   7.11.9.    Menus and Descriptions 

 In restaurants, takeaways and in situations where food is sold without sealed 
factory packaging and labeling, the information available is critical in effective 
allergen avoidance. A promising young student died following a university 
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dinner after eating  strawberry shortbread on a red fruit sauce . Although she 
knew she had a nut allergy, unknown to her the shortbread contained ground 
almonds, which were invisible and unexpected. Advice to caterers and others 
describing food is that key allergens used as ingredients should always be 
mentioned in the description of the product or dish. 

 Another fatal case in the United Kingdom involved a peanut - allergic 
13 - year - old girl who routinely ate chips with curry sauce from her local take-
away. Staff usually put some peanut butter in the curry sauce but would leave 
it out for her. On the day she died, her friend had picked up the chips from 
the takeaway and staff did not know that they were for the allergic girl. 

 As a general rule, nuts and sometimes peanuts are a relatively expensive 
ingredient and therefore merit a particular mention on the menu or product 
description. In more upmarket restaurants, however, there have been reactions 
to foods that contained even more expensive ingredients where the use of nuts 
or unrefi ned nut oils was not mentioned.  

   7.11.10.    Room Service 

 The practicalities of room service, particularly for a food - allergic diner eating 
alone, can be very challenging. Usually, room service food is ordered via the 
hotel telephone. The diner will not see any of the dishes on offer, so any visual 
clues will not be available (although some hotel menus do now have photos 
of the meals, which can be useful). 

 The following is the author ’ s comment:

  In my own case, I ordered a meal in French in a French - speaking hotel, and 
inquired about every component. I chose the simplest food on offer and was very 
fi rm about needing to avoid nuts. The soup was served with a bread roll, which 
seemed to contain whole grains or seeds. When I phoned back to check, I was 
told that it contained walnuts. For me, that was a close call. It was also a lesson 
to the hotel who might otherwise have found themselves managing an allergic 
emergency or worse.     

   7.12.    FOOD ALLERGY IN CONTEXT 

 When examining allergen management and control in the foodservice indus-
try, the fundamental principle still applies:  “ Eating out with an allergy is really 
simple. You just need to know what went into the food deliberately and what 
else might have gotten in along the way. ”  

 It is increasingly recognized by consumers, food business operators, and 
those responsible for advising on food safety and food description that aller-
gen avoidance depends on good communication across languages and cultures. 
MacAuslan  [29]  described the barriers to food safety best practice from poor 
literacy and language skills, which may be overcome by accessible and 
effective training. 

c07.indd   189c07.indd   189 6/17/2010   7:06:22 PM6/17/2010   7:06:22 PM



190 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

 Market research undertaken by Mintel in 2003  [30]  indicated that although 
young adults are generally unconcerned about food safety issues,  almost one 
in three 15 -  to 24 - year - olds would like more information about food allergies, 
refl ecting complications among consumers with severe food allergies (e.g., to 
nuts), which mostly occur in this age group . 

 The case histories and scenarios outlined above suggest that there are still 
many challenges to effective food allergen avoidance, but also that there is 
a growing commitment to getting things right. One key factor is the growth 
in prevalence of food allergies, which is reported as being particularly high 
among food handlers and their families — perhaps because they handle many 
different foods every day — which may lead to sensitization and further expo-
sure causing symptoms. Commonly cited allergies to shellfi sh and nuts in 
particular mean that allergy awareness among chefs and their colleagues is 
heightened. High - profi le chefs are able to raise awareness of food allergies 
and give professional confi dence and skills in effective allergen management 
to colleagues. 

 Another issue, which is often raised, is that of access. Although most food -
 allergic people would be reluctant to class their food allergy as a disability, it 
may well restrict their lifestyle and cause them stress and inconvenience. As 
restaurants install wheelchair access ramps and other support for disabled 
people, some food - allergic individuals are keen to ensure that their needs are 
met too. 

   7.12.1.    Best Practice: What Can Be Learned from 
the Food Manufacturing Sector? 

 Much best practice for allergen controls in foodservice originates in food 
manufacturing where automation, bulk production, physical controls, product 
labeling, and extensive third - party auditing of all food safety and food com-
position practices have led to intelligent risk management and improved aller-
gen avoidance. In the United Kingdom, industry guidance is available from 
the Food Standards Agency as a management document  Guidance on Allergen 
Management and Consumer Information   [7]  and a convenient picture leafl et 
for smaller businesses  Allergy — what to consider when labelling food   [31] . The 
Australian Food and Grocery Council  Guide to Allergen Management and 
Labelling  2007  [32]  is a similar food industry document. Other national and 
international standards and schemes also provide guidance on the elimination 
of different food allergens from food production and the reduction of risks 
from mislabeling. 

 The principles of all such schemes are as follows: 

   •       Eliminate  — if you don ’ t need to use a food allergen, then do not introduce 
it into your production environment.  

   •       Control  — if you do use a food allergen, make sure that it is recognized as 
a food allergen and that you know exactly where it is and in what form.  
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   •       Communicate  — make sure that everybody knows exactly which allergens 
are used as ingredients and which may be around as possible contami-
nants, and can pass on that information accurately to those responsible 
for the next stage in the supply chain. Product information and temporary 
or retail labeling must be correct and clear.     

   7.12.2.    Food Allergy in the Food Safety Context 

 Food safety professionals, auditors, technologists, and labeling experts con-
tinue to discuss the place of food allergen controls in food safety and food 
information management. The following model (Fig.  7.14 ) has been useful in 
recent years to explain how food allergen controls and other avoidance needs 
may be considered in the wider context of standards (composition and descrip-
tion) and safety  [10] .   

 Consumers who need to avoid particular foods to protect their health need 
to know both what went into the food as an ingredient (and which would be 
covered under food standards labeling and description including written and 
oral information), as well as whether the food had been protected from risks 
such as allergen contaminants during preparation and service. 

 Some advocates of  “ classic ”  food safety principles consider that only physi-
cal, chemical, and microbiological risks should be addressed by food safety 
management systems. Although control models that integrate these tradi-
tional risks with allergen controls are widely used in food manufacture, they 
are not always considered suitable in foodservice. The current U.K. govern-
ment food safety initiative  “ scores on the doors, ”  for example, which aims to 
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     Fig. 7.14     Food standards or food safety.  
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improve food safety in restaurants and takeaways, will not include the assess-
ment of food allergen controls in its scoring system. A top star score may not 
indicate any kind of competence in assessing, controlling, or communicating 
food allergy risks.  

   7.12.3.    Anybody or Somebody? 

 One of the perennial debates about food allergy in the food safety context is 
whether food safety systems should be required to protect the public in general 
or a particular subsection of the population. Food - allergic individuals have 
occasionally been advised that as they are in the minority, their needs cannot 
be covered by  “ classic ”  food safety controls. On the other hand, it has also 
been pointed out that microbiological hazards, which are covered by such 
 “ classic ”  controls, do not represent a risk to all consumers. Children, pregnant 
women, people whose immune systems are compromised, and the elderly are 
more likely to be affected if such hazards are not controlled. Since people 
avoiding foods to protect their health are a growing minority and since the 
consequences of failed allergen avoidance are potentially fatal, the integration 
of allergen controls in food safety management plans is vital.  

   7.12.4.    How Much Is Too Much? 

 Excluding allergen controls from  “ classic ”  food safety management is also 
justifi ed in some quarters by the absence of knowledge about thresholds for 
different food allergens. As described above, food allergic symptoms are 
unpredictable and may be affected by a wide range of additional factors. Once 
again, comparison with other  “ classic ”  food safety risks indicates that agreed 
acceptable levels for microbiological risks (for example) may not be appropri-
ate for all consumers.  

   7.12.5.    To Hazard Analysis Critical Control Point ( HACCP ) 
or Not to  HACCP ? 

 The HACCP method of assessing and managing production risks (which 
is widely used in food manufacturing and other industry sectors) and its 
simpler hazard analysis relative can be developed to implement food allergen 
controls. 

 The process followed is to 

   •      examine the process steps,  
   •      assess hazards,  
   •      devise appropriate controls,  
   •      implement controls,  
   •      monitor controls,  
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   •      review the process, and  
   •      implement guidance and training to support the system.    

 Manufacturers and some foodservice businesses have integrated allergen 
controls into this process. Risk assessment may indicate that some of the con-
trols already in place to address physical, chemical, and microbiological risks 
are also effective for allergens. This additional benefi t is then merged into the 
hazard analysis or HACCP process. In other cases, a separate column for 
allergen management is added on the right - hand side of the food safety man-
agement plan, which ensures that allergen risks are controlled in parallel with 
other risks. It is then possible to develop assessment methods for the effective-
ness of each process step.   

   7.13.    WHAT WORKS IN FOODSERVICE? 

 There are four effective allergen controls in foodservice  [10] : 

  1.     The allergic person can eat a standard menu item.  
  2.     The allergic person can eat a standard menu item with some things left 

off, for example, sauce, wafer biscuit.  
  3.     Staff can prepare something especially in an area free from the 

allergen.  
  4.     Staff suggest to the allergic person that precautions currently in place 

might not be adequate to protect them from contact with the allergen 
they need to avoid.    

 If any of the controls above is implemented correctly, then allergen avoid-
ance will be effective. 

   7.13.1.    People, Equipment, and Procedures 

 Like all good safety systems, these controls will depend on the people, equip-
ment, and procedures available at the time. 

   7.13.1.1.    People.     All staff will need to be trained to an appropriate level for 
their activity. Those responsible for managing ingredients, recipes, and menus; 
communicating with customers; and controlling product knowledge and infor-
mation will need to be particularly competent and confi dent in how to imple-
ment the controls.  

   7.13.1.2.    Equipment.     One key factor in many foodservice businesses is the 
available space to store, decant, prepare, cook, and serve foods from which 
particular allergens need to be eliminated. Sometimes, segregation by space 
and/or by time, for example, preparing the allergic person ’ s food fi rst before 
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other foods are used, or last after a thorough clean down is the answer. It is 
also vital that hands, work surfaces, overalls, utensils, cloths, and other kitchen 
equipment are thoroughly washed and cleaned.  

   7.13.1.3.    Procedures.     The procedures in place for managing food informa-
tion and for segregating foods for physical, chemical, microbiological, and food 
allergen reasons need to be understood and integrated into everyday practice. 
This may involve training, color coding, signage, written policies, and regular 
assessments of staff knowledge. As for every safety regime, it is essential to 
work through some  “ what ifs ”  (i.e., what if a key staff member is absent, what 
if we run out of a particular ingredient) to assess worst case scenarios and be 
prepared for contingencies.   

   7.13.2.    Verifi cation and Validation 

 Whether the HACCP or simpler hazard analysis process is employed, it is 
essential to undertake regular audits and reviews of staff knowledge and 
understanding of the controls in place. Food safety management plans usually 
include a section for  “ lessons learned, ”  which serve to improve controls for 
the future.  

   7.13.3.    Setting Management Targets 

 To be effective, any management system needs to be practical and achievable. 
Any target set will need to be realistic and ideally measurable. While some 
food manufacturers may be able to verify their factory controls and validate 
cleaning processes (e.g., by sending product and swab samples for laboratory 
testing), this is rarely practical in foodservice. 

 Instead, it is worth setting targets based on what is easier to assess and what 
is already in place: 

 To date, there is limited peer - reviewed data about the effectiveness of clean-
ing for allergen controls in catering situations  [33] ; but this research, together 
with history and experience, indicates that even the most highly sensitive food -
 allergic people are usually protected by good hand washing, best practice 
commercial dishwashing, and common sense work methods for not spreading 
allergens around inadvertently. The U.K. laboratory Reading Scientifi c Services 
Limited (RSSL) and the Anaphylaxis Campaign undertook a preliminary 
study of allergen cleaning in 2006, which indicated the following: 

   •      Peanut and hazelnut proteins are highly tenacious even following rigorous 
chemical/mechanical treatments.  

   •      Milk proteins are slightly easier to remove.  
   •      Automatic washing is generally better than manual bowl washing for nut 

proteins.  
   •      Wooden and used chopping boards are extremely diffi cult to get clean.  
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   •      High levels of contamination are picked up and transferred by sponges 
and cloths used.  

   •      Detergents are mildly better than hot water alone at removing allergens 
bound in high fat matrices.  

   •      Nut and milk proteins are well removed from hands by soap.    

 Both the Perry research and feedback from the RSSL study can be used to 
support best practice washing and cleaning in foodservice. 

 Foodservice personnel will be more willing and able to address food allergy 
risks once they understand that much of the effort and many of the controls 
they are already implementing, for example, regular hand washing, good clean-
ing, segregation of particular foods, and product identifi cation and labeling will 
also be effective as allergen controls. This applies to the foodservice sector as 
well as in manufacturing. 

 Ahuja and Sicherer  [34]  reminded us, however, in their recent study that 
there is no room for complacency among food personnel or consumers at risk. 
Twenty - four percent of foodservice staff questioned in their study believed 
that a small amount of the allergen would be safe, and 35% believed that fryer 
heat would destroy allergens. This is one particular example where controls in 
place for other food safety reasons will not be effective for allergens (e.g., 
cooking in a hot wok).   

   7.14.    FOOD ALLERGY AND THE LAW 

 As discussed previously, it is increasingly common for food allergen controls 
to be addressed and supervised by those responsible for both food safety 
and food labeling controls, both in - house and externally by local and national 
authorities. Although there has been reluctance by some government bodies 
to direct food control authorities to address food allergen risks in their 
everyday activities  [15, 35, 36] , recent developments have been more encour-
aging  [37] . 

 It is awkward that effective food allergen avoidance is dependent on a 
number of different legal contexts: 

   •      food safety law — relating to protecting foods on sale from contamination 
and degradation to protect health;  

   •      food standards law — ensuring that the consumer is sold exactly what 
he or she expects and that information available is accurate and up to 
date;  

   •      traceability law — relating to being able to trace foods up and down the 
food supply chain in case a recall is necessary;  

   •      health and safety law — both at work and for the general public who may 
be deliberately or inadvertently exposed to food allergens (not just in 
foods, but also in personal care and other products);  
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   •      general product safety law —  catchall  legislation to protect consumers 
from any risks in anything they may buy, for example, by providing infor-
mation about potential hazards of use; and  

   •      civil law — the civil responsibility of one person or business not to cause 
harm to another person or business. There have been civil claims following 
allergic reactions to foods.    

   7.14.1.    The Principle of Due Diligence 

 This principle is widely recognized in the U.K. food sector. If a food supplier 
is prosecuted under the food law, then evidence of the management system 
and controls effective at the time of the offense may be used in mitigation to 
reduce any penalty. In practice, this means that it is worthwhile for a business 
to implement and maintain good food safety management systems including 
those for allergen control. This may also lead to a reduced risk of legal action 
being taken against the food business operator, which may, in turn, lead to 
reduced premiums for business liability insurance.  

   7.14.2.    Current and Recent Food Control Authority Initiatives 

 Early initiatives to support food businesses in the control of food allergens 
and the adoption of best practice included the Canadian Allergy Awareness 
Programs  [38] , food allergy training delivered on behalf of various U.K. local 
authorities by Allergy Action  [10] , and workshops developed for Rochdale 
Metropolitan Borough by environmental health professional Jackie Hall in 
2004  [39] . More recently, in 2006 – 2007, the U.K. Food Standards Agency com-
missioned and coordinated a program of food allergen online training and 
workshops for over 1000 food control offi cers, which was developed and deliv-
ered by Allergy Action and partner company, Hygiene Audit Systems  [40] . The 
same partnership also delivered a national conference and seven courses for 
the Co - operation and Working Together (CAWT) and Safefood organizations 
on the island of Ireland in 2007. The allergy training DVD training pack stage 
1  [41] , which was produced by the same team, is in regular use by food control 
teams throughout the United Kingdom and beyond. 

 In 2006 – 2007, the U.K. Food Standards Agency also developed and distrib-
uted guidance on the provision of allergen information for non - prepacked 
foods  [42] , together with a pictorial guidance leafl et  [41]  and a laminated 
kitchen poster  [43]  to raise staff awareness. 

 In addition to proactive awareness - raising activities and training, some 
authorities (e.g., Kent County Council  [44] , Association of Public Analysts 
 [45] ) have also been involved in taking food samples both formally and infor-
mally for analysis and communicating the results of such projects in order to 
alert both consumers and food business operators to the possibility of allergen 
risks  [22, 45, 46] . 

 In the UK in 2009, a market trader was convicted of selling  “ unsafe food ”  —
 in this case a prepacked box of chocolates, which was not labeled in English 
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(i.e., a language easily understood) — and therefore represented a risk to food 
allergic people. In 2010, a UK takeaway business owner was convicted of 
selling  “ unsafe food ”  which contained peanuts to a customer with a declared 
peanut allergy. Both prosecutions were taken under EU Food Safety regula-
tion 178/2002 EC (Article 14) and represent legal milestones in using food 
safety law (and not just food labeling/composition law) to protect food allergic 
people  [47] .   

   7.15.    BEST PRACTICE GUIDANCE 

 While the guidance above is freely available online and other national guid-
ance is also available for use in foodservice, the following notes may be helpful 
in developing food allergen management plans and the assessment, manage-
ment, and control of food allergen risks. 

   7.15.1.    Identifying Allergenic Contaminants in Incoming Materials 

     •      Supplier questionnaires and audits — approved supplier lists.  
   •      Detailed information required about both ingredients and possible aller-

gen contaminants in foods bought in.  
   •      Detailed delivery checks to ensure that what is delivered matches exactly 

what is ordered. Any discrepancies are embargoed until further checks 
have taken place.  

   •      Contingency shopping — what to do when the usual ingredient runs out?  
   •      Foreign language labeling and specifi cations, checking poorly translated 

ingredients for sense.     

   7.15.2.    Dealing with Bulk Unlabeled Ingredients 

     •      Managing information to prevent confusion  
   •      Controlled decanting into smaller containers, keeping foodstuffs covered, 

not redecanting into dirty/wrong containers  
   •      Managing spillage — prioritizing cleaning for allergen spillage  
   •      Careful management of labeling of part - prepared foods  
   •      Ensuring that utensils such as scoops, scales, and tin openers are washed, 

rinsed, and dried thoroughly before reuse     

   7.15.3.    Preventing Cross - Contamination during Food Preparation 

     •      What kind of segregation is possible/practical?  
   •      Can you segregate by time, for example, make something before other 

foods are used or after a clean down?  
   •      Can you segregate by space — work elsewhere?  
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   •      Be alert to cross - contamination from dirty cloths and overalls, and poorly 
washed hands and utensils.  

   •      Service and maintain dishwashing and pot washing equipment and ensure 
that the appropriate cleaning products and temperatures are used.  

   •      Keep lids on all foods when not in use.     

   7.15.4.    Food Handling and Displays in Supermarkets 

   7.15.4.1.    Fresh Produce — Vegetables, Fruit, and Nuts    

     •      Need to be recognized at point of selection and by staff at the till.  
   •      Be alert to spillage and nuts being cracked on the fl oor.  
   •      Small children may pick up nuts, seeds, and other allergens and even put 

them in their mouths.     

   7.15.4.2.    Stickers    

     •      Be careful not to put reduced price stickers over key information, for 
example, ingredients or  “ may contain ”  warnings.     

   7.15.4.3.    Bakery and Patisserie    

     •      If served by staff, they should have good product knowledge and have 
information about ingredients and allergens in the preparation environ-
ment to hand.  

   •      If served by customers, they need to match exactly which product is which.  
   •      Tongs and other utensils may need to be tied down to prevent reuse for 

another product.  
   •      Stickers for self - pricing should carry a generic  “ may contain ”  warning 

message to alert other people who may consume the food later that this 
food was sold in an open bakery environment.     

   7.15.4.4.    Selling Fish and Shellfi sh    

     •      In addition to the problems of transferring leakage from wet fi sh and 
shellfi sh to other surfaces, it is important that the staff serving them 
are aware of the possibility of cross - contamination between fi sh and 
shellfi sh.  

   •      Once again, the staff need to know their products and be ready to provide 
customer information.     

   7.15.4.5.    Delicatessen Counters    

     •      Ready - to - eat pies and pastries — staff should be aware of the possibility 
of wheat, gluten, soya, milk, and egg contamination (for example) to other 
simpler foods, for example, cold meats.  
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   •      Cold meats and ready - to - eat salamis, sausage, and so on — these can some-
times contain unexpected ingredients that are not easily recognizable —
 for example, mortadella, which contains small pieces of pistachio nut and 
other sausages, which contain walnuts, mustard, and a range of other nuts 
and seeds.  

   •      Prepared salads — for example, coleslaw, potato salad — if served by staff, 
then they will need to be able to fi nd out all ingredients and prevent cross -
 contamination, for example, by using clean/different serving utensils. If 
served by customers, notices should raise awareness of cross - contamina-
tion risks from using the wrong utensil. Once again, stickers should carry 
a generic warning that the food came from an open environment with a 
range of other food allergens.  

   •      Cheese — although customers may think that cheese is a simple food, 
it can also contain other allergens such as lysozyme, which is derived 
from egg.     

   7.15.4.6.    Pick  ‘ n ’  Mix    

     •      Once again, self - service of open foods carries particular risks for those 
with food allergies. Utensils may be mixed up. Labels may not have been 
changed when the containers were refi lled, and containers may not have 
been washed between different products.  

   •      This is particularly relevant for unwrapped dried fruit, nuts, sweets, and 
chocolates.  

   •      However, it is also important to be aware that the foils and wrappers on 
confectionery may change. A young girl died after eating a Brazil nut 
chocolate in error because the color of the foil had been changed by the 
manufacturer.      

   7.15.5.    Basic Training Requirements for Staff 

     •      Food allergy training should be developed to match training needs identi-
fi ed in the food allergy management system.  

   •      All staff need some allergy training in line with their activities and 
responsibilities.  

   •      Staff training records should be monitored and maintained.  
   •      The fi rst principle of allergy training is that if you are asked for informa-

tion that you do not have, you must  never guess .  
   •      Team leaders and supervisors should be supported to undertake formal 

and informal training for their staff.  
   •      They also need to assess staff competence in the workplace through 

routine checks and discussions with colleagues.  
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   •      They should be provided with information and relevant materials to 
support this learning.  

   •      Materials should be accessible and visual where practical to overcome any 
language or learning diffi culties.  

   •      Any allergy - related incident should be recorded and discussed.  
   •      Workplace displays and signage can support best practice and improve 

awareness.  
   •      Managing an allergic emergency — in particular, early recognition of aller-

gic symptoms and the need to ensure that paramedics are brought as 
quickly as possible to the person at risk. Having clear written directions 
by the phone may bring help more quickly.     

   7.15.6.    Key Messages Used in Allergy Training Courses  [41]  

     •      Know your ingredients and recognize allergens including nuts, peanuts, 
and seeds.  

   •      Invite dialogue and be ready to provide information to customers who 
ask.  

   •      Control allergen cross - contamination where possible.  
   •      Tell the truth about a food. Never guess.  
   •      Have an emergency protocol — thinking ahead can save a life.      

   7.16.    CONCLUSION 

 Those at risk from IgE - mediated food allergies need evidence - based clinical 
diagnosis and guidance on which foods they should avoid and how. They may 
also need advice on how to recognize their own allergy risk status and emer-
gency management. 

 Allergen management and control in the foodservice industry can be imple-
mented effectively for increasing numbers of people at risk from unpredict-
able IgE - mediated food allergies. This will also be benefi cial for others who 
need to avoid foods including those with intolerances and celiac disease. 

   •      The starting point for any allergen management system is good food 
information — recipes, ingredients, and written product information are 
correct and up to date.  

   •      Caterers and other food businesses who already undertake hazard analy-
sis and have controls in place for other risks (e.g., hand washing, cleaning, 
segregation between ingredients, or part - fi nished foods) should examine 
these closely and identify those that are also effective allergen controls. 
Their food safety management plan should be extended to recognize the 
double benefi t of carrying out these controls effectively.  
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   •      All staff should be aware of their role in managing allergens and control-
ling cross - contamination. They should have regular work - related update 
training to ensure that they really understand the risks and appropriate 
controls  .    
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  8 
PROCESSING FOODS FREE FROM 
DAIRY PROTEINS  

  Joyce I.     Boye   ,    Sahul H.     Rajamohamed   , and    Michel     Britten       

    8.1.    INTRODUCTION 

 Food allergies have increased at a remarkable rate in the industrialized world 
and are estimated to affect 4 – 8% of children and about 3 – 4% of the adult 
population  [1 – 5] . Eight foods (the  “ big eight ” ) (i.e., cow ’ s milk, egg, peanut, 
soy, tree nuts, crustaceans, fi sh, and wheat) are classifi ed as priority allergenic 
foods because they represent the most common foods to which consumers are 
sensitized. Cow ’ s milk allergy (CMA) poses a particularly serious challenge 
because cow ’ s milk is consumed by a large percentage of the population, is 
used in the preparation of many different food products, and is a major aller-
gen for infants and children. There are currently no cures for food allergy; thus, 
CMA patients must be able to identify foods that contain milk proteins and 
avoid them in their diets. Milk proteins have excellent nutritional and func-
tional properties, and since they are the culprit components in dairy products, 
their avoidance is particularly bothersome. The chapter will highlight some of 
the major dairy foods and ingredients commonly used by the food industry, 
and the major and minor allergenic proteins in milk, and will attempt to 
provide a list of ingredients and foods that could be used as alternatives to 
dairy in the formulation of foods labeled as  “ free from ”  dairy or  “ nondairy. ”  
Due to the widespread use of dairy and dairy ingredients in food formulation, 
the chapter will begin with an extensive overview of dairy products and ingre-
dients currently available on the market, and a summary of their properties 
and some of the processes used for their production.  
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   8.2.    OVERVIEW OF DAIRY INGREDIENTS, THEIR PROCESSING, 
AND CHARACTERISTICS 

 Consumers appreciate dairy foods for their nutritional value and sensory 
properties. A wide variety of fl uid milks, creams, butters, cheeses, and yogurts 
are available on the market. Dairy products are also used as ingredients in the 
preparation of cooked meals, spreads, dips, desserts, and sauces. Development 
of large - scale separation processes supported the emergence of a strong dairy 
ingredient industry. Today, milk fractions are isolated from milk and used to 
improve the nutritional or sensory properties of formulated foods. Apart from 
whole dairy foods, the main classes of dairy ingredients used in food formula-
tion are milk protein concentrates made of casein (CN) and whey protein 
fractions. These are described in greater detail below. 

   8.2.1.    Dairy Foods 

 All mammalian species produce milk to feed their young. Since ancient times, 
the milk from cow, goat, sheep, camel, buffalo, and others has served as a 
source of nutrition for humans. In many countries today, however, cow ’ s milk 
has become the major source of dairy foods. Whole milk from cows contains 
about 3% protein, 3.5 – 4% fat, and about 5% carbohydrate. Dairy foods are 
usually considered as fi nal products directly targeted to the consumer. However, 
a signifi cant portion of dairy products are also used as ingredients in many 
different processed foods and may be added to food formulations to improve 
nutritional value, taste, color, or mouthfeel. 

 Cream, cream cheese, and butter are examples of high - fat products obtained 
from milk. They provide texture, creaminess, and typical dairy notes to pro-
cessed foods. Milk fat is characterized by a sharp melting profi le. At 5 ° C, the 
solid fat fraction is about 60%, which decreases to almost 0% at mouth tem-
perature  [6] . Fat crystals interact with each other and contribute to the fi rm-
ness of foods at low temperature. During mastication, rapid melting of fat 
alters the rheological character of food, which changes from elastic to viscous. 
Fat melting absorbs thermal energy and induces a coolness perception when 
fat - rich dairy products are consumed. Additionally, aeration of creams with 
more than 30% fat results in the formation of soft foam, stabilized by fat 
crystals aggregated at the surface of tiny air bubbles  [7] . These products are 
used as whipped cream toppings, and they provide a rich texture and taste to 
different types of desserts. Milk fat is also a reservoir of characteristic aroma 
compounds, which are slowly released during food mastication. 

 Natural, processed, and powdered cheeses are popular ingredients in food 
formulations. Use of cheese as pizza topping is a widespread application. 
Shredded cheese melts during cooking to form a homogeneous and elastic 
coating at the surface of the pizza. The melting properties depend on cheese 
moisture, mineral balance, and degree of proteolysis. Residual sugars present 
in cheese facilitate the Maillard reaction and the development of a light brown 
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color. Furthermore, melted cheese releases enough oil to produce a shiny 
surface and prevent excessive dehydration during cooking. Additionally, 
cheese powder provides a cheesy fl avor to processed foods and is often used 
as a dry coating ingredient for snacks and bakery products or in the prepara-
tion of dry sauce mixes. 

 Yogurt, a fermented milk product, is characterized by a typical acid taste 
and a complex aroma profi le. Lactic acid produced by the bacterial cultures 
induces the aggregation of CN micelles and the formation of a soft gel  [8, 9] . 
Yogurt is also available in powdered form and can be used to provide texture 
and taste to salad dressings and dips and is also a popular ingredient in the 
formulation of sweet coating for nuts, dry fruits, and nutritional bars.  

   8.2.2.    Milk Powders, Coprecipitates, and Milk Protein Concentrates 

 Milk is highly perishable, and surplus milk is spray dried to extend its shelf 
life. Large - scale processes have been developed to produce milk protein 
concentrates with different compositions and characteristics. Milk and milk 
protein concentrate powders are easy to use and can be integrated in a large 
number of food formulations to improve nutritional and sensory qualities. 

 Whole milk and skim milk powders are produced by evaporation, concen-
tration, and spray drying. These powders are characterized by a high concen-
tration of lactose (more that 50% in skim milk powder). Protein precipitation 
or membrane separation processes can be applied to milk prior to dehydration 
to reduce lactose and increase protein content. CN micelles can be disrupted 
by acidifi cation to form a precipitate at their isoelectric point (pH   4.6)  [10] . 
Since native serum proteins remain soluble at low pH, heat treatment can be 
applied with the addition of calcium prior to acidifi cation to facilitate the 
denaturation of serum proteins and their coprecipitation with CNs at low pH. 
Lactose and minerals are then washed out to obtain a coprecipitate containing 
85 – 90% protein,  < 5% lactose, and 3 – 7% ash  [11] . 

 Membrane fi ltration is another technique frequently used to produce total 
milk protein concentrates  [12] . Ultrafi ltration membranes with appropriate 
pore size allow the selective removal of lactose and soluble minerals and reten-
tion of milk proteins. Unlike the coprecipitation process, membrane fi ltration 
preserves the native state of milk proteins. Milk protein concentrates or iso-
lates processed this way, with protein concentrations ranging from 50% to 
90%, are available to food processors. In some instances, larger pore size 
membranes (microfi ltration) can also be used to remove a portion of soluble 
protein  [13] . Concentrates obtained by microfi ltration, therefore, contain 
higher concentration of micellar CN. These concentrates are often called 
 “ native phophocaseinate. ”  

 Milk powders and protein concentrates have a bland fl avor and do not 
alter the fl avor profi le of processed foods. They form colloidal dispersions in 
aqueous media, with strong light scattering power. CN, the major milk protein, 
is heat stable  [10]  and makes milk protein ingredients well adapted for cooking 
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applications. At neutral pH, the solubility of low - heat skim milk powders and 
protein concentrates is higher than 95%  [13] . In coprecipitates, serum protein 
denaturation is responsible for poor solubility. However, increasing the pH 
and using calcium chelating salts, such as phosphates and citrate, can restore 
solubility. Milk protein ingredients interact with water, affecting the viscosity 
or the fi rmness of fi nal food products. The amphiphilic nature of native milk 
proteins provides them with excellent emulsifying and foaming properties 
 [10] . They adsorb at oil/water or air/water interfaces and prevent emulsion 
coalescence or foam collapse. 

 Essential amino acids represent  ∼ 40% of total amino acids in milk proteins 
 [14] . Digestive enzymes are very well adapted to milk proteins, and 95% of 
ingested protein is absorbed during intestinal transit  [15] . The nutritional value 
of milk protein is, therefore, much higher than that of vegetable proteins 
 [16, 17] , but they contain low concentrations of sulfur - containing amino acids, 
which slightly reduce their nutritional value. CN micelle is a natural carrier 
for calcium and phosphorus. In milk, two - thirds of total calcium is associated 
with CN micelles as colloidal calcium phosphate  [18] . Milk powders and milk 
protein concentrates are, therefore, excellent sources of calcium. However, for 
milk protein coprecipitation, the acidifi cation treatment dissolves colloidal 
calcium phosphate, which is often lost in the process. 

 Large amounts of milk powders and milk protein concentrates are used by 
the dairy industry to standardize the protein content of cheese milk, yogurt, 
and dairy beverages. These ingredients are also used to impart whiteness and 
opalescence to foods and drinks. They stabilize fat dispersions and interact 
with gums and starches to reduce water mobility, increase viscosity, and reduce 
syneresis in sauces and dressings. They also reduce water loss during cooking 
of bakery products. Total milk protein ingredients also improve the nutritional 
value of processed foods and are extensively used in the formulation of nutri-
tional bars and drinks.  

   8.2.3.     CN  Ingredients 

 CN and serum proteins represent respectively 80% and 20% of total milk 
protein  [10, 19] . The characteristics of these two classes of protein are very 
different and justify their separation. CN can be extracted from milk in various 
forms to meet the requirements of food processors. 

 CN is coagulated from nonheated milk by acidifi cation or enzymatic treat-
ment. Fermentation or direct acid addition is used to reduce milk pH. 
Electrodialysis, ion exchange resins, and carbon dioxide injection are other 
available processes to acidify milk  [20] . During acidifi cation, calcium and 
phosphorus originally bound to CN micelles dissociate, and CN precipitation 
occurs at pH    <    5.0  [21] . The precipitate, called acid CN, is then separated from 
whey, which contains serum proteins. After washing and pressing, acid CN is 
dried on a fl uid bed, attrition, or ring dryer. Acid CN is hardly dispersible in 
water, and it is common practice to convert it to caseinates prior to spray 
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drying. CN conversion is obtained by adding a strong alkali to bring the pH 
up to 6.7 and restore solubility. For that purpose, sodium hydroxide is used to 
produce sodium caseinates. Other hydroxides can be used to produce potas-
sium, ammonium, or calcium caseinates. Milk - clotting enzymes are also used 
to coagulate CN without acidifi cation. Rennet is also commonly used for that 
purpose to produce the so - called rennet CN. Unlike acid CN, rennet CN 
retains the calcium and phosphorus originally bound to the micelles. The CN 
family is formed by four major fractions:  α  s1  - ,  α  s2  - ,  β  - , and  κ  - CNs  [10, 19] . 
Efforts have been made in the past to develop processes to separate these 
fractions, but only the  β  - CN fraction is available on a commercial basis. 
Enzymatic hydrolysis is also used to produce peptides from CNs. Crude CN 
hydrolysates are available and can be further purifi ed to develop high - value 
peptide fractions for specifi c applications. 

 CN and caseinates obtained in optimal conditions have a bland fl avor, but 
the use of low - quality milk or excessive temperatures or pH during produc-
tion can result in major fl avor defects. Bitter fl avors are often associated to 
CN hydrolysates. Acid and rennet CNs are not soluble in water, but sodium 
caseinate is soluble and produces viscous and translucent dispersions. The 
structure of dissociated CNs is highly disordered and strongly interacts with 
water. Calcium induces the association of CNs and calcium caseinate exists 
as small and cohesive aggregates  [22] , resulting in opaque and low - viscosity 
dispersions. Soluble caseinates (sodium, potassium) are resistant to heat treat-
ments  [23]  and have excellent interfacial properties. Furthermore, CN is rich 
in essential amino acids and contains phosphoserine residues, which interact 
with calcium and might facilitate its absorption in the small intestine  [24] . 
Specifi c biological activities have also been associated with peptides produced 
during CN digestion in the human body. Opioid, antihypertensive, antibacte-
rial, and immunomodulating activities are associated with peptides from  β  -  
and  α  s1  - CNs  [25] . 

 CN and caseinates are used in the preparation of dairy product analogs. 
Rennet CN is heated with water and chelating salts to emulsify vegetable oil 
in the preparation of cheese analogs, while sodium caseinate is used to stabilize 
fat in coffee creamers or whipped cream analogs. CN ingredients are used in 
bakery products to increase water - holding capacity. It is also used to improve 
the amino acids profi le of breakfast cereals, cookies, pasta, and bread. Wheat 
protein is defi cient in lysine, and adding 4% CN to wheat fl our increases the 
lysine content by 60%  [26] . Sodium caseinate is widely used in processed meat 
industry. It stabilizes fat to produce fi ne emulsions and improves heat gelation 
of meat proteins  [27] . Sodium caseinate reduces fat and water losses during 
cooking  [27] . Additionally, CN ingredients fi nd applications in the formulation 
of dietary products. Hyperproteic food products, containing CN ingredients, 
are used to control obesity, and patients with gastrointestinal disorders are 
sometimes fed with CN hydrolysates  [28, 29] . CN phosphopeptides may also 
be added to calcium supplements to increase intestinal absorption  [24] , and a 
CN peptide extract is commercialized to reduce anxiety  [30] .  
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   8.2.4.    Whey Protein Ingredients 

 Whey is the by - product of cheese and CN industries. Industrial processes were 
fi rst developed to recover serum proteins from whey in order to reduce its 
negative impact on the environment. Today, high - value ingredients are pro-
duced from whey and used in the food processing industry. 

 Thermal precipitation is the fi rst industrial process used to isolate whey 
proteins. Whey is heated at 90 ° C for more than 10   minutes, followed by pH 
adjustment to values between 4 and 5. The protein precipitate is then washed, 
recovered by centrifugation, and dried. The fully denatured whey protein 
ingredient obtained by this process is called lactalbumin  [10] . Ultrafi ltration 
is an alternative technology to concentrate whey proteins in their native state. 
Ingredients with protein concentrations ranging from 35% to 85% are pro-
duced by ultrafi ltration. In order to produce whey protein isolate (WPI) ( > 90% 
protein), residual lipids must be removed from whey by microfi ltration treat-
ment. Techniques such as ion exchange chromatography are also used at the 
industrial scale for the production of high - purity WPIs. 

 Different processes have been developed to isolate individual proteins from 
whey. Selective precipitation, large pore ultrafi ltration, and ion exchange chro-
matography are used to isolate the major proteins  β  - lactoglobulin ( β  - Lg),  α  -
 lactalbumin ( α  - la), and glycomacropeptide from cheese whey  [10] . Specialized 
techniques such as cation exchange chromatography are used for the purifi ca-
tion of minor proteins such as lactoferrin (LF) and lactoperoxidase  [31] . 
Additionally, enzymatic whey protein hydrolysates are produced from whey 
or the individual protein isolates for use in food applications. 

 Whey protein ingredients, with low - fat content, have a neutral fl avor. Lipids 
are sensitive to oxidation, which could induce off - fl avor development in whey 
protein ingredients with signifi cant fat content. Lactalbumin, made from fully 
denatured whey proteins, is hardly soluble in aqueous systems and shows poor 
emulsifying, foaming, and gelling properties. Whey protein concentrates and 
isolates are soluble in water and produce low - viscosity dispersions at any pH. 
The globular structure of whey proteins is sensitive to heat treatment, which 
induces protein unfolding and aggregation. Depending on pH, ionic strength, 
and protein concentration, a gel, a colloidal dispersion, or a precipitate can 
form after heating. Whey proteins have excellent foaming properties  [32] . They 
adsorb and spread out at the air/water interface to form stable protein fi lms. 
Heating whey proteins induces gelation  [33]  and further increases the stability 
of whey protein foams  [33] . Compared with CNs, whey protein contains more 
than twice the amount of sulfur - containing amino acids and is an excellent 
source of branched amino acids  [34] . Whey protein ingredients have been 
shown to increase intracellular glutathione concentration (a powerful antioxi-
dant) in human cells  [35] . Specifi c biological activities have been associated 
with individual whey proteins and their derived peptides  [25] . 

 The dairy industry uses whey protein ingredients to reduce formulation 
costs. Adding heat - treated whey protein concentrates to cheese milk signifi -
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cantly increases the yields. Specially designed whey protein concentrates are 
used to improve the texture of ice cream and reduce the syneresis in yogurts. 
Whey protein concentrate (35% protein) is used as skim milk replacer in 
food formulations. The heat - induced gelation properties of whey proteins are 
most appreciated in bakery and meat product applications. Aggregated whey 
protein is commercially available to replace fat and provide creaminess in 
low - fat foods (e.g., Simplesse). Egg white substitutes are also produced from 
WPIs for foaming applications  [36, 37] . In recent times, sport nutrition has 
created an expanding market for whey protein ingredients. As indicated 
above, whey protein contains branched amino acids (valine, leucine, iso-
leucine), which have been shown to support muscle development  [38] . 
Additionally, whey proteins and derived peptides are extensively used in 
protein - rich diets and nutritional supplements. Due to the excellent nutri-
tional properties and functionality, dairy foods and ingredients are used in 
probably every food category as is evident from the information provided 
above.   

   8.3.    MILK PROTEIN ALLERGENS 

 CMA is an immunoglobulin E (IgE) - mediated reaction to proteins in cow ’ s 
milk, which may induce cutaneous (atopic dermatitis, urticaria, angioedema), 
respiratory (rhinitis, asthma, cough) and gastrointestinal (vomiting, diarrhea, 
colic, gastroesophageal refl ux) reactions, and, in some extreme cases, even 
systemic anaphylaxis  [39] . Allergy to cow ’ s milk is one of the most common 
challenges especially in early childhood with an incidence of 1 – 3% during the 
fi rst year  [40, 41] . While the factors contributing to CMA are not completely 
understood, it has been suggested that factors such as low stomach pepsin 
activity at birth, an immature stomach acid generating mechanism, and mal-
function of pancreatic and intestinal enzymes may contribute to the stability 
of cow ’ s milk proteins by limiting their gastric proteolysis, thereby, exposing 
neonates to intact protein and a higher risk of allergic responses  [42] . Other 
factors such as genetic predisposition, early exposure to foreign food protein 
(time, dose, and frequency), method of food preparation, and gastrointestinal 
permeability have been cited as potential contributing factors to the develop-
ment of food allergy. CMA is normally outgrown in the fi rst 3   years of life  [41, 
43] ; however, some allergic children remain allergic for much longer periods, 
which can persist into adult years  [44] . The mechanisms responsible for the 
development of tolerance remain unclear. 

 Cow ’ s milk consists of several proteins that are considered to be antigenic 
and capable of inducing adverse immune responses. Among them  β  - Lg and 
CNs have been classifi ed as major allergens, while  α  - la, bovine serum albumin 
(BSA), LF, and immunoglobulins (Igs) are known as minor allergens  [39] . 
The structure and properties of these proteins are described in greater detail 
below. 
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   8.3.1.    Major Cow ’ s Milk Allergens 

   8.3.1.1.     CN .     CN accounts for about 80% of the total protein content in milk. 
The principal CN protein fractions are  α  s1  - CN (32%),  α  s2  - CN (10%),  β  - CN 
(28%), and  κ  - CN   (10%)  [19, 45] . These proteins are coded by different genes 
carried on the same chromosome and have little primary structure homology 
 [46] . The CNs, however, have some common features. They are phosphorylated 
proteins, have a loose tertiary texture, and have highly hydrated structure due 
to the absence of disulfi de bonds with high numbers of proline residues and 
the presence of hydrophobic amino acids comprising nearly 50% of the protein 
 [19] . Due to their structure, CNs are not signifi cantly affected by severe heat 
treatments but are very susceptible to all proteinases and exopeptidases  [19] . 
After ingestion, most of the potentially antigenic or allergenic structures are 
assumed to be modifi ed under acidic gastric conditions by the action of diges-
tive enzymes and uptake through the intestinal mucosa  [47] . Six major and 
three minor IgE - binding epitopes, as well as eight major and one minor immu-
noglobulin G (IgG) - binding regions, were identifi ed for  β  - CN, while two major 
and two minor IgG - binding epitopes were found for  κ  - CN using the sera of 
15 milk - allergic children  [48] . Jarvinen et al.  [49]  reported fi ve IgE - binding 
epitopes (two on  α  s1  - CN: AA123 - 132 and AA 69 - 78; one on  α  s2  - CN: AA171 -
 180; and two on  κ  - CN: AA155 - 164 and AA13 - 22) recognized by patients with 
persistent CMA. Milk - allergic children with persistent symptoms were also 
found to have signifi cantly higher levels of specifi c IgE antibodies to linear 
epitopes from  α  s1  - CN (AA69 - 78) and  β  - CN than children who had achieved 
tolerance  [50] .  

   8.3.1.2.     β  -  L  g .      β  - Lg is an 18.3 - kDa protein accounting for 50% of the total 
protein in the whey fraction of milk. At physiological pH, it exists as a 36 - kDa 
dimeric protein. Each subunit consists of a 162 - residue polypeptide with two 
disulfi de bridges and one free cysteine, which are responsible for its physico-
chemical properties as well as interaction with CN during heat treatment  [51] . 
There are seven genetic variants  [52] . The two main isoforms of  β  - Lg are the 
genetic variants A and B, which differ in two point mutations on residues 64 
and 118; aspartic acid and valine in  β  - Lg A; and glycine and alanine in  β  - Lg 
 [53] .  β  - Lg is relatively stable to denaturation and is resistant to proteolytic 
hydrolysis by chymotrypsin and pepsin, but susceptible to trypsin hydrolysis 
 [54] . Seven different IgE binding epitopes and six IgG - binding regions have 
been identifi ed that cause allergic reactions to humans  [55, 56] . Among these, 
the antigenicity of sequence 124 – 134 has been suggested, and this sequence 
may also be responsible for the IgE cross - reactivity between  α  - la and  β  - Lg 
 [57] .  β  - Lg peptides as short as 12 – 14 amino acid residues account for a signifi -
cant part of the allergenicity of the whole molecule in some patients  [56] .   

   8.3.2.    Minor Cow ’ s Milk Allergens 

   8.3.2.1.     α  -  la .      α  - la is a monomeric globular protein with a molecular weight 
of 14.2   kDa. It represents 25% of whey proteins and is comprised of 123 amino 
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acid residues and four disulfi de bridges  [19, 58] . Several studies have confi rmed 
the presence of linear epitopes in  α  - la that are able to bind human IgE 
antibodies  [55, 59] . Amino acid residues 1 – 16, 13 – 26, 47 – 58, and 93 – 102 of  α  - la 
recognized IgE antibodies from 11 persistent CMA patients ’  sera (4 – 18   years) 
by immunoblot analysis  [55] .  

   8.3.2.2.     BSA .     BSA has a molecular weight of 66.4   kDa and accounts for 
around 5% of total whey proteins. It is organized in three homologous domains 
and consists of nine loops connected by 17 disulfi de bonds  [60] . Most of the 
disulfi de bonds are protected in the core of the protein and are therefore not 
easily accessible and quite stable to denaturing conditions  [61] . Antigenic 
epitopes on BSA recognizing human IgE antibodies and antibodies from mice 
have been identifi ed  [62] . Sera from four BSA - allergic children recognized an 
IgE - binding epitope from the  – COOH terminal region (524 – 598 amino acid 
residues; 524 – 542 critical amino acid sequence) by immunoblot, while murine 
IgG antibodies recognized amino acid residues from the NH 2  terminal region 
(126 – 144 amino acid residues).  

   8.3.2.3.     LF .     LF is a milk - specifi c iron - binding protein with a molecular weight 
of 76.1   kDa representing less than 1% of total whey protein. LF consists of a 
single polypeptide chain folded into two globular lobes, each of them having 
high - affi nity iron - binding sites, which are connected by a 3 - turn helix, and it 
also contains fi ve potential glycosylation sites  [63] . Wal  [46]  reported that 41 of 
92 milk - allergic patients had detectable levels of IgE antibodies to bovine LF 
and concluded that LF was an important milk allergen. However, to date, no 
studies have been conducted to identify LF IgE epitopes or T - cell epitopes.  

   8.3.2.4.     I  g  G .     The IgG fraction accounts for about 1% of total milk protein 
and 6% of whey proteins. IgG has the characteristic  “ Y - shaped ”  Ig structure 
composed of four polypeptide chains linked through intra -  and intermolecu-
lar disulfi de bonds. The monomers consist of heavy and light chains each of 
these composed of V and C domains. The V domains of H and L chains 
converge to form the antigen - binding site, while the C regions characterize 
the isotype of the Ig in cow ’ s milk: IgG, IgA, IgM  [64] . The existence of three 
IgG classes in cattle (IgG1, IgG2, and IgG3) has been reported  [65] . Data on 
the potential allergenicity of bovine Igs are very limited. However, some 
studies have proposed IgG as another milk allergen due to the observation 
that IgE antibodies from CMA patients specifi cally binds bovine IgG  [66, 67] . 
There are, unfortunately, no reports in the literature on either B -  or T - cell 
epitopes of bovine IgG.    

   8.4.    EFFECTS OF PROCESSING ON DAIRY ALLERGENS 

 Food processing can alter the allergenic properties of proteins by hiding, 
destroying, or disclosing allergenic epitopes through conformational changes 
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in protein structure, or by changing the digestibility of proteins  [68 – 70] . 
IgE - binding epitopes are either conformational or linear in nature. Processing 
can have a disruptive effect on the native protein structure of an allergen, 
which can result in disruption of the IgE binding epitopes and consequently 
modify the ability of an allergen to elicit a reaction. On the other hand, food 
processing could also unveil or create new epitopes, sometimes termed neo -
 epitopes. This may occur through protein unfolding, which unravels inner 
portions of the protein structure, not generally available for antibody binding 
or the covalent modifi cation of a protein by sugars or other food components 
 [71, 72] . Clinical investigations of the allergenic potential of proteins must, 
therefore, take into consideration both the potential decrease as well as the 
possible increase of antibody - binding capacity, which can result from protein 
unfolding during processing. Several chemical and technological approaches 
have been considered to produce non -  or hypoallergenic foods by removal, 
destruction, proteolytic modifi cation, or masking of epitopes. Examples of 
these techniques include heat treatments, enzymatic digestion, fermentation, 
ultrafi ltration, microparticulation, high pressure (HP), irradiation, and genetic 
engineering, some of which are reviewed in greater detail below. 

   8.4.1.    Heating 

 Milk proteins differ markedly in their resistance to heat (i.e.,  α  - CN is the most 
heat stable, BSA is the most labile, and  β  - Lg is relatively heat stable). 
Pasteurization, preheating, and sterilization are commonly used methods for 
processing of milk by the dairy industry. Heat treatment of milk at 90 ° C for 
15   minutes decreased the immunoreactivity of  α  - la and  β  - Lg to 12.72% and 
18.74%, respectively, as compared with raw milk  [73] . Earlier studies con-
ducted by Duranti et al.  [74]  also showed that the immunoreactivity of  α  - la 
decreased to 8% in sterilized milk compared with raw milk. Kohno et al.  [75] , 
however, analyzed specifi c IgE binding to native and denatured  α  - CN in chil-
dren with CMA and reported no differences in binding activity. In contrast 
Vila et al.  [50]    found differences in IgE binding to denatured and native  α  - CN, 
and electrophoretic studies showed differences in the structure of the modifi ed 
proteins. 

 Immunoreactivity of native and denaturated  β  - Lg has also been studied, 
and the results showed that cleavage of the intrachain disulfi de bonds within 
the  β  - Lg molecule and consequently the loss of the conformation of the mol-
ecule had little or no effect on its immunoreactivity, suggesting that linear 
epitopes are mainly implicated  [76, 77] . Treatment of the protein at 90 ° C for 
15   minutes, on the other hand, signifi cantly reduced IgE - binding capacity. 
However, severe heat treatment (60   minutes at 90 ° C) did not eliminate all 
IgE - binding activity  [78] . One of the major IgE - binding epitopes on  β  - Lg is 
reportedly situated in the region containing the free SH group in Cys 121 and 
could be exposed after moderate heat treatment and oxidized at high tem-
perature, which could then be identifi ed by IgE antibodies  [55] . In contrast to 
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these fi ndings, Kleber et al.  [79]  reported that heat - induced denaturation 
(90 ° C) increased the allergenicity of  β  - Lg, by exposing formerly hidden anti-
genic sites. They further reported that heating above 90 ° C decreased the 
antigenic response of  β  - Lg, owing to the loss of the conformational epitopes 
and to the masking of the sequential epitopes in the course of aggregation and 
thermally induced protein modifi cation (e.g., the formation of glycosides by 
Maillard reaction)  [80, 81] . The results are, therefore, quite confl icting but may 
be explained by the extent of aggregation or unfolding of the proteins upon 
heat treatment. 

 Up to 90% of  β  - Lg has been shown to be aggregated in processed milk  [82] . 
Heating of milk may also favor the binding of  β  - Lg with CN micelles and 
coaggregation with  α  - la, which can extensively modify surface availability of 
epitopes  [83] . Walter et al.  [84]  found that pasteurization caused aggregation 
of  β  - Lg and  α  - la inhibiting uptake by intestinal epithelial cells  in vitro  and  in 
vivo . Furthermore, they observed that aggregation redirected uptake to Peyer ’ s 
patches, which promoted signifi cantly higher Th2 - associated antibody and 
cytokine production in mice than their native counterparts. A higher Th2 -
 associated antibody and cytokine production is correlated with higher aller-
genic response. Interestingly, they reported that only the soluble forms of  β  - Lg 
and  α  - la elicited anaphylaxis when the allergens were administered orally. 
Aggregated  β  - Lg and  α  - la as well as CN required systemic administration to 
induce anaphylaxis. This may explain some of the discrepancies in the results 
obtained and why some allergic individuals tolerate cooked milk much better 
than raw and pasteurized milk  [85 – 87] . Alteration of the structure of cow ’ s 
milk proteins during heat treatments can be affected by the temperature, dura-
tion, intrinsic characteristics, and physicochemical conditions of the environ-
ment. From the reported studies, it may be concluded that heat treatment 
alone may not be an effective approach for eliminating the allergenicity of 
cow ’ s milk proteins. Duranti et al.  [74]  suggested that heating and lactic acid 
fermentation could be more effective at reducing the immunoreactivity of 
some milk proteins.  

   8.4.2.    Glycation 

 Glycation is a process of conjugating proteins with sugars through the Maillard 
reaction; this alters the functional properties of the proteins by changing their 
charge, cross - linking, and/or conformation  [88] . The Maillard reaction is a 
ubiquitous reaction of condensation of a reducing sugar with amino groups of 
proteins, which occurs naturally during heating and storage of food products 
 [89] . Glycation could potentially reduce the allergenicity of proteins since the 
Maillard reaction can result in the masking of allergenic epitopes. 

 Chevalier et al.  [90]  investigated the association behavior and conforma-
tion changes of  β  - Lg after glycation with sugars at 60 ° C for 3   days.  β  - Lg 
heated with sugars showed larger structural modifi cations depending on the 
sugar used and the degree of glycation. In general, conjugation of a protein 
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with a larger polysaccharide is likely to be more effective in reducing anti-
genicity compared with conjugation of a protein with lower - molecular - weight 
(MW) compounds since larger polysaccharides can cover the epitopes of 
allergens more effectively than lower - MW compounds  [91] . Reduced immu-
nogenicity of  β  - Lg - carboxymethyl dextran (CMD) conjugates observed by 
Kobayashi et al.  [92]  was explained by such a shielding of the epitopes in 
 β  - Lg by CMD, which allowed the epitopes to escape from recognition by the 
immune system. Structural analyses by intrinsic fl uorescence, circular dichro-
ism (CD)   spectra, and enzyme - linked immunosorbent assay (ELISA  ) with 
monoclonal antibodies indicated that the surface of  β  - Lg in each conjugate 
was covered by CMD without great disruption of native conformation. 
Hattori et al.  [93]  also observed reduced immunoreactivity of  β  - Lg after con-
jugation with acid oligosaccharide (ALGO) and phosphoryl oligosaccharides 
(POs). Conjugation with ALGO and POs substantially enhanced the thermal 
stability of  β  - Lg; however, anti -  β  - Lg antibody response was markedly reduced 
after immunization with both conjugates in BALB/c, C57BL/6, and C3H/He 
mice. Peyron et al.  [70]  reported that with nonspecifi c interactions with  β  - Lg  , 
pectin could reduce the accessibility of cleavage sites and/or epitope 
sequences. The presence of both high - methoxy pectin and low - methoxy 
pectin enhanced aggregate formation, which apparently infl uenced digest-
ibility and immunogenicity. Similar responses have been reported for  α  - la. 
Enomoto et al.  [94]  glycated  α  - la with maltopentose (MP) through the 
Maillard reaction (MP -  α  - la) and subsequently phosphorylated it by dry 
heating. The anti -  α  - la antibody response decreased signifi cantly by glycation 
and subsequent phosphorylation. The suppressive effect of  α  - la on the pro-
duction of proinfl ammatory cytokines such as IL - 6 after stimulation with 
lipopolysaccharide was signifi cantly enhanced by glycation with MP and was 
further enhanced by phosphorylation after glycation. These studies are inter-
esting, and further  in vivo  studies will be useful to determine if glycation 
actually reduces allergic reactions in humans.  

   8.4.3.    Enzymatic Hydrolysis 

 Nutritionally, hydrolysis can yield a variety of new peptides that could have 
many physiological benefi ts for humans  [95] . Among milk proteins,  α  -  and 
 β  - CN,  β  - Lg, and  α  - la are very sensitive to trypsin, while Igs and BSA are very 
resistant  [96] . Genetic variants of  β  - Lg may also differ in their rate of hydro-
lysis with trypsin ( β  - Lg A >  β  - Lg B)  [97] . Enzymatic hydrolysis yields hydroly-
sates with low levels of free amino acids and a major fraction consisting mostly 
of short peptides  [98] . The technique has been exploited in the development 
of different hydrolyzed milk products and depending on the degree of hydro-
lysis, allergenic epitopes could be destroyed rendering the product hypoal-
lergenic. As the degree of hydrolysis affects the extent to which the allergenicity 
of milk proteins can be reduced, several factors need to be considered in the 
processing of such hypoallergenized milk products. The purity of the protein 
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source, pretreatment conditions, enzyme specifi city, processing conditions (e.g., 
pH, temperature, ionic strength), and degree of hydrolysis, method of enzyme 
inactivation (i.e., heat treatment, acidifi cation, membrane fi ltration), as well as 
posthydrolysis treatments (i.e., use of adsorbents for free amino acids removal, 
membrane separation, etc.), are some of the important parameters that need 
to be carefully considered in order to optimize the preparation of hypoaller-
genic formulae  [99, 100] . Depending on the degree of protein hydrolysis, 
products obtained may be classifi ed into extensive or high degree and partially 
or low - degree hydrolyzed formulae. Residual allergenicity of these products 
will vary. 

 The effects of  in vitro  proteolysis on the allergenicity of major whey pro-
teins with different proteases were evaluated by Asselin et al.  [101] . Results 
showed that hydrolysis of  β  - Lg using trypsin alone or in combination with 
chymotrypsin or pepsin with chymotrypsin signifi cantly decreased the allerge-
nicity of  β  - Lg, but it did not abolish allergenicity. Similarly, Pahud et al.  [102]  
reported that oral administration of trypsin - hydrolyzed whey protein reduced 
anaphylactic reactions in guinea pigs compared with milk and untreated whey 
protein. The antigenicity and allergenicity of hydrolyzed milk proteins will 
depend on the MW of the remaining peptides, and it may be diffi cult to deter-
mine the limit under which the remaining peptides are small enough to guar-
antee hypoantigenicity and hypoallergenicity. Businco et al.  [103]  reported 
that hydrolysate formulae containing only peptides with a MW of  < 6   kDa 
rarely elicit anaphylactic reactions. Peptides in some hydrolyzed milk formulae 
have MWs of  < 3   kDa  [29] . While these peptides may be big enough to contain 
two epitopes, they rarely are able to cross - link IgE antibodies. van Beresteijin 
et al.  [104]  suggested that the minimal molecular mass for peptides to provoke 
IgE reactions falls between 3 and 5   kDa. They further indicated that residual 
antigenicity of milk proteins is based not only on the MW of the residual 
peptides, but also on the molecular structure, which will vary as a function of 
the type of proteases used to produce the hydrolysate. 

 Thus, although enzymatic hydrolysis may eliminate allergenic epitopes, pep-
tides generated may still react with IgE antibodies due to residual antigenicity. 
Haddad et al.  [105]  reported that partial digestion of bovine milk with pepsin 
or pepsin and trypsin resulted in peptides from  β  - Lg that still bound to IgE 
antibodies in the sera of patients with CMA. G ö rtler et al.  [106]  studied the 
antigenicity (ability to bind human IgG and IgE antibodies) of fi ve different 
hypoallergenic infant formulae using immunoblotting and radioallergosorbent 
test (RAST  ). They found that all tested formulae still contained antigens with 
MWs ranging from 3 to 67   kDa although the antigen content of the hydrolyzed 
formulae was considerably lower when compared with nonhydrolyzed infant 
formulae and a mixture of the major cow ’ s milk proteins. Reduced IgE -
 binding capacity of hydrolyzed formulae has also been observed by other 
workers  [56, 107, 108] . In the study conducted by G ö rtler et al.  [106] , 5 out of 
12 cow ’ s milk - allergic children possessed IgE antibodies that reacted with the 
hydrolyzed formulae, which raises questions about their safety for CMA 
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patients. Ragno et al.  [109]  also noticed allergic reactions to an extensively 
hydrolyzed whey preparation in up to 13% of a CMA population and to an 
extensively hydrolyzed CN preparation for 10% of these individuals. It is of 
no surprise, therefore, that Svenning et al.  [110]  remarked that the use of single 
endo and exo proteolytic enzyme of animal, plant, or microbial origin has 
shown no promise in minimizing the anitigenicity of whey proteins. 

 The combination of enzymatic hydrolysis with a preceding heat treatment 
may, however, markedly enhance tryptic and peptic hydrolysis of milk pro-
teins and further reduce their antigenicity  [111, 112] . Enzymatic hydrolysis in 
combination with ultrafi ltration has also been reported as an effi cient method 
to reduce the antigen content of hypoallergenic infant formulae.  In vitro  and 
 in vivo  studies with animals have shown a reduction in sensitizing capacity 
and anaphylaxis in orally sensitized animals, when treated with such ultrafi l-
tered hydrolysates  [106, 113] . It should be mentioned, however, that the 
process does not eliminate antigenicity. Moreover, as mentioned earlier, pro-
teolytic digestion irrespective of other peripheral treatments could potentially 
reveal new epitopes that could enhance antigenicity  [114] . As a result, the 
American Academy of Pediatrics recommends that only extensively hydro-
lyzed milk proteins ( < 1   kDa) or amino acid formulations be used for infants 
with CMA  [115] .  

   8.4.4.    Fermentation 

 Jedrychowski and Wroblewska  [116]  reported that sterilization of milk fol-
lowed by lactic acid fermentation reduced the immunoreactivity of cow ’ s milk 
proteins. Fermentation of sterilized cow ’ s milk was done using mesophilic (288 
cultures) and thermophilic lactic acid bacteria (161 cultures). A 99% decrease 
in antigenicity of  α  - la and  β  - Lg was reported for both mesophilic ( Leuconostoc 
mesenteroides  ssp  .  cremoris ,  Lactococcus lactis  ssp.  lactis  (biovar.  diacetilactis ) 
and thermophilic ( Lactobacillus delbrueckii  ssp.  bulgaricus ,  Lactobacillus hel-
veticus ,  Streptococcus salivarius  spp.  thermophilus ,  Lactobacillus casei ,  L.   del-
brueckii  spp.  lactis , and  Lactobacillus acidophilus ) lactic acid bacteria fermented 
milk as analyzed by ELISA using rabbit antibodies. Similarly, Maier et al.  [117]  
also noted a reduction in the immunochemical response of  β  - Lg in fermented 
milk compared with nonfermented milk. Industrially manufactured sour milk 
as well as acidophilus milk (pasteurized milk containing  L.   acidophilus ) both 
showed reduced levels of immunoreactivity by ELISA. Fermentation of milk 
products increases the susceptibility of milk proteins such as  β  - Lg to peptic 
digestion and reduces their stability. During fermentation, microbial enzyme 
proteases cleave milk proteins into peptides, and peptidases further break 
these down into smaller peptides and amino acids thereby destroying antigenic 
epitopes that may be present  [118] . The action of enzymes produced by micro-
organisms during fermentation is primarily responsible for the reduction of 
antigenicity during fermentation of milk  [119] . As with enzymatic hydrolysis, 
fermentation does not completely eliminate allergenicity but only slightly 
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attenuates it  [115, 119] . Due to the relative resistance of proteins such as  β  - Lg 
to acid hydrolysis and pepsin degradation, portions of these proteins can still 
remain intact after stomach digestion, making them still potentially highly 
allergenic  [51] . 

 Interestingly, some studies have suggested that consumption of fermented 
milk may modulate clinical symptoms in atopic infants and children and also 
reduce the development of atopic allergy in at - risk infants during the fi rst 
2   years of life  [120] . Prioult et al.  [121]  reported antiallergy properties of 
 Bifi dobacterium lactis  NCC362. They demonstrated that a cell - free extract of 
 B.   lactis  NCC362 hydrolyzed acidic and basic peptides isolated from a tryptic -
 chymotryptic hydrolysate of  β  - Lg. The  B.   lactis  - driven hydrolysis released 
acidic peptides with reduced residual allergenicity. Moreover, these peptides 
exhibited immunomodulatory properties, such as stimulating interferon (IFN)   -
  γ  and IL - 10 production and downregulating IL - 4 in primed mice suggestive of 
a pro - Th1/anti - Th2 cell response. An increase in Th1 response and a decrease 
in Th2 response result in lower IgE antibody production and consequently a 
reduced allergic response  [122, 123] . These studies are interesting, and further 
investigation should shed more light on the specifi c mechanisms at play.  

   8.4.5.    Irradiation 

 Gamma radiation has long been applied to extend the shelf life of food as well 
as to inactivate microbes and enzymes present in the food. Studies in the late 
1950s and early 1960s  [124, 125]  suggested that radiation of milk protein 
beyond 28   kGy resulted in extensive molecular alteration of protein structure, 
which was effective in reducing anaphylactogenic properties. Lee et al.  [126]  
evaluated the effect of gamma radiation on the allergenic and antigenic prop-
erties of  α  - CN and  β  - Lg at 3, 5, and 10   kGy using IgE antibodies from milk 
hypersensitive patients and rabbit IgG antibodies in a competitive indirect 
ELISA. Their results showed that allergenicity and antigenic property of the 
irradiated milk proteins were modifi ed to different extents depending on the 
level of irradiation. At higher doses of irradiation, the  α  - CN and  β  - Lg were 
structurally altered and broke down into smaller molecules or coagulated to 
larger molecules due to interactions between the molecules. As a result of the 
aggregation, epitopes were masked, which reduced the antigenic response. 
Similarly, gamma irradiation of BSA was reported to disrupt the ordered 
structure of the protein and also resulted in degradation, cross - linking, and 
aggregation of the polypeptide chains  [127] . No studies on antigenicity were, 
however, conducted. The use of food irradiation as a method for food preser-
vation is regulated in many countries. In Canada, the only foods approved for 
irradiation are potatoes, onions, wheat, fl our, whole wheat fl our, whole and 
ground spices, and dehydrated seasoning preparations. Restrictions and bans 
exist in the European Union (EU) as well as in other countries. Thus, while 
research on the effect of irradiation on the antigenicity of milk proteins is of 
academic interest, it may have little industrial relevance.  
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   8.4.6.     HP  

 HP processing is a relatively new technology that is used to improve the nutri-
tional and functional quality of food. The use of HP treatment in foods can 
have a disruptive effect on protein tertiary and quaternary structure with rela-
tively little infl uence on secondary structure  [128] . Kleber et al.  [129]  studied 
the antigenic response of a WPI solution, sweet whey, and skim milk subjected 
to HP treatment (200 – 600   MPa) at different temperatures (30 – 68 ° C) and times 
(0 – 30   minutes) by indirect competitive ELISA. They found that the antigenic-
ity of  β  - Lg increased with increasing pressure and holding time in all the solu-
tions due to weakening of noncovalent bonds and the unfolding of the protein 
structure, which resulted in greater accessibility of allergenic epitopes. In com-
bination with low thermal treatment (40 and 50 ° C), the antigenicity of  β  - Lg 
increased, whereas at higher temperatures (60 and 68 ° C), a marked decrease 
in antigenicity was observed. Elevated temperature and pressure treatment can 
result in Maillard reactions, which may lead to destruction of linear epitopes 
with the consequence of a reduced antigenic response  [79] . Izquierdo et al. 
 [130]  also showed that HP treatment (350 – 600   MPa) dramatically increased the 
susceptibility of  β  - Lg to hydrolysis by pepsin, trypsin, chymotrypsin, pronase, 
and thermolysin due to conformational changes in protein structure. Recently, 
Zeece et al.  [131]  evaluated the effect of HP treatment on the  in vitro  pepsin 
digestion of  β  - Lg. Peptides released were analyzed by mass spectrometry and 
compared with known sequences of antigenic epitopes. The authors found that 
increasing the pressure level from 400 to 800   MPa increased the digestibility of 
 β  - Lg. The study further showed that most of the peptides in the hydrolysate 
had low MW and were short in length (e.g., 7 – 10 residues), which would reduce 
their ability to cross - link IgE antibodies on sensitized mast cells. Thus, HP 
treatment may lower  β  - Lg allergenicity by reducing its structural integrity and 
promoting unfolding in ways that increase accessibility to digestive enzymes. 
In contrast to these fi ndings, Chicon et al.  [132]  reported that treatment of  β  - Lg 
and WPI at 200 and 400   MPa increased binding to  β  - Lg - specifi c rabbit IgG 
antibodies and did not affect binding to IgE antibodies from allergic patients. 
The authors reported that higher digestibility of HP - treated WPI with pepsin 
did not have an impact on the ability of IgE antibodies to bind the hydrolysates 
when compared with untreated samples. As with the other processing treat-
ments, further biological and clinical investigation is needed to determine if 
HP treatment has the ability to produce truly hypoallergenic milk.   

   8.5.    NUTRITIONAL AND FUNCTIONAL ALTERNATIVES 
TO DAIRY INGREDIENTS 

   8.5.1.    Alternatives to Cow ’ s Milk Protein 

 The composition and function of the major and minor cow ’ s milk proteins are 
listed in Table  8.1 . Cow ’ s milk contains about 3.3   g of protein/100   mL of milk. 
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  TABLE 8.1    Cow Milk Protein Composition and Functions 

   Sl. 
No.  

   Milk Protein 
Constituents  

   Amount 
in 

g/100   mL  a    

   Molecular 
Weight 
(kDa)  b        pI   b       Function  b    

  I    Casein    2.95              
  1     α  s1  - Casein    1.19    23.6    4.9 – 5.0    Ion carrier for 

calcium, 
phosphorus, iron, 
zinc, and copper, 
precursors of 
bioactive peptides  

  2     α  s2  - Casein    0.31    25.2    5.2 – 5.4  
  3     β  - Casein    0.98    24.0    5.1 – 5.4  
  4     κ  - Casein      0.35    19.0    5.4 – 5.6  
  5     γ  - Casein    0.12    30    NR  

  II    Whey proteins    0.63              
  1     β  - Lactoglobulin    0.32    18.3    5.3    Retinol carrier  , 

binding fatty acids, 
possible antioxidant  

  2     α  - Lactalbumin    0.12    14.2    4.8    Lactose synthesis in 
mammary gland, 
calcium carrier, 
immunomodulation, 
anticarcinogenic  

  3    Bovine serum 
albumin (BSA)  

  0.04    66.4    4.9 – 5.1    Transport of ligands, 
antioxidant  

  III    Immunoglobulins 
(A, M, and G)  

  0.08     < 150    NR    Immune protection  

  IV    Lactoferrin    0.10    76.2    8.7    Carrier for iron, 
antimicrobial  

  V    Lactoperoxidase    0.003    89    NR    Antimicrobial  
  VI    Lysozyme    0.00004    18.0    NR    Antimicrobial, 

synergistic 
effect with 
immunoglobulins 
and lactoferrrin  

    a Reference  133 .  
   b References  25, 39, 134 , and  135 .  
   pI , isoelectric point; NR, not reported  .   

In many countries, cow ’ s milk serves as a major source of dietary protein for 
both children as well as adults because of its high protein quality and physi-
ological properties. The nutritional value of proteins is usually related to their 
ability to meet nitrogen and amino acid requirements for tissue growth and 
maintenance  [136] . Nitrogen requirements represent the amount of dietary 
nitrogen necessary to replenish nitrogen and amino acid losses during meta-
bolic activities without affecting protein and energy metabolism  [137] . Proteins 
in milk are of high quality and supply adequate amounts of all nine essential 

c08.indd   223c08.indd   223 6/17/2010   7:06:28 PM6/17/2010   7:06:28 PM



224 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

amino acids (lysine, threonine, valine, isoleucine, leucine, methionine, phenyl-
alanine, tryptophan, and histidine) required for growth and development of 
humans. The quality of cow ’ s milk and some of the different protein fractions 
is given in Table  8.2 .   

 For milk - allergic patients, however, consumption of cow ’ s milk results in 
adverse reactions. The only treatment of CMA at the present time is complete 
avoidance of milk proteins. Alternative foods that provide adequate nutrition 
and which can serve as nutritional and functional milk protein substitutes are, 
therefore, needed. Although soy proteins are by themselves allergenic to some 
consumers, they are the fi rst to be recommended as alternatives because of 
their hypoallergenicity, low cost, and convenience  [141] . The Committee on 
Nutrition of the American Academy of Pediatrics has recommended formulae 
based on soy protein isolates for use in infant feeding when their nutritional 
needs are not being met from breast milk or cow ’ s milk formulae as well as 
for treatment of IgE - mediated CMA in infants  [115, 142] . The protein content 
of soy (40%) is much higher than that of cereal grains, 3 times richer than eggs, 
and 11 times richer than milk. Soy protein quality (i.e., protein digestibility 
corrected amino acid score) has also been shown to be comparable to that of 
meat and eggs. Zezulka and Calloway  [143]  investigated the quality of soy 
protein in adult men and reported that 0.6   g of soy protein per kilogram body 
weight per day produced a nitrogen balance that was equivalent to 0.4   g of egg 
white protein per kilogram body weight per day. This indicates that soy protein 
is capable to meet amino acid requirements of adults and further supplementa-
tion with methionine only improves the quality of soy protein  [144, 145] . The 
digestibility and nutritional quality of soy protein is, however, affected by the 
presence of antinutritional factors such as trypsin inhibitor, phytic acid, and 
phenolic compounds. Heat processing improves the digestibility through dena-
turation of protein and inactivation of enzyme inhibitors as well as destruction 
of antinutritional factors. 

 Proteins from other legumes and nuts may also serve as good alternatives 
to milk proteins. Chickpea seeds have been considered a suitable source of 
dietary protein, due to their good balance of amino acids, their high protein 

  TABLE 8.2    Protein Quality of Milk and Milk Proteins   [138 – 140]   

   Sl. No.     Quality Attributes  

   Milk and Milk Proteins  

   Milk     Casein     Whey Proteins  

  1    Biological value (BV %)    84.1    79.0    93.4  
  2    Protein digestibility (PD %)    95.1    97.0    94.8  
  3    Net protein utilization (NPU %)    78.8    76.9    85.7  
  4    Protein effi ciency ratio (PER)    2.68    2.72    3.02  
  5    Protein digestibility corrected 

amino acid score (PDCAAS)  
  1.21    1.23    1.15  
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bioavailability, and their relatively low levels of antinutritional factors  [146] . 
The calculated protein effi ciency ratio (C - PER) score for isolated chickpea 
protein was 2.6 and 2.3 for isolates prepared by micellization and isoelectric 
precipitation, respectively, which is more or less equal to milk CN (C - PER of 
2.5)  [147] . Proteins from chickpea were reported to contain adequate amounts 
of most essential amino acids for preschool children and all essential amino 
acids for adults  [147, 148] . 

 Ohlson and Anjou  [149]  also reported that rapeseed/canola proteins contain 
high amounts of lysine, methionine, and cysteine and their protein nutritional 
profi le is similar to milk CN and superior to that of other vegetable proteins 
such as soy, pea, and wheat. Protein effi ciency ratio (PER) of rapeseed/canola 
protein is 2.64 compared with 2.19 for soy proteins. Some other legumes, 
grains, and nuts of interest are mung bean, pea, cowpea, sesame seed, sun-
fl ower seed, and peanut as they are high in protein content and are frequently 
consumed as alternatives to animal proteins. Further studies are, however, 
required to determine how they can be used in different food applications and 
their suitability as a sole source of protein for allergenic children as well as 
for adults suffering from CMA.  

   8.5.2.    Alternatives to Lipids from Cow ’ s Milk 

 Cows ’  milk contains about 4% fat and consists mainly of triglycerides (97%) 
together with smaller amounts of phospholipids (0.5%) and cholesterol (0.3%). 
Cow ’ s milk fat typically contains 70% saturated fatty acids, 25% monounsatu-
rated fatty acids, and 5% polyunsaturated fatty acids  [150] . Saturated fatty 
acids in milk are mainly comprised of long - chain fatty acids such as palmitic 
C16 (25%), stearic C18 (14%), and myristic C14 (3%), and short - chain fatty 
acids of butyric to capric C4 to C10 (9%)  [151] . Milk contains lower amounts 
of the essential fatty acids (i.e., oleic, linoleic acid, and linolenic acid)  [150]  
needed by humans for various metabolic activities (e.g., synthesis of hormones 
like prostaglandins). Fortunately, there is an abundant supply of alternative 
sources of essential and nonessential fatty acids in the diet. Sunfl ower seed, 
saffl ower seed, canola, olive, corn, cottonseed, and soy are good sources of 
both essential and nonessential fatty acids and can be used as replacements in 
the diet of CMA patients. Additionally, for those patients who are not allergic 
to peanuts or tree nuts, these can offer good source of healthy oils in the diet. 
Since many plant oils are mostly unsaturated, they may also confer additional 
health benefi ts  [152] .  

   8.5.3.    Alternative to Sugars in Cow ’ s Milk 

 Lactose is a disaccharide composed of glucose and galactose, and milk is the 
sole source of this naturally available sugar (4.6   g/100   mL of milk). Lactose 
infl uences the absorption of calcium and hastens benefi cial microbial growth 
in intestine. In some instances, lactose affects the nutritional value of protein 
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by conjugation via Maillard reaction  [153] . There is really no alternative for 
lactose; however, other sugars can be used to replace milk sugar in food for-
mulation. Nutritionally, the effect of replacement of lactose with partially 
hydrolyzed rice syrup on the small intestine development in weaned pigs was 
studied by Kang et al.  [154] . They reported that lactose replacement with 
hydrolyzed rice syrup did not affect alkaline phosphatase activity, mucosal 
protein/DNA ratio, or intestinal morphology and concluded that partially 
hydrolyzed rice syrup could be used as a replacement for lactose in manufac-
tured liquid diets for neonatal pigs. Similar observations were made when corn 
syrup solids were replaced for lactose in the diet of neonatal pigs  [155] . Little 
research has been done on humans and thus the value of such animal studies 
and their relevance for humans could be questioned. Although lactose plays 
an important role in improving calcium absorption and promoting bone min-
eralization in infants, studies indicate that it does not enhance calcium absorp-
tion in adults. Other factors such as protein intake, vitamin D, dietary fi ber, 
and genetic disorders also affect calcium bioavailability. For infants, lactose 
can be supplied by breast milk; hence, the interest in replacing lactose from 
cow ’ s milk in the diet of humans may be more of a question of taste and 
physicochemical functionality than a matter of nutritional or physiological 
benefi t. The physicochemical or nutritional role of lactose as a prebiotic could 
be replaced by oligosaccharides (e.g., stachyose, raffi nose, etc.) and fructo -
 oligosaccharides (e.g., inulin) from Jerusalem artichoke, soybean, rice bran, 
wheat, barley, and so on. Some of these products themselves may be allergenic; 
thus, appropriate precautions need to be taken in their use. 

 A signifi cant number of people also suffer from lactose intolerance, which 
is distinctly different from milk allergy. Lactose intolerance does not involve 
the immune system and results from the lack of the enzyme lactase in certain 
individuals, which limits their ability to effectively digest lactose. Further infor-
mation on lactose intolerance can be found in the papers written by Shaw and 
Davies  [156]  and Vesa et al.  [157] .  

   8.5.4.    Alternatives to Cow ’ s Milk Vitamins and Minerals 

 Milk serves as a good source of vitamin A, ribofl avin, biotin, and cyanocobala-
min (vitamin B 12 ) and contains relatively small amounts of vitamin D, vitamin 
E, and vitamin K. Although milk has a relatively low concentration of niacin, 
the value of milk in meeting the dietary needs for niacin is high because of 
interconversion of tryptophan  [153] . Milk contains high amounts of calcium 
(122   mg/100   mL), phosphorus (92   mg/100   mL), and magnesium; moderate 
amounts of iodine, iron, and zinc; and traces of potassium, sodium, sulfur, and 
chloride  [153] . The vitamin and mineral composition of milk is presented in 
Table  8.3 . Soy has been suggested as an alternative for milk and it contains 
high concentrations of potassium, phosphorus, magnesium, sulfur, calcium, 
chloride, and sodium, which range from 0.2% to 2.1%. Soy also contains minor 
minerals like selenium, iron, zinc, manganese, copper, and iodine, which range 
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  TABLE 8.3    Vitamins and Minerals Composition of Whole Milk (3.25% fat) per 
100   g of Milk   [158]   

   Sl. No.     Nutrients     Amount  

  I.   Vitamins          
     1    Thiamine (mg)    0.04  
     2    Ribofl avin (mg)    0.18  
     3    Niacin (mg)    0.10  
     4    Vitamin B 6  (mg)    0.03  
     5    Pantothenic acid (mg)    0.36  
     6    Folic acid ( μ g)    0  
     7    Choline (mg)    14.30  
     8    Vitamin C (mg)    0  
     9    Vitamin B 12  ( μ g)    0.44  
     10    Vitamin A (IU)    102  
     11    Vitamin D (IU)    40  
     12    Vitamin E ( α  - tocopherol) (mg)    0.06  
     13    Vitamin K ( μ g)    0.20  
  II.   Minerals          
     14    Calcium (mg)    113  
     15    Iron (mg)    0.03  
     16    Magnesium (mg)    10  
     17    Phosphorus (mg)    91  
     18    Potassium (mg)    143  
     19    Sodium (mg)    40  
     20    Zinc (mg)    0.40  
     21    Copper (mg  )    0.01  
     22    Selenium ( μ g)    3.70  

between 0.01 and 140   ppm. Additionally, it is a good source of thiamine, ribo-
fl avin, and vitamins A ( β  - carotene), D, E, and K  [152] . Other cereals, legumes, 
and nuts contain good sources of vitamins and minerals and could be consid-
ered as alternative sources for these micronutrients. Phytic acid is one of the 
major antinutritional factors present in plant foods, which affect the bioavail-
ability of minerals in the body; its concentration in replacement foods should, 
therefore, be carefully considered. Processing techniques such as heating, 
enzymatic hydrolysis, and fermentation may be used to reduce the phytate 
content in many plant foods.    

   8.5.5.    Alternatives to Dairy Products 

   8.5.5.1.    Milk Substitutes.     A milk substitute is a nondairy product based 
mostly on vegetarian milk that could be used to replace cow ’ s milk in the diet. 
Good milk substitutes must be capable of supplying well - balanced nutrients 
such as protein, energy, vitamins, and minerals equal to cow ’ s milk; be easy to 
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produce; and be made of ingredients that are easily available and low in cost. 
The protein advisory group of the Food and Agriculture Organization of the 
United Nations has recommended that imitation milks should contain 3.5% 
fat, 3.5% protein, and 5% carbohydrate  [159] . Selection of an appropriate milk 
substitute also depends on whether it is to be used as an ingredient or con-
sumed as a beverage. Three common categories of milk substitutes are grain -
 based beverages (e.g., rice milk), legume/nut - based beverages (e.g., soymilk, 
almond milk), and carbohydrate - based beverages (e.g., beverages made from 
maltodextrin from potatoes) (Fig.  8.1 ). More recently, alternatives such as 
hemp milk have also become available.   

 Among the different plant protein sources, soy is the most commonly used 
alternative for the production of imitation milk because of its high protein and 
fat content. Furthermore, soymilk may offer nutritional and health benefi ts 
since it contains no cholesterol or lactose and only small quantities of satu-
rated fatty acids  [160] . Oral administration of soymilk also provides some 
benefi cial effects in terms of increasing the bifi dobacteria population due to 
the presence of certain types of oligosaccharides, such as raffi nose and stachy-
ose, in soy that can be utilized by bifi dobacteria and lactobacilli as energy 
sources  [161, 162] . Differences in the nutrient composition of cow ’ s milk and 
soymilk are presented in Table  8.4 .   

 There have been some concerns about the nutritional quality of soymilk 
due to the presence of antinutritional factors such as trypsin inhibitors and 
lectins in soy. Some consumers have also had concerns regarding the taste and 
fl avor of soymilk and soy - derived products. There is very little basis for these 
concerns today as various studies have clearly demonstrated that processing 

A B C D

     Fig. 8.1     Commercially available dairy free milks: (A) rice milk; (B) soymilk; (C) 
almond milk; (D) vegetable milk.  
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conditions used for making soymilk adequately destroys the antinutritional 
properties. Furthermore, extensive research has resulted in the production of 
soymilk products with very little beany taste and which have colors and vis-
cosities comparable to cow ’ s milk. The taste and fl avor of soymilk and other 
milk substitutes can also be improved through fl avoring and the addition of 
sweeteners. 

  TABLE 8.4    Difference in the Nutrient Composition of Cow ’ s Milk and Soymilk 
per 100   g of Milk   [158]   

   Sl. No.     Nutrients     Cow ’ s Milk     Soymilk  a    

  1    Water (g)    88.32    85.61  
  2    Energy (kcal)    60.00    63.00  
  3    Carbohydrates (g)    4.52    9.95  
  4    Protein (g)    3.22    2.26  
  5    Fat (g)    3.25    1.53  
  6    SFA (g)    1.86    0.21  
  7    MUFA (g)    0.81    0.33  
  8    PUFA (g)    0.19    0.83  
  9    Cholesterol (mg)    10.00    0.00  
  10    Fiber (g)    0.00    0.40  
  11    Ash (g)    0.69    0.65  
  12    Calcium (mg)    113.00    25.00  
  13    Iron (mg)    0.03    0.48  
  14    Magnesium (mg)    10.00    15.00  
  15    Phosphorus (mg)    91.00    51.00  
  16    Potassium (mg)    143.00    143.00  
  17    Sodium (mg)    40.00    53.00  
  18    Zinc (mg)    0.40    0.34  
  19    Copper (mg)    0.01    0.20  
  20    Manganese (mg)    0.003    NR  
  21    Selenium ( μ g)    3.70    4.80  
  22    Thiamine (mg)    0.04    0.02  
  23    Ribofl avin (mg)    0.18    0.26  
  24    Niacin (mg)    0.10    0.51  
  25    Vitamin B 6  (mg)    0.03    0.08  
  26    Panthotenic acid (mg)    0.36    0.09  
  27    Folic acid ( μ g)    0.00    0.00  
  28    Choline (mg)    14.30    23.60  
  29    Vitamin C (mg)    0.00    0.00  
  30    Vitamin B 12  ( μ g)    0.44    0.70  
  31    Vitamin A (IU)    102.00    3.00  
  32    Vitamin D (IU)    40.00    0.00  
  33    Vitamin E (mg)    0.06    0.01  
  34    Vitamin K ( μ g)    0.20    3.00  

    a Soy silk plain.  
  SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty 
acids; NR, not reported.   
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 Hackler et al.  [163]  evaluated the effect of heating at 93 and 121 ° C for 
varying periods on the quality of soymilk using weaning rats. The results 
showed that soymilk cooked at 93 ° C for 1 – 6   hours inactivated 90% of trypsin 
inhibitor without affecting the protein quality and available lysine content. 
Cooking of soymilk at 121 ° C for 5 – 10   minutes gave a product with higher 
protein quality and available lysine content, however, when compared to 
products heated for longer periods at 121 ° C, which caused a decline in protein 
quality and available lysine content due to Maillard reactions. Extensive 
thermal treatment may also adversely affect the quality of soymilk, including 
its fl avor, color, and, in some cases, nutritional quality  [164] . 

 Caygill et al.  [165]  studied the quality of imitation milk from mung bean, 
cowpea, and chickpea after homogenization with soy oil. The imitation milks 
were nutritionally inferior compared with cow ’ s milk because of lower protein 
content (1.5 – 1.9   g/100   g) and lack of essential amino acids (isoleucine and 
tryptophan). However, potassium and phosphorus levels in imitation milks 
were comparable to cow ’ s milk, but they contained lower amounts of sodium, 
calcium, and zinc. Although trypsin inhibitor activity was found to be partially 
stable to pasteurization, it was lower in all the imitation milks (i.e., milk from 
mung bean, cowpea, and chickpea) compared with soymilk. To improve the 
nutritional value of the imitation milks and make them comparable with cow ’ s 
milk, the authors suggested that the imitation milk prepared from legumes be 
mixed with cereal proteins to meet the amino acid requirements for humans. 
Wadud et al.  [166]  developed soymilk - based baby foods using corn, rice, and 
wheat and evaluated the protein quality (PER and NPU). The study revealed 
that PER and NPU scores for soymilk with corn, rice, and wheat were 3.18, 
3.12, and 3.00; and 84.30%, 83.80%, and 83.00%, respectively, which was com-
parable with milk CN (3.25 and 85.00%). The soy - based products were 
creamish white in color, and had a good taste and fl uffy texture and were 
similar to commercially available baby foods both nutritionally and organo-
leptically. In other studies, an effort was made to improve the nutritional 
quality of soymilk by adding SoyTrim   ®  (Archer Daniels Midland, Decatur, 
IL), a hydrocolloidal mixture of soy fl our and oat bran, at the rate of 200   g/kg 
 [167] . The SoyTrim blend incorporated products contained 0.8   g/kg of soluble 
fi ber   ( β  - glucan) and had a reduced fat content (12.2   g/kg) compared with the 
control soymilk, and no apparent changes in the organoleptic qualities of the 
SoyTrim - incorporated products were observed  [167] . 

 Rice milk is less viscous than soymilk and contains less protein but could 
be a good alternative to soymilk. Tree nut milk (e.g., almond and cashew) is 
creamier than rice milk and has a consistency that is similar to soymilk. It 
has a strong nutty fl avor and could be used as an alternative for people who 
are not allergic to nuts. Hemp milk is a new product that is made from the 
seeds of hemp. Hemp seeds contain up to 25% protein and hemp meal 
(defatted hemp seed) contains approximately 31 – 33% protein. These pro-
teins are of very high quality and contain all 8 – 10 essential amino acids in 
the correct proportions needed for human nutrition. Proteins in hemp are 
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also easy to digest. The majority of hemp protein consists of 65% edestin, 
a globular protein. The high nutritional quality of hemp proteins makes it a 
promising alternative source of plant protein for use in human food applica-
tions  [168, 169] . Milk alternatives are also sometimes prepared from oats and 
barley or from a blend of the different products listed above. Carbohydrate -
 based alternatives are an interesting addition to the market. They often 
consist of maltodextrin (from different sources), cereal solids, oil, gums, 
sweeteners, vitamins, and minerals and are frequently labeled as dairy free 
and/or gluten free. 

 There is some controversy regarding use of the word  “ milk ”  for nondairy 
beverages, so the term  “ drink ”  or  “ beverage ”  is often preferred.  

   8.5.5.2.    Alternatives to Milk Powder.     Milk powder is widely used by consum-
ers and the food industry as a substitute for fresh milk and as an ingredient 
for the formulation of processed food products. Spray drying is the technique 
commonly used for drying of milks because the very short time of heat contact 
and the high rate of evaporation gives a relatively high - quality product with 
relatively low cost. Spray - dried powders have several advantages, which 
include minimal thermal damage, reduction in volume thus requiring less 
space for storage, ease of transport, and a longer shelf life  [170] . As with fresh 
milk, spray - dried soy fl ours, soy protein concentrates ( > 65% protein content 
on dry basis), or soy protein isolates ( > 90% protein content on dry basis) are 
the most commonly used alternatives to whole milk or whey powder  [171] . 
Dried soymilk powder is often used in confectionaries, meat fi llers, and bever-
ages  [172] . Rahardjo et al.  [173]  reported that addition of spray - dried soymilk 
powder to pork sausage patties improved the textural properties of the patties 
without causing fl avor changes. 

 The type of processing condition used for making soy protein powders can, 
however, impact their functionality. Spray - dried cow milk powders, especially 
those obtained from small - scale spray dryers often have small particle sizes 
( < 50    μ m) with poor reconstitution properties  [174] . Agglomeration has been 
suggested as a technique to improve the wettability of spray - dried soy protein 
powders  [175] . Jinapong et al.  [176]  produced instant soymilk powder using 
ultrafi ltration, spray drying, and fl uidized - bed agglomeration. Ultrafi ltration 
increased total solids, protein, and fat contents but decreased carbohydrate and 
ash contents of soymilk, and the process led to an increase in particle size, wet-
tability, and dispersibility of the resultant spray - dried powders. However, spray -
 dried soymilk powders without ultrafi ltration were very small ( ∼ 15    μ m) and 
very cohesive leading to poor fl owability. Agglomeration of spray - dried powders 
with maltodextrin as an aqueous binder using a fl uidized - bed agglomerator 
improved the handling and reconstitution properties of the powders. The 
optimum binder concentration was found to be 10%   w/v maltodextrin, which 
resulted in the largest particle size of the agglomerated powder (260    μ m) having 
a good fl owability and low cohesiveness. The wettability of this agglomerated 
powder was good, but its dispersibility (61%) still required improvement. 
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 Other protein powders, concentrates, and isolates that could be used to 
replace cow ’ s milk powder are pea protein isolate, canola protein isolate, 
peanut protein isolate, almond protein isolate, and hemp protein isolate. While 
commercial sources of these products are available, extensive research is 
needed in order to determine the appropriate conditions for their use in dif-
ferent food formulations.  

   8.5.5.3.    Milk Hydrolysates.     Milk protein hydrolysates are commonly used 
in infant formulae to combat problems of food allergy. Such hydrolysate for-
mulae must be safe for CMA patients and provide adequate amounts of all 
nutrients. For infants with food allergies, this is especially important as they 
need more nutrients than healthy infants because of their impaired ability to 
utilize nutrients, which may be caused by allergy - induced bowel infl ammation 
 [177] . Infant formulae with protein contents of only 1.2 – 1.3   g/100   mL were 
shown to ensure normal infant growth  [178] . Protein hydrolysates included in 
hypoallergenic formulae for infants with CMA must have a high content of 
di -  and tripeptides, which are rapidly absorbed by the intestinal epithelium, a 
low free amino acid content to limit bitterness, a high nutritional value, and 
a very low antigenicity  [179] . This is particularly important as the presence of 
intact or partially hydrolyzed proteins (containing allergenic epitopes) in the 
protein formulae can induce immune - mediated allergic reactions. Two main 
ways to supply tailored amounts of amino acids for children are by using 
extensively hydrolyzed protein hydrolysates and a mixture of synthetic amino 
acids  [180, 181] . Enzymatic hydrolysis is a preferred method for the prepara-
tion of tailor - made peptides because of their large - scale commercial feasibility 
and their moderate cost  [182] . Milk hydrolysates have similar or enhanced 
nitrogen digestibility and a good nutritional quality compared with native 
milk proteins. The residual allergenicity of these formulae, however, remains 
an issue. The use of extensively or partially hydrolyzed milk protein formulae 
is estimated to have increased 10 – 50% among formulae - fed infants in coun-
tries such as the United States and France  [183] . CN and whey protein are 
considered as the main source to develop hypoallergenic protein hydrolysates. 
The main drawback of milk hydrolysates is their unpleasant odor and taste 
as well as inadequate nutrient supply  [103] ,  [183]  and potential residual 
allergenicity. 

 Plant proteins are used in a number of formulated foods as an alternative 
to proteins from animal sources such as milk. Among plant proteins, soy is the 
source most widely used to obtain protein hydrolysates, again because of its 
nutritional quality, lower cost, and higher availability. Moure et al.  [184]  dem-
onstrated that enzymatic hydrolysis of a soluble protein present in waste liquor 
from soy processing produced fractions with a similar digestibility as CN. In 
another study, Moughan et al.  [185]  reported that it is unlikely that replace-
ment of milk protein with soy - based formulae will cause any major differences 
in the digestive process. Seppo et al.  [186]  compared nutrient intake, nutri-
tional status, and growth of cow ’ s milk - allergic infants fed with soy formulae 
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and extensively hydrolyzed whey formulae from cow ’ s milk supplemented 
with vitamin D and calcium for 2   years. The study revealed no signifi cant dif-
ference in the growth (% weight for length) of infants consuming soy formulae 
and whey - hydrolyzed formulae during the 2   years. Serum transferrin receptor 
concentrations indicated a greater iron inadequacy in the tissue of infants in 
the soy formulae group compared with the hydrolyzed whey formulae group. 
The authors, however, found no signifi cant differences between the groups 
either in the percentages of mean cell volume, hemoglobin, zinc, and ferritin 
or in the percentages of high alkaline phosphatase activity. In the study con-
ducted by Lasekan et al.  [187] , the authors also found no signifi cant differences 
in anthropometric and blood profi le of soy formulae - fed infants and those fed 
with the cow ’ s milk - based formulae. These studies indicate the comparable 
safety and effectiveness of the soy formulae as an alternative to the hydrolyzed 
milk formulae. 

 Pulse legumes such as chickpea and pea have been successfully used for 
the production of hydrolysates, but the presence of antinutritional factors 
and the development of bitterness during processing could lower their utility 
 [147, 188] . Rice has been recognized as the most hypoallergenic cereal and 
its proteins have been hydrolyzed and used in different food applications. 
D ’ Auria et al.  [189]  reported that rice hydrolysate formulae might be a nutri-
tionally suitable alternative for infants with cows ’  milk protein allergy. One 
report indicated that a homemade rice - and - lamb diet reduced the severity 
of skin lesions and improved weight gain in children with atopic dermatitis 
and multiple food hypersensitivities  [190] . Rice proteins are also allergenic; 
however, studies suggest that they trigger adverse reactions in  < 1% of allergic 
children  [191] .  

   8.5.5.4.    Alternatives to Fermented Dairy Foods 

   8.5.5.4.1.    Yogurt.     Yogurt (or yoghurt) is a semisolid fermented milk product 
that is produced by heating followed by coagulation of milk using lactic acid 
bacteria (e.g.,  L.   delbrueckii  sp.  bulgaricus ,  S.   salivarius  sp.  thermophilus ). The 
coagulation results from an increase in the concentration of lactic acid due to 
bacterial metabolism of lactose and results in the formation of a three - dimen-
sional gel network, which is capable of retaining the water present in milk. 
Nutritionally, plain yogurt has a similar composition to that of the milk used 
and is an excellent source of high - quality protein, ribofl avin, niacin, vitamin 
B 12 , calcium, phosphorus, magnesium, and zinc  [192] . Consumption of fer-
mented dairy products has traditionally been the main source of probiotic and 
other benefi cial bacteria in the diet of humans. Alternatives to dairy - based 
yogurts should ideally meet this requirement as well as be of good quality and 
taste. Technically, one of the greatest challenges for the production of non -
 dairy - based yogurts is the absence of lactose required for fermentation by 
lactic acid bacteria. Fortunately, several studies have identifi ed bacterial strains 
that metabolize other oligosaccharides in foods. 
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 Pinthong et al.  [193]  found that yogurt could be produced from soymilk 
supplemented with glucose (1%   w/v) and yeast extract (0.1%   w/v) through 
fermentation by lactic acid bacteria, including  Lactobacillus bulgaricus  and 
 Streptococcus thermophilus . Cheng et al.  [194]  compared the sensory qualities 
of soy yogurt and commercial plain cow ’ s milk yogurt using trained human 
panelists. The soy yogurt (sogurt) was prepared with soymilk, 0.15% calcium 
acetate, 0.5% gelatin, and lactose (0% or 2%) by fermenting with  L.   casei  and 
 S.   thermophilus . Sogurt with lactose was similar to yogurt in acidity and sour-
ness and the products did not differ in intensity of butter aroma, although the 
sogurt had a beanier and raisin - like aroma, more bitter and stringent taste, 
sandier mouthfeel, and was fi rmer and more yellow in color. The authors sug-
gested that bleaching soy fl our and the use of stabilizers could produce a 
sogurt that was more like yogurt  [194] . 

 The infl uence of initial dry matter content of reconstituted soymilk on the 
quality of yogurt fermented with two types of starter culture ( L.   delbrueckii  
spp.  bulgaricus  and  S.   thermophilus ) was examined by Denkova and Murgov 
 [195] . They reported that soy yogurt obtained from reconstituted soymilk with 
10% dry matter content and 1% starter culture showed good physicochemical 
and organoleptic qualities. The product had titratable acidity of 65 – 67 ° T, 
10 10    cfu/g viable count and could be stored for 3   days at 25 – 30 ° C and for more 
than 2   weeks in refrigeration conditions. Adetunji et al.  [196]  also studied the 
effect of preprocessing (soaking in a hot water with and without salts such as 
sodium hydroxide, sodium carbonate, and sodium hydrogen carbonate) on the 
nutritional quality of soy yogurt. The soy yogurt produced from sodium car-
bonate pretreated soybean had the highest mineral content (calcium: 179.7   ppm, 
potassium: 136.6   ppm, magnesium: 652.2   ppm, and sodium: 495.0   ppm). Yogurt 
prepared from the sodium hydroxide pretreated soybean scored highest for 
taste, texture, and overall acceptability. Changes in the nutritional composition 
of soymilk fermented with  Bifi dobacterium longum B6  and  Bifi dobacterium 
infantis CCRC 14633  were investigated by Hou et al.  [197] . They observed an 
increase in crude protein, thiamine, ribofl avin, titrable acidity, glucose, fructose, 
galactose, acidic acid and lactic acid content, and decreased niacin, stachyose, 
raffi nose, and sucrose content. The infl uence of  Bifi dobacterium  sp. on micro-
bial growth of  S.   thermophilus  and  L.   bulgaricus  and volatile compounds 
in soymilk and cow ’ s milk was also investigated by Murti et al.  [198] . Soy 
yogurt fermented with mixed cultures ( S.   thermophilus ,  L.   bulgaricus , and 
 Bifi dobacterium  sp.) had less acidity and lower  L.   bulgaricus  growth and was 
more viscous with higher amounts of diacetyl and ethanol than that of cow ’ s 
milk yogurt. Furthermore, yogurt from cow ’ s milk was found to contain higher 
acetone, which gave a pleasant fl avor to the product while  n  - hexanoic acid was 
found in the soy yogurt, which gave an unpleasant off - fl avor to the product 
and resulted in a lower sensory score for the soy yogurt  [198] . Total microbial 
load was also higher in yogurt produced from whole milk and powdered milk 
(0.93 and 0.85    ×    10 8    cfu/mL, respectively) than in soy yogurt (0.52    ×    10 8    cfu/
mL)  [199] . 
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 Recently, Farinde et al.  [200]  found that maize steepwater could be used as 
an alternative to cow ’ s milk starter culture for the production of yogurt. They 
observed no signifi cant difference in protein and total viable count of soy 
yogurt fermented with maize steepwater as compared with commercial culture 
fermented soy yogurt. 

 Martensson et al.  [201]  attempted to formulate an oat - based symbiotic 
yogurt containing oat milk (16% or 18% dry matter content), xanthan gum 
(0.03%), and vegetable fat (1.8%). The product was fermented with different 
mixed yogurt cultures ( L.   delbrueckii  sp.  bulgaricus  and  S.   salivarius  sp.  ther-
mophilus  at the ratio of 1:1 with and without  Bifi dobacterium  sp.). Flavor 
compounds such as strawberry or mixed berry jam were added after fermenta-
tion, and the product was evaluated for quality by subjective analysis. The 
oat - based yogurt had higher acceptability in terms of acidity, texture, and 
overall appearance. The products fermented with  Bifi dobacterium  had lower 
pH (3.9) and a more sour taste and fresh aroma typical of yogurt fl avor. 
Addition of xanthan gum (stabilizer) improved the texture of the oat - based 
yogurt and reduced syneresis. Three of the oat - based yogurt, however, received 
lower sensory analysis scores for fl avor and acceptability compared with the 
commercial yogurt.  β  - Glucan content was affected by the type of bacterial 
strain used  [202] . No change in  β  - glucan content was observed during fermen-
tation with  Lactobacillus reuteri  ATCC 55730 and  L.   acidophilus  DSM 20079; 
however, a decrease in  β  - glucan content was observed in oat - based yogurt 
fermented with  Bifi dobacterium bifi dum  DM 20456 probably due to the  β  -
 glucanase activity of the  B.   bifi dum strain . 

 Rao et al.  [203]  prepared yogurt from cowpea and mung beans fermented 
with  L.   bulgaricus  (ATCC 11842) and  S.   thermophilus . The products were, 
however, found to be inferior to cow ’ s milk yogurt, although the attributes 
were scored within the acceptable range. In another study,  L.   acidophilus  and 
 Lactobacillus plantarum  were used as starter organisms for the production of 
a yogurt - like product from cowpea milk. There was a decrease in the fi nal pH 
and an increase in the titratable acidity, crude protein, total ash, calcium, potas-
sium, and phosphorus content of the fermented cowpea milk, while a decrease 
was obtained for lipid, moisture, and crude fi ber contents. Consumer accept-
ability of the cowpea yogurt varied, with preference being given to the banana -  
and strawberry - fl avored samples  [204] . In general, the results of various studies 
suggest that it is possible to produce yogurt - like products from nondairy 
sources, but the quality and acceptability of the product vary as a function of 
the ingredients, substrate used for fermentation, type of cultures used, and 
processing conditions.  

   8.5.5.4.2.    Kefi r.     Kefi r is an acidic and mildly alcoholic fermented dairy product 
that is produced by milk fermented with kefi r grains. It differs from other 
fermented milk products in that it is not the result of the metabolic activity of 
a single species of microfl ora, but is rather the product of fermentation with 
a mixed group of microfl ora confi ned to a matrix of discrete  “ kefi r grains, ”  
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which are recovered after fermentation  [205] . Kefi r grains are small, gelati-
nous, yellowish, and irregularly shaped masses consisting of both lactic acid 
bacteria and yeasts that are embedded in a slimy polysaccharide matrix named 
kefi ran, which is thought to be produced by the lactobacilli in the grain  [206] . 
Various lactic acid bacteria and yeasts have been identifi ed in kefi r grains 
(e.g.,  Lactobacillus breris ,  L.   helveticus ,  Lactobacillus kefi r ,  L.   mesenteroides , 
 Kluyveromyces lactis ,  Kluyveromyces marxianus , and  Pichia fermentans )  [207, 
208] . The microorganisms in the kefi r grains produce lactic acid, antibiotics, 
and several kinds of bactericides, which inhibit the proliferation of both 
degrading and pathogenic microorganisms in kefi r milk  [207] . 

 Soymilk has been successfully used for the production of kefi r. Furthermore, 
there is evidence that oral administration of soymilk kefi r decreased 65% of 
tumor growth in mice by inhibiting tumor cells and also increased total IgA 
levels in the small intestine  [209] . Soymilk kefi r possessed signifi cant anti-
mutagenic and antioxidant activities as evaluated by  in vitro  assays  [210] . 
Antiallergenic properties of soymilk kefi r and the effect on gut microfl ora 
have also been studied  in vivo  using male BALB/c mice  [211] . Oral administra-
tion of soymilk kefi r for 28   days in egg - allergic mice signifi cantly decreased 
( P     <    0.05) serum - specifi c IgE and IgG1 antibody levels compared with mice 
fed with soymilk (control) as analyzed by sandwich ELISA. In addition, mice 
consuming soymilk kefi r had higher populations of benefi cial microorganisms 
( Bifi dobacterium  sp. and  Lactobacillus  sp.) and lower populations of patho-
genic microorganisms ( Clostridium perfringens ) in the fecal matter than the 
control mice. Thus, consumption of soymilk kefi r enhanced mucosal resistance 
to gastrointestinal pathogens by increasing growth of benefi cial microorgan-
isms and also suppressed IgE and IgG antibody levels in egg - allergic mice. The 
antiallergenic property of soymilk was not associated with the isofl avones in 
soymilk  [211] . Miyake et al.  [212] , on the other hand, reported an inverse 
association between soy isofl avone consumption and the prevalence of rhinitis 
in pregnant women allergic to Japanese cedar pollinosis. The infl uence of 
carbohydrates (glucose, lactose, and sucrose) on microbial growth, ethanol 
production, and galactosidase activity in soymilk kefi r was also investigated 
by Liu and Lin  [213] .  

   8.5.5.4.3.    Alternatives to Cheese.     Cheese analogs are gaining increasing accep-
tance with food processors and consumers because of many potential benefi ts 
such as cost - effectiveness, simplicity of their manufacture, and the replacement 
of selected milk ingredients by cheaper vegetable products  [214] . Development 
of cheese analogs involves the use of fat and/or protein sources other than 
those native to milk, together with a fl avor system simulating as closely as 
possible to that of the natural product  [215] . Imitation mozzarella cheese was 
made using soy isolate and gelatin as the protein instead of caseinate, and its 
textural and ultrastructural properties were evaluated. Of all the hydrocolloids 
evaluated, GFS ®    gum (a mixture of xanthan, locust bean, and guar gum) 
(Kelco Co., Rahway, NJ) was found to give the best textural properties and 
melting quality to the analog. Optimum processing conditions were 5   minutes 
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each of dry blending and wet blending of ingredients at 80 ° C  [216] . Furthermore, 
imitation mozzarella cheese was functionally more stable during refrigerated 
storage than natural mozzarella cheese. Such stability makes analogs very 
attractive to the food processing and service industries  [217] . Most of the 
studies on imitation cheese have, however, focused on partial replacement of 
CN with peanut protein  [218] ; fermented soymilk powder  [219] ; and starches 
from maize, wheat, potato, and rice  [220] . Further studies are needed on the 
use of completely  “ dairy - free ”  ingredients. Soy tofu is made from only soy 
ingredients and salts. It has some semblance to cheese and is becoming more 
popular as an imitation cheese  [221] . The gelation property of soy proteins is 
the prime reason for their use in imitation cheese  [222] . The conventional 
process of making tofu is to denature the soy protein by heating, and then to 
coagulate the protein using coagulants and heating  [223] . The curd formed 
consists of aggregated protein particle, which forms a gel capable of retaining 
water, lipids, sugar, fl avors, and other components. Tofu hardness is affected 
by the ratio of protein to lipid  [224] . Recently, many researchers have attempted 
to produce tofu from soymilk using HP processing technology as an alternative 
to conventional heat process  [225 – 229] . The texture of these products is dif-
ferent from regular tofu; they have a softer texture with greater elasticity and 
glossier appearance  [230, 231] .   

   8.5.5.5.    Other Dairy Products 

   8.5.5.5.1.    Butter.     Butter consists of 80% fat and has long been used by con-
sumers in the preparation of bakery products, pastries, confectionery, and 
convenience foods because of its ability to improve the organoleptic quality 
of foods. Margarine, which is produced from plant oils, is recognized by many 
consumers as a good alternative to butter. It is cheap, has high availability, is 
low in saturated fatty acids (depending on the type of oil used and processing), 
free of cholesterol, and a suitable carrier for fortifi cation of vitamins A and D 
 [232] . The fatty acid composition of butter and different margarines is pro-
vided in Table  8.5 . Concerns have been expressed about the use of hydroge-
nated oils in the production of some types of margarine, and, as a result, food 
manufacturers are resorting to the use of nonhydrogenated oils in margarine 
production. Some studies have reported that dietary intake of margarines low 
in saturated fatty acids decreased serum low - density lipoprotein (LDL) levels 
 [233, 234] .   

 Other alternatives to butter include lard and plant oils depending on the 
specifi c application. Spreadability, mouthfeel, and fl avor are two important 
quality attributes of table spreads that need to be taken into consideration in 
the selection of an appropriate replacement for butter. Spreadability refers to 
the ease of spreading uniformly over a product surface and depends on the 
solid fat content and fi ness of the fat crystal matrix  [232] . Butter has better 
spreadability at 15 ° C, while hard and soft margarines show better spreadability 
at 20 ° C and 0 – 10 ° C, respectively  [235] . Thus, margarine is spreadable when 
taken from the refrigerator, while butter cannot be spread easily under these 
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conditions. Mouthfeel, on the other hand, refers to the rapid melting of the 
product at mouth temperature (35 – 37 ° C). Although there is no difference 
between the mouthfeel of butter and margarine, the fl avor of butter is superior 
to margarine  [232] . Laitinen et al.  [236]  compared the sensory qualities of 
sweet rolls, ginger cookies, and cakes prepared with butter and margarine 
using subjective analysis. They reported that the texture and taste of sweet 
rolls prepared using margarine was better than sweet rolls made with butter, 
and no difference in fl avor and mouthfeel of sweet rolls made with butter and 
margarine was observed. Cakes prepared with butter, on the other hand, 
scored higher for fl avor and mouthfeel than cakes made with margarine, and 
no difference was reported in fl avor for ginger cookies prepared with either 
margarine or butter.  

   8.5.5.5.2.    Cream.     Cream is concentrated butter fat (approximately 18 – 35%) 
obtained by skimming or mechanical separation of milk. Depending on the 
fat content and processing, cream can be categorized into clotted cream (heat -
 treated cream containing 55% fat), double cream (48% fat), whipped cream 
(35% fat), sterilized cream (23% fat), single cream (18% fat), and half cream 
(12% fat)  [237] . Cream is used as an ingredient in many foods including ice 
cream, soups, sauces, cakes, custard, and coffee  [238] . There is, unfortunately, 
no adequate substitute for dairy cream, although creams from soymilk and 
other sources such as coconut are available. Researchers at the company 

  TABLE 8.5    Fatty Acid Composition of Butter and Margarines (1   tbsp or 15   g of 
Serving Size)   [232]   

   Product  
   Energy 
(kcal)  

   Cholesterol 
(mg)  

   Total 
Fat (g)  

   SFA 
(g)  

   MUFA 
(g)  

   PUFA 
(g)  

   TFA 
(g)  

  Butter    102    31.10    12    7.20    3.30    0.40    0.30  
  Hard margarine 

from corn and 
soybean oils  

  101    0    11    2.10    5.20    3.50    1.90  

  Soft margarine 
from 
hydrogenated 
soybean oil  

  101    0    11    1.90    5.10    3.80    0.80  

  Margarine - like 
spread (40% 
fat) from 
hydrogenated 
soybean oil  

  50    0    6    0.90    2.40    2.00    0 – 2.50  

  Liquid 
margarine  

  102    0    11    1.90    4.00    5.10    0  

   SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty 
acids; TFA,  trans  - fatty acids  .   
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Danisco have been working on the development of an imitation cream based 
on tailored blends of emulsifi ers and stabilizers  [239] . Such imitation creams 
may offer good stability before and after whipping, along with short whipping 
time; high overrun; high foam stiffness; smooth surface (lack of visible air 
cells); good shape retention; good spreadability of foam; and a clean/neutral 
fl avor  [239] .  

   8.5.5.5.3.    Frozen Desserts.     The broad term frozen desserts refers to ice cream 
and other related products including frozen custard, mellorine (vegetable fat 
frozen dessert), sherbet, and frozen confections made by mixing of milk com-
ponents with sweeteners, stabilizers, emulsifi ers, and fl avorings as well as 
frozen fruit products  [240] . The composition of frozen desserts varies widely 
depending on the intended market  [240] . Fortunately, there are some com-
mercial nondairy frozen desserts that could be suitable for consumption by 
CMA patients. Most sorbets are made from fruit and should be suitable for 
consumption by CMA patients if no dairy ingredients are added. Sherbets, on 
the other hand, may contain dairy ingredients, and the ingredient labeling 
should be checked carefully.  Parev    ice or Kosher ice cream have been described 
as being free of dairy fat or any other dairy - derived ingredient  [238, 240] . Soy 
ice cream, hemp ice cream, and hazelnut ice cream are also commercially 
available but they have not been studied as extensively as dairy ice creams. In 
the late 1980s, Pitz  [241]  developed an imitation ice cream product comprising 
of vegetable fat (coconut or corn oil), hydrogenated vegetable oil (mixture of 
coconut, palm kernel, and soybean oil), along with water, protein (eggs), 
sweetener (sucrose), emulsifi er (sorbitan monostearate), stabilizer (carra-
geenan and guar gum), coloring ( β  - carotene  ), and fl avorings (vanilla). The 
product was reported to have the taste, appearance, palatability, and aroma of 
conventional ice cream. It is, however, unclear if this product was ever widely 
commercialized. 

 The taste and texture of nondairy frozen desserts may be very different 
from traditional dairy products. Furthermore, if these products are processed 
in facilities that also process dairy, they may be contaminated with dairy pro-
teins if appropriate allergen management controls are not in place. Low levels 
of milk protein contamination have been reported in some commercial soy 
ice creams  [242] . In Canada, dairy protein contamination of some nondairy 
frozen desserts has resulted in recalls by the Canadian Food Inspection 
Agency  [243] .     

   8.6.    CROSS - REACTIVITY 

 Most allergens that cross - react have similar chemical structure and may or may 
not be genetically related. Although soy has received a lot of attention as an 
alternative to cow ’ s milk, some soy proteins are reportedly cross - reactive with 
milk proteins, and a signifi cant number of patients with milk protein enteroco-
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litis have soy protein enterocolitis  [243] . Reports of the prevalence of soy 
sensitization in CMA infants with proctocolitis and enterocolitis have ranged 
between 25% and 60%  [244 – 246] . Zeiger et al.  [247]  reported that 14% of 
infants with symptoms of CMA reacted adversely to soy (although reports of 
anaphylaxis to soy were rare). Similar observations were made by Klemola et 
al.  [248]  who found 10% of 170 cow ’ s milk - allergic infants reacted to soy and 
2% reacted to extensively hydrolyzed formulae in double - blind, placebo - con-
trolled food challenges (DBPCFCs). Ahn et al.  [249]  found that 18.3% of 244 
cow ’ s milk - allergic children (2.5   years) were sensitized to soy proteins and had 
specifi c IgE levels of 12.4    ±    20   kU/L (range 0.89 – 101   kU/L) against soy protein 
as analyzed by Pharmacia CAP Immunoassay. Rozenfeld et al.  [250]    identifi ed 
glycinin A4A5B3 as the fi rst soy protein that shares IgE epitopes with bovine 
CNs. In addition, the  α  - subunit of soy  β  - conglycinin was also recognized by 
 α  - CN and  β  - CN monoclonal antibodies by immunoblot analysis  [251] . 

 Additionally, Fiocchi et al.  [252]  found sensitization to rice in eight children 
confi rmed allergic to cow ’ s milk and soy, but the rice - induced skin response 
was less intense than the one induced by soy. The identifi cation of high - affi nity 
IgE antibodies and the cross - reactive IgE epitopes in phylogenetically unre-
lated allergens may constitute the basis to understand multiple food allergies 
 [253] . Further studies to identify cross - reactive epitopes in foods that are 
unrelated to cow ’ s milk allergens will be useful. It should be mentioned that 
due to high sequence homology, IgE cross - reactivities exist between milk 
proteins from cow and those of other species such as ewe and goat  [254 – 256] . 
These sources of milk, therefore, are not suitable for individuals with CMA. 
Some studies have suggested that mare and camel milk may be less allergenic 
 [257 – 259] , and further investigation using DBPCFCs will be useful.  

   8.7.    CONCLUSION 

 Although some food processing techniques may reduce the allergenicity of 
milk, they are unable to completely eliminate the allergenic potential of milk 
allergens. For CMA patients, avoidance of cow ’ s milk and dairy products is 
the only way to prevent allergic reactions. This may be diffi cult when foods 
are not properly labeled, or when hidden or undeclared dairy proteins are 
present in foods. Avoidance of dairy foods and ingredients may also be diffi cult 
due to their widespread use. Furthermore, identifi cation of dairy ingredients 
may sometimes be diffi cult due to the use of multiple defi nition for milk ingre-
dients (e.g., butter, CN, caseinates, cheese, delactosed whey, demineralized 
whey, dried milk, dry milk solids, lactose, lactalbumin, lactate, lactoglobulin, 
LF, lactoserum, sour cream solids, whey, whey protein concentrate, WPI). 

 Regulations in many countries such as in Canada and the United States 
now require that the common name of foods be used on labels in order to 
make it easier for allergic patients to identify these foods. These regulations 
should ensure greater security and protection of the allergic consumer. Food 
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manufacturers also have a role to play in providing safe foods to consumers. 
Foods labeled as  “ dairy free ”  or  “ nondairy ”  should be processed in a way as 
to ensure that they do not contain residual milk allergens. In general, manu-
facturers need to ensure that ingredients being used in processing do not 
contain dairy proteins. Guidelines for the control of allergens during food 
processing are discussed in greater detail elsewhere in this book. Adequate 
training of employees in the food processing and foodservice industries on 
allergen control will help to ensure that these guidelines are put in place 
during the production of foods labeled as  “ dairy free ”  or  “ nondairy. ”  

 There are no general rules regarding how different allergens respond to 
physical, chemical, or biochemical processing  [260] . Much of the work carried 
out on dairy allergens has been done on purifi ed proteins rather than whole 
milk and without much attention to the effect of the food matrix on the anti-
genicity of the proteins, their detection, and the potential impact on allergenic-
ity. Such studies are needed as well as clinical studies to establish thresholds 
levels of dairy proteins required for elicitation of allergic reactions. It is antici-
pated that the market for  “ allergen - controlled ”  foods will grow and as such it 
will also be of value to identify other alternatives to soy in order to expand 
food choice for dairy - allergic consumers. 

 Finally, it is important to mention that heavy investments have been made 
by the food industry and in research to fi nd alternative replacements for 
several dairy - derived ingredients and foods. These products continue to fi ll 
grocery shelves. Adequate caution needs to be exercised when producing these 
products in lines and/or factories that also process milk - based products in 
order to avoid cross - contamination in the fi nished products. As some of these 
replacement ingredients are themselves potentially allergenic, appropriate 
vigilance is required as well as ongoing research to identify suitable ingredients 
that can expand choice for the food - allergic consumer.  
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  9 
PROCESSING OF EGG - FREE FOODS  

  Val é ry     Dumont    and    Philippe     Delahaut       

    9.1.    INTRODUCTION 

 Thanks to a perfect balance of its components, egg is recognized universally 
as a basic commodity. In Europe, the average annual consumption of eggs is 
210 per person. Production and consumption worldwide have tripled since the 
1960s and continue to increase  [1] . 

 Egg is an important ingredient of many food products because of its func-
tional assets. This makes it diffi cult for allergic patients to avoid it. Egg allergy 
is generally accepted as one of the most common food allergies  [2 – 4] , with an 
estimated prevalence varying from 0.2% to 7%  [5] . After a presentation of 
egg and egg allergy, this chapter addresses the task of managing the allergen 
risk to produce egg - free foods.  

   9.2.    GENERALITIES ON EGG AND EGG ALLERGY 

   9.2.1.    Clinical Aspect of Egg Allergy 

 Egg allergy is one of the most common food allergies, affecting 1 – 2% of young 
children. In a study by Ranc é  et al.  [6] , of 544 children with a positive prick 
test and/or specifi c immunoglobulin E (IgE) and a positive food challenge, 
36% displayed egg allergy (Fig.  9.1 ). The condition usually develops within the 
fi rst 2 years of life  [4] . According to some studies, 50 – 58% of allergic children 
outgrow their allergy after the age of 5 years  [1, 7] , but data from Savage 
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260 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

et al.  [8]  suggest that this does not happen so early. The authors found that 4% 
developed tolerance by age 4. By age 6, 12% of egg - allergic children have 
outgrown their allergy. This increases to 37% by age 10, and 68% by age 16. 
Hen ’ s egg allergy is more signifi cant than allergy to eggs from other birds like 
goose and duck.    

   9.2.2.    Egg Composition 

 Eggs are composed of 56 – 61% egg white and 27 – 32% egg yolk  [9 – 11] . The 
relative proportion of each component varies according to the age of the hen 
and the environmental conditions. Egg white represents approximately two -
 thirds of the total weight of the egg without its shell, with water accounting 
for 87 – 89% of that weight. The remaining weight of the egg white comes from 
protein (9 – 11%), carbohydrates (0.8%), trace minerals (0.5%), lipids (0.1%), 
and vitamins. Egg yolk contains nearly 50% water, 32 – 35% lipid, and 16% 
protein. Minerals and carbohydrates are present in the egg yolk at 1.6% and 
0.5%, respectively. Except for ribofl avin and niacin, most vitamins are present 
in the egg yolk.  

   9.2.3.    Egg Proteins Responsible for Allergy 

 Although the major egg allergens are mainly contained in egg white, clinically 
relevant allergenic egg proteins have been identifi ed in both egg white and 
yolk  [12, 13] . 

 Table  9.1  shows the molecular and biological properties of identifi ed egg 
allergens. Although ovalbumin seems to be one of the most studied antigens, 
it does not appear to be the most allergenic molecule  [13] . Aabin et al.  [15]  
reported the frequencies of reactivity of 53% for ovotransferrin, 38% for 
ovomucoid, 32% for ovalbumin, and 15% for lysozyme. In other studies, 
ovomucoid has been shown to be the dominant allergen in egg white  [16] . 

4.3%

35.7%

23.6%

8.3%
6.0%

1.8%

1.5%
1.5%

1.4%

Egg
Peanut
Cow's milk
Mustard
Cod
Hazelnut
Kiwi fruit
Wheat
Shrimp
Others

15.9%

     Fig. 9.1     Frequency of food allergy to various foods in 544 children with positive prick 
tests and/or specifi c IgE and positive food challenge  [6] .  
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This discrepancy may be partly due to the use of impure proteins in some 
studies. Moreover, according to Walsh et al.  [17] , the existence of different 
groups of patients reacting in a similar way to four discrete sets of purifi ed 
proteins may explain why various researchers have reported different allergens 
to be important in egg hypersensitivity. The four sets are as follows: set 1: the 
egg white proteins lysozyme and ovalbumin; set 2: the egg white protein ovo-
mucoid; set 3: the egg white protein ovomucin; and set 4: the egg white protein 
ovotransferrin and the egg yolk proteins apovitellenin I, apovitellenin VI, and 
phosvitin.   

   9.2.3.1.    Ovomucoid.     Ovomucoid or Gal d1 forms about 11% of the egg 
white. It is a highly glycosylated protein, with 25% of its mass being attributed 
to carbohydrates. The protein consists of three structurally independent 
homologous domains  [18] . An epitope mapping study has shown that specifi c 
immunoglobulin G (IgG) and IgE from patient sera bind to the whole 
ovomucoid molecule comprising all three domains  [19] . It has been shown 
that the antigenicity and allergenicity of ovomucoid remain after fragmenta-
tion by pepsin digestion  [20, 21] . This protein is also thermolabile, and this has 
an impact on allergenicity: patients may be tolerant to cooked eggs while 
having severe allergic reactions to raw eggs  [22] .  

   9.2.3.2.    Ovalbumin.     The most abundant and most studied protein in egg 
white is ovalbumin  [13, 23] . This protein, also called Gal d2, is a phosphogly-
coprotein. Its biological function is not really known. It has homology with the 

  TABLE 9.1    Molecular and Biological Properties of Identifi ed Egg Allergens  [14]  

   Protein Name     MW (kDa)     Rel % (w/w)     Biological Function  

   Egg white proteins               
  Ovomucoid (Gal d1)    28    11    Trypsin inhibitor activity  
  Ovalbumin (Gal d2)    44    54    Not really known  
  Ovotransferrin (Gal d3)    78    12    Antimicrobial activity  

  Activation of immune 
system  

  Antioxidant properties  
  Lysozyme (Gal d4)    14    3.4    Bacteriolytic activity  
  Ovomucin    165    3.5    Antiviral activity  

   Egg yolk proteins               
  Phosvitin    35    13.4    Cation - binding property  

  Antibacterial activity  
  Antioxidant activity  

   α  - Livetin (Gal d5)    69    9.3    Albumin  
  Apovitellenins    9.5 – 170    37    Lipid - binding activity  

   MW, molecular weight; Rel % (w/w), relative proportion in weight compared with egg white 
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serine protease inhibitor family, although it lacks any protease inhibitor activ-
ity  [24] . Pellegrini et al.  [25]  showed that proteolytic peptide fragments of 
ovalbumin display antimicrobial activity, whereas the whole protein itself is 
not bactericidal.  

   9.2.3.3.    Ovotransferrin.     Also called Gal d3 or conalbumin, ovotransferrin 
belongs to the homologous group of transferrins, which are single - chain bilobe 
proteins possessing an Fe +  - binding site in each lobe  [26, 27] . Its antimicrobial 
activity due to its iron - binding properties has been well investigated  [28] . 
Other biological functions have been described, including activation of the 
immune system  [29]  and antioxidant properties  [30] .  

   9.2.3.4.    Lysozyme.     Lysozyme or Gal d4 is a single polypeptide chain of 129 
amino acids cross - linked by four disulfi de bridges  [31, 32] . It can catalyze the 
hydrolysis of specifi c kinds of polysaccharides comprising the cell walls of 
bacteria  [33 – 36] . It is thus widely used as a preservative in several foods and 
drugs.  

   9.2.3.5.    Ovomucin.     Ovomucin is a heavily glycosylated protein consisting of 
two subunits  [37] . It maintains the structure and viscosity of the egg white  [38] . 
It also displays properties such as antiviral activity  [39]  and immunoactivator 
activity  [40] . Walsh et al. published the fi rst report on the  in vitro  allergenicity 
of this protein in 1988  [41] . This was also the fi rst time egg yolk proteins were 
described as allergens.  

   9.2.3.6.    Egg Yolk Proteins.     Although egg yolk proteins were previously 
believed to have no allergenicity potential, some studies have highlighted 
minor allergens among them  [12, 17, 41] . Phosvitin is a highly phosphorylated 
molecule with a great cation - chelating capacity  [42] . More than 90% of the 
iron in eggs is bound to phosvitin. Because of this property, phosvitin shows 
antibacterial  [43]  and antioxidant activities  [44] . The protein  α  - livetin or Gal 
d5 is an egg yolk allergen also implicated in the bird - egg syndrome  [45] . The 
third set of egg yolk allergens consists of apovitellinin - containing lipoproteins. 
Apovitellenins I and VI are reported to show IgE - binding activity  [17] .    

   9.3.    EGG: A MULTIFUNCTIONAL INGREDIENT 
IN THE FOOD INDUSTRY 

 Egg and egg components are widely used in many different food products, 
such as bakery products, sauces, ice cream, processed meat products, and pasta. 
They are also found in cosmetics, shampoos, and pharmaceuticals. Egg is a 
multifunctional ingredient: binder, coagulant, emulsifi er, preservative, and so 
on. Egg components may be used individually for specifi c applications in food 
preparation. For example, lysozyme is used as a preservative, lecithin as an 
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emulsifi er, and provitamin A as a coloring. Yet, these egg - derived products are 
sources of allergens for egg - sensitive individuals. 

 Egg is available in different forms: whole egg powder, pouches of liquid 
eggs, only egg yolk powder or egg white powder, egg - derived products (leci-
thin, lysozyme), egg proteins, and so on. 

 This can make it fairly complex to manage eggs or egg - derived products in 
an allergen control program.  

   9.4.    MANAGING THE ALLERGEN RISK TO PRODUCE 
EGG - FREE FOODS 

 In order to make egg - free foodstuffs, food producers have to know how eggs 
end up in the fi nal product. Eggs may be incorporated into a product volun-
tarily or involuntarily. In the fi rst case, it is necessary to know what function 
egg fulfi lls in the product, in order to fi nd substitutes. For instance, half a small, 
ripe, mashed banana could bring moisture equivalent to that afforded by an 
egg, and cooked oatmeal or potato starch could serve as a binder in the same 
manner as egg. 

 Another way to avoid a severe allergic reaction to egg - containing products 
is to render egg products hypoallergenic through food processing. Methods 
such as heat treatment, enzymatic fragmentation, irradiation, or a combination 
of these have been shown to reduce allergenicity  [14, 45 – 47] . The main issue 
here is the risk of altering the functional properties of egg proteins. Moreover, 
this kind of treatment merely reduces allergenicity of egg - containing products 
but does not eliminate it. The only truly effective approach to eliminating egg 
allergy is total avoidance of the offending compound. This means developing 
food products that do not contain any trace of egg. 

 In dealing with food allergens like egg, the main task is to assess where the 
risk arises. Involuntary introduction of egg into a product can come from dif-
ferent sources: human error, the raw material supplier, cross - contamination 
on the product lines, and so on. Contamination can be of two kinds: primary 
and secondary. Primary contamination occurs when a component used volun-
tarily in a recipe is introduced into a product that should not contain it as, for 
example, when a processed meat product is prepared in a mixer after another 
product containing egg, without any cleaning step between the two products. 
The second product is thus contaminated with egg, and this is a primary con-
tamination. Secondary contamination occurs when an allergen is involuntarily 
present in a component that is itself introduced involuntarily into a product. 
On a product line, for instance, a chocolate biscuit might be produced directly 
after an almond biscuit, and egg powder might have contaminated the almond 
paste used for the almond biscuit. In this example, the presence of egg in the 
almond biscuit and the presence of almond in the chocolate biscuit are primary 
contaminations, but the fortuitous presence of egg in the chocolate biscuit via 
the almond paste is a secondary contamination. 
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 Contamination can also be heterogeneous or homogeneous. Heterogeneous 
contamination is the most diffi cult contamination to assess and to manage. For 
instance, egg powder transported on employee clothing and falling into a non -
 egg - containing product is a heterogeneous contamination. Only a small 
amount of products is contaminated by batch. It could also be, for instance, 
only one cream injector for cakes that has not been well cleaned after egg -
 containing cream cakes have been produced. On a product line with eight 
injectors, the cakes from the seven well - cleaned injectors will not have been 
contaminated. The fi rst cakes from the contaminated injector will contain egg. 
After a while, the injector will be  “ cleaned ”  by dilution with the non - egg -
 containing cream and the last cakes could be without egg. The batch of those 
cakes presents heterogeneity of the contamination. Less than 12.5% of the 
production is contaminated by egg. Homogeneous contamination such as egg 
contaminating dough in a blender could be evaluated by analysis more easily 
than heterogeneous contamination. Indeed, each product of the batch contains 
the same amount of egg. A second example is an ingredient contaminated with 
egg used for the preparation of products. All products of the batch are con-
taminated with egg. 

 Human error and employee ignorance about allergens are often the main 
causes of the fortuitous presence of allergens in food. The only solution is 
training and making each employee aware of what an allergen is. Employees 
have to know that allergens can be present in various forms: powder, liquid, 
small pieces. For some consumers, allergens are delicious foods, but for others 
they are life threatening. Each employee should know how to avoid accidental 
introduction of allergens into products upon leaving a cafeteria, for instance, 
or when shifting between two different production areas. 

 The second most important step in food allergen management is the han-
dling of raw materials. Knowledge is of the essence. It is important to know 
what is in the fi nished product and what enters the factory. This means fi rst 
obtaining a food allergen declaration from each supplier of raw materials. This 
declaration could be a questionnaire transmitted with each raw material. It 
has to be checked via an audit and analyses. With complete information, raw 
materials could be segregated per allergen in dedicated and clearly labeled 
bags or containers. Tools used to handle allergenic products should also be 
identifi ed by color coding and/or label. One possibility is to dedicate a color 
to each allergen. For instance, red could be used for each utensil, bag, and tool 
used to handle egg or an egg - containing product, blue for milk, yellow for 
peanut, and so on. 

 The research and development department is another important place to 
assess and manage the risk of egg contamination. Each recipe should be evalu-
ated in order to know the function of each component and the advantages of 
using it. It should be advantageous to avoid the use of allergenic food ingre-
dients if other ingredients work just as well. As already mentioned, some 
substitutes for eggs exist, like banana, tofu, or cooked oatmeal. One should 
avoid using allergenic ingredients in such slight amount that they have no 
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functional effect on the fi nished product. This happens sometimes, because 
some recipes have been used for many years without ever really being assessed. 
Eggs are perhaps added to the product to color it a little, and another food 
coloring could replace them easily. The same approach should be used when 
developing a new recipe. In conclusion, reformulation of old recipes and 
allergen - conscious development of new ones could even improve the fi nal 
product. 

 Engineering of the fi ttings and system design should also be considered in 
a control program. Whenever possible, one should favor accessible,  “ visible ”  
fi ttings. If egg is a binder for the components of a product, it can also bind 
onto equipment walls, which can be adequately cleaned only if they are acces-
sible. Flows of raw materials, semifi nished product, rework, and staff must be 
drawn. This is the best way to see if there are intersections between product 
lines, these being potential sources of contamination. The logistics should be 
precise in order to avoid wrong labeling and packaging –  – staff might transport 
an allergen from one production line to another; containers that are supposed 
to carry one specifi c product might be reused for another product; the same 
line might be used to package different products. The system design must take 
into account the allergen problem. The best way to avoid cross - contamination 
is to make production as rectilinear as possible, without any intersections 
between production lines, from reception of raw materials to packaging of the 
fi nal product. 

 For consumers, reading the label is the only way to know what is in the 
product that they would like to eat. Food control agencies and public health 
commissions lay down labeling regulations such as the European Directive 
2003/89 and its subsequent amendments, in order to inform allergic consumers 
of the presence of allergens in prepackaged foodstuffs. Yet for these consum-
ers, the problem arises from cross - contamination, for which there is no legisla-
tion. The majority of food producers prefer using precautionary labeling such 
as  “ may contain ”  instead of devising a real allergen control program; but 
autocontrol system and quality standards require a more documented risk 
assessment and management program for avoiding cross - contamination by 
food allergens. 

 Control of packaging and labeling is very important. Any change in the 
recipe should be mentioned clearly on the label, especially if a new allergen 
has been introduced. Discussion with the research and development depart-
ment may be necessary to delay production of the new product in order to 
sell out all the old batches. 

 The name used for the component should clearly refer to the allergen. For 
instance, ovalbumin or lysozyme should be followed by a reference to egg. 
Finally, the right product has to be in the right package with the right label. 
At the end of production, for instance, a clear separation should be established 
between egg - containing products and others. If only one packaging line is 
available, products without eggs should be packaged fi rst. Before packaging 
of the other products begins, label and package changes should be checked. 
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 Production scheduling may be the best way to avoid cross - contamination. 
Most producers do not have one production line for each product they make, 
so there are intersections between fl ows. There are several easy ways to 
decrease the risk of contamination. One is to minimize changeovers. Long 
runs of allergenic products should be favored. This decreases the number of 
cleaning steps and increases profi tability. Another easy measure is to group 
together products containing the same source of allergens. For instance, all 
egg - containing products could be made, then all milk - containing products, and 
so on, if possible on different days. Production can be planned so as to start 
production of allergen - free products right after the cleaning step, these being 
followed by products with few allergens and fi nally by products containing the 
most allergens. Finally, to minimize and even eliminate the risk of contaminat-
ing allergen - free products, it is best, if possible, to dedicate processing, person-
nel, containers, tools, and so on, to products containing specifi c allergens. 

 Recycling of semifi nished products like dough or cutting wastes is common 
in the food industry, as avoiding it is too expensive. This rework should be 
viewed as raw material and processed as such. This applies to labeling, color 
coding, and storage. In this way, it should be easy to reintroduce the rework 
into production in a  “ like into like ”  manner, or better, in an  “ exact into exact ”  
manner. 

 The last step in a food allergen management program is cleanup. Even if 
good planning makes it possible to minimize this step, no allergen control 
program can be set up without cleaning. Compared with the work and equip-
ment needed, time for cleaning is the limiting factor. Cleaning is time – 
consuming, and time is money. The cleaning step should be determined according 
to the process used and products made. It is important to make the right choice 
of a cleanup system: wet or dry, in - place or out - of - place, scraping or cleaning. 
Push - through to  “ rinse ”  the production line could be a good solution to close 
the cleaning step, but it has to be tested to evaluate how much is necessary.  

   9.5.    CONCLUSIONS 

 Allergen - free and particularly egg - free food processing is a complex issue. 
The omnipresence of egg and egg - derived components in cooked or manu-
factured food products makes it hard to set up a food allergen control program. 
Yet the only effi cient way for allergic consumers to avoid an allergic reaction 
is complete elimination of the allergen in their diet. The food industry has a 
key role in developing foodstuffs safe for human consumption without 
neglecting the nutritional contribution and the diversity of diet. Overuse of 
precautionary labeling could have a negative impact on the behavior of aller-
gic consumers: they might marginalize the labeling and decide despite every-
thing to eat the products. To protect consumers, it is necessary to devise 
assessment and management schemes to avoid the risk of cross - contamination 
by food allergens.  
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FISH AND SHELLFISH ALLERGENS  

  Angelina O.     Danquah   ,    Joyce I.     Boye   , and  
  Benjamin K.     Simpson       

    10.1.    INTRODUCTION 

 Food allergy is an abnormal reaction of the body ’ s immune system to certain 
foods. Substances in foods causing such reactions are referred to as allergens/
antigens and are naturally occurring proteins  [1 – 5] . Other substances such as 
food additives, which may not be protein in nature such as dust, mold, or 
pollen  , may also provoke allergic reactions in some individuals  [6] . Food 
allergy is the most frequent cause of anaphylaxis treated in emergency rooms 
 [7, 8] . Adverse reactions to foods occur at all ages. Epidemiological data 
suggest that food allergies affect about 5 – 8% of young children and 3 – 4% of 
adults in developed countries  [2, 9 – 12] . 

 There are only very few foods responsible for the majority of food allergies 
 [11] . Foods and ingredients known to cause hypersensitivity include fi sh (i.e., 
both saltwater and freshwater fi nfi sh) and fi sh products, crustacean (e.g., 
shrimp, prawns, crab, lobster, and crayfi sh) and their products, mollusks (e.g., 
snails, oysters, clams, squid, octopus, and cuttlefi sh), eggs and egg products, milk 
and milk products, cereals containing gluten (e.g., wheat, rye, barley, and their 
hybridized strains and products), peanuts, soybeans and their products, tree 
nuts (e.g., almonds, walnuts, pecans, cashews, Brazil nuts, hazelnuts, pistachios, 
pine nuts, macadamia nuts, chestnuts, and hickory nuts) and their products, 
and seeds (e.g., sesame seeds, poppy seeds, sunfl ower seeds, cottonseeds, peas, 
and lentils)  [1] . Any one or a few of the many proteins in each of these foods 
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is capable of acting as an allergen. In all, over 170 foods are known to provoke 
allergic reactions in humans  [1] . 

 Food allergens from animal (including fi sh and shellfi sh) and plant origins 
have several biochemical and physicochemical properties in common  [12] . 
These include high thermostability conferred by intramolecular disulfi de 
bonds, posttranslational N - glycosylation, resistance to proteolysis, and an 
enhanced capacity to bind ligands like cations, lipids, or steroids. Well - known 
food allergens include the major seafood allergens parvalbumin and tropo-
myosin, and cow ’ s milk allergens casein,  β  - lactoglobulin, and  α  - lactalbumin. 
Other allergens include Sin a 1, a storage 2S albumin from mustard; 11S and 
7S storage globulins of soy  [12] ; Mal d 1, the 18 - kD protein linked with pollen 
allergies in apple  [13, 14] ; Pru av 1, the major allergen from cherry; Api g 1 
from celery  [15 – 17] ; Pyr c 1 from pear  [18] ; Cor a 1 from hazelnut  [19] ; Dau c 
1 from carrot  [20] ; and Ara h 1 and Ara h 2 from peanut  [21] . The subject of 
food allergy is, thus, quite vast. This chapter will specifi cally focus on allergies 
elicited by seafood consumption and seafood processing and will highlight the 
allergenic proteins involved as well as the major foods and ingredients of most 
concern to seafood - allergic individuals.  

   10.2.    FISH AND SHELLFISH ALLERGY 

 Throughout recorded history, the aquatic environment (especially the marine 
environment) has served as a major source of food (and nutrients) for the 
human population and other animals  [22] . Examples of economically impor-
tant and most frequently consumed fi sh and shellfi sh species in North America 
include tuna, trout, salmon, cod, halibut, Alaska pollock, catfi sh, shrimp, lobster, 
the snow crab, oysters, and clams (Tables  10.1 – 10.3 ). In addition, a variety of 
imitation surimi - type products, such as imitation crab meat, shrimp, sausages, 
sauces, and fl avors are produced from different species of fi sh and shellfi sh. 
Consumption of seafood has increased in recent years due to its high nutritive 
value and perceived superior health benefi ts.   

 It is now common knowledge that omega - 3 fatty acids, mostly found in fi sh, 
have benefi cial health effects. These fatty acids have been implicated in pre-
venting age - related macular degeneration  [23] . High levels of docosahexaenoic 
acid (DHA) are found in the retina, specifi cally in the disk membrane of the 
outer segments of the receptor cells, suggesting that DHA plays an important 
role in the retina function  [24] . In animals, dietary deprivation of DHA results 
in abnormal electroretinograms and visual impairment accompanied by lower 
retinal DHA levels, further suggesting that DHA may be benefi cial in reducing 
the risk of eye diseases that are associated with vascular changes of the retina 
or choroids  [23] . Several benefi cial effects have been attributed to long - chain 
polyunsaturated fatty acid (LC - PUFA) consumption in general. In particular, 
LC - PUFAs from fi sh, shellfi sh, and their supplements have been found to 
reduce mortality and cardiovascular disease risk  [25] . LC - PUFAs have also 
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  TABLE 10.1    Some Economically Important Fish Species of North America 

   Marine Fishes/Market Name     Common Name     Scientifi c Name  

  Alaska pollock    Walleye pollock     Theragra chalcogramma   
  Anchovy (and sardines)    Northern anchovy     Engraulis mordax   
  Bluefi sh    Bluefi sh     Pomatomus saltatrix   
  Bonitos    Pacifi c bonito     Sarda chiliensis   
  Butterfi shes    Butterfi sh     Peprilus triacanthus   
  Capelin    Capelin     Mallotus villosus   
  Cods    Atlantic cod     Gadus morhua   
  Dogfi sh (and sharks)    Spiny dogfi sh     Squalus acanthias   
  Flounders    Blackback/winter     Pseudopleuronectes americanus   
  Grenadiers    Rock grenadier     Coryphaenoides rupestris   
  Groupers    Red grouper     Epinephelus morio   
  Haddock    Haddock     Melanogrammus aeglefi nus   
  Hakes    White hake     Urophycis tenuis   
  Halibuts    Pacifi c halibut     Hippoglossus stenolepis   
  Herrings    Pacifi c herring     Clupea pallasii   
  Jack mackerel    Jack mackerel     Trachurus symmetricus   
  Mackerels    Atlantic mackerel     Scomber scombrus   
  Menhadens    Atlantic menhaden     Brevoortia tyrannus   
  Monkfi shes    Goosefi sh     Lophius americanus   
  Mullets    Striped mullet     Mugil cephalus   
  Ocean catfi shes    Atlantic wolffi sh     Anarhichas lupus   
  Ocean perch    Deepwater redfi sh     Sebastes mentalla   
  Plaice    American plaice     Hippoglossoides platessoides   
  Pollock    Pollock     Pollachius virens   
  Porgies/scup    Scup     Stenotomus chrysops   
  Rockfi shes    Yelloweye rockfi sh     Sebastes ruberrimus   
  Sablefi sh    Sablefi sh     Anoplopoma fi mbria   
  Salmon    Atlantic salmon     Salmo salar   
  Salmon    Chinook salmon     Oncorhynchus tshawytscha   
  Salmon    Chum salmon     Oncorhynchus keta   
  Salmon    Coho salmon     Oncorhynchus kisutch   
  Salmon    Pink salmon     Oncorhynchus gorbuscha   
  Salmon    Sockeye salmon     Oncorhynchus nerka   
  Sea basses (and basses)    Black sea bass     Centropristis striata   
  Sea trouts    Gray sea trout     Cynoscion regalis   
  Skates    Thorny skate     Amblyraja radiata   
  Snappers    Red snapper     Lutjanus campechanus   
  Soles    Rock sole     Lepidopsetta bilineata   
  Swordfi sh    Swordfi sh     Xiphias gladius   
  Tilefi shes    Golden tilefi sh     Lopholatilus chamaeleonticeps   
  Tunas    Bluefi n tuna     Thunnus thynnus   
  Turbot    Greenland turbot     Reinhardtius hippoglossoides   
  Whitings    Pacifi c whiting     Merluccius productus   
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  TABLE 10.2    Some Economically Important Freshwater Fish Species of North 
America 

   Freshwater Fishes/Market Name     Common Name     Scientifi c Name  

  Basses    Bigmouth bass     Micropterus salmoides   
  Catfi shes    Channel catfi sh     Ictalurus punctatus   
  Char    Arctic char     Salvelinus alpinus   
  Eels    American eel     Anguilla rostrata   
  Trout (inconnu)    Rainbow trout     Stenodus leucichthys   
  Pike    Northern pike     Esox lucius   
  Smelts    Rainbow smelt     Osmerus mordax   
  Sturgeons    Lake sturgeon     Acipenser fulvescens   
  Trouts    Lake trout     Salvelinus namaycush   
  Walleye    Walleye pike     Sander vitreus   
  Whitefi shes    Lake whitefi sh     Coregonus clupeaformis   
  Yellow perch    Yellow perch     Perca fl avescens   

  TABLE 10.3    Some Economically Important Shellfi sh Species of North America 

   Shellfi shes/Market Name     Common Name     Scientifi c Name  

  Abalones    Red abalone     Haliotis rufescens   
  Clam    Soft - shell clam     Mya arenaria   
  Clams    Northern quahog/hard - shell     Mercenaria mercenaria   
  Clams (Atlantic)    Atlantic surf clam     Spisula solidissima   
  Clams (Pacifi c)    Geoduck clam     Panopea abrupta   
  Crabs    Blue crab     Callinectes sapidus   
  Crabs    Snow crab     Chionoecetes opilio   
  Crabs    Dungeness crab     Cancer magister   
  Crayfi shes    Red swamp crayfi sh     Procambarus clarkii   
  Lobsters    American lobster     Homarus americanus   
  Mussels    Blue mussel     Mytilus edulis   
  Oysters    Eastern oyster     Crassostrea virginica   
  Scallops    Sea scallop     Placopecten magellanicus   
  Shrimps (pandalid)    Northern (pink) shrimp     Pandalus borealis   
  Shrimps (penaeid)    Brown shrimp     Farfantpenaeus aztecus   
  Squids    Northern shortfi n squid     Illex illecebrosus   

been suggested to alleviate attention defi cit/hyperactivity disorder (AD/HD), 
autism, dyspraxia, dyslexia, aggression  [26] , and infl ammatory diseases  [27] . 

 Increasing awareness of the health benefi ts of omega - 3 fatty acids has 
resulted in more food manufacturers and consumers looking for ways to 
increase fi sh in their formulations and diets. Furthermore, public health con-
cerns with certain muscle foods (e.g., beef and its higher cholesterol content 
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as well as the mad cow disease or bovine spongiform encephalopathy scare, 
pork and related swine fl u, poultry and avian fl u) have augured well for the 
increased consumption of fi sh, shellfi sh, and their products. Apart from com-
mercial fi shing, the aquaculture industry also supplies an additional amount 
of fi sh and shellfi sh to boost the natural harvest from the wild. 

 Consumption, handling, or exposure of certain individuals to fi sh and shell-
fi sh, however, induces allergic - type reactions in these individuals. In fact, 
seafood (encompassing fi sh, shellfi sh, and edible seaweeds) is one of the most 
common food sources that may trigger allergic reactions in consumers  [28] . 
Studies suggest that seafood can cause severe adverse reactions in sensitized 
individuals after direct exposure or otherwise to minute amounts  [29 – 31] . 
Examples of fi sh and shellfi sh known to produce allergic - type responses are 
listed in Table  10.4 .   

 Fish and shellfi sh handling/processing include practices involving crusta-
cean species (crabs, lobsters, prawns, and shrimp) such as  “ tailing ”  (lobsters), 
 “ cracking, ”  butchering and degilling (crabs), semi - mechanized peeling, heading 
and deveining and  “ blowing ”  pressurized water or compressed air (shrimps), 
or cooking, boiling, steaming, cutting, mincing, scrubbing or washing of these 
products; shucking (oysters), depuration, chopping, dicing and slicing in the 
case of mollusks; and heading, gutting or evisceration, skinning, mincing, trim-
ming, fi lleting, cooking, salting, milling and bagging with regular fi nfi sh and 
cartilaginous fi sh  [32] . These handling and processing operations invariably 
create an environment that bring people in the workplace in direct or indirect 
contact with fi sh components that could produce allergic reactions. In a study 
by Caiaffa et al.  [33] , it was reported that a severe IgE - mediated fi sh allergy 
could be triggered by various kinds of indirect contact such as inhalation of 
airborne cooking fi sh particles and kissing (both passionate and platonic). The 
study further indicated that ingestion of chicken by a person not allergic to 
chicken could elicit anaphylaxis shock if the chicken had been fed with fi sh -
 based fodder. 

  TABLE 10.4    Fish and Shellfi sh Species Known to Cause Allergic Reactions 
in Humans 

   Phylum     Class     Species  

  Mollusks    Gastropods    Abalone, alikreukel, snails  
      Bivalves    Clams, cockles, mussels, oysters, scallops  
      Cephalopods    Cuttlefi sh, octopus, squid  
  Arthropods    Crustacea    Crabs, lobsters, prawns, shrimps, crayfi sh 

(freshwater)  
  Chordates    Osteichthyes    Bonito, cod, fl ounder, grouper, haddock, 

halibut, hake, herring, mackerel, pike, plaice, 
salmon, sole, snapper, sprat, trout, tuna  

      Condrichthyes    Rays/skates, sharks  
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 Lehrer et al.  [22]  evaluated seafood - induced allergies in 30 shrimp - sensitive 
and 37 fi sh - allergic individuals and observed that generalized itching, urticaria, 
and swelling of the lips and tongue were among the symptoms experienced. 
In addition, others have reported pulmonary, gastrointestinal symptoms, and 
anaphylactic shock  [34 – 37] . Thus, food - induced allergic reactions elicited by 
consumption of seafood products are similar to those experienced as a result 
of the consumption of a variety of other food allergy - causing products  [22, 38] . 

 The health benefi ts associated with the consumption of fi sh and shellfi sh 
have resulted in a steady increase in per capita consumption of these prod-
ucts. This increase is expected to continue in view of growing consumer con-
cerns about beef, pork, and sometimes poultry. Consequently, new food 
products that incorporate fi sh and shellfi sh are being developed  [39] , which 
raises concerns about fi sh -  and shellfi sh - induced allergic reactions in sensi-
tized individuals. 

   10.2.1.    Seafood Allergens 

 Researchers have identifi ed a few proteins in seafoods that are considered 
as major allergens. A major allergen denotes a substance originating from an 
appropriate source material that will induce an IgE response in more than 
50% of a sample of patients exposed to the allergen source material and who 
have clinical symptoms on contact with that source material  [22, 40] . 
Parvalbumin, Gad c 1, a 12 - kDa molecular mass protein, is reported as a 
major allergen in codfi sh ( Gadus callarias )  [41] . The muscle protein, tropo-
myosin, with a molecular mass of  ∼ 36   kDa  [35 – 37] , is reported as the major 
allergen in shrimp  [42, 43] . Tropomyosin is also present in lobster  [44, 45] , 
crab  [46] , and mollusks such as squid, oyster, snail, mussels, clam, and scallops 
 [47 – 49] . 

 Both parvalbumin in fi sh and tropomyosin in shellfi sh are mostly found in 
muscle cells. Lehrer et al.  [22]  reported that tropomyosin is a major muscle 
protein that is present in all living animals. Structurally, the molecules appear 
to be highly conserved based on the substantial amino acid sequence identity 
of tropomyosin from unrelated species. The portion of a food protein that may 
cause allergic reaction may be a simple chain of a few amino acids on the 
primary structure (linear epitope) or a unique three - dimensional conforma-
tion of the protein structure (conformational epitope)  [50] . About 60% of the 
amino acid sequence of shrimp tropomyosin is similar to those of vertebrates. 
Tropomyosin is composed of two polypeptide chains, each in  α  - helix formation 
coiled around one another in the coiled - coil formation  [51] . Although the 
structure is well known, there is a paucity of information about the IgE -
 binding epitopes and no information about any T - cell epitopes. 

 Reese et al.  [52]  screened a unidirectional expression cDNA library from 
the tail muscle of the shrimp  Penaeus aztecus , with a Pen a 1 - specifi c (i.e., the 
shrimp muscle protein tropomyosin) antibody and identifi ed four possible 
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clones. All four recombinant proteins were recognized in immunoblot analysis 
by serum IgE from shrimp - allergic patients. They purifi ed one of the clones 
and used it to construct a peptide library, which was then screened with indi-
vidual serum from shrimp - allergic subjects to identify four IgE - reactive pep-
tides that were between 13 and 21 amino acids long. All the peptides were 
found in the second half of the molecule including the carboxyl terminus. 
Similarly, areas of the tropomyosin molecule that contain important IgE -
 binding regions were also identifi ed by Ayuso et al.  [53, 54]  using synthetic 
overlapping peptides. In all, fi ve major IgE - binding regions representing eight 
epitopes have been identifi ed in shrimp tropomyosin  [22] . Studies by Leung 
et al.  [47]  indicated that the allergic epitopes on tropomyosin are conserved 
among invertebrates including insects, suggesting that persons sensitive to 
shrimp could be sensitized to or have cross - reactivities to some insects.  

   10.2.2.    Occupational Seafood Allergy 

 The increase of fi sh and crustacean allergy is mainly attributed to the increased 
consumption of seafood. However, workers in the seafood processing industry 
are likely to develop an occupational seafood allergy due to direct skin contact 
during handling seafood or inhalation of seafood aerosols. This may occur 
during cooking or when cleaning storage tanks with pressured water  [32, 55] . 
Seitz et al.  [55]  reported of a truck driver who acquired fi sh and crustacean 
allergy by direct skin and mucosal contact due to unprotected handling of 
fresh seafood. The clinical symptoms of his allergy started as contact urticaria 
and progressed to generalized urticaria and later anaphylaxis and occupational 
asthma. 

 Occupational reactions have been reported among a variety of seafood 
workers. These include fi shermen, fi sh and prawn workers, seafood processing 
workers, canners, restaurant cooks, and other workers in the seafood industry 
 [22, 56 – 60] . The snow crab industry is one of the best investigated seafood 
industries for occupational allergic reactions. Cartier and coworkers  [56]  dem-
onstrated that workers in the snow crab industry were exposed to occupational 
allergens through direct contact with seafood products as well as inhalation 
of bits of seafood or water droplets generated during processing. Out of the 
303 crab workers investigated, 18% reported rhinitis or conjunctivitis, about 
24% reported some sort of skin rash, and over a third reported asthma. In 
Germany, about 9500 cases of occupational skin diseases were among a total 
of 25,000 occupational diseases reported in 2005  [55] . The most important 
heat -  and ingestion - resistant fi sh allergens are parvalbumins, for example, the 
12 - kDa muscle protein Gad c 1  [61] . About 70% of all patients with fi sh allergy 
develop symptoms to several fi sh species, while the remaining 30% react to 
only one fi sh species. Thus, even in jobs with limited direct exposure, workers 
not using appropriate skin protection are at risk for developing occupational 
seafood allergy, which may require termination of employment  [55] .   
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   10.3.    FOOD PRODUCTS CONTAINING FISH AND 
FISH INGREDIENTS 

 Apart from allergic reactions elicited by direct ingestion of fi sh/shellfi sh as 
food and occupational/workplace hazards, food products fabricated with fi sh 
ingredients could also be important sources of fi sh allergens. Food products of 
concern in this regard include stocks and soups, and dishes such as paella (a 
Spanish dish made from rice that may contain lobster and/or shrimp), bouil-
labaisse (a traditional Proven ç al stew containing vegetables and different 
kinds of cooked fi sh and shellfi sh), fritto misto (mixed fried fi sh and shellfi sh 
dish popular in Italy and coastal Mediterranean countries), Asian foods (may 
contain fi sh sauce and/or chopped pieces of different kinds of fi sh/shellfi sh), 
gumbo (a traditional stew usually served with rice and vegetables along the 
Gulf coast of the United States), surimi - type products (made from white fi sh 
and/or shellfi sh extracts), Caesar salad dressing and Worcestershire sauce 
(both of which may contain anchovies), kedgeree (a dish prepared from rice 
and fi sh), fi sh sauce and fi sh paste (produced by fermentation, common exam-
ples are nuoc mam and nam pla), and patum peprium (a dish prepared with 
anchovies). 

 Products derived from fi sh and shellfi sh, such as glucosamine, chitinous 
polymers, some calcium supplements, fi sh gelatin, and fi sh oils, may also 
produce allergic reactions in some individuals depending on the concentration 
of residual fi sh proteins. Glucosamine is produced from the exoskeletons of 
shellfi sh and is used for the treatment of arthritis. If not of high purity, the 
glucosamine may have proteins coextracted with it, which could pose allergic 
hazards to some individuals. A similar situation could occur for chitinous 
polymers (chitin and chitosan) used in commercial fat absorbers and in skin 
moisturizers. Calcium supplements derived from shellfi sh may also contain 
residual shells with proteins, which may have the potential to induce allergic 
reactions in certain individuals. 

 An area of signifi cant concern today is the potential allergenic risk of fi sh 
oils and fi sh oil capsules. Fish oil has well - documented health benefi ts by virtue 
of its high omega - 3 PUFA content as previously indicated  [62] . Interest in its 
incorporation into foods has, therefore, grown tremendously. Consumers have 
expressed concerns about the potential threat this could pose to individuals 
who are allergic to fi sh/shellfi sh products. As with most oils, adverse reactions 
can occur if residual proteins are present. Highly sensitized patients can react 
to these minute amounts of allergenic proteins. Refi ned oils generally have 
little or no residual proteins and are considered to be of less risk. However, 
cold - pressed oils, which are considered to be of higher quality, may contain 
much higher levels of protein and, therefore, pose greater risks. Fish oil is 
obtained by cooking body tissues of fatty fi sh and extracting the oil. The 
residual protein content will depend on the specifi c unit operations used to 
refi ne the oil, and thus they may, or may not, contain relevant concentrations 
of allergenic proteins. 
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 Interestingly, several research studies have suggested that consumption of 
fi sh oils could reduce allergic sensitization. Olsen et al.  [62]  compared the 
effects of marine fi sh oil with olive oil intake by women in late pregnancy 
on the risk of asthma in their offspring, and found that increasing intake of 
omega - 3 PUFAs had prophylactic effects in relation to the occurrence of 
asthma in offspring. Similar observations were made by Salam et al.  [63]  and 
Romieu et al.  [64]  in their studies on the effects of fi sh consumption by 
mothers during pregnancy and early childhood asthma. Sausenthaler et al. 
 [65]  and Calvani et al.  [66]  reported reduced allergic sensitization in off-
springs of pregnant mothers fed with fi sh diets high in omega - 3 PUFAs 
versus their counterparts who received fats/oils from other sources (e.g., 
butter or margarine). Marine omega - 3 PUFAs with their high content of 
eicosapentaenoic acid (EPA) and DHA may impact fetal immune function 
via various mechanisms, that is, via incorporation of EPA and DHA in cell 
membranes at the expense of arachidonic acid; arachidonic acid formation is 
further reduced via competition for cyclooxygenase and lipoxygenase enzymes 
by the EPA and DHA, both processes effectively diminishing the synthesis 
of the proinfl ammatory eicosanoids derived from arachidonic acid  [62] . 
Marine omega - 3 PUFAs may also form resolvins and neuroprotectins that 
have anti - infl ammatory and neuroprotective effects  [67, 68] . Omega - 3 PUFAs 
are also known to lower production of prostaglandin E2 (PGE2), which 
can alter the balance of Th1 and Th2 cytokines and the production of immu-
noglobulin E, which is needed for binding with allergens to elicit allergic 
reactions. 

 Fish gelatin is another product that has spurred much interest. Fish gelatin 
is produced from fi sh collagen and is used in a variety of products in the food 
and pharmaceutical industries. Some uses include as a gelling agent in cooking, 
for making gelatin desserts (trifl es, aspic, marshmallows) and confectioneries 
(gummy bears, jelly beans), as stabilizers or texturizers (in jams, yogurt, and 
cream cheese), in fat - reduced foods to impart  “ mouthfeel, ”  as a bulking agent 
to create volume without adding calories, as coatings or shells of pharmaceutical 
capsules, as a carrier agent for imparting color to beverages, as a hydrating agent 
in cosmetics, and as a biological substrate to culture adherent cells. Traditionally, 
bovine and porcine gelatins have been mostly used. The bovine spongiform 
encephalopathy (BSE)   scare and religious beliefs have made the use of gelatin 
from these sources not acceptable to some consumers, thus, the interest in the 
use of fi sh as source of gelatin. Unlike gelatin from bovine and porcine sources, 
fi sh gelatin is also considered suitable for kosher and halal diets. 

 Fish gelatin is made from the skins of edible fi sh, mostly codfi sh. The suc-
cessive steps for making fi sh gelatin of high purity involve rinsing/washing of 
the skins with water, draining of the water, and acidifi cation to a fi nal pH of 
4.5 – 5.0   with acetic acid, followed by heating and agitation at 190 – 200 ° C for 
3 – 6 hours. This is followed by fi ltration to clarify the extract and separation of 
the hot extract by ion exchange chromatography (IEX) to remove residual 
salts and heavy metals. The purifi ed liquor is concentrated by evaporation 
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followed by drying and grinding into a fi ne powder. Fish gelatin produced this 
way is typically devoid of residual fi sh fl esh that may have been associated 
with the raw material. Thus, the process should remove the major fi sh allergen 
parvalbumin because of its high water solubility. Although there were no 
reports of clinical reactions to fi sh gelatin in processed foods, it was useful to 
investigate the possible allergenicity of this product, since it was derived from 
the skins of fi sh species (like cod) known to produce allergic responses in 
sensitized individuals. Hansen et al.  [69]  conducted a study to verify the aller-
genicity of codfi sh gelatin, and observed no adverse allergic response in a 
group of 30 patients receiving a cumulative dose of 3.61   g of fi sh gelation. 
However, when the gelatin level was increased to a cumulative dose of 7.61   g 
of fi sh gelatin, one patient out of the 30 showed a mild allergic response. Based 
on these fi ndings, the authors concluded that highly purifi ed fi sh gelatin does 
not appear to pose health risks to individuals with fi sh allergy. These observa-
tions are consistent with previous fi ndings  [70]  in which oral dosage of tuna 
fi sh gelatin at a level of 5   g did not produce adverse effects in patients who 
had shown IgE binding to tuna skin gelatin. 

 Isinglass is a related substance to collagen (gelatin). It is produced from the 
swim bladders of fi sh species like sturgeon and cod and is used for the clarifi -
cation of alcoholic beverages. Although no direct investigation of the possible 
allergenicity of isinglass was found in the literature, Hansen et al.  [69]  sug-
gested that the fi ndings from their study with codfi sh skin gelatin was likely 
relevant to all forms of fi sh gelatins and to isinglass, since collagen from various 
fi sh species display a high degree of structural homology.  

   10.4.    EFFECTS OF PROCESSING ON ALLERGENICITY 

 Proteins are known to undergo modifi cations when subjected to various physi-
cal and chemical treatments. Some of the changes that occur include confor-
mational changes in the higher orders of protein structure, unfolding and 
aggregation, as well as chemical modifi cations. Such changes in the protein 
structure could potentially affect existing epitopes on protein molecules or 
generate new ones  [50] . Thus, processing operations including thermal process-
ing, irradiation, as well as high - pressure and chemical treatments that cause 
conformational changes in food proteins, may infl uence the allergenicity of 
foods. In general, the antigenicity/immunogenicity of heat - labile proteins is 
reduced by heat treatment, while that of thermostable allergenic proteins is 
affected less or not at all by thermal processing  [71] . An example of this is the 
codfi sh allergen, Gad c 1, which is resistant to heat, and its allergenicity is not 
alleviated by heat treatment. The situation appears to be different for tuna 
and salmon, which have both been shown to be more allergic in the raw form 
compared with the heat processed (canned) forms  [72] . 

 Enzymatic hydrolysis also appears to have mixed effects on food allergens. 
For example, the codfi sh allergen, Gad c 1, is quite resistant to proteolysis, and 
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a combination of four proteases was necessary to achieve destruction of IgE 
binding  [73] . However, allergenicity induced by rice was reduced by hydrolysis 
with actinase  [74] , bromelain treatment reduced allergenicity in wheat  [75] , 
while combination treatment with trypsin, elastase, and pepsin reduced aller-
genicity of hazelnut  [76] . Physical treatments like ultracentrifugation was 
shown to reduce allergenicity of cow ’ s milk proteins  [77] ; however, similar 
studies have not been reported for fi sh/shellfi sh allergens. As indicated above, 
highly refi ned oils produced by solvent extraction are believed to pose no 
threat to persons who suffer allergic reactions, since the proteins in the raw 
material are removed  [78] . However, cold - pressed oils and other minimally 
processed oils may pose health risks as they could contain some residual 
protein  [79] . 

 Food processing may additionally be associated with other chemical changes 
that can infl uence allergenicity. For example, nonenzymatic glycation reactions 
can take place between carbonyl groups of sugars and the primary amino 
groups of proteins, peptides, or amino acids to give rise to a plethora of com-
pounds collectively known as Amadori products. The cross - linkages that occur 
during these reactions can affect allergenic epitopes modifying their immuno-
genic properties. Studies on the IgE cross - reactivity of bread revealed enhanced 
IgE reactivity by the Amadori products  [80] . Similar studies are, however, 
lacking for seafood allergens.  

   10.5.    CONCLUDING REMARKS 

 Food allergy is an important public health problem, which is particularly 
bothersome because of its prevalence, potential severity, and lack of curative 
therapies. Of the priority allergens, fi sh and shellfi sh are of particular concern 
because these allergies persist in the adult population and can potentially 
induce life - threatening responses. Unfortunately, there is relatively less infor-
mation on seafood allergy compared with the other priority allergens. While 
some therapeutic approaches have been described to manage food allergy in 
general, they are not without their limitations. The current standard of prac-
tice is to educate patients to avoid ingesting foods that trigger allergic reac-
tions and initiate therapy quickly if ingestion should occur. This prescription 
is reactive rather than proactive. The growing use of seafood and seafood 
ingredients in food production increases concerns about the management of 
seafood allergy risks in the general population. Questions persist about the 
safety of ingredients, processing aids, functional foods, and nutraceutical 
products such as gelatin, isinglass, and omega - 3 capsules. While some answers 
may be gleaned from the existing literature, they do not provide adequate 
information to address questions raised by consumers and the food industry. 
Thus, sustained research is needed to generate relevant data that will allow 
the food industry and regulatory agencies to effectively address some of the 
gaps identifi ed.  
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  11 
PROCESSING FOODS WITHOUT 
PEANUTS AND TREE NUTS    

  Sahul H.     Rajamohamed    and    Joyce I.     Boye       

    11.1.    INTRODUCTION 

 Peanuts and tree nuts have been part of the human diet dating as far back as 
7000   BC  [1] . In many ancient societies, peanuts and tree nuts were used as 
ingredients in the preparation of stews, soups, and various sauces. Today, 
peanuts and tree nuts constitute one of the major components in many ethnic 
cuisines both as a delicacy and for core nutrition. Although peanuts and tree 
nuts are from different families, they are collectively termed as edible nuts 
(Fig.  11.1 ), and this chapter will attempt to cover both. The peanut ( Arachis 
hypogea ) is an annual herbaceous plant belonging to the Leguminosae family, 
which includes green peas, lentils, soybeans, and kidney beans. In contrast to 
tree nuts, peanut pods containing the peanut seeds grow under the ground. 
They are also sometimes called earthnut, groundnut, or monkey nut. Tree nuts, 
on the other hand, are edible seeds that grow on trees. They include almonds 
( Prunus dulcis ), cashews ( Anacardium occidentale ), Brazil nuts ( Bertholetia 
excelssa ), hazelnuts ( Corylus avellana ), macadamia nuts ( Macadamia integri-
folia ), pecans ( Carya illinoinensis ), pine nuts ( Pinus pinea ), pistachios ( Pistachia 
vera ), and walnuts ( Juglans regia ).   

 Peanuts and tree nuts are widely consumed by people in many different 
forms. A survey conducted by the United States Department of Agriculture 
(USDA)  [3]  in 1994 – 1996 on the consumption pattern of peanut and peanut 
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products with 14,262 free living individuals (including men, women, and 
children) revealed that 24% of respondents included peanuts or peanut prod-
ucts in their diet. Higher consumption rates were reported in a later study 
conducted in 2001 – 2004 with 17,306 individuals ( > 2 years of age) in which 
34% of respondents indicating that they consumed peanuts and tree nuts 
either as a snack (6%), peanut butter (8%), or as an ingredient in food 
recipes (21%)  [4] . Of the foods that contributed peanuts and tree nuts 
as ingredients in recipes or foods, candy was the top contributor at 46%, 
followed by baked items/desserts (24%), cookies (17%), ready - to - eat cereals 
(9%), and entrees (4%). In another study conducted in 10 western Euro-
pean countries  [5] , it was reported that 4.4% and 2.3% of the population 
(36,994 individuals), respectively, consumed whole tree nuts and peanut, and 
among tree nuts, walnuts, almonds, and hazelnuts were the most commonly 
consumed. 

 Although peanuts and tree nuts are very nutritious and provide a lot of 
culinary pleasure, their consumption by some people unfortunately results in 
allergic reactions, some of which can be fatal  [6] . Allergic reactions to peanuts 
and tree nuts represent some of the most severe allergies known. As there are 
currently no effective treatments for peanut and tree nut allergy, the avoidance 
of these foods is the only safe treatment for sensitized individuals. This chapter 
will summarize the major allergenic proteins present in peanuts and tree nuts 
and will provide a list of some alternative foods and ingredients that could be 
used to replace peanuts and tree nuts in the formulation of foods targeted for 
peanut -  and tree nut - allergic individuals.  

Plantae

Magnoliopsida 

eadisoReadilemamaH

LecythidalesJuglandales selaetorPselagaF seladnipaSselabaF Rosales

Betulaceae

Kingdom

Class

Order
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Brazil nutHazelnut  Walnut  Peanut Macadamia 
nut
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     Fig. 11.1     Taxonomic classifi cation of peanuts and tree nuts based on information 
 ( Source : USDA - NRCS)   [2] .  
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   11.2.    PEANUT AND TREE NUT ALLERGY 

   11.2.1.    Prevalence of Peanut and Tree Nut Allergies 

 Approximately 1.5% and 0.8% of children (3 – 4 years) in the United Kingdom 
and United States, respectively, have peanut allergy  [7, 8] , and the prevalence 
rate especially among children appears to be increasing  [7 – 9] . Family history, 
prenatal maternal consumption of peanuts, and early exposure to peanut 
allergen either by ingestion or skin application of peanut oil have been sug-
gested as possible etiological factors for peanut sensitization among children 
 [10 – 12] . 

 The prevalence of tree nut allergy in the general population, on the other 
hand, is unclear. A survey in the U.S. population (13,493 respondents) reported 
rates of 0.6%  [8] . Various studies have indicated high coprevalence of tree nut 
allergy in children and adults with peanut allergy. In a survey of 5149 voluntary 
registrants, Sicherer et al.  [13]  reported that 68%, 9%, and 23% of the regis-
trants, primarily children younger than 18 years, were allergic to peanut, tree 
nut, and both, respectively. An earlier study by the same authors found that 
34% of 102 peanut - allergic patients had allergic reactions to at least one tree 
nut and among these walnut, almond, pecan, and cashew were the most 
common tree nuts responsible for the allergic reactions  [6] . 

 Prevalence rates for peanut and tree nut allergy appear to be location spe-
cifi c with rates being lower in countries outside of North America and Europe. 
The prevalence of peanut and tree nut allergies in Israel, as an example, is 
much lower (0.04% and 0.02%, respectively) than in Europe and the United 
States probably due to lower consumption of peanut products (1.4   kg/person/
year) as well as differences in cooking and preparation methods  [14 – 17] . In 
China, the prevalence rate of peanut allergy is also comparatively lower 
( ∼ 0.3% in young children) than in the United States even though the consump-
tion level of peanut is roughly the same (2.3 – 2.7   kg/person in China and 
 > 2.7   kg/person in the United States). This further supports the notion that the 
differences in prevalence rates may be due to different cooking and prepara-
tion methods  [16]  or to some other physiological or biosocial factors.  

   11.2.2.    Clinical Features of Peanut and Tree Nut Allergies 

 Allergic symptoms following the ingestion of peanuts and tree nuts can occur 
from within minutes to a few hours after consumption and may be character-
ized by a variety of symptoms including oral pruritus, nausea, vomiting, urti-
caria, and angioedema to bronchospasm  [18] . In severe cases, anaphylaxis with 
angioedema, bronchitis, and hypotension are manifested, and symptoms may 
sometimes recur 1 – 8 hours after the initial symptoms have resolved  [19] . 

 A voluntary peanut and tree nut registry  [6]  indicated that 72% of respon-
dents experienced allergic reaction to peanuts at the median age of 24 months 
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(range 6 – 108 months), and the median time for onset of symptoms was 3 
minutes (range 1 – 45 minutes). Fifty percent of the peanut - allergic patients 
showed isolated skin symptoms, 17% noticed skin and respiratory symptoms, 
and 21% observed skin, respiratory, and gastrointestinal (GI) symptoms, while 
only 2% experienced respiratory and GI symptoms alone. Similar reactions 
were reported by tree nut - allergic patients with a median age of fi rst allergic 
reactions at 62 months and reaction occurring after a 2 - minute exposure 
(range 1 – 30 minutes). 

 The minimum amount of protein required to trigger an allergic reaction in 
peanut -  and tree nut - sensitized individuals is highly variable. Very small 
amounts, less than one kernel, of peanuts and tree nuts can induce allergic 
reactions in peanut and tree nut - allergic patients  [20] . Flinterman et al.  [21]  
examined the threshold dose required to provoke allergic symptoms in 27 
peanut - sensitive children (median age of 7.5 years) using a double - blind, pla-
cebo - controlled food challenge (DBPCFC). One milligram of peanut fl our 
corresponding to 2   mg of whole peanut was the no observed adverse effect 
level (NOAEL). Eliciting doses for subjective (oral allergic syndrome [OAS], 
nausea, and/or abdominal pain) and objective symptoms (urticaria, rhinocon-
junctivitis, vomiting, diarrhea, hoarseness, stridor, bronchoconstriction, and/or 
tachycardia) were 10   mg to 3   g and 100   mg to 3   g, respectively. As little as 100    μ g 
of peanut protein has been reported to provoke symptoms in some subjects 
with peanut allergy  [22] . The Threshold Working Group of the Department of 
Health and Human Services of the Food and Drug Administration (FDA) 
reported threshold levels of 0.25 – 10   mg and 0.02 – 7.5   mg of peanut and tree 
nut proteins, respectively  [20] . Other workers have reported lowest provoking 
doses for peanut - allergic patients ranging between 100    μ g and 125   mg of peanut 
protein  [23, 24] . 

 Variability in the reported data could be due to differences in the degree 
of sensitization as well as matrix effects. Grimshaw et al.  [25]  found that matrix 
effects markedly infl uenced threshold levels. When patients were fed peanut 
in a high - fat recipe (31.5%), 12 – 31 times higher doses of peanut were required 
to elicit allergic reactions compared with a low - fat recipe (22.9%). This may 
be due to concealing of allergenic epitopes by the fat, which masked allergen 
detection in the oral mucosa and/or slower release of allergen during digestion 
in the stomach and small intestine due to the high fat content.  

   11.2.3.    Peanut and Tree Nut Allergens 

   11.2.3.1.    Peanut Allergens.     Eight peanut allergens have so far been identi-
fi ed (Table  11.1 ). Of these, Ara h 1, Ara h 2, and Ara h 3 are recognized by 
over 90% of peanut - allergic patients and are classifi ed as major allergens 
 [26 – 28] . Ara h 4, Ara h 5, Ara h 6, Ara h 7, and Ara h 8 are classifi ed as minor 
allergens due to their lower sensitizing rate among peanut - allergic patients 
 [29, 30] . There is some disagreement surrounding this classifi cation, however. 
In a DBPCFC study on immunoglobulin E (IgE) reactivity to peanut allergens 
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with 20 peanut - allergic children (3 – 15 years)  [31] , it was reported that a larger 
number of subjects (16 children) more frequently recognized Ara h 2 and Ara 
h 6 than Ara h 1 and Ara h 3 (recognized by only 10 children) at the fi rst time 
point (before DBPCFC). Twenty months after the food challenge (second time 
point), Ara h 2 was still recognized by all the children (100%), followed by 
Ara h 6 (85%), Ara h 3 (55%), and Ara h 1 (45%). The authors for this study, 
therefore, concluded that Ara h 2 and Ara h 6 were more potent peanut aller-
gens for peanut - sensitive children. Further research on the identifi cation and 
classifi cation of the major allergens in peanuts will, therefore, be useful. Details 
on the molecular properties of some of the allergenic proteins in peanut are 
provided below.   

   11.2.3.1.1.    Ara h 1.     Ara h 1 is a glycoprotein with a molecular weight (MW) 
of 63.5   kDa. It contains 521 – 523 amino acids and accounts for 12 – 16% of the 
total storage protein in peanut. Ara h 1 has sequence homology with the 
vicilin seed storage proteins belonging to the cupin superfamily. It consists 
of 23 linear IgE - binding epitopes, and among these sequences, amino acid 
residues 25 – 34, 65 – 74, 89 – 98, and 498 – 507 are considered to be immunodomi-
nant  [32] . Single amino acid changes particularly in the center of each epitope 
results in loss of IgE reactivity  [32] . The IgE - binding epitopes of Ara h 1 are 
clustered into two main regions despite their more even distribution in the 
primary sequence of the protein. As a result, they are able to bind more 
effi ciently with antibodies, which results in more effi cient release of chemical 
mediators from mast cells and, as a consequence, often leads to the provoca-
tion of more severe clinical symptoms in peanut - allergic patients  [33] . During 
heating, Ara h 1 is capable of forming a stable homotrimer and larger com-
plexes that are resistant to proteolytic digestion with pepsin, trypsin, and 
chymotrypsin  [34, 35] .  

  TABLE 11.1    Major and Minor Peanut Allergens 

   Peanut 
Allergens  

   MW 
(kDa)  

   Protein 
Family  

   Identifi ed 
Epitopes  

   Allergenicity *  
(%)     References  

  Ara h 1    63.5    Vicilin    23    100     26, 33   
  Ara h 2    17.0    Conglutin    10    100     27, 31   
  Ara h 3    57.0    Glycinin    4    44 – 77     39   
  Ara h 4    35.9    Glycinin    NR    53     44   
  Ara h 5    14.0    Profi lin    NR    13     44   
  Ara h 6    14.5    Conglutin    NR    38     44   
  Ara h 7    15.8    Conglutin    NR    43     44   
  Ara h 8    16.9    PR - 10 protein    NR    NR     48   

    * Percentage of human sera that bound to this allergen.   
 MW, molecular weight; NR, not reported; PR, pathogenesis - related protein family.   
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   11.2.3.1.2.    Ara h 2.     Ara h 2 is also a glycoprotein with a MW of 17.5   kDa and 
constitutes about 5.9% of the total protein in peanut. The three - dimensional 
structure of Ara h 2 is stabilized by four disulfi de bonds, and it has a structural 
homology with the conglutin (2S) family of seed storage proteins. Ten IgE -
 binding epitopes have been identifi ed in the primary sequence of Ara h 2, and 
among them, three are immunodominant (i.e., 27 – 36, 57 – 66, and 65 – 74 amino 
acid residues). The IgE - binding epitopes are evenly distributed along the 
linear sequence of the molecule, and mutational alteration of epitopes with a 
single amino acid particularly in the center results in loss of IgE reactivity  [27] . 
Ara h 2 is poorly digested by proteases (i.e., pepsin, trypsin, and chymotrypsin) 
in the GI tract; on digestion, it produces a 10 - kDa protein fragment, which is 
resistant to further digestion  [36] . The 10 - kDa fragment begins at amino acid 
23 at the N - terminal and contains approximately 90 amino acids, 2 – 7 IgE -
 binding epitopes, 6 of 8 cysteine residues, and 11 trypsin digestion sites  [36] . 
Ara h 2 is more susceptible to trypsin digestion if it is reduced or denatured, 
which indicates that disulfi de bonds play a major role in its digestibility  [36, 
37] . Ara h 2 has structural homology to bifunctional trypsin/ α  - amylase inhibi-
tors (RBI) from ragi seed, and the inhibitor activity increases during roasting 
 [37] .  

   11.2.3.1.3.    Ara h 3.     Ara h 3 has a high structural homology with the legumin 
(glycinin) seed storage proteins, which belong to the cupin superfamily of 
proteins  [38, 39] . Ara h 3 was identifi ed as a 14 - kDa protein by peanut - allergic 
patients using immunoblot, but cDNA clone encoding of the protein revealed 
its MW to be  ∼ 57   kDa. Glycinin is a major seed storage protein (11S) consist-
ing of both acidic ( ∼ 40   kDa) and basic ( ∼ 20   kDa) subunits linked together by 
disulfi de bonds  [40] . Each pair of acidic and basic polypeptides is encoded by 
a single gene and cleaved posttranslationally  [41] . The 14 - kDa protein corre-
sponds to the N - terminal portion of a peanut glycinin subunit located at the 
5 ′  - end of the cDNA clone proteins, which is posttranslationally cleaved by 
endopeptidases  [28, 39, 42] . Four IgE - binding epitopes have been detected (i.e., 
amino acid residues 33 – 47, 240 – 254, 274 – 293, and 303 – 317), and alteration of 
the peptide sequence with single amino acids reduced the IgE - binding activity 
signifi cantly  [39] . Ara h 3 is pepsin labile; heating slightly decreases the pepsin 
digestibility; however, it does not appear to affect IgE - binding activity  [43] .  

   11.2.3.1.4.    Other Peanut Allergens.     Ara h 4 is a 35.9 - kDa protein that shows 
over 90% structural homology with Ara h 3 by cDNA clone encoding (which 
has resulted in some researchers suggesting that Ara h 3 and Ara h 4 are the 
same allergen)  [42, 44, 45] . The International Union of Immunological Societies 
(IUIS), however, lists these two proteins as different with a biochemical name 
listing of cupin (legumin - type, 11S globulin, glycinin) for Ara h 3 (MW 60   kDa) 
and cupin (legumin - type, 11S, glycinin) for Ara h 4 with a MW of 37   kDa 
( http://www.allergen.org/Allergen.aspx ). Ara h 5 is a 14 -  to 15 - kDa protein 
containing 131 amino acids and belongs to the plant profi lin family. The fre-
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quency of sensitization to Ara h 5 by peanut - allergic individuals is reportedly 
low (13%); however, it is a prominent cross - reactive allergen with birch pollen, 
grass, and wheat  [44, 46] . Ara h 5 shows 76% amino acid identity to the grass 
( Phleum pratense ) profi lins and 83% identity to the soybean profi lins  [47] . Ara 
h 6 and Ara h 7 have MWs of 14.5 and 15.8   kDa, respectively, and are both 
classifi ed as belonging to the conglutin family of seed storage proteins. Ara h 
6 and Ara h 7 exhibit 59% and 35% amino acid sequence identity with Ara h 
2, respectively, whereas these two allergens reveal only 35% amino acid iden-
tity with each other. Reported frequency of sensitization of Ara h 6 and Ara 
h 7 by peanut - allergic individuals was 38% and 43%, respectively  [44] . Ara h 
8 is a 16.9 - kDa protein containing 157 amino acids and belongs to the patho-
genesis - related protein family. The Ara h 8 - specifi c IgE - binding epitopes are 
cross - reactive with the major birch pollen antigen ( Betula verrucosa  — Bet v 
1), which shares 45.9% identity in their amino acid sequence and shows sec-
ondary structure similarities by far ultraviolet circular dichroism (UVCD)   
spectroscopy  [48] .   

   11.2.3.2.    Tree Nut Allergens.     A voluntary survey report on tree nut allergy 
estimated that 54% of tree nut - allergic individuals (464) had allergic reactions 
to single tree nuts, which included walnut (34%), cashew (20%), almond 
(15%), pecan (9%), pistachio (7%), hazelnut, Brazil nut, macadamia nut, pine 
nut, and hickory (less than 5% each), and 46% to multiple tree nuts  [13] . A 
limited number of allergens from tree nuts have been identifi ed. The majority 
of tree nut allergens belong to seed storage proteins such as vicilins (7S), 
legumins (11S), and profi lins (2S)  [49] . The major allergens identifi ed in tree 
nuts and their biochemical characteristics are summarized in Table  11.2 . 
Details on the molecular properties of these allergens are provided below.   

   11.2.3.2.1.    Cashew.     Ana o 1 (50   kDa), Ana o 2 (33 and 53   kDa), and Ana o 3 
(12   kDa) are major allergens in cashew, which are recognized by more than 
50% of cashew - allergic patients  [50 – 52] . Ana o 1 has a structural homology 
(52 – 62% amino acid sequence similarity) with some other vicilins belonging 
to the cupin superfamily and contains 11 IgE - binding epitopes among which 
amino acid residues 1 – 15, 57 – 71, and 521 – 535 are immunodominant  [51] . Ana 
o 2 is a member of the legumin protein family, which also belongs to the cupin 
superfamily; probing of overlapping synthetic peptides with pooled sera from 
cashew - allergic patient identifi ed 22 IgE - reactive amino acid residues  [53] . 
Ana o 3 belongs to the 2S albumin family and contains 16 IgE - binding epit-
opes with the amino acid residues 33 – 44, 57 – 68, 72 – 83, and 102 – 113 being 
immunodominant  [52] . Ana o 1, Ana o 2, and Ana o 3 are stable to heat, and 
there is apparently no change in their IgE - binding activity after heating when 
measured by enzyme - linked immunosorbent assay (ELISA)  [54] .  

   11.2.3.2.2.    Walnuts.     The fi rst allergen identifi ed in walnut was a 14 - kDa pro-
tein (Jug r 1) belonging to the 2S albumin family. Jug r 1 is considered a major 
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walnut allergen and is recognized by 75% of walnut - allergic patients  [55] . 
Three IgE - binding epitopes were identifi ed in Jug r 1 by overlapping synthetic 
peptide analysis and mutations of critical core amino acid positions located at 
36 – 39 and 42 resulted in loss of IgE - binding activity  [56] . A vicilin - like protein 
(44 – 47   kDa), identifi ed as a second major allergen in walnut (Jug r 2), was 
recognized by 9 of 15 allergic patient sera by immunoblot analysis. Although 
Jug 2 shows 70% amino acid sequence identity with Ara h 1 by deduced 
sequence analysis, it does not cross - react with Ara h 1  [57] . Two other allergens, 
Jug r 3 (9   kDa) and Jug r 4, belonging to the lipid transfer protein and legumin 
protein families, respectively, have also been identifi ed in walnut  [49, 58] , but 
they have been less studied.  

   11.2.3.2.3.    Hazelnut.     An 18 - kDa protein (Cor a 1) present in both hazelnut 
kernel and pollen is considered as a major hazelnut allergen; four isoforms 
have been identifi ed, which include Cor a 1.01, 1.02, and 1.03 in hazel pollen, 
and 1.04 in hazelnut    [59] . This probably explains why some hazelnut - sensitive 
individuals were reported to react to both pollen -  and non - pollen - related 
allergens depending on the route of sensitization  [59] . L ü ttkopf et al.    [60]  
studied the molecular characteristics of a major hazelnut allergen (Cor a 1.04) 
and its immunoreactivity using sera of hazelnut - allergic patients. Cor a 1.04 
expressed at least four sub - isoforms (Cor a 1.0401, Cor a 1.0402, Cor a 1.0403, 
and Cor a 1.0404) by cDNA encoding and showed 97 – 99% identity among 
each other by deduced amino acid sequence analysis; however, only 63% 
identity was found with the hazel pollen Cor a 1. Enzyme allergosorbent tests 
(EASTs) with sera of hazelnut - allergic patients (43) showed 95%, 93%, 91%, 
and 74% IgE - binding activity to Cor a 1.0401, Cor a 1.0402, Cor a 1.0403, and 
Cor a 1.0404, respectively. Cor a 1.04 is labile to heat treatment and is digested 
by proteases in the GI tract  [61, 62] . Cor a 2 is a 14 - kDa protein that belongs 
to the profi lin protein family. Forty - one percent of hazelnut - allergic patients 
recognized Cor a 2 by immunoblot, and it is considered a major allergen in 
hazelnut - allergic patients  [61] . Cor a 1 and Cor a 2 have homology with major 
allergens from birch (Bev v 1 and Bev v 2, respectively)  [59 , 63] . Immunoblotting 
of raw hazelnut extract with the sera of 65 hazelnut - allergic patients also 
resulted in the identifi cation of 47 - , 35 - , and 9 - kDa proteins, which belong to 
the vicilin, legumin, and lipid transfer protein families, respectively, and were 
labeled as major hazelnut allergens  [63] .  

   11.2.3.2.4.    Other Tree Nut Allergens.     The 2S albumin (9 – 12   kDa) in Brazil nut 
is used to improve the nutritional quality of methionine - defi cient crops by 
genetic engineering because of its higher methionine content (18%)  [64] . The 
protein has been reported as a major allergen (Ber e 1) and was recognized 
by the sera of eight out of nine Brazil nut - allergic patients  [64] . Researchers 
 [64]  also evaluated the immunoreactivity of 2S albumin from transgenic 
soybean carrying Brazil nut 2S gene and nontransgenic soybean by EAST. 
Seven out of nine Brazil nut - allergic patients ’  sera reacted to transgenic 
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soybean; however, none of the sera reacted to nontransgenic soybean by 
EAST. The study clearly showed how food allergens could be transferred to 
other nonrelated foods by genetic engineering. Ber e 1 is thermostable and 
resistant to hydrolysis by pepsin, trypsin, and chymotrypsin due to its high 
content of sulfur - rich amino acids (8% cysteine, 18% methionine)  [65, 66] . 
Immunoblotting of raw Brazil nut extract with the sera of 11 Brazil nut - allergic 
patients further identifi ed allergenic proteins with varying MWs as follows: 
less than 5   kDa (18.2%), 14.4   kDa (36.6%), 22   kDa (36.6%), 35   kDa (36.6%), 
and 48 and 55   kDa (27.3%). The 35 -  and 22 - kDa proteins (Ber e 2) are  α  -  and 
 β  - subunits of legumin (12S or 11S) seed storage protein  [67] ; much less is 
known about the other proteins. 

 Information about almond allergen is scanty. Studies indicate that the 45 - , 
20 – 22, 38 – 48, and 12 - kDa proteins corresponding to vicilins (7S), legumins 
(11S), and albumins (2S), respectively, from almond extract reacted with IgE 
from sera of almond - allergic patients by immunoblot analysis  [68 – 70] . The IUIS 
lists Pru du 4 as a 14 - kDa protein with two isoforms (Pru du 4.0101 and Pru du 
4.0102) and Pru du 5 with a MW of 10   kDa and having one isoform (Pru du 
5.0101) as almond allergens ( http://www.allergen.org/Allergen.aspx ). Five 
allergens are also reported for pistachio, which are identifi ed as Pis v 1, Pis v 2, 
Pis v3, Pis v 4, and Pis v 5 with MWs of 7, 32, 55, 25.7, and 36 kDa, respectively  .    

   11.2.4.    Cross - Reactivity of Peanut and Tree Nut Allergens 

 Clinical studies indicate that 35 – 40% of peanut - allergic patients show multiple 
sensitivities to tree nuts  [6, 71] . This may be due to the presence of cross -
 reactive epitopes in both peanut and tree nut allergens  [72] . Cross - reactivity 
between allergens occurs when IgE antibodies originally raised against one 
allergen recognizes and binds to a structurally similar protein from a different 
source upon exposure to the cross - reacting agent  [73] . 

 Cor a 9, a hazelnut allergen, has 67% amino acid sequence homology of an 
IgE - binding epitope with Ara h 3  [74] , and cross - reactivities between the two 
have been reported. Eigenmann et al.  [38]  also reported  in vitro  IgE cross -
 reactivity between peanut allergen Ara h 3 and soy glycinin, which resulted 
from homology of three IgE - binding epitopes (suggesting that allergens from 
the legumin protein family [glycinin 11S] may be cross - reactive)  [75, 76] . The 
major peanut allergen, Ara h 1, is a member of the vicilin seed storage protein 
family, and studies indicate that it shares structurally related IgE - binding epi-
topes with walnut (Jug r 2), hazelnut (Cor a 11), and cashew nut (Ana o 1) 
 [77] . Wang et al.  [51] , however, did not fi nd signifi cant sequence homology 
between epitopes of Ara h 1 and Ana o 1 allergens. This latter fi nding is sup-
ported by Rance et al.  [78]  who also reported no cross - reactivity between the 
Ana o 1 cashew nut allergen and the peanut allergen Ara h 1. Strong  in vitro  
cross - reactivity between cashew nut and pistachio nut was, however, observed, 
probably because they both belong to the same botanical family (Anacardiaceae 
family). Two out of fi ve (40%) cashew - allergic patients reportedly exhibited 
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IgE - binding activity to pistachio even though they had never eaten pistachio 
 [79] ; this is likely due to the high degree of structural homology of the IgE -
 binding epitopes (80% amino acid identity and 90% sequence similarity) of 
Pis v 3 (pistachio) and Ana o 1 (cashew). 

 Other studies have reported multiple tree nut sensitivities in tree nut -
 allergic patients to walnut (Jug r 4), cashew (Ana o 2), and hazelnut (Cor a 9) 
 [53, 58, 76] . Although these studies suggest the presence of multiple cross -
 reactive IgE antibodies to peanuts and tree nuts, the clinical relevance of 
cross - reactivity is not fully known or understood. de Leon et al.  [80]  demon-
strated biological cross - reactivity of peanut - specifi c IgE antibodies with tree 
nuts using  in vitro  basophil activation assay. They noticed effector cell activa-
tion due to cross - reactivity between peanut - specifi c IgE antibodies with 
tree nut allergens (almond, Brazil nut, and hazelnut), which suggests that IgE 
cross - reactivity might contribute to the manifestation of tree nut allergy in 
peanut - allergic individuals upon exposure.  

   11.2.5.    Effect of Processing on Allergenicity of Peanuts and Tree Nuts 

 Food products are subjected to a variety of processing treatments from the 
time they are harvested until they reach the consumer. Factors such as food 
composition, time, temperature, and conditions of harvest, cooking, and 
storage can alter the properties of proteins in foods and render them more 
or less allergenic  [81] . Important characteristics of food allergens include 
their stability to processing and their resistance to digestion by proteolytic 
enzymes. Reduction of the allergenic properties of foods by processing could 
be benefi cial to peanut -  and tree nut - allergic individuals. Allergenicity of 
foods can potentially be reduced either by removal, destruction, proteolytic 
modifi catin, or masking of IgE - binding sites to make the allergenic proteins 
unavailable  [82] . 

 Thermal processing is commonly applied to improve the quality of food in 
terms of its nutritional value (e.g., by enhancing digestibility) and sensory 
quality (e.g., through improvements of appearance, texture, fl avor, and taste), 
as well as safety and storage stability (e.g., by inactivation of microbes and 
toxins). Thermal processing induces various physical, chemical, and biochemi-
cal changes in foods and is dependent on the intrinsic characteristics of the 
food, such as pH, temperature, and duration of processing  [83] . For food aller-
gens, changes to the allergenic properties during thermal processing can be 
infl uenced by the method employed to process the food (e.g., dry or wet). Since 
the majority of studies conducted on the effect of processing have been done 
on peanuts, greater emphasis will be paced on peanut in this section. 

 The infl uence of thermal processing such as frying, roasting, and boiling 
on the allergenicity of peanut proteins from two peanut varieties (Florunner 
and Valencia) was studied by Beyer et al.  [16] . Sodium dodecyl sulfate – 
polyacrylamide gel electrophoresis (SDS - PAGE  ) electrophoretic pattern 
revealed alterations in the molecular structure of the protein fractions from 
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both varieties on processing. The changes in structure were, however, compa-
rable after frying in vegetable oil for 5 – 10 minutes and boiling at 100 ° C for 20 
minutes but were different after roasting at 170 ° C for 20 minutes. Furthermore, 
immunoblot analysis with peanut - allergic patients ’  sera showed lower IgE -
 binding intensities of Ara h 1, Ara h 2, and Ara h 3 levels in the fried and 
boiled peanuts compared with the roasted peanuts. The authors suggested that 
occurrence of irreversible alterations in protein structure at higher tempera-
ture (e.g., Maillard reaction) may have caused chemical modifi cations, which 
increased the allergenicity of peanuts during roasting. Maleki et al.  [35]  also 
observed a 90 - fold increase in allergenic properties of roasted peanut com-
pared with raw peanut, which was mainly attributed to chemical modifi cations 
resulting from Maillard reactions. Chung and Champagne  [84]  investigated the 
effect of Maillard reaction products (MRPs) on allergenicity of peanut protein. 
A solution of lectin (32   kDa) (5   mg/mL) was reacted with sugar (150   mM 
glucose or fructose) and incubated at 50 ° C at pH 8 for 5 weeks. SDS - PAGE 
analysis showed three to four additional adducts (between 48 and 77   kDa, 
32 – 36   kDa, and 26   kDa) when compared with lectin without sugar, which 
strongly recognized IgE from the sera of peanut - allergic patients by competi-
tive immunoblotting. Furthermore, roasted mature peanuts exhibited higher 
IgE inhibitory effect than roasted immature peanuts. The results, therefore, 
suggests that MRPs are potentially allergenic, and products formed during 
roasting increases allergenicity of the peanuts. Various MRPs such as advanced 
glycation end products (AGEs), N - carboxymethyl lysine (CML), malondial-
dehyde (MDA), and 4 - hydroxynonenal (HNE) are formed during roasting of 
peanuts. AGE and MDA products were found to be present at higher levels 
in roasted peanuts, and AGE exhibited higher level of IgE binding by competi-
tive ELISA; higher levels of AGE adducts in roasted peanuts may, therefore, 
be associated with an increase in allergenicity of peanuts  [85] . 

 Mondoulet et al.  [86]  examined the effect of thermal processing on the 
IgE - binding capacity of whole peanut protein extract and purifi ed peanut 
allergens (Ara h 1 and Ara h 2) using EAST. The IgE - binding capacity of 
peanut extracts prepared from boiled peanuts (30 minutes) was twofold lower 
than in raw and roasted peanut extracts; however, no signifi cant difference 
between IgE - binding capacity of extracts prepared from raw and roasted 
peanuts was observed. Immunoreactivity of Ara h 1 and Ara h 2 was found to 
be higher in roasted peanuts than raw and boiled peanuts by competitive 
EAST. The decrease in allergenicity of boiled peanuts could potentially be due 
to the transfer of low - MW allergen (Ara h 2) into the water during cooking. 

 Ara h 2 from roasted peanuts reportedly had threefold higher trypsin 
inhibitory activity (TIA) compared with the native Ara h 2 due to the forma-
tion of intramolecular cross - links (disulfi de bonds), which contributed to 
higher structural stability of the Ara h 2 against denaturation  [37] . The struc-
tural integrity of Ara h 2 masked trypsin digestion sites resulting in increased 
TIA on roasting  [36] . Moreover, SDS - PAGE analysis on digestibility of Ara h 
1 in the presence of Ara h 2 by trypsin revealed that Ara h 2 from roasted 
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peanuts affects the digestibility of native Ara h 1 (raw peanut); both bands 
were detectable even after overnight incubation with trypsin. Ara h 1 was 
easily digested within 30 – 60 minutes of incubation with trypsin in the absence 
of Ara h 2 or when Ara h 2 was denatured. Apparently, Ara h 2 provides 
additional protection to Ara h 1 against trypsin digestion in roasted peanuts 
 [37] . The results suggest that structural integrity and stability of Ara h 2 during 
roasting reduces its digestibility by proteolytic enzymes in the GI tract and its 
presence further protects Ara h 1 from digestion, leading to larger amounts 
of intact Ara h 1 and Ara h 2 being released in the GI tract, which are easily 
recognized by peanut - sensitive patients. This may explain why the allergenicity 
of peanut increases upon roasting compared with other thermal process like 
boiling and frying. 

 There are some contrasting studies; however, Koppelman et al.  [34]  found 
that the allergenicity of Ara h 1 was not affected by heating, although the 
native Ara h 1 underwent heat - induced denaturation at the molecular level. 
In another study, dry roasting of hazelnut at 140 ° C for 40 minutes reportedly 
reduced the allergenicity of hazelnuts signifi cantly compared with raw hazel-
nut  [61] . Approximately 100 - fold higher concentration of roasted hazelnut 
extract was required for 50% inhibition of IgE - binding activity compared with 
raw hazelnut extract. Five out of 17 hazelnut - allergic individuals experienced 
OAS after ingestion of the roasted hazelnut at a median dose of 7   g by 
DBPCFC, whereas all subjects reacted to raw hazelnut at a median dose of 
2.0   g. The response to roasted hazelnut might be due to sensitization by the 
thermostable low - MW allergens other than Cor a 8 and residual activity of 
Cor a 1 or Cor a 2 in the roasted hazelnuts  [61] . 

 Masking of allergenic IgE epitopes by cross - linking may be a way to reduce 
allergenicity of peanuts and tree nuts. Mouecoucou et al.  [87]  evaluated the 
effect of polysaccharide addition on  in vitro  allergenicity of peanut. Peanut 
protein isolate (PPI) (15   mg/mL) treated with 1.7% w/v polysaccharides (gum 
arabic, xylan, and low - methylated pectin  ) at 1   :   1 ratio by volume and left to 
incubate overnight at 4 ° C modifi ed the digestibility of the PPI, and the hydro-
lyzed products were found to react less with rabbit anti - immunoglobulin G 
(IgG) and IgE antibodies from peanut allergic sera. The decrease in immuno-
reactivity was attributed to potential nonspecifi c interactions between polysac-
charides and peptides from PPI. Among different polysaccharides, xylan 
showed higher reduction in  in vitro  allergenicity of PPI compared with the 
other polysaccharides. Similarly, peanut extract (5   mg/mL) treated with per-
oxidase (10   mg/mL) resulted in lower IgE binding of Ara h 1 and Ara h 2 in 
roasted peanuts compared with raw peanuts. Cross - linking of proteins by 
peroxidase is dependent on the presence of tyrosine residues. At higher tem-
peratures, peanut proteins get denatured and expose the buried tyrosine resi-
dues that were before inaccessible to peroxidase cross - linking  [88] . 

 An eightfold decrease in the allergenic property of peanut butter extract 
(IC 50    =   4    μ g/mL) treated with phytic acid (2   mM w/v) compared with the 
untreated peanut extract (IC 50    =   0.5    μ g/mL) was observed by competitive 
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ELISA  [89] . Phytic acid reacted predominantly with the major peanut aller-
gens (Ara h 1 and Ara h 2) and formed insoluble complexes with the raw 
peanut extract but not with the roasted peanut extract due to the lack of free 
amino groups (lysine). At pH 8.5, a signifi cantly higher amount of peanut 
allergens was detected by SDS - PAGE compared with pH 3 and 7, which indi-
cates that pH also plays a signifi cant role in the phytic acid – protein complex 
formation with peanut extract. Recently, Chung et al.  [90]  demonstrated that 
the use of nonthermal pulsed UV light could modify the immunogenic proper-
ties of peanut proteins. A six -  to sevenfold lower IgE - binding activity 
(IC 50    =   4    μ g/mL) was observed in peanut butter treated by pulsed UV light 
(220.8   J/cm 2  energy level, 3 pulses/second, 360    μ s pulse width) compared with 
the untreated peanut butter (IC 50    =   0.6    μ g/mL).  

   11.2.6.    Effect of Refi ning on Allergenicity of Peanut and Tree Nut Oils 

 Refi ning is a physical and chemical process applied to remove certain com-
pounds present in oils and involves acid and alkali treatment, bleaching, and 
deodorization. Depending on the degree of refi ning, the oil may or may not 
contain allergenic proteins  [91] . Hourihane et al.  [92]  found that refi ned peanut 
oil did not pose a threat to peanut - sensitive subjects, although 10% reacted to 
crude peanut oil in a crossover DBPCFC study (i.e., 6/60 individuals; 4/6 had 
subjective symptom and 2/6 had objective symptoms). Thus, refi ned peanut oil 
may be safe for peanut - sensitive individuals, but  “ gourmet oils ”  (i.e., refi ned 
oil blended with crude peanut oil) may pose a risk. Similar results were 
reported by Taylor et al.  [93]  who observed no adverse reactions in peanut -
 allergic patients challenged with refi ned peanut oil. Hoffman and Collins -
 Williams  [94]  observed specifi c IgE reactivities with cold - pressed crude peanut 
oil but not with refi ned oil. The presence of 1.32   mg/kg of peanut proteins in 
cold - pressed oil was reported by Martin - Hernandez et al.  [95] ; however, no 
proteins were detected in refi ned oil. Major proteins identifi ed from the cold -
 pressed unrefi ned peanut oil by SDS - PAGE analysis had MWs of 65, 40, 31, 
23, and 18   kDa. Interestingly, Olszewski et al.  [96]  recorded the presence of 
protein (0.1 – 0.2    μ g of protein/g of refi ned oil) in commercially available refi ned 
peanut oils, which reacted with IgE antibodies in the sera of peanut - allergic 
patients. An 18 - kDa protein present in refi ned peanut oil, which had a  pI  close 
to the  pI  of Ara h 2 ( pI  4.5), was found to be responsible for the allergic reac-
tion in peanut - sensitive individuals. Pons et al.  [97]  also reported that a purifi ed 
oleosin protein extracted from crude peanut oil with a MW of 18   kDa reacted 
with the sera of 3 out of 14 peanut - allergic patients. Very few studies have 
been conducted on tree nut oils. 

 Differences in unit operations and temperatures employed to process 
refi ned oil play a signifi cant role in determining the allergenicity of peanut and 
tree nut oils. Teuber et al.  [98]  evaluated the allergenicity of gourmet nut oils 
processed by different methods. Their results showed the oils that underwent 
less processing at lower temperature had higher residual protein and greater 
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IgE binding (Table  11.3 ). As questions still linger about the allergenicity of 
refi ned and cold - pressed oils, further clinical investigation will be useful to 
confi rm some of the fi ndings reported in order to ensure the safety of peanut 
and tree nut oils for consumption by peanut -  and tree nut - allergic patients.     

  TABLE 11.3    Immunoreactivity of Commercially Available Peanut and Tree Nut 
Oil Processed at Different Temperatures 

   Oil Type  a    

   Protein 
Concentration 

( μ g/mL)  

   Maximum 
Processing 

Temperature ( ° C)  

   Immunoassay 
Relative 

Reactivity  b    

  Peanut              
     Flora    10.5    54    +   +   +  
     Hain    3.0    230 – 260    +/ −   
     Spectrum    10.7    65 – 93    + +  
     Hollywood    5.7    230 – 260     −   
     Nut extract    9001    4    +   +   + +  
  Almond              
     Flora    62.2    57    +/ −   
     Hain    2.2    230 – 260     − /+  
     Spectrum    16.7    230 – 260     − /+  
     Gourmet Int.    12.7    90; 190    + +  
     Nut extract    5300    4    +   +   +  
  Walnut              
     Flora    16.5    71    +  
     Hain    9.2    230 – 260     −   
     Spectrum    7.0    230 – 260    +/ −   
     Gourmet Int.    20.4    90; 190    + +  
     Diamond    7.0    230 – 260    +  
     Nut extract    4671    4    +  
  Hazelnut              
     Gourmet Int.    62.0    90; 190    + +  
     Nut extract    3900    4    +   +   +  
  Macadamia              
     Oil of Aloha    21.3    65 – 93     − /+  
     Loriva    81.1    65 – 93    +  
     Nut extract    3000    4    + +  
  Pistachio              
     Gourmet Int.    36.0    90; 190    +  
     Nut extract    5000    4    +   +   +  

    a Flora and spectrum oils were unrefi ned oil; spectrum almond and walnut oils were refi ned; Hain 
and Hollywood oils were refi ned oil; Gourmet International (Int.) was a blend of refi ned and 
unrefi ned oils.  
   b Relative reactivity was based on a subjective visual scale with  “ +   +   + + ”  means most reactive 
protein extract,  “  − /+ ”  means barely visible band, and  “ +/ −  ”  means very light band.   

  Source :   Reference  98  — Reprinted from Teuber, S.S., Brown, R.L., Happanen, L.A.D. (1997). 
Allergenicity of gourmet nut oils processed by different methods.  Journal of Allergy and Clinical 
Immunology ,  99 , 502 – 507, with permission from Elsevier. 
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   11.3.    NUTRITIONAL AND FUNCTIONAL PROPERTIES OF 
PEANUTS AND TREE NUTS 

   11.3.1.    Nutritional Properties of Peanuts and Tree Nuts 

   11.3.1.1.    Nutrient Composition.     The nutrient composition of peanuts and 
tree nuts is summarized in Table  11.4 . Peanuts and tree nuts provide useful 
nutrients in the diet, and, in order to fi nd adequate alternatives for nut - allergic 
patients, the role these foods play in the diet needs to be carefully understood. 
Peanuts and tree nuts are good sources of protein and mono -  (MUFAs) and 
polyunsaturated fatty acids (PUFAs), and they also contain signifi cant amounts 
of vitamins and minerals. Peanuts generally contain higher amounts of protein 
(25.80   g/100   g) than tree nuts (7.91 – 21.22   g/100   g), and among tree nuts, almond 
and pistachio contain higher amounts of protein ( ∼ 21   g/100   g), followed by 
pecans ( ∼ 9   g/100   g) and macadamia nuts ( ∼ 8   g/100   g)  [99] . The quality of protein 
in peanuts and tree nuts is somewhat low due to the lack of some essential 
amino acids (EAAs) such as methionine, lysine, and tryptophan. Some nuts, 
such as Brazil nut, contain higher methionine content ( ∼ 9   g/100   g of total 
protein) than other tree nuts and peanut, and may have higher nutritional 
value. As presented in Table  11.5 , however, in general, there is not much dif-
ference in the EAA composition of peanuts and tree nuts, although their 
nutritional quality may differ. Protein digestibility corrected amino acid score 
(PDCAAS) for peanut is 0.52, which is comparatively superior to tree nuts, 
which have lower PDCAAS (0.40 – 0.43)  [100, 101] .   

 The fat content of peanuts and tree nuts is high (44 – 76   g/100   g). Tree 
nuts, especially macadamia nuts, pecans, pine nuts, and Brazil nuts, are par-
ticularly high in fat (76, 72, 68, and 66   g/100   g, respectively) compared with 
peanut (49   g/100   g). Walnuts and pine nuts contain higher amounts of the 
PUFAs (47 and 34   g/100   g of total fat, respectively), while macadamia nut, 
hazelnut, pecan, and almond are high in MUFAs (59, 46, 41, and 31   g/100   g 
of total fat, respectively)  [99] . Additionally, peanuts and tree nuts contain 
moderate amounts of carbohydrate (16 and 18   g/100   g, respectively) and fi ber 
(9 and 8   g/100   g, respectively). They also contain non - nutrient components 
like phytates and tannins. Tree nuts have higher phytate content (0.23   g/100   g) 
and lower tannins (0.20   g/100   g) than peanuts (0.17 and 0.29   g/100   g, respec-
tively). These compounds are considered as antinutrients, but recent research 
studies suggest that phytates and tannins may have bioactive properties that 
may be of nutritional interest  [103, 104] . Fortunately, no detectable amounts 
of TIA and hemagglutinating activity have been reported in tree nuts or 
peanuts  [102] .  

   11.3.1.2.    Nutritional Signifi cance and Health Benefi ts of Peanut and Tree 
Nut Consumption.     There is increasing evidence that peanut and tree nut 
consumption may be associated with nutritional and health benefi ts. 
Consumption of 42   g (1.5   oz) of peanut or tree nuts per day provides greater 
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than 10% of the recommended dietary allowances (RDAs) for protein, fat, 
thiamine, niacin, pyridoxine, pantothenic acid, vitamin E, vitamin K, iron, 
magnesium, phosphorus, zinc, copper, selenium, and folate for an adult male 
(31 – 50 years)  [4] . A study on the diet quality of free living men (4751), 
women (4572), and children (4939 boys and girls) showed that respondents 
who consumed peanuts as part of their meal (24%) had higher intake of 
nutrients especially vitamin A, vitamin E, calcium, magnesium, and zinc than 
nonconsumers  [3] . Although peanut consumers showed higher energy intake 
(2569, 1727, and 2052   kcal/day for men, women, and children, respectively) 
compared with nonpeanut consumers (2214, 1546, and 1952   kcal/day for men, 
women, and children, respectively), the mean body mass index (BMI) for 
peanut users was lower in all age groups (25.7   kg/m 2 ) than nonpeanut users 
(26.2   kg/m 2 ). 

 Another study reported that obese subjects following a moderate - fat diet 
(35% energy from fat) containing several nuts, peanut butter, and olive oil for 
18 months had greater and more sustained weight loss than obese subjects 
prescribed a low - fat diet (20% total energy from fat), which did not contain 
peanuts and tree nuts  [105] . Furthermore, Johnston and Buller  [106]  demon-
strated that the addition of peanut products to a high glycemic load meal 
signifi cantly reduced postprandial glycemia by rapid stimulation of insulin 
release and glucose uptake. Hu et al.  [107]  also observed a negative association 
between nut consumption and BMI among 86,000 females (34 – 59 years). The 
substitution of 1   oz of nuts for the equivalent energy from carbohydrate in an 
average diet was similarly reported to reduce coronary heart disease (CHD) 
risk by 30%, and the substitution of nut fat for saturated fat reduced CHD 
risk by 45%  [108] . These studies were corroborated by Fraser and Shavlik  [109]  
who found that the consumption of nuts (peanuts and tree nuts) fi ve times per 
week reduced the risk of death from CHD by 31%. 

 Phytosterols present in peanuts and tree nuts lower serum low - density 
lipoprotein (LDL) cholesterol by inhibiting dietary cholesterol absorption 
 [110 – 113] . The phytosterol content in tree nuts ranges from 95   mg/100   g in 
Brazil nuts to 280   mg/100   g in pistachios and is comparable to that found in 
peanuts (90 – 300   mg/100   g)  [114] . The rich sources of several essential vitamins 
and minerals, MUFA and PUFA, fi ber, polyphenols, and phytochemicals in 
peanuts and tree nuts could promote health benefi ts and reduce the risk of 
chronic diseases  [115] . Many different phytochemicals are present in peanuts 
and tree nuts, which have been associated with an array of bioactivities, includ-
ing antioxidant, antiviral, antiproliferative, and anti - infl ammatory actions 
potentially capable of affecting the initiation and progression of several patho-
genic process  [116] . In 2003, FDA approved a qualifi ed health claim for nuts 
(peanuts and tree nuts), which associates the consumption (1.5   oz or 42   g) of 
nuts with reduced risk of cardiovascular diseases  [117] . Thus, the avoidance of 
nuts in the diet may have health implications, and it is of critical importance 
that alternatives identifi ed to replace nuts in the diet provide equal or better 
nutritional and health benefi ts.   
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   11.3.2.    Functional Properties of Peanuts and Tree Nuts 

 Apart from their nutritional importance, proteins from peanuts and tree nuts 
may also play a vital role in conferring specifi c functional properties to foods. 
Functional properties such as solubility, emulsion, gelation, and water and oil 
absorption capacities are essential in many food product formulations. A brief 
summary of some of these functional properties is provided below. 

   11.3.2.1.    Solubility.     Among the functional properties solubility is a prime 
requirement for other functional properties like foaming, gelation, emulsion, 
and whipping  [118] . Eighty percent of the proteins from defatted peanut fl our 
are soluble in the neutral pH range (6.5 – 7.0)  [119] . The highest solubility 
occurs in the pH range of 1 – 2 and 8 – 10, and the lowest solubility is observed 
at pH 3.5 – 5.0, which is the isoelectric point ( pI ) of peanut protein  [119, 120] . 
Solubility profi les of most tree nut proteins are similar to peanut. Cashew nut 
protein isolate (CPI) prepared by isoelectric precipitation was reported to 
have higher solubility at pH values above and below the isoelectric point ( pI  
5)  [121] . Similar results have been reported for almond, walnut, and Brazil nut 
protein isolates, which all had higher solubilities at pH values below or above 
the  pI  (pH 5.0)  [122 – 124] .  

   11.3.2.2.    Water and Oil Absorption Capacities.     Interactions of water and oil 
with proteins are very important in food systems because of their effects on 
fl avor and food texture. Ihekoronye  [125]  observed higher water absorption 
capacity (WAC) for defatted peanut fl our (409.30   g/100   g) compared with oval-
bumin (399.75   g/100   g) and peanut protein concentrate (PPC) (231.16   g/100   g). 
The authors attributed this to the higher carbohydrate content in defatted 
peanut fl our, which was probably able to bind more water. PPC, on the other 
hand, had a higher fat absorption capacity (FAC) (254.60   g/100   g) than oval-
bumin (216.69   g/100   g) and defatted peanut fl our (186.40   g/100   g). CPI was 
found to have lower WAC (1.45   mL/g of protein) compared with casein 
(2.81   mL/g of protein), but its FAC was superior (1.40   mL/g of protein) to 
ovalbumin (0.84   mL/g of protein)  [121] . Brazil nut and macadamia nut protein 
isolates were found to have higher WAC (2.0 and 1.62   mL/g protein, respec-
tively) and FAC (1.40 and 1.22   mL/g, respectively) than CPI  [124, 126]   .  

   11.3.2.3.    Foaming Property.     Foaming properties are essential in the formu-
lation and production of foods such as cakes, ice creams, meringues, whipped 
cream, marshmallows, and some beverages. Ihekoronye  [125]  observed a 90% 
increase in foam volume of PPC (3% w/v solution) compared with a 58% 
increase for defatted peanut fl our at the same concentration. For both ingre-
dients, the foams were reported to remain stable over a 2 - hour period. Foams 
made from PPC were found to be soft fl owing and cream colored with medium -
 sized air bubbles compared with ovalbumin, which formed white foam with 
small - sized air bubbles. Similarly, CPI was reported to have higher foaming 
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capacity (39.8   mL of foam/5   mg of protein) than ovalbumin (18.5   mL of 
foam/5   mg of protein) at pH 7.0; however, foam stability was lower in CPI (25.8 
seconds) compared with ovalbumin (147.1 seconds)  [121] . In other studies, the 
foaming capacity of almond protein isolate (API 1% w/v, pH 6.46) was found 
to be comparable to soy protein isolate (SPI) (58 and 64   mL of foam, respec-
tively), and it had better foam stability at acidic pH ( ≤ 5.0) compared with the 
SPI  [127] .  

   11.3.2.4.    Gelation.     A gel is a three - dimensional ordered matrix that is 
capable of holding signifi cant amounts of fl uid. This property is useful in the 
development of products such as jellies, puddings, comminuted meat and fi sh 
products, doughs, and other bakery and confectionery applications. Defatted 
peanut fl our and PPC were reported to form very weak gels at 5% (w/v) con-
centration and stronger gels at 9% (w/v) concentration  [125] . Peanut fl our 
from heat - pressed peanut cake, however, formed fi rm gels at a lower concen-
tration (7% w/v) compared with fl our from cold - pressed peanut cake, which 
formed weaker gels at the same concentration  [119] . Least gelation capacity 
(LGC), which is the minimum concentration required to form a gel, was higher 
for CPI (13.5% w/v) than cashew nut protein concentrate (CPC) (10.0%) and 
defatted cashew nut powder (6.5%)  [128] . API solutions (4% w/v, pH 8.2) 
reportedly formed fi rm gels after heating at above 90 ° C for 5 minutes  [129] .    

   11.4.    NUTRITIONAL AND FUNCTIONAL ALTERNATIVES TO 
PEANUTS AND TREE NUTS 

 There are currently no cures for food allergy; thus, the only way to avoid 
allergic reactions is for food - allergic patients to avoid consumption of foods 
to which they are sensitized. Food manufacturers interested in developing 
specifi c  “ allergen - free ”  foods must, therefore, identify appropriate alternatives 
that could be used to replace these ingredients in food formulations. Alternative 
ingredients should ideally confer similar nutritional and functional properties 
in order not to compromise the health status of allergic individuals or taste. 

 Ingredients from peanuts and tree nuts are used extensively in foods such 
as chocolate, cereals, soups, and seasonings. Production of  “ free - from ”  foods 
is still in its infancy, and as such, there is limited research on appropriate alter-
natives that could be used for different food applications. Some suggestions 
on alternatives that could be considered to replace peanut and tree nut prod-
ucts in  “ nut - free ”  foods are presented in Table  11.6  and summarized below.   

   11.4.1.    Alternatives to Roasted Peanuts and Tree Nuts 

 Roasted sesame and sunfl ower seeds have nutrient profi les that are compa-
rable to roasted peanuts and tree nuts and could be used as alternatives. 
Roasted soybeans (soy nuts) are also available commercially and could also 
serve as a replacement. Soy nuts contain higher protein (35 – 40%) compared 
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  TABLE 11.6    Nutrient Compositions of Alternatives to Peanuts and Tree Nuts and 
Its Products for 100   g of Edible Portion  [99]  

   Nutrients  

   Alternatives to 
Raw Seeds  

   Alternatives to Dry Roasted 
without Salt  

   SF     SE     SO     PA     CA     SF     SE     SO  

  Energy (kcal)    584    573    446    585    574    582    565    471  
  Protein (g)    20.78    17.73    36.49    23.68    15.31    19.33    16.96    35.22  
  Total fat (g)    51.46    49.67    19.94    49.66    46.35    49.80    48.0    25.40  
  SFA (g)    4.45    6.95    2.88    6.89    9.15    5.21    6.00    3.67  
  MUFA (g)    18.52    18.75    4.40    24.64    27.31    9.50    18.12    5.61  
  PUFA (g)    23.13    21.77    11.25    15.69    7.83    32.88    21.03    14.33  
  Ash (g)    3.02    4.45    4.87    3.60    3.95    5.60    4.00    3.88  
  Carbohydrate (g)    20.00    23.45    30.16    21.51    32.69    24.07    25.74    33.55  
  Fiber (g)    8.60    11.80    9.30    8.00    3.00    11.10    14.00    17.70  
  Thiamine (mg)    1.48    0.79    0.87    0.43    0.20    0.10    1.20    0.10  
  Ribofl avin (mg)    0.35    0.24    0.87    0.09    0.20    0.24    0.46    0.14  
  Niacin (mg)    8.33    4.51    1.62    13.52    1.40    7.04    5.43    1.41  
  Vitamin B 6  (mg)    1.34    0.79    0.37    0.25    0.25    0.80    0.14    0.20  
  Pantothenic acid 

(mg)  
  1.13    0.05    0.79    1.39    1.21    7.04    0.68    0.45  

  Folate ( μ g)    227    97    375    145    69    237    96    211  
  Choline (mg)    55.10    25.60    115.90    55.30    61.00    55.10    25.60    NR  
  Vitamin E (mg)    33.23    0.25    0.85    6.93    0.92    26.10    0.25    0.91  
  Calcium (mg)    78    975    277    54    45    70    989    138  
  Iron (mg)    5.25    14.55    15.70    2.26    6.00    3.80    14.76    3.90  
  Magnesium (mg)    325    351    280    176    260    129    356    145  
  Phosphorus (mg)    660    629    704    358    490    1155    638    363  
  Potassium (mg)    645    468    1797    658    565    850    475    1470  
  Sodium (mg)    9.00    11.00    2.00    6.00    16.00    3.00    11.00    4.00  
  Zinc (mg)    5.00    7.75    4.89    3.31    5.60    5.29    7.16    3.14  
  Copper (mg)    1.80    4.08    1.65    0.67    2.22    1.83    2.47    0.82  
  Manganese (mg)    1.95    2.46    2.51    2.08    0.82    2.11    2.49    2.15  
  Selenium ( μ g)    53.00    5.70    17.00    7.50    11.70    79.30    5.80    19.10  

    a Partially defatted.  
   b Nutrient composition of soy butter is not available in the USDA database.  
  SF, sunfl ower seeds; SE, sesame seeds; SO, soybeans; PA, peanuts; CA, cashew nuts; SFA, 
saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; NR, 
not reported.   

with peanuts and tree nuts, and they are also rich in carbohydrate, fi ber, and 
calcium but have much lower fat content (17 – 23%). Similarly, roasted or 
extruded pulses, such as peas and chickpeas, have been consumed for centuries 
in places like Turkey and in other parts of the world and could be used as 
replacement snack or to replace roasted peanuts and tree nuts as ingredients 
in foods. These alternatives also contain allergenic proteins, and since some 
peanut -  and tree nut - allergic patients may also be allergic to sesame, sunfl ower, 
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   Alternatives to Defatted 
Flours     Alternatives to Oil  

   Alternatives to Butter 
without Salt  b    

   PA     SF  a       SE  a       SO     PA     SF     SE     SO     PA     CA     SF     SE  

  327    326    382    330    884    884    884    884    588    587    579    595  
  52.20    48.06    40.32    47.01     —      —      —      —     21.93    17.56    19.66    17.00  
  0.55    1.61    11.89    1.22    100    100    100    100    49.54    49.41    47.73    53.76  
  0.06    0.13    1.63    0.13    16.90    9.00    14.20    15.65    9.51    9.76    5.00    7.52  
  0.22    0.25    4.40    0.20    46.20    57.35    39.70    22.78    20.72    29.12    9.11    20.30  
  0.14    0.87    5.11    0.53    32.00    28.96    41.70    57.74    11.33    8.35    31.52    23.56  
  4.75    7.04    6.05    6.15     —      —      —      —     3.00    2.50    3.95    5.00  

  34.70    35.83    35.14    38.37     —      —      —      —     23.98    27.57    27.42    21.19  
  15.80    5.20    NR    17.5     —      —      —      —     5.70    2.00    NR    9.30  
  0.70    3.18    2.53    0.69     —      —      —      —     0.10    0.31    0.32    1.22  
  0.48    0.26    0.27    0.25     —      —      —      —     0.10    0.18    0.28    0.47  

  27.0    7.31    12.60    2.61     —      —      —      —     13.16    1.59    5.32    5.45  
  0.50    0.75    0.15    0.57     —      —      —      —     0.55    0.25    0.80    0.14  
  2.74    6.59    2.76    1.99     —      —      —      —     1.04    1.20    7.03    0.69  

  248    222    29    305     —      —      —      —     35    68    237    98  
  108.70    NR    NR    11.30    0.10    0.20    0.20    0.20    65.70    NR    NR    25.80  

  0.05    NR    NR    0.12    15.69    41.08    1.40     —     5.97    NR    NR    0.25  
  140    114    150    241     —      —      —      —     54    43    122    426  

  2.10    6.62    14.30    9.24    0.03    0.03     -     0.05    2.16    5.03    4.75    8.95  
  370    346    362    290     —      —      —      —     179    258    369    95  
  760    689    810    674     —      —      —      —     335    457    736    732  
  1290    67    425    2384     —      —      —      —     592    546    72    414  
  180.00    3.00    41.00    20.00     —      —      —      —     476    15.00    3.00    115.00  

  5.10    4.95    10.70    2.46    0.01     —      —     0.01    2.67    5.16    5.29    4.62  
  1.80    1.71    1.43    4.06     —      —      —      —     0.57    2.19    1.83    1.61  
  4.90    1.97    1.40    3.01     —      —      —      —     1.36    0.81    2.11    1.45  
  7.10    58.2    NR    1.7     —      —      —      —     40.4    11.50    NR    1.70  

soy, or pulses  [71, 130] , appropriate precautions and adequate labeling is 
required in order to facilitate decision making.  

   11.4.2.    Alternatives to Peanut and Tree Nut Flours 

 Defatted peanut and tree nut fl our is a by - product from the oil industry. The 
fl ours generally contain approximately 50% protein and are often used in 
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bakery products and confectioneries due to their high nutritional value and 
good functionality. Sesame, sunfl ower, and soy fl ours contain similar protein 
contents (48.06, 40.32, and 47.01   g/100   g, respectively) and could be considered 
as replacements. An added advantage is that the protein quality (biological 
value) of these ingredients is higher than for peanuts and tree nuts (except 
cashew). Sen and Bhattacharyya  [131, 132]  evaluated the nutritional quality 
of sesame and sunfl ower seed protein extract using animal experiment. Their 
results indicated that rats fed with decorticated sesame and sunfl ower protein 
extract for 28 days showed similar gain in body weight and food protein effi -
ciency ratio compared with soybean and casein. Furthermore, rats fed with 
soybean protein, sesame protein, and sunfl ower protein had lower plasma lipid 
profi les than rats fed with casein. 

 Functional property studies of sesame and soybean protein isolates  [133]  
revealed no signifi cant differences in properties such as solubility, WAC and 
FAC, emulsifying capacity, foaming capacity, and whipping property. Although 
the study did not compare the properties of the sesame protein isolate and 
SPI with those of peanut and tree nut proteins, the results, nevertheless, provide 
some useful information on how these alternative ingredients are likely to 
perform when used in foods. 

 Other novel ingredients that could be considered are high - protein fl ours or 
concentrates from canola and pulses such as peas, chickpeas, and lentils. 
Paredes - Lopez et al.  [134]  found that the  in vitro  digestibility and calculated 
protein effi ciency ratio of chickpea protein isolate prepared by a micellization 
process was higher (94.1% and 2.6, respectively) than casein (90.0% and 2.5, 
respectively  ) and showed good functional properties. Proteins from pea and 
canola have also been shown to have good nutritional and functional proper-
ties  [135, 136] . As a nutritional and functional alternative, high - protein dairy 
fl ours, concentrates, or isolates could also be considered. As these proteins are 
equally allergenic, appropriate precautions need to be taken in their labeling.  

   11.4.3.    Alternatives to Peanut and Tree Nut Oils 

 Peanut and tree nut seeds contain 40 – 50% oil depending on variety and 
growing conditions. Peanut and tree nut oil extracted from shelled seeds are 
used in culinary preparations for their pleasant fl avor and also for therapeutic 
purposes. Due to their high PUFA and vitamin E content, peanut and tree nut 
oils play a signifi cant role in a healthy diet. Vegetable oils such as soybean, 
canola, sunfl ower, palm, coconut, sesame, saffl ower, olive, and corn oils can be 
used to replace peanut and tree nut oils in cooking and in food processing. 
The nutritional benefi ts of oils such as olive oil and canola oil are commonly 
known. Sesame and sunfl ower seeds contain similar quantities of oil as in 
peanut and tree nut oils. Sesame oil, however, contains higher PUFA levels 
(41.7%) and lower MUFA levels (39.7%) than peanut oil (32% and 46%, 
respectively), while sunfl ower oil is rich in MUFA and has lower PUFA content 
(57.3% and 28.9%, respectively). Although soybean seeds contain lower oil 
content ( ∼ 20%), soy oil is higher in PUFA (57.74%) and lower in MUFA 
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(22.78%) than peanut oil. Peanut oil is widely used for frying of foods due to 
its high smoke point (244 ° C). The smoke point of soybean, canola, sunfl ower, 
palm, coconut, sesame, saffl ower, olive, and corn oils range between 220 and 
242 ° C  [137] ; depending on the food in question, these oils could be used 
as effective replacements for peanut and tree nut oils in the manufacture of 
 “ nut - free ”  foods. For use as a salad oil, pumpkin seed, fl axseed, grape seed, 
avocado, and hemp seed oils are potentially good alternatives.  

   11.4.4.    Alternatives to Peanut and Tree Nut Butters 

 Peanut and tree nut butters are pastes made from roasted peanut or tree nuts 
with or without addition of salt, sweetener, and oil. They are often consumed 
in a manner similar to butter from cow ’ s milk (i.e., as a spread) and are also 
commonly used in snacks and chocolate preparations because of their nutri-
tional quality and functionality. Suggested alternatives to peanut and tree nut 
butters include sesame, soy, pea, hemp, pumpkin seed, and sunfl ower butters 
(Fig.  11.2 ). Sesame, sunfl ower, soy, and hemp butters contain approximately 

A B C

D E

     Fig. 11.2     Commercially available alternatives to peanut and tree nut butter. (A) 
Soybean seed butter; (B) sunfl ower seed butter; (C) pumpkin seed butter; (D) sesame 
seed butter; (E) pea seed butter.  
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17 – 19% protein and 48 – 54% fat, which is comparable to peanut and tree nut 
butters (approximately 15 – 22% protein and 50 – 60% fat). Pea and pumpkin 
seed butters contain less protein (12 – 14%) and fat (30 – 35% fat). Sesame, 
sunfl ower, hemp, pea, and soy butters are commercially available; however, 
utilization of these butters in confectionery and bakery applications as an 
alternative to peanut and tree nut butters has not been extensively studied.     

   11.5.    HIDDEN AND UNINTENTIONAL SOURCES OF 
PEANUT AND TREE NUT ALLERGENS 

 Complete avoidance of peanuts and tree nuts is often diffi cult due to hidden 
and undeclared sources of peanut and tree nut allergens in foods (Table  11.7   ). 
Numerous reports have indicated that convenience food products such as 
snacks, breakfast cereals, cookies, bakery items, and ice creams are often con-
taminated with peanuts and tree nuts due to improper handling, use of con-
taminated raw materials, cross - contamination in the production line, and so 
on  [138, 139] . This poses a potential risk for peanut -  and tree nut - allergic 
individuals.   

  TABLE 11.7    Hidden and Unintentional Sources of 
Peanuts and Tree Nuts in Foods 

  Hidden sources  
     Baked foods — biscuits, cakes, cookies, egg rolls  
     Cereal - based products  
     Sauces  
     Ice cream  
     Milk formulas  
     Soups  
     Candy  
     Vegetable meatballs  
     Pasta products  
     Chili  
     Vegetable oil  
     Margarine  
     Ointment containing peanut and tree nut oil  
     Drugs containing peanut and tree nut oil  
  Unintentional sources  
     Using contaminated raw materials  
     Sharing of utensils  
     Common packaging materials  
     Lack of equipment cleanliness  
     Improper handling of food  
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 Sicherer et al.  [6]  reported that 55% of peanut - allergic patients experienced 
accidental ingestion of peanut with an average of two accidents per patients 
over a period of 5.4 years, which most commonly happened in schools (29%), 
home (22%), and restaurants (8%), especially in Asian restaurants. The pres-
ence of hidden peanut ingredients in processed foods, cross - contamination, 
sharing food with friends, and skin contact with peanut butter in school class-
room projects were suggested as possible modes for accidental ingestion of 
peanut allergens. 

 Flinterman et al.    [21]  reported the case of four peanut - sensitive children 
(mean age of 7.5 years) who developed allergic symptoms after ingestion of 
food products that contained hidden sources of peanut. The culprit foods were 
vegetarian meatball, chocolate ice cream, chocolate candy bar, and chocolate 
lollipop. Some reports have also suggested accidental ingestion of peanuts and 
tree nuts due to the use of containers that were previously used for carrying 
foods containing peanuts. Furlong et al.  [140]  reported higher chances of acci-
dental exposure to peanuts and tree nuts (67% and 24%, respectively) in food 
establishments, and desserts were the most common sources of exposure to 
peanuts and tree nuts (43%) followed by entr é es (35%), appetizers (13%), 
and others (9%). The inadvertent ingestion of peanuts and tree nuts was 
mainly from sauces, dressings, or egg rolls, as well as cross - contact due to 
sharing of equipment and utensils and improper handling. Candy, chocolate 
products, cookies, chili, dry soup mixtures, pasta, sandwiches, and Vietnamese 
dishes have also been frequently reported to be contaminated with peanuts 
and tree nuts  [141, 142] . 

 Moneret - Vautrin et al.  [12]  detected the presence of peanut oil in 11 milk 
formulas, which resulted in the development of allergic reactions in peanut -
 sensitive infants (4 – 13 months). Undeclared peanut (50   ppm) was also found 
in 19 out of 49 industrially produced snack products including cereals, cereal 
bars, cookies, and various types of snacks  [138] . The Western Australian Food 
Monitoring Programme (WAFMP) reported the presence of undeclared 
almond and hazelnut in different food products including biscuits, cakes, choc-
olates, and ice creams  [139] . Fifty - fi ve percent of the food products were 
contaminated with almond and hazelnut, and among these, 14% contained 
greater than 1   ppm of almond and hazelnut allergens  [139] . 

 Food manufacturers and providers need to exercise greater caution in order 
to prevent the inadvertent presence of peanuts and tree nuts in foods labeled 
as being  “ free from ”  specifi c nuts. In general, the presence of undeclared 
peanuts and nuts in various types of foods can be attributed to a wide variety 
of factors including the use of contaminated raw materials; common transport 
containers for peanuts, tree nuts, and other foods; lack of separate production 
lines and equipment for processing  “ nut - free ”  foods; processing of  “ nut - free ”  
products immediately after processing nut - containing products; and insuffi -
cient cleaning steps as well as unsafe rework managements  [138, 139] . Potential 
sources of contamination and cross - contact, therefore, need to be carefully 
identifi ed and properly controlled as discussed elsewhere in this book. 
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 It is important to mention here that peanut oil is sometimes used in the 
development of drugs, ointments, and massage creams, and exposure to these 
products could provoke allergic reactions in peanut - sensitive individuals  [143, 
144] . Transgenic plants could also result in the introduction of allergens in the 
food chain as was demonstrated with the case of three Brazil nut - allergic 
patients who had positive skin reactions to transgenic soybean carrying the 
Brazil nut 2S gene  [64] . Transgenic foods, therefore, need to be carefully 
screened and appropriately labeled if potential allergenic proteins are present. 

 For the allergic consumer, an important step in successful allergen avoid-
ance is verifi cation of food labels for the presence of peanuts and tree nuts 
when purchasing prepacked food items. In response to strict food labeling 
regulations in many countries, manufacturers are increasingly using precau-
tionary labels such as  “ may contain traces of peanuts and tree nuts ”  or  “ made 
in a factory that processes peanuts and tree nuts ”  to help allergic patients. 
These kinds of labels unintentionally create greater confusion rather than 
provide guidance about the safety of foods for the allergic consumer  [138] . 
Flinterman et al.  [21]  examined the dietary management of peanut - allergic 
children (median age 7.5 years) during a 12 - month follow - up period. Three 
peanut - sensitive children out of 11 developed mild to moderate allergic symp-
toms after the intake of foods with a  “ may contain ”  peanut label. The study 
indicated that  “ may contain ”  labeling can affect food choices of allergic indi-
viduals and may strongly infl uence compliance in a negative way. Furthermore, 
the amount of allergens present in the peanut -  and tree nut - contaminated food 
items is often unknown.  

   11.6.    ANALYTICAL TOOLS FOR DETECTION OF PEANUT AND 
TREE NUT ALLERGENS 

 Reliable analytical tools are necessary to detect the presence of hidden peanut 
and tree nut allergens in foods in order to ensure compliance with food label-
ing regulations and to improve consumer protection. Various immunoassay 
and DNA - based methods are available for the detection of hidden peanuts 
and tree nuts in foods. Immunoassays such as radioallergosorbent test (RAST), 
EAST, ELISA, and immunoblotting techniques target total protein or specifi c 
peanut and tree nut allergens. The DNA - based assays are based on the ampli-
fi cation of a specifi c DNA segment of the allergen by the polymerase chain 
reaction (PCR)  [145] . Among protein - based assays, ELISA is widely used to 
detect food allergens because of its high precision, sensitivity, speed, and ease 
of handling. Even though DNA marker - based assays may, in some instances, 
be more sensitive and reproducible than ELISA techniques, due to their 
higher cost, complicated procedures, and longer duration, their applicability 
in allergen detection has been limited  [146] . 

 ELISA tests are based on interactions between antibodies and antigens and 
consist mainly of three processes, namely sample preparation, extraction, and 
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determination. Extraction of proteins from allergenic foods is a prerequisite 
for allergen detection by ELISA test. Currently available ELISA kits detect 
soluble or buffer extractable peanut and tree nut proteins in foods. An inef-
fi cient extraction process can, therefore, affect the detectability of allergens 
and give false - negative results. Nogueira et al.  [147]  reported that the yield of 
proteins extracted from raw peanuts was higher than from roasted peanuts 
using the Bradford and bicinchoninic acid (BCA) protein assays. The concen-
tration of purifi ed Ara h 1 and Ara h 2 also ranged from 2.55 to 0.30    μ g/ μ L, 
depending on the degree of roasting  [147] . Poms et al.  [148]  reported that the 
extraction effi ciency of soluble protein from oil and dry roasted peanuts (140 –
 190 ° C) reduced by 50% and 75 – 80%, respectively, compared with raw peanuts 
using Tris - buffered saline (TBS). Addition of 6   M urea (denaturing agent) to 
the TBS extraction buffer increased the protein yield for the dry and oil 
roasted peanuts. Cong et al.  [149]  observed no difference in ELISA response 
of fried, boiled, and roasted peanuts extracted with a urea buffer compared 
with raw peanuts. There was, however, a remarkable difference (decrease) in 
Ara h 1 content for the fried and boiled peanuts when only phosphate buffer 
saline (PBS) at pH 7.6 was used as the extraction buffer. Reduced extract-
ability in the absence of a denaturing agent may be due to heat - induced con-
formational changes in the peanut protein structure (hydrophobic interactions), 
which make the proteins less soluble in aqueous extraction buffers. A stan-
dardized buffer system for extraction of protein from processed peanuts and 
tree nuts will, therefore, be very useful. 

 The detection of peanut and tree nut allergens in chocolate by ELISA is 
particularly challenging due to the inherent matrix effect. Grimshaw et al.  [25]  
observed diffi culty in extracting peanut proteins from high - fat recipes such as 
chocolate. Moreover, chocolate contains high amounts of tannins and other 
phenolic compounds, which effectively bind with proteins and may also inter-
fere with the ELISA test by binding with antibodies  [150] . Addition of 5% 
nonfat dry milk (w/v) for 2.5 hours at room temperature or 15 minutes at 60 ° C 
increased the extraction of peanut allergen (Ara h 1) from 0.16% to 0.33% in 
peanut chocolate  [151] . Trucksess et al.  [152]  studied the variation of analytical 
results for peanut contamination in energy bars and milk chocolate using com-
mercially available ELISA kits. The sampling and subsampling steps were the 
major source of variability contributing 60 – 90% of total variance compared 
with the analytical variability associated with testing the energy bars and milk 
chocolate for peanut contamination. Increasing sample size from 1 to 4 bars 
and using 20   g of subsample instead of 5   g and duplicate analyses of each 
extract reduced total variability for detecting peanuts in energy bars or similar 
snack foods (candy bars/breakfast bars). For powdered milk chocolate, 20   g of 
subsample and duplicate analyses of each extract were recommended. 

 The type of antibody used in an ELISA is also important for accurate detec-
tion of peanut and tree nut allergens. Most commercial ELISA kits use either 
polyclonal antibodies (IgG) from rabbit, sheep, or goat, or monoclonal antibod-
ies from mice. Antibodies raised against raw or minimally processed peanuts 
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and tree nuts may not recognize highly processed peanuts and tree nuts. Hence, 
the selection of appropriate sample size, suitable buffer, and right antibodies 
is an important factor that needs to be considered as this may infl uence accu-
rate detection of peanut and tree nut allergens in foods. Three commercial 
ELISA kits (Biokits, Tepnel Biosystems, Gainesville, FL; Veratox, Neogen 
Corp., Lansing, MI; and RIDASCREEN ® , FAST, R - Biopharm, Darmstadt, 
Germany) have been validated by the Association of Offi cial Analytical 
Chemists (AOAC) for the detection of peanuts at levels of 5    μ g/g in processed 
foods including breakfast cereals, cookies, ice cream, and milk chocolate  [153] . 
Several other test kits are commercially available for the detection of peanut 
and tree nut allergens in food products and are listed in Table  11.8   .    

   11.7.    GUIDELINES FOR PROCESSING FOODS  “ FREE FROM ”  
PEANUTS AND TREE NUTS 

 To ensure the safety of peanut -  and tree nut - allergic consumers, food manu-
facturers must carefully assess the potential risks of peanut and tree nut con-
tamination during processing. This includes evaluation of all ingredients used 
in processing as well as possible contamination from rework, processing, and 
cleaning aids. Cleaning of equipment is an essential step before processing 
foods  “ free from ”  peanuts and tree nuts. Inadequate cleaning may lead to 
traces of peanuts and tree nuts in the equipment, which increases the risk of 
cross - contact. Stephan et al.  [154]  found that cleaning water from peanut mush 
equipment contained 98.5 – 1379    μ g/mL of peanut protein when analyzed by 
sandwich ELISA and Bradford assays. However, when the equipment was 
washed with wash water using acid (P3 - horolith CIP, conductance 5.5   mS/cm) 
and alkali solutions (P3 mip, conductance 22   mS/cm), results for the presence 
of peanut protein were negative. Evaluation of cleaning effi ciency by measur-
ing total protein content in washing water and residual proteins on surfaces 
could lower the risks of cross - contact. 

 Additionally, multiple production lines operating in a single facility may 
present potential pitfalls for peanut and tree nut contamination  [139] . Proper 
scheduling of production lines can help to prevent cross - contact. As an 
example, in shared facilities, food products containing peanuts and tree nuts 
can be produced at the end of the week or at the end of the production shift. 
The equipment can then be dismantled for cleaning and completely washed 
to remove hidden peanuts and tree nuts. Reviewing and verifying equipment 
cleanliness before processing food products that are  “ free from ”  peanuts and 
tree nuts will reduce the chances of contamination. Creating awareness among 
employees about hidden and unintentional sources of peanuts and tree nuts 
in food products coupled with adequate training can help to prevent the risk 
of cross - contact and the inadvertent presence of allergens. The use of certifi ed 
raw materials and thoroughly cleaned individual containers for transport will 
also help to improve the safety of food products labeled as  “ free from ”  peanuts 
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and tree nuts. As the risk of cross - contact may be high in a shared facility, 
dedicated facilities may be the most suitable option for the production of foods 
labeled as  “ free from ”  peanuts and tree nuts.  

   11.8.    CONCLUSION 

 Due to increasing prevalence of peanut and tree nut allergy in the general 
population, there is a growing demand for food products labeled as  “ free 
from ”  peanuts and tree nuts. Food manufacturers need guidance on how to 
process such foods. They also need to understand how cross - contact occurs, 
the sources of contamination, and the effect of processing treatments on aller-
gen detection and allergenicity. Research is needed to improve our under-
standing of the effects of different processing treatments on the allergenicity 
of peanut and tree nut proteins and to identify potential techniques that can 
be used to reduce the allergenicity of these proteins. 

 Cross - contamination of peanuts and tree nuts in food products pose allergic 
risks to peanut -  and tree nut - sensitive individuals. The use of good agricultural 
practices (GAPs) and good manufacturing practices (GMPs) during produc-
tion and processing may help to reduce the risks of cross - contact in peanut -  
and tree nut - free foods. Furthermore, appropriate GAP and GMP may help 
to reduce the use of broad labeling such as  “ may contain ”  or  “ made in a factory 
that processes peanuts and tree nuts ”  and will enhance the capacity of the food 
industry to more accurately indicate the level of contamination likely to be 
present in their food products as well as increase their capacity to produce 
food products that are truly  “ free from ”  peanuts and tree nuts. Additionally, 
new research studies on threshold dose determination for peanuts and tree 
nuts such as that conducted by Taylor et al.  [155]  will be useful to establish 
guidelines for the industry.  
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  12 
PROCESSING GLUTEN - FREE 
FOODS    

  Elke K.     Arendt    and    Maria Helena B.     Nunes       

    12.1.    INTRODUCTION 

 Over the last few decades, celiac disease (CD  ) has become one of the most 
common food intolerances worldwide. CD is also known as celiac sprue or 
gluten - sensitive enteropathy and is defi ned as a chronic infl ammatory disease 
of the small intestine, which results from the interaction between gluten pro-
teins and immune, genetic, and environmental factors  [1] . 

 CD is triggered by certain components present in gluten proteins, such as 
gliadin and glutenin of wheat, secalins of rye, and hordeins of barley. These 
proteins are resistant to enzymatic digestion in the intestinal tract of celiac 
patients  [2] . When these components are ingested, an immune response occurs, 
promoting an infl ammatory reaction in the mucosa of the small intestine. The 
disease is associated to the genotypes HLA - DQ2   or DQ8 and is only gener-
ated when a person has alleles that encode these types of HLA genes  [1, 3] . 
The presence of DQ2 and DQ8 is typically found in the genome of celiac 
patients and has also been associated to other autoimmune diseases such as 
type 1 diabetes, thyroid disease, and lupus  [4] . Untreated patients with CD are 
at increased risk of anemia, edema, osteoporosis, infertility, T - cell lymphoma, 
and other malignancies  [2] . A gluten - free diet not only alleviates the symptoms 
and enhances nutrition and bone density, but it can also reduce the risk of 
developing other autoimmune conditions. Thus, the diet leads to a complete 
healing of the intestinal mucosa, although the histological recovery may never 
be complete in some patients  [5] . 

Allergen Management in the Food Industry, Edited by Joyce I. Boye and 
Samuel Benrejeb Godefroy
Copyright © 2010 John Wiley & Sons, Inc.

c12.indd   333c12.indd   333 6/17/2010   7:06:54 PM6/17/2010   7:06:54 PM



334 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

 CD is not only recognized as the most common food disease throughout 
Europe, but also in the Middle East, Asia, Australia, America, and North 
Africa  [1] . CD occurs in adults and in children with rates approaching 1% of 
the population  [5, 6] .  

   12.2.    OVERVIEW OF AVAILABLE GLUTEN INGREDIENTS 
AND TERMINOLOGIES 

 The cereals known to cause reactions in celiac patients are wheat, rye, and 
barley. According to various plant classifi cations (taxonomy)  [7] , these cereals 
belong to the grass family (Poaceae) and are all included in the same tribe, 
namely Triticeae  . Cereals classifi ed in this tribe are considered highly probable 
to be toxic for celiac patients  [7] . The storage proteins in Triticeae (gluten) are 
composed of alcohol - soluble prolamins, which consist of gliadin fractions and 
alcohol - insoluble glutelins, which consist of glutenin fractions, portions that 
trigger the disease  [2] . The prolamin fractions are the most toxic for celiac 
patients and are known as gliadin in wheat, secalin in rye, and hordein in 
barley. Another cereal, closely related to the ones mentioned above, is oat 
(Aveneae), which contains avenin. The gluten - free status of oats is currently 
under discussion. Other cereals such as corn, sorghum, millet, and rice also 
contain prolamins; however, these are considered safe for consumption by 
celiac patients. The so - called pseudocereals such as buckwheat, amaranth, and 
quinoa are not part of the grass family but are considered safe for celiac 
patients and are commonly used for the production of gluten - free foods. 

 The toxicity of gluten proteins was extensively evaluated by many authors 
 [2, 8, 9] , who concluded that both prolamins and glutelins of wheat, rye, barley, 
and, possibly, oats appear to be involved in activating celiac disease. Furthermore, 
for wheat gluten, the most toxic sequences occur in the repetitive N - terminal 
domain of  α / β  - gliadins. For rye and barley, no tests were yet performed, but 
these cereals present homologous structures to the ones of wheat  [2] . 

 Wheat is the most important cereal in the world used for human consump-
tion; however, it is the cereal with the highest content of storage proteins, 
contributing 80 – 85% of the total wheat protein. Due to this considerable 
high gluten content, wheat is the ideal candidate for a wide range of cereal 
products. 

 The gluten proteins in wheat have unique properties, such as good water 
absorption capacity, cohesiveness, viscosity, and elastic properties. In a dough 
system, gliadin contributes to the viscous properties, while glutenin (glutelin 
fraction) contributes to the elastic properties. A proper mixture of both frac-
tions is essential to impart the viscoelastic properties so well known in wheat -
 based dough  [10] . The adequate mixture of these fractions is only found 
in wheat, making this cereal the most valuable of all the food grains, being 
an important tool to provide texture or ingredient binding in many food 
applications. 
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   12.2.1.    Defi nition of Gluten - Free 

 The only therapy to treat celiac disease is a strict lifelong adherence to a 
gluten - free diet. The term  “ gluten - free ”  does not refer to the total absence of 
gluten. In the defi nition of gluten - free, some residual amount of gluten is 
allowed; however, this amount is strictly regulated. 

 Worldwide, foods produced for international trade should follow the stan-
dard levels regulated by the Codex Alimentarius. The current Codex 
Alimentarius Standard for gluten - free foods was established in 1976 and was 
amended in 1983. The defi nition of gluten - free is, however, under revision since 
1992 by the Codex Committee on Nutrition and Foods for Special Dietary 
Uses. The last draft of the Codex Commission is from July 2008 and defi nes 
gluten - free foods as 

  1.     consisting of or made only from one or more ingredients, which do not 
contain wheat (i.e., all  Triticum  species, such as durum wheat, spelt, and 
kamut), rye, barley, oats (determined at a national level), or their cross-
bred varieties, and the gluten level does not exceed 20   mg/kg in total, 
based on the food as sold or distributed to the consumer (e.g., bread 
made from gluten - free cereals);  

  2.     consisting of one or more ingredients from wheat (i.e., all  Triticum  
species, such as durum wheat, spelt, and kamut), rye, barley, oats (deter-
mined at a national level), or their crossbred varieties, which have been 
specially processed to remove gluten, and the gluten level does not 
exceed 20   mg/kg in total, based on the food as sold or distributed to the 
consumer (e.g., distilled products such as vinegar or liquors, wheat 
starch)  [11] .    

 Decisions on the marketing of products described in this section may be 
determined at the national level. 

 The establishment of a standard limit for the gluten content has caused 
disagreements within the international food authorities. Disagreements regard-
ing the decision on the inclusion of oats and on the exact limit of gluten level 
in gluten - free foods became remarkable  . 

 In the United States, gluten - free foods are regulated by the U.S. Food and 
Drug Administration (FDA), who defi nes the term  “ gluten - free ”  as a food that 
does not contain any ingredient from any species of the grains wheat, rye, 
barley, or a crossbred hybrid of these grains. Oats are not included in the 
 “ prohibited grains. ”  In the case of trace amounts of gluten, these should not 
exceed the 20   mg/kg. In Canada, a  “ gluten - free ”  food must not contain wheat, 
including spelt and kamut, or oats, barley, rye, triticale, or any part thereof  [12] . 
Recently, the Canadian Celiac Association has revised the position statement 
on oats, establishing specifi cations on growth, harvesting, and processing of 
pure and uncontaminated oats. These are presently considered safe within a 
daily threshold of 50 – 70   g for adults and 20 – 25   g for children  [13, 14] . In 
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Europe, only Finland and the United Kingdom considered oat products as safe 
in a gluten - free diet, although some precautions and recommendations were 
made, for example, the celiac patient should consult a doctor before starting 
a diet containing oats  [15] . 

 The safe threshold of gluten in a food product is another controversial issue. 
Over the last few years, the level of gluten traces has been continuously 
reduced by the Codex Committee and yet studies have proven that 100   mg/kg 
gluten is not a  [13]  suitable limit, since 50   mg/kg of gluten intake demonstrated 
to be harmful for certain individuals  [16] . These authors affi rmed that the 
establishment of a gluten threshold depends not only on the minimum toxic 
dose but also on the amount of gluten - free products consumed by celiac 
patients. Due to fact that the clinical research did not reach a consensus of the 
exact threshold, disagreements are also found regarding the labeling of gluten -
 free foods. The acceptance of a standard method by the Codex Commission, 
and results of ongoing research on tolerance levels will allow the commission 
to move toward adopting a new revised defi nition of  “ gluten - free. ”    

   12.3.    IDENTIFYING NUTRITIONAL AND FUNCTIONAL 
ALTERNATIVES TO WHEAT, BARLEY, AND RYE 

 A gluten - free diet affects inevitably the quality of life of individuals undergo-
ing this type of treatment. Lee and Newman    [17]  reported that the restrictive 
nature of the diet can be a limiting factor affecting decisions on social activi-
ties, contributing negatively to their ability of dining out and traveling and, at 
a less extent, to their family life or work ability. 

 Cereals and cereal products are one of the major sources for human nutri-
tion worldwide. Therefore, the avoidance of wheat in particular becomes a 
problem when the patient has no control over the food provided to them. 
Moreover, the purchase of products labeled as gluten - free is a concern when 
prices and variety available is comparatively small to the commercialized 
conventional products. This problem might be even more evident in countries 
where a gluten - free diet is still not so common. 

 In order to create new and healthier options leading to a reduction of price 
of the gluten - free products, many studies have been performed to investigate 
the potential of grains other than wheat, barley, and rye for the production of 
food. 

   12.3.1.    Functional Properties 

 For baking applications, consideration must be given to certain properties, 
particularly related to starch, such as the amylose – amylopectin ratio or pasting 
behavior. Starch is the main component in all the cereal grains, and it may 
determine the quality and functionality of the cereals when these are submit-
ted to thermal processing. Proteins are the second highest component in 
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cereals, and depending on the type of protein fractions present in the grain, it 
may also determine their functional and nutritional value. 

  Rice  is considered one of the most suitable grains for celiac patients due to 
attributes such as low protein and sodium content and the presence of approxi-
mately 80% of easily digestible carbohydrates. Rice of good eating quality 
shows low amylose (19.5%) and low protein content (7.3%). Rice starch gela-
tinizes at around 65 ° C and presents a high peak viscosity due to its small size 
granules  [18] . The rice proteins are mainly composed of glutelins, but these 
have relatively poor functional properties with regard to food processing, due 
to their hydrophobic nature, which makes them extremely insoluble. Due to 
these characteristic, rice fl our on its own is not suitable for bread production, 
although it can be used in many other applications in bakery products, such 
as baby foods or extruded cooked products  [19] . 

  Corn  contains between 75% and 87% of starch and 6 – 8% of protein  [20] . 
The storage proteins of corn are prolamins called zeins; they represent 60% 
of the protein content  [21]  and are characterized by their insolubility. 
Cornstarch has a gelatinization temperature ranging from 52.9 to 66.5 ° C  [22] . 
Corn is widely used in products such as tortillas and extruded snacks. Moreover, 
the isolation of starch from corn is itself a major food ingredient. 

 In  sorghum , starch constitutes an average of 70.8% of the grain  [23]  and 
has similar properties to cornstarch; however, the peak viscosity and the water -
 binding capacity of sorghum have been reported to be lower than that of 
cornstarch  [24] . Starch from waxy sorghum ( < 1% amylose) is known for its 
rapid cooking ability, paste clarity, and resistance to gel formation and retro-
gradation  [23] . Sorghum proteins constitute an average of about 11% and are 
mainly composed of the prolamin fractions, called kafi rins. The sorghum pro-
teins are characterized by a high resistance to enzymatic digestion and to 
disruption during processes such as extrusion, and by a decrease in digestibility 
upon cooking  [25] . This may be associated with the formation of more protein 
cross - links during cooking  [26] . Sorghum is traditionally used to produce por-
ridges, steam - cooked products, fermented or unfermented breads, alcoholic or 
nonalcoholic beverages, and snacks  [27] . 

 The more important  millets    include pearl, foxtail, proso, and fi nger millets. 
There are other millets of local signifi cance, including teff, kodo, barnyard, 
fonio, and little millet. Among millets, pearl millet is the most widely grown, 
and it is known to have the higher protein content and the more balanced 
amino acid composition. The protein content of pearl millet ranges from 8% 
to 19% and its major constituents are prolamins and glutelins. Starch accounts 
for 56 – 65% of the kernel, from which 20 – 22% is amylose  [28] . The water -
 holding capacity of pearl millet starch is higher than that of sorghum and lower 
than that of maize. Pearl millet starch appears to have a higher swelling power 
and solubility than other starches  [24] . Millets as well as sorghum are mainly 
used for the production of porridges and fermented beverages  [27] . 

  Pseudocereals  (buckwheat, amaranth, and quinoa) are dicotyledonous 
plants, while cereals are monocotyledons and are classifi ed as legume - like  [7] . 
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In comparison with cereal grains, pseudocereals have a higher nutritional 
value, which is mainly connected to their proteins  [29] . Pseudocereals have 
their reserve compounds located at different places in the kernels, but their 
physicochemical characteristics are comparable to cereal grains. 

 Buckwheat has attracted increasing attention from food scientists for its 
positive effects on a number of chronic diseases  [30] . Buckwheat contains 
mostly carbohydrates (63%), where starch represents 55.8% of the grain. The 
proteins contribute to 11 – 15% to the weight of the grain. However, in cereals, 
usually 10 – 20% of the protein is associated with the embryo, while 80 – 90% is 
found in the endosperm. In buckwheat, 55% of the protein is located in the 
embryo, 35% in the endosperm, while the remainder is found in the hull  [31] . 
Buckwheat is rich in micronutrients, and the amino acid structure and com-
position are distinctly different from other cereals, as its limiting amino acids 
are Thr and Met. A variety of buckwheat - based foods have been reported in 
the literature  [32] , for example, wine, sauces, cakes, and noodles. Furthermore, 
its use in the production of gluten - free malt beers  [33 – 37]  and bread  [38]  is 
also reported. 

 Amaranth is another pseudocereal that has shown great economic potential 
and also has a high nutritional value. The storage proteins of the  Amaranthus  
species are located in the embryo and endosperm cells and range from approxi-
mately 13 – 18%, where albumins and globulins are the major seed proteins  [39, 
40] . Starch is stored in the perisperm and is the most abundant carbohydrate 
component in the amaranth grain. The extremely small starch granules of 
amaranth provide unique functional properties in food products, acting, for 
example, as thickener or as fat replacement  [41] . Due to the low amylose levels 
typically found in amaranth starch, this pseudocereal performs poorly in bread 
and cake formulations  [42] . However, species of the amaranth family with 
higher amylose content may improve its performance as an ingredient in bread. 

 Quinoa ( Chenopodium quinoa ) is nutritionally interesting because it con-
tains high levels of lysine - rich proteins, polyunsaturated fatty acids, micronu-
trients, and vitamins C and E  [43, 44] . Quinoa contains a slightly higher protein 
content (13 – 14%) and a much greater fat content than (5 – 9.7%) most cereal 
grains  [45, 46] . The starch content ranges from 52% to 69%, which is lower 
than what has been found in other cereals but comparable to the remaining 
pseudocereals  [44, 46] . Quinoa starch is rich in amylopectin, which leads to 
low gelatinization temperatures comparable to wheat and barley  [47] . Quinoa 
starch exhibits much higher pasting viscosity than wheat or amaranth starch 
 [48]  but has excellent freeze – thaw stability  [49] , which is due to the high 
content of amylopectin and low content of amylose. Quinoa has been mainly 
used in the production of extruded products and as a nutrient complement in 
wheat breads.  

   12.3.2.    Nutritional Value 

 It has been shown in a number of studies that the adherence to a gluten - free 
diet can lead to defi ciency in certain vitamins and minerals as well as in fi ber. 
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Thompson  [50] , for example, reported that gluten - free cereal products gener-
ally provide lower amounts of folate and iron and more dietary fi ber than their 
enriched/fortifi ed, gluten - containing counterparts. Also, a malabsorption of 
vitamin D and calcium is a common manifestation of untreated celiac disease 
that can lead to a number of degenerative diseases. Patients should be encour-
aged to consume whole grain and enriched/fortifi ed, gluten - free fl ours, breads, 
pastas, and cereals. Considering the defi ciencies of a gluten - free diet, some 
studies have investigated the incorporation of dairy ingredients  [51]  or dietary 
fi bers in bakery products. Patients should also be encouraged to increase their 
consumption of noncereal sources of folate, iron, and fi ber, which are found 
in vegetables, fruits, and animal sources  [50, 52] . From a nutritional point view, 
the pseudocereals as well as oats are good sources of fi ber and iron and should 
therefore be incorporated where possible. The protein from pseudocereals can 
also be used as a supplement when other crops are used in gluten - free food 
products. Shewry and Halford    [53]  affi rmed that the nutritional defi ciencies in 
the essential amino acids might be overcome with the combination of cereals 
and legume seeds (pseudocereals). These two types of seeds are essentially 
complementary in their compositions of essential amino acids: cereals tend to 
be rich in sulfur - containing amino acids and low in lysine, whereas legume 
seeds are rich in lysine and low in sulfur - containing amino acids.  

   12.3.3.    Oats 

 Oat is a very versatile cereal with a mild nutty fl avor, and it has been promoted 
as a cereal with high nutritional value. In a recent review  [54] , it has been sug-
gested that the daily intake of adequate amount of oats dietary fi ber ( β  - glucan) 
reduces the serum cholesterol levels as well as the postprandial glycemic and 
insulinemic response. 

 Oats have been widely used in products such as snacks, breads, and por-
ridges, as well as additional ingredient to certain products like ice cream or 
yogurt  [55] . Compared with other cereals, oats are characterized by lower 
carbohydrate content, with higher protein and fat content  [56] . 

 In the past, the oat consumption was believed to be harmful for celiac 
patients. This was mainly due to the fact that there is a high risk of contamina-
tion with gluten - containing cereals during the processing of oats and also due 
to the little information available on the toxicity of pure oats. Recently, a 
signifi cant amount of studies have been performed to evaluate the inclusion 
of oats in the gluten - free diet  [57 – 60] . 

 The toxicity of oats became increasingly controversial not only due to 
medical studies but also to the improved knowledge acquired on the oat pro-
teins. In oats, the prolamin fraction of the storage proteins is avenin, and it 
belongs to the tribe Aveneae, whose origin differs from the Triticeae cereals 
(i.e., wheat). Moreover, the major storage protein in oats is globulin, varying 
from 40 – 50% to 70 – 80%, while prolamin fraction accounts for only about 15% 
of the total protein. Regarding the small amount of prolamins in oats, it has 
been suggested that a far greater quantity of oats would have to be consumed 
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to cause the same adverse effects as wheat, rye, or barley  [61] . This character-
istic is also related to the oats ’  inability to form a viscoelastic dough compa-
rable to wheat  [62] . 

 The amino acid composition of oats also refl ects its intermediate position 
in cereal taxonomy, presenting characteristics similar to Triticeae and to other 
tribes considered safe for celiac disease diet. In oats, the high degree of amida-
tion of glutamic and aspartamic acids correspond to that of wheat, rye, and 
barley. However, a higher content of lysine and relatively low proline residues 
present in the avenin peptides contribute to relevant differences between oats 
and Triticeae cereals. This lack of proline residues creates susceptibility of the 
oat proteins to be degraded by proteases in the gastrointestinal tract  [9] . 

 In patients with celiac disease, T - cell reactivity has been found against a 
large panel of epitopes derived from  α / β  - gliadin,  γ  - gliadin, and glutelin pro-
teins  [10] . The most toxic amino acid sequence known is found in prolamins 
of wheat, rye, and barley, but not in oats, where the amount of N - terminal 
sequences is much smaller. Together with the fact that oats present no anti-
genic similarity to wheat and related cereals, this could explain the possibility 
of oats being suitable for consumption by celiac patients  [63, 64] . Previous 
review studies  [15, 60]  on oat toxicity summarized several medical interven-
tions carried out from 1995 to 2007. Thompson  [60]  reported that without 
exception, the studies  [65 – 70]  concluded that there were no adverse effects 
associated with the regular consumption of moderate amounts of oats ( ≤ 62.5   g/
day [mean]). In the most recent review carried out by Salovaara et al  .  [15] , 
almost 300 celiac patients following a gluten - free diet for at least the previous 
3 months consumed up to 100   g/day of oats. From these studies, only four 
patients consuming  ≤ 50   g/day of pure oats were found to develop mucosal 
changes and dermatitis, this being directly related to the oats ingestion  [71] . 
In other cases reported by Arentz - Hansen et al  .  [72] , T cells were found to be 
specifi cally reactive to avenin. Nevertheless, it is proven that most celiac 
patients can tolerate the moderate consumption of oats (50 – 70   g/day) over a 
period of 6 – 12 months  [73] . In 2002, one of the largest intervention studies 
was performed  [68] , where 92 patients were initially incorporated. The results 
of this study revealed that the consumption of pure oats (free from cross -
 contaminations) can be tolerated by celiac disease patients and no complica-
tion in the intestinal mucosa could be detected up to a period of 5 years. 

 Although there were only very few studies suggesting that a small number 
of adult patients with celiac disease are intolerant to oats, these have not as 
such been declared gluten - free. For oat - tolerant celiac patients who included 
oats in their diet, it was also found that these had more abdominal complaints 
than those not eating oats  [59] . In these cases, commercial oat products were 
consumed, where cross - contamination may not be excluded. Oats are still not 
recommended worldwide as a grain to be consumed by celiac disease patients. 
This is mainly due to the fact that most of the commercial oat products avail-
able may contain some cross - contamination with gluten from other grains. 
Production of oats is predominantly performed in the proximity of wheat, 
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leading to increase in the probability of contamination during harvesting, 
transporting, and milling processes. 

 Nevertheless, oats are considered a cereal that may improve the nutritional 
content of the diet and overall quality of life  [59] . Oats can be tolerated by 
most, but not all, celiac disease patients. Therefore, the present Codex 
Alimentarius claims that the allowance of oats, not contaminated with wheat, 
rye, or barley in gluten - free foods, may be determined at a national level  [11] .   

   12.4.    HIDDEN AND UNINTENTIONAL SOURCES OF GLUTEN 

 One of the main concerns regarding the use of oats in the production of gluten -
 free foods is the doubt of oats and oat products being heavily  “ contaminated ”  
with barley or wheat  [74] , since these grains are grown in the same regions. 
G é linas et al.  [75]  concluded that the safest foods for celiac patients were based 
on cereals like rice, corn, or quinoa. On the other hand, foods made with oats 
or buckwheat encountered contaminations from wheat and barley gluten. 
However, Dahinden et al  .  [76]  reported no contaminations in all the tested 
products, which were manufactured in bakeries specialized in gluten - free 
foods. 

 Other sources of gluten may also be found in foods derived especially from 
wheat and barley. These products are obtained by processes such as fermenta-
tion (e.g., vinegar, soy sauce, enzymes), hydrolyzation (e.g., wheat starch and 
protein), and distillation (e.g., ethanol from fermented wheat), or by sprouting 
(e.g., malt and malt extracts from barley). However, some of these represent 
a threat to celiac patients  . 

 Dietetic gluten - free food produced for CD patients underlie the regulation 
of the Codex Alimentarius Standard for Gluten - Free Foods, which recently 
proposed a maximum level of 20   mg of gluten/kg for naturally gluten - free food 
 [11] . To ensure that the gluten - free products on the market are totally safe for 
consumption by the celiac patients, numerous analytical methods have been 
developed in order to detect gluten toxic fractions in cereals and its derivates. 
The ideal method should detect with equal sensitivity and specifi city all toxic 
fractions in raw ingredients as well as in foods that have been submitted to 
technological processes, which may lead to the loss of the original epitopes. 
However, the development and validation of a standard detection method 
revealed several diffi culties, such as the protein profi le dependency on the 
variety and environment conditions; cross - reactions with nontoxic cereals  [77] ; 
and the reliability of the measurement of gluten extracted from foodstuff  [78]  
or to accurately achieve the minimum detection limit, which should be of 
10   mg gluten/kg as established by the Codex Alimentarius in the  “ Methods of 
analysis and sampling ”  section  [11] . 

 The methods currently used for the detection of gluten are mostly based 
on immunochemical assays such as various enzyme - linked immunosorbent 
assay (ELISA) tests  [79] , R5 ELISA  [80] , or competitive ELISA  [81] . Other 

c12.indd   341c12.indd   341 6/17/2010   7:06:55 PM6/17/2010   7:06:55 PM



342 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

methods have been tested, such as mass spectroscopy  [82]  or polymerase chain 
reaction (PCR)  [76, 83]  and R5 ELISA in combination with real - time PCR 
 [84] . In 2006, the Codex Committee on Methods of analysis and sampling 
endorsed the (ELISA) R5 Mendez method as a type I method.  

   12.5.    GUIDELINES FOR GLUTEN - FREE PROCESSING 

 Gluten is often termed the  “ structural ”  protein for bread making. The proper-
ties of gluten become evident when fl our is hydrated, and an extensible dough 
with good gas - holding capacity and a bread with good crumb structure are 
obtained. The major problem associated with gluten - free cereals is the fact that 
these grains lack proteins with the ability to form networks upon hydration. 
The absence of gluten often results in a liquid batter rather than a dough  [51] . 

 The processing of wheat bread differs in many stages to that of gluten - free 
(Fig.  12.1 ). The methods used over the last few years for the production of 
gluten - free products have been modifi ed and optimized in order to establish 
the adequate ingredient combination, water levels and mixing, and proofi ng 
and baking times.   

 To simulate the typical network occurring in a wheat dough, many studies 
 [85 – 92]  have investigated not only the possibility of using more than one 
gluten - free fl our in the formulation, but also to use this fl our in combination 
with additional chemical or physical methods and treatments. Studies  [88 – 100]  
reported the effect of adding different starches, hydrocolloids, sourdough, and 
enzymes to the formulation in order to create gluten - free breads with structure 
and good appearance. 

Ingredients 

Mixing 

Rest 

Scaling 

Proofing 

Baking 
25–30 minutes, 230ºC

Wheat dough 
Flour, water, salt, yeast 

Optional ingredients/Additives

Gluten-free batter 
Flour(s), starch, water, sugar, fat, salt, 

yeast, hydrocolloids 
Optional ingredients/Additives

2 minutes at 44 rpm and 8 minutes
at 135 rpm 

1 minute at 44 rpm and 2 minutes
at 135 rpm 

>30 minutes at 30ºC and 85% rh 

Scaling 400 g of batter Scaling 400 g of dough and molding

Cooling 
2 hours

1 hour at 30ºC and 85% rh 15–30 minutes at 30ºC and 85% rh

     Fig. 12.1     Wheat -  and gluten - free bread - making processes.  
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   12.5.1.    Starch 

 Starch has unique properties that determine its functionality in many food 
applications, particulary bakery products where it contributes to texture, 
appearance, and overall acceptability of cereal - based foods  [101] . When a 
starch suspension is heated in water above a specifi c temperature, it undergoes 
disruption of molecular order, loss of crystallinity, and irreversible granule 
swelling. The network structure of the gelatinized starch molecules plays a vital 
role in the formation of the bread crumb  [102] . However, the incorporation 
of starch in bread may also become a problem. The retrogradation of starch 
granules during the storage period leads to an increase in the staling rate. This 
is an issue, in particular, while producing gluten - free breads, where certain 
amounts of pure starches are often combined with gluten - free cereals as a 
replacement for wheat. Gluten - free breads typically exhibit a crumbling 
texture, short shelf life, and poor sensorial characteristics. Therefore, other 
ingredients/additives have been introduced as important tools for the produc-
tion of gluten - free breads.  

   12.5.2.    Hydrocolloids 

 Hydrocolloids or gums are used in foods to improve texture, to reduce the 
starch retrogradation, to increase moisture retention, and to extend the 
overall quality of the product over time  [103] . The incorporation of hydrocol-
loids in gluten - free breads have been earlier reported and extensively inves-
tigated. Many types of hydrocolloids, such as hydroxypropyl methylcellulose 
(HPMC), locust bean gum, guar gum, carageenan, xanthan gum, pectin, car-
boxymethyl cellulose (CMC), konjac gum gelatin, agarose, and  β  - glucan, were 
evaluated, mainly in rice - based formulations. These studies revealed that all 
hydrocolloids interact with water, reducing its diffusion and stabilizing its 
presence  [98, 104] . Interactions between hydrocolloids and starch granules 
may also occur, leading to changes in the starch mobility and enhancing the 
structure  [105]  and the viscoelasticity of gluten - free batters and breads  [96, 
99, 104] . The studies mentioned above came to the conclusion that among all 
the hydrocolloids reported, HPMC and xantham gum appear to be the best 
options. Further studies demonstrated that an adequate combination of dif-
ferent hydrocolloids (e.g., HPMC and CMC) act more effi ciently as gluten 
replacement  [87, 100] .  

   12.5.3.    Dairy Ingredients 

 The addition of dairy ingredients to gluten - free foods may not only improve 
the nutritional value, but also the fl avor and structure. However, the dairy -
 based ingredients used in gluten - free products should be low in, or free from, 
lactose, since a signifi cant amount of celiac patients are intolerant, particularly 
during the early stages after being diagnosed  [106] . 
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 Several studies evaluating the quality, rheological properties, and shelf life 
of gluten - free products have incorporated dairy protein in the formulations. 
Sodium caseinate  [96, 107] , skim milk powder  [88, 89, 98, 107] , sweet and 
demineralized whey, fresh milk solids, and protein isolate  [107]  have been 
evaluated in gluten - free bread formulations. Gallagher et al.  [107]  studied the 
effect of a range of dairy powders, which improved the volume, color, crumb 
and crust appearance, and sensory properties of breads. These authors con-
cluded that, in general, powders with high protein/low lactose content gave 
better breads, as well as doubled the protein content.  

   12.5.4.    Sourdough 

 Sourdough is a mixture of fl our (e.g., wheat, rye), water, and other ingredients 
(e.g., NaCl) that is fermented by naturally occurring lactic acid bacteria (LAB) 
and yeasts. The use of sourdough in bakery products has long been recognized 
as a tool to improve the texture and palatability of whole grain and fi ber - rich 
products, and it may stabilize or increase the levels of bioactive compounds 
 [108] . Very little literature can be found regarding the incorporation of sour-
dough in gluten - free breads. Moore et al.  [91]  reported that the growth of a 
selected LAB in gluten - free batters was found to be similar to that reported 
previously for wheat sourdoughs. Sourdough fermentation caused an increase 
in the dough elasticity as well as a decrease in staling. Another study  [90]  
concluded that the addition of sourdough in gluten - free batters could effec-
tively retard the mold growth, improving signifi cantly the shelf life of the 
gluten - free breads. Schober et al.  [109]  demonstrated that the problems associ-
ated with sorghum bread production (i.e., fl at top and tendency toward a hole 
in the crumb) could be overcome by the sourdough fermentation of the total 
sorghum fl our. 

 Nevertheless, research has been carried out to access the possibility of 
producing sourdough bread that is tolerated by celiac patients. The results of 
these studies revealed that the use of selected lactobacilli, nontoxic fl ours, and 
a long fermentation time is a novel tool for decreasing the level of gluten 
intolerance in humans  [110] . Furthermore, in a study carried out by De Angelis 
et al  .  [111] , it was also demonstrated that a pool of selected sourdough LAB 
showed the capacity to degrade prolamins contained in rye fl our, and there-
fore, this methodology could be used as a tool to decrease the risk of rye 
contamination of gluten - free products for celiac patients  [111] .  

   12.5.5.    Enzymes 

 Enzymes used in bakery products have demonstrated the potential to modify 
protein, starch, and fi ber fractions and therefore improve product quality. 
Several studies have investigated the possibility to use enzymes as a way to 
improve the quality of gluten - free breads. The main enzymes studied were 
transglutaminases (TGases) and oxidases. The protein source introduced as 
substrate is a key element determining the impact of the enzyme on the fi nal 
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product quality. The addition of different protein sources to microbial TGase 
has been investigated. Marco and Rosell  [97]  reported that the use of pea, 
soybean, and whey proteins treated by TGase signifi cantly decreased the peak 
and fi nal viscosity of the dough. The TGase cross - linked rice proteins resulted 
in a dough with improved elastic and viscous behavior, as well as an increased 
emulsifying activity. The resultant breads presented higher volume and crumb 
strength. Moore et al.  [89]  evaluated the impact of TGase in gluten - free bread 
in conjunction with different protein sources such as soya, skim milk, or egg 
powder. The most pronounced effect reported was the reduction of bread 
volume due to network formation and the improvement of bread structure. 
Bread containing skim milk powder and 10 units of TGase per gram of protein 
showed the most compact structure, and the authors concluded that network 
formation in gluten - free bread is dependent on the TGase level and type of 
protein used. 

 Renzetti et al. 2008  [92]  investigated the impact of TGase on a range of 
gluten - free cereals (brown rice, corn, oats, sorghum, teff, and buckwheat). The 
optimal substrates for TGase application were buckwheat and brown rice. A 
signifi cant increase in the pseudoplastic behavior of buckwheat and brown rice 
batters was observed when 10 units of TGase per gram of protein were used. 
Results that refl ected signifi cant improvements in the textural and structural 
characteristics of the breads were obtained (Fig.  12.2 ).   

 Three - dimensional confocal laser scanning microscopy (CLSM) image 
elaborations confi rmed the formation of protein complexes by TGase action. 
Results obtained with corn fl our showed a negative impact of TGase on the 

     Fig. 12.2     Bread slices and 3D elaboration of CLSM images of buckwheat (BW) and 
brown rice (BR) bread crumbs (40 ×  magnifi cation  ): (A) BW control bread (0   U of 
enzyme); (B) BW 10   U of TGase bread; (C) BR control bread (0   U of enzyme); 
(D) BR 10   U of TGase bread.  
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pseudoelastic behavior of the batters, but the resulting breads were signifi -
cantly improved in terms of increased specifi c volume and decreased crumb 
hardness and chewiness. Regarding the oats, sorghum, and teff fl ours, it was 
only observed a slight effect by the addition of the enzyme. 

 Overall, it was concluded that TGase may be successfully applied to gluten -
 free fl ours to improve their bread - making potential by promoting network 
formation; nevertheless, the protein source is a key element determining the 
impact of the enzyme. 

 Recently, the same authors investigated the activity and specifi city of TGase 
on the protein fractions of buckwheat fl our  [112] . This study showed the pres-
ence of high - molecular - weight (HMW) protein polymers in the TGase - treated 
albumin and globulin fraction of buckwheat, indicating that these were cross -
 linked after TGase treatment. The increase in the average molecular weight 
confi rmed the network formation previously observed, as well as the improved 
functionality of buckwheat fl our in terms of bread - making potential. 

 Furthermore, several studies have reported that the use of enzymes in 
combination with hydrocolloids can have a synergistic effect. Gujral and 
Rosell  [94, 95]  demonstrated that the use of glucose oxidase and TGase modi-
fi ed the proteins of rice fl our. The addition of these enzymes to optimal levels 
of HPMC promoted an increase in the elastic and viscous modulus enhancing 
the dough strength and subsequent bread volume. Other studies reported the 
use of cyclodextrin glycoxyltransferase (CGTase)  [113, 114]  and  α  - amylase 
 [115]  in combination with different hydrocolloids. These studies revealed that 
the enzymes decreased crumb fi rmness and delayed the staling of rice bread.   

   12.6.    CONCLUSION 

 Celiac disease is a food intolerance characterized by the infl ammation of the 
small intestinal mucosa. It is triggered by specifi c components present in gluten 
proteins and thus the avoidance of these types of proteins is the only therapy 
known. The establishment of gluten consumption thresholds and methods for 
its detection are essential regarding the safety of celiac disease patients. Gluten 
has unique properties in the production of high - quality cereal products. 
Despite the wide range of gluten - free grains, the replacement of wheat by 
gluten - free cereals proves to be a major challenge for food scientists. The 
production of high - quality gluten - free bread has been under more rigorous 
studies than any other product regarding celiac disease. Over the last years, 
research has focused on the combination of gluten - free fl ours with other 
ingredients that may improve the structure as well as the sensory characteris-
tics and the nutritional value of the gluten - free products. The use of several 
ingredients such as enzymes, sourdough, low - lactose dairy ingredients, and 
hydrocolloids have been investigated, and their applications have shown they 
can play an important role in the development of good quality gluten - free 
products and particularly in gluten - free bread.  
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  13 
PROCESSING FOODS WITHOUT 
SOYBEAN INGREDIENTS    

  Joyce I.     Boye   ,    Lamia     L ’ Hocine   , and    Sahul H.     Rajamohamed       

    13.1.    INTRODUCTION 

 The quality of soybean as food for human consumption has been shown to be 
equal to that of many animal - based products. Today, soybean is one of the 
world ’ s most economical and valuable agricultural commodities. A distinct 
advantage of soybean in the agricultural and industrial sectors is that it can 
be processed into oil, protein products, nutraceuticals, chemicals, and high 
nutritional foods  [1] . In the food market, soybean is processed into beverages, 
meat and simulated meat products, confectionery, and bakery and cereal prod-
ucts. Furthermore, soy protein and soy protein products have been approved 
by the Food and Drug Administration (FDA) of the United States and Japan 
(Foods for Specifi ed Health Use [FOSHU]) as a  “ functional food, ”  making it 
one of the most valuable vegetable proteins in the world today. 

 Despite its high nutritional quality, soybean is listed by the Food and 
Agriculture Organization of the United Nations   (FAO) as one of the eight 
priority allergens  [2] . Prevalence rate for soybean allergy ranges between 0.3% 
and 0.4%  [3, 4] . Clinical reactivity levels, also referred to as threshold dose or 
eliciting dose, vary signifi cantly and ranges from as low as 0.0013 to 500   mg of 
soy protein  [5, 6] . Identifi cation and avoidance of soy ingredients is, therefore, 
important especially for highly sensitive soy - allergic patients. This chapter will 
provide an overview of the composition and molecular properties of soybean 
including the known allergenic proteins, a summary of the different types of 
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soy foods and soy ingredients currently available on the market, potential 
sources of hidden soy allergens in foods, and a list of alternate foods and 
ingredients that could be used as nutritional or functional replacements in the 
food processing and foodservice industries.  

   13.2.    COMPOSITION AND MOLECULAR PROPERTIES OF 
SOYBEAN AND SOYBEAN COMPONENTS 

 Table  13.1  provides the nutrient composition of soybean. Proximate chemical 
composition of soybean varies depending on the varietal type and growing 
conditions; reasonable average fi gures are 35 – 40% protein, 17 – 23% lipid, 31% 
carbohydrate, and 4 – 5% ash on a dry weight (d.w.) basis with the water 
content of stored mature soybean ranging between 12% and 13%  [8] . Molecular 
properties of these components are important in conferring specifi c nutritional 
and functional properties to soybean and soy products, and some of which are 
discussed in detail below.   

   13.2.1.    Major Components of Soybean 

   13.2.1.1.    Proteins.     Soy proteins are of high nutritional quality when com-
pared with other plant proteins. They contain good supplies of all the essential 
amino acids including lysine, which is normally lacking in other cereals. 
Compared with animal proteins, soy proteins contain relatively lesser amounts 
of the sulfur - containing amino acids (i.e., cysteine and methionine); however, 
protein digestibility corrected amino acid score (PDCAAS) measurements 
have shown that soy protein is equivalent in quality in many ways to animal 
proteins such as milk and meat (Table  13.2 )  [9] . The protein content of soybean 
is high ( ∼ 40   g/100   g), which is twofold higher than meat (20%) and three -  to 
fi vefold higher than cereals (7 – 14%) on a d.w. basis  [10, 11] .   

 Albumins and globulins are the major soy proteins. Globulins, which 
account for up to 80% of soy proteins, consist primarily of the 7S ( β  - conglycinin) 
and 11S (glycinin) with molecular weights (MWs) of 140 – 180 and 320 – 360   kDa, 
respectively  [12, 13] . Other globulins found in soybean are the 15S proteins, 
but these are believed to be association products of the 11S proteins. The 
albumin fraction has an average MW of 26   kDa and contains several different 
proteins including the Bowman – Birk and Kunitz trypsin inhibitors (KTI). 
Concerns about the nutritional value of soybean have hovered around the 
presence of these enzyme inhibitors, which are considered to be antinutritional 
since they interfere with digestion, absorption, and utilization of proteins. The 
inhibitory activity of these proteins is, however, destroyed by heating  [14] . 

 The rise in the soy food market may be attributed to the many health ben-
efi ts attributed to soy proteins. In 1999, the U.S. Food and Drug Administration 
(FDA) approved a health claim for soy proteins, which states that consump-
tion of 25   g of soy protein a day as part of a diet low in saturated fat and 
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cholesterol may reduce the risk of cardiovascular disease  [15] . Furthermore, 
researchers have found that oligopeptides from soybean protein may have 
many biological functions such as regulating blood cholesterol levels, angio-
tensin - converting enzyme inhibition, antithrombotic activity, and antioxidant 
properties  [16 – 18] . Additionally, it has been reported that soy proteins may be 
used in treatment of renal diseases in diabetic and nondiabetic patients with 
nephropathy  [19 – 21] .  

  TABLE 13.1    Nutritional Composition of Soybean (per 
100   g of Mature Raw Seeds)  [7]  

   Nutrient     Amount  

  Water (g)    8.54  
  Energy (kcal)    446  
  Protein (g)    36.49  
  Fat (g)    19.94  
  Saturated fatty acids (g)    2.88  
  Monounsaturated fatty acids (g)    4.40  
  Polyunsaturated fatty acids (g)    11.26  
  Omega - 3 fatty acid    1.33  
  Omega - 6 fatty acid    9.93  
  Carbohydrate (g)    30.16  
  Fiber (g)    9.30  
  Ash (g)    4.87  
  Calcium (mg)    277.00  
  Iron (mg)    15.70  
  Magnesium (mg)    280.00  
  Phosphorus (mg)    704.00  
  Potassium (mg)    1797.00  
  Sodium (mg)    2.00  
  Zinc (mg)    4.89  
  Copper (mg)    1.66  
  Manganese (mg)    2.52  
  Selenium ( μ g)    17.80  
  Thiamine (mg)    0.87  
  Ribofl avin (mg)    0.87  
  Niacin (mg)    1.62  
  Pyridoxine (mg)    0.38  
  Pantothenic acid (mg)    0.79  
  Folate ( μ g)    375.00  
  Choline (mg)    115.90  
  Vitamin C (mg)    6.00  
   β  - Carotene ( μ g)    13.00  
  Vitamin A (IU)    22.00  
  Vitamin E (mg)    0.85  
  Vitamin K ( μ g)    47.00  
  Phytosterol (mg)    161.00  
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   13.2.1.2.    Lipids.     Soybean oil is considered to be of high nutritional quality 
because it contains high amounts of unsaturated fatty acids, such as linoleic 
acid (LA) (50.11%), oleic acid (22.72%), and linolenic acid (LNA) (6.54%), 
and lower amounts of the saturated fatty acids (15.25%)  [7] . LA (omega - 6) 
and LNA (omega - 3) cannot be synthesized by humans and are, therefore, 
considered to be essential and must be provided by the diet. The ideal omega -
 6   :   omega - 3 ratio for humans has been extensively discussed. It is generally 
agreed that there is an imbalance in the consumption pattern in western diets 
(i.e., overconsumption of omega - 6 fatty acids and an underconsumption of 
omega - 3 fatty acids). While the optimal ratio may vary with the disease under 
consideration, a lower ratio of omega - 6   :   omega - 3 fatty acids is more desirable 
for reducing the risk of many chronic diseases of high prevalence in Western 
societies  [22] . The omega - 6   :   omega - 3 ratio for soybean oil is  ∼ 7 : 1.  

   13.2.1.3.    Carbohydrates.     Carbohydrates represent the second largest com-
ponent of soybean. On a dry basis, soybean contains 30 – 35% carbohydrates, 
which comprises of both soluble and insoluble carbohydrates. Soluble carbo-
hydrates found in soybean include sucrose (2.5 – 8.2%), stachyose (1.4 – 4.1  %), 
raffi nose (0.1 – 0.9%), arabinose (trace), and glucose (trace) [ 8  and references 
within]. Major insoluble carbohydrates are cellulose, hemicellulose, and pectin. 
Unlike other legumes, soybean contains only trace amounts of starch. Due to 
the relatively high amounts of dietary fi ber and very low glycemic index, it is 
recommended for diabetic, weight control, and hypercholesterolemic patient 
diets  [23, 24] . Furthermore, oligosaccharides (stachyose and raffi nose) present 
in soybean have been recognized as prebiotics and antagonists to colon cancer 
 [25 – 27] .   

  TABLE 13.2    Protein Digestibility Corrected Amino 
Acid Score (PDCAAS) for Different Foods  [9]  

   Foods     PDCAAS  

  Casein    1.0  
  Egg white    1.0  
  Soy protein concentrate    0.99  
  Soy protein isolate    0.92  
  Beef    0.92  
  Pea fl our    0.69  
  Kidney beans (canned)    0.68  
  Rolled oats    0.57  
  Lentils (canned)    0.52  
  Peanut meal    0.52  
  Rice    0.47  
  Whole wheat    0.42  
  Wheat gluten    0.25  
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   13.2.2.    Minor Components of Soybean 

   13.2.2.1.    Vitamins and Minerals.     Soybean contains high amounts of folate 
(318 – 375    μ g/100   g on d.w. basis) compared with other legumes (10 – 277    μ g/100   g) 
 [28] . It is also a good source of calcium (277   mg/100   g), iron (15.70   mg/100   g), 
and zinc (4.89   mg/100   g)  [7] . Iron bioavailability of soybean is, however, poor 
but can be improved by supplementing with vitamin C  [29] . Zinc bioavail-
ability is relatively good (22 – 50%), and although calcium bioavailability 
( ∼ 20%) is lower than in milk and green leafy vegetables, it is still reasonably 
good  [30, 31] . The main reason for the lower bioavailability of minerals in 
soybean is due to the high content of antinutritional factors such as phytate, 
oxalate, and tannins, which hinder the absorption of minerals in the body  [29, 
32, 33] . Other vitamins and minerals found in soybean include vitamin A 
(22   IU/100   g), vitamin K (47    μ g/100   g), niacin (1.62   mg/100   g), thiamine 
(0.87   mg/100   g), ribofl avin (0.87   mg/100   g), potassium (1797   mg/100   g), phos-
phorus (704   mg/100   g), and selenium (17.8    μ g/100   g)  [7] .  

   13.2.2.2.    Phytochemicals.     Phytochemicals in soybean of relevance include 
isofl avones and saponins. Isofl avones have phytoestrogenic properties and have 
also been shown to be instrumental in preventing oxidative damage in tissue, 
in preventing cancer, and in blocking tumor promotion  [34] . Daidzein, 
daidzin, genistein, genistin, glycitein, and glycitin are key isofl avones present 
in soybean. Soy saponins, specifi cally, subgroup B and E saponins 
(e.g., 2,3 - dihydro - 2,5 - dihydroxy - 6 - methyl - 4H - pyran - 4 - one (DMPP) - conjugated 
saponins), may have antiviral properties  [35] . Reported benefi ts of some of 
these minor soybean components have contributed to the popularity of soy as 
a food ingredient  [36] .    

   13.3.    ALLERGENICITY OF SOYBEAN 

 At least 17 allergens have been identifi ed in soybean (Table  13.3 ). These aller-
gens belong to protein families and have conserved structural features in 
relation to their biological activity, which explains the wide immunochemical 
cross - recognition observed among members of the legume family.   

   13.3.1.    Glycinin and  β  - Conglycinin 

 Soybean glycinin (11S) and  β  - conglycinin (7S) have been identifi ed as major 
allergens  [49, 57, 58] . These proteins are of particular interest to the food 
industry because they account for up to 80% of total soybean seed proteins 
 [59] , and they are the major determinants of the nutritional quality and func-
tionality of soybean. Glycinin and  β  - conglycinin are both storage proteins 
known as globulins belonging to the cupin superfamily  [60] . They share con-
served sequence motifs comprising identical or chemically similar amino acid 
residues and a common three - dimensional (3D) conformation. 
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 Glycinin accounts for over 40% of the total seed globulin  [61] . It is a het-
erogeneous protein with polymorphic subunit composition, which varies 
among different cultivars  [62] . Each of the glycinin subunits (58 – 69   kDa) can 
be dissociated under reducing conditions into acidic (A; 31 – 45   kDa) and basic 
(B; 18 – 20   kDa) polypeptide chains  [59] . Presently, fi ve major subunits have 
been characterized  [63, 64] , namely A1aB2 (G1), A1bB1b (G2), A2B1a (G3), 
A3B4 (G4), and A5A4B3 (G5). The acidic polypeptide A5 has an exception-
ally low MW of 10   kDa. Pedersen and Djurtoft  [57]  reported immunoglobulin 
E (IgE) binding to all of the native acidic subunits of glycinin, but little or 
none to the basic subunits. Other studies report, however, that both chains of 

  TABLE 13.3    Identifi ed Soybean Allergens 

   IgE - Binding 
Proteins  

   Allergen 
Nomenclature  

   Molecular 
Weight (kDa)     Family     References  

  Hydrophobic 
proteins  

  Gly m 1: (IUIS)  a          Lipid transfer 
protein  

   37, 38   
  Gly m 1.0101    7.5  
  Gly m 1.0102    7.0  

  Unknown    Gly m 2 (IUIS)    8.0    Storage protein     39   
  Profi lin    Gly m 3 (IUIS)    14    Profi lin     40   
  SAM22    Gly m 4 (IUIS)    16.6    Pathogenesis -

 related 
protein PR - 10  

   41 – 43   

  P34    Gly m Bd 30K    34    Protease     44, 45   
  Unknown 

Asn - linked 
glycoprotein  

  Gly m Bd 28K    26    Unknown     46   

   β  - Conglycinin    Not assigned    140 – 170    Storage protein     47   
  Glycinin    Not assigned    320 – 360    Storage protein     48, 49   
  2S albumin    Not assigned    12    Prolamin     50   
  Lectin 

(agglutinin)  
  Not assigned    120    Lectin     51   

  Lipoxygenase    Not assigned    102    Enzyme     52   
  Kunitz trypsin 

inhibitor  
  Not assigned    21    Protease 

inhibitor  
   52, 53   

  Unknown    Not assigned    39    Unknown     50   
  Unknown    Not assigned    50    Homology to 

chlorophyll 
A – B binding 
protein  

   54   

  P22 - 25    Not assigned    22 – 25    Unknown     55   

    a International Union of Immunological Societies (IUIS) offi cial allergen nomenclature.   

  Source :   Reference  56  — Reprinted from L ’ Hocine, L., Boye, J.I. (2007). Allergenicity of soybean: 
new developments in identifi cation of allergenic proteins, cross - reactivities and hypoallergeniza-
tion technologies.  Critical Reviews in Food Science and Nutrition ,  47 , 127 – 143, with permission 
from Taylor  &  Francis. 
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soybean glycinin bind IgE from soybean - allergic patients  [49] . Zeece et al.  [48]  
reported that the acidic glycinin G1 subunit exhibited a much stronger IgE 
binding than acidic glycinin G2, even though the sequence homology is similar. 
Eleven IgE - binding epitopes in glycinin G2 were identifi ed, all located on the 
exterior of the molecule  [49] , among which four were immunodominant. 

  β  - Conglycinin is a trimer composed of three major subunits,  α ,  α  ′ , and  β , 
with MWs of 76, 72, and 53   kDa, respectively  [65] . Another subunit, named  β  ′ , 
is present only in some soybean varieties  [66, 67] . All of the  β  - conglycinin 
subunits are glycoproteins and contain 4 – 5% carbohydrate  [68] . Burks et al. 
 [58]  reported IgE binding to the three,  α ,  α  ′ , and  β , subunits of  β  - conglycinin. 
Ogawa et al.  [47] , however, found that the  α  ′  - subunit, which is highly homolo-
gous to the  α  - subunit, had no allergenicity. Different sensitization histories of 
individual patients may be one of the reasons for the discrepancy.  

   13.3.2.    Soybean Vacuolar Protein (Gly m Bd 30K) 

 Gly m Bd 30K, also known as P34, is considered by many as the major aller-
genic protein of soybean  [44, 69] , since over 65% of soy - sensitive patients react 
to it  [45, 70] . It is a monomeric, insoluble glycoprotein belonging to the soybean 
7S fraction  [71] . Gly m Bd 30K has a MW of 34   kDa and is classifi ed as an oil 
body - associated protein  [45]  and a member of the papain superfamily of cys-
teine proteases  [70] . Sixteen distinct linear epitopes were identifi ed, among 
which fi ve were considered as immunodominant  [70] .  

   13.3.3.    Gly m Bd 28K 

 Tsuji et al.  [46]  isolated and characterized the allergenic soybean seed protein 
Gly m Bd 28K. This allergen was an unknown Asn - linked glycoprotein with 
a MW of 26   kDa. The glycan moiety of Gly m Bd 28K was shown to bind to 
IgE antibodies in the sera of soybean - sensitive patients at Asn 20  [72] . This 
allergen is, however, not present in many soybean accessions; in fact, testing 
showed that 80% of Japanese soybean varieties did not contain Gly m Bd 
28K  [71] .  

   13.3.4.    Kunitz Trypsin Inhibitor (KTI) 

 The KTI belongs to the group of proteins of the plant defense system, which 
has inhibitory activity against various proteases. Soybean KTI is classifi ed in 
the family of antiparallel  β  - sheet proteins that are highly resistant to chemical 
and thermal denaturation  [73] . Moroz and Yang  [74]  demonstrated that the 
serum of a patient with an occupational respiratory disorder had IgE antibod-
ies specifi c for soybean KTI (21   kDa). Two subsequent studies  [52, 53]  showed 
positive cutaneous and IgE response, as well as a specifi c bronchial response 
to purifi ed soybean KTI in bakers who were occupationally exposed to soybean 
fl our and with work - related asthma, thus, confi rming the soybean KTI to be 
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an occupational inhalant allergen. KTI allergenic epitopes, however, remain 
unknown.  

   13.3.5.    Soybean Hull Proteins (Gly m 1.0101, Gly m 1.0102, and Gly m 2) 

 The International Union of Immunological Society (IUIS) Allergen 
Nomenclature Sub - Committee has identifi ed several allergens in soybean hull. 
These include isoallergens Gly m 1.0101 also known as Gly m 1A (glycopro-
tein S2, MW of 7.5   kDa,  pI  6.8) and Gly m 1.0102 also known as Gly m 1B 
(protein S1, MW 7.0   kDa,  pI  6.1 – 6.2)  [39, 75] . These isoallergens were identi-
fi ed as soybean hydrophobic proteins and are classifi ed as lipid transfer pro-
teins  [37] . Soybean hull was identifi ed as a source of aeroallergens that caused 
soybean epidemic asthma in Barcelona, Spain  [37] . Using sera of asthmatic 
epidemic patients from Barcelona, Codina et al.  [39, 75]  further identifi ed and 
characterized a third allergen named Gly m 2 (MW of 8   kDa,  pI  6.0), which 
was shown along with Gly m 1 (Gly m 1.0101 and Gly m 1.0102) to be partially 
responsible for the soybean asthma outbreaks. The N - terminal partial sequence 
of Gly m 2 was found to have 71% homology with a storage protein from the 
cotyledon of cowpea and 64% homology with a disease response protein from 
green pea, but it lacked homology with the Gly m 1. Gly m 1.0101, Gly m 
1.0102, and Gly m 2 were found to be not responsible for the occupational 
asthma caused by soybean fl our in bakers, where mainly high MW allergens 
from both fl our and hull were involved  [76] .  

   13.3.6.    Soybean Profi lin (Gly m 3) 

 The soybean allergen Gly m 3 belongs to the profi lin family, which is a group 
of structurally highly conserved plant proteins containing several allergenic 
proteins  [40] . The sequence conservation among profi lins is refl ected by a 
highly similar structure, and profi lin - specifi c IgE was shown to cross - react 
between profi lins from pollen and food  [77] . They are now recognized as 
ubiquitous cross - reactive plant allergens. The 3D structure of Gly m 3 remains 
to be determined; however, epitope mapping with recombinant profi lin indi-
cated that IgE binding to rGly m 3 was dependent on the integrity of a con-
formational structure  [40] .  

   13.3.7.    Soybean Protein SAM22 (Gly m 4) 

 Soybean allergen Gly m 4 is the stress - induced 16.6   kDa PR - 10 protein SAM22 
(starvation - associated message 22) from soybean seed. It belongs to the group 
of plant defense system proteins also known as pathogenesis - related (PR) 
proteins. Gly m 4 has a sequence identity of approximately 50% with Bet v 1, 
the birch allergen that is responsible for IgE binding in more than 95% of 
birch pollinosis (the prevailing allergic diseases in Northern and Central 
Europe and North America). Severe oropharyngeal and anaphylactic reac-
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tions in birch pollinotics after ingestion of a dietary powder containing 50% 
of soy protein isolate (SPI) has been reported  [41] . Eighty - fi ve percent of those 
patients had specifi c IgE against Gly m 4. Clinical investigation further revealed 
that 96% of patients reacting to Bet v 1 also had Gly m 4 - specifi c IgE, and 
64% of these recognized other soy proteins. These studies provide evidence 
that Gly m 4 is a major soy allergen for birch pollen - allergic patients.  

   13.3.8.    Other Soybean Allergens 

 A low - molecular - mass soy protein, identifi ed as P22 - 25, has been found to 
induce strong antibody responses in calves  [55] . The nature of this protein 
remains unknown, although it was shown to be different from the allergenic 
P34 described earlier. Another newly identifi ed soybean allergen is the protein 
P39, which was originally detected in soybean lecithin  [50] . P39 is a 39 - kDa 
hydrophobic protein located in the protein storage vacuoles of soybean seeds 
and is extracted in the oil body - enriched fraction  [78] . IgE from several soy-
bean - sensitive individuals recognized recombinant polypeptide fragments 
derived from the P39 sequence  [78] . 

 Lectins are carbohydrate - binding proteins that are predominantly found in 
plant seeds, particularly those of legumes  [79] . Plant lectins have been shown 
to react unspecifi cally with the carbohydrate moieties of IgE, inducing allergy -
 like symptoms  [80] . Lectins have MWs of approximately 120   kDa, and minor 
amounts are present in soybeans. They are composed of four identical subunits 
of 30   kDa each, which are considered to be potential allergens. Baur et al.  [52]  
demonstrated by radioallergosorbent tests (RASTs) that lipoxidase (lipoxy-
genase), another protein found in soybean, was a major allergen for 14 bakers 
suffering from workplace - related respiratory symptoms and sensitized to 
soybean. Additionally, a 50 - kDa protein with homology to chlorophyll A – B 
binding protein has also been reported to bind to IgE antibodies of patients 
with soy allergy  [54] .   

   13.4.    TECHNIQUES TO REMOVE OR REDUCE 
THE ALLERGENICITY OF SOYBEAN PROTEINS 

 The effect of processing on the allergenicity of soybean proteins has been 
studied by various researchers in an attempt to identify ways to remove or 
reduce soy protein antigenicity. Attempts have also been made using plant 
breeding techniques to develop hypoallergenic soybean varieties. A brief 
summary of these studies is provided below. 

   13.4.1.    Heat Treatment 

 Heating denatures food proteins and may reduce allergenicity by destroying 
conformational epitopes or by masking linear epitopes through cross - linking 
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reactions (e.g., through hydrogen bonding, sulfhydryl – disulfi de, hydrophobic 
or electrostatic interactions). At the same time, it could also unveil hidden 
epitopes as a result of unfolding and increase allergenicity. Results on the 
effect of heat treatment on soybean antigenicity/allergenicity have, therefore, 
been somewhat confl icting. Shibasaki et al  .  [81]  reported that IgE binding of 
the 2S soy fraction was enhanced with heating at 80 ° C, whereas, the IgE 
binding to other fractions were reduced by 39 – 75% compared with that of 
the crude product. Antigenicity of P34 (the immunodominant soybean aller-
gen) was also reported to increase after 5 minutes of boiling but was found to 
decrease with further heating, and after 30 minutes of heating, no antigenicity 
was detected  [82] .  In vivo  signifi cance of these fi ndings is warranted due to 
the presence of multiple linear epitopes on the protein. Burks et al.  [83]  
reported similar decreases in soy protein antigenicity after heat treatment at 
80 and 120 ° C for 60 minutes, but they found no signifi cant changes in IgE and 
immunoglobulin G (IgG) binding when enzyme allergosorbent test   (EAST) 
inhibition was used on soy proteins heated at 100 ° C for 5 – 60 minutes  [84] . 
Clearly, further research on the effect of heating under a variety of processing 
conditions is needed to clarify the effect of thermal processing on the allerge-
nicity of soy proteins. Environmental conditions, processing parameters such 
as temperature and duration of heat treatment, as well as matrix effects can 
all infl uence antigenicity. Well - conducted  in vitro  as well as  in vivo  compara-
tive studies will also be useful to determine the physiological signifi cance of 
these fi ndings.  

   13.4.2.    Glycation 

 Glycation involves the conjugation of proteins with reducing sugars through 
the Maillard reaction. The reaction can block epitopes recognized by antibod-
ies, which could decrease immunogenicity. Evidently, the size of the sugar and 
the type of cross - links formed will impact the effi ciency of the reaction to 
block allergenic epitopes. Allergenicity of soy protein was found to markedly 
decrease after glycation with chitosan and galactomannan  [85] . The soy pro-
tein – chitosan conjugate was found to be more effective in masking the aller-
genic epitopes in the 34 - kDa soy protein allergen (Gly m Bd 30K) than the 
soy protein – galactomannan conjugate. van de Lagemaat and coworkers  [86]  
also reported that  in vitro  antigenicity of soy proteins as measured by direct 
ELISA was reduced by glycation with both fructose and commercial fructose 
oligosaccharides (FOS) (Raftilose   ®  P95, Orafti España S.L., Barcelona, 
Spain) by up to 90% for some treatments. As with heat treatment, the physi-
ological signifi cance of these studies is unclear.  In vivo  studies with allergic 
patients will, therefore, be very useful to ascertain the true effects of glyca-
tion. This is especially important as some studies have indicated that advanced 
stages of the Maillard reaction can result in modifi cations to protein structure 
that may unveil novel epitopes that can bind IgE antibodies and, as a con-
sequence, could increase allergenicity  [87] .  
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   13.4.3.    Hydrolysis and Fermentation 

 As with heat treatment, hydrolysis (chemical or enzymatic) can destroy protein 
conformational structure and could, therefore, degrade antigenic epitopes and 
modify antigenic response. Franck et al.  [88]  compared the allergenicity of 
three commercial soybean - based products (soybean fl our, texturized soy pro-
teins, and soymilk) and two infant formulas (one containing intact proteins 
and the other containing a soy protein hydrolysate). The hydrolyzed infant 
formula contained proteins with MMs below 28   kDa and showed a lack of 
allergenicity by immunoblotting. Tsai et al.  [89]  used skin prick tests, Western 
blots, and enzyme - linked immunosorbent assay (ELISA) to determine the 
residual allergenicity of soybean hydrolysates, and no evidence of IgE - specifi c 
binding with both skin tests and Western blots were observed, although some 
residual IgG binding was detected by ELISA. Maldonado et al.  [90]  suggested 
that allergenic proteins that are extensively hydrolyzed by acid hydrolysis 
(greater than 80%) are unlikely to elicit allergenic reactions. The authors, 
however, caution that while such hydrolyzed formulas may reduce the inci-
dence or delay the appearance of certain atopic symptoms, they may not 
consistently prevent IgE - mediated allergic reactions. 

 Studies have also shown a reduction in soy allergenicity as a result of fer-
mentation. In one such study, it was reported that natural or induced fermenta-
tion signifi cantly reduced IgE immunoreactivity by up to 89% in soybean meal 
 [91] . The soy products used in this study were, however, tested against the 
plasma of only six soybean - sensitive donors, and as a result, it is diffi cult to 
generalize that fermented or hydrolyzed products are safe for consumption 
by a larger population of soy - allergic individuals. A study conducted by Hefl e 
et al.  [92] , in fact, showed that soy sauces made by fermentation of soy protein 
retained some of their allergenicity (10 – 30% that of soy fl our). Thus, while 
hydrolysis and fermentation may reduce the allergenicity of soybeans, they 
may not eliminate the possibility of allergic reactions.  

   13.4.4.    Breeding 

 Molecular biology and biotechnology tools have made it possible to identify 
and manipulate phenotypic traits of interest in plants. A wide variety of these 
techniques have been applied to soybeans to improve their nutritional and 
functional properties. In the last decade, efforts have also been made to iden-
tify and breed for soybean hypoallergenic varieties. Herman et al.  [93]  used 
transgene - induced gene slicing to prevent the accumulation of Gly m Bd 30 
K (the immunodominant soy protein) in soybean seeds. The authors found no 
compositional, developmental, structural, or ultrastructural phenotypic differ-
ences between the genetically modifi ed seeds and control seeds. Similar studies 
have been conducted by other workers  [94, 95] . These results are promising, 
and further research may provide an avenue to remove the allergenic proteins 
in soy. Evidently, the safety and functional performance of such products will 
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need to be evaluated since extensive modifi cations in protein profi le may 
markedly affect the ability to use these materials in traditional products, and 
also, total absence of allergenicity might be diffi cult to achieve.   

   13.5.    IDENTIFYING REPLACEMENTS FOR SOYBEAN AND SOY 
PRODUCTS IN DIFFERENT FOOD APPLICATIONS 

 While processing and breeding may be used to reduce the allergenicity of soy 
protein, there is presently no proven technique that completely eliminates 
soybean allergenicity. For soy - allergic consumers, the only way to prevent 
allergic reactions is by avoidance of foods that contain soy proteins. Soybeans 
and soy ingredients are extensively used in the formulation of different food 
products  [56]  (Fig.  13.1 ). Avoidance of these products requires their identifi ca-
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     Fig. 13.1     Soybean foods and ingredients (Reference  56  — Reprinted from L ’ Hocine, 
L., Boye, J.I. (2007). Allergenicity of soybean: new developments in identifi cation of 
allergenic proteins, cross - reactivities and hypoallergenization technologies.  Critical 
Reviews in Food Science and Nutrition ,  47 , 127 – 143, with permission from Taylor  &  
Francis).  
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tion and the availability of suitable alternative replacements. Commercially 
available soy foods and soy ingredients include soymilk, tofu, soy sprouts, soy 
sauce, soy nut butter, soy oil, soy lecithin, edamame, tempeh, natto, miso, soy 
grits, soy fl our, soy protein concentrate (SPC), SPI, and some textured vege-
table protein (TVP) and hydrolyzed vegetable protein. Some of these products 
and their possible replacements are described in greater detail below. In addi-
tion to foods, soy ingredients may also be used in personal care products such 
as soaps, hair care products, body lotions, cleaning agents, and so on. A discus-
sion of these products is outside the scope of this chapter.   

   13.5.1.    Commercially Available Soy Foods and Soy Ingredients 

   13.5.1.1.    Major Soy Foods 

   13.5.1.1.1.    Soybeans and Sprouts.     Green soybean and soybean sprouts are two 
different soybean products that are consumed as a vegetable in many cultures. 
Soybean sprouts are obtained by germinating soybeans for 5 – 10 days and are 
consumed fresh in salads or could be used as a vegetable for cooking. They 
are normally sold fresh and are kept refrigerated. Green vegetable soybeans, 
on the other hand, are harvested just before maturity (edamame) and can be 
cooked and eaten in salads and in soups or as a snack. It is available fresh (in 
pod or shelled), canned, or frozen.  

   13.5.1.1.2.    Soymilk.     Soymilk is the liquid extract obtained after cooking, grind-
ing, and fi ltering soybeans. The extract has a consistency that is very similar to 
cow ’ s milk and is frequently used as an alternative to dairy products. There 
are four major types of soymilk products available (unsweetened, sweetened, 
fl avored, and low fat). Unsweetened soymilk generally contains only water 
and soybeans. Sweetened soymilk may be sweetened with rice syrup, honey, 
corn, or barley malt extract. Flavored soymilk may be sweetened or unsweet-
ened, and is often fl avored with cocoa, vanilla, carob, or strawberry. Low - fat 
soymilk may also be sweetened or unsweetened, fl avored or unfl avored, but 
usually contains less fat. Soymilk is frequently fortifi ed with vitamins and 
minerals to increase its nutrient value. Total solid content of soymilk products 
ranges between 8% and 10% depending on the water   :   bean ratio used and 
contains 3 – 4% protein,  ∼ 2% fat  ,  ∼ 3% carbohydrate, and  ∼ 0.5% ash  [8] . 

 Soymilk can be further processed into a variety of frozen desserts (e.g., ice 
cream) and fermented products (e.g., soy yogurt and soy cheese) using pro-
cesses similar to those used in the dairy industry.  

   13.5.1.1.3.    Tofu.     Tofu is a curd made from heated soymilk. It is prepared by 
adding coagulating agents such as glucono -  δ  - lactone (GDL) or salts (magne-
sium chloride, calcium chloride, calcium sulfate) to heated soymilk followed 
by pressing to remove the whey. The fi nal product is a gel with different 
degrees of hardness depending on the type and amount of coagulant used and 
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the processing method. Tofu has been consumed for years in Asian countries 
and has only relatively recently found a niche in places such as Europe and 
North America. Tofu has a soft white texture, which is in some respects similar 
to cheese. On a wet basis, pressed tofu with a moisture content of about 85% 
contains 7.8% protein, 4.2% lipid, and 2   mg/g calcium  [8, 96] .  

   13.5.1.1.4.    Other Soy Foods.     Soy sauce and soy paste (miso) are fermented 
soy products that are frequently used as condiments and seasoning in foods. 
Soy sauce and miso are made by fermenting soybean with or without other 
grains (e.g., wheat, rice, barley) with different types of  Aspergillus  sp. Soy 
sauce is obtained in a liquid form, while miso is a thick paste. Traditionally, 
these products were used in Asian cuisine, but they have become a mainstay 
of many modern diets. Tempeh and natto are two other fermented soy foods, 
but these are less frequently consumed outside of Asia. Tempeh is made by 
fermenting dehulled and cooked soybeans with  Rhizopus  sp., while natto is 
fermented with  Baccillus subtilis . 

 Soybeans can also be roasted in a manner similar to peanuts. The product 
obtained has a nutlike fl avor and a crunchy texture, which can be consumed 
as a snack. The product can also be ground to obtain roasted soy fl our or 
roasted soy nut butter. Soynut butter has a texture, fl avor, and taste that is 
similar to peanut butter and is frequently suggested as an alternative to peanut 
butter. Roasted soybeans are also sometimes ground and used as a substitute 
to coffee.   

   13.5.1.2.    Major Soy Ingredients 

   13.5.1.2.1.    Soybean Oil.     Soybean oil is one of the world ’ s leading vegetable 
oil for human consumption. It is sold as refi ned oil and is often labeled as 
soybean oil or vegetable oil, which could include a mixture of other vegetable 
oils. Soybean oil is widely used in the manufacture of different foods and in 
the foodservice industry. It is also frequently used as a salad or cooking oil 
and in the production of shortening, margarines, mayonnaise, and salad dress-
ings. By - products from the processing of soybean oil are also used to produce 
mono -  and diglycerides and lecithin, which are commonly used as emulsifying 
agents in foods.  

   13.5.1.2.2.    Soy Flour and Soy Protein Concentrates, Isolates, and Hydrolysates.     
Traditionally, soybeans have been processed for their oil, leaving behind the 
soymeal biomass. Signifi cant effort has been made in the last few decades to 
process this meal into value - added products. Defatted soy fl akes (or fl our, grits, 
meal), SPCs, and SPIs are the three major products available from soymeal. 
Defatted soy fl akes contain  ∼ 50% protein, while SPC and SPI generally contain 
at least 65% and 90% protein on a dry basis, respectively. The fat content in 
these products is quite low ( < 1%). Full - fat soy fl our is also available on the 
market. It may be steamed and toasted to inactivate enzymes and enzyme 
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inhibitors or unheated that gives an enzyme - active, full - fat soy fl our, which is 
used in the bakery industry to bleach fl our. 

 Soy proteins are widely used in formulated foods, partly because of their 
nutritional value but especially for their functional properties, which include 
gelling, foaming, and emulsifi cation, which underlie many food sensory attri-
butes. Food products likely to contain soy ingredients include beverages, nutri-
tional bars, bakery and cereal products, soups, meat products, confectionery, 
salad dressings, and desserts. A growing use of SPCs and SPIs is in the prepa-
ration of texturized food products that are used as meat alternatives or in 
cereal products. Soy proteins can also be hydrolyzed enzymatically or chemi-
cally to produce hydrolyzed vegetable protein (HVP), which is used as a fl avor 
enhancer in many foods.  

   13.5.1.2.3.    Other Soy Ingredients.     As indicated above, by - products from 
soybean processing may also be used in nutraceutical products (e.g., soy 
dietary fi ber, soy hulls, soy isofl avone extracts, vitamin E, and soy phytosterols) 
and industrial products (e.g., candles, household cleaning agents, fertilizers, 
adhesives, lubricants, etc.). Suitable precautions need to be taken to identify 
these when soy - allergic patients are targeted in product development.    

   13.5.2.    Functional and Nutritional Alternatives to Soy Foods and 
Soy Ingredients 

   13.5.2.1.    Alternative Replacements for Soy Foods.     Table  13.4  provides a list 
of foods that could be used to replace soy foods in the foodservice and food 
processing industry. While the list is not exhaustive, it provides some examples 
that could serve as a starting point for the creation of new recipes and food 
formulations. Different manufacturers use ingredients from varied sources in 
product development. It is, therefore, important that the ingredient list of the 
products suggested be verifi ed to ensure that they do not contain soybean in 
any form.    

   13.5.2.2.    Alternative Replacements for Soy Ingredients: Soy Proteins.     Soy 
protein products deserve special mention because they are used so extensively 
in food processing. Over the last few decades, soy protein products have been 
used as nutritional and functional food ingredients in almost every food 
category  [97] . Table  13.5  provides a list of the applications of soy proteins 
in different foods based on their functional properties.   

 Identifi cation of appropriate replacements for soybeans represents a sig-
nifi cant challenge. Food manufacturers have to ensure that alternative replace-
ments provide adequate nutrition and functionality  [97] . Availability and price 
are other important factors that need to be considered in the selection of 
replacement ingredients. Animal proteins from milk, eggs, and meat meet most 
of these criteria and can serve as excellent nutritional and functional alterna-
tives to soy proteins. As these have been studied and discussed extensively in 
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the literature, the present work will specifi cally focus on other plant protein 
sources that could be used as replacement for soy proteins. Some of these 
proteins are commercially available, while others are still in the experimental 
phase. With the increasing interest of consumers in  “ healthy ”  foods, new 
opportunities may exist for the use of these plant seed proteins in formulating 
low - calorie, low - cholesterol, and high - density protein items  [97] . 

   13.5.2.2.1.    Alternative Legume Seeds: Pulses.     Legume seeds contain high 
amounts of protein, starch, and oil. They can be classifi ed into two groups as 
follows: seeds that are rich in proteins (35% to 40%) and lipids and poor in 
starch (e.g., soybean, peanut, lupin), and seeds with high amounts of starch and 
low amounts of lipids (e.g., pea, bean, lentil, chickpea) and are also less rich 
in protein (20 – 30%)  [103] . 

 As with soybean, most legume seed proteins are storage proteins that accu-
mulate during seed development  [104] . The most abundant class of storage 

  TABLE 13.4    Nutritional and Functional Alternatives to Soy and Soy Ingredients 

   Soy Products     Nutritional and Functional Alternatives  

  Soy nuts    Pea, chickpea, lima bean, kidney bean, navy bean, peanut, 
almond, cashew, walnut, hazelnut, corn  

  Soy fl our    Cow ’ s milk powder, chickpea fl our, pea fl our, lentil fl our, rice 
fl our, peanut fl our, sunfl ower fl our, sesame fl our, almond fl our  

  Soy protein 
concentrate 
or isolates  

  Chickpea protein isolate, pea protein isolate, lentil protein isolate, 
sesame protein isolate, canola protein isolate, rice protein 
isolates, lupin protein isolate, amaranth leaf protein isolate  

  Soy protein 
hydrolysate  

  Cow ’ s milk protein hydrolysate, pea protein hydrolysate, 
chickpea protein hydrolysate, lupin protein hydrolysate  

  Soymilk    Cow ’ s milk, rice milk, almond milk, hemp milk  
  Tofu    Cheese  
  Soy ice cream    Cow ’ s milk ice cream, hemp milk ice cream  
  Soy yogurt    Cow ’ s milk yogurt  
  Soy oil    Corn oil, peanut oil, sunfl ower oil, saffl ower oil, cottonseed oil, 

canola oil, pumpkin seed oil, olive oil, rice bran oil, grape seed 
oil, palm oil, coconut oil  

  Soy margarine    Butter, margarine from palm oil, olive oil, and canola oil  
  Texturized soy 

protein  
  Meat  

  Soy sprouts    Pea sprouts, chickpea sprouts, mung bean sprouts, kidney bean 
sprouts, navy bean sprouts  

  Edamame    Pea pod, fava bean pod  
  Soy fi ber    Rice bran, wheat bran, oat bran, fl axseed meal, psyllium fi ber, 

inulin  
  Soy phytosterols    Phytosterols from peanut, Brazil nut, pistachio, sunfl ower seed, 

and fl axseed  
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proteins in all grain legumes are the globulins generally classifi ed as 7S and 
11S globulins according to their sedimentation coeffi cients (S)  [105] . From the 
nutritional viewpoint, all legume storage proteins contain relatively low quan-
tities of the sulfur - containing amino acids (i.e., methionine, cysteine) and tryp-
tophan, but the amounts of another essential amino acid, lysine, are much 
greater than in cereal grains  [106] . Legume and cereal proteins are, therefore, 
nutritionally complementary, and essential amino acid defi ciencies have tradi-
tionally been overcome by integrating legume - based dishes with cereal foods 
(pasta, rice, bread, etc.)  [105] . 

 As with soybean, legume seeds also contain a number of antinutritional 
compounds such as protease inhibitors, lectins, phytates, tannins, alkaloids, and 
saponins. The presence and concentration of these antinutritional factors 
depend on legume type  [107] . Heat treatment normally inactivates these 
antinutritional factors  [108] . Once inactivated, antinutritional factors such as 
protein inhibitors may even play a positive nutritional role, due to their high 

  TABLE 13.5    Application of Soy Proteins in Different Foods Based on Functional 
Properties 

   Food Applications     Functional Properties     Food Products     References  

  Meat products    Water and fat 
absorption, 
emulsifi cation, 
gelation, fi lm 
formation, 
adhesion, cohesion, 
fl avor binding  

  Frankfurters, bologna, 
sausages, loaves, 
patties, meatballs, 
restructured meat 
products, meat 
analogs  

   98, 99   

  Dairy products    Viscosity, foaming, 
emulsifi cation, 
aeration, gelation  

  Cheese, milk, frozen 
desserts, whipped 
toppings, yogurt, 
coffee whiteners  

   99, 97   

  Bakery products    Aeration, water -
 holding capacity, fat 
absorption, 
foaming, dough 
formation, elasticity, 
adhesion, cohesion, 
fl avor binding  

  Bread, buns, cakes, 
rolls, doughnuts, 
cookies, wafers, 
crackers, pancakes, 
pies, muffi ns, pastas, 
snack items, 
breakfast cereals  

   99 – 101   

  Confectionery 
products  

  Foaming, emulsifying, 
aeration, 
thermoplasticity, 
crystallization  

  Candies, caramel, 
marshmallows, 
meringue, toffee, 
fudge  

   97, 99, 102   

  Beverages    Solubility, hydration, 
viscosity, adhesion, 
cohesion  

  Instant beverage 
mixes, soups, 
gravies  

   97, 99   
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content of sulfur - containing amino acids relative to the majority of the seed 
proteins  [109] . Moreover, over the last two decades, the presence of certain 
amounts of some non - nutritional factors, such as phytates, tannins, alkaloids, 
saponins, and oligosaccharides, have been linked with health - promoting prop-
erties, and are at present considered as natural bioactive substances that play 
an important role in the prevention of cardiovascular diseases and some types 
of cancer  [110] , which explains why a reappraisal on their roles and effects is 
currently taking place  [105] . 

 Among the important edible leguminous seeds, pulses like chickpea ( Cicer 
arietinum ), bean ( Phaseolus vulgaris ), pea ( Pisum sativum ), and lentil ( Lens 
culinaris ) are increasingly being consumed in many places around the world 
and are recognized as healthy foods, which could serve as alternatives to soy-
beans. The nutritional properties of pulses have been investigated extensively 
 [111] . Pulse seeds are high in protein, carbohydrates, and dietary fi ber and are 
a rich source of other nutritional and bioactive components  [112, 113] . Sosulski 
et al.  [114]  determined the comparative differences of 10 legume proteins as 
components in imitation milk products. Based on the solubility, physicochemi-
cal, and organoleptic properties of the protein isolate and the imitation milk 
products, the legumes were ranked in the following decreasing order of prefer-
ence for use as a milk beverage substitute: lima bean   =   mung bean   =   pea 
bean    >    northern bean   =   lupin    >    lentil   =   soybean    >    chickpea    >    fi eld pea    >    fava 
bean  . For further information on the functional properties of different legumes, 
the reader is referred to References  115 – 118 . Commercial suppliers of fl ours 
and protein concentrates from pulses include Best Cooking Pulses, Parrheim 
Foods, Nutri - Pea, and Norben Company. 

 It is important to warn that extensive serological cross - reactivity among 
legumes has been described  [119, 120] , although symptomatic hypersensitivity 
to more than one legume is considered uncommon  [58, 121] . Several studies 
showed that cross - allergenicity among, or multiple allergies to, legumes could 
be clinically relevant  [122, 123] . Dietary habits of people likely infl uence the 
food sensitivities found in different geographic areas. Thus, peanut and soybean 
are the major legumes involved in IgE - mediated hypersensitivity responses in 
North America, while lentil, chickpea, and pea are the offending legumes in 
the Mediterranean area and in several Asian countries, like India  [124, 125] . 
These fi ndings emphasize the need for appropriate caution by soy - allergic 
individuals in the selection of alternative foods.  

   13.5.2.2.2.    Alternative Oilseed Proteins (Rapeseed/Canola).     Rapeseed 
( Brassica  sp.) is one of the world ’ s major oilseed crops and is the second 
leading source of protein meal after soybean; it represents 12.4% of world 
protein meal production  [126] . Although China is the world ’ s largest rapeseed 
producer, Canada is the leader in large - scale production of improved rapeseed 
varieties, called  “ canola, ”  which are low in both erucic acid ( < 2%) and gluco-
sinolate ( < 30    μ mol/g)  [127] . After oil extraction, canola meal contains about 
38% protein compared with the 44% protein content of soybean meal  [128] . 

c13.indd   372c13.indd   372 6/17/2010   7:07:02 PM6/17/2010   7:07:02 PM



PROCESSING FOODS WITHOUT SOYBEAN INGREDIENTS 373

Cruciferin and napin (12S globulin and 2S albumin, respectively) are the two 
major storage canola proteins accounting for 60% and 20%, respectively, of 
the total protein in mature seeds  [129] . 

 Rapeseed/canola meal proteins have a reasonably well - balanced amino 
acid profi le and high biological value  [130, 131] . The proteins are rich in lysine 
and contain adequate quantities of the essential amino acids methionine and 
cystine, which are the limiting amino acids in most cereal and other oilseed 
proteins, such as soybean  [128] . The protein effi ciency ratio of rapeseed/canola 
meal is 2.64 as compared with 2.19 for soybean  [132] . The quality of canola 
proteins has also been reported to be similar to casein and superior to pro-
teins from other vegetable sources such as pea, and wheat in some applica-
tions  [133] . 

 The usefulness of rapeseed/canola as a source of food proteins is, however, 
severely restricted by the presence of undesirable components such as gluco-
sinolates, phytates, and fi ber (hull)  [134] . Furthermore, commercial oil extrac-
tion processes denature the protein, resulting in decreased solubility  [135] . 
These factors have made the use of canola/rapeseed protein impractical in any 
meaningful way for human food, and hence, the current use of rapeseed meals 
is generally restricted to animal feed and fertilizer  [136] . 

 In the last few decades, many investigations have focused on removing the 
undesirable components from rapeseed meal  [137 – 141] . Continuous efforts 
are also being made to improve extraction technologies and to modify canola 
proteins to obtain desirable functionalities for food applications  [130, 135, 142, 
143] . As a result, processes have been developed to produce rapeseed/canola 
protein concentrates and isolates for human consumption, and commercial 
production is beginning  [134, 141, 144 – 146] . Rapeseed/canola protein products 
were found to have satisfactory functional properties and could be used in 
various food formulations  [147, 148]  (e.g., minced meat products, sausages, 
canned meat products, etc.). Due to its well - balanced amino acid composition 
and widespread cultivation globally, rapeseed proteins offer an attractive and 
promising alternative to soy protein in food formulation.  

   13.5.2.2.3.    Alternative Cereal Grain (Rice).     Rice protein could serve as a 
potentially good alternative to soy proteins. Rice ( Oryza sativa ) plays a promi-
nent role in food consumption worldwide. It is the major food eaten in differ-
ent parts of Asia, Africa, and South America  [149] . Although allergies to rice 
are reported in the literature, rice is not on the list of the most potent food 
allergens, and no cross - reactivity with legume allergens has been reported. 
Rice contains between 6% and 15% protein  [150, 151] , which can be fraction-
ated to obtain high protein fl ours, concentrates, and isolates. Several research 
studies have indicated that the quality of rice proteins is higher than for most 
cereals  [150, 151] . However, the nutritional quality of rice protein is about half 
that of egg protein  [152]  and casein  [153] . 

 A number of methods have been reported for preparing rice protein iso-
lates  [153 – 158] . The most effi cient method of extracting rice endosperm protein 
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that are intended for food application is by using strong alkali conditions 
similar to those used for the production of other plant protein concentrates 
and isolates  [158] . Production of rice protein isolates with very high purity 
( ∼ 90% protein) is reported  [153, 159, 160] . Rice protein fl ours and concen-
trates are available commercially and can be used in a variety of products 
including beverage, meal replacement, and bakery applications. Commercially 
available rice protein concentrates have purities ranging between 63% and 
70%.  

   13.5.2.2.4.    Other Alternatives.     Peanuts and tree nuts could be used as alterna-
tive sources of protein for soy proteins. Peanut is a legume and is distinctively 
different from tree nuts (e.g., almond, pecan, hazelnut, macadamia nut, and 
cashew). Peanuts and tree nuts are, however, often grouped together because 
of their similar compositional profi les. Peanuts and tree nuts have good amino 
acid profi les  [7, 161] , and although they contain a lower amount of protein 
(8 – 22%) compared with soybeans ( ∼ 40%), they provide good sources of 
mono -  and polyunsaturated fatty acids, carbohydrates, vitamins, and minerals. 
Peanut and tree nut fl ours and powders are commercially available and could 
be used in the production of nutritional bars, beverages, bakery products, and 
other food applications. Unfortunately, peanuts and tree nuts are major aller-
gens and their proteins have been reported to cross - react with soy proteins 
 [162] . Soy - allergic patients, therefore, need to exercise appropriate caution in 
using peanuts and tree nuts as alternative sources of protein in the diet.     

   13.6.    HIDDEN AND UNINTENTIONAL SOURCES OF SOYBEAN 
AND SOY PRODUCTS IN FOOD PROCESSING 

 An allergen is considered hidden when it is unrecognizable or undeclared on 
the product label  [163] . Hidden allergens are one of the key problems linked 
with the incidence of food allergies and are responsible for the majority of 
serious allergic reactions to food  [164] . Food - allergic individuals are highly 
dependent on reliable product labeling and on the availability of products not 
contaminated with allergens  [165, 166] . 

 There are many reasons why sensitized individuals may become unknow-
ingly exposed to soy allergens. Soy ’ s versatility and techno - functionality has 
prompted its wide utilization in a number of applications, which makes it 
particularly diffi cult to avoid in food processing. Two particular challenges with 
soybeans are soybean oil and soy lecithin, and there has been a lot of contro-
versy as to whether these are potential sources of soy proteins. 

 Soybean oil is used in many applications in the food industry (e.g., in salad 
dressings, margarine, and baby foods)  [167]  and was initially thought to be safe 
for soy - sensitive individuals  [168] . Allergenic proteins (28 and 56   kDa) were, 
however, reported in cold - pressed and deodorized soybean oil  [169] . Doke et 
al.  [170]  showed that although oxidized soybean oil may not show allergenicity, 
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proteins in soybeans are capable of interacting with oxidized lipid to form 
products that are allergenic to soybean - sensitive patients. Moneret - Vautrin 
et al.  [171]  also reported an unusual soy oil allergy in an allergic infant who 
reacted to milk, soybeans, and soybean oil emulsion. Thus, the allergenicity of 
soybean oil depends on its purity, which in turn depends on the extraction 
process. From the bulk of existing reports, it appears that highly refi ned 
soybean oil may not represent a risk of provoking allergic reactions in the 
overwhelming majority of susceptible people  [172] , and based on this, U.S. as 
well as European Union regulators have exempted highly refi ned vegetable 
oils from known allergens, such as peanuts and soybeans from their respective 
new food allergen labeling regulations. Since anecdotal reports of allergic 
reaction to refi ned oils still exist  [173] , the issue continues to deserve further 
investigation. 

 The other suspected source of soy allergens is lecithin, which is a by - product 
from the processing of soybean oil. Lecithin has excellent emulsifying proper-
ties and is often used as an ingredient in processed foods, pharmaceutical, 
cosmetic, and other industrial products. The protein content of lecithin ranges 
between 100 and 1400   ppm  [50]  and its potential allergenicity has been an issue 
of concern. Using EAST, M ü ller et al.  [174]  showed that half of the sera of 
soy - allergic adults used in their study reacted with commercial soy lecithins, 
which were found to contain residual proteins. Lecithin can be made from egg, 
egg yolk, soybean, or corn, and on labels of many commercial products con-
taining lecithin, the source of the lecithin is often not clearly stated. Soy leci-
thin could, therefore, represent an unrecognized source of hidden allergens. 
Labeling regulations in the European Union, United States, and Canada now 
require (or will soon be requiring in the case of Canada) that the source of 
lecithin be stated if it is derived from one of the priority allergens. In Canada 
and the United States, it is further expected that the new labeling amendments 
to the Food and Drug Regulations will require the declaration of the sources 
of lecithin whether or not residual proteins are present. This regulation will 
also apply to other ingredients such as HVP. 

 The Canadian Food Inspection Agency further lists the following as pos-
sible sources of soy: baby formulas, baked goods and baking mixes (e.g., breads, 
cookies, cake mixes, doughnuts, pancakes), bean sprouts, beverage mixes (e.g., 
hot chocolate, lemonade), bread crumbs, cereals, crackers, breaded foods, chili, 
pastas, stews, taco fi lling, tamales, canned tuna/minced hams, chewing gum, 
cooking spray, margarine, vegetable shortening, vegetable oil, diet drinks, imi-
tation milk, dressings, gravies, marinades, frozen desserts, hydrolyzed plant 
protein (HPP), hydrolyzed soy protein (HSP), HVP, lecithin, monosodium 
glutamate (MSG) (may contain hydrolyzed protein), processed and prepared 
meats (e.g., beef, deli, pork, poultry), sauces (e.g., soy, shoyu, tamari, teriyaki, 
Worcestershire), seafood - based products, fi sh, seasoning, spices, simulated fi sh 
and meat products (e.g., surimi [imitation crab/lobster meat]), simulated bacon 
bits, snack foods (e.g., candy, chocolate, energy bars, fudge, popcorn, potato 
chips), soups, broths, soup mixes/stock, spreads, dips, mayonnaise, thickening 
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agents, and vegetarian dishes  [175] . Nonfood sources include cosmetics, soaps, 
craft materials, glycerine, milk substitutes for young animals, pet food, and 
vitamins.  

   13.7.    SOYBEAN CROSS - REACTING ALLERGENS 

 When an allergic response is established toward a particular protein, a homol-
ogous form of that protein in another substance may also trigger an allergic 
response (cross - reaction)  [176] . Proteins that cross - react with soybean aller-
gens are, therefore, potential sources of allergens for soy - sensitized individuals. 
Extensive  in vitro  cross - reactivity has been demonstrated among different 
legumes. As early as 1971, Fries  [177] , by using a skin test on 30 atopic children 
with suspected soybean allergy, showed that 90% of patients were sensitive to 
soybean, 90% to peanut, 80% to green pea, 53% to lima pea, and 43% to string 
bean. Bernhisel - Broadbent and Sampson  [121]    in later studies reported that 
among 69 legume - sensitive patients, 43% showed sensitivity to soybean, 87% 
to peanut, 22% to green bean, and 26% to pea. Similarly, Eigenmann et al. 
 [162]  showed that the removal of soy - binding antibodies, by antigen - affi nity 
chromatography, from the serum of a patient allergic to peanut and soy, 
resulted in 73% reduction of IgE binding to peanut allergens. Reported clini-
cal coreactivity rates in peanut allergics for soy are low and range only from 
1% to 6.5% in placebo - controlled studies  [58] . Cross - reactivities between soy 
and peanut will, however, continue to represent an important clinical chal-
lenge, as both share common antigens  [178, 179] , and both are widely used in 
food product formulations. 

 Cross - reactivity between proteins could also occur with materials from dif-
ferent families or species. This type of cross - reaction can be due to structural 
affi nity resulting from homology of linear epitopes and/or similarity of spatial 
conformation (homology of conformational epitopes). Thus, several authors 
have reported coexisting clinical soy allergies in patients with cow ’ s milk aller-
gies, ranging from 5%  [180]  in a prospective study to around 50% in a selected 
group of patients with cow ’ s milk enterocolitis  [181] . Based on a positive 
RAST/skin test and open or double - blind, placebo - controlled food challenge 
(DBPCFC), Cantani and Lucenti  [182]  also reported a 3 – 4% incidence of soy 
protein formula allergies in cow ’ s milk - allergic children given soy protein 
formulas.  

   13.8.    IMPORTANCE OF GOOD MANUFACTURING 
PRACTICES (GMP s ) 

   13.8.1.    Ingredients 

 Raw materials used in the processing of foods can be a major source of aller-
gen contamination. As a result, it is important that all materials used for 
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processing of foods destined for soy - allergic consumers be checked for poten-
tial contamination with soy ingredients. This could be a challenge particularly 
for grains, seeds, and fl ours as they may be contaminated on the farm (i.e., 
during production and harvesting) or during transportation and handling. 
Figure  13.2  shows a picture of a soybean farm in which corn is visibly present. 
This kind of contamination often happens when crops are rotated on the same 
farmland and is particularly of concern for soybean and corn crops. Primary 
processing of grains (cleaning and sorting) can remove contamination of 
foreign materials, but this is made diffi cult when the contaminating grain or 
seed is similar in color and shape to the grain or seed being cleaned. Grain 
standards vary for different countries, and foreign material ranging from as 
low as  < 0.5% to as high as 12% may be permitted in grains destined for the 
food/feed markets. In the United States as an example, the Food Allergen 
Labeling and Consumer Protection Act (FALCPA) exempts raw agricultural 
commodities from allergen labeling. It is, therefore, important that food manu-
facturers exercise appropriate caution and verify that all incoming materials 
to be used for production are really allergen free prior to use.    

   13.8.2.    Processing 

 GMPs need to be put in place for the production of all foods. This is espe-
cially important for  “ allergen - free ”  foods. Detailed information on GMPs for 
 “ allergen - free ”  food production is provided elsewhere in this book. Deibel 

     Fig. 13.2     Corn crop in a soybean fi eld.  
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et al.  [183]  reported that inadvertent allergens in foods can result from a 
number of events. These include misformulation; improper cleanup; cross -
 contamination by dust or pieces of allergenic food remaining in the process-
ing system; mechanical movement of the allergenic product or raw material 
that could fall from crossover points from unclosed system or from equip-
ment common to more than one product that was not properly cleaned; 
product rework or work - in process materials that are added back into the 
wrong product stream; maintenance tools used on a line producing allergen -
 containing product and then on a different line; recycling systems; and waste 
handling. Appropriate allergen management control programs need to, there-
fore, be implemented when foods intended for allergic consumers are being 
processed.  

   13.8.3.    Labeling Practices 

 Confusing or misleading food labeling can pose serious health risks for food -
 allergic consumers. For the uninformed consumer, the use of technical or 
uncommon terms for soy and soy derivatives can also be very challenging. 
Terminologies used for soy that may be less common to the average consumer 
include the following: edamame, kinako, kouridofu, miso, mono - diglyceride, 
natto, nimame, okara, soya, soja, vegetable protein, tempeh, soy protein fl our 
or structured protein fi ber (SPF), textured soy fl our (TSF), textured soy protein 
(TSP), TVP, HVP, tofu (soybean curds), yuba, and sauces (e.g., shoyu, tamari, 
teriyaki, Worcestershire)  [184] . An investigation on the ability of families of 
food - allergic children to accurately read food ingredients labels  [185]  reported 
that identifi cation of soy was one of the most problematic. Only 22% (6 of 27) 
of the parents correctly identifi ed soy protein in seven food products. Proper 
identifi cation of the label was helped by prior instruction by a health profes-
sional. There are also some concerns with labeling practices, which arise when 
manufacturers switch ingredients or modify food composition without making 
this clear on the label  [183, 186] . Additionally, imported food products need 
to be treated with appropriate precaution as manufacturing and labeling stan-
dards may differ from country to country  [163] .   

   13.9.    CONCLUSION 

 Soybean has had remarkable growth and gained importance in the last several 
decades both as food and a source of ingredient for various industrial and 
health products. They serve as an excellent source of nutrition for humans and 
are also used extensively in the feed industry. Unfortunately, they are listed as 
one of the  “ big eight ”  allergens, and as such, their labeling is required in many 
countries. For allergic consumers, avoidance of soybeans may be diffi cult due 
to their widespread use. Selection of appropriate ingredients that are free from 
soybeans and soybean ingredients, the implementation of GMPs, and use of 
proper labeling are critical to avoid the unintentional presence of soybeans in 
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products targeted for soy - allergic consumers. Extensive studies have been 
conducted to identify the allergenic proteins in soybean; however, there is 
limited research on the effect of processing conditions and food matrix on 
soybean allergenicity. Such studies will be very useful for the food industry, 
regulatory agencies, and soy - allergic patients. Finally, there is a need for con-
tinued research to identify ingredients that could be used as suitable alterna-
tives for soybean and soy ingredients in different food applications.  
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  14 
MANUFACTURING A BISCUIT THAT 
DOES NOT USE MILK, EGGS, 
OR SOYBEANS  

  Masahiro     Shoji    and    Takahide     Obata       

    14.1.    INTRODUCTION 

 Recently, food allergy has attracted greater public attention than ever before. 
Individuals mainly affected by food allergy are young children. Sampson 
reported that a signifi cant percentage of children (i.e., 6%) is affected by food 
allergy in the United States, with the most commonly reported allergenic foods 
for children being milk and eggs, for which the prevalence of allergy is esti-
mated at 2.5% and 1.3%, respectively  [1] . Other studies also reported milk 
and eggs as very common and major food allergens for children across many 
countries  [2, 3] . 

 In the food industry, milk, eggs, and their derivatives are among the most 
popular ingredients used in food preparations in terms of nutrient supply and 
processing aids; their inclusion in, for example, bakery, ice cream, soup, fi sh 
cake products, however, is not always obvious  [4] . 

 Milk and eggs are preferentially used in diet formulations for growing 
children. As a result, children with allergies to milk and eggs are normally 
unable to eat many commercially available foods for children. Unfortunately, 
for these children, the primary demand for food they consume is safety: taste 
is much less of a priority and is sometimes even overlooked. As a matter of 
fact, foods given to children with milk and eggs allergies are seldom appetizing 
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because milk and eggs contribute much of the taste. Sadly, allergic children 
sometimes do not enjoy the delight of eating. 

 Morinaga  &  Co. Ltd., one of the leading confectionery companies in Japan, 
manufactures a lot of products for children and recognizes that confectionery 
plays a signifi cant role as a source of delight and nutrients for children. 
Additionally, confectioneries serve as a social tool for establishing good rela-
tions among children by providing a means for them to eat together. 

 Accordingly, Morinaga, in pursuing its company vision (i.e.,  “ We offer good 
health with delight and taste ” ), has launched a hard confectionery (Marie - type 
biscuit) named  “ amaranth biscuit ”  that is specially prepared for allergic chil-
dren (Fig.  14.1 ). The product concept underlying the amaranth biscuit is to 
provide a safe, tasty, and nourishing confectionery for allergic children.   

 First, the amaranth biscuit does not use milk, eggs, or soybeans and can 
therefore be eaten by children with these allergies. Second, the amaranth 
biscuit is intended to mimic the good taste of the Morinaga  “ manna ”  biscuit, 
a popular Marie - type baby biscuit manufactured since 1930. Third, because 
children with milk and eggs allergies are often at a disadvantage in terms of 
protein intake, by formulating with nutritious amaranth, the amaranth biscuit 
provides protein in a quality and quantity equal to that of the manna biscuit 
(Table  14.1 )  [5] . In addition, the amaranth biscuit is likely to provide an oppor-
tunity for allergic and nonallergic children to eat the same food together. In 
this chapter, we would like to share our experience in manufacturing the 

     Fig. 14.1     Amaranth biscuit for allergic children (launched in 1993).  
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amaranth biscuit in terms of the management of allergenic ingredients such 
as milk, eggs, and soybeans.    

   14.2.    ALLERGEN MANAGEMENT INITIATIVE 

 Generally speaking, the initiative for allergen management in the food indus-
try comes from the need to comply with allergen labeling regulations. 
Currently, the only effective way to manage food allergy is the complete 
avoidance of the offending food allergen by encouraging affected individuals 
to select safe food by means of product labeling. Therefore, regulators at the 
international and national levels have introduced food labeling policies, 
which include a mandatory declaration of designated allergenic foods. The 
intentional incorporation of food requiring mandatory labeling into food 
products is managed by a positive declaration on the label, so that affected 
individuals can recognize the presence of an offending food and avoid the 
concerned product. 

 If the product contains a food requiring mandatory labeling that is not 
declared on the product label, the manufacturer is not in compliance with the 
regulation and will be liable for any incident that results. Accordingly, food 
companies must take serious action toward allergen management. 

 The obligatory requirements of allergen management to maintain compli-
ance with regulations are 

   •      to label food requiring mandatory labeling appropriately and  
   •      to prevent cross - contamination of food requiring mandatory labeling with 

allergenic foods that are not labeled.    

 The initiative of allergen management for the amaranth biscuit was, nev-
ertheless, distinct because there was no existing allergen labeling regulation 
in 1993 when the amaranth biscuit was launched. Morinaga was, however, 

  TABLE 14.1    Nutritional Facts of the Amaranth Biscuit and Manna Biscuit  [5]  

   Product name     Amaranth Biscuit     Manna Biscuit  

  Major ingredients    Wheat fl our    Wheat fl our  
  Amaranth powder    Skim milk  
      Milk  
      Eggs  

  Energy/100   g    427   kcal    432   kcal  
  Protein/100   g    7.1   g    6.5   g  
  Amino acid score    28    30  
  Limiting amino acid    Lysine    Lysine  
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well aware that any failure of allergen management in the amaranth biscuit 
production would have posed a critical health hazard for allergic individuals; 
so, strict as well as practical allergen management was needed and of critical 
importance. 

 Evidently, the best allergen management is very simple and clear: no aller-
genic food should be brought into contact with the manufacturing process. This 
would, however, involve excluding allergenic food from product ingredients 
and manufacturing in a dedicated production line, requiring heavy investment. 
The exclusion of allergenic ingredients is workable. However, because the 
amaranth biscuit is a product for allergic children, who represent only a small 
market size, it is more practical to consider small batch - scale production in a 
shared line, with the establishment of an allergen management plan, which 
considers all processes from product development to product manufacturing. 
Thus, the management of the amaranth biscuit has become very similar to the 
principles of management using the Hazard Analysis Critical Control Point 
(HACCP) system.  

   14.3.    ALLERGEN MANAGEMENT OF THE AMARANTH BISCUIT 

   14.3.1.    Flow of Product Development 

 Figure  14.2  presents a brief fl ow diagram for the development of a new 
product, starting from the formulation of the new product under the designed 
product concept, the selection of an appropriate production line, and the con-
struction of a practical allergen management plan in order to decide appropri-
ate labeling of the new product, which is very important to help the consumer 
make the right purchasing decisions, as well as to maintain compliance with 
regulations and prevent product liability.    

Choose

production

Construct

the allergen 

management plan

Fi l l b lL b l d ft

Design

product
Manufacture

line

Final labelLabel draftproduct

concept
new

product

Formulate

the product 

with selecting 

the ingredientthe ingredient

     Fig. 14.2     Flow of new product development.  
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   14.3.2.    Design Product Concept 

 The amaranth biscuit was conceived to be a  “ safe (in terms of food allergy), 
nourishing, and tasty biscuit ”  for milk - , egg - , or soybean - allergic children as 
the biscuit does not use milk, eggs, or soybeans. The concept was founded on 
food allergen surveys of Japanese allergic children, which indicated two major 
food allergens (milk and eggs) and one minor allergen (soybean)  [6 – 8] . 
Accordingly, milk, eggs, and soybeans were eliminated from the ingredients, 
while wheat, which was not recognized as a signifi cant food allergen, was used. 
However, a more extensive survey in 2004 unveiled wheat as one of the major 
food allergens for Japanese children  [9] . The manna biscuit, which is popular 
among Japanese children, was therefore used as a benchmark for the fi nal 
product.  

   14.3.3.    Formulation and Ingredient Selection 

   14.3.3.1.    Realization of the Product Concept 

   14.3.3.1.1.    A Biscuit That Does Not Use Milk, Eggs, or Soybeans.     The ingredi-
ents of the amaranth biscuit, from the major ones used in large quantity (e.g., 
wheat fl our, sugar, amaranth powder, and shortening) to minor ones (e.g., 
baking powder, fl avors, and vitamins), were surveyed for their potential food 
allergen risk. 

     Wheat Flour.     Special care must be taken to avoid contamination with buck-
wheat, as buckwheat is a signifi cant life - threatening food allergen. In Japan, it 
is occasionally milled in wheat milling plants; a facility dedicated to wheat is 
preferred.  

  Amaranth Powder.     Because amaranth cereal is imported from the United 
States, its potential for soybean contamination during the transportation from 
the United States was investigated. However, no possibility of the contamina-
tion through the warehouse, silo, or transporting vessel was found because 
amaranth is imported via a route distinct from that of soybean. In addition, it 
was confi rmed that imported amaranth cereal is milled in a plant that does 
not process buckwheat.  

  Shortening.     Generally, shortening used is made from various oils such as 
soybean, rapeseed, and/or palm, so the potential contamination of shortening 
with soybean oil was investigated. Survey of a standard plant revealed poten-
tial risk of contamination with soybean oil during the transfer of oil through 
pipes, storage tanks, and tank lorries. Accordingly, a decision was made to 
purchase shortening from a factory processing only rapeseed oil and palm 
oil. In addition, the shortening is supplied in 18 - L cans to prevent contamina-
tion during transportation. Although highly refi ned oil is reported to have no 
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allergenicity  [10] , based on our experiences, potential contamination during 
storage and transfer was important to keep under consideration.  

  Minor Ingredients.     Food allergens occasionally end up in foods through the 
use of food additives, for example, fl avors, colorants, and processing aids. As 
milk fl avor is commonly used in bakery products to enhance taste, for the 
amaranth biscuit, a decision was made to use milk fl avor not derived from 
milk. Also, attention was paid to source ingredients that do not contain soy 
lecithin, a popular food additive. Table  14.2  provides a list of such food ingre-
dients requiring caution. Ingredients, for example, casein/sodium caseinate, 
lactose, and starch/glucose syrup from wheat repeatedly cause product recall 
because these ingredients, from which the origins are hardly recognizable, are 

  TABLE 14.2    Potentially Hazardous Food Ingredients 

   Origin     Function     Ingredient  

  Milk    Protein supply    Whey (protein)  
  Stabilizer, emulsifi er    Sodium caseinate  
  Flavor    Casein hydrolysate  
  Flavor    Whey hydrolysate  
  Fining agent    Casein  
  Bulking agent    Lactose  
  Bacteriostatic agent    Lactoferrin  

  Egg    Emulsifi er    Lecithin  
  Enzyme    Lysozyme  
  Fining agent    Egg white  

  Wheat    Formulation aid    Starch  
  Sweetener    Glucose syrup (wheat based)  
  Carbohydrate supply    Maltodextrin (wheat based)  
  Dough conditioner    Gluten (wheat)  
  Flavor    Malt extract  
  Flavor    Wheat hydrolysate  
  Enzyme    Carboxypeptidase  
  Enzyme    Amylase  

  Soybean    Protein supply    (Soy) protein isolate  
  Emulsifi er    Lecithin  
  Flavor    Soybean hydrolysate  
  Enzyme    Amylase  
  Antioxidant    Tocopherol  
  Foaming agent    Saponin  
  Edible oil    Soybean oil  

  Peanuts    Edible oil    Peanut oil  
  Buckwheat    Antioxidant    Rutin  
  Fish    Carrier for vitamin and 

fl avor, fi ning agent  
  Fish gelatin  

c14.indd   398c14.indd   398 6/17/2010   7:07:09 PM6/17/2010   7:07:09 PM



MANUFACTURING A BISCUIT 399

overlooked in labeling. During formulation or reformulation of the product, 
ingredients with complex composition like food additives are scrutinized 
closely in respect to their origins and components.      

   14.3.3.1.2.    Nourishing Biscuit.     Elimination of milk and eggs from a wheat -
 based biscuit results in reduction of the nutritional value, due to the lower 
protein and poor lysine content of wheat fl our. Thus, the new biscuit is fortifi ed 
by formulating it with a protein -  and lysine - rich amaranth powder (Table  14.3 ) 
 [5] . In addition, the high calcium content of the amaranth powder helps to 
fortify lost calcium resulting from the elimination of milk.    

   14.3.3.1.3.    Tasty Biscuit.     Amaranth biscuit is formulated to attain good taste 
with limited ingredients. From the nutritional perspective, a high amaranth 
formulation is preferable to achieve higher protein content (Table  14.3 )  [5] ; 
however, the fi nal amaranth content was limited to at most 15%, in order to 
avoid the drawback of the bitter taste of the amaranth.  

   14.3.3.1.4.    Safe Biscuit in Terms of Food Allergy.     Due to the packaging label, 
which declares  “ does not use milk, eggs, or soybean, ”  the safety of the con-
sumer, namely food - allergic children, is regarded as the fi rst priority. Applying 
current knowledge and technology, ingredients are carefully selected in for-
mulation and strictly examined in routine production.   

   14.3.3.2.    Ingredient List.     In the formulation, an ingredient list is prepared to 
clarify the original raw materials (Table  14.4 ). In practice, each ingredient is 
examined for its components, and then the components are further examined 

  TABLE 14.3    Nutrient Composition of Amaranth Powder and Wheat Flour  [5]  

        Amaranth Powder     Wheat Flour  

  Protein    14.9%    7.7%  
  Fat    8.3%    1.3%  
  Ash    3.0%    0.4%  
  Water    9.5%    12.7%  
  Amino acid score  
  Ile    107    118  
  Leu    72    96  
  Lys    90    35  
  Met/Cys    110    52  
  Phe/Tyr    89    109  
  Thr    96    81  
  Trp    155    115  
  Val    97    102  
  His    151    129  
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MANUFACTURING A BISCUIT 401

until the original raw materials are clarifi ed. This process is done for all listed 
ingredients. Lastly, the column  “ allergen remark ”  in the list is fi lled if the 
original raw material is identifi ed as a known allergenic food. In case of an 
allergic incident, the  “ allergen remark ”  helps to identify the potential food 
allergen (i.e., other than milk, eggs, and soybeans), since allergic individuals 
occasionally react to more than one allergenic food.   

 Some ingredients have a complicated composition and, furthermore, some-
times contain an intentionally undeclared substance covered by intellectual 
property rights, so food allergens are apt to be missed. Therefore, the supplier 
is encouraged to provide accurate ingredient information by the supply con-
tract or agreement. 

 Allergen information of imported ingredients is frequently incomplete 
because of differences in regulations and awareness of food allergens and 
allergen management levels of exporting countries. Additionally, there may be 
inadequate communication owing to mileage (i.e., long distance and many 
operations required to relay the product from the production site). Thus, 
imported ingredients need to be surveyed much more carefully than domestic 
ingredients.   

   14.3.4.    Production Line Survey 

   14.3.4.1.    Selection of Production Line.     There is a tremendous difference 
between allergen management for mass production and that for small - batch 
production. In the case of mass production, the production can be done on a 
dedicated line, which can exclude allergen cross - contamination; thus, manage-
ment becomes comparatively simple. On the other hand, small - batch produc-
tion, as in the case of the amaranth biscuit, needs to share the production with 
the existing production line. This requires the management system to exclude 
food allergen cross - contamination during production and proper education of 
the employees managing the system. When manufacturing in a shared line, a 
survey of potential allergic contaminants is essential, and this can be carried 
out by a thorough investigation of the products shared on the same line. The 
production line of the amaranth biscuit mainly manufactures the manna 
biscuit, which uses milk -  and egg - containing ingredients, but not soybeans. 
Therefore, the amaranth biscuit production was presumed to have a potential 
risk for milk and egg contamination.  

   14.3.4.2.    Manufacturing Process 

   14.3.4.2.1.    Scheduled Production.     The production line for the amaranth biscuit 
is shared with several products; accordingly, the amaranth biscuit production 
is scheduled to minimize the risk of cross - contamination. Normally, scheduled 
production means manufacturing in the following order: cleaning up the line, 
manufacturing the nonallergic product, and changeover to the allergenic 
product. For a complete cleanup of the production line, dismantling of the 
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402 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

production machinery and washing the machinery parts are ideal. However, 
dismantling and washing the machinery require considerable cost; therefore, 
it is economically not practical for the amaranth biscuit production, since the 
production size is too small to cover the costs involved. As the second best 
option, the amaranth biscuit production is scheduled after the production of 
the mass product (manna biscuit), which therefore requires allergen manage-
ment mostly targeting for milk and eggs as the potential contaminants from 
the manna biscuit production.  

   14.3.4.2.2.    Preliminary Survey of the Production Line.     The production line 
was examined for lead time to eliminate remaining allergic contaminants. 
Practically, after manufacturing the egg - containing biscuit, the line was cleaned 
as described in Section  14.3.5.1.4   , Cleaning and non - egg dough was processed 
on the line. The amount of egg in the processed dough was examined by an 
enzyme - linked immunosorbent assay (ELISA) (Section  14.4.1 , Analytical 
method for milk and eggs). Figure  14.3  shows the sampling points and timing 
of the processed dough, and the amount of egg observed in the dough at dif-
ferent times is presented in Table  14.5 .     

 No egg contamination of dough in the mixer (samples #1 and #6) demon-
strates that cleaning of the mixer was successful. Initial samples taken from 
the dough (sample #3) showed high egg contamination; however, this decreased 
to an undetectable level (sample #9) during the run. The initial scrap cut from 
the dough at the start of the operation (sample #4) retained egg contamination 
from the cutter; accordingly, it was decided not to return to the laminator, and 
the scrap was disposed of. Using ELISA swab sampling (Section  14.4.3 , 
Sampling), we found out that the major allergen hot spots were the gauge roll 
pressing the dough, the reciprocating cutter of the cutting machine, and the 
conveying canvas used for subsequent transport. 

 Notably, all baked biscuits (samples #5, #8, and #10), even those from the 
dough containing 1.6 - ppm egg (sample #3), showed no detectable egg. During 
the baking process, biscuit ingredients are exposed to heating, which alters 
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Dough
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cutting

machine

Cut 
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Baked 
biscuit
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30 minutes Sample #6 – Sample #7 Sample #8
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     Fig. 14.3     Sampling of dough during the manufacture of the amaranth biscuit.  
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MANUFACTURING A BISCUIT 403

the intrinsic integrity of existing egg protein molecules by denaturation and 
aggregation/polymerization in the matrix. This results in the insolubilization 
of the egg proteins targeted by the ELISA antibody and also the alteration 
of the molecular structure of the egg proteins, making them unrecognizable 
by the ELISA antibody. Consequently, the measurement of egg in baked 
biscuits was unsuccessful (Section  14.4.1 , Analytical method for milk and 
eggs)  [11, 12] . 

 In conclusion, the production line for the amaranth biscuit was, therefore, 
scheduled to be cleaned by the prerun of the amaranth biscuit dough to elimi-
nate contaminants remaining in the machinery. Optimal prerun period of the 
amaranth production was investigated by mimicking the practical change over 
from the manna to amaranth biscuit production. As shown in Figure  14.4 , milk 
and egg contamination in amaranth dough gradually decreases with time. 
From these data, the prerun period was determined.    
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     Fig. 14.4     Egg and milk concentration in dough after the start of production.  

  TABLE 14.5    Egg Concentration in Dough after Changing Dough to Eliminate Egg 

         Start  
    30   Minutes from 

the Start      Termination  

  Dough in mixer    Sample #1    N.D.    Sample #6    N.D.    N.T.  
  Dough before 

cutting 
machine  

  Sample #2    0.35   ppm    N.T.    N.T.  

  Cutting dough    Sample #3    1.6   ppm    Sample #7    0.55   ppm    Sample #9    N.D.  
  Initial scrap 

cutting dough  
  Sample #4    0.53   ppm                  

  Baked biscuit    Sample #5    N.D.    Sample #8    N.D.    Sample #10    N.D.  

   Limit of quantifi cation is 0.1   ppm.  
  N.D., not detected; N.T., not tested.   
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404 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

   14.3.4.2.3.    Finalized Manufacturing Process.     Upon the survey of the produc-
tion line, the manufacturing process was fi nalized as follows: 

  1.     After the manna biscuit production, the facility and production line are 
cleaned (Section  14.3.5.1.4 , Cleaning).  

  2.     Amaranth dough is prepared and prerun on the line.  
  3.     Initial cutting dough and initial scrap cutting dough containing milk and 

egg allergens are disposed safely so as not to mingle with the production 
process.  

  4.     After the prerun period, the cut dough is sent to the oven.  
  5.     Samples of the cut dough are collected every 10   minutes for product 

monitoring by ELISA. In the event that milk and/or eggs are detected 
in the cut dough, the product corresponding to the dough sample is not 
released for sale (Section  14.3.4.2.4 , Product release).  

  6.     Once ingredients are put into the mixer, production should be continu-
ously processed up to the packaging stage in order to minimize cross -
 contamination during the production. Leaving product in progress, which 
is susceptible to cross - contamination, is avoided. In case of a breakdown 
of machinery, any unfi nished product is stored in dedicated, lidded, and 
labeled containers.  

  7.     The packaged amaranth biscuit is labeled with the production time in 
order to link it to the cut dough sample analyzed.  

  8.     None of the rework material is used, but is disposed. This decision was 
made because economically, it was not worth the burdensome rework 
management as well as the product liability risk of misuse.     

   14.3.4.2.4.    Product Release.     The fi nal quality control of the amaranth biscuit 
is verifi ed by checking production documents, such as the input ingredient 
certifi cate and production records, as well as by ELISA testing. Although 
ELISA testing requires signifi cant extra time and labor, it is done because the 
amaranth biscuit has a potential contamination risk of milk and egg. 

 If a food - allergic individual should suffer from an imperfect product in 
terms of milk, egg, or soybean contamination, it absolutely results in the liabil-
ity of the manufacturer, which causes severe damages, such as recall expense, 
indemnity to the sufferer, and loss of brand prestige. Thus, it is only after the 
verifi cation of both product documents and ELISA result that the product can 
be released for sale. All of the quality control records are kept for future 
tracing in case of an allergen contamination incident.   

   14.3.4.3.    Validation of the Manufacturing Process.     The product from the 
manufacturing process developed was subsequently validated by a trial pro-
duction. The allergenic potential of the trial product was performed by passive 
cutaneous anaphylaxis using guinea pig anti - milk and egg sera  [13] , as well as 
by Western blotting using the sera of patients allergic to milk and egg  [14] , 
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MANUFACTURING A BISCUIT 405

both of which demonstrated negative reactions for milk and eggs. Consequently, 
the product label was fi nalized based on the ingredients and product line 
information (Table  14.6 ). Since the product label is determined by the results 
of the above procedures, the label needs to be reviewed after any change in 
ingredients, formulation, or production process.     

   14.3.5.    Allergen Management Plan 

   14.3.5.1.    Planning for Allergen Management.     Allergen management is 
planned to maintain manufacturing at a level equal to that originally devel-
oped. Similar to HACCP  [15] , the manufacturing process is drawn as a process 
fl ow diagram (Fig.  14.5 ), and an allergen management plan (Table  14.7 ) is 
made by reexamining the potential for milk or egg cross - contamination by 
taking the following into consideration.     

   14.3.5.1.1.    Employee.     Amaranth biscuit is manufactured on a shared produc-
tion line, so prevention of cross - contamination is highly dependent on the 
employees. Consequently, education of all employees, including temporary 
staff and contractors involved in production, is essential. Education ranges 
from fundamental sanitation rules, for example, regular hand washing, and 
wearing of uniform, cap, gloves, and shoes, to general food allergy knowledge, 
for example, what is food allergy, how it happens, allergic symptoms, and rela-
tion to routine manufacturing (which ingredients contain milk and/or eggs, hot 
spots for cross - contamination in the production line, etc.). 

 Regular training sessions are required in order to enlighten employees 
about food allergy and associated hazards. Effective teaching materials could 
include 

   •      an article describing how minute amounts of peanuts can threaten the life 
of allergic individuals,  

   •      pictures of symptoms of allergic children, and  
   •      interview and chats with food - allergic children and their parents.    

 The objective is to make employees understand the importance of what 
they must achieve in the production process, by giving them vivid information 
on food allergy. 

  TABLE 14.6    Label of the Amaranth Biscuit 

  Wheat fl our, Sugar, Amaranth powder, Shortening (Rapeseed oil, Palm oil), Starch 
(Wheat, Potato), Molasses, Salt, Calcium carbonate, Baking powder (Ammonium 
bicarbonate, Sodium bicarbonate, Tartaric acid), Flavors, Vitamins  
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410 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

 Another point of the training is to change the idea of  “ clean. ”  On the pro-
duction site,  “ clean ”  traditionally means  “ no presence of inedible foreign 
material, for example, hair, stone, or metal, ”  while the presence of milk and/
or eggs is regarded as  “ clean ”  since these are edible. Altering this idea among 
the operators involved in the production is essential for successful allergen 
management.  

   14.3.5.1.2.    Production.     The critical points of cross - contamination are the facil-
ity, machinery, utensils, and operators in the production line. 

     Facility.     It is necessary to place an air shower, vacuum cleaner, adhesive roller 
with mirror, and adhesive fl oor sheet at the facility entrance in order to 
prevent the entry of external dust. In a bakery site, contamination through 
airborne particles of milk and eggs is frequently observed. The best prevention 
of airborne contamination is to separate the room; the second best is to parti-
tion the room by a curtain fi xed to the ceiling. A standing screen is not effective 
because airborne contaminants can easily pass over the screen. Powdery ingre-
dients containing milk and eggs are stored separately from other powdery 
ingredients. Areas releasing airborne milk and eggs particles, such as the 
weighing area, need to be well ventilated. Ingredients, the product in progress, 
and the fi nished product are covered or put into a case, shielding them from 
potential airborne contamination. The airborne particle in a bakery site is a 
signifi cant issue even for the operator as they can cause outbreaks of occupa-
tional asthma and allergy  [16] ; therefore, measures to control airborne particle 
is benefi cial to both allergen management and improvement of occupational 
environment.  

  Machinery.     Machinery is cleaned before production as described in Section 
 14.3.5.1.4 , Cleaning.  

  Utensils.     Utensils such as scoops, trays, racks, and scraper bars are dedicated 
for amaranth biscuit production and are clearly distinguished by color from 
usual utensils.  

  Operator.     The operators are presumed as a source of contamination moving 
around the production area; therefore, the staff should wear a clean uniform, 
cap, gloves, and shoes during the production, and are encouraged to remove 
dust from all clothing.  

  Movement in the Facility.     It is preferable to manage movement of the opera-
tor, cart, and product in one direction in order to prevent accidental collisions 
that might bring about cross - contamination.    

c14.indd   410c14.indd   410 6/17/2010   7:07:11 PM6/17/2010   7:07:11 PM



MANUFACTURING A BISCUIT 411

   14.3.5.1.3.    Ingredients and Packaging 

   14.3.5.1.3.1.     i ngredients.    

  Receiving.     A written guarantee that the purchased ingredient is free from 
milk, eggs, and soybeans is demanded in the supplier contract or agreement. 
On receiving ingredients, an analytical certifi cate of the batch is required to 
confi rm whether the batch agrees to the stipulated quality, including  “ free from 
milk, eggs, and soybeans. ”  These certifi cates are kept as records. 

 The purchased ingredients, especially major ingredients, are tested for milk 
and eggs by quantitative ELISA. Direct testing of the ingredient itself has the 
advantage of both higher detectability as the contaminant concentration will 
be higher, and the avoidance of processing effects (Section  14.4.1 , Analytical 
method for milk and eggs). 

 During the selection of ingredients to be used for the amaranth biscuit, the 
production sites of the ingredients were fi eld surveyed in order to have a good 
perspective of the site and also to evaluate the allergen management of the 
supplier. The fi eld survey is conducted taking into consideration the point 
mentioned in this section. Depending on the results of the survey, the supplier 
is ranked as described in the ingredient list (Table  14.4 ), and the evaluation 
should be conducted regularly. 

 On receipt of packaged materials, the materials should be checked to ensure 
that the package matches the package specifi cation, especially with respect to 
allergen labeling regulation.  

  Preventing Contamination in Storage.     The milk -  and egg - containing ingredi-
ents such as for the manna biscuit production are stored in a segregated area 
of the storage with independent ventilation. In addition, the area where 
ingredients are opened is separated from the storage area, and unsealed 
ingredients are never returned to the storage. The condition for nonallergen 
ingredient storage should be monitored regularly by testing for airborne 
milk and egg particles (Section  14.4 , Milk and egg analysis). Furthermore, 
ingredients are stored on pallets or plates because the fl oor is likely to be 
contaminated.  

  Preventing Misuse of Ingredients.     Ingredients containing milk and/or eggs are 
marked clearly  “ milk ”  and/or  “ eggs ”  for careful handling.   

   14.3.5.1.3.2.     p ackaging.     In order to prevent misuse of packaging materials, 
the packaging used for the amaranth biscuit is stored separately from that of 
manna. A simple checklist with a picture of the outer wrapper distinguishing 
the amaranth package from the manna package is placed in the packaging 
storage area, and is signed before the amaranth packaging is taken out. The 
operator of the packaging machinery regularly checks and records the package 
of the fi nished product.   
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412 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

   14.3.5.1.4.    Cleaning.     Cleaning of the production line consists of two measures: 

  1.     Measure for object of which contaminant can be removed by washing 
such as utensils and washable parts of machinery like mixing propeller. 
By washing with warm water containing neutral detergent and rinsing 
suffi ciently, the object is cleaned.  

  2.     Measure for object that is not washable such as hard - to - detach parts of 
machinery and parts that cannot be washed with water because of rust. 
Object is cleaned of contaminant as much as possible by using the fol-
lowing techniques:  

   •      Visible residues remaining in the production machinery are removed 
by scratching and scrubbing, since incorporation of massive allergenic 
residues can result in a serious health hazard.  

   •      Powdery particles are dusted by wiping with dry cloth and vacuum. 
Moist cloth is also applicable, but imperfect wiping causes permanent 
contamination by spreading the contaminant on the production 
machinery. Remaining residues on the contact surface and corner of 
the machinery are eliminated by the prerun of the production.      

 Because the cleaning procedure is critical for controlling cross - contamina-
tion, a cleaning program, including procedures, timing, staff in charge, verifi ca-
tion and records, is documented as standard practice. 

   14.3.5.1.4.1.     c leaning  p rogram.     Production of the amaranth biscuit is sched-
uled to follow the manna biscuit production. Immediately after the manna 
production, the line is cleaned as described in this section and left overnight in 
order to allow airborne particles scattered during cleaning to settle. The fol-
lowing morning, the machinery is gently cleaned with a dry cloth to remove 
any particles. Finally, the fl oor is carefully cleaned. This allows residues and 
airborne particles from the manna production to be removed from the produc-
tion facility as much as possible.  

   14.3.5.1.4.2.     c leaning  m ethod.     Wet cleaning using water is the best and most 
complete method; however, several food machinery and parts are made of iron, 
which is hardly washable by water. Wiping with a moist cloth is used to remove 
deposits and contaminants stuck on the machinery. However, incomplete 
wiping results in the spread and permanent adhesion of contaminants to the 
machinery; thus, cautious wiping is required. Wiping with a dry cloth is suitable 
for machinery so as not to cause contaminants to stick to the machinery. 

 Vacuum cleaning of the machinery is preferable so as not to scatter particles 
or powder; however, it barely removes dough deposits or biscuit fragments 
fi rmly retained in the machinery. Compressed air is strong enough to remove 
dough deposits and biscuit fragments, but scatters particles requiring addi-
tional cleaning.  
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MANUFACTURING A BISCUIT 413

   14.3.5.1.4.3.     c leaning  p roduction  l ine.     Initially, all of the troublesome hot 
spots of allergen contamination and hard - to - clean areas are identifi ed by visual 
inspection of residues and by testing for allergen contamination. The cleaning 
method of the production line, that is, wet or dry, is chosen depending on the 
object to be cleaned, that is, whether the object is biscuit dough or baked biscuit; 
in principle, wet cleaning is applied for washable objects and objects used 
before baking, while dry cleaning is used for cleaning objects after baking. 

  Weighing Scale, Sieving, Vessel, and Mixer.     These are washed with detergent 
and rinsed out. The rotating shaft area of the mixer, especially the hidden part 
of the socket, is a hot spot.  

  Laminator, Gauge Roll, Cutting Machine, and Oven.     Roll, belt, and conveyor 
are wiped with a moist cloth. Remaining deposits in washable areas are 
removed by warm water or by chipping off the deposit by a scraper bar after 
water spraying. Deposits in unwashable areas are cleaned by compressed air. 
The cutter of the cutting machine is dismantled and washed with detergent. 
The steel belt of the oven is cleaned by a band washer. The cutter part and 
canvas of the conveyor are the most contaminated places, so these must be 
cleaned carefully.  

  Cooling Conveyor and Packaging Machine.     The cooling conveyor just after 
the oven, which is a hot spot of broken biscuit and fi ne biscuit powder, is 
cleaned by vacuum, and wiped with a dry cloth. The surface of the packaging 
machine that contacts biscuit is wiped with a dry cloth. 

 The cleaning result is examined by visual inspection and allergen testing, 
and the results are recorded. Prior to starting the amaranth biscuit production, 
the cleaning outcome is verifi ed.    

   14.3.5.1.5.    Record.     Work records, for example, input ingredients with the 
quantity, name of operator, mixing time, and oven temperature, are useful to 
identify any errors or mistakes in production as well as to provide hints in case 
of an allergen contamination incident. At the end of the production, the pro-
duction supervisor checks the work records and approves the release of the 
batch. Work records of each batch are fi led by batch number for tracing.     

   14.4.    MILK AND EGG ANALYSIS 

   14.4.1.    Analytical Method for Milk and Eggs 

 Two analytical methods have been developed for food allergen analysis: a 
DNA - based technique and a protein - based technique  [17] . However, the 
DNA - based technique, which amplifi es a specifi c DNA fragment of an allergen 
gene through polymerase chain reaction, is not suitable for routine testing for 
the production because of its tedious assay procedure and the requirement of 
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414 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

sophisticated instrumentation. The protein - based technique, founded on an 
immunochemical (antigen – antibody) reaction, consists of an ELISA and a 
lateral fl ow assay. ELISA is the most common assay used in routine food 
analysis due to its quantitative output and high precision. A quantitative mea-
surement gives more information; for example, the amount of allergen con-
tamination in the machinery helps to suggest the origin of the contamination. 
On the other hand, a lateral fl ow assay is very simple, rapid, and portable; 
therefore, it is suitable for on - site testing of the product in progress as well as 
the cleaning outcome. Table  14.8  presents the usage of ELISA and a lateral 
fl ow assay in the amaranth biscuit production.   

  TABLE 14.8    Usage of ELISA and Lateral Flow Assay during Production 

        Ingredient  

   Work in 
Process 
before 
Baking  

   Baked 
Product  

   Environment 
of Facility 

(e.g., 
Storage)  

   Cleaning  

   Machinery, 
and Facility  

   Washing 
after 

Cleaning  

  ELISA     �      �     X ( � )  a       �      �      �   
  Lateral fl ow     �      �     X     �      �      �   
  Sampling    Direct    Direct    Direct    Airborne 

particles  
  Swab    Direct  

    a Recently baked product can be assayed by ELISA as in Section  14.4.2 , Recent development of 
ELISA.  
   � , for generating quantitative data;  � , for generating qualitative data; X, not recommended.   

  TABLE 14.9    Commercial Quantitative Kits for Milk and Eggs 

       ELISA Systems     Neogen     Nippon Meat Packers  

  Kit name      –      –     Veratox ®  for 
Total Milk 
Allergen  

  Veratox ®  for 
Egg 
Allergen  

   FASTKIT ELISA Ver. II  

   Item      Milk      Milk     Egg     Milk     Egg     Milk     Egg  

  Format    ELISA, 
Sandwich  

  ELISA, 
Sandwich  

  ELISA, 
Sandwich  

  ELISA, 
Sandwich  

  ELISA, 
Sandwich  

  ELISA, 
Sandwich  

  ELISA, 
Sandwich  

  Assay range    1.0 – 10   ppm    2.5 – 25   ppm    1.0 – 5.0   ppm    2.5 – 25   ppm    2.5 – 25   ppm    0.4 – 20   ppm    0.4 – 20   ppm  

  Analyte     α  - Casein     β  - Lactoglobulin    Ovalbumin and 
ovomucoid  

  Milk protein    Egg white 
proteins  

  Multi - antigens 
(mixture of 
milk 
proteins)  

  Multi -
 antigens 
(mixture 
of egg 
proteins)  

  Result reported 
as  

  Milk powder    Milk powder    Egg white 
protein  

  Total milk    Egg    Milk protein    Egg protein  

  Incubation time    60   minutes    60   minutes    60   minutes    30   minutes    30   minutes    170   minutes    170   minutes  
  LOD     –      –      –      –      –      –      –   
  LOQ     –      –      –      –      –     (1   ppm)    (1   ppm)  
  Test number/kit    48 wells    48 wells    48 wells    Up to 38 tests    Up to 38 tests    96 wells    96 wells  

   LOD, limit of detection; LOQ, limit of quantifi cation.   
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MANUFACTURING A BISCUIT 415

 Both methods, however, have the drawback that food processed at high 
temperature (i.e., by baking, roasting, or retorting) cannot be analyzed, as 
shown in Table  14.5   [11, 12] . Therefore, ELISA and lateral fl ow assay are 
applicable up until the baking process.  

   14.4.2.    Recent Development of  ELISA  

 Allergen analysis of the fi nal product is vital to guarantee whether the declared 
product labeling is appropriate or not. Furthermore, in an outbreak of food 
allergen accident, the product in question can be scientifi cally tested to eluci-
date the cause and result. Accordingly, we have developed a new ELISA to 
detect egg allergen even in highly processed form  [18, 19]  and have diversifi ed 
this technology to milk, wheat, peanut, and buckwheat ELISAs  [20] . After 
launching these new ELISA kits, the direct analysis of milk and eggs in the 
fi nal product has been adopted. 

 Comparisons of the performance of the latest commercial quantitative and 
qualitative test kits are presented in Tables    14.9  and  14.10 , respectively.    

   14.4.3.    Sampling 

 A test sample should represent the object in terms of homogeneity and loca-
tion (for swab sampling). Contamination in manufacturing often happens 
only in a part of the batch; therefore, multiple sampling from different parts, 

   Morinaga Institute 
of Biological Science     R - Biopharm    TECRA     Tepnel  

  FASPEK 
Milk  

  FASPEK 
Milk  

  FASPEK 
Egg  

  RIDASCREEN ®  
Beta -
 lactoglobulin  

  RIDASCREEN ®  
FAST Ei/Egg  

  Egg    BIOKITS 
Casein  

  BIOKITS BLG    BIOKITS 
EGG  

    Milk      Milk     Egg     Milk     Egg     Egg      Milk      Milk     Egg  

  ELISA, 
Sandwich  

  ELISA, 
Sandwich  

  ELISA, 
Sandwich  

  ELISA, 
Sandwich  

  ELISA, 
Sandwich  

  ELISA, 
Sandwich  

  ELISA, 
Indirect 
competitive  

  ELISA, 
Indirect 
competitive  

  ELISA, 
Sandwich  

  0.312 –
 20   ppm  

  0.312 – 
20   ppm  

  0.312 –
 20   ppm  

  10 – 810   ppb    1 – 27   ppm    0.6 – 15   ppm    1.6 – 25   ppm    2.5 – 40   ppm    0.5 – 10   ppm  

  Casein     β  - Lactoglobulin    Ovalbumin     β  - Lactoglobulin    Egg white 
proteins 
(ovalbumin, 
ovomucoid, 
ovotransferrin, 
lysozyme)  

  Multi -
 antigens 
(egg white 
and yolk 
proteins)  

  Casein     β  - Lactoglobulin    Ovomucoid  

  Milk 
protein  

  Milk protein    Egg protein     β  - Lactoglobulin    Egg white protein    Whole egg 
protein  

  Casein     β  - Lactoglobulin    Egg white 
proteins  

  90   minutes    90   minutes    90   minutes    2   hours 45   minutes    30   minutes    120   minutes    105   minutes    120   minutes    75   minutes  
  0.078   ppm    0.078   ppm    0.078   ppm    0.2   ppm    0.6   ppm    0.5   ppm    1   ppm    2   ppm    0.1   ppm  
  0.312   ppm    0.312   ppm    0.312   ppm    5   ppm    1   ppm    0.6   ppm    1.6   ppm    2.5   ppm    0.5   ppm  
  96 wells    96 wells    96 wells    96 wells    48 wells    96 wells    96 wells    96 wells    96 wells  
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locations, and timings can help to minimize the overlooking of allergen con-
tamination. For instance, dough sampling for ELISA is conducted every 
10   minutes in the amaranth biscuit production. 

 Due to the very high sensitivity of ELISA and the lateral fl ow assay, sample 
preparation and the assay procedure should be carried out with care to prevent 
false results due to mishandling. For example, insuffi cient washing of the 
sample tube/container/reservoir may generate false - positive results as aller-
genic protein may remain on the surface of the apparatus. Use of disposable 
plasticwares and careful washing of the apparatus are, thus, recommended. 

 Practical areas and materials for samplings are 

           Airborne Substances.     Airborne substances are sampled by a saline - containing 
cup collecting falling airborne particles. The saline sample is, then, analyzed 
by ELISA or lateral fl ow assay.  

  Received Ingredients.     Ingredients are examined by ELISA to obtain quantita-
tive results (Section  14.3.5.1.3 , Ingredients and packaging). Allergen testing 
of ingredients is performed to confi rm the batch certifi cate.  

  Cleaning of Facilities.     Sampling is done by swab method, which involves scrap-
ing the surfaces of objects with cotton swab moistened with saline solution, 
extracting the swab by saline, and analyzing the extract. Sampling by the 
rinse method is not suitable for biscuit production because of insuffi cient 
solubilization from caked residues on the machinery surface.  

  Washings from Cleaning.     When the washing solution is used for ELISA or 
lateral fl ow assay sample, it is necessary to consider the composition of the 
solution. If the washing solution containing concentrated detergents or 
strong alkaline/acid solutions are directly applied for ELISA/lateral fl ow 
assay, the antibody of the assay will be damaged and cannot give correct 
results. Therefore, the washings must be adjusted to neutral pH, and the 
rinse water of the fi nal washing must be applied for the assay in order to 
minimize the effect of the components in the washing.       

   14.5.    CONCLUSION 

 Given the fact that no allergic incidents have been reported in over a decade 
of amaranth biscuit sales, it could be said that the management of milk, egg, 
and soybean allergens in the production of the amaranth biscuit has been 
successful. In this chapter, food allergen management of the amaranth biscuit, 
which does not use milk, eggs, or soybeans, has been introduced as a case study. 
The principle of food allergen management does not differ among food prod-
ucts. The key points requiring management are employee, production facility/
machinery, ingredients, labeling (packaging), cleaning, and production record. 
Once the principles are understood and properly applied, food allergen man-
agement tools can be successfully used for the production of allergen - free 
foods.  
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  15 
RISK ASSESSMENT FOR 
FOOD ALLERGY  

  Rene W.R.     Crevel       

    15.1.    INTRODUCTION 

 Food allergy has long been recognized clinically, with numerous reports in 
the twentieth century medical literature  [1 – 3] . However, perception of its 
importance as a public health and food safety issue only dates to the last 
decade of the twentieth century. Early studies by Young et al.  [4]  in the 
United Kingdom estimated a population prevalence of 1.4 – 1.9%, while more 
recent reports suggest fi gures of the order of 3.5 – 4% in the industrialized 
world  [5 – 10] . The prevalence among children is generally accepted to be 
higher, of the order of up to 8%  [11] . Such fi gures equate to upward of 
10   million affected people in regions such as the European Union (EU) or 
the United States and, therefore, a signifi cant burden of ill health and reduced 
quality of life. 

 Food allergy is a clinically challenging condition. Symptoms range from the 
very mild, such as a rash or a hive, to the life - threatening, such as anaphylactic 
shock. They may affect one or several organ systems and may resemble other 
clinical syndromes. Reactivity within the population varies over fi ve to six 
orders of magnitude, as expressed by minimum eliciting doses (MEDs)  [12] , 
although there is no clear correlation between an individual ’ s threshold and 
the severity of the reactions that may be experienced. Reactivity can also be 

Allergen Management in the Food Industry, Edited by Joyce I. Boye and 
Samuel Benrejeb Godefroy
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424 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

modulated by external factors such as exercise, concurrent asthma, and stress. 
Avoidance of the offending allergen is currently the only treatment for food 
allergy, and an immediate consequence is that having a member with food 
allergy affects the whole family and, to a lesser extent, the social circle of the 
allergic individual. The recommended strategy for patients to manage food 
allergy, that is, avoidance of all food products containing the allergen, can 
create a high level of stress and anxiety over food - related activities  [13, 14] , 
and stress and anxiety can also occur in people caring for allergic individuals. 
This situation is made worse by the proliferation of precautionary labels, which 
purport to warn of the possible presence of allergens that are not part of a 
product ’ s recipe, but which are increasingly ignored, even by well - informed 
allergic consumers  [15] . 

 Allergic people can fi nd avoidance of specifi c foods very diffi cult. Labeling 
rules generally cover only deliberately added ingredients in prepacked foods. 
However, food production is a complex process and generally involves the use 
of shared equipment at all stages from the transport of raw materials, through 
manufacturing to packaging. Small amounts of allergenic ingredients which 
are not part of the recipe are therefore an ever - present possibility in fi nished 
products and can pose a risk to allergic consumers, even to the extent of occa-
sionally provoking severe reactions  [16] . Allergenic ingredients such as peanuts, 
soy, milk, eggs, and wheat are used extensively in food manufacture, and guar-
anteeing the total absence of all such constituents from a product when not 
present as ingredients is often not a practical proposition. Managing the result-
ing risk on the basis of hazard has led to extensive use of precautionary ( “ may 
contain ” ) labeling. Allergic individuals dislike precautionary labeling because 
there is no consistency in its applications between manufacturers, and it 
reduces their food choices considerably  [17, 18] . Arguably, it also puts them at 
increased risk not only directly through devaluation of the label  [19]  but also 
through adverse effects on nutritional status  [20] . Aside from the impact on 
the allergic consumer, the hazard - based approach to allergen management can 
also cause problems for the food industry by driving the implementation of 
measures, which may go beyond what is necessary to make food safe for aller-
gic consumers and may waste signifi cant food resources at a time when these 
are becoming more scarce  [21] . 

 The particular characteristics of food allergy, which make it so challenging 
to manage clinically, together with the nature of food manufacturing, also 
mean that elimination of the risk, even in the simplest sense of analytical 
absence, is not achievable in many circumstances. This risk therefore must be 
managed in order to minimize it for those affected. Risk management implies 
risk assessment as a prerequisite. This chapter will discuss the concept of risk 
assessment and consider how it can be applied to allergenic foods. It will also 
consider its application to the consequences of food processing, as well as its 
role in allergen management and describe the various factors currently limit-
ing such risk assessments.  
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   15.2.    RISK ASSESSMENT 

 Risk can be defi ned as the probability that a hazard will become manifest and 
is often expressed as a function of the intrinsic hazard and the exposure to 
that hazard. This defi nition is sometimes expanded to include severity of the 
resulting adverse effect. Thus, risk is defi ned in the International Organization 
for Standardization/International Electrotechnical Commission (ISO/IEC) 
Guide 51 as the combination of the probability of occurrence of harm and the 
severity of that harm  [22] . 

 Risk assessment for commonly allergenic foods is solely concerned with 
establishing the risk of eliciting a reaction; preventing sensitization to such 
foods is beyond its scope. The purpose of risk assessment is to derive a quan-
titative estimate of the public health effect in terms of the numbers of people 
likely to be affected by exposure to a given level of the hazard and the likely 
consequences of that exposure. This quantitative estimate then forms the basis 
for possible risk management measures. Thus, the fi rst step in the risk assess-
ment process is the formulation of the risk management question. This will 
determine what data need to be gathered or generated (Fig.  15.1 ).   

 The risk assessment itself begins with hazard identifi cation, followed by 
hazard characterization, exposure assessment, and risk characterization to 
scope the overall risk to the population  [23 – 25] . 

What is the relationship 
between dose and frequency/ 

severity of response? 

How many people are likely to 
suffer a reaction as a result of 
that exposure, and how severe 

will the reaction be? 

How much are people 
exposed to? 

Risk 
characterization

Hazard 
identification 

Exposure 
assessment

Hazard 
characterizationWhat is the safety 

concern? 

     Fig. 15.1     Risk assessment. This diagram illustrates the different components of a risk 
assessment and how they relate to each other. Sources of data for risk assessment of 
allergenic foods are indicated.  
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426 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

 For allergenic foods, the hazard itself is already defi ned as their intrinsic 
allergenicity, in this context their ability to provoke an allergic reaction. 
However, characterizing this hazard is a more complex task. This complexity 
originates in the nature of the allergenic components in foods as well as in the 
response that susceptible individuals make to these allergens. Allergenicity 
resides in the protein component of foods, and this will almost always be a 
multiplicity of molecules, some of which will prove to be allergenic, while the 
majority will not  [26] . Allergic individuals often respond to different proteins 
in a food with different degrees of vigor  [27] . Thus, two individuals who react 
to the same amount of a food with the same symptoms may actually be dem-
onstrating qualitatively very different responses. This clearly poses problems 
in characterizing the risk from allergenic foods insofar as the responses may 
differ in terms of their kinetics. This is further complicated because foods are 
complex materials and some of the nonprotein components can infl uence the 
immune response to the proteins  [28] . The characteristics and features of 
immune responses to proteins add to this complexity. The immune system does 
not recognize whole proteins but areas or structures on the protein known as 
epitopes, which may be linear stretches of amino acids or discontinuous (con-
formational) and dependent on the three - dimensional molecular motif of the 
protein. Thus, while two individuals may react to the same protein, they may 
be responding to chemically quite distinct structures. The effects observed in 
individuals undergoing an allergic reaction, therefore, represent a summation 
of a number of different responses to different structures and molecules, each 
having its own unique dose – response profi le. To characterize the response to 
an allergenic food requires consideration of the relationship between the 
amount of food eaten and the clinical response to that food. Since in practice, 
it is both impracticable and unethical to attempt to derive complete individual 
dose – response profi les because of the risk to the allergic individual, in this 
context, characterization is based on the distribution of MEDs (thresholds) in 
the relevant allergic population. Clearly, critical considerations in this regard 
include a thorough characterization of the population tested and a careful 
description of its relationship to the overall allergic population for which the 
risk assessment is being performed. Only with such knowledge can conclusions 
about risk in these test populations be confi dently generalized to the overall 
allergic population  [29] . 

 Exposure assessment is the next step in risk assessment. Allergic reactions 
to foods usually occur within a short time of ingestion, ranging from a few 
minutes to as many as 4   hours, depending on the nature of the food and the 
extent to which this affects availability of proteins to the immune system. 
Exposure assessment therefore considers how much allergen may be 
consumed over a relatively short period of time, such as a meal or serving, 
rather than over a day, as for conventional toxicological risk assessments. 
Consideration of exposure needs to take into account the characteristics 
of allergenic foods and food proteins previously referred to, as well as the 
effects of other components of the food. Additionally, the effects of digestion 
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need to be considered. Sources of data for food allergy exposure assessment 
include dietary surveys and analytical measurements, where necessary. 

 Risk characterization brings together the response characteristics of the 
population at risk (distribution of MEDs –  – thresholds, relationship between 
dose, and severity of reaction), the size of the population at risk, and the extent 
of exposure. In ideal circumstances, risk assessors could calculate the incidence 
of reactions and estimate their severity profi le for any given level of residual 
allergen in a food product if people allergic to that food consumed it. In prac-
tice, information on all the elements required for a risk assessment remains 
limited for most allergenic foods. 

 Studies to describe the reactivity of the allergic population in terms of 
MEDs (thresholds) are still largely limited to selected populations, such as 
clinic patients, and further work is needed to map their reactivity onto the 
general allergic population  [29] . It is also limited to certain allergenic foods. 
Most available information is based on studies undertaken for other purposes, 
further limiting their value for establishing MEDs because of the type of data 
generated. Only anecdotal information is available on the relationship between 
the dose of allergen to which an individual is exposed and the severity of the 
reaction experienced, as obtaining that information systematically presents 
considerable ethical diffi culties. Further complexities arise from differences in 
the extent to which allergenic proteins are released from different food matri-
ces, and become available to be recognized by the immune system  [30] . 

 Uncertainty also exists over the size of the population at risk, given that 
epidemiological data are scarce for most regions. In most countries, there is 
also a surprising lack of detailed information about the incidence of reactions, 
even severe and fatal ones. 

 MEDs (thresholds) clearly form a key piece of information for risk asses-
sors. A recent report by the U.S. Food and Drug Administration (FDA) 
Threshold Working Group  [31]  identifi ed four ways in which thresholds might 
be determined: analytically based, statutorily derived, using a safety assess-
ment approach, and using a risk assessment approach. They indicated a prefer-
ence for the risk assessment approach on the grounds that it was the most 
scientifi cally robust, as well as transparent –  – an important consideration in 
communicating with other stakeholders. Safety and risk assessment approaches 
were also recently reviewed by an international workshop  [32] . 

 Of the four approaches described by the FDA report, only the safety and 
risk assessment ones use biological data on the reactivity of allergic patients, 
generated under controlled conditions. The safety assessment approach applies 
an uncertainty factor to either the highest dose of allergenic protein observed 
not to provoke a reaction or the lowest one that does provoke a reaction 
(depending on what is available). This approach can be valuable in protecting 
allergic individuals when little or poor quality information is available on 
population dose distribution. An example of its application is the Voluntary 
Incidental Trace Allergen Labeling (VITAL)     system elaborated under the 
aegis of the Australian Food and Grocery Council  [33] . Clinical studies with 
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quantitative data on reactivity to common allergenic foods were reviewed, and 
no observed effect levels (NOELs) or lowest observed effect levels (LOELs) 
were determined. An uncertainty factor of 10 was then applied, and concentra-
tions of allergenic protein above and below which precautionary statements 
should be applied to products were defi ned. Such an approach, of course, 
cannot quantify the residual risk, since it does not take into account exposure 
or dose distribution. Recently, we proposed an approach based on modeling 
the distribution of the MEDs of an allergenic food against the proportion of 
the allergic population responding to that dose, as determined in challenge 
studies. The goal was to defi ne the expected number of reactions from exposure 
to specifi ed amounts of allergenic ingredient in a product and use it as a basis 
for risk assessment  [29]  and subsequent risk management and communication. 
Recently, this approach has been applied to published challenge data on peanut 
 [12] . Dose distribution modeling helps to characterize the response to allergens 
and can be used in a deterministic risk assessment. However, unlike ingredients, 
the concentration of which always falls within a relatively narrow range, resid-
ual allergen content from cross - contact would typically vary in concentration 
according to production conditions. For instance, concentration in a following 
product might be expected to be highest immediately after changeover from 
the product containing the allergenic ingredient. The risk of a reaction to that 
product by an allergic individual depends not only on the amount of allergen, 
but also on the probability that the individual would actually encounter and 
consume a unit of product with an amount of allergen equal to or greater than 
their MED. This probability will itself depend on the proportion of product 
units containing that amount of allergen, as well as on the propensity of allergic 
consumers to use that product. If quantitative data are available on these 
exposure variables, then a probabilistic risk assessment can be performed, 
which takes into account those probabilities as well as the uncertainties around 
them. Figure  15.2  illustrates this approach conceptually, while a more complete 
description of its application can be found in the paper by Kruizinga et al.  [34] .   

 Inevitably, the populations tested in challenge studies contain an element 
of bias. First, they will tend to exclude individuals who have suffered life -
 threatening reactions, as these may be less willing to participate and clinicians 
have been more reluctant to accept them in studies on account of the risks. 
Perhaps more signifi cantly, participants recruited for challenge studies will 
tend to come from the more severely affected of the allergic population, other 
than the category previously mentioned. This happens because volunteers are 
chosen from the population who attends tertiary referral clinics and who are 
therefore suffi ciently motivated by the impact of their condition to visit a 
clinical expert. Limitations also exist when using such data as a basis for risk 
management, because they do not take into account some of the factors that 
modulate the allergic response, such as alcohol intake and exercise. However, 
it can be argued that compared with other areas of toxicology, these data 
present the major advantage of being generated in the species of interest. 
Currently available data do not permit, however, ready validation of model 
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predictions. Specifi cally, data on the incidence of even severe allergic reactions 
to foods are not reliable, as already discussed, and usable published data on 
the distribution of undeclared allergen in food remain very limited  [35] . 
Nevertheless, the next step in the development of this approach is to validate 
the predictions by comparing the number of predicted reactions with the 
number actually observed. 

 Despite the challenges that it presents and the uncertainties that attend it, 
risk assessment methodology offers a practicable way of optimizing outcomes 
for all the different stakeholders that a hazard - based approach does not.  

   15.3.    CHALLENGES AND LIMITATIONS IN THE ESTABLISHMENT 
OF  MED  S  (THRESHOLDS) 

 As discussed earlier, MEDs and their distribution represent a critical piece of 
information in characterizing the allergenic hazard from a food. Understanding 
the uncertainties associated with their determination is therefore needed in 
order to assess and characterize the risk from allergenic foods. 

 Food challenges, in particular double - blind, placebo - controlled food chal-
lenges (DBPCFCs), remain the only scientifi cally accepted way to establish or 
rule out allergy to a food  [36]  and to determine thresholds of reactivity. Early 
diagnostic studies featured relatively high starting doses, typically in the range 

Amount of allergen 

Frequency

Exposure
assessment

Hazard
characterization

Distribution of 
cross-contact 

allergen content in 
product 

“population” 

Population at risk 

Distribution
of the MED 

     Fig. 15.2     Conceptual illustration of probabilistic risk assessment. An allergic reaction 
will only occur if the amount of allergen present in a food exceeds the minimum elicit-
ing dose for the person consuming that food. This will clearly depend on the distribu-
tion of allergen concentrations in the product as well as the distribution of MEDs in 
the allergic population.  The concept is presented in detail in the work of Spanjersberg 
and colleagues  [108] .   
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of 250 – 500   mg of the food for the most sensitive subjects. These were chosen 
to produce an objective but mild reaction  [37 – 39] . Studies from different 
sources also differ in critical details, such as challenge procedures, the form of 
the food used  [40, 41] , the matrix in which it was presented  [42 – 43] , and the 
weight accorded to subjective and objective manifestations  [44 – 47] . More 
recently, low - dose challenge adaptations of the DBPCFC have been imple-
mented, which enable the determination of the lowest observed adverse effect 
level (LOAEL) and no observed adverse effect level (NOAEL)  [39, 42, 43, 45, 
48 – 50] . From this perspective, a consensus emerged that in future low - dose 
challenge studies, each food should be tested in at least 29 patients to ensure 
adequate statistical power. Clearly, the actual threshold will depend on the 
criteria used to defi ne a response, with a continuing debate about whether only 
independently observable ( “ objective ” ) signs should be considered, or whether 
symptoms reported by the patient but not capable of independent verifi cation 
( “ subjective ” ) should be taken into account. There is also a debate about how 
both the threshold (no effect level) and the LOAEL should be derived from 
the challenge results, but application of the statistical technique known as 
interval censoring survival analysis (ICSA) can overcome this issue  [12] . 
Threshold studies are performed by titrated food challenges with increasing 
doses applied at intervals of usually 15 – 30   minutes, chosen mainly for reasons 
of practicality. There is currently no agreement on whether the cumulative 
dose ingested up to the point of reaction, or merely the last discrete dose 
should be taken as the relevant metric. However, consideration of the rate at 
which proteins are broken down in the gastrointestinal tract under physiologi-
cal conditions suggests the cumulative dose to be the most relevant  [51] . 

   15.3.1.    Factors Affecting the Outcome of Challenge Studies and the Type of 
Data Generated 

 As noted by Taylor et al.  [37] , a wide variety of DBPCFC protocols differing 
in potentially signifi cant ways have been used. These differences affect both 
the type of data generated and, therefore, its value for specifi c purposes, 
and the extent to which studies can be compared, even when they nominally 
used the same outcome measures. From the perspective of hazard character-
ization, the challenge procedure itself, the selection of patients, and the chal-
lenge materials can all affect the quality of the data. 

   15.3.1.1.    Challenge Procedure.     The precision of threshold estimates depend 
primarily on the starting dose, dose progression, the time interval between 
doses, and the way in which placebo and active doses are randomized. Other 
infl uential factors include the health status of participants and the avoidance 
of medications, as well as the scoring of reactions and stop criteria, particularly 
in the case of subjective reactions. Recent recommendations on challenge 
protocols    [37, 39]  include performing placebo and test challenges on different 
days, starting doses of the order of 10    μ g of the suspected food, applying a dose 
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progression ranging from doubling to half or full - log intervals, and setting a 
time interval between doses of 15 – 30 minutes, largely for practical reasons. 
There is a consensus that, principally on grounds of safety, participants should 
discontinue medications likely to interfere with the outcome (or otherwise be 
excluded) and, if suffering from asthma, that their condition should be stable. 
This makes the allergen encounter during a challenge quite different from 
what might occur in the community where the subjects ’  health and medication 
use may vary considerably  [52] .  

   15.3.1.2.    Patient - Related Criteria.     Inclusion and exclusion criteria for low -
 dose challenge studies will differ according to the purpose for which the data 
are being generated. A prerequisite in threshold studies is that the subjects 
are demonstrably still allergic to the food being tested. In several studies, the 
development of tolerance in previously allergic subjects has been demon-
strated, in particular in children with milk and egg allergy  [53] , which tend to 
be outgrown. Even up to 20% of peanut - allergic patients may outgrow their 
food allergy  [54] . Where individual thresholds are being estimated, the primary 
concerns are benefi t to and safety of the individual. Scientifi c studies on 
thresholds aim to generate data and test hypotheses that can be generalized 
to the relevant population and, in addition to the patient safety criteria, par-
ticipant selection must refl ect these needs. Participants must therefore be well 
characterized in relation to the allergic population, particularly in terms of 
their reactivity. 

 Population variability encompasses both interindividual variation within an 
otherwise homogeneous population, and the possible existence of subpopula-
tions with a different distribution of reactivity (e.g., children, people with 
asthma). Challenge studies show that individual threshold doses can vary by 
six orders of magnitude or more within a population. With a few exceptions, 
for example, in Reference  55 , MEDs have not been determined in random 
samples of the population, but instead using groups of food - allergic patients 
referred to specialist allergy clinics in tertiary care centers. The challenged 
population will therefore contain individuals who are more reactive than the 
general allergic population, even though people with a history of severe reac-
tivity have been excluded from most studies. The possible consequences for 
the distribution of thresholds are illustrated in Figure  15.3 . Data are lacking, 
however, to quantify the relationship between this challenged population and 
the overall allergic population. Similarly, data are scarce about the existence 
of subpopulations with different thresholds. One study that looked at possible 
subpopulation differences in relation to asthma status did not confi rm their 
existence  [43] .    

   15.3.1.3.    Challenge Materials.     The key to success in the DBPCFC is the 
accurate delivery of a range of doses of the relevant allergenic food in a form 
that is unrecognizable to the patient. The test material must therefore be well -
 characterized, and its taste, smell, color, and texture must be masked. 
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 Foods are usually consumed in a processed form; as a result of which they 
may have undergone a number of treatments any of which could have modi-
fi ed their allergenic potential  [56, 57] , as will be discussed later. Ideally, in order 
to provide the greatest margin of safety, the threshold should be determined 
using the most allergenic form of the food, but in practice, this can only be 
determined by challenge. Allergic people often differ in their reactivity to 
individual proteins in foods [e.g.  27 ,  58 ,  59 ]  , but characterization of challenge 
materials with regard to their content and profi le of allergenic proteins has 
received little attention. There is, however, evidence for differences between 
fruits at different stages of ripening  [60] . 

 The outcome of DBPCFC can also be affected by the form and matrix in 
which the material is delivered. The use of capsules resolves issues of blinding 
but at the expense of eliminating symptoms associated with mucosal contact 
and possible modifi cations to the food to achieve encapsulation. Delivery of 
adequate doses can also be diffi cult. Recent recommendations thus promote 
the use of  “ real ”  food - type matrices  [59] . Key requirements for these foods 
are as close a match as possible between the challenge matrix and placebo, in 
terms not only of taste and smell  [61, 62] , but also of texture  [63] . Masking 
should always aim to maximize the amount of active compound in the matrix, 
thereby minimizing the amount of material that the patient is required to 
consume and the probability of nonspecifi c gastrointestinal symptoms, which 
could decrease the sensitivity of the test. However, test and placebo materials 
need not be identical, as long as participants cannot tell which is which. 
Different matrices can have a profound effect on the kinetics of the clinical 
reaction, as recently shown in peanut allergy  [31, 63] . Other constituents, for 
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     Fig. 15.3     Dose distributions for the clinic and whole allergic populations. The solid 
line represents the clinic population, which often excludes subjects from both ends of 
the range of reactivity: individuals who are highly reactive at low doses and those who 
react at very high doses. The dashed line represents the possible dose distribution across 
the whole allergic population.  
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example, polyphenols, may also reduce availability. These considerations high-
light the need for a more thorough assessment of availability, as well as con-
fi rmation of a selection of the doses administered. 

 In summary, MEDs determined in one study, by one food variety in one 
state of processing, in one matrix, might not allow fi nal conclusions to be drawn 
on the  “ real ”  threshold level. However, this situation differs a little from others 
where data must be used to make risk assessments, and where the variability 
is handled by application of appropriate uncertainty factors. Further studies 
assessing the impact of all the main variables are needed to circumscribe the 
degree of uncertainty.    

   15.4.    MOLECULAR, TECHNOLOGICAL, AND PROCESSING 
CHALLENGES: ASSESSING THE ALLERGENIC RISK 
FROM FOOD TREATMENTS AND MODIFICATIONS 

   15.4.1.    Allergenicity and Processing: A Reprise 

 Food processing covers an almost infi nitely wide range of activities, which a 
food or food ingredient can undergo before it is consumed. At its origins, 
processing aimed either to improve the range or palatability of what could be 
made out of a raw material (for instance, milling of wheat, cooking of meat) 
or to preserve perishable foodstuffs (e.g., salting of fi sh). It now extends to 
improvements in consumer convenience, generation of useful derivatives, and 
production of more valuable products  [57] . Modern processing has enhanced 
opportunities considerably to this, for instance, by imparting the properties of 
one type of food material to another by altering its physical structure (e.g., use 
of microparticulated protein in a spread [Simplesse])  [64] , developing novel 
ways of using certain foods (e.g., textured soy protein, mycoprotein). Sathe 
and Sharma  [57]  classify food processing methods as either thermal (boiling, 
roasting, frying, blanching, canning, etc.) or nonthermal (washing, fi ltration, 
dehydration, spray drying, high - pressure processing, etc.). These processes 
pose two types of challenge with regard to food allergy. As already discussed, 
food allergy is an inappropriate immune response to certain food proteins and 
is mediated at the elicitation stage by the recognition by immunoglobulin E 
(IgE) antibodies of epitopes on those proteins. Many processing methods may 
alter those proteins, and the effectiveness with which they may be recognized 
by antibodies that may have been produced against another form of the same 
protein (e.g., raw vs. cooked). Processing may also alter the matrix within 
which those proteins reside. It is unsurprising therefore that food processing 
can affect allergenicity. It is equally unsurprising that it has proved diffi cult to 
develop any useful rules to predict the effect of defi ned types of processing 
on the allergenic potential of foods. Thus, one of the challenges that food 
processing presents is in actually defi ning the hazardous entity, the risk from 
which must be characterized. This is well illustrated by the experiments of 
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Prausnitz and K ü stner  [1]  when they demonstrated the passive transfer to 
Prausnitz of K ü stner ’ s allergy to cooked but not raw fi sh  . Most work since that 
time has continued to use end points such as IgE antibody binding and other 
 in vitro  measures. The fi ndings have been extensively reviewed recently  [57, 
65 – 68] . 

 However, while it is not possible to relate a specifi c type of processing to a 
specifi c effect on allergenicity, it may be useful to group processes into those 
that considerably reduce the protein content, those that cleave the proteins to 
a greater or lesser extent, and those that can alter the conformation of proteins. 
Edible oil refi ning and the manufacture of wheat starch are examples of the 
fi rst. Full oil refi ning reduces the protein concentration of the fi nal product by 
around three orders of magnitude or more compared with the original seed 
oils, such that the oils are very unlikely to provoke allergic reactions  [69] . 
Processes such as fermentation to produce soy sauces, for instance, involve the 
hydrolysis of much of the protein component of the raw materials and might 
be expected to result in reduced ability to trigger allergic reactions, compared 
with the starting materials. However, the extent of any reduction would depend 
on factors such as process parameters as well as the resistance of individual 
proteins to hydrolytic cleavage. The differing allergenicity of various hypoal-
lergenic infant formulas illustrates this well  [70] . The third category of the 
process includes the greatest range of techniques and is thus the one for which 
predictions are most diffi cult. Numerous examples exist of apparently 
unchanged allergenicity (microparticulated egg and milk proteins)  [64] , mango 
nectar  [71] , chickpea  [72] , diminished allergenicity (kiwifruit concentrate)  [73] , 
lupine  [74] , and increased allergenicity (peanuts  [75]  and wheat  [76] ). Different 
processes may affect the same food in different ways. The Ara h 1 content of 
peanut was reduced by boiling or frying, as was IgE binding to Ara h 2 and 
Ara h 3, compared with their content and IgE binding in roasted peanuts  [77] . 
Work by Mondoulet and colleagues  [78]  indicated that the loss of reactivity 
by boiling was attributable to loss of soluble proteins into the cooking water. 
They also confi rmed the increased reactivity of roasted peanuts. Meyer - Pittroff 
et al.  [79]  showed that 19 / 19 allergic patients, reporting on symptoms after 
apple consumption, tolerated high - pressure treated apple (600   MPa, 5   minutes) 
without symptoms in a DBPCFC. 

 Food processing may also result in the formation of new allergenic entities, 
not present in the original foods, which do not necessarily trigger reactions in 
individuals allergic to the native food. The reaction of K ü stner    [1]  to cooked 
but not raw fi sh represents one of the fi rst documented examples. The more 
recent ones include wheat protein isolates that produced an allergic reaction 
in a patient who could tolerate wheat fl our  [80] .  

   15.4.2.    Processing and Thresholds of Elicitation 

 Allergy to a food is defi ned by clinical reactivity to that food, in other words, 
by the allergic individual suffering an adverse reaction on exposure to or 
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contact with that food. A diagnosis of food allergy requires a DBPCFC, and 
to date, no other test has proved able to substitute for it. Similarly, determining 
thresholds requires DBPCFC with the relevant food in the appropriate form. 
It follows that, in order to establish whether processing affects the minimum 
dose of a particular food required to trigger a reaction, data from DBPCFC 
are needed for both the processed and unprocessed food. Indeed, as already 
mentioned, the ideal study would investigate the processed and unprocessed 
food in the same group of well - characterized allergic individuals using foods 
and processing methods that had been well defi ned. The result of such a study 
might resemble Figure  15.4 , the effect of processing being represented quan-
titatively by the ratio of ED 50  ’ s, for instance. Few published studies meet these 
criteria. The question arises, therefore, whether conclusions about changes in 
thresholds can be drawn from other types of data. These data could include 
challenge studies in which different forms of the food had been examined in 
different populations, and the numerous studies using serological methods to 
investigate alterations in allergenicity, as well as epidemiological data. Two 
illustrative examples will serve to highlight the possibilities and limitations of 
the available data.   

   15.4.2.1.    The Effect of Roasting on  MED  for Hazelnut Protein.     Skamstrup -
 Hansen and colleagues  [81]  investigated the effect of roasting hazelnuts on 
the reactivity of individuals, whose hazelnut allergy was the result of cross -
 reactivity to Bet v 1. The study included 17 patients based in two centers: one 
in Denmark (Copenhagen) and the other in Switzerland (Zurich). In addition 
to DBPCFC with hazelnut, masked in a pudding, other clinical assessments 
included specifi c IgE (CAP - RadioAllergosorbent Test ™  [RAST; Phadia AB]   
and enzyme allergosorbent test [EAST] inhibition), skin prick tests, and 
 ex vivo  basophil histamine release. In the DBPCFC, all subjects showed a 
positive response to challenge with raw hazelnut, while only 5/17 showed a 
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     Fig. 15.4     Estimation of the effect of processing on allergenicity as measured by the 
dose distribution of MEDs. The challenge procedure is in effect a parallel line bioassay, 
and allergenic potencies can be compared using the ratio of ED 50  ’ s.  
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response to the roasted nut. In parallel, median MED increased from 2 to 3   g 
for raw hazelnut to about 7   g when they were roasted. This study thus showed 
a clear effect of processing. However, it also provided information about the 
value of other measures to determine MEDs. The skin prick test was positive 
in 16/17 subjects to raw hazelnut, but in only 4/17 to roasted hazelnut. 
Furthermore, of those four reactions, only one was positive in an individual 
who was positive to DBPCFC. IgE binding confi rmed the skin prick test 
results, although it was less sensitive with raw hazelnut anyway, possibly due 
to the lability of the allergen itself. Histamine release showed more promise, 
with a signifi cant reduction in 9 out of 10 tested, and an estimated 50% reduc-
tion in allergenic eliciting potency overall. However, none of the  in vitro  
assays was able to discriminate predictively those who would react in 
DBPCFC and those who would not.  

   15.4.2.2.    The Effect of Roasting on  MED  for Peanut.     No studies equivalent 
to the Kamstrup - Hansen study exist for peanut. However, comparing the 
results of two early DBPCFC studies on unroasted peanuts with those of a 
recent study on roasted peanuts might provide at least the upper limits of a 
quantitative estimate of the difference in allergenic potency between them. 
The studies in question are those of May  [82] , Bock et al.  [83] , and Wensing 
et al.  [42] . The early studies included a total of 20 patients with a mean age of 
9, most of them suffering from asthma, but none of which had experienced 
anaphylaxis. They were challenged with increasing doses of peanut fl our equiv-
alent to 25 – 2000   mg of peanut protein, presented as capsules, except where the 
patient was under 5, where a pudding - type vehicle was used. In contrast, 
Wensing and colleagues ’  study examined adults (mean age 25), 11 of whom 
had experienced severe symptoms, including three cases of anaphylaxis. 
Challenge doses ranged from 30    μ g to 1000   mg peanut protein in half - log 10  
increments, giving a maximum cumulative dose of 1443   mg. The peanut fl our 
was incorporated into a pudding type of matrix. The frequency dose distribu-
tion of MEDs for these studies is illustrated in Figure  15.5 .   

 Comparison of the amount of allergen that would provoke reactions in half 
the tested population shows that roasted peanuts appear to be of the order of 
100 - fold more potent than their unroasted counterparts. However, the actual 
difference is likely to be considerably less because of differences in the design 
of the more recent study compared with the earlier ones. The Wensing study 
included a large proportion of patients who had experienced a severe reaction, 
whereas severe reactors tended to be excluded from the earlier studies. 
Critically, capsules were used to administer the allergen in the early studies. 
This method prevents early warning signs of a reaction in some individuals, 
resulting in a higher NOAEL. Wensing et al. also used a different basis for 
determining MEDs, citing both those for  “ subjective ”  symptoms and the dose 
that gave the fi rst  “ objective ”  reaction. Consequently, it is diffi cult to draw 
conclusions about how much greater the allergenic potency of roasted peanuts 
is, compared with unroasted ones.    
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   15.5.    FOODS WITH REDUCED ALLERGENICITY: 
THE ROLE OF RISK ASSESSMENT 

 As discussed above, processing can alter the allergenicity of food products. It 
follows that the techniques used could also be employed specifi cally to reduce 
the allergenicity of foods, with a view to widen safe food choices for food -
 allergic individuals. Critical issues that need to be addressed in this context are 
how to demonstrate and particularly quantify reduced allergenicity, how to 
ascertain an absence of potentially adverse unintended effects, and how to 
maintain the wholesomeness of foods with reduced allergenicity. This section 
will focus on the fi rst two aspects, since maintaining the wholesomeness of a 
food is a matter of food technology rather than safety. Some processes, such as 
edible oil refi ning or fermentation processes, result in a derived product that 
is less allergenic than the source material because they remove or destroy most 
of the protein fraction. However, this reduction in allergenicity is merely a side 
effect of making the product. This section will not discuss these products but 
rather products where reduced allergenicity is a primary goal. Early efforts in 
this fi eld were focused on making infant formula milk products safe for infants 
with milk allergy. The resulting products, based on different extents of hydro-
lysis of the milk proteins, achieved a degree of hypoallergenicity, inasmuch as 
some but not all milk - allergic infants could tolerate them. However, they also 
illustrated one of the problems that must still be addressed, namely how safe 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

0.001 0.01 0.1 1 10 100 1000 10000

Cumulative challenge dose (mg peanut protein)

Cumulative frequency 
of response

Wensing et al.
(2002)

May (1976) and
Bock et al.
(1978)

     Fig. 15.5     Evaluation of the effect of heating on peanut allergenicity based on chal-
lenge results. This evaluation is based on two studies performed on different patients 
at different times. It illustrates how this type of data may be used, despite its 
limitations.  
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are they for the intended at - risk group for whom they were developed. Quite 
early on in their development, it became clear that they could cause severe 
reactions in some individuals  [84, 85] , making it imperative to fi nd some way 
of stratifying risk in that population. Initial safety assessment of these products 
consisted of observing whether they could provoke anaphylaxis in guinea pigs 
sensitized to milk proteins, when injected intravenously  [86] , or could generate 
a response in rabbits using a hyperimmunization protocol  [87] . A further cri-
terion, arguably more predictive, was introduced, although it was never formu-
lated as a formal test as it involved human infants. This criterion proposed that 
an infant formula product could be designated as hypoallergenic if it failed to 
produce reactions in at least 90% of infants with milk allergy at a statistical 
confi dence level of 95%  [88] . Experience with these products indicated that, 
for milk proteins, peptides below 2   kDa presented very little potential to 
trigger IgE - mediated reactions, while those between 2 and 5   kDa had only 
limited ability to do so, compared with the native proteins of milk. Unfortunately, 
these products serve a very limited purpose and, in particular, provide little 
general guidance on how to develop foods with reduced allergenicity. To start 
with, products tended to be somewhat unpalatable  [89, 90] , and of course, the 
hydrolytic process destroyed any structure that the proteins provided. Attempts 
to reduce the allergenicity of several foods have since been attempted, includ-
ing wheat  [91 – 93] , buckwheat  [94] , rice  [95, 96] , peach juice and nectar  [97] , 
tomatoes  [98] , apple  [99] , and soy  [100] . Various techniques have been used to 
achieve this and to estimate changes in allergenicity. Thus, much of the work 
with wheat has involved treatment of conventional wheat fl our with enzymes, 
while reduction of soy allergenicity involved fermentation of the fl our with 
different types of microorganisms used in food. In contrast, genetic modifi ca-
tion techniques, in particular, gene silencing, have been employed with toma-
toes and apples, while lye peeling and ultrafi ltration were used for peach juice 
and nectar. Different methods were also used to assess the reduction in aller-
genic potential ranging from  in vivo  provocation trials (wheat), to skin prick 
testing (tomato, apple), and various forms of immunochemical assessment, 
such as immunoblotting (tomato, soy hydrolysates). As already mentioned, 
only DBPCFC can reliably quantify any reduction in allergenicity and provide 
data to assess the residual risk. Prior to such evaluation, however, an assess-
ment of possible toxicity needs to have been performed. Depending on the 
extent of the modifi cations and the extent to which they could have had 
unforeseen effects, this assessment may involve extensive animal testing prior 
to consumption by human volunteers. This may explain why relatively few 
products resulting from novel techniques, such as genetic modifi cation, have 
yet been evaluated in this manner. To conclude, production of hypoallergenic 
foods is undoubtedly feasible, but applications beyond infant formulas have 
been limited. Considerations that affect the development of such products 
include the extent to which the modifi ed food differs from its conventional 
counterpart, which will infl uence how widely it can be used, as well as demon-
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stration of effi cacy (reduction of allergenicity) and safety, in relation to both 
allergenicity and more general toxicological safety.  

   15.6.    CHALLENGES WITH ALLERGEN DETECTION TOOLS 

 As previously discussed, risk assessment requires an assessment of exposure 
and therefore of the amount of allergenic material in a food or food product. 
Since allergens are the entities that interact with the immune system to 
provoke allergic reactions, it is logical that they should be targeted as primary 
analytes. However, while proteins that bind IgE have been identifi ed in a 
number of foods, this identifi cation may not encompass all of them, and practi-
cal constraints make it almost impossible to formally demonstrate a specifi c 
protein ’ s involvement in the pathological process by challenge. In practice, 
therefore, allergen detection assays have usually targeted the whole protein 
component of an allergenic food, although there are some notable exceptions. 
Unsurprisingly, immunochemical assays that exploit the specifi city and high -
 affi nity interactions of antibodies with protein molecules, such as enzyme -
 linked immunosorbent assays (ELISAs), have been much favored in allergen 
analysis  [101, 102] . The specifi city and sensitivity of ELISA technology, with 
limits of detection or quantifi cation at low milligram per kilogram level or 
below, make it a relatively simple tool for allergen detection and quantifi ca-
tion, and allow relatively fast and high throughput analysis. It is widely used 
in food industry laboratories and by offi cial food control bodies to detect and 
quantify allergens present in food products or commodities. Critical consider-
ations in the development and use of such assays include selection of the 
material for production of the antibodies (whole food, protein extract, selected 
purifi ed proteins) and its state (raw, processed, etc.) and possibly the matrix. 
Processing can alter not only the recognition of the protein(s) of interest but 
it can also affect how readily it can be extracted from the food for analysis 
and, in the case of multiple proteins, the profi le. Extraction from many matri-
ces is quite limited as well as variable; recovery may also differ between dif-
ferent allergenic proteins and can render the profi le of the extracted material 
quite differently from that of the material used to prepare the detection anti-
bodies. Thus, the accurate quantifi cation that is necessary for risk assessment 
judgements is often more complex than simply applying a manufacturers ’  
instructions. Instead, understanding the material used to develop the test kit 
and how it relates to the form of the analyte to be quantifi ed, as well as how 
effectively it is extracted from the food matrix, is critical. Validation of methods 
in the individual circumstances of the food manufacturing facility is needed, 
with appropriate positive controls, such as products manufactured with the 
allergenic ingredient of interest. So far, ELISA test kits validated for defi ned 
matrices include peanut (in cereals, cookies, ice cream, and chocolate; under 
the auspices of the Association of Analytical Communities [AOAC] and the 
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European Community Joint Research Centre [EC-JRC])  [103, 104]  and hazel-
nut (in cereals, ice cream, and chocolate; under the auspices of the German 
Federal Offi ce for Consumer Protection and Food Safety, BVL). 

 Related antibody - based technologies, which are semiquantitative, include 
dipsticks and lateral fl ow devices (LFDs) and are well suited to testing outside 
the laboratory (e.g., monitoring clean down of food processing lines), where 
a rapid result is required or qualitative results are needed for only a few 
samples  [105] . 

 Rapid DNA - based tests based on real - time polymerase chain reaction (rt -
 PCR) may be valuable where no immunochemical assay exists. However, their 
application to risk assessment is diffi cult since they do not detect the primary 
analyte, and it cannot be assumed that the presence of DNA implies the pres-
ence of (allergenic) protein, or protein in an allergenic form. Furthermore, 
quantity of DNA extracted may not relate linearly to amount of protein 
present, making the value of such results very limited for risk assessment. 
Short DNA sequences may be detectable in highly processed foods, whereas 
the protein may no longer be present. Similarly, rt - PCR does not distinguish 
between different products from the same species: cow ’ s milk and beef, or 
hen ’ s egg and chicken, are all detected as simply tissues from the same species. 
Further, PCR detection of DNA from tissues that contain allergens whose 
content depends on external factors (e.g., temperature, disease, stress) may 
also be an unreliable method for determining allergen content. On the other 
hand, antibodies found in commercial ELISAs may no longer detect fragments 
that still elicit allergic responses. 

 Mass spectrometric methods offer a potential alternative confi rmatory 
method to the immunochemical and DNA methods since they have the poten-
tial to detect protein (and are therefore focused on the hazard itself), to 
provide information on sequence (giving the species specifi city provided by 
DNA methods), and to detect allergen contamination down to similar levels 
to those achieved by ELISA and PCR. The automated nature of mass spec-
trometry experiments and minimum of user involvement naturally lends itself 
to high - throughput quantifi cation. However, such developments are still at an 
early stage, with applications to the detection of peanut allergens having been 
demonstrated only recently  [106, 107] .  

   15.7.    CHALLENGES AND LIMITATIONS IN DETERMINING 
ALLERGEN EXPOSURE FOR RISK ASSESSMENT 

 Exposure in the context of food allergic reactions differs somewhat from 
exposure as usually considered for toxicological end points. With conventional 
toxicological end points, long - term exposure is the principal concern, and the 
metric used is the acceptable or tolerable daily or weekly intake. In contrast, 
when considering acute allergic reactions to foods, the exposure of concern is 
that which may occur over a relatively short period, such as a meal occasion. 
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 Assessing allergen exposure requires knowledge of at least two pieces of 
information. The fi rst is the allergen content of the product of interest, as 
determined from its concentration (through calculation or analysis) and the 
amount of the product that will likely be consumed on a relevant occasion. 
Detecting and measuring allergen in foods has been discussed in the preceding 
section. Allied with a consideration of allergen content is its distribution 
among the batch of product made on any one run. Unlike allergen used as an 
ingredient, allergen present by cross - contact will often be present at a range 
of concentrations depending, for instance, on how close to the changeover a 
particular unit of product was produced (Fig.  15.6 ). Thus, cross - contact allergen 
will be represented by a distribution, which can be taken into account in the 
risk assessment if data are available.   

 The second piece of information required to determine exposure is knowl-
edge of the consumption pattern for the product of interest, preferably in the 
allergic population if that information is available. Consumption pattern in 
this context means not only what proportion of the population consumes the 
product and how frequently, but also how much is generally consumed on any 
one occasion. Such information may be available from national dietary surveys, 
such as the Netherlands National Dietary Survey. Again, these data may also 
contain information about distribution of these intakes, at least in terms of 
mean and median intakes, as well as the ninetieth or ninety - fi fth percentile 
intakes. They therefore also lend themselves well to a probabilistic approach, 
as illustrated conceptually in the papers of Spanjersberg et al.  [108]  and 
Kruizinga et al.  [34] .  

   15.8.    LIMITATIONS OF EXISTING ALLERGEN 
MANAGEMENT PROGRAMS 

 Allergen management programs aim to control the presence of allergens 
within products. They ensure that allergenic ingredients are appropriately 
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     Fig. 15.6     Illustration of the variability of residual allergen content. In this particular 
illustration, a product that does not contain milk follows one that includes milk in the 
recipe. The residual milk content is measured in samples taken from the line at different 
times after changeover.  
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declared. They also ensure that allergenic materials, which are not ingredients, 
are excluded so that they do not constitute a risk for allergic individuals, or, if 
that is not possible, that people at risk are advised of their possible presence. 
The principles of allergen management have been described in some detail 
elsewhere  [109]  and are now accepted to form an integral part of food safety 
management systems (e.g., ISO 22000:2005). The limitations of allergen man-
agement plans can arise from a variety of sources, such as inadequate com-
munications with suppliers or suboptimal design of equipment for easy 
cleaning. However, since this chapter discusses risk assessment, only limitations 
related to risk assessment will be discussed here. A critical concept behind all 
such programs is that they need to consider the presence of allergens at all 
stages from the design of products, through raw materials and the supply chain 
to manufacturing and delivery to the fi nal consumer. At each of those stages, 
this may require a quantitative risk assessment to determine whether manage-
ment actions have been adequate. Risk assessment is thus critical to allergen 
management, and the limitations described above in relation to risk assessment 
limit the effi cacy of programs. Less directly, they can also impose additional 
costs on a manufacturer. For instance, if an accurate risk assessment is not 
possible, sanitation protocols may be more stringent than they need to be, with 
more time spent and the line being unavailable for longer. Probably one of 
the most diffi cult areas for manufacturers is deciding when to apply precau-
tionary labeling to a product, since this decision encompasses not only the risk 
assessment, with all its uncertainties, but also a judgement about acceptable 
or tolerable risk. While it is well accepted that some allergic individuals may 
react to very small amounts of an allergen, the effect of overuse or abuse of 
precautionary labeling is much more diffi cult to quantify. Furthermore, there 
is a potential tension between the general desirability of limiting precautionary 
labeling in order to preserve its value and a manufacturer ’ s desire to avoid its 
products from being involved in provoking allergic reactions.  

   15.9.    CONCLUSIONS 

 Food allergy is a chronic disease with acute manifestations, which sometimes 
can be life threatening. The range of doses over which the population of aller-
gic individuals reacts spans up to six orders of magnitude. At an individual 
level, reactive doses can also vary over time and depending on the cofactors 
such as exercise, medication, asthma status, stress, and others. These uncertain-
ties have led to a number of consequences that have had an adverse effect on 
individuals with a food allergy. In the fi rst instance, they have led food manu-
facturers to make extensive use of precautionary labeling to warn about the 
possible presence of particular allergens. Second, the general clinical advice to 
allergic individuals has been to avoid the offending food, without any consid-
eration of their degree of reactivity. However, avoidance can be diffi cult, as 
well as inconvenient and deleterious to the quality of life in many respects. 
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 In contrast to hazard - based management of allergens and food allergy, risk -
 based approaches offer a means to improve the situation both for allergic 
consumers and food manufacturers, as well as enabling healthcare profession-
als to provide advice much more tailored to the individual. Suffi cient data are 
now available in the public domain to model population dose distribution of 
reactivity for some allergenic foods and thus provide quantitative estimates of 
the population at risk. Allied to estimates of residual allergen content in specifi c 
foods and data on their consumption, a full probabilistic quantitative risk 
assessment can now be developed in a number of cases. Such approaches are 
of particular value in allergen risk management where they can provide infor-
mation about the potential effectiveness of different risk reduction measures. 

 Of course, the application of risk assessment approaches to allergenic foods 
still presents a number of challenges. Quality of the available data and uncer-
tainty about its applicability are probably the greatest, both with regard to 
clinical data and data on exposure and allergen content.  
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  16 
THE CHALLENGES OF 
PRECAUTIONARY LABELING    

    16.1.    INTRODUCTION 

 Managing the risks associated with the presence of allergens in food products 
is one of the major challenges facing food producers at all stages of the 
supply chain. Manufacturers grapple with the logistics of factories producing 
an ever - expanding range of products on shared equipment and the need 
to provide consistent, accurate, and useful information to allergic consumers 
and their carers. One of the risk management strategies employed by the 
food industry for allergen management is to provide consumers with infor-
mation on the labels of food products to assist them in making informed 
choices. 

 In Australia and New Zealand, the requirement for mandatory labeling of 
allergens present as ingredients came into effect in 2002, ahead of many other 
countries around the world. Since that time, the issue of what to do about 
allergenic ingredients that are not intentionally formulated into food products 
has provided many challenges for both food manufacturers and consumers. In 
this chapter, we describe the Australian and New Zealand experience of the 
challenges posed by precautionary labeling as a risk management strategy. 
We also introduce the voluntary incidental trace allergen labeling (VITAL) 
process, which has been developed by the Australian and New Zealand food 
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industry, in response to these challenges in the absence of a regulatory 
framework.  

   16.2.    PRECAUTIONARY LABELING 

   16.2.1.    What is Precautionary Labeling? 

  “ Advisory ”  or  “ precautionary ”  allergen labeling is a statement on the label of 
a packaged food to advise the purchaser, or the consumer, that the food has 
the potential to contain one or more allergens, which are not intentionally 
added as ingredients in the product. In other words, the purchaser or consumer 
is being provided with advice at the point of purchase that the product may 
not be suitable for them, due to the possible presence or unintended inclusion 
of one or more allergens. 

 There are a number of ways that an allergen may be unintentionally 
included in a food, but the most common is due to cross - contact in a manu-
facturing plant, especially when the same production equipment is used to 
manufacture a range of products containing different allergens. The term 
 “ cross - contact ”  describes the inadvertent introduction of an allergen into a 
product that would not intentionally contain that allergen as an ingredient  [1] . 
Cross - contact may occur when the residue of a food allergen is present on 
food contact surfaces or production machinery or is airborne, and unintention-
ally becomes incorporated into a product, which is not intended to contain it. 
This situation could occur where multiple foods are produced in the same 
facility or on the same processing line or through the use of shared storage 
and transportation equipment. 

 While good manufacturing practices (GMPs), such as scheduling products 
to reduce the risk of allergen cross - contact, are encouraged, they will not 
always eliminate the potential risk of small quantities of an allergen coming 
into contact with a food that is not intended to contain it. Even scrupulous 
cleaning will not completely eliminate all risks of minute traces of food con-
taining allergens remaining trapped in the production equipment. 

 Many food manufacturers voluntarily use precautionary statements or advi-
sory labeling such as  “ may contain [an allergen] ”  or  “ manufactured in a facility 
that also processes [an allergen] ”  to alert consumers that those food products 
could unintentionally include an allergen. 

 Precautionary labeling in Australia and New Zealand is currently added at 
the discretion of each food manufacturer — there is no mandatory or regula-
tory requirement specifi cally regarding precautionary labeling. Food manufac-
turers decide when and how to apply precautionary labeling to their products, 
and as a result, precautionary labeling is used inconsistently across the 
Australian and New Zealand food industry. The lack of consistency of precau-
tionary labeling may cause confusion for food - allergic consumers and lead to 
frustration when they are shopping for safe foods. 

c16.indd   454c16.indd   454 6/17/2010   7:07:21 PM6/17/2010   7:07:21 PM



THE CHALLENGES OF PRECAUTIONARY LABELING 455

 In response to this lack of consistency and uncertainty, the Australian Food 
and Grocery Council (AFGC) launched the Food Industry Guide to Allergen 
Management and Labelling in June 2007  [2] . This guide provides recommenda-
tions as to when it is appropriate for foods to be labeled with a precautionary 
labeling statement as part of a risk assessment approach known as VITAL, 
which will be discussed later in the chapter.  

   16.2.2.    The Intent of Precautionary Labeling 

 The intent of precautionary labeling is to ensure that people with a food 
allergy, or their carers, are aware of the potential that a food may contain an 
allergen that is not otherwise declared in the ingredient list. The food - allergic 
consumer, or their carer, should exercise caution with such foods, and to avoid 
a possible allergic reaction, it is preferable if they avoid eating the food 
altogether. 

 Precautionary labeling may be seen as additional information to the ingre-
dient list that is voluntarily provided by the manufacturer about their product. 
While the food would be suitable for consumption by the vast majority of the 
population, it may present a signifi cant risk to people who have a food allergy, 
given that an allergic reaction can cause extreme health concerns and, poten-
tially, even death. The intent for many food manufacturers in providing this 
precautionary statement is to help the purchaser make a more informed 
choice. It may also be perceived to serve as a defense, in the event of legal 
action against the manufacturer, if an allergic consumer suffered harm after 
eating such a food. The principle of the legal defense is that the purchaser 
cannot claim that the manufacturer did not provide advice of the possible 
presence of the allergen in the food.   

   16.3.    THE CHALLENGES ASSOCIATED WITH 
PRECAUTIONARY LABELING 

 The use of precautionary labeling on food product packaging provides chal-
lenges for many stakeholders across the food supply chain, including food -
 allergic and non - food - allergic consumers, food manufacturers, and regulators. 
These challenges are summarized in Table  16.1  and discussed below. The table 
also identifi es the VITAL response to these challenges to illustrate how they 
may be addressed.   

   16.3.1.    Non - Food - Allergic Consumers 

 For non - food - allergic consumers, precautionary statements are potentially just 
another piece of information on the label of a food package, which may or 
may not be read, and which could easily be misinterpreted by the consumer. 
For example, they could consider that the statements may be a poor refl ection 
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of the cleaning standards of the food producer or perhaps represent a negative 
aspect of the food rather than understanding that the precautionary statement 
conveys important information for the food - allergic consumer.  

   16.3.2.    Food - Allergic Consumers 

 Food - allergic consumers in Australia and New Zealand initially applauded the 
amendment to food labeling laws to require mandatory labeling of major food 
allergens in 2002. In 2003, Food Standards Australia New Zealand (FSANZ) 
conducted a benchmark quantitative consumer survey on allergen labeling  [3] . 
The results of the survey, released in 2004, found that consumers buying foods 
for those with food allergy had observed changes to the way allergens were 
listed on food labels with some 63% of respondents having noticed some 
specifi c changes in the form of: 

   •      greater use of  “ may contain ”  statements;  
   •      more warnings about nuts;  
   •      the use of  “ made on same product line or equipment ”  statement;  
   •      the use of blanket statements such as  “ contains dairy/seeds/nuts ” ; and  
   •      greater use of  “ made in same factory ”  or  “ same premises ”  statements.    

 While food - allergic individuals and their carers are strongly encouraged by 
patient support organizations to heed precautionary labels, they sometimes 
struggle with decision making on food consumption, especially where food 
choices are limited. The reality is that many allergy sufferers regularly ignore 
precautionary statements  [4] . 

 Parents often claim they have fed their child a particular food a  “ thousand 
times ”  and never had an allergic reaction or any other issue. Children that are 
fed foods that  “ may contain [an allergen] ”  are therefore getting mixed mes-
sages about being careful to read food labels, and the relevance of the warning, 
if they are then told to eat foods that have a  “ may contain ”  statement. 

 Some parents will contact food manufacturers and ask questions as to why 
a food has a precautionary label and then make an informed decision about 
consumption depending on what they consider as the level of risk. However, 
not all allergic consumers (or their carers) gather all of the available informa-
tion to make an informed decision. We know not all food - allergic consumers 
contact consumer help lines or check websites to see why a company has used 
a particular statement. It is unlikely, for example, that a teenager who is out 
with peers will say  “ no ”  to a product, or contact a manufacturer to check on 
a label statement, when they consider they have consumed a  “ similar ”  product 
before  [4] . Information from Anaphylaxis Australia ’ s unpublished survey 
of 243 members in 2003 indicated that physicians and other health profession-
als had advised some patients to ignore precautionary labels, with some citing 
that precautionary statements are only for legal defense and are not a  “ real ”  
risk  [5] . 
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 A study conducted in the United States attempted to determine whether 
food - allergic consumers heed precautionary labels, and whether products 
labeled as such contained any detectable amounts of the allergen  [6] . From 
this study, two separate groups of parents of children with food allergy were 
surveyed: one in 2003 (625 parents) and another in 2006 (645 parents). While 
85% of parents heeded precautionary labels in 2003, only 75% heeded labels 
in 2006. It is important to note that parents ignored advisory labels to different 
degrees, depending on the wording. The decrease in safe food choices has led 
to an increase in risk - taking behaviors, not only by teenagers but also by 
parents of allergic children. Manufacturers place specifi c precautionary labels 
on  their  product depending on  their  in - house assessment and what they con-
sider to be the level of risk. The study reported that there were no criteria for 
the use of these statements. 

 The frustration for the allergic consumer is that each manufacturer con-
ducts their own risk assessment and then uses one of the many precautionary 
statements they believe will communicate the real level of risk. This was dem-
onstrated in statements used to advise consumers of the risk associated with 
the presence of peanut in various foods. Researchers found that the wording 
in the precautionary statements did not correlate with the frequency or amount 
of peanut that was detected. In fact, peanut was found in more products, and 
at higher levels, where  “ shared facilities ”  was indicated in the precautionary 
statement than with any other wording. Overall, 7% of products tested (13 of 
179) had detectable levels of peanut — in amounts that could cause allergic 
reactions  [7] . Allergic consumers often communicate that they perceive a 
product with a  “ shared facility ”  advisory statement is much less of a risk than 
one that had an advisory label stating the product is  “ made on the same line 
as [allergen] containing food ”  or  “ may contain [allergen]. ”  

 The lack of precautionary labeling can also create frustration for consumers. 
A food - allergic individual must make a decision as to whether this is due to 
the manufacturer having completed a risk assessment, which concluded that 
precautionary labeling is not required, or because the manufacturer is ignorant 
of the risk of cross - contact in their product, or ignorant of the risk to some 
individuals where a cross - contact risk is not declared. Likewise,  “ blanket label-
ing, ”  where a manufacturer places a precautionary label listing all allergens 
despite there being little or no risk of them becoming incorporated into the 
product, is frustrating as it restricts the diet for the food - allergic individual 
who makes choices and decisions based on the precautionary statement 
information.  

   16.3.3.    Food Manufacturers 

 Cross - contact with allergen sources can occur at any point in the supply 
chain — from shared harvesting and storage equipment during primary produc-
tion of ingredients, to shared processing lines and facilities during product 
manufacture. Any cross - contact could result in small, sporadic amounts of an 
allergen inadvertently becoming incorporated into a processed food. 
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 Determining which foods in a manufacturing plant are likely to be at risk 
of containing a particular allergen due to cross - contact can be diffi cult, time -
 consuming, and expensive. Furthermore, the allergen may either be present at 
extremely low levels, or randomly and infrequently present, and therefore 
diffi cult to detect by laboratory testing. 

 Adding a precautionary statement to a product where previously there was 
not one can have a commercial impact on a product, especially when in a 
competitive environment, where perhaps similar products do not have precau-
tionary statements. Limiting the diets of food - allergic consumers and shrinking 
the market for a product requires careful consideration by a company. A  “ level 
playing fi eld ”  for food manufacturers would remove some barriers to using 
precautionary statements if it was known that competitors are using a similar 
risk assessment. 

 In the absence of an industry - recognized standard, or guidance for the 
determination of the presence of allergens, which may be present in a food 
product due to cross - contact, some food manufacturers use precautionary 
labeling as a  “ blanket ”  statement on all of their food products. The blanket 
statements are often used irrespective of whether there was any likelihood of 
the allergen being present or not. Such blanket statements on food labels have 
been perceived as providing a means to ensure that food manufacturers were 
 “ covered ”  legally  “ just in case ”  an allergen was ever present  [5] . 

 An allergen labeling survey conducted in Australia in 2005  [8] , consisting 
of 350 products from various retail food categories, revealed the inconsistent 
approach to precautionary labeling. In the products surveyed, there were 42 
different versions of precautionary statements being declared on products. Of 
the 42 statements, the following were the key types of statement being used 
at the time of the survey: 

   •      may contain [an allergen];  
   •      may contain traces of [an allergen];  
   •      manufactured on equipment that processes products containing [an 

allergen];  
   •      made on equipment that also processes [an allergen];  
   •      manufactured on equipment that also processes products containing [an 

allergen];  
   •      manufactured in a plant that also processes [an allergen];  
   •      packed in a plant that also pack [an allergen].    

 What are these messages trying to communicate? Is the consumer to 
assume that  “ manufactured on equipment that processes products containing 
[an allergen] ”  means the cleaning procedures are inescapably ineffective at 
removing the allergen? Does  “ made in a plant that also processes [an aller-
gen] ”  mean there is a high risk of aerosols, or that human error and the poten-
tial for the wrong ingredients to be added is an issue? The consumer is clearly 
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not in a position to accurately interpret the risk without knowing what these 
messages actually mean and are therefore of arguable use. Without clear 
guidelines for exactly what the different statements mean, many consumers 
claim that precautionary labels are of arguable benefi t. 

 The frustration of allergic consumers toward inconsistent use of precaution-
ary labeling is widespread. Statements on labels found in the Australian market 
place include the following: 

   •       “ May contain the occasional nut. ”   
   •       “ May contain peanuts ”  (on a bag of peanuts with peanut stated in the 

ingredient list).  
   •       “ May contain peanuts, nuts, and other allergens not listed on the label. ”   
   •       “ Carefully baked in a nutty environment. ”   
   •       “ Allergen information: made in a facility that uses dairy. ”   
   •       “ Rice crackers: this product contains wheat, soy, and corn. Manufactured 

in a facility that may produce products that contain other allergens such 
as dairy, egg, peanut, and tree nut. ”   

   •       “ The ingredients in this product do not contain peanuts or tree nuts, but 
this product is made in a factory where nuts are present and may contain 
peanuts or tree nuts ”   [4] .    

 This highlights the inconsistency in precautionary labeling and the different 
approaches taken by different manufacturers to communicating the risk of 
cross - contact allergens to their consumers. 

   16.3.3.1.    Food Recall.     The mandatory labeling requirements for food aller-
gens in the Australia New Zealand Food Standards Code came into effect in 
2002. This requires that whenever certain substances are present in foods, they 
must be declared on the label. Noncompliance may be a result of inadvertently 
omitting to declare the use of an allergenic ingredient on the label, or the 
unintentional inclusion of trace levels of an allergenic substance in a product 
that is not intended to have that allergenic ingredient and, therefore, does not 
declare the allergen on the label. If the label does not include a precautionary 
allergen statement, and if the allergen is not included as an ingredient, the 
manufacturer is faced with the need to make a decision as to whether to 
conduct a product recall on the grounds of a potential risk to food - allergic 
consumers, and the risk of prosecution. 

 In Australia during the period from 2002 to 2005, labeling errors accounted 
for 47% of food recalls and were due to a variety of errors including failure 
to identify the presence of allergens. As manufacturers implemented more 
stringent controls over label design and manufacturing systems, the number 
of recalls due to labeling faults reduced, and in the period from 2005 to 2009, 
recalls due to labeling errors averaged less than 30%. While labeling errors, 
for reasons other than declaring the presence of allergens continued to fall in 
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recent years, the failure to declare the presence of allergens remained a 
problem, and in the fi nancial years 2007/2008 and 2008/2009 accounted entirely 
for all recalls due to labeling errors. In the fi scal year 2008/2009, failure to 
declare the presence of allergens (31%) was exceeded only by bacterial con-
tamination (39%) as the reason for undertaking a food recall, as shown in 
Figure  16.1 .   

 It is not possible to defi nitively determine what proportion of these recalls 
were due to inadvertent omission of ingredients from the label, and which 
were due to the lack of a precautionary statement, which would alert consum-
ers to the potential presence of an allergen that is not contained in the ingredi-
ent list. However, consumers who are highly sensitive to allergens such as 
peanuts are likely to react to very low levels of peanut proteins in food, which 
may be present from cross - contact sources, and likely to result in customer 
complaints leading to a recall. The undeclared presence of peanut allergens 
represented 28% of the recalls, due to failure to declare the presence of aller-
gens in the fi scal years 2005/2006 to 2008/2009, as shown in Figure  16.2 .   

 It may also be possible to draw some assumptions about the level of recalls 
due to failure to provide a precautionary statement, based on whether the 
recalled food may normally contain the allergen as an ingredient. For example, 
foods such as rice crackers or corn chips recalled due to the presence of gluten 
may be assumed to be due to the inadvertent presence of the allergen, as such 
products would not use fl our - containing gluten. In contrast, failure to declare 
the presence of egg in a bakery product could be due to the omission of an 
ingredient from the label, as egg is commonly used in bakery products. Based 
on such assumptions, the failure to provide an appropriate precautionary state-
ment led to 66% of the allergen - related recalls in this period. 
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     Fig. 16.1     Australian food recalls for the fi scal years 2005/2006 to 2008/2009. Data 
compiled by the Australian Food and Grocery Council.   Source : Food Standards 
Australia New Zealand.   
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 It is estimated that the minimum cost to manufacturers and retailers in 
conducting a food recall in Australia is $10,000 where the recall has limited 
distribution in one city only, while the average cost of conducting a food recall 
with national distribution is estimated at $100,000 for each recall. To avoid a 
costly recall, food manufacturers may be tempted to include precautionary 
statements, even when the possibility of cross - contact allergens being present 
has not been properly assessed.  

   16.3.3.2.    Testing.     Testing for food allergens is a valuable tool for use as part 
of a risk - based approach to allergen management. Test results can provide 
assurance and verifi cation of critical controls within a comprehensive risk 
management program. 

 The most commonly used analytical method for detecting the presence of 
food allergens is the enzyme - linked immunosorbent assay (ELISA) technique. 
The sensitivity of ELISA kits currently available is in the low parts per million 
reporting range (in the order of 10   ppm). 

 While there are many benefi ts in using the ELISA method, there are some 
limitations in using and interpreting results that must be considered. These 
may include: 

   •      protein extraction for analysis,  
   •      effect of food processing,  
   •      protein structure,  
   •      cross - reactions, and  
   •      availability of kits for different allergens.    

 It is also important to remember the limitations associated with sampling. 
As with all food testing methods, results are only representative of the samples 

Peanut 28% Dairy 12%

Multiple 10%

Sesame 3%

Soy 3%

Tree nut 8%
Crustacean 2%

Gluten 20%

Fish 3% Egg 8% Sulfite 3%

     Fig. 16.2     Australian food recalls for the fi scal years 2005/2006 to 2008/2009 showing 
the percentage of allergenic substances for recalls due to undeclared allergen. Data 
compiled by the Australian Food and Grocery Council.   Source : Food Standards 
Australia New Zealand.   
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tested and cannot be used to categorically prove the absence of allergens in 
products that have not been tested. This is especially so for particulates, which 
may be sporadically distributed in a food product. 

 A number of allergen ELISA test kits are currently available, and interna-
tional research is being conducted to develop alternative or confi rmatory 
methods for the routine detection of allergens in foods. Rapid ELISA test 
strips for allergen detection are also becoming more widely available, and in 
some instances, these may be suitable for allergen screening in - house during 
production, although these rapid test strips are not as sensitive as current 
ELISA test kits.   

   16.3.4.    Food Regulators 

   16.3.4.1.    Labeling Regulation.     The requirement to declare certain inten-
tionally added allergens in products within the Australian and New Zealand 
food industry has increased the awareness among food manufacturers of the 
risks that allergens can also become unintentionally incorporated into a food 
product. The development of international food standards for labeling aller-
gens was introduced into the Codex Alimentarius  [9]  in 1999 with a require-
ment to declare the eight common allergenic classes of ingredients. These are 

   •      cereals containing gluten and their products, namely, wheat, rye, barley, 
oats, and spelt and their hybridized strains;  

   •      crustacea and their products;  
   •      egg and egg products;  
   •      fi sh and fi sh products;  
   •      milk and milk products;  
   •      tree nuts and their products; and  
   •      peanuts and soybeans and their products.    

 Australia and New Zealand followed the Codex lead with the introduction 
of a mandatory government regulation under Standard 1.2.3 of the Australia 
New Zealand Food Standards Code in December 2002. Consistent with the 
international standards developed by the Codex, the legislation only addresses 
the mandatory requirement to declare the eight allergenic ingredients, plus 
the addition of sesame seed in association with tree nuts when added as an 
ingredient, sub - ingredient, additive, or processing aid  [10] . Precautionary state-
ments remain a voluntary option for manufacturers, limited only by the general 
requirements under Trade Practices legislation that prohibit  “ false, misleading, 
and deceptive claims. ”   

   16.3.4.2.    Legal Implications for Food Manufacturers.     Most regulatory 
schemes governing allergen labeling do not deal with incidental allergens and 
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precautionary labeling. That said, it is not accurate to believe that there is no 
applicable regulation. There are statutory and court - derived schemes of 
product liability that make manufacturers liable for defects in their products. 
This also extends to  “ defects ”  in labels that fail to warn of risks that render a 
product less safe than persons generally are entitled to expect (taking into 
account all the circumstances, including any warnings in the label). 

 A duty of care exists under the concept of tort liability due to the fact that 
the incidental presence of allergens in a food is (or at least should be) within 
the particular knowledge of the manufacturer, while the consumer has no 
independent means to assess the risk. This is likely to create a duty of care 
that requires the manufacturer to take steps to control the allergen or warn 
of the risk, with any failure to do so potentially attracting liability for any 
adverse event. 

 How these liability schemes apply where the affected person is sensitive to 
a particular food is an open question. The language of the European Union 
(EU) Product Liability Directive, for example, refers to the degree of safety 
that  “ persons generally ”  are entitled to expect, which may mean that a food 
is not  “ defective ”  under this test if it is safe for persons generally, even if it is 
unsafe and potentially fatal for persons with a particular food sensitivity. It is 
certainly true that the test is an objective one relating to the public at large, 
rather than to an individual or limited class of individuals. However, it might 
equally be said that the absence of at least some warning about the presence 
of something in food that might trigger a severe, even fatal, reaction is still a 
defect. This is because persons generally would expect such a warning, although 
the consequences of that defect fall on the few rather than the many. 

 Against this regulatory framework, the Australian food industry has 
responded to the challenge of precautionary labeling in three distinct, evolu-
tionary ways: the  “ say nothing ”  approach, the  “ blanket statement ”  approach, 
and the risk management approach. 

 The  “ say nothing ”  approach was predicated on the belief that statute law 
does not (typically) require labeling of incidental allergens, and that such laws 
are a suffi cient indication as to the degree of safety that persons generally are 
entitled to expect. Accordingly, no particular investigation needs to be under-
taken into the potential for the incidental introduction of allergens, and no 
labeling statement is contemplated. Reliance on regulations as a measure of 
public expectations, though, seems fraught with danger, assuming that the 
minimum requirement, at some past point in time, is evidence of a suffi cient 
safety requirement some years later. Further, this understanding fails to 
address the fact that community expectations change and evolve, and that the 
market circumstances in which products are sold also change and evolve. The 
 “ say nothing ”  approach was in the majority 10 years or so ago. However, given 
the market prevalence of incidental allergen labeling nowadays, silence is 
more likely to be interpreted as a positive statement as to the absence of 
incidental allergens. The  “ say nothing ”  approach thus has very little to commend 
it from a legal perspective and, today, is largely the provenance of those who 
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simply have not considered the risks or who rely on insurance to protect them 
and their business. 

 The next stage of precautionary labeling is the  “ blanket statement ”  
approach, where a  “ may contain ”  label warning is made for each allergen that 
is ever introduced into the manufacturing facility, without any further investi-
gation. At fi rst glance, this seems to be reasonable and is certainly less costly 
compared with a full risk management approach. However, it fails to address 
a key issue, which is whether the warning is effective in communicating risks, 
as judged by consumer behavior. This is important because most statutory 
liability schemes assess defectiveness by taking into account foreseeable 
misuse of the product, as well as use according to instructions. In circumstances 
where almost every food warns against the possible presence of virtually every 
allergen, it is foreseeable that sensitive consumers, faced with the choice 
between risk - taking behavior or an unnecessarily restricted diet, will at times 
opt for the former, and this appears to refl ect actual behavior    [6] . The  “ blanket 
statement ”  approach thus conveys more an impression of legal protection than 
of its reality — its effi cacy in practice is far from certain. 

 The legal problems with the  “ say nothing ”  and  “ blanket statement ”  
approaches has led the food industry to develop a third evolution in incidental 
allergen labeling, based on risk identifi cation, control, and management. The 
underlying concept is that a precautionary warning statement in a product 
label is more likely to be legally effective if backed up by a formal risk analysis. 
The risk analysis must address the whole issue of incidential allergen manage-
ment, from source ingredients through to manufacturing and process controls, 
as well as an assessment of the actual risk represented by the level of allergen 
in the fi nal food. The resulting consumer advice is then appropriate to the risk, 
such that precautionary statements only appear on labels where the incidental 
presence of the allergen cannot be avoided, and where the allergen is likely 
present at a level that poses some real potential for harm. 

 Further, by developing this risk analysis tool in conjunction with allergy 
sufferer groups, the expectation is that the warning statements will carry 
greater credibility with the target audience and actually modify risk - taking 
behavior (though this, at the present time, is speculative due to the relative 
recency of analysis tools such as VITAL discussed below). 

 The mere existence of the risk analysis tool does not, of course, ensure its 
proper application and use, and it remains likely that there will still be legal 
issues to be resolved about the adequacy of the tool in its application through-
out the food supply. However, the adoption of hazard identifi cation, manage-
ment and control procedures through the use of the Hazard Analysis Critical 
Control Point (HACCP) system, along with risk analysis and risk communica-
tion, revolutionized food industry thinking on food hygiene. HACCP now 
enjoys statutory recognition in many jurisdictions and is seen to offer signifi -
cant improvements in safety and effi ciency of production. This risk assessment 
approach has the potential to do so equally in relation to incidental allergen 
labeling. It certainly represents current thinking on best practice, and while it 
may never be possible (or appropriate) to totally exclude liability for allergy 
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incidents, it is the best that a food manufacturer can currently do to protect 
its customers, and itself. 

 It is also prudent to note that legal concepts such as duty of care and 
product liability are not static, but rather evolve according to social, political, 
and commercial pressures. It is this dynamic process that has driven precau-
tionary labeling through its evolution, and it continues today. The commercial 
incentive to keep informed and to apply current best practice, such as inciden-
tal allergen risk identifi cation and management, exists because any failure to 
do so has legal implications for manufacturers, their brand owners, and their 
insurers. It is important to understand that these underlying processes, which 
have brought voluntary precautionary labeling by food manufacturers to this 
point, have not stopped, and as our understanding of food - triggered reactions 
becomes more refi ned, so too will the challenge facing the food industry.    

   16.4.    EVOLVING A BETTER SYSTEM FOR 
PRECAUTIONARY LABELING 

 Precautionary statements should never be used as a substitute for GMP or as 
a generic disclaimer. Every attempt must be made to eliminate or minimize 
cross - contact by adhering to GMP. 

 The food industry is often the target of criticism for the number of different 
ways that the presence of allergens are declared on a label or packaging, for 
both mandatory and voluntary declarations. As previously discussed, pre-
cautionary allergen labeling is not consistent across the food industry with 
manufacturers using different risk assessment processes to decide when it is 
appropriate to precautionary label and when it is not. The same precautionary 
statement means something different from manufacturer to manufacturer, 
product to product, and consumer to consumer. A standardized method of 
assessment and declaration is considered necessary to assist food businesses 
in presenting allergen information in a way that is more consistent and easily 
recognized and understood by allergic consumers. A standardized approach 
will support the allergic consumers ’  needs by facilitating clear on - pack aller-
gen communication. 

 In an allergen labeling survey conducted in Australia in 2005  [8] , precaution-
ary labeling appeared on 48% of the products surveyed. The use of bold type-
face was most commonly used (43% of the time) for the precautionary labeling 
statement to ensure that the information was emphasized on - pack. The major-
ity of the precautionary statements appeared in conjunction with the ingredi-
ent information, usually just below the ingredient list, to facilitate the ease with 
which the consumer was able to obtain the information. This placement was 
considered the  “ normal ”  place where allergen information is retrieved from a 
product. 

 The survey also found that more than 77% of the precautionary allergen 
statements appearing on - pack had a font size of 1.5   mm or greater, which most 
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consumers considered adequate from a legibility perspective. Additionally, 
from the survey, 97% of the statements were in distinct contrast from the 
background pack color. The precautionary labeling statements were predomi-
nantly declared in uppercase (73%) for emphasis of information. However, 
allergic consumer groups considered that a statement in lowercase was easier 
to read and to obtain the information of concern, and that lowercase was visu-
ally more pleasing and legible to the eye. 

   16.4.1.    Benefi ts of Standardized Precautionary Labeling 

 It has been recognized within the food industry that a standardized, consistent 
approach to allergen cross - contact risk assessment is preferred, where one 
precautionary labeling statement would be universally applied based on the 
same risk assessment process. A standardized approach facilitates consistent 
consumer communication, as the cross - contact assessment would be based on 
the same principles, with the same allergen action levels used to determine if 
a precautionary labeling outcome is appropriate or not. 

 Manufacturers must be able to substantiate the assumptions made during 
the assessment. They must also substantiate the potential risks via allergen 
cross - contact introduced from the raw materials formulated into the product, 
or via cross - contact potentially occurring in the manufacturing plant or envi-
ronment. The only way forward is to use a standardized process approach with 
one standardized precautionary cross - contact statement. This would ensure 
that the food industry is communicating with the allergic consumer using one 
consistent voice.  

   16.4.2.    Protection for Consumers 

 Protection for the allergic consumer is facilitated if one standardized approach 
is used to assess and declare allergen cross - contact information. This would 
mean that if a product carried a precautionary label, then the labeling decision 
would have been based on the same information as another product carrying 
a similar precautionary label. An important aspect to understand, however, is 
that different assumptions can still be made by different manufacturers due 
to the fact that one standardized approach may have several subjective inputs 
into the assessment based on the differences between manufacturing facilities, 
managers, raw material specifi cations, or experience.   

   16.5.    VITAL: THE AUSTRALIAN RESPONSE TO THE CHALLENGES 
OF PRECAUTIONARY LABELING 

 The AFGC ’ s Food Industry Guide to Allergen Management and Labelling  [2]  
recommends that precautionary statements should only be considered as a last 
resort, only be applied where indicated by the VITAL process, and only when 
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it is not possible to eliminate or control the potential for traces of the allergen(s) 
in question to be present. 

 In the absence of regulatory or other international guidance on the issue, 
Australian and New Zealand food manufacturers identifi ed a need and set 
about developing a solution, a way forward. 

 VITAL was developed to provide a standardized allergen risk assessment 
tool to assist food manufacturers in assessing the potential impact of allergen 
cross - contact in each of their products and where precautionary labeling is 
required. It also specifi es a standard wording for a precautionary statement —
  “ may be present (allergen). ”  The aim was to encourage clear, consistent label-
ing of manufactured food to assist consumers to identify which allergens may 
be present in the food. 

   16.5.1.    How Was  VITAL  Developed? 

 VITAL was developed by a team of food professionals convened by the 
AFGC ’ s allergen forum. The team reviewed current risk assessment protocols, 
both food and nonfood, to determine if there was any existing suitable model. 
The team agreed to adopt an existing risk grid as the basis for the risk assess-
ment process. A literature review was conducted to validate the levels in the 
existing grid, and a consultant was engaged to review the literature and further 
refi ne the grid values. A decision tree  [11]  and procedure  [12]  were subse-
quently developed and refi ned to assist in the application of the VITAL grid 
values. 

 VITAL requires the assessment of likely sources of allergen cross - contact 
from raw materials and from the processing environment, plus an evaluation 
of the amount of allergen present and a review of the ability to reduce the 
allergenic material from all contributing sources. It also provides for ongoing 
monitoring and verifi cation of the risk assessment process to ensure any 
changes to the level of risk are acted upon without delay. 

 The VITAL process can be used for any type of food allergen but was 
specifi cally developed for application to the eight generic classes of allergens 
prescribed in Standard 1.2.3 of the Australian New Zealand Food Standards 
Code  [10] , to ensure consistency with mandatory requirements to label aller-
gens present in foods. 

 In summary the VITAL action levels indicated are the following: 

   •      Action Level 1 — Green Zone — precautionary cross - contact statement is 
not required for the relevant allergen under evaluation.  

   •      Action Level 2 — Yellow Zone — precautionary cross - contact statement is 
required for the relevant allergen using the standard VITAL statement —
  “ may be present. ”   

   •      Action Level 3 — Red Zone — signifi cant levels of the allergen are likely to 
be present. Labeling of the relevant allergen as an ingredient in the ingre-
dient list is required (rather than use of a precautionary statement)  [13] .    
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 The VITAL procedure should be followed for each allergen that may 
be present in the fi nal product due to cross - contact via ingredients or process-
ing. VITAL is not applicable to ingredients intentionally formulated into 
the product; that is, any allergen added as an ingredient, no matter what 
the fi nal concentration in the product, must always be labeled in the ingredi-
ents list. 

 VITAL should be used as part of a HACCP - based food safety program 
when conducting the risk assessment for allergenic hazards. The VITAL 
process is applicable at all levels of the supply chain, from the farmer to the 
manufacturer. While it is primarily intended as an aid to determine whether 
labeling is required on packaged foods, in theory, it could also be used by 
restaurateurs and caterers. 

 Unlike the HACCP processes for verifi cation that the presence of micro-
biological, chemical, and physical hazards lie within acceptable limits, verifi ca-
tion of the accuracy of the VITAL risk assessment can be diffi cult and 
frustrated by the intermittent and random nature of the occurrence of the 
allergen in the fi nal food. Reliance on laboratory testing should be used for 
validation purposes only, as part of the risk assessment process, particularly in 
relation to ingredients and verifi cation of cleaning processes, as part of a 
HACCP - based food safety program. It is not expected that testing be used in 
 “ real time ”  as a fi nal quality control step. Only validated test kits should be 
used for testing. 

   16.5.1.1.    Taking a Line in the Sand.     The premise on which VITAL is based 
is that it is possible to set  “ action levels ”  or thresholds. The decision to establish 
action levels in the absence of internationally agreed thresholds was taken on 
the basis that the current situation of inconsistent risk assessments could not 
continue. The approach of sometimes indiscriminate and inconsistent use of 
precautionary labeling was eroding the value of precautionary labeling as a 
risk management tool, resulting in allergic consumers taking risks or avoiding 
foods, thereby reducing their already limited choices. 

 Throughout the process of developing VITAL, the project team has sought 
input and feedback from a wide group of stakeholders representing industry 
and allergic consumers. Feedback on VITAL has been positive and encourag-
ing — the most common sentiment is that  “ at least we have some numbers 
(action levels) and a way of doing the risk assessment in a consistent manner. ”  
Key among concerns is the robustness of the action level numbers, given 
there is currently no international consensus on thresholds. However, the 
action levels are based on the best available information from international 
literature and a built - in safety margin. It is strongly believed that by following 
this approach and taking a line in the sand, it provides a positive way forward 
for consumers and food manufacturers alike. As with any new technology, 
as new information becomes available, VITAL will continue to improve and 
evolve.    
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   16.6.    CONTINUOUS IMPROVEMENT 

 Process or manufacturing improvements or changes are continually being 
executed and can directly impact precautionary labeling statements. This is an 
important aspect of the manufacturing environment and must be captured 
formally to assess the potential risks on product manufacture. Hazards that 
are initially identifi ed may be eliminated, or additional allergen risks could be 
identifi ed with the introduction of new equipment through capital investment 
or improvement processes. 

 The manufacturers ’  need to provide precautionary labeling statements may 
reduce over time, as controls or processes that eliminate hazards of incidental 
allergens are implemented, depending on the complexity of the process and 
the manufacturing or packing site. 

 The aim of the manufacturer is to provide clear, consistent, and relevant 
information so that the allergic consumer has a meaningful and easily identi-
fi ed purchasing decision.  
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  17 
CERTIFICATION PROGRAMS FOR 
FOODS LABELED AS  “ FREE FROM ”  
SPECIFIC ALLERGENS    

    17.1.    INTRODUCTION TO THE CERTIFICATION PROCESS 

 To determine whether or not a product, process, or service meets a standard 
or set of certifi cation program requirements, a compliance assessment must be 
performed. A compliance assessment performed by the business itself, with its 
own program requirements, is a fi rst - party assessment (internal audit). A com-
pliance assessment performed by the purchaser of the product, process, or 
service is a second - party assessment. If an assessment is being done to obtain 
certifi cation, an independent (third - party) certifi cation body that follows 
international certifi cation rules can be used to lend greater credibility to the 
certifi cation. 

 As well, the third - party certifi cation (TPC) agency can be accredited by an 
accreditation body (e.g., the Standards Council of Canada [SCC], American 
National Standards Institute, Accreditation Board [ANAB], United Kingdom 
Accreditation Service [UKAS], etc.). In Canada, the SCC checks whether 
or not agencies have the necessary human resources, expertise, and equip-
ment for the assessment work they intend to do. Compliance assessment is a 
specialized fi eld requiring specifi c skills, both organizational and in the staff 
responsible for performing audits (auditors) and evaluating audit fi les (man-
agers and assessors). 

  Christine     Dupuis    and    Ferdinand     Tchounkeu       

Allergen Management in the Food Industry, Edited by Joyce I. Boye and 
Samuel Benrejeb Godefroy
Copyright © 2010 John Wiley & Sons, Inc.
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 Certifi cation agencies (or bodies) can provide various certifi cation pro-
grams to show that products, processes, and services are compliant with a 
current standard or some other recognized document. Accepted tests to prove 
that a requirement of a standard or certifi cation program has been met are 
often used to certify products. In the last 10 years, the development of food 
allergen tests has led to the creation of an important food allergen risk man-
agement tool. Allergen - free product certifi cation can therefore be carried out 
by using a combination of accepted allergen tests and other tools for control-
ling food manufacturing hazards, such as the Hazard Analysis Critical Control 
Point (HACCP). Effective management of allergens covered by a certifi cation 
program can be demonstrated through a certifi cation process similar to those 
for other products, processes, and services. 

 Certifi cation can be summarized in fi ve main steps that are the same regard-
less of the product being certifi ed: application, audit or monitoring visit, deci-
sion, certifi cate delivery, and maintenance or renewal ( http://www.bnq.qc.ca/
fr/certif/etape_processus.html ). The fi ve steps are described briefl y below, as 
they are generally applied by certifi cation agencies for all certifi cation pro-
grams, for example, the allergen - free product certifi cation program of the 
Bureau de normalisation du Qu é bec (BNQ) within the certifi cation program 
of the Association Qu é b é coise des Allergies Alimentaires (AQAA).  

   17.2.    STEPS IN THE CERTIFICATION PROCESS 

   17.2.1.    Application 

 A business seeking certifi cation must submit a formal application to the cer-
tifi cation agency, with complete information about the products, processes, and 
services to be certifi ed, as well as information on the business itself (name, 
address, contacts, etc.). The certifi cation agency may provide an application 
form to standardize the applications submitted and ensure that all the required 
information is included. If the business accepts the certifi cation agency ’ s pro-
posed plan, the two parties sign a certifi cation contract with joint obligations 
to fulfi ll the requirements of the certifi cation program.  

   17.2.2.    Audit 

 Usually, before the certifi cation audit, there is a preliminary evaluation of 
client documentation on how certifi cation program requirements are met. 
Any specifi c documentation requirements of the certifi cation program can be 
checked as well. A preliminary tour of the business location may also take 
place, to gain familiarity with the facilities and processes. Once it has 
been determined that any shortcomings found have been resolved and that 
a certifi cation audit is feasible, the certifi cation audit or visit can then be 
performed. 
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 The initial certifi cation audit is a critical step in the certifi cation process that 
requires techniques specifi c to this kind of audit, if performed in accordance 
with international rules such as ISO 19011  [1] . ISO 19011 is a standard used 
mainly in management system audits, but it can also be used for other types 
of audits, as long as the members of the audit team have the necessary skills. 
The audit requires all the skills of the auditors, who must be capable of deter-
mining whether or not the certifi cation program requirements have been met 
by the business requesting certifi cation of its products, processes, or services. 
The auditor or audit team must have adequate knowledge of the certifi cation 
program requirements, experience with the industry or fi eld, and auditing 
qualifi cations to ensure a complete, consistent, and credible assessment. To 
certify a product as allergen free, the manufacturing, cleanup, and sanitation 
processes, and all good manufacturing practices are examined, as well as aller-
gen hazard control methods implemented specifi cally to control hazards asso-
ciated with the allergens covered by the certifi cation. 

 The time spent by the audit team on the audit will vary depending on the 
size of the facility and processes, number of products, number of allergens, and 
number of employees. The initial audit normally lasts a few days, at the end 
of which a wrap - up meeting is held to present the fi ndings. Noncompliances 
may be pointed out, and deadlines may be set for their resolution. A written 
report is also issued. Following the audit, the audit team may, if all conditions 
are fulfi lled, submit a recommendation for certifi cation to the certifi cation 
agency, which is the only body that can make the certifi cation decision.  

   17.2.3.    Decision 

 Once all certifi cation requirements have been fulfi lled, certifi cation audit per-
formed, audit report released, and issues (noncompliance or other) resolved, 
certifi cation agency staff qualifi ed to evaluate certifi cation audit fi les perform 
a fi nal assessment and study the recommendations of the auditor responsible. 
Staff responsible for the fi nal certifi cation decision must not have been involved 
as auditors for the same audit fi le. If all requirements of the certifi cation 
agency are fulfi lled, certifi cation is granted and a certifi cate is issued.  

   17.2.4.    Certifi cate Delivery 

 Certifi cate confi rms that the given products, processes, or services meet a 
standard and fulfi ll the certifi cation program requirements. It is associated with 
the use of a certifi cation mark that can be placed on the given products or 
accompany the given processes or services only if the given products, pro-
cesses, or services are compliant. The certifi cation period is fi xed, normally 2 – 3 
years, and the validity of the certifi cate is subject to approval mechanisms 
before certifi cation and following subsequent monitoring afterward. Routine 
inspections or audits are performed from time to time to ensure that the cer-
tifi cation is still valid, that is, that the certifi cation program requirements 
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continue to be met. Amendments can be made to the certifi cate during the 
certifi cation period; however, all changes must go through audit and approval 
mechanisms before a modifi ed certifi cate is issued.  

   17.2.5.    Maintenance or Renewal 

 During the certifi cation period, routine inspections or audits must confi rm that 
the requirements of the standard or certifi cation program continue to be met, 
or ensure that any noncompliance is resolved. The certifi cate is confi rmed as 
remaining the same, or being amended if products, processes, or services are 
added or dropped. The certifi cation mark can continue to be used only for the 
products or services that remain compliant. 

 Once the certifi cation period has elapsed, the business may renew the cer-
tifi cation with the certifi cation agency for another period and continue using 
the certifi cation mark, or discontinue the certifi cation and stop using the cer-
tifi cation mark.   

   17.3.    ENSURING THAT CERTIFIED ALLERGEN - FREE PRODUCTS 
REMAIN COMPLIANT 

 To ensure that the certifi ed allergen - free products are compliant, the business 
must implement an allergen hazard control system or program that meets the 
requirements of the certifi cation program. Since food allergens are considered 
a food product safety hazard, the general principles of food hazard control, 
such as HACCP, may be helpful. The effective use of good food manufacturing 
practices is also essential. The integration of specifi c requirements for certifi ed 
allergen - free products within a larger quality and food hazard management 
system can therefore be a means of ensuring continued compliance with the 
allergen - free certifi cation program. 

 If there is no complete, recognized quality management system (e.g., ISO 
9001)  [2]  or food hazard management system (e.g., ISO 22000 or HACCP), 
certain management requirements will have to be fulfi lled by the business to 
facilitate continued compliance. Those requirements could involve system 
management tools such as mandatory internal audits, noncompliance manage-
ment, and corrective measures. 

 One of the biggest challenges in the application of HACCP principles to 
control food allergens lies in the defi nition of critical control points (CCP)  ; in 
effect, it is diffi cult to set a critical limit when the dose required to provoke 
an allergic reaction (either moderate or serious, i.e., anaphylaxis) is not known. 
Currently, the control of food allergens in the food industry is done by training 
of employees, verifi cation of the composition of all raw materials, the use of 
test kits to detect the presence of allergens (i.e., in ingredients, other nonfood 
materials used in processing, equipment, and fi nished product), labeling, and 
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cross - checking to ensure that the right packaging is used for the right product. 
When analytical test kits are available, they are most frequently used in the 
context of certifi cation or to support  “ free - from ”  labeling. Thus, CCP, as cur-
rently defi ned, allows the maintenance of rigorous control measures that rein-
forces the safety of the foods produced; it does not, however, represent a real 
CCP (e.g., as in the case of establishing a limit for pathogenic bacteria) and 
should therefore be considered as an operational prerequisite program as 
defi ned by the requirements of ISO 22000:2005  [3] .  

   17.4.    BUSINESS RESPONSE TO NONCOMPLIANCES IDENTIFIED 
BY THE CERTIFICATION AGENCY 

 The business must ensure that products certifi ed or to be certifi ed as allergen -
 free meet the requirements of the certifi cation program. The cause of noncom-
pliance can vary depending on whether it is identifi ed in an initial certifi cation 
audit or a routine inspection. 

 In previous experience, most businesses that were discovered in the initial 
audit to have noncompliances misunderstood the certifi cation program 
requirements or had not completely implemented those requirements, being 
too focused on obtaining certifi cation quickly to gain access to the desired 
market. These businesses responded with action to address an incomplete 
implementation, a result of underestimating the implementation work required. 
In routine inspections, noncompliances are often the result of a lapse in apply-
ing control measures or a lack in quality management caused by poor manage-
ment tools. Business response in such cases is usually to  “ restore ”  or  “ readjust ”  
to avoid losing certifi cation and use of the certifi cation mark. 

 Businesses usually accept fi ndings and agree to rectify noncompliances 
(thereby improving themselves) when the certifi cation process is credible and 
audit techniques have been applied properly. If the certifi cation agency does 
not appear to be credible, competent, and thorough, noncompliances can lead 
to disputes and misunderstanding with the audited business and, ultimately, a 
loss in the perceived value of the certifi cation.  

   17.5.     TPC  AND HOW TO MAINTAIN AND CONTINUE 
ALLERGEN - FREE CERTIFICATION 

  “ Allergen - free ”  certifi cation responds to the needs of a specifi c group of con-
sumers, that is, consumers with allergies and their family and friends. As long 
as those needs exist, and suppliers of certifi ed allergen - free food products can 
meet those needs through certifi cation at a cost that is acceptable to both 
parties, continued certifi cation is possible. 

 There are, however, certain overriding factors to maintaining continuity for 
allergen - free certifi cation. First, the certifi cation must be credible. Second, it 
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must be granted by a third - party agency with proven skills. Consumers must 
be informed about the differences between certifi cation and the other methods 
used for highlighting allergen - free products. Self - declarations or claims by a 
business regarding the absence of allergens in its products, while they may be 
true, are not proven and verifi ed by an independent third party. The use of 
the word  “ certifi ed ”  is somewhat controversial when the claim has not been 
verifi ed by an external organization. Consumers must therefore compare the 
pros and cons of the two types of allergen - free claims, to make informed 
decisions.  

   17.6.    KEY POINTS TO CONSIDER IN SETTING UP A 
CERTIFICATION PROGRAM (SPONSORING ORGANIZATION) 

 First, it is important to make a distinction between a public certifi cation 
program and a private one. A public certifi cation program requires that spe-
cifi c steps be followed with respect to preestablished guidelines. This generally 
appeals to a very wide public as the content of the standard is public and 
available for everyone wishing to consult it. A private program, on the other 
hand, is conceived according to the sponsoring organization ’ s requirements 
and its purpose is therefore targeted. The sponsoring organization (i.e., the 
organization providing the certifi cation) can choose and limit the number of 
actors who participate in setting up the program requirements. Furthermore, 
the content of the program is not necessarily available to the general public 
and, in some instances, could require a confi dentiality agreement prior to its 
consultation. 

 The information presented in this chapter is a review of information avail-
able from the public literature as well as from experience in the private sector. 
The question of allergen certifi cation is fairly recent, and so there is relatively 
little information available on allergen certifi cation per se; however, informa-
tion from other certifi cation programs are of relevance to an allergen certifi ca-
tion program and the review will present a summary of the general steps that 
need to be considered in establishing a certifi cation program irrespective of 
whether it is public or private. 

 Prior to launching a certifi cation program, it is important that the sponsor-
ing organization defi ne the skill sets and profi ciency levels that the certifi cation 
will assess and validate, with respect to the presence of allergens in foods. The 
development effort should include four phases that are all essential to the 
program ’ s success; these include business analysis, program development, 
implementation, and management  [4] . 

   17.6.1.    Business Analysis 

 To ensure that the program meets the needs of its target clientele, namely the 
industry, the sponsoring organization should conduct a business analysis to 
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assess the demand and identify the benefi ts of an allergen - free certifi cation 
program. The business analysis should include the following components. 

   17.6.1.1.    Internal Analysis.     This analysis should cover all the strategic 
aspects of the program. Strategic advantages might be in the form of distribu-
tion benefi ts or customer franchise for the sponsoring organization. Identifying 
these advantages should be the fi rst step in any internal analysis, particularly 
given the great importance attached to it by the industry. A franchise, defi ned 
as a contract whereby a company grants to another the right to use its name 
and trademarks to sell products or services, appears to be more favorably 
perceived by businesses than a profi t - sharing arrangement. In fact, companies 
are very reluctant to reveal the details of their sales to third parties, for com-
petition reasons, and prefer to pay a lump sum for the right to use the trade-
mark. Similarly, available resources, cost of developing a program, availability 
of subject matter or domain experts, and so on, should be considered at this 
stage, with the goal of determining whether the organization possesses all the 
necessary resources to develop the program. 

 It is advisable to defi ne the type of program to be established at the outset. 
The choice made at the beginning to develop a private or public program will 
determine the basis of the discussions with the various parties who will be 
invited to participate in its development. This choice of program type deter-
mines not only the organizational framework of the development process but 
also constitutes a key stage in the development of the program ’ s business plan. 
Indeed, consultations aimed at soliciting comments on the program will be 
organized differently depending on whether it is private or public. The type of 
program also determines the level of protection or confi dentiality to be 
accorded to the terms of reference. Regardless of the approach chosen, the 
business plan must consider each predetermined step in the program develop-
ment and certifi cation process. 

 The choice of partners is important for the credibility and reputation of the 
program. It is essential to join forces with partners who are competent, cred-
ible, recognized, and infl uential in the area and on the subject of food allergies 
(e.g., government, certifi cation organizations, producers, distributors, and con-
sumer associations). Medical consultants (physicians, nurses, allergists, etc.), 
manufacturers of allergen detection tests, scientifi c researchers, and legal 
experts should be invited to participate in the program development and 
implementation process. Manufacturers of allergen detection kits, for example, 
can contribute their expertise concerning detection methodologies and the 
validation, accuracy, and availability of the tests. Legal experts can examine 
the legal aspects of applying the program, and they can provide a legal frame-
work for agreements with present and future partners. Generally, the agree-
ments between the sponsoring organization and the companies to be certifi ed 
must be simple but complete and satisfactory to all the parties concerned. They 
must necessarily include the duration of the partnership, license fees, legal 
liability, and partners ’  rights and obligations (e.g., obligation of manufacturers 
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to carry private civil liability insurance). The legal experts must also examine 
the implications of the use of the program beyond the established scope (e.g., 
regional, provincial, national, international, etc.). 

 Food processors and suppliers are typically subject to a variety of programs 
and requirements imposed by the government, customers, and distributors. 
They may, thus, be reluctant to participate in an additional program, even if it 
is innovative. The involvement of the food industry groups (suppliers, manu-
facturers, distributors/retailers, etc.) is therefore indispensable to the process. 
In fact, program participants may act as advocates by encouraging other 
members of the group to join the program. 

 The involvement of government offi cials or authorities in the design of a 
certifi cation program is very important as it enhances program credibility. 
Manufacturers are more likely to participate in a program when they know 
that government authorities have approved it or validated its requirements. 
Thus, while the sponsoring organization must be selective in identifying part-
ners, it must also remain as broad as possible, so as to represent the target 
market as a whole.  

   17.6.1.2.    Candidate Profi le.     The development of a certifi cation program 
requires careful study and understanding of the needs of the market and of 
the companies that are potential participants. Their target clientele must also 
be considered, specifi cally persons with allergies for whom the products will 
be targeted. The program should be launched only if it can be demonstrated 
that the proposed benefi ts will meet the specifi c needs of companies and con-
sumers. For example, developing a program to certify products as free of a 
nonrecognized allergen, or an allergen whose label declaration is not manda-
tory or required by regulation, although it may be of interest to a few consum-
ers, may be of no importance to the industry. A program with a strong rationale 
and evidence of success should not be taken at face value unless the proposi-
tion is validated through market research of the target clientele.  

   17.6.1.3.    Market Analysis.     The  “ allergen - free ”  food sector represents a 
niche market for the agri - food industry. From 1999 to 2003, the market for 
 “ allergen - free ”  foods doubled in the United States, from US$947 million to 
approximately US$2 billion in retail sales  [5] . Trends suggest that this growth 
will continue, and the category would be an important one in Canada by 2020. 
As shown in Figure  17.1 , the global supply of innovative  “ allergen - free ”  prod-
ucts has increased by more than 700%.   

 Certifi cation programs could help to identify the domain areas or sectors 
that would be of signifi cant interest and have potential for strong growth for 
the industry. Figure  17.2  shows, as an example, that over an approximately 
10 - year period,  “ gluten - free ”  foods accounted for more than half of the 
 “ allergen - free ”  foods marketed. This is explained not by the number of indi-
viduals who are hypersensitive to gluten or allergic to wheat, but mainly by 
the fact that this ingredient is present in virtually all foods.   
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 Experience has shown that demand for certifi cation often lags a year or so 
behind market demand for products or services in the targeted domain area. 
Consequently, when developing a certifi cation program, it is important to 
conduct a market analysis and identify the sector that will remain viable for 
the industry. 

 During the market analysis, steps should be taken to verify whether existing 
organizations already offer similar certifi cations in order to assess the poten-
tial volume of work and revenues; in fact, there could be major competition 

     Fig. 17.1     Number of innovative allergen - free food products listed in the XTC scan  ™  
database.   Source : XTC, World Health Food Innovation Panorama, with permission  .   

     Fig. 17.2     Trends in the global supply of allergen - free products.   Source : XTC, World 
Health Food Innovation Panorama, with permission.   
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with existing organizations. In this case, collaboration with the existing pro-
grams in a region or other countries can be considered. Such an approach 
could also be useful in standardizing practices in the processing industry and 
even promoting exports. It should be noted that even in the absence of com-
petition, having partners in several countries would help to promote the 
program and its expansion.  

   17.6.1.4.    Assessment of Requirements.     The requirements to be assessed for 
granting certifi cation must be defi ned on the onset and must take into account 
scientifi c research and fi ndings, as well as industry practices. These require-
ments must remain rigorous, realistic, and applicable, which is why a multi-
disciplinary team composed of various partners in the domain area is required 
at the development phase. This process makes it possible to objectively deter-
mine the parameters and skill sets that must be verifi ed during the certifi cation 
assessment. Manufacturers are more likely to accept and agree to participate 
in a program whose requirements are clearly defi ned and applicable to their 
processes.   

   17.6.2.    Program Development 

 The program development phase essentially sets the stage for organizing the 
program design, business plan, assessment tools, and a strategy for learning. 

   17.6.2.1.    Business Plan.     A business plan for the certifi cation program should 
be created on the basis of the business analysis. At a minimum, the business 
plans should attempt to answer the following fi ve questions: 

   •      What is the program ’ s business value to the organization?  
   •      Do the tangible and intangible benefi ts exceed the cost of developing and 

supporting it?  
   •      How will the program be positioned to customers and partners?  
   •      What kind of marketing effort or plan will be pursued to make the 

program a success with customers?  
   •      What kind of support or organizational resources will be needed to 

manage the program?    

 In order to ensure the program ’ s long - term viability, the business plan must 
consider each predetermined phase and must include the overall long - term 
vision (development, commercialization, etc.). The business plan should form 
the basis of support within the organization for such an undertaking and justify 
the commitment. It should help to directly answer questions raised about the 
value of the program. Additionally, it should also allow an organization to 
determine how to proceed and how much to allocate toward the program.  

c17.indd   482c17.indd   482 6/17/2010   7:07:27 PM6/17/2010   7:07:27 PM



CERTIFICATION FOR FOODS “FREE FROM” SPECIFIC ALLERGENS 483

   17.6.2.2.    Program Design.     The program design defi nes the number of certi-
fi cation tracks and levels that might be offered, specifi cally which allergens 
and which products. It also defi nes the general and minimal requirements that 
a candidate must meet to obtain certifi cation. The program should also defi ne 
what prerequisite knowledge candidates must possess ahead of pursuing a 
certifi cation. For example, it would be diffi cult to implement the requirements 
of a certifi cation program guaranteeing that a processed food is free of aller-
gens without having basic knowledge of food hygiene and safety. 

 And fi nally, the program design should specify how the certifi cation aligns 
or articulates with current industry practices without, however, generating 
excessive costs. This would involve, for example, demonstrating that certifi ca-
tion would not require the construction of new manufacturing lines, the pur-
chase of new equipment, very expensive tests, and so on. It must not interfere 
with the effective operation of other existing programs such as HACCP and 
organic products, nor be perceived as an additional  “ burden ”  or one program 
too many for the industry. 

   17.6.2.2.1.     Important Aspects to Consider during the Design  

   17.6.2.2.1.1.     s ystem or  p roduct  c ertifi cation.     A product certifi cation creates 
a link between the consumer and the product manufacturing process. More 
specifi cally, a certifi cation mark on the product (e.g., a logo) provides direct 
information to potential consumers. A logo (e.g., the picture of a peanut in a 
red circle with a diagonal line through it) indicating that the product is peanut 
free is a clear message to consumers about the manufacturing process, that is, 
that peanuts are banned in the plant and that the product does not contain any. 

 A system certifi cation such as the HACCP system does not allow producers 
to place a logo of any kind on the product. A HACCP certifi cation would, thus, 
offer some degree of security to the distributor, who has the assurance that 
the products are manufactured under safe conditions and are fi t for consump-
tion. However, although the product is manufactured in a safe environment, 
the end consumer does not have access to this information at the time of 
purchase. Since consumers with food allergies are looking for information 
about the product manufacturing process, a product certifi cation could there-
fore represent added value; and this must be decided during the program 
design phase. 

 In addition, certifying a system with respect to food allergens may, in some 
cases, raise safety issues for consumers, particularly when the company handles 
several allergenic ingredients. Consider a plant certifi ed to be free of a specifi c 
allergen (e.g.,  “ peanut - free ”  plant) while other allergens may be present; this 
may potentially lead to confusion in the minds of less well - informed consum-
ers as they might think that all products manufactured in that plant are com-
pletely free of all allergens, thus, exposing themselves to potentially serious 
allergic reactions.  
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   17.6.2.2.1.2.     a llergen  d etection  t ests.     Over the past few years, numerous 
techniques have been developed to detect various sources of food allergens. 
Some of these methods are capable of detecting allergenic components with 
a very low detection limit, less than 1   ppm. The performance of some test kits, 
however, appears to be highly variable and depends on a variety of factors 
including the methodology used, extraction conditions, system specifi city, and 
the food matrix analyzed. 

 For certifi cation purposes, the ideal approach would be to adopt tests whose 
detection limits are as low as possible, at least for the analyses of the fi nished 
products targeted. This approach (with the goal of total absence of the aller-
gen) would make it possible to standardize industry practices and promote 
exports of certifi ed products in several countries where regulations are differ-
ent. It would reassure allergic consumers, even those who are hyperallergic, 
perhaps until such a time as there is clearer information on the amount of 
allergen dose required to provoke allergic reactions. 

 The use of detection tests that have been validated and approved by rele-
vant offi cial authorities is therefore recommended. This validation is based on 
sensitivity, performance, repeatability, and reproducibility criteria, and includes 
a comparison of the various methods and the effect of food matrices  [6] . An 
interlaboratory validation provides a means of evaluating and comparing the 
abilities of the tests to determine the presence of allergens in various food 
matrices. This approach makes it possible to evaluate, for a given confi dence 
level, the ability of the techniques to provide reliable results. Omitting this 
step could lead to results that are nonreproducible or that differ from one food 
matrix to another or from one laboratory to another. 

 The cost of the analyses and of commercially available kits is still high, but 
is tending to stabilize or decrease. Manufacturers are very reluctant to bear 
these costs, especially for the purpose of certifying a product to be free of 
several allergens. For example, a manufacturer who needs to test for four 
allergens in 20 products should allocate a signifi cant budget for performing 
these analyses. The certifi cation - sponsoring organization should take these 
costs into account, as it could constitute an obstacle to manufacturers consider-
ing participation in the program. 

 There is currently no simple system that is capable of simultaneously detect-
ing the majority of allergens in a food product. Only certain models can 
provide simultaneous multi - allergen analysis  [7] . However, the existing models 
refl ect the scientifi c state of the art and constitute a step toward multi - allergen 
detection. The certifi cation - sponsoring organization must therefore set up a 
system for monitoring these scientifi c advances in order to incorporate into 
the program new single or multi - allergen detection tests that may be of inter-
est to many manufacturers.  

   17.6.2.2.1.3.     third party certification.      In response to competitive pressures, 
manufacturers of food products are keen to include desirable attributes of 
their products on the label  [8] . These statements may or may not be supported. 
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To support the credibility of these claims, they often rely on third - party certi-
fi ers to demonstrate that their practices comply with applicable standards. In 
any certifi cation process, it is essential to accord a prominent role to an inde-
pendent certifi cation organization. The fact that this organization is not directly 
involved in the production chain (i.e., it is not a farmer, processor, or distribu-
tor) ensures the reliability and credibility of the program in the eyes of 
consumers. 

 The use of TPC has advantages for processed food distributors compared 
with other certifi cation systems (fi rst -  or second - party certifi cation). First, their 
responsibility to verify the implementation of the requirements related to the 
quality and safety of the foods they distribute is minimized since this is largely 
performed by the third party. Additionally, certifi cation is a marketing tool for 
manufacturers and distributors, who can proudly point to the involvement of 
an independent organization, guaranteeing the quality and safety of the foods 
they sell. 

 The involvement of a third party in the certifi cation process enhances the 
level of quality of the products by reducing the risk of noncompliance and 
losses. This increases effi ciency in the supply chain and reduces costs for dis-
tributors. An additional reason why TPC must be considered is that many 
suppliers report that the use of TPC is gradually being demanded by distribu-
tors and is even sometimes mandatory  [9] . Distributors require manufacturers 
to have foods supplied certifi ed by a third party as the costs associated with 
quality and safety are largely transferred to manufacturers, which enables 
budgets to be allocated to other areas.  

   17.6.2.2.1.4.     u se of the  c ertifi cation  m ark:  c laims and  a dvertising.     In the 
food sector, where it is essential to remain competitive because profi t margins 
are thin, advertising plays a major role. In 2005, in the United States for 
example, the food industry spent US$32 billion on advertising and US$66.5 
billion on packaging in order to differentiate its products from those of its 
competitors  [8] . Hence, one sees all kinds of claims, which easily cause confu-
sion among consumers with allergies. Even if certifi cation increases consumer 
confi dence in a product, consumers still fi nd it diffi cult to distinguish or even 
make no distinction between certifi ed and noncertifi ed products. Companies 
participating in the program will tend to resort to the practices of their com-
petitors (unfounded claims, misleading advertising, etc.) in order to improve 
their competitive position. In view of the fact that most countries have no 
regulations on this subject, it is important during program development to 
establish rules by developing, for example, a guide on use of the certifi cation 
mark. The packaging mock - ups and advertising material prepared by the com-
panies must fi rst be screened by the organization.    

   17.6.2.3.    Creation of Assessment Tools.     Based on the established require-
ments, the program sponsors must develop a plan and assessment tools that 
will be used to verify the compliance of the manufacturer ’ s practices. Since 
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the requirements are determined by the multidisciplinary team composed of 
subject matter experts, the questions and assessment tools must be validated 
by these experts in order to determine whether they truly refl ect the compe-
tencies and qualifi cations expected from manufacturers. For example, one of 
the requirements would be that all participating manufacturers provide proof 
that the ingredients received from suppliers are free of the targeted allergens. 
The assessment questionnaire validated by the experts would require, for 
instance, an allergen - free guarantee letter from the supplier (based on a model 
letter), the procedure describing the practices in place to prevent cross - con-
tamination, and the detection tests carried out on the batches provided with 
kits recognized and validated by offi cial agencies. 

 Actual assessments can be organized by companies that voluntarily agree 
to participate in order to determine the passing scores. The program sponsors 
ask voluntary participants to implement the stated requirements and they are 
then assessed. Passing scores are determined only after the program sponsors 
have the confi dence that the question items and the assessment forms are 
refl ective of manufacturer skills. This approach is important in order to ensure 
the applicability of the established requirements. 

 For example, in practice, mills are used to produce several different kinds 
of fl ours (wheat, spelt, buckwheat, etc.). It would therefore be diffi cult, for 
instance, to obtain buckwheat fl our containing no traces of wheat gluten. 
Requiring the  “ total ”  absence of gluten in a buckwheat fl our - based product 
without verifying whether this is feasible could therefore prove impractical for 
manufacturers relying on existing supplies of buckwheat fl our. In addition, 
depending on the detection limit of the test used (low or high), the analyses 
may or may not reveal the presence of gluten in the products. In such cases, 
it is important to validate with voluntary participants the feasibility of such a 
requirement, by determining as an example, the level of gluten in the buck-
wheat fl our and also determining what tests and detection limit to use. 

 For certain allergens, this assessment may prove unnecessary. In the case of 
peanuts for example, a total ban on peanuts in the food and the verifi cation 
of their absence by analysis with a validated, recognized test with the lowest 
possible detection limit would be suffi cient because such requirements are 
easily applicable.  

   17.6.2.4.    Learning Support.     It stands to reason that any certifi cation program 
launched should be based on the implementation of available training systems 
and information tools. A certifi cation program could, however, be launched 
without these tools provided that the sponsors ensure that, at a minimum, the 
necessary learning support materials are offered (e.g., manuals, guides, pub-
lished articles, newsletters, brochures, frequently asked questions, etc.). These 
support materials can be useful to both manufacturers and allergic and nonal-
lergic consumers. 

 Candidate companies for certifi cation need support when preparing for 
the certifi cation exams. Experience shows that candidates often prefer to 
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follow a defi ned road map when preparing to pass a certifi cation. Model forms, 
procedures, and so on, are often well received by manufacturers, and the spon-
soring organization can develop these tools in order to generate interest in the 
program. Learning support can be offered by providing certifi cation - related 
manuals, books, and workshops. Either way, for a certifi cation to be successful 
among manufacturers, a strategy for learning support should be addressed 
while defi ning program parameters and design.     

 17.6.3.    Certifi cation Program Implementation 

   17.6.3.1.    Program Implementation.     In order to popularize and ensure the 
credibility and reputation of a program in the certifi cation marketplace, a 
number of important aspects need to be further considered as indicated below. 

   17.6.3.1.1.    Marketing Launch and Customer Communications.     A successful 
program launch should describe the certifi cation program requirements and 
its benefi ts through integrated marketing communications. Through websites, 
frequently asked questions, press releases, and customer service centers, an 
organization can foster an understanding about the program and its scope in 
the mind of companies or help convince them of the need to participate. 
Potential candidates are most likely to follow up with a range of  “ what - if ”  
scenarios to assess the potential investment and return. A two - way communi-
cation should therefore be enabled through the course of the program, and 
especially in the early days of the launch. 

 Very often, consumers have little information about existing certifi cation 
programs  [10] . It is important to plan the communication and information 
tools in order to reach consumers with allergies and members of the public to 
whom the certifi ed products are aimed. Although these consumers can con-
tribute to the implementation of such a program, there will still be many who 
will be unable to participate. The communication plan would thus make it 
possible to reach the majority of these persons and help inform them about 
the program and the existence of such products.  

   17.6.3.1.2.     “ Test ”  — Pilot Program Delivery.     Since the certifi cation sponsor is 
not a food manufacturer, it must rely on outside companies as partners for 
implementation of the requirements and the pilot test. One or more compa-
nies can be used for this purpose. It is well advised to choose a company that 
has a number of production sites around the world and to involve several of 
these sites in order to help promote the program around the world. In the 
absence of such a partnership, arrangements can be made with various com-
panies around the world, in the country, or in the region where the program 
is being developed. The choice of a recognized partner is vital to ensure that 
the integrity of the certifi cation assessment and customer satisfaction are not 
compromised. The level of preparation of the pilot plants is essential for an 
effective program launch, since they could be contacted by consumers and 
other manufacturers.  
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   17.6.3.1.3.    Pilot Program Preparation.     The availability of established proce-
dures and learning methods has a signifi cant impact on adoption of the certi-
fi cation. In conjunction with certifi ed trainers and even publishers, the program 
sponsors must ensure the availability of training and practical and preparation 
materials that can be used by potentially interested companies. For a smaller 
audience, that is, for certifi cation limited by the number of candidates,  “ e - 
training ”  and  “ e - communication ”  can help to provide preparation materials in 
a cost - effective manner to a dispersed audience. 

 Even with a pilot test, a successful launch, and training and information 
tools developed by the organization, there are still many other challenges that 
manufacturers must meet in order to ensure the effective implementation of 
the program. Companies must have qualifi ed and competent in - house person-
nel to implement the program. Having people who can read, understand, and 
interpret the requirements is indispensable to their implementation in the 
plant. In addition, all procedures must be updated regularly. Companies must 
conduct a feasibility study, which will make it possible to identify and diagnose 
potential major problems in terms of existing practices. Requirements must 
also be adapted according to the context and practices of each company. 

 Food processors must deal with changes that may signifi cantly impact exist-
ing habits or methods. Changes in the physical layout may be necessary in 
certain cases. For instance, a plant that previously manufactured products 
containing peanuts or nuts and that wants to completely ban them, with the 
aim of being certifi ed as peanut free, must halt production and thoroughly 
clean the equipment, facilities, and so on. The company may also fi nd it neces-
sary to purchase new equipment or build a new plant. 

 Storage facilities must be segregated so as to avoid any accidental contami-
nation, and procedures must be instituted in the event of accidents observed 
during handling and storage. Storage of fi nished products containing the aller-
gen from other production sites could require construction of a new loading 
dock. 

 Employees must also adjust to the new measures required by the certifi ca-
tion, which may upset their work habits and provoke a hostile reaction. For 
example, employees may be opposed to restrictions on bringing foods contain-
ing the banned allergen into the plant for lunch and to changes affecting use 
of the cafeteria and vending machines. This could force the manufacturer to 
build a suitable plant restaurant in order to offer its employees lunch menus 
not containing the banned allergen(s) and so on, which obviously entails addi-
tional expenses. 

 In the case of a company that has several production sites, logistics must be 
reorganized, for example, delivering ingredients to a plant site that manufac-
tures certifi ed products before deliveries to other sites where the banned 
allergen is handled. This requires specifi c material handling procedures as well 
as a redeployment of human resources. 

 Developing new recipes that do not contain the banned allergen is also a 
major challenge for the industry. Developing foods that do not contain the 
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banned allergenic ingredient while preserving a fl avor comparable to that of 
standard products can be a diffi cult and even complicated undertaking. For 
example, for a cake that does not contain wheat, eggs, or milk, the recipe must 
be formulated in such a way that it is able to preserve a texture and fl avor 
comparable to those of regular products. This is an extremely complicated task 
since substituting ingredients could cause other problems; for instance, lupine, 
which would be a good substitute for eggs in baked goods, could cause allergic 
cross - reactions in persons with allergies to peanuts  [6] . 

 Manufacturers often have diffi culty obtaining allergen information from 
suppliers of nonfood raw materials such as lubricants, packaging materials, 
and cleaning products. The company could also be faced with new situations 
never previously encountered and not anticipated or covered by the program. 
An anecdotal example concerns a company that manufactures  “ nut - free ”  
products and was informed by a supplier of nonfood materials of the pres-
ence of hazelnut shells in forklift tires used to improve their adherence to 
the ground. 

 The company must also provide training to subcontractors (e.g., service 
suppliers), which complies with the established policies and procedures. 
Finished products must be sent to outside accredited laboratories for indepen-
dent analyses. Semifi nished products, even if they possess the primary packag-
ing, cannot be packaged outside the plant and be considered certifi ed. Indeed, 
a product is certifi ed with respect to the process in place in the plant, and any 
additional off - site handling of the product can affect the integrity of the 
primary packaging and expose it to a source of contamination.   

    17.6.4.    Program Management 

 The program management component of certifi cation ensures that the busi-
ness value and assessment integrity remain intact for the program. Through 
ongoing evaluation of market needs and continual program updates, a spon-
soring organization can ensure that the program remains relevant over the 
long run. The program management function also ensures that the program 
continually evolves to stay current with industry expectations, content, and 
organizational needs. 

   17.6.4.1.    Monitoring and Maintenance.     Assessment results of companies 
participating in a certifi cation program should be tracked and monitored to 
ensure that candidates are accurately accredited for their achievements. 
Comments of participating companies can be solicited and auditors can be 
evaluated. Additionally, the program could maintain a database of participat-
ing companies, which provides them with access only to their own records. 
After candidates complete the requirements, the program administration 
should ensure that they receive all the appropriate recognition, such as 
completion certifi cates, program logos, support, website promotion, and 
advertising. 
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 Program maintenance should also include review of requirements to ensure 
that the content is updated and revised regularly to keep pace with changes 
in the marketplace. A program that continually updates itself in response to 
the market or new skill needs reduces the risk of assessing candidates on 
obsolete content or even of losing credibility. Ongoing task analysis, periodic 
surveys, focus groups, or working committees help validate the relevance of 
the program to the workforce.  

   17.6.4.2.    Customer Relationship Management.     Besides providing customers 
with access to a resource for answering questions about the program, customer 
relationship management includes access to support or knowledge tools for 
those who meet program requirements and certify. When a manufacturer joins 
the program, it makes a commitment to the sponsoring organization as much 
as it does to the certifi cation. If a sponsoring organization views a company 
that is certifi ed as a loyal customer, affi nity programs to strengthen the loyalty 
will yield benefi ts in generating advocates within the customer base or the 
industry. 

 Creation of a community of practice around the topics of interest for certi-
fi ed companies offers an opportunity for knowledge sharing. Tools such as 
discussion groups and chat rooms can be enabled for such a community of 
practice. Additional information items, such as program updates, certifi cation -
 related news, and learning games can also be offered as a bundle of benefi ts 
to certifi ed companies.  

   17.6.4.3.    Marketing.     The value and integrity of the program should be dem-
onstrated not only to potential candidates for certifi cation, but also to the 
distributors who sell their products. Distributors and consumers view certifi ca-
tion as a screening tool if they determine that the program is credible. Program 
administrators should therefore ensure that the marketing message describing 
the value of the program is presented to potential distributors. This involves 
presenting the benefi ts and especially the added value that certifi cation could 
represent. For example, in presenting the fi nancial and social aspects as added 
value, the distributor would recognize that it not only generates substantial 
profi ts from the products it sells, but also participates in a social action, that 
of meeting the needs of persons with allergies, which is what most companies 
are looking for.  

   17.6.4.4.    Evaluation.     Program administrators should periodically demon-
strate the productivity impact of a certifi cation program on participating part-
ners or customers. At the very minimum, through anecdotal evidence and, 
preferably, through formal research, the progress toward program goals 
and distributor satisfaction should be measured for effectiveness. Such data 
provide valuable input for senior management and useful insights for program 
direction and decision making. 
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 A few data points for assessing whether a certifi cation program is having 
the desired impact are as follows: 

   •      Measure the self - reported intent to join or renew membership (loyalty) 
in the program through surveys to determine whether certifi ed companies 
respond more favorably than noncertifi ed companies.  

   •      Assess the support calls received by customer service to determine 
whether the frequency of complaints or claims received from certifi ed 
customers are lower than those reported by noncertifi ed companies.  

   •      Compare the level of satisfaction ratings garnered by pre -  and postsales 
teams working for certifi ed versus noncertifi ed companies.         

   17.7.    DOCUMENTATION 

 Documentation plays an essential role, both in the implementation of the 
requirements of a certifi cation program and in the application of these require-
ments. It is important to ensure proper documentation since it serves as a 
reference for everyone within the company and helps standardize employee 
practices. Documents are intended to be used and must therefore be tailored 
to the users. They must be adapted to the users ’  needs, refl ect the company ’ s 
situation, and be simple and easy to read and understand by all. 

 Since it is the employees who apply the content of the documents, it is 
recommended that documents be drafted with employee collaboration. Their 
opinions, judgement, and experiences are extremely useful in ensuring effec-
tive application of these documents. Going to the employees ’  workplace and 
discussing the content of a document or procedure under development is a 
way of recognizing their role in the company. Such an approach not only rein-
forces the employees ’  feeling of belonging and of being useful to the group, 
but is helpful in securing acceptance of the document and, consequently, ensur-
ing that it will be applied in practice. 

 In order to ensure proper documentation, it is also well advised to invite 
the employees themselves to draft documents, procedures, and so on, which 
can then be edited and corrected as necessary. In this case, it is important to 
conserve in the text the routine terms and language that they use on a daily 
basis. Documentation written by employees or with their participation is better 
accepted than when it is imposed by superiors. 

 Personnel often do not have time to read the  “ superfl uous ”  content of very 
lengthy documents. Care should therefore be taken to avoid including too 
much information in the documents, since this makes them unwieldy and dif-
fi cult to use. Essential points must be summarized and limited to a few pages. 
In order to improve readability, the font size and style should be considered 
when drafting documents. 
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 Forms are the documents most frequently used by production employees, 
whose duties include maintaining production volumes as well as recording the 
details of equipment malfunctions or breakdowns. These forms must therefore 
be simple and reserved solely for recording important data. 

 In the case of small -  and medium - sized companies or start - ups, despite the 
support provided by the program sponsor, there may not be enough personnel 
available to adapt the program requirements to the company ’ s situation, as 
well as to develop the relevant procedures. Consultants with relevant expertise 
can help in the development of such documents. However, document develop-
ment must take place in collaboration with company personnel in order to 
ensure that the documents produced are suitable and relevant to the compa-
ny ’ s situation. 

 The program sponsor could also provide companies with model documents 
(procedures, forms, etc.) dealing with program requirements, which could then 
be simply adapted to suit the context of the company and their lingua franca. 

 Depending on the company ’ s resources, specifi c software can be useful to 
ensure proper documentation and data recording; this simply requires training 
employees in their use. The advantage of software is the capacity to preserve 
recorded data for very long time periods, during which the documents remain 
available for consultation at all times. This also avoids the need to print 
multiple copies and cuts down on paper waste. The above recommendations 
should ensure proper documentation, employee involvement, and effective 
application of program requirements.  

   17.8.    CONCLUSION 

 Ingestion of a food containing an allergen can trigger an immediate and 
serious allergic reaction, which can be fatal for some consumers. As people ’ s 
lives are at stake, manufacturers are obliged to ensure the integrity of their 
manufacturing process, and it is their responsibility to also ensure that their 
products are safe for consumers with allergies. Although TPC may be onerous, 
it provides processors with a high level of confi dence compared with an  “ in -
 house ”  program. An external program requires the implementation of very 
strict criteria to guarantee food safety, which are verifi ed by an outside party, 
a neutral and independent certifying organization. 

 It is sometimes diffi cult for manufacturers to have complete confi dence 
when the product manufactured relies only on internal standards. Additionally, 
in the event of litigation following the proven ingestion of a contaminated 
food produced, the food manufacturer will be called on to defend itself 
and to demonstrate that practices and methods in place were adequate 
to prevent or avoid such an incident. In the absence of an  “ external ”  
certifi cation program, manufacturers may also be less rigorous and may make 
concessions or exemptions in regard to requirements that they themselves 
may have established. However, when these requirements are imposed by 
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an external source and must be verifi ed by a third party, manufacturers make 
a greater effort to comply. Furthermore, a certifi cation mark on a product 
label provides assurance to consumers, who can purchase these products with 
peace of mind; that is to say, it  “ makes their life easy ”  by eliminating the 
need for the repeated reading of labels and long searches for products 
suitable to their diet. 

 The market for  “ allergen - free ”  products is a niche market. Companies and 
distributors are all hoping to get a piece of the pie by various means (logo not 
accompanied by preventive measures, in - house programs, claims, advertising, 
etc.). The increase in the prevalence of and demand for  “ allergen - free ”  prod-
ucts explains this quest for profi t. Certifi cation is the  “ arbiter ”  of the situation 
and could reconcile consumer and industry needs as manufacturers are willing 
to provide foods that meet the needs of customers and consumers, but not 
beyond the realm of what is feasible. 

 In order to facilitate the adoption of a certifi cation program by industry 
and thus meet the needs of consumers, organizations must, in the course of 
developing a certifi cation program, rely on the services of various partners 
who are well - known experts and competent in the fi eld. This approach will 
reinforce the credibility of the program and ensure its future reputation. 
Finally, it should be mentioned that allergen - free certifi cation is an evolving 
concept that cannot remain static. The issue of food allergies is relatively 
new and therefore requires ongoing monitoring of scientifi c advances 
and constantly changing regulations. Thus, an open approach will make it 
possible to continually update and meet the specifi c needs of a rapidly 
growing market.  
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  18 
EMERGING ALLERGENS AND 
THE FUTURE  

    18.1.    OVERVIEW OF MAJOR FOOD ALLERGENS 

 Food allergy is a disorder in which ingestion of a small amount of food (mostly 
naturally occurring proteins or glycoproteins) elicit an abnormal immunologi-
cally mediated clinical response. A scientifi cally based list of foods known to 
cause severe adverse reactions in hypersensitive individuals was developed 
and endorsed by the Codex Committee on Food Labelling in 1998  [1] . 
Consideration was given to those foods most commonly identifi ed as causing 
medical problems that are seriously debilitating or life threatening, or are 
associated with increased risk of serious chronic disease  [2] . The initial list 
contained eight major serious allergens (MSAs), namely milk, eggs, soy, wheat, 
peanuts, fi sh, shellfi sh, and tree nuts, which should always be identifi ed on food 
labels. This list was subsequently revised in Europe, Canada, but not in the 
United States. Health Canada and the Canadian Food Inspection Agency have 
jointly identifi ed and included sesame in the list of 10 food allergens in addi-
tion to sulfi tes  [3] . Health Canada has subsequently developed criteria derived 
from the guidance issued by the Joint Food and Agriculture Organization of 
the United Nations (FAO)/World Health Organization (WHO) Expert 
Committee on Food Additives (JECFA) on how to expand the list of priority 
allergens targeted by mandatory labeling on prepackaged foods available for 
sale in Canada (Health Canada ’ s Food Directorate, September 2009 internal 

  Allaoua     Achouri    and    Joyce I.     Boye       

Allergen Management in the Food Industry, Edited by Joyce I. Boye and 
Samuel Benrejeb Godefroy
Copyright © 2010 John Wiley & Sons, Inc.
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report). The European Commission, by issuing Directives 2000/13/EC and 
2003/89/EC, has also widened its allergens list, which have now resulted in a 
mandatory labeling of 12 major allergenic foods (big eight   +   sesame, mustard, 
celery, and sulfi tes) in all its member states  [4] . This list needs to be kept under 
review and updated in light of changing food practices, emerging clinical 
observations, and relevant scientifi c data.  

   18.2.    MINOR AND EMERGING ALLERGENS 

 Beyond the so - called  “ big eight ”  major allergens, which have received the 
greatest attention, over 170 other foods have been documented in the scientifi c 
literature as causing allergic reactions  [5] . This number may likely increase due 
to the following factors: (1) people can become allergic to almost any food 
product and at any time in life; (2) the pervasive presence of proteins in foods; 
(3) increased use of conventional and novel protein ingredients in product 
development; and (4) food globalization and immigration leading to changes 
in dietary habits. This review will provide a summary of some specifi c emerging 
allergens that are not necessarily listed as priority allergens but are becoming 
the focus of public health experts in many countries, especially as their occur-
rence and awareness has risen in recent years. 

   18.2.1.    Oilseeds 

 The seeds of sesame and mustard contain potent allergens that have resulted in 
their inclusion in the priority allergies in Europe (sesame, mustard) and Canada 
(sesame, mustard). Other countries have been, however, slow to follow suit. 
A summary of the allergenic properties of these two seeds are provided below. 

   18.2.1.1.      Sesame Allergy   

   18.2.1.1.1.     Sesame Seed Allergenicity.      Sesame is an oilseed plant of the family 
of Pedaliaceae, originating in the savanna of central Africa spreading to 
Egypt, India, the Middle East, Asia, the Balkans, Latin America, and the 
United States  [6] . It includes four species of which  Sesamum indicum  is 
the most important found in commerce. In recent years, the worldwide pro-
duction and consumption of sesame seeds has increased tremendously due 
to their high oil, protein, and iron content  [7] . Sesame seeds can be consumed 
as whole seeds, or they can be processed into sesame oil or sesame paste. 
Sesame seeds and ingredients are frequently used in bakery products, salad 
dressings, dips, and vegetarian foods. Furthermore, sesame oil has been used 
in the pharmaceutical and cosmetic industries based on its presumed low 
antigenicity  [8] . 

 Sesame allergy is particularly problematic because while its prevalence is 
assumed to be low, allergic reactions can be anaphylactic and potentially 
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deadly. In fact, until recently, sesame seed was rarely thought to be allergenic. 
However, its allergenicity may not be as low as assumed, as increasing use in 
North America, Australia, many European countries, and Asia (Israel and 
Japan) has been paralleled by an increase in reported sesame - induced allergic 
reactions  [9 – 15] . Sesame was found to be a major cause of IgE - mediated food 
allergy in Israel and was second only to cow ’ s milk as a cause of anaphylaxis 
 [7] . Canada and European countries have identifi ed and included sesame 
in their allergen labeling lists  [3, 4] . Experts suggest that sesame is quickly 
becoming the ninth most common allergen, and one of the fastest - growing 
allergies in the world. Unfortunately, sesame allergy remains relatively 
unknown by the general public and is not as prominent in the public conscious-
ness as peanut  [16] . 

   18.2.1.1.1.1     i dentifi ed  a llergens in  s esame  s eed.     Studies describing the IgE -
 binding for sesame revealed that allergic patients recognized a wide range of 
polypeptides with different molecular weight (MW), indicating the existence 
of multiple allergens in sesame seeds. To date, at least seven potential sesame 
allergens have been identifi ed, including Ses i 1  [17, 18] , Ses i 2, and Ses i 3 
 [19]  with MWs of 9 – 14, 7, and 45   kDa, respectively. Two oil body - associated 
proteins (oleosins) were found to contain sites that bound IgE from sesame -
 allergic individuals. These oleosins were sequenced and named Ses i 4 (17   kDa) 
and Ses i 5 (15   kDa), in accordance with the International Union of 
Immunological Societies (IUIS) Nomenclature  [20] . More recently, two addi-
tional sesame seed allergens, Ses i 6 (52.2   kDa) and Ses i 7 (56.6   kDa), have 
been identifi ed by Beyer et al.  [21] , confi rming the allergenic potential of the 
11S globulin. Numerous other sesame allergens with MWs of 20 – 25 and 35   kDa 
have been observed by two - dimensional electrophoresis and immunoblotting. 
Further studies are, however, needed to confi rm the biological activity of these 
newly identifi ed allergens (Table  18.1 )  [19, 22 – 24] . Cross - reactivity between 
sesame and other plant seeds, such as soybean and peanut  [19] , hazelnut and 
rye grain  [25] , and, more recently, with walnut  [26] , have been reported.     

   18.2.1.1.2.     Sesame Oil Allergenicity.      Sesame oil is one of the few vegetable 
oils that is used unrefi ned and, therefore, may contain trace amounts of pro-
teins that could be hazardous to sesame - allergic individuals. Several reports 
have claimed the allergenicity of sesame oil, as it is widely used by the food 
 [8, 12, 27, 28] , pharmaceutical, and cosmetic industries, and has been shown to 
cause contact allergic dermatitis  [29 – 32] . Although the allergenicity of sesame 
oil has been previously documented, the results obtained in these studies have 
not explicitly demonstrated the direct implication of either sesame lignans 
(sesamin, sesamolin, and sesamol)  [33, 34] , residual proteins, or oleosins  [20]  
on sesame oil allergenicity. Further research studies will therefore be useful.   

   18.2.1.2.    Mustard Allergy.     Mustard seed ( Brassica  spp.) is an annual, cool 
season crop that belongs to the Brassicaceae family. Mustard has been used 
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for culinary purposes, mainly in sauces, as a seasoning in main dishes, or as a 
traditional ingredient in salad dressing. Mustard used in food is typically a 
mixture of  Sinapis alba  L. (yellow mustard) and  Brassica juncea  (oriental 
mustard)  [35] . It is most commonly consumed in Europe, the United States, 
Japan, and India according to local food habits. 

 Despite its widespread use, mustard allergy has been well documented in 
clinical and laboratory studies, where several severe anaphylactic reactions 
have been reported in both adults and children. A large proportion of the 
documentation on mustard allergy was published in France  [36 – 40] , Spain 
 [41 – 43] , Sweden  [44] , Finland and Italy  [45, 46] , and India  [47] . Concerns about 
mustard safety for food - allergic consumers led the European Commission to 
include mustard on the list of 12 priority allergenic ingredients requiring man-
datory labeling. The same concerns and documentation of mustard - related 
anaphylactic reaction is leading Health Canada to consider including mustard 
as part of its priority allergens. 

   18.2.1.2.1.     Identifi ed Allergens.      Two major mustard allergens have been char-
acterized, which are closely related in structure. A major allergen of white 
mustard, Sin a 1, is characterized as a seed storage protein, belonging to the 
2S albumin family, with a MW of 14   kDa  [48 – 53] . Sin a 1 has close similarity 
to other 2S albumins, such as those isolated from rapeseed, castor bean, and 
Brazil nut. A second major allergen of the oriental mustard, Bra j 1, has also 
been identifi ed as a seed storage protein from the 2S albumin family, with a 
MW of approximately 16   kDa  [54, 55] . Recently, a protein of 51   kDa (Sin a 2) 
was recognized as a third mustard allergen. The allergen dissociates to two 

  TABLE 18.1    Identifi ed Sesame Seed Allergens 

   Allergen Fraction     MW (kDa)  
   Allergen 

Nomenclature     Cross - Reactivity     References  

  2S albumin    9 – 14    Ses i 1         17 ,  18   
  2S albumin    7    Ses i 2         19   
  7S globulin    45    Ses i 3    PN ( Arah 1 )     19 ,  24   
  Oil body - associated 

proteins  
                

     Oleosin isoform    15    Ses i 4         20   
     Oleosin isoform    17    Ses i 5         20   
  11S globulin 

isoform  
  52.2    Ses i 6         21 ,  26   

  11S globulin 
isoform  

  56.6    Ses i 7          

  11S subunits                  
     Acidic subunit    35    Not assigned         22 – 25   
     Basic subunit    20 – 25    Not assigned    H, R, K, PS      

   H, hazelnut; R, rye; K, kiwi; PS, poppy seed; PN, peanut  .   
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subunits of 36 and 23   kDa, belonging to the seed storage 11S globulin  [56, 57] . 
Identifi ed mustard allergens are shown in Table  18.2 .      

   18.2.2.    Pulses 

 Pulses (bean, pea, chickpea, lentil, lupin) are the dried edible seeds of legumes, 
which belong to the family Leguminosae. There are over 13,000 known species. 
Pulses play an important role in the diet and provide a rich source of protein 
and other nutrients. Chickpea, lentils, and white beans are very common com-
ponents of the Mediterranean and Middle Eastern diets. Sensitization to pulse 
legumes has been reported. Crespo et al.  [58]  and Martinez San Ireneo et al  . 
 [59]  reported that among Spanish children under 5 years of age, legumes are 
the fi fth most prevalent food allergy. 

   18.2.2.1.    Lupin Allergy.     Lupins are colorful plants belonging to the same 
plant family as peas, lentils, and beans.  Lupinus albus  (white lupin, 
Mediterranean countries),  Lupinus luteus  (yellow lupin, Central Europe), and 
 Lupinus angustifolius  (blue lupin, Australia) are the three major species found 
in foods. Studies have shown that lupin can be successfully incorporated into 
food products  [60 – 62]  as a wheat or soya substitute, and it has been success-
fully used in biscuits, pasta, pizza, sauces, soups, and diet products  [63] . 

 The addition of lupin fl our in bakery products was authorized by the 
European Union (EU) and given clearance for use in the United Kingdom in 
1996 by the Advisory Committee on Novel Foods and Processes (ACNFP) 
 [64] . Severe allergic reaction to lupin was, for the fi rst time, reported by Hefl e 
et al.  [65]  and involved a 5 - year - old girl with a known peanut allergy who 
developed urticaria and angioedema after eating spaghetti fortifi ed with lupin 
fl our. A fi rst case of contact urticaria from lupin was also reported by Gutierrez 
et al  .  [66] . Moreover, Matheu et al.  [67]  reported a case of lupin - induced ana-
phylaxis with positive skin test results and  in vitro  cross - reactivity with other 
legumes. 

  TABLE 18.2    Identifi ed Mustard Allergens 

   Allergen Fraction     MW (kDa)  
   Allergen 

Nomenclature     Cross - Reactivity     References  

  2S albumin    14    Sin a 1    RS, S, BN  , some 
Brassiceae 
family species  

   48 – 52   

  2S albumin    16    Bra j 1    RS, S, BN, some 
Brassiceae 
family species  

   54 ,  55   

  11S globulin    51    Sin a 2         56 ,  57   

   RS, rapeseed; S, sunfl ower; BN, Brazil nut.   
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 A literature search using the PubMed database on lupin allergy revealed 
the presence of very limited publications on the issue. However, a clear evi-
dence was found that lupin allergy was a signifi cant, serious, and growing 
problem, with reports mostly from European countries. A study by  The Lancet  
published in April 2005 found lupin allergy to be on the rise in European 
patients known to be allergic to other legumes, particularly peanut, soya, or 
pea. Lupin allergy has emerged in Italy  [68 – 70] , France  [71, 72] , Spain  [73 – 76] , 
Norway  [77] , and in the United Kingdom quite recently  [64, 78] . Although, a 
new directive on food labeling came into force in Europe in November 2004, 
requiring food manufacturers to specifi cally list 12 potential allergic ingredi-
ents, lupin fl our was not included on this list, despite recommendation from 
the U.K. - based Institute of Food Science and Technology. In Australia, three 
cases of anaphylaxis, the most severe form of allergic reaction, were reported 
in the  Medical Journal of Australia  by doctors from the Royal Adelaide 
Hospital ’ s clinical immunology and allergy unit. Since then, specialists have 
continued to make requests for mandatory warnings on foods containing lupin 
 [79] . Today, food labeling rules require prepacked food sold in the United 
Kingdom or the rest of the EU to show clearly on the label if it contains lupin 
(or if one of its ingredients contains it) ( http://www.eatwell.gov.uk ). 

 Although cases of lupin allergy have been published, the molecular identity 
of lupin allergenic polypeptides has not been completely elucidated. Some IgE -
 binding proteins with MWs of 65, 43, 38, and 13   kDa have been described. The 
most distinctly reactive band was the 43 - kDa protein  [68, 80] . Hefl e et al.  [65]  
described the IgE - binding proteins of lupin extract to have an approximate 
MW of 21 and 35 – 55   kDa and to be heat stable. Recently, the assessment of 
potentially allergenic polypeptides in lupin seeds by using two - dimensional 
(2D) electrophoresis combined with immunoblotting revealed two dominant 
IgE - reacting polypeptides of lupin seeds: one corresponding to conglutin  γ  (a 
basic tetrameric protein with sedimentation coeffi cient 7S, consisting of disul-
fi de - linked 30 -  and 17 - kDa polypeptides) and the other corresponding to the 
basic subunits of lupin 11S  [67, 81] . More recently, Rojas - Hijazo  [75]  reported 
the presence of unsuspected, hidden lupin allergen with MW close to 14   kDa in 
extracts from cookies, a chicken bouillon cube, and a chicken dehydrated soup. 

 High cross - reactivity to peanut, soybean, and pea globulins has also been 
reported in clinical studies by double - blinded, placebo - controlled food chal-
lenges (DBPCFCs), radioallergosorbent test inhibition, and immunoblot tests 
 [69, 80, 82 – 84] . However, the risk of lupin allergy due to allergenic proteins in 
the lupin seeds themselves is very real and could be much higher than the 
potential cross - reactivities to other legumes. Further work is required to estab-
lish the prevalence and signifi cance of lupin allergy in order to help with risk 
management  [64] .  

   18.2.2.2.    Chickpea Allergy.     Chickpea is an important component of the 
Mediterranean diet and a very common food for West Asian and Indian 
populations. Very few studies exist on the allergenicity of chickpea. A fi rst case 
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of anaphylaxis caused by chickpea was described by Niphadkar et al  .  [85] , 
where multiple IgE - binding bands with MW between 10 and 70   kDa were 
detected by immunoblotting. Cases of sensitization to chickpea were also 
reported, mainly in the pediatric population in Spain. Among Spanish children 
under 5 years of age, allergy to pulses including chickpea was the fi fth most 
prevalent food allergy as earlier indicated  [58] . 

 So far, allergens of chickpea have not been purifi ed or immunochemically 
characterized. A chickpea 2S albumin was partially purifi ed and characterized 
using sera from chickpea - sensitive individuals  [86] . The fi rst attempt to char-
acterize the allergenicity of raw and boiled chickpea extracts was undertaken 
by Martinez San Ireneo et al.  [59] . The results indicated the presence of 
multiple heat - stable allergens in both extracts in the molecular range of 
10 – 106   kDa. Later, Patil et al.  [87]  reported, for the fi rst time, chickpea hyper-
sensitivity cases diagnosed with skin tests, DBPCFCs, and enzyme - linked 
immunosorbent assay (ELISA) in 59 patients who indicated positive histories 
of allergy to chickpea. Immunoblot analysis showed that 70 - , 64 - , 35 - , and 26 -
 kDa proteins were the major allergens. Furthermore, reduction of antigenicity 
was observed in extensive hydrolyzed chickpea proteins obtained by sequen-
tial treatment with endo -  and exopeptidases for the preparation of specialized 
hypoallergenic food products  [88] . A unique clinical cross - reactivity between 
latex and chickpea has also been reported  [89] .  

   18.2.2.3.    Lentil Allergy.     Lentils are the second most commonly consumed 
legumes in the Mediterranean area and in some other Asian countries. They 
are also the most frequent foods associated with IgE - mediated hypersensitiv-
ity reactions, particularly in pediatric patients in the Mediterranean region 
 [90] . Research on lentil allergens is surprisingly rare, and very few cases are 
found in the literature. Martin et al.  [91]  reported a fi rst severe case of bron-
chial asthma induced by inhaling vapors from cooking either lentil or chickpea. 
Later, Kalogeromitros et al  .  [92]  described another case of an 8 - year - old girl 
who suffered four episodes of anaphylaxis related to lentils from ages 3 to 7 
years. The fi rst three involved ingestion of small amounts of cooked lentils, 
and the fourth episode occurred with inhalation exposure to cooking lentil 
soup. The patient also suffered a clinically relevant hypersensitivity to chick-
pea. Allergic reaction to lentils starts in early life, usually below 4 years of age, 
most frequently with oropharyngeal symptoms or acute urticaria and/or angio-
edema and severe anaphylaxis in 20% of patients  [90] . Whether lentil allergy 
could be outgrown is so far not confi rmed. A study by Ibanez - Sandin et al. 
 [93]  is the only available report suggesting that tolerance for the ingestion of 
this legume could be achieved after 5 years. 

 Two different types of allergens were identifi ed in boiled lentils by Sanchez -
 Monge et al.  [94] . One of them was Len c 1, with a MW of 12 – 16   kDa corre-
sponding to  γ  - vicilin subunits, and the other was a 66 - kDa protein designed 
as Len c 2. More recently, by using more advanced analytical techniques 
(ion exchange chromatography, reverse phase–high performance liquid 
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chromatography [RP - HPLC], matrix assisted laser desorption and ionization 
[MALDI] analysis, ELISA inhibition assays, and cDNA cloning), the same 
research group identifi ed a relevant lentil allergen with an apparent molecular 
size on sodium dodecyl sulfate – polyacrylamide gel electrophoresis (SDS -
 PAGE) of approximately 50   kDa  [95] . This purifi ed and well - characterized 
lentil allergen was designed as Len c 1.01 and was recognized by 77% (17/22) 
of patients. Three genetic variants of this allergen have been detected and have 
been named Len c 1.0103, Len c 1.0101, and Len c 1.0102, according to the 
proposal of the International Committee of Allergen Nomenclature. The 
authors also reported that the proteolytic cleavage of mature vicilin polypep-
tides of greater than 50 – 60   kDa can generate an array of related allergens with 
different molecular sizes ranging between 12 and 35   kDa, and some of these 
subunits could still retain their IgE - binding capacities. This was the case with 
the IgE - reactive 16 -  and 26 - kDa bands detected in lentil extracts when tested 
using pooled sera from lentil allergic patients. The 16 - kDa allergenic band, 
designated as Len c 1.02, corresponded to the previously described Len c 1 
(12 – 16   kDa) allergen by Sanchez - Monge et al.  [94] . 

 Many of the lentil allergens remain to be characterized; however, studies 
suggest that lentil allergens are thermally resistant  [93, 96] . Cross - reactivity 
among lentil, chickpea, and pea has also been reported  [87, 90, 93, 97] . Amino 
acid sequence deduced from Len c 1.0101 (or Len c 1.0102) confi rmed its 
homology to several allergenic vicilins from other plant sources, such as peanut 
Ara h 1 (50% identity)  [98] , English walnut Jug r 2 (38% identity)  [99] , cashew 
Ana o 1 (32% identity)  [100] , sesame Ses i 3 (31% identity)  [19] , and  β  -
 subunits of soybean conglycinin (56% identity)  [101] . Whether the cross -
 reactivity between peanut and these legumes has a clinical relevance is still a 
matter of debate.  

   18.2.2.4.    Pea Allergy.     In contrast to chickpeas and lentils, adverse reactions to 
peas have been rarely reported. An advance literature search using the PubMed 
database revealed only very few ( < 6) articles dealing with pea allergenicity. 

 The fi rst reports investigating the isolation of green pea allergens were 
published by Malley et al.  [102, 103] . A low - MW glycoprotein, a fragment of 
the albumin fraction, with 1.8   kDa was reported as the major allergen compo-
nent. Later, Bernhisel - Broadbent et al.  [104]  described numerous IgE - binding 
pea proteins with molecular masses between 14 and 70   kDa. It was not until 
recently that case reports of allergic reactions to pea in groups of Spanish and 
German patients were described  [105, 106] . Several pea protein fractions have 
been identifi ed and nomenclatured as allergenic components (Table  18.3 ). 
Vicilin (44   kDa), Pis s 1, and more specifi cally its proteolytic fragments, Pis s 
1.01 (32   kDa), as well as convicilin (63   kDa), Pis s 2 were the two major identi-
fi ed pea allergens  . Additional proteolytic subunits of vicilin (36, 16, and 13   kDa) 
were also found as relevant IgE - binding pea components. These proteins 
further showed cross - reactivity with the major lentil allergen Len c 1  [105]  and 
with peanut allergen Ara h 1  [107] .   
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 Sell et al.  [106]  studied the infl uence of different maturation levels of green 
pea seeds on their allergenicity. Their results demonstrated the allergenic 
potency of pea at all maturation levels, even with immature seeds. The highest 
allergenic potency was caused by the albumin fraction as well as the globulin 
and glutelin fractions. More recently, Szymkiewicz and Jedrychowski  [108]  
investigated the effect of cooking on the immunogenicity of pea proteins using 
an animal model (Balb/c mice) and revealed the resistance of both vicilin and 
convicilin allergen epitopes to thermal treatment. 

 Although serological cross - reactivity among legumes is frequently reported, 
the clinical relevance of these fi ndings remains to be confi rmed. Mart í nez San 
Ireneo et al.  [109]  investigated the cross - reactivity between lentils, chickpeas, 
peas, white beans, and peanuts and the clinical relevance in Spanish pediatric 
patients by using ELISA inhibition experiments and oral food challenges. 
Their results indicated that 50% of the sera identifi ed an allergen with approxi-
mately 50   kDa in all three legume extracts (lentil, chickpea, and pea). The oral 
legume challenges demonstrated that 37 children (69%) were allergic to 
two or more legumes (median three legumes). The most frequent associations 
were allergy to lentils and chickpeas (57%); allergy to lentils and peas (54%); 
and allergy to lentils, chickpeas, and peas (43%), which indicated that clinical 
allergy to all three legumes is frequent among Spanish children.   

   18.2.3.    Cereal Grains 

 A number of cereals have been reported to cause allergic reactions in sensitive 
children and adults by either inhalation or ingestion. These include wheat, rye, 
barley, oats, maize (corn), and rice. Although cereals form an essential part of 
daily nutrition, IgE - mediated allergy to cereals is not very frequent in the 
general population and varies from one region to another. Wheat allergy is, 
for example, more common in the United Kingdom than allergy to rice, which 
is in turn more common in Japan and in other Asian countries. 

 The main IgE - mediated protein fractions in cereals are the water -  and salt -
 soluble proteins (albumins and globulins)  [110] . Several studies have also 
shown that the gluten protein fraction named gliadin in wheat, secalin in rye, 
and hordein in barley are the most harmful antigens in celiac disease  [111, 
112] . This causal relation between gluten and celiac disease has been exten-
sively studied, and the causative cereal proteins have been well characterized 
 [113] . This review will mainly focus on some of the emerging or lesser known 
IgE - mediated cereal allergens. A list of these allergens is presented in Table 
 18.4 .   

   18.2.3.1.    Buckwheat Allergy.     Buckwheat ( Fagopyrum esculentum ) is fre-
quently consumed in Asian countries and is now increasingly popular as a 
health food in North America and Europe. Its fl our is gluten - free and serves 
as a common replacement for patients with celiac disease. Nevertheless, buck-
wheat is considered to be one of the most important emerging food allergens. 
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The fi rst report of buckwheat allergy in the literature dates back to 1909  [114] . 
Since then, most of the literature on this topic has consisted of case reports 
involving asthma or allergic rhinitis due to buckwheat pillow exposure  [115, 
116] , occupational buckwheat asthma, atopic dermatitis, urticaria  [117, 118] , 
and anaphylaxis  [119, 120] . There are, however, only a few epidemiological 
studies available on occupational buckwheat allergy. 

 The different allergens identifi ed up to now are water -  and salt - soluble 
proteins (albumins and globulins) and alcohol - soluble proteins (prolamins). 
Identifi cation and characterization of the major allergens of buckwheat have 
been studied and reported by several authors. Electrophoretic and immunob-
lotting studies revealed the presence of several allergenic proteins with a wide 
range of molecular masses in two buckwheat species ( F. esculentum  and 
 Fagopyrum tartaricum ). In particular, proteins of 8 – 10   kDa  [121, 122] ; 14, 16, 
and 18   kDa  [123 – 126] , and 19   kDa  [127, 128]  have been reported. Tanaka et al. 
 [124]  showed that the 16 - kDa protein is one of the most pepsin - resistant 
buckwheat proteins and is very stable to cooking. The 16 -  to 19 - kDa allergens 
seem to be related to the  α  - amylase/trypsin inhibitor family (including 
2S albumins). Furthermore, Yoshioka et al.  [129, 130]  reported, after cDNA 

  TABLE 18.4    Identifi ed Buckwheat and Corn Allergens 

   Cereal  
   Allergen 
Fraction  

   MW 
(kDa)  

   Allergen 
Nomenclature  

   Cross -
 Reactivity     References  

  Buckwheat 
( Fagopyrum 
esculentum )  

  2S albumin    8 – 10    Fag e 10kD    R, L     121   
  10    Fag t 10kD         122   
  14    Fag e 14kD         123   
  15    Fag e 2         130   
  16 – 18    Fag e 16kD         124 – 126   

   α  - Globulin    19    Fag e 19kD    R, L     127 ,  128   
  11S globulin    22    Fag e 1         129   

  24             132 ,  133   
  Corn (maize) 

( Zea mays )  
  By ingestion                  
  Albumin    9    Zea m 14    R, P, AP     151 ,  152   
      16              
  Glutenin    27    Zea m 27kD 

Zein  
       157   

      50    Zea m 50kD 
Zein  

  AL     153 ,  157   

  By inhalation                  
      35    Zea m 1         154   
      55    Zea m 13          
      13.9    ZmTRX h1 

(Zea m 25)  
  W      

      13.0    ZmTRX h2    W     155   

   R, rice; L, latex; AP, apricot; P, peach; AL, almond; W, wheat.   
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isolations and epitope analysis, buckwheat allergenic proteins of 22 and 15   kDa, 
named Fag e 1 and Fag e 2, respectively. Recently, by studying the distribution 
of proteins and allergens in graded fl ours prepared from whole buckwheat 
grains, Morita et al.  [131]  reported that the IgE - binding activities of Fag e 1 
or Fag e 2 of the inner fractions were weaker than those of the outer fractions. 
They suggested that the graded - milling procedure could be used to separate 
the inner fractions without major allergic proteins from the whole buckwheat 
grains in order to provide less - allergenic buckwheat fl ours. 

 Wang et al.  [132, 133]  also purifi ed and identifi ed a 24 - kDa protein from 
tartary buckwheat as a major allergen with strong IgE - binding activity in 
buckwheat - allergic patients and thermostable under heating for 20 minutes at 
100 ° C. Several other protein fractions with molecular masses of 34 – 38 and 
69 – 70   kDa have shown IgE - binding activity. Nakamura et al.  [134]  reported 
that Maillard - type glycosylation of Fag e 1 with polysaccharides brought about 
a drastic reduction of the reactivity against human sera of buckwheat allergy 
subjects, using immuno - dot blotting, quartz crystal microbalance (QCM) anal-
ysis, and ELISA. IgE from buckwheat - allergic individuals has been also 
reported to cross - react with proteins from latex  [135] , rice  [123, 136] , and 
poppy seed  [137] .  

   18.2.3.2.    Corn Allergy.     Corn ( Zea mays  L.) is a plant belonging to the family 
of the grasses (Poaceae) and one of the most important cereal crops world-
wide. A review of literature on food allergies has indicated that allergy to corn 
is more common than previously reported  [2, 138] . There are increasing reports 
of allergic reactions to corn including anaphylaxis as a result of eating corn 
 [139 – 142] , corn oil  [143] , and corn - related foods  [144, 145] , as well as severe 
reactions after exposure to cornstarch in surgical gloves  [146 – 149]  and 
handling of corn fl our  [150] . 

 Corn allergy is caused by proteins residing in the kernels. A salt - soluble 
lipid transfer protein (LTP) having a MW of 9   kDa was one of the fi rst corn 
allergens to be identifi ed  [151] . LTP is an extremely stable protein, highly 
resistant to food processing, including heating, but also to gastrointestinal 
digestion  [152] . Salt - soluble corn protein fractions (14   kDa  [150]  and 16   kDa 
 [152] ) belonging to the trypsin/ α  - amylase inhibitor family also showed IgE 
inmunoreactivity in studies with the human sera. The latter proteins were, 
however, heat labile. The aqueous alcohol - soluble prolamins (zeins), constitut-
ing about 60 – 70% of the corn endosperm proteins, also show clinical allerge-
nicity. A potential allergen in the corn alcohol - soluble fraction, with a MW of 
50   kDa, has been identifi ed  [153] . This protein has high stability to cooking and 
 in vitro  resistance to both gastric and pancreatic digestion. Sensitization to 
corn allergy through the respiratory tract (upon inhalation) has also been 
reported. Maize pollen proteins and their putative function as aeroallergens 
have been investigated by Petersen et al.  [154]  in order to determine whether 
maize contains novel allergenic components, as well as their allergenic potency 
in comparison with pollen from timothy grass ( Phleum pratense ), a typical 
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representative of the native grasses. Two allergens (Zea m 35   kDa and Zea 
m 55   kDa), both having high IgE - binding reactivity and sequence homologies 
of 72% and 70%, respectively, to the corresponding Phl p 1 and Phl p 13 
allergens of timothy grass pollen were identifi ed. Additionally, Weichel et al. 
 [155]  identifi ed two new thioredoxins of maize, ZMTRX h 1 (Zea m 25) and 
ZmTRX h 2, that are associated with allergic asthma. These two thioredoxins 
shared 74% and 46% sequence homologies, respectively, with Tri a 25, a wheat 
thioredoxin. 

 Many cereal allergens are cross - reactive with grass pollen allergens. This is, 
however, only an  in vitro  cross - reactivity. Studies on clinically signifi cant cross -
 reactive allergens of cereals and grasses are limited. Cross - reactivity between 
corn and soy, peanut, and rice has been previously documented  [156] . A 50 -
 kDa maize  γ  - zein also showed marked cross - reactivity with the major almond 
protein  [157] . IgE - mediated allergies to several other cereals, such as millet 
 [158 – 161] , barley  [162] , and oat  [163] , have also been reported.   

   18.2.4.    Fruit and Vegetable Allergens 

 Allergic reactions to fruits and vegetables are relatively mild and often involve 
the mouth and the pharynx. Direct contact of the offending food triggers oral 
and pharyngeal itching, oral papule or blisters, lip irritation and swelling, labial 
angioedema, and glottic edema, otherwise known as the oral allergy syndrome 
(OAS). Fortunately, allergens in fruits and some vegetables are not as compli-
cated as other foods, and they can often be destroyed by cooking. 

 In general, people who are allergic to fruits are much more likely to be 
allergic to birch pollen. Several clinical associations have been described. The 
most common recognized correlation between oral reactions to fresh fruits 
and vegetables and pollen sensitization are birch pollen fruit syndrome, latex –
 fruit syndrome, and LTP sensitization  [164] . Examples of such association are 
represented in Table  18.5 .   

 Fruit and vegetable OAS are most likely to occur with kiwi, the apple family 
(apple, pear), the plum family (plum, peach, prune, nectarine, apricot, cherry), 
the parsley family (carrot, celery, dill, anise, cumin, coriander, caraway), and 
the potato family (potato, tomato, green pepper). Due to the rising popularity 

  TABLE 18.5    Fruits and Vegetables Associated with Pollen Sensitization 

   Allergen     Foods  

  Ragweed pollen    Melons, bananas, cucumbers, and zucchini  
  Birch pollen    Apple, carrot, hazelnut, potato, almond group  a    
  Mugwort pollen    Celery, apple, kiwi  
  Latex    Banana, kiwi, avocado, chestnut, tomatoes, 

mangoes, papayas, fi gs, aubergines, and cassava  

    a Almond group includes pear, plum, nectarine, cherry, and apricot.   
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of exotic fruits and the globalization of the food supply, allergy against some 
specifi c fruits and vegetables has increasingly moved into the focus of public 
interest in consuming countries. This review will focus on some emerging 
allergens in this category and on their postulated birch and mugwort pollen 
association. Fruit and vegetable allergens to be discussed are briefl y repre-
sented in Table  18.6 .   

   18.2.4.1.    Mango Allergy.     Mango ( Mangifera indica  L.) is the most frequently 
cultivated tropical fruit besides banana. Two allergens with molecular masses 
of 40 and 30   kDa were characterized as the major allergens Man i 1 and 
Man i 2 by Paschke et al.  [165] . The allergenicity of raw mango fruit and its 
by - products (puree and nectar) was strongly maintained during technological 
processing (i.e., heating and mechanical or enzymatic tissue disintegration) 
 [166] . Cross - reactivity to mugwort pollen (Bet v 1) and birch pollen (Art v 1) 
allergens has been documented  [167] . Recently, a third mango profi lin allergen 
with a molecular mass of 14   kDa was identifi ed by Song et al.  [168] , showing 
high cross - reactivity with birch pollen profi lin Bet v 2.  

   18.2.4.2.    Lychee Allergy.     Lychee ( Litchi chinensis  Sonn.) is the most 
renowned of a group of edible fruits of the family Sapindaceae, native to 
Southeast Asia, but cultivation is now worldwide. Although it is a delicious 
fruit, lychee can cause severe anaphylactic reactions  [169] . While sensitization 
to lychee fruit has been described, little information about lychee allergen 
characterization is available. The fi rst lychee allergen with a MW of about 
14   kDa was identifi ed by Far et al.  [170]  as a profi lin, and with nomenclature 
Lit c 1. Recently, another 28 - kDa lychee allergen was identifi ed as a triose-
phosphate isomerase  [171] . Several other IgE - binding protein bands have 
been identifi ed in the MW range of 14 – 94   kDa by immunoblotting. After 
thermal treatments during fruit preservation (canning), the allergenic potency 
of the fruit decreased, even though high residual allergenic activity was 
observed, especially with the 55 - kDa protein  [172] . Cross - reactivities between 
lychee and other fruits  [173] , vegetables  [174] , pollen  [175] , and latex  [176]  
have been reported.  

   18.2.4.3.    Grape Allergy.     Although allergy to grape is considered rare, several 
cases in children and a few in adults have been reported. Grape allergy cases 
are most often displayed as an OAS  [177, 178] ; however, more severe mani-
festations, including asthma, exercise - induced anaphylaxis  [179, 180] , and ana-
phylactic shock  [181,182]  have also been reported. Pastorello et al.  [183]  
characterized the allergens of grape and wine. The major allergens were an 
endochitinase 4A (30   kDa) and an LTP termed Vit v 1 (9   kDa) that was 
homologous to and cross - reactive with peach LTP. A 24 - kDa protein homolo-
gous to the cherry thaumatin - like allergen was a minor allergen. The allergenic 
potency of these three fractions was recently confi rmed in an anaphylaxis 
reported case after consumption of grape and wine  [184, 185] . A 28 - kDa 
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expansin, a 37.5 - kDa polygalacturonase - inhibiting protein, a 39 - kDa 1,3 - 
glucanase, and a 60 - kDa protein have also been identifi ed as minor grape 
allergens  [186] . Cross - reactivity with peach and cherry has been reported  [187] .  

   18.2.4.4.    Cherry Allergy.     Cherry ( Prunus avium ) is one of the most delicious 
and attractive fruit for both human and bird consumption. Largely produced 
and consumed in Western Europe, sweet cherry is strongly associated to the 
birch fruit syndrome. In the North of Europe, birch pollen - sensitized individu-
als having OAS can tolerate cooked cherry, while in Mediterranean countries, 
most people are allergic to peach and, therefore, may develop adverse reac-
tions to cherry because of the similarity between the allergens in peach and 
cherry. The involved allergens are highly stable against thermal processing and 
digestion and show cross - reactivity with other fruits including apple, peach, 
apricot, plum, and nuts such as hazelnut and walnut. Four different allergens 
in cherry have been identifi ed to date. The immunological and biochemical 
properties of the Pru av 1 (18   kDa) and Pru av 4 (14   kDa) as major cherry 
allergens have been studied intensively  [188 – 190] . Pru av 1 (formerly Pru a 1) 
is the fi rst pollen - related food allergen for which a highly resolved solution 
structure became available  [191] . Later, Wiche et al.  [192]  identifi ed a second 
putative IgE - binding area on Pru av 1, which is relevant for the clinical phe-
nomenon of pollen - related allergy to fruits. Gruber et al  .  [193]  also reported 
that the allergenicity of Pru av 1 was reduced by enzymatic polyphenol oxida-
tion and Maillard reaction. Other potential allergens in cherry, Pru av 2, a 
23 - kD thaumatin - like protein  [194, 195] , as well as Pru av 3, an LTP showing 
high stability against thermal processing and digestion  [196] , have been identi-
fi ed. Recently, Primavesi et al.  [197]  reported that chemical peeling success-
fully removed Pru av 3 (LTP) responsible for OAS in patients without pollinosis, 
leading to the industrial production of cherry hypoallergenic derivatives. 
Furthermore, the syruping process removed almost all allergenic proteins to 
which patients with pollinosis were responsive.  

   18.2.4.5.    Celery Allergy.     Celery ( Apium graveolens ) is consumed around the 
world as a vegetable, either for the crisp petiole (leaf stalk), mostly popular in 
North America, or as a fl eshy taproot (called celery root) mainly in Europe 
and the Mediterranean region. Celery is consumed as fresh salad, as cooked 
vegetable, in vegetable juices and soups, and as fermented or pickled preserves. 
Dried celery powder is also widely used as a cheap ingredient for spices. Celery 
allergy is one of the most common of all food allergies in Western Europe and 
a frequent cause of food allergy in pollen - sensitized patients  [198, 199] . Celery 
root (or celeriac) is known to contain more allergens than the stalk  [200] . 

 Three known celery allergens have been identifi ed so far: (1) Api g 1, a 16 -
 kDa protein, which shares high sequence identity with Bet v 1, and other major 
allergens in birch pollen - related fruits and vegetables  [201 – 203]  –  – two Api g 1 
(isoforms), named Api g 1.0101 (16.3   kDa) and Api g 1.0201 (17.1   kDa), were 
recently purifi ed and characterized  [204, 205] ; (2) Api g 4 (15   kDa), a celery 
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profi lin  [206, 207] ; and (3) Api g 5, a 60 - kDa glycoprotein belonging to a family 
of fl avin adenine dinucleotide (FAD) - containing oxidases  [174, 208]   . Jankiewicz 
et al.  [209]  reported that a complete loss of antibody binding to Api g 1 can 
be achieved by cooking and even by short microwave treatment for at least 
10 minutes, whereas inactivation of profi lin required 30 minutes of microwav-
ing but was not observed after 20 minutes of conventional cooking. This latter 
treatment led to the presence of allergenic profi lin even in the cooking water. 
Multiple allergen bands in the mass range between 35 and 90   kDa were also 
recognized by celery - allergic patients as cross - reactive carbohydrate determi-
nants (CCDs). The CCDs containing  α 1,3 - fucose and  β 1,2 - xylose, attached to 
proteins via N - glycoside linkages, are highly immunogenic in mammals; some 
celery - allergic patients exclusively display IgE binding to these determinants 
of MW  > 45   kDa. However, clinical signifi cance of CCD - specifi c IgE is still 
controversial  [210, 211] . More recently, protocols for the production and puri-
fi cation of high amounts of the well - defi ned celery allergens were established 
to obtain homogenous protein batches  [212] .  

   18.2.4.6.    Tomato Allergy.     Tomato ( Lycopersicon esculentum ) is an impor-
tant part of the human diet. It is a fruit, although it is often regarded as a 
vegetable, and is widely consumed, either raw or cooked and used in salads, 
soups, or sauces. Tomatoes supply one of the most powerful, naturally occur-
ring antioxidants, lycopene, which is linked with lowering the incidence of 
prostate cancer among Italian men. Tomato consumption has therefore been 
highly recommended. Tomato fruit is, however, currently recognized as a food 
of allergenic importance, containing a number of proteins with high allergenic 
potential. 

 To date, several tomato allergens have been characterized including Lyc e 
1, a profi lin protein with MW of 14 – 16   kDa  [213, 214] . Two highly similar genes 
encoding tomato profi lin have also been isolated and designated as allergen 
Lyc e 1.01 and Lyc e 1.02. Recently, the glycosylated protein  β  - fructofuranosidase 
was identifi ed as tomato allergen Lyc e 2, including one isoform with MW of 
51   kDa and another of 60   kDa  [215] . The prevalence of an IgE sensitization to 
Lyc e 2 is 17% among tomato - allergic patients. Interestingly, the IgE reactivity 
is completely determined by the glycan structure of Lyc e 2. Other proteins 
with capacity to bind IgE have also been described such as Lyc e 3 (nonspecifi c 
lipid transfer protein [ns - LTP]  [216, 217] , glucanase  [218] , peroxidase  [219] , 
chitinase  [220] , patatin  [221] , and superoxide dismutase  [222] , as well as poly-
galacturonase 2A and pectinesterase  [216, 222] ). 

 Plant genetic engineering was used as a tool to generate hypoallergenic 
tomato fruits by silencing allergenic potency of genes in transgenic tomato 
plants by means of RNA interference (RNAi). Results indicated that the 
profi lin protein (Lyc e 1)  [217]  and the ns - LTP Lyc e 3  [223, 224]  contents in 
transgenic tomato fruits was decreased by 10 - fold and 10 -  to 100 - fold, respec-
tively, compared with untransformed controls. This marked decrease was suf-
fi cient to cause a reduced allergenic reactivity in patients with tomato allergy, 
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providing proof of concept and demonstrating that RNAi can be used to 
design allergen - reduced food. 

 High cross - sensitization (very high sequence identity of 76 – 86%) of Lyc e 1 
was observed with other allergenic plant profi lins such as Pru av 4 from cherry, 
Api g 4 from celery, and Bet v 2 from birch pollen  [225] , as well as Ana c 1 from 
pineapple, Mus xp 1 from banana  [226] , and Dau c 4 from carrot  [214] . Bell 
pepper allergen Cap a 2 showed the highest sequence homology (91%)  [213] . 
Allergy to tomato is also linked to allergy to potato since they are related plants. 

 Limited studies on the prevalence of tomato allergy exist in the literature. 
Reported prevalence of tomato allergy ranges from 0.35% in several countries 
throughout the world  [227] , to about 1.2 – 1.3% in the U.K. population  [228] , 
to higher rates of 1.7 – 39% in a group of Italian children  [229, 230] , indicating 
that tomato is a relevant allergenic food in selected populations. More recently, 
high sensitization to tomato peel and pulp extracts in the Mediterranean Coast 
of Spain were also reported  [231, 232] . Commercial tomato extracts for skin 
prick tests to diagnose patients sensitized to tomato have been manufactured 
and tested effi ciently  [233] .    

   18.3.    PREVALENCE AND INCIDENCE 

 The true prevalence of adverse food reactions is still unknown. The established 
prevalence, however, of food allergy by the best available studies appears to 
be about 2 – 4% of the adult population and between 6% and 8% in young 
children, particularly in their fi rst year of life  [234] . In clinical surveys, children 
are more sensitive to food allergies than adults due to their immature gastro-
intestinal tract and immune systems  [2] . Other contributing factors such as 
decline in breast - feeding in some groups, early introduction of solid foods, and 
a change in the occurrence of infectious disease may also play a role. 

 According to literature, the common food allergens and their prevalence 
are strongly related to population consumption habits and ethnic diversities. 
This certainly explains the observed variation in fi gures regarding the preva-
lence of food allergies across different countries. In this regard, a meta - analysis 
study was conducted to assess uncertainties in the prevalence of food allergy 
in different scientifi c communities. The authors reported a marked heteroge-
neity in the prevalence of food allergy that could be a result of differences in 
study design or methodology, or differences between populations, and they 
therefore recommended the use of standardized methods in data collection 
 [235] . In addition, Mills et al.  [236]  reported that the reasons underlying the 
marked variation in the rates of food allergy include wide differences in 
response rates, problems in reliability and consistency of diagnosis across the 
different studies, and especially the poor clinical specifi city of skin tests and 
measurement of food - specifi c IgE  [237] . Within this context, in 2005, the EU -
 funded an integrated project called EuroPrevall ( www.europrevall.org ) with 
a large spectrum of 56 partners from 21 different countries (from 19 European 
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countries, Ghana, India, and China) with additional collaborating centers and 
partners from other countries, to provide knowledge about the prevalence of 
food allergies, as well as ranking of allergenic foods (food groups) as a function 
of the number of reactions they provoke both in the overall population and 
in specifi c population groups (regarding age and geographic location). Data 
from such studies will be useful and will help policy makers to address food 
allergy from a holistic public health perspective. 

 There is little doubt that the big eight allergenic foods are the most potent 
allergens; however, additional emerging allergens such as sesame seeds, tropi-
cal fruits, spices and condiments, and some pulse proteins (chickpea, lentil, 
pea) could also be potent allergens  [238] . The term  “ emerging ”  as used in this 
review therefore refers only to the increasing prevalence of these allergens, 
but also the increasing awareness of the allergenic properties of these foods 
by the public, food industry, media, and regulatory institutions. 

 Table  18.7  summarizes the estimated prevalence of allergies caused by the 
well - known  “ big eight ”  allergenic foods, as well as other emerging allergens 
in different countries. It is widely recognized that food allergy prevalence 
varies by country. For example, in North America, peanut is one of the major 
allergens; in Scandinavia, fi sh allergy is predominant; in Europe, celery and 
poppy seed allergies are quite prevalent; in the Middle East, sesame allergy is 
not uncommon; and in Japan, rice and buckwheat allergies feature among the 
prominent allergens.   

 The prevalence of food allergy appears to have increased over the last 
decades; however, it remains unclear whether this represents an actual increase 
in the number of reactions or an increased rate of detection and reporting of 
these allergic reactions. More research is needed in order to ascertain the true 
global prevalence of food allergies.  

  TABLE 18.7    Prevalence of Common and Emerging Food Allergens 

   Country     Food Allergens a      Prevalence (%)     References  

  Canada    Common allergenic foods    1.5 – 2     2   
  Other priority/emerging 

allergens: sesame, mustard  
  NA  

  United States    Common allergenic foods    3.5 – 4     239 ,  240   
  Other priority/emerging 

allergens: sesame  
  NA     3 ,  24   

  United Kingdom    Common allergenic foods    1.4 – 1.8     228   
  Other priority/emerging 

allergens: sesame, lupin, 
mustard, corn, grape  

  NA     12 ,  64 ,  78   
   186   

  France    Common allergenic foods    2.1 – 3.8     241 ,  242   
  Other priority/emerging 

allergens: sesame, mustard, 
lupin, celery  

  NA     8 ,  38 ,  71   
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TABLE 18.7 Continued

   Country     Food Allergens a      Prevalence (%)     References  

  Italy    Common allergenic foods    6 – 8     237   
  Other priority/emerging 

allergens: mustard, lupin, 
corn, grape, cherry  

  NA     45 ,  46 ,  68 – 70   
   197   

  Spain    Common allergenic foods    4.6     243   
  Other priority/emerging 

allergens: mustard, lupin, 
chickpea, lentil, pea, tomato  

  NA     56 ,  57 ,  59 ,  89 , 
 96 ,  218   

  Germany    Common allergenic foods    2 – 3.6     244   
  Other priority/emerging 

allergens: pea, corn, mango, 
lychee, cherry, grape, celery, 
tomato  

  NA     165 ,  166 ,  171 , 
 172   

   209   
   223   

  Portugal    Common allergenic foods    3.4 – 6.9     245   
  Other priority/emerging 

allergens: pollen - related 
fruits and vegetables  

  NA  

  Israel    Common allergenic foods    1.7     7   
  Other priority/emerging 

allergens  
        

  Sesame    0.18     14 ,  16   
  Pollen - related fruits and 

vegetables  
  NA      

  Japan    Common allergenic foods    2 – 5     246 – 248   
  Other allergens: sesame, 

buckwheat  
   131 ,  134   

  India    Common allergenic foods     > 3      
  Other priority/emerging 

allergens: mustard, 
chickpea, lentil, black gram  

  NA     47 ,  87   
   249   

  Australia    Common allergenic foods    1 – 2     250 – 252   
  Other priority/emerging 

allergens: sesame, lupin  
  NA     79   

  New Zealand    Common allergenic foods    NA     253 – 255   
  Other priority/emerging 

allergens: sesame, kiwifruit  
  NA  

  Denmark    Common allergenic foods    2.3 – 3.2     256 – 258   
  Other priority/emerging 

allergens: pollen - related 
fruits and vegetables  

  NA     259   

    a Common allergens: 90% of allergic reactions are caused by eight foods: milk, eggs, peanuts, tree 
nuts, fi sh, shellfi sh, soy, and wheat  .  
  NA, data not available.   
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   18.4.    POTENTIAL IMPACT ON THE FOOD INDUSTRY AND FOR 
THE CONSUMERS 

 Adverse reactions to food are of growing concern to both consumers and the 
food industry. The industrial dimensions of food allergy has recently been 
reviewed by Crevel  [260] , reinforcing the fact that food allergy risk manage-
ment is a shared responsibility between the food manufacturer and the con-
sumers, as well as other stakeholders such as retailers, health professionals, 
and regulatory bodies. 

 Crucial information is needed by the food industry for managing risks 
related to food allergies. This includes expert opinions, scientifi c knowledge 
regarding the characteristics of allergenic food and ingredients, and the preva-
lence of allergic reactions, as well as clinical responses such as eliciting doses. 
The industry needs such information to improve manufacturing practices and 
food safety, as well as to support the development of specifi c products destined 
for allergic consumers. To fulfi ll industry needs, it is important to 

  1.     improve current scientifi c knowledge on eliciting doses for allergenic 
foods, as a basis for establishing thresholds that are both safe for allergic 
consumers and feasible for the manufacturer  [261] ;  

  2.     develop and validate scientifi c criteria for identifying the existing 
common allergens and assessing the potential allergenicity of novel pro-
teins and foods  [262] , as well as the phenomenon of cross - reactivity 
between allergens;  

  3.     establish an allergen list critical for public health, which should be kept 
under review in light of new emerging allergens; and  

  4.     develop advanced well - validated techniques for the detection of food 
allergens.    

 To achieve this, better collaboration among the food industry, regulatory 
bodies, research centers, and test kit manufacturing companies is needed. To 
protect allergic consumers, the food manufacturing sector must continue to 
identify improved methods for food processing and production and set precau-
tions in place to avoid potential cross - contact/cross - contamination (including 
the development of a hazard analysis and critical control point plan, if possi-
ble). They must be aware of current and emerging allergens in order to develop 
a concise communication strategy with employees, consumers, and suppliers, 
and be able to seek agreement with their suppliers to request any change in 
the formulation of ingredients supplied. Additionally, food manufacturers 
should be in a position to quickly respond by providing appropriate labeling, 
which is readily understood by the consumer for both current and new emerg-
ing allergens, if required  [263] . 

 Regulatory agencies have the responsibility to set policies for the handling 
of allergens, including emerging allergens, and these must be supplemented by 
guidelines that provide practical advice to individual manufacturing units. 
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These guidelines should clearly include information on allergen handling at 
all stages in the product life cycle, from its design, through the sourcing of 
ingredients to manufacture, labeling, and distribution. Education of the public 
is also a key component to successfully manage allergies  [264] ; thus, regulatory 
agencies need to develop appropriate information tools for parents, allergic 
individuals, and community groups (e.g., day care and schools) as well as the 
general public in regard to current and emerging allergens.  

   18.5.    CONCLUSION 

 Scientifi c understanding of food allergy in many ways remains incomplete, 
which makes it diffi cult to effectively assess and manage risks associated with 
existing allergens and the potential allergenicity of novel foods. Given the 
important public policy implications of food allergy research and its use in 
food safety regulation, fi rm fi gures on the prevalence of food allergy, identify-
ing the foods involved, and understanding the socioeconomic impact of these 
factors on the development of food allergy will be very valuable  [236, 265] . In 
this era of globalization, it is not only populations that migrate but also foods, 
as people adopt foreign diets and import exotic products  [266] . This makes it 
even more important that we remain watchful for new and emerging allergens. 
Consumer concerns about allergies have increased considerably in the last 
decade. At present, the only cure for food allergy is to avoid eating the food 
responsible for the allergy. Thus, continued awareness and access to high -
 quality information will be needed to increase our understanding and improve 
our capacity to manage new and emerging food allergens as they arise.  

   18.6.    USEFUL WEBSITES FOR INFORMATION ON 
FOOD ALLERGY   

 Consumer concerns about allergy have increased considerably in the last 
decade. At present the only cure for food allergy is avoidance of the offending 
foods. Thus, access to timely and accurate information will make a tremendous 
contribution to the understanding and management of food allergy. Some 
useful websites are presented below: 

    •       www.anaphylaxis.org.uk   
   •       www.anaphylaxis.net     
   •       www.foodallergens.info   
   •      Food Allergy and Anaphylaxis Network ( www.foodallergy.org )  
   •      Food Allergy and Anaphylaxis Alliance ( www.foodallergyalliance.org )  
   •      The Allergen Nomenclature Subcommittee on the IUIS making the 

offi cial list of peer - reviewed allergens available on the Internet ( www.
allergen.org )  
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   •      The Allergome provides information on allergenic molecules for allergist 
and immunologist.  

   •      The AllFam database is a resource for classifying allergens into protein 
families. It is based on the allergen data from the Allergome database, 
which is currently the most comprehensive collection of allergen data, 
and on the protein family data from the Pfam database ( http://www.
meduniwien.ac.at/allergens/allfam/ ).  

   •      The Food Allergy Research and Resource Program (FARRP) contains a 
list of publicly known allergens ( www.allergenonline.com ).  

   •      The PROTALL database contains biochemical and clinical information 
about plant food allergen  (http://foodallergens.ifr.ac.uk) .  

   •      EuroPrevall, in 2005, launched an integrated project in partnership with 
different countries (from 19 European countries, Ghana, India, and China) 
with additional collaborating centers and partners from the United States, 
Canada, Australia, and New Zealand to gather complete information on 
food allergy ( www.europrevall.org ).  

   •      Anaphylaxis Australia Inc. ( www.allergyfacts.org.au )  
   •      Australasian Society of Clinical Immunology and Allergy ( www.allergy.

org.au )  
   •       http://www.allergy.org.nz/   
   •       www.healthcanada.gc.ca/foodallergies      
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  19 
MANAGING RISKS AND 
PREVENTING FOOD 
ALLERGY INCIDENTS: 
A REGULATOR ’ S PERSPECTIVE    

    19.1.    INTRODUCTION 

 Scientifi c evidence has linked certain food ingredients with severe adverse 
reactions when ingested by susceptible individuals. These adverse reactions 
are to be differentiated from adverse reactions that are likely to occur among 
most members of the population if they are exposed to chemical or microbio-
logical contaminants or to pharmacologically active ingredients in food. 

 Based on the nomenclature suggested by the European Academy of 
Allergology and Clinical Immunology (EAACI),  food allergy  is a form of 
immune - mediated hypersensitivity reaction to food that is reproducible, 
abnormal, and nonpsychologically mediated. Food allergy involving immuno-
globulin E (IgE) antibodies is known as  IgE - mediated food allergy . When 
immunologic mechanisms are not involved, we refer to  food intolerance  or 
 nonallergic food hypersensitivity   [1] . 

 The production of IgE antibodies and a series of interactions between 
various cell types and chemical mediators are involved in most confi rmed 
cases of food allergy. These cases display the characteristics of IgE - mediated 
allergy, which is also known as a type 1 hypersensitivity reaction. IgE - mediated 
allergy produces immediate symptoms, the most severe being anaphylaxis, a 
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hypersensitivity reaction associated with generalized clinical manifestations 
 [2] . Manifestations may also target specifi c organs, such as the skin (urticaria, 
atopic dermatitis), the respiratory tract (asthma, rhinitis), and the digestive 
tract (vomiting, constipation, diarrhea, abdominal pain). Each of these clinical 
manifestations may precede anaphylaxis; as well, each manifestation can occur 
alone or in combination with other manifestations, without proceeding to 
anaphylaxis. Any food that contains protein has the potential to elicit such 
immediate allergic reactions. More than 170 different foods have been docu-
mented to elicit immediate type 1 hypersensitivity reactions  [3] . 

 Other foods have been linked with delayed hypersensitivity reactions, in 
which symptoms may not begin to appear until 24 hours after food ingestion. 
The mechanisms involved in delayed hypersensitivity reactions remain poorly 
defi ned, except perhaps for celiac disease (also known as celiac sprue or glu-
ten - sensitive enteropathy)  [4, 5] . Celiac disease is an immune - mediated disease, 
triggered in genetically susceptible individuals by the ingestion of gluten, a 
general term used to describe storage proteins present in wheat, rye, barley, 
and their hybridized strains (e.g., triticale)  [4, 5] . These storage proteins trigger 
an infl ammatory injury in the absorptive surface of the small intestine of sus-
ceptible individuals, resulting in malabsorption of protein, fat, carbohydrate, 
fat - soluble vitamins, folate, and minerals, especially iron and calcium  [4 – 7] . 

 There are also some food ingredients that elicit allergy - like reactions. While 
the mechanism of action through which this occurs is not fully understood, it 
does not appear to be immune mediated. Elicitors of such allergy - like reac-
tions include low - molecular - mass chemicals (preservatives, colors, fl avors, etc.) 
such as sulfi tes. Sulfi tes are food additives used mainly for preservation pur-
poses. Foods responsible for exposure to sulfi tes include wines, fruits and 
vegetables, and vinegars  [8, 9] . In terms of adverse reactions associated with 
sulfi tes, studies have suggested that 5 – 10% of people with asthma experience 
an exacerbation of symptoms within 20 minutes of ingesting sulfi tes  [10, 11] . 
Other symptoms observed after sulfi te ingestion include urticaria, angioedema, 
rhinoconjutivitis, seizure, and anaphylaxis  [10 – 12] . 

 For the purposes of this chapter, all adverse reactions to food involving an 
immune - mediated mechanism (either IgE - mediated or non - IgE - mediated), 
including celiac disease, will be called food allergies. Food intolerances will be 
defi ned as food sensitivities that do not involve any immune - mediated mecha-
nism. One example of food intolerance is sulfi te sensitivity, another is lactose 
intolerance. For the most part, food intolerances have less severe manifesta-
tions than food allergies. Affected individuals can frequently tolerate some 
amount of the offending food or food ingredient in their diets. An example to 
illustrate this fact is the difference between milk allergy and lactose intoler-
ance. Milk - allergic consumers tend to develop systemic and sometimes severe 
symptoms when ingesting milk, which they cannot tolerate in their diet (or in 
very small quantities). On the other hand, individuals suffering from lactose 
intolerance can tolerate larger amounts of milk in their diet. As well, symptoms 
are localized to the gastrointestinal tract. 
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 The information on regulatory requirements for allergen labeling and other 
risk management options represents a snapshot of the situation at the time 
this chapter was written. It is subject to change in the context of a rapidly 
evolving environment. The information is based on the authors ’  fi ndings 
and is not considered endorsed by the regulatory authorities cited in this 
chapter.  

   19.2.    IMPACTS AND RATIONALE FOR ACTION TO PREVENT 
FOOD ALLERGY INCIDENTS 

 Food allergy affects 6 – 8% of infants and young children and 3.5 – 4% of adults 
 [13, 14] . Avoidance is currently the only available strategy for preventing 
potentially serious food allergy - related health problems among susceptible 
individuals. There is no cure for food allergy. 

 Systematic avoidance of causal foods can be a substantial burden for aller-
gic individuals. The effort required to avoid food allergens can lead to both 
stress and social isolation  [15] . At the same time, despite great care, accidental 
exposure can still occur and is sometimes fatal. 

 Food has been identifi ed as the most common cause of anaphylaxis. 
Anaphylaxis is the most serious form of allergic reaction, can be life threaten-
ing, and often requires emergency room treatment  [16] . A study that examined 
anaphylaxis - related deaths between 1986 and 2000 in Ontario, the most popu-
lated Canadian province, identifi ed 63 confi rmed deaths due to anaphylaxis; 
of these, 32 (50%) were food related  [17] . 

 Worldwide, the prevalence of celiac disease is estimated to be between 1 in 
100 and 1 in 200  [18] . Certain groups are at markedly elevated risk: fi rst - degree 
relatives of individuals diagnosed with celiac disease have a 10 – 20% risk of 
developing the disease; a high prevalence is also observed among those with 
Down syndrome. 

 Celiac disease is a lifelong condition. If it is not diagnosed early and treated 
with a strict gluten - free diet, it can be associated with serious complications, 
including osteoporosis, lymphoma and other types of malignancies, infertility 
in both men and women, and a number of autoimmune diseases including 
insulin - dependent diabetes in children. Moreover, in children, celiac disease 
can be associated with failure to grow and delayed puberty  [4, 6, 7, 19, 20] . 

 A 2008 survey by the Canadian Celiac Association and Health Canada 
investigated the impacts of the need for lifelong adherence to a strict gluten -
 free diet. It targeted adults following a gluten - free diet in order to identify 
both management strategies and emotional impacts of following this diet. A 
similar study on the impact of a gluten - free diet on adults with celiac disease 
was published in 2006  [21] . Survey fi ndings of the 2008 study will be reported 
in both the scientifi c and the healthcare literature. 

 The fi nancial and economic costs associated with food allergies can be 
signifi cant. To the extent that food allergy incidents and the complications of 
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celiac disease are prevented through successful avoidance of exposure to the 
food allergen(s) of concern, these costs can be reduced. 

 In a 2007 study from Australia  [22] , the cost of all types of allergies, includ-
ing asthma and non - asthma allergies such as food, drug, latex, sting, and bite 
allergies, contact dermatitis, and anaphylaxis was estimated to be approxi-
mately $7200 per person per year in Australian dollars. Burden of disease 
(disability, premature death) accounted for 73% of costs, reduced productivity 
for 19% of costs, and health system costs for 4%. The largest share of allergy 
costs (86%) was borne by the individuals having the allergy themselves, due 
to the large costs associated with disability and premature death. Nine percent 
(9%) of costs was borne by the Australian federal government, due to their 
share of health system and productivity costs. Several groups are currently 
investigating costs specifi c to food allergies. One of these is EuroPrevall, a 
project funded by the European Commission  [23] .  

   19.3.    RISK MANAGEMENT OPTIONS TO PREVENT AND MANAGE 
FOOD ALLERGY INCIDENTS 

 At the present time, it is not possible to cure food allergies. As a result, the 
emphasis must be on prevention of food allergy incidents, supported by 
symptom management when accidental exposure does occur. Prevention of 
food allergy incidents must focus on assisting food - allergic consumers and 
their caregivers in avoiding exposures to allergens of concern. Such exposure 
can occur in a range of locations, including in the home, in restaurants, and in 
school and day care settings. Avoidance of exposure to food allergens of 
concern requires effort by both food - allergic consumers and their caregivers. 
It also requires awareness and action by other consumers who sometimes 
provide food to consumers with food allergies, as well as by the food industry 
and governmental agencies responsible for food safety. 

 This chapter will review a range of risk management options aimed at pre-
venting food allergy incidents and the complications of celiac disease. It will 
discuss risk management options for minimizing exposure to allergens of 
concern in prepackaged and non - prepacked foods. Many of the examples 
involving prepackaged food are drawn from current work in two areas: (1) 
work to revise Canada ’ s regulations on labeling of priority allergens as ingre-
dients and (2) work to review Canada ’ s policy on allergen precautionary 
labeling. As well, the section on school and day care programs provides 
summary information for all Canadian provinces and territories. 

 This chapter will also provide an overview of risk management activities in 
schools and day care settings. In these latter settings, risk management activi-
ties involve both (1) preventive actions to facilitate avoidance of allergen 
exposure and (2) risk mitigation actions to be implemented if/when accidental 
exposure does occur. Finally, it provides an overview of a proposed Canadian 
severe food allergy incident reporting network. While this chapter does not 
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discuss new therapies intended to treat or reverse food allergies, it does provide 
an overview of recent clinical fi ndings concerning prevention of food allergies 
through dietary advice for pregnant and breast - feeding women. Industry prac-
tices for managing risks associated with allergens in food production settings 
are not discussed. This topic is addressed in previous chapters. 

   19.3.1.    Product Labeling Initiatives 

 Avoidance of allergens of concern is the only way that food - allergic consumers 
can prevent allergic reactions. To avoid foods containing the ingredients to 
which they are likely to react, food - allergic consumers and their caregivers 
must rely on information provided on product labels. 

 The presence of allergens in prepackaged foods can occur in two ways: 
either as a result of their inclusion in the product formulation ( ingredients ) or 
where the conditions during processing may have resulted in the presence of 
an allergen that could not have been avoided or mitigated within reasonable 
means ( cross - contamination or cross - contact ). Labeling information should 
allow food - allergic consumers and their caregivers to avoid foods of concern, 
whether allergens are present as ingredients or potentially present as a result 
of cross - contamination. 

 Product labeling can also be used to inform the consumer of the suitability 
of a particular food product. Such suitability can be because (1) certain ingre-
dients were excluded and/or because (2) special care was taken to control the 
production process, in a manner that guarantees the absence of the ingredient, 
and hence an optimum protection for consumers allergic to that specifi c ingre-
dient (allergen free). These foods are generally considered a targeted source 
of supply and are sought by food - allergic and gluten - intolerant consumers. 
Previous chapters of this book describe a range of initiatives intended to make 
such products available. 

 Allergen labeling of prepackaged foods is subject to food legislative and 
regulatory obligations set by each national jurisdiction. The Codex Committee 
on Food Labelling (CCFL) has considered allergen labeling a priority area, 
making recommendations that were adopted by the Codex Alimentarius 
Commission in 1999  [24] . The commission recommended that science - based 
criteria be used to determine which foods or food ingredients should be placed 
on a priority list of foods whose presence should always be declared in the list 
of ingredients on a food label, because of their potential to induce an allergic 
reaction. The list of priority allergens retained by the Codex Alimentarius 
Commission included the following foods: 

   •      cereals containing gluten, that is, wheat, rye, barley, oats, spelt, or their 
hybridized strains and products of these;  

   •      crustaceans and products of these;  
   •      egg and egg products;  
   •      fi sh and fi sh products;  
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   •      peanuts;  
   •      soybeans;  
   •      milk and milk products;  
   •      tree nuts and nut products; and  
   •      sulfi tes at concentrations of 10   mg/kg or higher.    

 Subsequent to the adoption of this list by the Codex Alimentarius 
Commission, the World Health Organization (WHO) convened a food aller-
gens expert panel, to provide guidance to the Joint Food and Agriculture 
Organization of the United Nations (FAO)/WHO Expert Committee on Food 
Additives (JECFA), the committee that advises the Codex Alimentarius 
Commission on food additives and other chemicals and ingredients in food. 
This panel was tasked with identifying criteria for amending the Codex list of 
priority allergenic foods. It recommended that the following criteria be used 
when considering whether a new substance should be included in the list: (1) 
the existence of a cause - and - effect relationship, based on positive double -
 blind, placebo - controlled food challenge   (DBPCFC) or unequivocal reports 
of reactions, including severe symptoms associated with exposure to the food 
commodity; and (2) prevalence data in children and adults, supported by clini-
cal studies relying on DBPCFC studies would also be appropriate. It was 
acknowledged that the availability of such data for some foods and in certain 
regions of the world may represent a challenge. 

 Building on the Codex list, national food regulatory agencies have used this 
guidance to develop their own lists of priority allergens, which should be tar-
geted for mandatory listing on labels of foods available for sale in the country/
region under their oversight. Canada recently adapted the criteria listed above 
for use in considering the addition of new allergens to its priority list. These 
criteria and their use in the assessment of mustard, onions, and garlic are 
reviewed in a previous chapter of this book.  

   19.3.2.    Ingredient Labeling for Priority Allergens 

 Several food regulatory agencies have amended their food ingredient labeling 
regulations for prepackaged foods in order to better address the needs of 
food - allergic consumers (and their caregivers) for reliable identifi cation of the 
allergens that they need to avoid. Because of their large number, not all food 
allergens can be specifi cally labeled. Rather, the approach is to require labeling 
of a smaller number of foods and food ingredients that a food regulatory 
agency has identifi ed as priority allergens. 

 While the list of priority allergens in each jurisdiction generally builds on 
the list retained by the Codex Alimentarius Commission in 1999  [24] , the 
specifi c allergens that are required to be labeled are not the same in all juris-
dictions. For example, buckwheat is included in the list of priority allergens 
developed by Japan but not in the lists of other jurisdictions; lupin and celery 
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are included in the list of the European Union (EU), and mustard was recently 
added to the Canadian list. Differences are also observed between jurisdic-
tions regarding whether allergen labeling legislation or regulations are worded 
to refl ect the presence of any fraction of an ingredient (e.g., milk) or the pres-
ence of any protein fraction of an ingredient (e.g., milk protein). As a result, 
ingredients that have undergone extensive processing that results in the 
removal of the protein fraction (e.g., highly refi ned soy oils or maltodextrins 
derived from wheat) may require allergen labeling in the fi rst situation (any 
fraction) but not in the second (any protein fraction). These situations may be 
subject to scientifi c opinions and possible exemptions from labeling require-
ments in different jurisdictions. 

 These regulations also include specifi c labeling requirements such as where 
the allergen name is to appear on the label (in general as part of the list of 
ingredient or in the immediate vicinity). Another feature of these require-
ments is an emphasis on use of simple and easy - to - understand language to 
identify the source of a priority allergen. For example, the words  “ milk ”  and 
 “ egg ”  would be required to identify the presence of casein and lysozyme, 
respectively. Labeling requirements for allergenic ingredients are also gener-
ally established so as to remove previous exemptions, for example, those that 
permitted components of ingredients not to be explicitly identifi ed on labels 
of prepackaged foods (e.g., when mustard is included in a spice mixture). Such 
exemptions are being removed in various jurisdictions because they are con-
sidered to be a cause of food allergy incidents related to  “ hidden ”  sources of 
allergens. 

 When imposed by regulation or legislation, labeling requirements help 
create a uniform environment for labeling of priority allergens as ingredients 
in prepackaged foods, thereby helping allergic individuals and their caregivers 
identify products they need to avoid. Such labeling requirements can also help 
to create a predictable regulatory environment for food processors and import-
ers, including consistency in the enforcement actions taken when problems are 
identifi ed. To be effective in achieving their intended goals, labeling regula-
tions must be accompanied by compliance and enforcement policies. As an 
example, provision of up - to - date guidance to industry regarding how to comply 
with regulations can promote industry compliance, thereby preventing situa-
tions in which risk management involves food recalls. 

 Mislabelling of priority allergens present as ingredients in prepackaged 
foods can sometimes be an issue. It tends to be discovered in one of two ways: 
(1) through periodic ingredient verifi cation or (2) through the reporting of 
allergic reaction incidents among susceptible individuals following the con-
sumption of foods containing the specifi c priority allergen(s) to which they 
react. A risk - based approach is desirable for managing such mislabeling. It 
involves the qualifi cation of the health risk in a given situation, followed by 
implementation of the relevant risk management action (e.g., food recalls, 
broadcasting information to consumers on situations of mislabelling of prod-
ucts that cannot be recalled). 
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 Methods to quantify the magnitude of the health risk associated with food 
allergy incidents are still under development. Current practices rely on (1) 
existing scientifi c and medical literature, (2) previous reports of adverse 
responses, (3) food allergy prevalence information, (4) whether the reported 
incident was considered life threatening, (5) and an estimate of the amount of 
consumed allergen that triggered the response. Ongoing development of ana-
lytical methods for both the detection and the quantifi cation of undeclared 
allergens in food is an essential aspect of this work. 

 The generation of new clinical data in support of the development of no 
observed adverse effect level   (NOAEL) and lowest observed adverse effect 
level (LOAEL) values will be critical to support risk assessment and risk 
management activities undertaken by food regulators. For most allergens, data 
from clinical food challenge studies are still limited and what data are available 
have somewhat limited usefulness in risk assessment and management work. 
Most clinical food challenge studies have not been designed to generate data 
in support of the identifi cation of a NOAEL. One reason for this is that highly 
sensitive individuals or subpopulations are not eligible to participate in such 
studies. 

 Nonetheless, some threshold levels, based on published LOAELs have been 
used in support of regular risk assessment practices, within the context of 
incident management (e.g., 0.3 – 1   mg for egg, 0.02 – 7.5   mg for tree nuts, etc.). 
These levels are used as reference values in the qualitative assessment of the 
risk associated with the presence of undeclared allergens in food; estimated 
intake levels are compared with the reference levels. It is important to note 
that a number of other factors need to be taken into consideration when the 
level of risk is estimated for an allergy incident. This is typically done on an 
ad hoc basis. Information on such factors, aggravating or mitigating, is obtained 
from the investigation of the product. Examples of such factors include extent 
of product distribution, consumers targeted by the product, and presence of 
an allergen precautionary statement on the label  [25] . It is important that food 
safety regulators worldwide increase their efforts toward harmonization of 
risk assessment and risk management practices in the context of managing 
food allergy incidents.  

   19.3.3.    Precautionary Labeling 

 In the early 1990s, Canadian food regulators were among the fi rst risk manag-
ers to (1) identify the need to alert consumers about the possible inadvertent 
presence of undeclared allergens in prepackaged foods as a result of cross -
 contamination; (2) select a precautionary labeling statement (also referred to 
as an advisory labeling statement) as the most appropriate risk communication 
tool; and (3) defi ne general conditions of use for precautionary statements. 
Health Canada defi ned a  “ food allergen precautionary statement ”  as  “ a dec-
laration on the label of a prepackaged food of the possible inadvertent pres-
ence of an allergen in the food. ”  Precautionary labeling statements were 
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intended to be used by food manufacturers and importers on a voluntary basis, 
above and beyond ingredient and nutrition labeling requirements stipulated 
in the Canadian  Food and Drug Regulations  and other related legislation. 
Health Canada also indicated that, when used, precautionary statements 
should aim to (1) alert the consumer to the possible presence of an allergen 
in a food and (2) prevent the consumption of products labeled with a precau-
tionary statement by persons having a food allergy. The Canadian policy on 
the use of allergen precautionary labeling statements has been nonprescriptive 
with respect to the specifi c wording of such statements. It required only that 
such statements be truthful, clear, and nonambiguous and are not a substitute 
for good manufacturing practices. 

 Since the early 1990s, allergen precautionary labeling statements have pro-
liferated and are a common feature on the labels of prepackaged foods avail-
able for sale in Canada and worldwide. A wide variety of wordings are used 
in these statements. The information provided extends beyond an indication 
of the possible inadvertent presence of one or more allergens in the food (e.g., 
 “ may contain X ” ;  “ may be present: X ” ) toward a description of the conditions 
under which the product was processed and packaged (e.g.,  “ manufactured in 
the same facility as products containing X ” ;  “ packaged in the same facility as 
products containing X ” ). Other statement wording simply discloses the pres-
ence of the allergen(s) in the manufacturing facility. 

 The effectiveness of this type of labeling is currently being reexamined in 
Canada and internationally. Health Canada announced its intent to review its 
policy on the use of allergen precautionary labeling statements in 2007  [26] . 
At that time, it indicated that allergen precautionary labeling statements can 
still be considered as useful tools in mitigating adverse reactions to priority 
food allergens if they satisfy some general principles: 

   •      Precautionary statements should only be used on the label when, despite 
all reasonable measures, the inadvertent presence of allergens in food is 
unavoidable.  

   •      Precautionary labeling must not be used when an allergen or allergen -
 containing ingredient is deliberately added to a food.  

   •      The use of precautionary labeling where there is no actual risk of an 
allergen being present should be discouraged, as it would be contrary to 
the stated objective of enabling a variety of safe and nutritious food 
choices for consumers with dietary restrictions.    

 This section will summarize the elements of the evidence being considered 
during this review. 

   19.3.3.1.    Industry Use of Allergen Precautionary Labeling.     In 1994, in 
response to concerns raised by the Allergy/Asthma Information Association, 
the Grocery Products Manufacturers of Canada (later renamed Food 
and Consumer Products of Canada) conducted a survey on the use of 
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precautionary labeling by its members. The survey was repeated in 1997. 
Response rates were 35% in 1994 and 50% in 1997. While 33% of respondents 
(10/30) reported using precautionary labeling in 1994, 62% (26/43) did so in 
1997. The main reason given in 1994 was that no amount of cleaning and/or 
training was suffi cient to prevent cross - contamination. In 1997, reasons 
included common processing lines, potency of certain allergens, and inability 
to source product free of potential cross - contamination. Highlights from the 
1997 survey also noted that about half of those who reported use of precau-
tionary labeling also indicated that they planned to phase it out  [27] . At the 
time this chapter was written, Health Canada had initiated a follow - up survey 
of industry allergen precautionary labeling practices. 

 In the United States, in a 2006 report to the Senate and the House of 
Representatives on the Food Allergen Labeling and Consumer Protection Act 
(FALCPA), the Food and Drug Administration identifi ed 14 reasons why food 
manufacturing facilities reported using precautionary labeling statements. 
Many of these were business related (e.g.,  “ recommended or required by the 
headquarter/legal department/trade association/client fi rm, ”   “ avoid expenses 
of multiple labels, ”   “ keep up with industry ’ s trends and practices ” ) and not 
directly related to informing consumers about health risks related to possible 
allergen cross - contamination  [28] . 

 Health Canada conducted a survey on the use of allergen precautionary 
labeling statements on chocolate products and granola bars in conjunction 
with the presence of specifi c allergens such as peanut, hazelnut, almond, and 
Brazil nut in these products. The most commonly observed precautionary 
statement was  “ may contain trace(s) of. ”  Levels of allergen protein present in 
products with this precautionary statement varied widely, from nondetected 
to 6500   ppm. A level of 6500   ppm peanut protein in a product with a  “ may 
contain traces of ”  precautionary labeling statement is certainly of concern for 
peanut - allergic consumers  [26] . If a 40 - g chocolate bar with a precautionary 
label for peanut were to contain 6500   ppm of peanut protein, this would rep-
resent an exposure to 0.26   g (260,000    μ g) of peanut protein. In reporting results 
of a double - blind, placebo food challenge study, Hourihane et al. concluded 
that as little as 100    μ g of peanut protein provoked symptoms in some subjects 
with peanut allergy  [29] . 

 In the United States, Pieretti et al.  [30]  evaluated the use of statements such 
as  “ may contain ”  in 20,000 unique manufactured products from 99 supermar-
kets across the United States. Overall, 17% of products contained advisory 
labeling statements. The highest use was for chocolate candy (54%) and 
cookies (53%), and the lowest was for canned fi sh (2%), spices (1%), and baby 
food (1%). In terms of statement wording,  “ may contain ”  was most frequently 
observed (38%). In 2007, Hefl e and colleagues analyzed products bearing 
allergen advisory statements for the presence of peanut residue. Two of 51 
products (4%) with a  “ may contain ”  statement had detectable peanut residues 
in one or both lots analyzed; 7 of 68 products (10%) with a  “ shared facility ”  
statement had detectable peanut residue in one or both lots  [31] .  
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   19.3.3.2.    Consumer Perceptions and Behaviors.     In Canada, Sheth et al.  [32]  
surveyed 766 parents of Canadian children with a confi rmed peanut allergy; 
583 completed the questionnaire. Responding parents reported that 41% of 
their children (242) had experienced an accidental exposure at least once in 
their lifetime. Thirty - four percent (34%) of these exposures were attributed 
by respondents to product labeling that was complex or incomplete, 32% to 
failure to read a label, and 6% to ignoring a precautionary labeling statement. 
In the same survey, some precautionary labeling statements were reported as 
more likely than others to result in avoidance of a food: 93% of respondents 
reported that they would avoid a product labeled with  “ not suitable for people 
with an X allergy, ”  while 87% indicated that they would avoid a product 
labeled  “ may contain X ”  or  “ manufactured on same equipment as X. ”  The 
precautionary statements  “ may contain traces, ”   “ packaged in facility that also 
processes, ”  and  “ manufactured in a facility that also processes ”  were less likely 
to result in reported avoidance (72%). 

 Also in Canada, Fenton and Elliott  [33]  used a qualitative focus group 
methodology to solicit views about precautionary labeling of commercially 
packaged food among 10 parents of allergic children recruited through 
Anaphylaxis Canada. Many of these parents expressed concern that adoles-
cents with food allergies and nonallergic individuals of all ages may not possess 
the knowledge and experience needed to correctly interpret precautionary 
labeling statements. Many also indicated that they considered prepackaged 
foods that do not have precautionary labeling statements as high risk when 
purchasing decisions are being made by consumers who do not have extensive 
experience in avoiding food allergens. 

 In the United States, Hefl e et al. conducted surveys during Food Allergy 
and Anaphylaxis Network (FAAN) patient conferences in 2003 and 2006  [31] . 
A total of 625 surveys were completed in 2003 and 645 in 2006, most by the 
parent of a child with a food allergy. Eighty - fi ve percent (85%) of respondents 
reported that they would  “ never ”  purchase a product with an advisory warning 
in 2003; 75% of respondents did so in 2006. The authors suggested possible 
explanations for this observed change: parents were noting a proliferation of 
advisory warnings; they had not noted any reactions to products that had not 
been previously labeled; possibly, they were presuming that the warnings were 
for legal rather than health concerns. 

 Two recent publications looked at how precautionary labeling statements 
are interpreted by adolescents. In response to open calls for participation 
made through modalities that included websites of U.S. and Canadian food 
allergy associations, 174 adolescents and young adults (13 – 21 years of age) 
with food allergies completed an anonymous online survey. Seventeen percent 
(17%) of respondents were considered at high risk for food - related anaphy-
laxis because they indicated that they (1) will eat a food despite labeling 
indicating that it  “ may contain ”  an allergen of concern and (2) do not always 
carry their prescribed self - injectable epinephrine  [34] . In other work, Akeson 
et al.  [35]  studied 15 adolescents aged 13 – 16 with a history of clinician - 
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diagnosed anaphylaxis and an allergy to peanut or tree nut. Anaphylaxis was 
typically perceived as  “ no big deal ”  by these adolescents. The authors attrib-
uted this attitude to the adolescents ’  inability to remember any severe reac-
tion; only 1 of the 15 could remember having had an anaphylactic reaction.  

   19.3.3.3.    Enhancing the Effectiveness of Allergen Precautionary Labeling.    
 Food - allergic consumers need to know whether each food they consider eating 
contains a substance to which they are allergic, so that they can take any 
needed avoidance action. It is not enough to know that a specifi c prepackaged 
food does not contain a food allergen as an ingredient. Consumers also need 
to know if the product may have unintentionally come in contact with the 
allergen(s) of concern during product processing  [36] . Allergic consumers 
need precautionary labeling information they readily understand and trust, so 
that they can make informed purchase and serving decisions, either for them-
selves or for family members/friends/colleagues with food allergies  [36] . Such 
decisions need to effectively manage health risks, without unduly restricting 
food choice for those with food allergies  [16] . 

 A series of guiding principles were developed for use in discussions and 
decision making related to updating Health Canada ’ s policy on allergen pre-
cautionary labeling of prepackaged foods. They are presented below. Some of 
these principles are based on published research summarized above. Others 
are based on information received from allergic consumers, allergic consumer 
associations, industry groups, and other governmental departments. All of these 
principles are intended to contribute to increased effectiveness of precaution-
ary labeling statements in preventing food allergy incidents. A reduction in 
such incidents will, in turn, contribute to Health Canada ’ s goal of enhancing 
the protection of food - allergic consumers, while maximizing choice of safe and 
nutritious food choices for these consumers with dietary restrictions: 

  1.     To promote consistency of precautionary labeling statements on all pre-
packaged foods, a small number of wordings would be recommended for 
use.  

  2.     To establish a consensus on guidelines on good manufacturing practices 
for allergen handling and to make explicit the conditions of use of food 
allergen precautionary statements. This work would be led by the indus-
try, with input and support from the government and allergic consumer 
associations.  

  3.     To establish consensus guidelines to support a standardized approach to 
conducting allergen - specifi c risk assessments of potential cross - contam-
ination in prepackaged foods. The ability to estimate both probability of 
cross - contamination and the likely level of cross - contamination would 
be among the issues to be addressed as such guidelines are developed. 
This activity would be led by the industry, with input and support from 
government and allergic consumer associations.  
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  4.     To establish consensus guidelines to support a standardized approach to 
documentation and on - site storage of the fi ndings of risk assessments of 
potential cross - contamination with priority allergens in prepackaged 
foods. These guidelines would explicitly support conduct of risk assess-
ments both (1) when there is a  low probability  that a precautionary 
statement would be needed and (2) when there is a  high probability  that 
a precautionary statement would be needed. This activity would also be 
led by industry, with input and support from government and allergic 
consumer associations.  

  5.     To develop an education program for consumers, focusing on correct 
interpretation of precautionary labeling statements. This program would 
be developed by government, with support from the industry and allergic 
consumer associations and industry.  

  6.     To establish a mechanism that enables allergic consumers to identify 
easily and consistently those prepackaged foods for which diligence has 
been applied in risk assessment and risk management of priority aller-
gens, indicating that precautionary labeling statements are being used 
judiciously. This information could be disseminated to allergic consumers 
via several means:  
   •      symbol on the label,  
   •      information provided through food allergy associations, and  
   •      information on a website or at the point of retail sale.    

  7.     To provide a consistent, predictable regulatory environment for industry. 
It will be important to provide a level playing fi eld between products 
made domestically, where there is opportunity for inspection to control 
allergen management practices, and imported foods where such mecha-
nisms are not feasible.    

 Work on precautionary labeling of priority allergens is also being under-
taken by other groups. One example is the work that was done through the 
voluntary incidental trace allergen labeling (VITAL) initiative developed by 
the Allergen Bureau  [37] . An overview of this initiative and its potential con-
tributions are summarized in a previous chapter of this book. Such work may 
eventually lead to the development of a code of practice on (1) food allergen 
handling and (2) appropriate use of allergen precautionary statements. 
Certifi cation programs associated with the implementation of such code(s) of 
practice would be useful to ensure compliance of manufacturers to the set 
requirements. 

 To the extent that voluntary action by industry does not result in the 
consistent application of best practices in allergen handling and the use 
of precautionary statements on prepackaged foods, intervention by the gov-
ernment, for example, through development of labeling standards, may be 
required.   
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   19.3.4.    Allergen - Free Claims 

 Because considerably more work has been done on gluten - free products than 
on other allergen - free products, this section of the present chapter focuses on 
gluten - free products, intended for consumption by individuals with celiac 
disease and wheat allergy. The focus is specifi cally on the Canadian regulatory 
context. 

   19.3.4.1.    Gluten - Free Labeling.     The requirements for a gluten - free product 
according to Division 24 of the Canadian  Food and Drug Regulations   [38]  
(Foods for Special Dietary Use — B24.018) are as follows:  “ No person shall 
label, package, sell or advertise a food in a manner likely to create an impres-
sion that it is a gluten - free food unless the food does not contain wheat, includ-
ing spelt and kamut, or oats, barley, rye or triticale or any part thereof. ”  This 
regulation was enacted in 1996 and enabled the availability of gluten - free 
foods for individuals with celiac disease and wheat allergy. This regulation does 
not specify a threshold level above which compliance action would be taken. 
Rather, enforcement is based on the currently available detection threshold. 
When the regulation was enacted in 1996, the detection threshold was 200   ppm 
of gluten as detected by enzyme - linked immunosorbent assay (ELISA) - based 
methods. With the development and availability of more sensitive techniques, 
in 2010, the detection threshold is 20   ppm. 

 This regulation requires that manufacturers of gluten - free foods ensure that 
all ingredients comply with the requirements set in the regulations. As well, 
manufacturers must ensure that cross - contamination in the production facility 
is prevented, particularly when gluten - containing foods are handled in the 
facility. This regulation also applies to merchandising outlets (wholesale and 
retail), which must ensure that gluten - free products are handled in a manner 
that enables them to remain gluten - free. 

 Health Canada is currently reviewing its gluten - free regulations. Reasons 
for this review include (1) the intention to further align its gluten - free regula-
tions with its proposed regulatory amendments for ingredient labeling of 
allergens, gluten sources, and added sulfi tes and (2) the fact that gluten - free 
standard was revised by the Codex Alimentarius Commission in 2008  [24] . 

 One of the considerations in the review of the gluten - free regulations is the 
use of the same defi nition for gluten as for other priority food allergens, 
namely a defi nition encompassing the  “ protein notion ”  for the list of cereal 
grains excluded from gluten - free foods. A protein - based defi nition will allow 
products to make a gluten - free claim as long as the protein fraction of 
ingredient(s) derived from a cereal grain of concern has been removed and is 
not present. Such provision would allow, for example, products containing 
maltodextrin or other sugar - derived ingredients from cereals to bear a gluten -
 free claim, thereby enabling a greater choice of gluten - free products for people 
with celiac disease or wheat allergy. 

 A second consideration is whether oats should be removed from the list of 
excluded cereal grains. At the same time, specifi c requirements are being 
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developed for  “ gluten - free oats, ”  defi ned as free from protein derived from 
excluded cereal grains that include wheat, rye, barley, and their hybridized 
strains (e.g., triticale). The inclusion of oats as an ingredient in gluten - free 
foods would also be contingent upon the exclusive use of  “ gluten - free oats ”  
in the manufacturing facility. Finally, in recognition of Health Canada ’ s recent 
scientifi c review regarding the introduction of pure, uncontaminated oats into 
a gluten - free diet  [39] , Health Canada is considering imposing specifi c labeling 
requirements for gluten - free foods that contain pure, uncontaminated oats. 
This may involve recommending supervision by a health professional when 
individuals with celiac disease add pure oats to their gluten - free diet.   

   19.3.5.    Policies for the Non - Prepackaged Food Sector 

 Consumers with food allergies and celiac disease need to know what food they 
can eat safely. As discussed in a previous section of this chapter, by regulation, 
the presence of priority allergens as ingredients must be clearly indicated on 
all prepackaged food sold in Canada. However, these labeling regulations do 
not apply to non - prepackaged foods  [40] , which include food sold by restau-
rants, fast - food outlets and catering establishments, as well as food that that is 
sold in the same location as it is packaged (e.g., sandwiches made in grocery 
stores). 

 While there has been considerable discussion of allergen labeling of pre-
packaged foods, there has been much less discussion of allergen labeling of 
non - prepackaged foods. Nonetheless, there are reports that this latter group 
of foods has been associated with allergic incidents. As an example, in 2006, it 
was estimated that about 70% of incidents of anaphylactic shock in Europe 
occurred when people were eating out  [41] . 

 A number of factors are believed to be responsible for allergic reactions 
that occur in restaurants and other foodservice establishments: absence of 
labeling; insuffi cient knowledge about ingredients by foodservice staff; errors 
during food preparation and service including possible cross - contamination; 
poor communication between customers and foodservice employees. A lack 
of staff training about food allergies may also be a contributing factor 
 [42 – 44] . 

 Because there are no regulations concerning allergen labeling of non - pre-
packaged products, consumers with food allergies typically have to ask for 
ingredient information at the point of sale, or rely on any written information 
that has been provided voluntarily by foodservice establishments  [44] . 

 There is no offi cial position of the EU concerning allergen labeling for non -
 prepackaged foods. As well, in the EU, non - prepackaged food products are 
exempt from most general food labeling requirements. In 2008, the European 
Commission  [41]  proposed that some of the requirements for mandatory 
allergen labeling of prepackaged foods be extended to non - prepackaged foods, 
including food sold in restaurants and other foodservice establishments. 
Specifi cally, it proposed that information on priority allergens present as ingre-
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dients either be on display in the establishment or be available to consumers 
on request. The next step in the process is the discussion of the proposal among 
EU member states. 

 While efforts to increase the availability of point of purchase information 
about ingredients of non - prepackaged foods are not advanced in EU member 
countries, other initiatives have been undertaken. In 2008, the United Kingdom 
issued offi cial guidance specifi cally focused on allergen control information 
for the non - prepackaged food sector  [40] . In 2006, the Switzerland federal 
government, with the support of their offi ce of federal public health, issued a 
brochure about allergens in food sold in bulk. This brochure included some 
educational information for foodservice establishments. As well, in 2009, the 
New Zealand Food Safety Authority published general guidance on foodser-
vice and catering including some allergen information  [45] . 

 In related work, in 2008, the Food Standards Agency of the United Kingdom 
(UK - FSA) issued a best practices guidance document  [40] , for voluntary adop-
tion by the non - prepackaged food sector. Its primary aim was to provide 
guidance to catering establishments regarding how allergen information for 
non - prepackaged foods should be provided to consumers, for their use in 
managing allergic risks. The guidance was also considered relevant to busi-
nesses providing food in institutional catering operations, such as schools, 
hospitals, and prisons as well as at corporate events and conferences. 
Information in the guidance document was organized around three key 
themes: (1) effective communication with the customer, with suppliers, and 
between staff; (2) basic training for staff; and (3) accurate, timely, and complete 
ingredient information. The following is an extract from this document, listing 
some of its key messages  :

   Effective communication  
 If a customer asks [salesperson] about ingredients in a food: 

   —   never guess  
   —   if [salesperson] does not know, [he] tries to fi nd out  
   —   if [salesperson] is unable to provide the information, [he] says so  
   —   Can [salesperson] provide an alternative food?    

 Always ensure all relevant staff is advised of any recipe changes or ingredient 
substitutions. 

 a)  Basic training for staff  
 All staff should receive training on handling allergy requests from their fi rst day 

in the job and receive refresher training. 
 There should be an agreed system for dealing with food allergy information 

requests and all staff should know about this. 
 b)  Accurate ingredient information  
 To know ingredients in the food [salesperson] sells. 
 To make sure ingredient information is accessible to all staff. 
 To make sure the ingredient information is up to date. 
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 If [salesperson] use prepared ingredients, [he] makes sure to know what is in 
them.   

 In the United States, a 2007 survey of 100 restaurants and other food estab-
lishments found that managers, chefs, and servers believed that their establish-
ments could provide safe meals to allergic patrons. However, 24% of 
respondents also indicated that they believed that consuming a small amount 
of allergen would be safe, 35% believed that frying foods would destroy aller-
gens, 54% considered a buffet safe for food - allergic consumers if it was kept 
 “ clean, ”  and 25% believed that removing an allergen from a fi nished meal 
(e.g., removing nuts) made the dish safe for the allergic consumer. As the 
authors of this survey concluded, while restaurant personnel expressed a rela-
tively high level of comfort in their ability to provide safe meals for food -
 allergic consumers, there were defi cits in their knowledge about what was 
needed for such safety, indicating the need for more staff training and greater 
caution by food - allergic consumers  [46, 47] . 

 Also in the United States, allergic consumer associations such as the Food 
Allergy Initiative (FAI) and FAAN have developed resource material for the 
foodservice sector that talks about food allergies and how exposure can be 
minimized for consumers with food allergies. As an example, the document 
 “ Welcoming Guests with Food Allergies ”  (published in 2001 and updated in 
2008) was developed by the National Restaurant Association and FAAN  [48]  
with support from FAI. It is a training manual for foodservice professionals 
that cover topics such as case studies, best practices for allergen control, up -
 to - date research, allergen food labeling information, and practical strategies 
for avoiding cross - contamination. Another example is the online training 
program initiative  “ Food allergies: challenges and opportunities for food 
service ”  which, at the time this chapter was written, was offered free of charge 
by the Culinary Institute of America  [47] . 

 In Canada, the foodservice sector is under provincial jurisdiction. There is 
no federal regulation specifi cally regarding labeling of allergens present in 
non - prepackaged foods. However, the federal rule regarding the labeling of 
any food, Section 5(1) of Part I of the Food and Drugs Act is applicable. 
Section 5(1) prohibits the labeling, packaging, treating, processing, selling, or 
advertising of any food in a manner that misleads or deceives consumers as 
to the character, value, quantity, composition, merit, or safety of the product. 

 Because Section 5(1) Food and Drugs Act is very broad and does not explic-
itly address the concerns of many food - allergic consumers, in 2004, the 
Association Qu é b é coise des Allergies Alimentaires (AQAA)  [44] , in collabora-
tion with Health Canada, developed a reference manual for managing allergen 
risks in non - prepackaged food, for use by restaurateurs and foodservice manag-
ers. The initial edition was in French only, but the 2008 edition is in both French 
and English ( http://www.aqaa.qc.ca ). The main goal of this reference manual 
is to help professionals in the foodservice sector understand the importance of 
taking into account the needs of the growing number of people with food aller-
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gies. Of particular interest, this manual includes a  “ section with seven steps that 
a manager and team in charge of allergies should gradually deal with to be able 
to provide safe service to allergic customers ”   [44] . These steps include 

  1.     training employees  
  2.     appointing food allergy managers  
  3.     establishing policies and procedures  
  4.     choosing specifi c spaces and equipment  
  5.     creating a safe environment  
  6.     modifying menu presentation  
  7.     creating an allergen chart or a list of ingredients attached to menu.    

 This manual also provides approximately 20 technical work planning sheets 
that can be adapted for use with a range of job categories within the foodser-
vice sector  [44] . 

 In summary, at the present time, in Canada as in most Western countries, 
there are no regulations regarding either (1) the labeling of priority allergens 
in non - prepackaged foods (2) or the provision of such information in other 
formats by the foodservice sector. The UK - FSA appears to be the only gov-
ernmental organization with an offi cial position on risk management of food 
allergens in the retail sector. However, as of January 2010, this position was 
not supported by regulation that could be used for enforcement purposes. 

 To date, it appears that most reference tools for risk management of food 
allergens in the non - prepackaged food sector have been developed through 
collaborative efforts that included allergic consumer associations.  

   19.3.6.    School and Day Care Programs 

 In the fi eld of food allergies, it is known that severe incidents occur. Although 
anaphylactic shock, laryngeal angioedema, and severe acute asthma have the 
potential to cause death, fatalities are usually avoidable. The risk for the occur-
rence of such disorders in schools has been stressed by both organizational 
(e.g., the American Academy of Allergy, Asthma and Immunology [AAAI])   
and academic authors  [49 – 51] . Measures must be in place in schools both to 
reduce the risk of accidental exposure and to respond appropriately when an 
emergency situation arises. Comprehensive school board policies, standard-
ized school anaphylaxis plans, and greater community support and involve-
ment can supplement good patient management practices and help to avert 
future episodes of severe food allergy incidents  [52] . 

   19.3.6.1.    Situation in Canada.     In Canada, each province and territory has 
its own Ministry of Education (Department of Education) that has govern-
mental jurisdiction over schools within its region. Some ministries/depart-
ments are responsible for publicly funded schools only, while others are also 
responsible for privately funded schools and day care centers. 
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 In the paragraphs that follow, the approach of each Canadian provincial/
territorial jurisdiction is described briefl y. Each description includes an indica-
tion of the extent to which a school anaphylaxis prevention and treatment 
policy was in place at the time this chapter was written. 

   19.3.6.1.1.     Alberta.      While Alberta does not have a provincial anaphylaxis 
policy, it established the  Alberta School Boards Anaphylaxis Policy Advisory  
(ASBAPA) to train teachers about how to recognize and treat anaphylactic 
shock. This work was completed in September 2007. Subsequently, the Alberta 
Department Education assembled an Allergy and Anaphylaxis Informational 
Response (AAIR)  [53]  kit, which was sent to all public and private schools 
in the province in April 2008. The kit contains a range of anaphylaxis training 
material, including AAIA ’ s anaphylaxis and asthma brochure, auto - injector 
trainers, training CDs, and the book  Anaphylaxis in Schools and Other 
Settings .  

   19.3.6.1.2.     British Columbia.      In September 2007, British Columbia enacted 
both the  Anaphylactic Protection Order   [54]  and the  British Columbia 
Anaphylactic and Child Safety Framework   [55] , which makes it mandatory for 
all school boards to have emergency plans in place in case a student goes into 
anaphylactic shock. The  Anaphylaxis Protection Order  issued by the British 
Columbia Minister of Education requires that every school board establish 
and maintain policies, procedures, and staff training in order to ensure the 
safety of children at risk of anaphylaxis in British Columbia schools. 

 The purpose of the  British Columbia Anaphylactic and Child Safety 
Framework  is to provide boards of education with a broad overview of the 
key elements required in district policy, to ensure a consistent appropriate 
management of anaphylactic incidents that occur in the school setting and 
throughout the education system. The framework provides guidance and 
direction to all public schools and is available to all private schools. The frame-
work applies to students as well as to preschool age children participating in 
early learning programs. All school boards in British Columbia are expected 
to have a district policy in place that meets the requirements outlined in the 
 Anaphylaxis Protection  Ministerial Order and the British Columbia 
Anaphylactic and Child Safety Framework  [55] .  

   19.3.6.1.3.     Manitoba.      Manitoba proclaimed legislation in November 2009 to 
strengthen the protection for students with life - threatening allergies. 
Amendments to the Public Schools Act  [56]  and the Education Administration 
Act  [57]  that came into force on November 1, 2009 formalized the requirement 
that Manitoba school divisions have policies to protect students with life -
 threatening allergies. This legislation is subsequent to a 2002 provincial direc-
tive, which required that by 2004, all community programs, including school 
divisions, develop local policies for handling life - threatening allergies. In May 
2002, a joint letter from three government ministers was sent to school divi-
sions to highlight the fi nding of the Canadian Society of Allergy and Clinical 
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Immunology (CSACI)  [52]  that anaphylaxis was estimated to be a risk for 
between 1% and 2% of the general population. Since that time, it has been 
the practice of Manitoba school divisions to have in place anaphylaxis policies 
that are based on the policy framework outlined in the Manitoba Education, 
Citizenship and Youth Unifi ed Referral and Intake System (URIS) manual.  

   19.3.6.1.4.     New Brunswick.      In 1999, the New Brunswick Department of 
Education issued a Health Support Services Policy  [58]  for anaphylaxis stating 
that  “ this policy defi nes standards and procedures required for the provision 
of health support services to students while they are the responsibility of the 
public education system, recognizing this responsibility is shared among 
parents, the public education system and health care providers. ”  This policy 
was revised in October 2004 and again in December 2008.  

   19.3.6.1.5.     Newfoundland and Labrador.      In 2007, a document for informing 
schools about anaphylaxis  [59]  was issued by the Government of Newfoundland 
and Labrador. Topics addressed include how to develop avoidance strategies 
and what is expected in responding to an emergency situation. An individual 
support services plan (ISSP) should be in place for all students with life -
 threatening allergies. There is no provincial anaphylaxis policy.  

   19.3.6.1.6.     Nova Scotia.      In 2005, Nova Scotia developed a document for 
informing public schools about anaphylaxis  [60] . It includes information on 
how to develop avoidance strategies and what can be expected when respond-
ing to an emergency situation.  

   19.3.6.1.7.     Ontario.      In May 2005, the Ontario government passed Bill 3: An 
Act to protect anaphylactic pupils, which affects all publicly funded schools in 
Ontario. Named  “ Sabrina ’ s law ”  in honor of an Ontario student who died fol-
lowing an anaphylactic reaction in 2003, the law became effective on January 
1, 2006. It requires that every school board establish and maintain an anaphy-
laxis policy. It also requires that principals develop individual plans for pupils 
at risk of anaphylaxis  [61] .  

   19.3.6.1.8.     Prince Edward Island.      In 2008, the Minister of Education issued a 
directive concerning Procedures for Dealing with Life - threatening Allergies. 
It stated that  “ the purpose of this Directive is to provide guidance to parents 
and school personnel concerning procedures for managing students who have 
life - threatening allergies and are at risk of anaphylaxis ”   [62] .  

   19.3.6.1.9.     Quebec.      In Quebec, both private and public schools fall under the 
jurisdiction of the Minist è re de l ’  É ducation, du Loisir et du Sport. The subsi-
dized day care system (about 1400 day care centers) falls under the Minist è re 
de la Famille et des A î n é s and under a separate day care law  [63] . Health issues 
in schools and day care centers are managed by a joint committee within the 
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Minist è re de l ’  É ducation, du Loisir et du Sport, the Minist è re de la Famille et 
des A î n é s, and the Minist è re de la Sant é  et Services Sociaux (Health and Social 
Services). In 1998, the AQAA published a special newsletter in both French 
and English that focused on the prevention and management of food allergy 
and anaphylaxis in schools and day care settings  [64] . Information was based 
on the 1995 CSACI consensus statement  [65] . Reviewed by AQAA medical 
advisors, the newsletter was distributed by public authorities to all elementary 
schools and day care associations in Quebec. Subsequently, each school board 
and regional day care association in Quebec has developed its own protocol. 
Most protocols are similar from region to region and outline the responsibili-
ties of administrators, students, parents, teachers, and others, and provide treat-
ment guidelines.  

   19.3.6.1.10.     Saskatchewan, Northwest Territories, and Nunavut.      Saskatche wan, 
Northwest Territories, and Nunavut have no provincial/territorial policy con-
cerning anaphylaxis; individual schools are responsible for instituting their 
own policies. 

 The  Yukon Policy 4003 — Administration of Medication to Students  of the 
 Education Act   [66]  explains that  “ some students have severe and life - threat-
ening illnesses and allergies which may lead to diabetic shock, anaphylaxis and 
chronic allergy conditions including asthma; there are times that school staff 
may need to administer medication and/or call for medical support. It is the 
responsibility of parents to complete and submit a completed copy of the 
 Administration of Medication Plan  form to the school administrator. This form 
outlines the roles and responsibilities of parents, school staff, administrators 
and the student. It also provides authorization to the school to administer the 
medical plan. ”  

 In Canada, only two provinces have mandated through regulation that 
school boards  must  have an anaphylaxis policy in place: Ontario did so in 2006, 
Manitoba in 2009. In practice, such plans are proposed by allergic consumer 
associations (such as Anaphylaxis Canada, Allergy/Asthma Information 
Association, or AQAA) with technical and medical support by medical asso-
ciations such as CSACI. Board policies should be fl exible enough to allow 
schools and classrooms to adapt to the needs of individual children and to 
account for differences in the organizational and physical environment of 
schools. Each school should develop its own written anaphylaxis plan, which 
is specifi c to its environment and complies with the board policy  [52] . 

 In a comparative analysis of Canadian school board anaphylaxis manage-
ment policies published in February 2009, Cicutto et al.  [67]  reported that the 
one province with legislation in place at the time the analysis was conducted 
(i.e., Ontario) had school board policies that are potentially more supportive 
for managing life - threatening allergies at school  [67] . There is some expecta-
tion that other Canadian provinces will follow the example of Ontario, and in 
November 2009, Manitoba enacted similar legislation, creating safe school 
environments for anaphylactic children.   
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   19.3.6.2.    Other International Policies.     Strategies to protect children from 
anaphylaxis in school settings have also been implemented in countries that 
include the United States, the United Kingdom, and France. In the United 
States, there is no legislation addressing anaphylaxis in schools. Risk manage-
ment strategies rely on voluntary cooperation between parents and school. In 
contrast, regulation has been in place in France since 1999. The United 
Kingdom has chosen a middle ground between voluntary and legislative 
initiatives. 

 In the United States, federal law requires that all children receive a  “ free 
and appropriate public education. ”  This means that schools must provide a 
safe environment for students with life - threatening food allergies. While there 
were no national food allergy/anaphylaxis guidelines available at the time this 
chapter was written, many U.S. schools had adopted policies based on the 
experience and best practices of other schools throughout the country. 
Practically speaking, parents have to check with their state Department of 
Education to fi nd out if statewide food allergy management guidelines are in 
place for public schools. Next, they should determine whether their school or 
school board has established their own policies, even if there are no statewide 
guidelines. Most schools want to work with parents to develop a plan that will 
protect children against severe allergy incidents/anaphylaxis incidents. The 
school should have an Individualized Health Care Plan (IHP) and an 
Individualized Emergency Care Plan (IECP) for every student with a life -
 threatening food allergy. As a last resort, if the school is not cooperative, 
parents could possibly investigate Section 504 of the Rehabilitation Act of 
1973  [68] . Under this law, the school should not be able to refuse admission 
to a child because he or she has a food allergy. Further, the school should 
provide services and modify programs to ensure that the child can safely par-
ticipate in all school activities  [69] . 

 In the United Kingdom, the document  Managing Medicines in Schools and 
Early Years Settings  was published by the Department for Education and Skills 
and Department of Health in 2005  [70] . It sets out a framework within which 
local authorities, local health trusts, schools, and early years settings can work 
together to develop policies to ensure that children requiring medication 
receive appropriate support. This guidance was designed to help all schools 
and all early years settings and their employers support individual children 
with medical needs including food allergies. A range of issues are discussed in 
the guidance document, including medication policy; role and responsibilities 
of parents, employer, teachers, and other staff; safety management; healthcare 
plan; common conditions; and legal framework  [71] . 

 In addition, a document  Medical Conditions at School: A Policy Resource 
Pack  has been compiled by the Medical Conditions at School Group (a group 
of charities including Asthma UK and The Anaphylaxis Campaign) to comple-
ment  Managing Medicines in Schools and Early Years Settings . 

 In France, the enactment of safety regulations for food - allergic children in 
the school setting (public and private) by the French Ministry of Education 
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began in 1993. These regulations were completed and in effect by 1999. They 
recommended the development of a  “ Projet d ’ Accueil Individualis é  ”  docu-
ment (PAI) — a personalized care project. Practically speaking, schools cannot 
refuse to register a child with a PAI document (i.e., with a severe anaphylaxis). 
This document provides information about the child ’ s food allergy or allergies, 
including their severity and associated risks. It also provides information on 
symptoms displayed by the child at the beginning of a severe allergic reaction 
and the specifi c steps to be taken in case of emergency. Compilation of this 
type of preventive information requires collaboration between the allergist 
who establishes the diagnosis, the school physician, teaching staff, parents, and, 
depending on age, the child  [72] . 

 The PAI approach also includes written information about the signs of an 
allergic emergency and a protocol for use of (1) injectable epinephrine by the 
intramuscular route, (2) corticosteroids by mouth, and (3)  β  - agonists by inhala-
tion (as appropriate). This protocol is drafted by the child ’ s allergist or pedia-
trician. Subsequently, the request for implementation of the management plan 
is made by the family to the public health physician for the school. The man-
agement plan is countersigned by the school physician and the parents, for 
implementation by school offi cials  [72] . 

 Prior to this 1999 regulation, there was little use of PAIs in French schools. 
Since then, there has been a signifi cant increase of the use of PAIs for a range 
of childhood conditions including, for example, diabetes and non - food - related 
asthma, in addition to severe food allergy. In 2006, 45% of French schools used 
a PAI  [73] .    

   19.4.    DIETARY ADVICE DURING PREGNANCY AND LACTATION 

 The goal of primary prevention in the fi eld of food allergy is to lower the 
incidence of allergy in the general population by avoiding sensitization of 
people with a high risk of allergy, for example, those with a family history of 
atopy. Until the late 2000s, recommendations for the prevention of atopic 
disease in childhood were based on an antigen avoidance diet during preg-
nancy and/or lactation. As well, for children with a family history of allergy, 
the recommendation was to delay the introduction of potentially allergenic 
foods such as peanuts, tree nuts, and exotic fruits, sometimes until 3 years of 
age  [74] . For children with no family history of allergy, it was recommended 
that the introduction of solids be delayed until at least 6 months of age  [75] . 

 In 1998, following the advice from the Committee on Toxicity of Chemicals 
in Food (COT), the UK - FSA recommended that  “ women with a family history 
of allergy (herself or father or any sibling of the unborn child)  may wish to 
avoid  eating peanuts and peanut products during pregnancy and breast - feed-
ing and not introduce peanuts into their child ’ s diet before 3 years of age ”   [76] . 
In 2008, COT  [77]  indicated that the available evidence did not indicate clearly 
whether maternal consumption of peanut during pregnancy or lactation was 
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more likely to increase or decrease the risk of a child ’ s sensitization and allergy 
to peanut. The UK - FSA subsequently revised their recommendation as 
follows:  “ women who would like to eat peanuts or foods containing peanuts 
during pregnancy and breast - feeding  can choose to do so  as part of a healthy 
balanced diet, irrespective of whether their child has a family history of aller-
gies. Women should try to exclusively breast - feed their baby for the fi rst 6 
months of life. If mothers choose to start giving their baby solid foods before 
6 months, they should not introduce peanuts or allergenic foods (such as other 
nuts, seeds, milk, eggs, wheat, fi sh, or shellfi sh) before this time ”   [40] . 

 This offi cial position of the United Kingdom is consistent with international 
scientifi c recommendations published since 2007 concerning exposure to 
major allergens (not exclusively peanuts) during fetal life and early childhood. 
For example, until 2004, the recommendations of the American Academy of 
Pediatrics (AAP) were similar to those of the UK - FSA: to avoid peanut during 
pregnancy and lactation and to delay introduction of peanut to the diet until 
3 years of age. However, in a position statement published in 2008, the AAP 
indicated there was a lack of evidence regarding whether maternal dietary 
restrictions during pregnancy play a signifi cant role in the prevention of atopic 
disease in infants. While noting that more data are needed, they also indicated 
that it appears that antigen avoidance during lactation does not prevent atopic 
disease, with the possible exception of atopic eczema. Although solid foods 
should not be introduced before 4 – 6 months of age, at the present time, there 
is no convincing evidence that delaying solids (including foods considered to 
be highly allergic, such as fi sh, eggs, and foods containing peanut protein) 
beyond 4 – 6 months has a signifi cant protective effect against the development 
of atopic disease  [78] . 

 In 2008, the European Society for Pediatric, Gastroenterology, Hepatology 
and Nutrition (ESPGHAN) concluded that there was no convincing scientifi c 
evidence that avoidance or delayed introduction of potentially allergenic 
foods reduces allergies, either in infants considering at increased risk for the 
development of allergy or in those not considered to be at increased risk. They 
indicated that (1) exclusive or full breast - feeding for about 6 months is a desir-
able goal and (2) complementary feeding (i.e., solid foods and liquids other 
than breast milk or infant formula and follow - on formula) should not be 
introduced before 17 weeks (4 months) or after 26 weeks (6 months)  [79] . 

 Also in 2008, the section on Pediatrics, European Academy of Allergology 
and Clinical Immunology  [80]  concluded that there is no conclusive evidence 
for a protective effect of a maternal exclusion diet during pregnancy or lacta-
tion. They also indicated that the most effective dietary regimen for primary 
prevention of food allergies is exclusive breast - feeding for at least 4 – 6 months, 
or if breast milk is not available, the use of infant formulas with documented 
reduced allergenicity for at least 4 months, combined with avoidance of solid 
foods and cow ’ s milk during the same period  [80] . 

 In 1999, Canada published the  National Guidelines for the Childbearing 
Years . This guideline indicated that  “ until the effi cacy of a restricted diet during 
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pregnancy and lactation is known, routinely restricting the eating pattern of 
mother of infants at risk for allergy is not recommended. This could be 
attempted only when a previous offspring is severely allergic and the mother 
is strongly motivated to prevent sensitizing her unborn child. ”  In 2005, the 
Canadian Paediatric Society, Dietitians of Canada, and Health Canada pub-
lished an opinion on nutrition for healthy term infants. There were two sec-
tions to this document; both are available on the Health Canada website. 

 The fi rst section  [81]  addresses breast - feeding and indicates the following: 
 “ breast - feeding is the optimal method of feeding infants. Encourage exclusive 
breast - feeding for the fi rst 6 months of life, as breast milk is the best food for 
optimal growth. Breast - feeding may continue for up to 2 years and beyond. ”  

 The second section  [82]  addresses the introduction of solid food and indi-
cates the following:  “ introduce nutrient - rich complementary foods at 6 months 
to meet the infant ’ s increasing nutritional requirements and developmental 
needs. To prevent iron defi ciency, iron - containing foods are recommended as 
the fi rst foods. ”  

 Between 2003 and 2009, a number of authors concluded that eliminating 
food allergens (particularly peanuts) during pregnancy, lactation, and infancy 
has failed to prevent IgE - mediated food allergy  [75, 83, 84] . In terms of primary 
prevention of food allergy, it appears that rather than lowering the allergic 
burden by drastically limiting exposure to food allergens, it may be more effec-
tive to induce tolerance to food allergens  [85] . However, because a number of 
factors, including antigen properties, route of exposure, genetics, and age of 
the host, contribute to the development of oral tolerance  [86] , each infant 
should be considered as unique. The fi nal decision should be made by the 
physician in consultation with the parents. 

 In 2010, dietary advice to women who are pregnant or breast - feeding can 
include the following: 

  1.     Allergen avoidance during pregnancy and lactation is not 
recommended.  

  2.     The most effective dietary regimen for preventing food allergy is exclu-
sive breast - feeding for at least 4 – 6 months.  

  3.     Although solid foods should not be introduced before 4 – 6 months of age, 
there is no scientifi c reason to further delay their introduction.    

 As of 2010 a number of important knowledge gaps remain in this area: 
should solid food be introduced at 4 months or 6 months of age? Should this 
age be different for infants with and without a family history of food allergy? 
In terms of food allergy prevention, is there a specifi c order in which different 
types of solid food should be introduced? Until what age should exclusive 
breast - feeding be encouraged? Is there a  “ best way ”  to introduce foods with 
a high potential of allergenicity (e.g., peanuts)? At what age should such foods 
be introduced?  
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   19.5.    FOOD ALLERGY INCIDENT SURVEILLANCE AND 
REPORTING SYSTEM 

 Efforts have been made by several groups to establish reporting networks for 
 “ severe ”  food allergy incidents. These incidents are defi ned as encompassing 
reactions such as anaphylactic shock, laryngeal angioedema, severe asthma, or 
a systemic reaction requiring emergency medical treatment. Incident reporting 
is done by healthcare professionals (ideally physicians) with a specialization 
or a strong background in treating allergies. Declarations are sent to a coor-
dination center, where the information received is validated by a team of 
physicians with an expertise in food allergy. It is then entered in a database. 

 The information in the reporting declaration for each incident must be suf-
fi cient to 

  1.     allow for confi rmation of the existence of a food allergy (diagnostic 
elements),  

  2.     provide information concerning patient care (treatment), and  
  3.     facilitate subsequent access to information concerning the food/ingredi-

ent that the healthcare professional suspects to be the cause of the 
reaction.    

 This section discusses several examples of food allergy incident reporting 
systems currently in operation. It also reviews the potential benefi ts of such 
systems in supporting food allergy incident management and prevention. 
Finally, it provides an overview of a proposed Canadian network in early 
stages of development. 

   19.5.1.    French Food Allergy Surveillance Network 
(R é seau d ’ allergovigilance) 

 In 2001, the  “ R é seau d ’ allergovigilance ”  was created by French specialists in 
Internal Medicine, Clinical Immunology and Allergy at the Centre Hospitalier 
Universitaire of Nancy (Lorraine, France). Notably, this network is supported 
by the Agence Fran ç aise de S é curit é  Sanitaire des Aliments (AFSSA) — the 
agency responsible for conducting food risk assessments in France. The primary 
goal of this network is to collect data about severe food - related allergic inci-
dents, in support of public health decision making. 

 Membership in the  “ R é seau d ’ allergovigilance ”  is free and is accessible to 
all physicians in France with an expertise in clinical allergy. Network coordina-
tion is entrusted to three allergy residents (supervised by senior allergists) who 
review the completeness and accuracy of all submitted incident declarations 
and one analyst, who is responsible for the quality of electronic data transmis-
sion  [87] . 

 In January 2009, this network covered approximately 85% of France and 
included 425 allergists, or approximately one - third of all physicians practicing 
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in France with an expertise in clinical allergy. Forty percent (40%) of network 
physicians practice in hospitals, while 60% are in private practice (i.e., they 
operate private medical clinics). 

 The  “ R é seau d ’ allergovigilance ”  has three goals: 

  1.     To facilitate the reporting of severe cases of food - related incidents, in 
which there is anaphylactic shock or laryngeal angioedema or acute 
asthma, or a serious systemic reaction requiring emergency medical 
treatment;  

  2.     To gather and disseminate information pertaining to new risks (new 
foods or hidden allergens and any emerging allergen including those 
resulting from genetically modifi ed organisms [GMOs], once these food 
products are marketed);  

  3.     To participate in multicenter studies estimating the prevalence of rare 
or poorly understood food sensitivities especially if these are likely to 
pose a signifi cant health risk  [88] .    

 Physicians who are members of the network can download incident decla-
ration forms from the network website ( www.cicbaa.com ). Information that 
must be provided in each declaration includes how the information was 
gathered (e.g., in a hospital emergency department), age, gender, clinical 
aspects, suspected foods, emergency measures taken, allergy record (skin 
tests, bioassays, challenges, etc.), concomitant physical activity or physical 
exertion, and concomitant use of medications. Descriptive information con-
cerning the food believed responsible for the incident (e.g., the brand) is also 
requested. The data are reported anonymously, and the patient ’ s identity is 
known only to the physician who submits the declaration. The information in 
every declaration is verifi ed by the coordinating physicians. As necessary, 
further information is requested from the declaring physician (by telephone 
or  e - mail ). 

 Information on each reported incident is sent to all members of the network 
by  e - mail  within 1 week. Summary information is published every second 
month in a national publication called  Alim ’ Inter . Overall statistics are distrib-
uted once or twice a year to all members of the network  [89] . 

 Benefi ts associated with the use of such an incident surveillance system 
include the following: 

   •      The mechanism for submitting a declaration is considered  simple : the 
objectives of the network, as well as its operation, are easily understood 
by individuals who are not public health specialists.  

   •      The system is  acceptable  to the declaring physician, because fortunately, 
severe food allergy incidents are quite rare, constituting only a small 
component of a physician ’ s professional practice. Thus, the work involved 
in reporting does not represent an excessive physician burden.  
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   •      The system is  fl exible : replacement physicians can continue to submit 
declarations when the declaring physician is absent (illness, vacation, etc.). 
No specifi c training is required to use the system.  

   •      Implementation of this system is  inexpensive : declarations are submitted 
on a voluntary basis by e - mail, and physicians are not remunerated. Costs 
are associated only with the remuneration of a database manager and 
acquisition of basic computer equipment with Internet access. The coor-
dinating physicians who validate the reported incidents are salaried public 
service physicians.  

   •      As with any surveillance system, one of the most important characteris-
tics of the network is its signifi cant  reactivity . It allows for the rapid 
retrieval of information if a member physician deems this to be neces-
sary, and it allows for the rapid notifi cation of all members of the network 
(e.g., in the event of a warning pertaining to improperly labeled food 
product).  

   •      It is an  ongoing information gathering  system, which makes it possible to 
conduct selected cross - sectional investigations, insofar as the proposed 
study includes a limited number of questions (in order to not overburden 
the declaring physicians).  

   •      One of the network ’ s assets is the  quality of data  collected (validated by 
the coordinating physicians and including a telephone call or an e - mail 
request for clarifi cation if necessary).  

   •      It is easy to ensure a  feedback  for data collected by means of an annual 
statement that is sent to the members of the network by e - mail.    

 Some of the limitations of this network relate to the fact that it is voluntary, 
hence, based on the willingness of declaring physicians to participate. The 
system is also not considered representative of allergists practicing in France. 
Some regions (Corsica, Ardennes, etc.) are underrepresented, while others are 
overrepresented (e.g., Lorraine, where the coordination center is located). 
Because it is often the same physicians (the most motivated/involved) who 
submit declarations, there may be a signifi cant  selection bias  in the allergy 
incidents reported to the network. 

 In light of these limitations, data collected through this network cannot be 
used to estimate the incidence or the prevalence of severe food allergy inci-
dents at the national level. As well, even though it is a continuous reporting 
system, for the reasons discussed above, the network does not allow for the 
reliable identifi cation of time trends. This is because its priority is to focus 
specifi cally on severe food anaphylaxis incidents. On the other hand, its ability 
to rapidly disseminate information may enhance the effectiveness of inter-
ventions intended to prevent additional severe food allergy incidents associ-
ated with a reported food or food ingredient. This ability suggests that the 
network has a potentially important role as a public health tool.  
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   19.5.2.    Other Food Allergy Incident Surveillance Networks 

 Similar food allergy incident surveillance networks have been introduced in 
Sweden  [90] , Norway  [91] , and Germany. The latter consists of a unifi ed 
network of German language partners (including Austria and part of 
Switzerland)  [92, 93] . 

 Although some of these networks are quite new, and there are some differ-
ences between them (e.g., in terms of organization, limitations, benefi ts), they 
are all designed to contribute to the documentation of severe food allergic 
incidents. Discussions are currently under way to attempt to standardize the 
operation across these networks, as well as to lay the foundation for a single 
European food anaphylaxis network.  

   19.5.3.    Options for a Canadian Severe Food Allergy Incident 
Surveillance Network 

 Health Canada is currently investigating options for the development of a 
Canadian severe food allergy incident reporting network. Anticipated benefi ts 
of such a network include many of those discussed above as well as the 
following: 

  1.     Collection of information specifi c to Canadians and the Canadian diet. 
Whereas many cases of food allergy in Western countries are associated 
with eight food categories (milk, eggs, peanuts, nuts, wheat, fi sh, crusta-
ceans, soy), the specifi c food habits of a population are also an important 
determinant of the food allergies they experience. It is recognized that 
regional dietary habits determine the food allergies observed more fre-
quently; for example, rice allergies are more frequent in Japan, tomato 
allergies are more prevalent in Italy, and fi sh allergies are more common 
in Scandinavia. Reactions resulting from the consumption of peanuts 
and/or nuts are particularly common in the United States. 

 Since the focus would be severe food allergy incidents, information 
collected by this network could contribute to (1) the identifi cation of 
factors associated with the emergence of new food allergens (e.g., aller-
genicity of  “ novel ”  food products, increasing industrial use of an ingredi-
ent that was not commonly used in the past); (2) national and international 
efforts to increase understanding of the etiology of severe allergic reac-
tions to food; and (3) efforts to identify potential opportunities for pre-
ventive intervention in occurrence of an allergy incident and the exposure 
to a hidden allergen in the context of cross - contamination or errors in 
product labeling. Information can be conveyed very quickly over a 
network, and, therefore, larger - scale elimination measures would be pos-
sible within a very short time frame.  

  2.     If it is implemented from an epidemiological perspective (i.e., organized 
on a representative basis), this system would allow access to descriptive 
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information about food allergies in Canada. It could also support tar-
geted cross - sectional investigations, such as those involving a specifi c 
allergen or a specifi c risk management approach to prevention of severe 
food allergy incidents. Investigations could also focus on specifi c regions 
of the country and/or specifi c population subgroups.  

  3.     Development of such a surveillance network can be expected to provide 
the opportunity to create an interface across physicians, hospitals, and 
government organizations responsible for the prevention of severe food 
allergy incidents.  

  4.     A Canadian surveillance network that focuses on severe allergy incidents 
would make it possible to gather information about current Canadian 
procedures for the care and treatment of patients experiencing severe 
anaphylaxis. It could also contribute to the standardization of diagnostic 
procedures for severe food - related incidents across Canada.    

 For all of these reasons, a Canadian Network for Reporting Severe Food 
Allergy Incidents can be expected to make a signifi cant contribution to the 
establishment of a relevant, valid evidence base in support of public health 
and clinical decision making for the prevention of severe food allergy incidents 
among the Canadian population. 

 There are also a number challenges associated with the development of a 
Canadian Allergy Incident Reporting Network. These include the following: 

   •      Representativeness.     The main limitation of the French  “ R é seau 
d ’ allergovigilance ”  is the lack of representativeness of the collected data. 
This suggests that it will be important to consider a Canadian system that 
is more representative, for example, a network of sentinel physicians. An 
important consideration will be how to ensure that the number of sentinel 
physicians participating in the network is suffi cient to allow for the report-
ing of severe incidents that actually occur quite rarely.  

   •      Cost.     The French system  “ R é seau d ’ allergovigilance ”  is based on the 
voluntary participation of physicians with an expertise in clinical allergy. 
The physician coordinators are salaried French hospital employees (at 
Centre Hospitalier Universitaire de Nancy). For these reasons, the French 
network is inexpensive to operate. Although the Canadian healthcare 
system has some elements in common with the French system (notably 
free access to health care), in most Canadian provinces, physician remu-
neration is based exclusively on a fee - for - service system. As a result, 
remuneration for expert physician coordinators would be a network cost, 
making the operation of a Canadian network more costly than is the case 
for the French network.  

   •      Organization.     Canada is a federation in which healthcare delivery is the 
responsibility of provincial/territorial governments. Each province and 
territory has specifi c characteristics in terms of population density, medical 
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density, and eating habits. Consequently, it may be appropriate to organize 
the network on a province - by - province basis rather than nationally (cen-
tralization of collected data, as is the case in France).    

 In summary, there are many potential benefi ts to be derived from the devel-
opment and implementation of a Canadian severe food allergy incident 
reporting network. The data generated by this network can be expected to 
assist clinical experts and policy makers in the development of risk manage-
ment strategies to protect food - allergic consumers and prevent severe food 
allergy incidents. It can also be expected to contribute to subsequent evalua-
tion of the effectiveness of those risk management strategies selected for 
implementation.   

   19.6.    CONCLUSION 

 For those with food allergies, sensitivities, or intolerances, avoiding specifi c 
foods and ingredients is an important health challenge. An allergic individual 
coming into contact with an undeclared allergen in a food product may have 
symptoms that develop quickly and rapidly progress from mild to severe, 
including anaphylactic shock and death. Several national food regulators have 
developed regulation or legislation with the aim of strengthening allergen 
labeling requirements and ensuring that the most common food and food 
ingredients, which can cause life - threatening or severe allergic reactions (as 
well as gluten sources), are always identifi ed by their common names so that 
consumers can easily recognize them on food labels. Efforts are still under way 
to enact these rules and to develop the appropriate enforcement and compli-
ance policies. Analytical detection methods for food allergens will constitute 
a pillar for the implementation of control strategies, both for industry to 
comply with such requirements and for government to support its enforce-
ment strategies. Various initiatives are under way to enable improved coordi-
nation of efforts in harmonizing labeling requirements and their implementation 
internationally, where possible  [94] .  
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oils from, 278–279, 281
overview, 271–276, 273–274, 275
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transglutaminase, 344–345
translation issues, 184
travel, avoidance strategies and, 187–188
tree nuts, 289–331

allergenic proteins, 295–298
allergy prevalence, 54, 174, 290–291
alternatives to, 309–314, 310–311, 313
cross-reactive foods, 298–299
detection analysis for, 316–319, 318
“free from” processing guidelines, 

319–320
functional properties, 308–309
as hidden allergens, 314–316, 314
labeling standards, 40, 42
lists of, 53, 56, 57
as milk protein alternative, 224–225
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