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Abstract The term ‘fermentation’ refers to the catalytic transformation of 
organic substances by microbial enzymes. With reference to fermentation, 
homofermentative and heterofermentative processes are extensively used in 
the industry. Fermented milk is a product obtained by milk coagulation without  
subtraction of serum. The action of fermentative lactic acid bacteria (LAB)  
is required. Moreover, fermenting agents must remain vital until the time of con-
sumption. The synergic action of selected LAB may be extremely useful: indus-
trial yoghurts show peculiar chemical profiles with relation to lactic acid, main 
aroma components (diacetyl, acetaldehyde, etc.) and structural polymers such as 
polysaccharides. Different productive processes are available at present, depending 
also on the peculiar type of desired yoghurt.

Keywords Acetaldehyde · Acetoin · Acetone · Caseins · Diacetyl · Fermented  
food · Galactose · Glucose · Lactic acid bacteria · Polysaccharides

List of Abbreviations

ABE  Acetone–butanol–ethanol
D (−)  Dextrogyre
LAB  Lactic acid bacterium
LDB  Lactobacillus delbruekii subsp. bulgaricus
L (+)  Levogyre
MW  Molecular weight
ST  Streptococcus thermophilus
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The Modern Yoghurt: Introduction  
to Fermentative Processes
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1.1  Fermented Milks: The Peculiarity of Yoghurts

From the historical viewpoint, the preservation of several food products may be 
obtained with a remarkable improvement of the ‘perceived’ quality when fermen-
tative processes are used (Leroy and De Vuyst 2004). Actually, the chemical com-
position of original raw materials, also named ‘food ingredients’, is crucial. At the 
same time, fermentative processes should be used for improving microbiological 
profiles of preserved foods on the basis of marketing requests, consumers’ needs 
and regulatory issues. Anyway, the problem of food safety is the main requirement 
(Motarjemi 2002). As a consequence, fermentation is one of main techniques for 
the preservation of food commodities, but the management of many variables is 
required when speaking of fermented products.

Generally, fermented foods and feeds are subdivided as follows, depending on 
the origin of main ingredients. A not exhaustive list may be shown here (Campbell-
Platt 1995; Pyler 1973; Romano and Capece 2013; Tamime and Robinson 1999; 
Woolford 1984):

•	 Fermented milks—yoghurt, kefir, etc.—and cheeses
•	 Alcoholic beverages
•	 Fermented meats
•	 Baked foods such as bread, panettone, pandoro, pizza and cakes
•	 Fermented silages such as silage grass and fish silages.

It should be considered that a large part of ‘indigenous’ or ‘wild’ micro-
organisms— often simple contaminant microflora—may be used for fermenta-
tive purposes with acceptable results. In addition, some positive effect might be 
obtained in this way against pathogen bacteria in peculiar foods (Zhang et al. 
2011). However, there is no assurance that required organoleptic features are 
always obtained and with acceptable yields. On the other side, many health and 
hygiene concerns may be discussed.

For these reasons, the industry of fermentative processes has promoted the  
creation and the use of reliable starter culture: the capability of providing safe and 
predictable results with a broadened variety of food ingredients is the key of the 
success in this multifaceted sector (Leroy et al. 2006).

Basically, fermentative processes are managed by means of the correct use of 
following micro-organisms:

•	 Lactic acid bacteria (LAB) only. Fermented products: cheeses, yoghurts, 
 sausages, salami and silages.

•	 Yeasts only. Fermented products: alcoholic beverages
•	 Mixed cultures with LAB and yeasts in synergic association. Fermented products: 

some wine and baked foods, with the important exclusion of fermented milks.

One of the known and historical fermentative processes concerns the effective 
preservation of milks. Traditionally, the origin of milk fermentation in Europe is 
correlated to the appearance of nomadic peoples (Prajapati and Nair 2003). Other 
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examples are known in the ancient China (Liu et al. 2011) or the Eastern Africa 
(Dirar 1993). With exclusive relation to the diffusion of fermented milks in the 
European culture, nomadic people were used to preserve milks in containers made 
from the stomach of animals: the result of this ‘fermentative storage’ was a dense 
and acidic food.

In fact, the modern term ‘yoghurt’ or ‘yoghurt’ is a corruption of the original 
Turkish name: yoghurt (Prajapati and Nair 2003).

At present, the consumption of fermented milks is very common in many 
 populations with the whole Europe and in other regions. Two different yoghurt 
typologies may be roughly distinguished:

•	 Acid milks such as yoghurt and Kajmac (Jokovic et al. 2008).
•	 Acid–alcoholic milks. For example: kefir, russian and mongolian koumiss types. 

(Liu et al. 2011; Montanari et al. 1996).

The modern science of fermentation is recent: the conventional date should be coin-
cident with the identification of two main bacterial types—Lactobacillus delbruekii 
subs. bulgaricus and Streptococcus thermophilus—by the Ukrainian biologist  
E. Metchnikov at the end of nineteenth century. Because of the effective diversity 
between Caucasian and European shepherds with relation to the average lifespan, 
this scientist correlated the higher longevity of eastern animals with the peculiar 
diet and the abundant consumption of fermented milks (Pot and Tsakalidou 2009).

In 1906, the company ‘Le Ferment’ began to sell a fermented milk in France. 
The original brand name—Lactobacilline—was correlated with the use of selected 
LAB according to Metchnikoff’s suggestions and techniques. As a result, the ini-
tial success on the market of milk products allowed the word ‘yoghurt’ to enter in 
the common language: the Petit Larousse presented this term as a common word.

1.2  Fermentation and Processes

Generically, the term ‘fermentation’ refers to the catalytic transformation of organic 
substances, mainly carbohydrates, by enzymes of microbial origin (Cappelli and 
Vannucchi 1990). These modifications may represent some undesired alteration; on 
the other hand, the action of microbial enzymes by selected micro-organisms may 
be used for the safe and convenient production of food products. Table 1.1 shows a 
small selection of different life forms with industrial applications.

Industrial fermentative processes for food applications may be approximately 
subdivided in two categories:

(1) Homofermentative processes. The production of a single compound is 
obtained. For example: alcoholic fermentation; obtained product: ethyl alcohol

(2) Heterofermentative processes. Two or more final products are obtained. 
Example: the acetone–butanol–ethanol (ABE) fermentation can be used with the 
aim of producing acetone, ethyl, isopropyl and butyl alcohols (Park et al. 1989).

1.1 Fermented Milks: The Peculiarity of Yoghurts
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Fermentative micro-organisms can be bacteria or fungi. For example, several useful 
bacteria belong to Lactobacillus, Clostridium, Nitrobacter and Acetobacter genera. 
With reference to fungi, most known life forms with industrial importance are yeasts 
and moulds.

Environmental conditions affect the survival of micro-organisms and the duration 
of related fermentations; consequently, several fermentative processes may be stopped 
because of the inhibitive action of main fermentation products. For instance, the 
 alcoholic fermentation is stopped if the percentage of produced ethyl alcohol reaches 
14–16 %. Anyway, main fermentative processes are related to the transformation of 
carbohydrates. Five typologies may be described here as follows:

•	 Alcoholic fermentation
•	 Homolactic fermentation
•	 Heterolactic fermentation
•	 Propionic fermentation
•	 Butyric fermentation
•	 Oxidative fermentation
•	 Citric fermentation

1.2.1  Alcoholic Fermentation

This complex process is mainly carried out by yeasts such as Saccharomyces 
genus. Chemically, two different substrates may be fermented:

•	 D-glucose, also named dextrose, corn or grape sugar. Chemical formula: 
C6H12O6, molecular weight (MW): 180.16 g mol−1

•	 D-fructose, also named ‘fruit sugar’, levulose. Chemical formula: C6H12O6, 
MW: 180.16 g mol−1.

Table 1.1  A selection of fermentative micro-organisms for the production of yoghurts and other 
fermented foods (De Noni et al. 1998; Simpson et al. 2012)

Organism Type Main food applications

Saccharomyces cerevisiae Yeast Wines, beers, baker’s yeast, wheat and rye 
breads, cheeses, vegetables, probiotics

Saccharomyces bayanus Yeast Fermented milks
Streptococcus thermophilus Yeast Yoghurt, hard and soft cheeses
Lactobacillus bulgaricus sub.  

delbrueckii
Bacterium Yoghurt

Propionibacterium shermanii Bacterium Swiss cheese
Lactobacillus casei Bacterium Cheeses, meats, vegetables, probiotics
Gluconobacter suboxidans Bacterium Vinegars
Penicillium roquefortii Mould Gorgonzola cheese
Penicillium camembertii Mould Camembert and brie cheese
Aspergillus oryzae Mould Soy sauce, sake
Candida famata Yeast Meats
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These simple molecules can be found in grapes, barleys and wheats. However, the 
preventive hydrolysis of ring structures is required before the real fermentation 
process. For example, glucose is hydrolysed (glycolytic reaction) and the resulting 
pyruvate is decarboxylated to acetaldehyde. Subsequently, acetaldehyde is reduced 
to ethyl alcohol. Final products are ethyl alcohol and carbon dioxide. However, 
other by-products may be obtained: glycerine, various organic acids, etc.

1.2.2  Homolactic Fermentation

This process, mainly carried out by acid-forming Lactobacillus and Streptococcus 
bacteria, corresponds to the microbiological transformation of glucose to lactic acid 
by the reduction of pyruvic acid. Because of the high efficiency of the fermentative 
process, the homolactic strategy is useful for the preparation of yoghurts, the ripen-
ing of cheeses and the preservation of several vegetables (Fleming et al. 1985).

1.2.3  Heterolactic Fermentation

Differently from homolactic fermentation, this process is not specific with reference 
to final products: lactic acid, ethyl alcohol and carbon dioxide are obtained at the 
same time (fermented substrate: glucose). This time, involved bacteria belong to 
Leuconostoc genus. Most known and studied applications concern the production of 
acid–alcoholic milks such as kefir (Lyck et al. 2006).

1.2.4  Propionic Fermentation

This process is carried out by Propionibacterium micro-organisms. The initial  
substrate is lactic acid, and final products are propionic acid, acetic acid and carbon 
dioxide. Because of the notable production of volatile acids, the propionic fermentation 
is mainly used for the ‘maturation’ of Emmentaler cheeses (Benjelloun et al. 2005).

1.2.5  Butyric Fermentation

Actually, this process is not desired in the industry of fermented and normal 
products because of the occurrence of unpleasant and unwanted substances. For 
example, the so-called delayed swelling of some cheese is considered such an 
important alteration (McSweeney 2007). Involved micro-organisms are butyric 
bacteria including Clostridium tyrobutiricum in particular. The end product of this 

1.2 Fermentation and Processes
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fermentation is butyric acid, but other compounds—acetic acid, carbon dioxide 
and hydrogen—are also obtained. The fermentative pathway concerns the initial 
glycolysis of glucose with the production of two pyruvate molecules (Sect. 1.2.1). 
Subsequently, pyruvates are turned into acetyl coenzyme A by means of an enzy-
matic oxidative process. Finally, acetyl coenzyme A is converted into butyryl 
phosphate after a four-step enzymatic reaction (Duncan et al. 2002).

1.2.6  Oxidative Fermentation

This multifaceted process can be carried out by either obligate or facultative 
aerobic micro-organisms in presence of oxygen. The oxidation of the peculiar 
substrate gives the final production of carbon dioxide and water, although dif-
ferent products may be obtained if the demolition is partial. An example is the 
conversion of ethyl alcohol to acetic acid by the action of Gluconobacter and 
Acetobacter micro-organisms. This transformation, normally associated with the 
production of vinegar, can occur spontaneously in wines when the absence of oxy-
gen is not assured.

1.2.7  Citric Fermentation

This peculiar type of fermentation is carried out by Aspergillus niger. The process 
is usually observed in soils with remarkable amounts of carbohydrates; however, 
the quantity of trace elements such as iron, copper and anions like phosphates 
should be negligible. In these conditions, the Krebs cycle is altered with the con-
sequent accumulation and excretion of citric acid (Max et al. 2010). The notable 
yield of produced citric acid has determined the wide use of this pathway in the 
industry (Roukas 1991).

1.3  Fermented Milks and Yoghurts

At present, fermented milk products may correspond to a wide variety of  different 
typologies, depending on the result of environmental conditions, used micro- 
organisms and productive processes. The common point is the demonstration of an 
intense lactic fermentation due to the development of LAB into milks. Maybe, the 
association of LAB with other co-fermenting life forms—yeasts, acetic acid bacteria 
and moulds—is observable with different results. However, fermented milks should 
maintain a constant and acceptable quality from the viewpoint of normal consum-
ers when fermentative processes are pre-designed with the aim of producing a small 
number of end products, mainly lactic acid.
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By a general viewpoint, fermented milk is a product obtained by milk coagulation 
without subtraction of serum (Corradini 1995). The action of fermentative micro-
organisms is required and should exclude other coagulating or gelling processes. 
Anyway, fermenting LAB must remain vital until the time of consumption. The 
classification of fermented milks can be made on the basis of fermenting microbes 
(Corradini 1995):

•	 Thermophilic acidic milk. The main product of fermentative reactions is lactic 
acid. Required thermal range for fermentation is 37–45 °C

•	 Mesophilic acidic milk. The main product of fermentative reactions is lactic 
acid. Required thermal range for fermentation is 20–30 °C

•	 Acidic alcohol milk. Main end products of fermentative reactions are lactic 
acid, ethyl alcohol and carbon dioxide. Required thermal range for fermentation 
is 15–25 °C.

Among these categories, the group of thermophilic acidic milks has been con-
stantly evolving in last decades with a remarkable augment of market revenues. 
The first and probably best known sub-type of thermophilic acidic milks appears 
to be the ‘European’ yoghurt. Interestingly, the diffusion of yoghurts is now 
observed worldwide in spite of the ‘regional’ tradition of the ancient yoghurt food 
(Sect. 3.1).

Yoghurt, also named ‘yogurt’, is a product made from heat-treated milk. It has 
to be considered that the original ‘raw material’ may be homogenized before the 
addition of LAB cultures containing Lactobacillus bulgaricus and Streptococcus 
thermophilus (Chandan and Kilara 2013). Similarly, yoghurt can be defined as the 
product of the lactic fermentation of milks by addition of a starter culture, with the 
consequent decrease of pH to 4.6 or lower values (Tamime 2002). By the view-
point of industrial processors, yoghurts can be subdivided into two types.

First of all, a ‘set-style’ yoghurt is made in retail containers with the necessity 
of giving a continuous and undisturbed gel structure in the final product (Tamime 
and Robinson 1999). On the other hand, the ‘stirred’ yoghurt has a delicate  
protein-made gel structure: this network is reported to develop during fermenta-
tion (Benezech and Maingonnat 1994). With exclusive relation to stirred yoghurt 
manufacturing processes, gel networks are disrupted by stirring before mixing 
with fruit; subsequently, the stirred fluid is packaged. Stirred yoghurts should have 
a smooth and viscous texture (Tamime and Robinson 1999). In terms of  rheology, 
this food corresponds to a viscoelastic and pseudoplastic product (De Lorenzi  
et al. 1995).

The matter of texture can be used as a discriminator feature: yoghurts are 
 available in a number of textural—liquid, set, and smooth—types. In addi-
tion, commercially available yoghurts may be present with different amounts of 
declared fat contents. Finally, the possibility of flavour additives can suggest the 
production of ‘natural’, fruit- and cereal-enriched products.

On the other side, yoghurts may be consumed alone, as a snack or part of a 
complex meal, as a sweet or savoury food. They can be used from starters to 
 desserts, from meat or fish dishes with the aim of innovating culinary traditions.

1.3 Fermented Milks and Yoghurts

http://dx.doi.org/10.1007/978-3-319-07377-4_3
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Differently from other food commodities of the recent—and not industrialized— 
past, yoghurts are virtually available during the whole year without scarcity peri-
ods. This versatility and the recognized acceptability as a healthy and nutritious 
food have progressively determined the widespread popularity of this peculiar fer-
mented milk across all population subgroups (McKinley 2005). The resting part of 
fermented milks is apparently multifaceted: these products may be defined as non-
traditional foods, made by means of homofermentative processes and microbial 
strains, with relatively high optimum temperatures. With concern to these foods, it 
should be also clarified that used microbial cultures are used singularly or in combi-
nation between them and in association with mesophilic strains also (thermal range: 
20–30 °C).

Basically, the general ‘lactic’ term means all food preparations with the 
 presence of selected bacteria. These life forms should be recognized able to 
 rebalance the intestinal microflora (Savini et al. 2010) and produce specific inhibi-
tory substances (bacteriocins) and other metabolites that are also active towards 
pathogenic micro-organisms (Flynn et al. 2002).

By the consumeristic viewpoint, the commercial success of fermented milks 
seems to be correlated with the well-known ‘sour taste’. In other words, fermented 
foods appear refreshing in taste and greatly appreciated in hot climates. Similarly 
to bottled colas and fruit juices, several of these products may also show peculiar 
features: a famous example is the Caucasian kefir because of the known efferves-
cence and other co-factors: notable homogeneity, creaminess, etc. (Simova et al. 
2002). For these reasons, the penetration of fermented milks appears to be virtu-
ally extended without boundaries because of the number of different types, combi-
nations and presentations.

The global yoghurt market is expected to surpass $67 billion by the year 2015 
(Global Industry Analysts 2010). The above-mentioned prediction is also favoured 
by the increasing popularity of yoghurts as functional foods. The rapid growth of 
the global dairy industry is attributed mainly to the advent of functional products: 
features such as low-sugar, low-fat, cholesterol-lowering and favourable impacts 
on the digestive health appear to be convincing and attractive arguments. Precise 
marketing strategies need reliable technologies and the profound knowledge of 
chemical transformations in the initial raw material, intermediates and the final 
product. Consequently, a chemical perspective is needed.

1.4  Features of Lactic Microflora in Yoghurts and Related 
Chemical Profiles

The LAB heterogeneous group is able to ferment various substrates with the 
consequent production of numerous products of interest for the food industry. 
Basically, these micro-organisms have following general features.

LAB are definable as Gram-positive, catalase-negative bacteria with dif-
ferent shapes and associations (Stiles and Holzapfel 1997). They may be found 
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arranged in chains of two or more elements; generally, there is no risk of suspect 
 pathogenicity. These life forms can grow up on culture media as small and colour-
less colonies. From the nutritional viewpoint, LAB are well known for their lim-
ited biosynthetic capacity: as a result, a considerable bioavailability of vitamins, 
amino acids and nitrogen bases is needed. Moreover, LAB are generally unable to 
reduce nitrate ion to nitrite with some peculiar exception.

With relation to environmental conditions, LAB are recognized as 
 oxygen-tolerant anaerobic bacteria: the necessary energy is obtained through the 
phosphorylation of the substrate. For this reason, LAB show a fermentative energy 
metabolism and are able to produce lactic acid from one or more carbohydrates 
through the homolactic or heterolactic way. According to the Bergey’s Manual of 
Systematic Bacteriology, the classification in subgroups is justified on the basis 
of the preferred or demonstrated fermentative pathway (Kandler and Weiss 1986; 
Schleifer 1986):

(a) Obligated homofermentative bacteria. Glucose is entirely transformed into 
lactic acid via the Embden–Meyerhof glycolytic pathway

(b) Facultative heterofermentative bacteria. These life forms are homofermentative 
bacteria with the ability of encoding an inducible phosphoketolase (Lindgren 
and Dobrogosz 1990). On these bases, they are able to ferment pentoses with 
the production of lactic and acetic acids. On the other side, hexoses are fer-
mented in the homolactic way

(c) Obligated heterofermentative bacteria. These life forms do not have a key 
enzyme in the glycolytic pathway (targeted molecule: fructose 1,6-diphos-
phate). For this reason, they are accustomed to ferment glucose according to 
the 6-phosphogluconate way with production of lactic acid in equimolar ratio, 
carbon dioxide and ethyl alcohol or acetic acid.

Optimal thermal ranges for growth vary from 15–20 °C to 40–45 °C. Actually, 
some species is known to grow at 4 °C while other micro-organisms may arrive 
up to 50–55 °C. In addition, the resistance to thermal treatments (pasteurization) 
has been observed in several ambits and foods (Franz and Von Holy 1996). The 
presence of LAB in raw milks and derivatives is explainable because of the adapt-
ability in a variety of environments, from vegetables to the digestive tract of some 
mammals. As a result, soils and superficial waters may be found with living LAB 
because of the prior contamination from animals or plants.

The industrial importance of LAB in the industry of fermented foods is depend-
ent on the demonstrated ability to produce various useful substances (Buckenhüskes 
1993). In general, the use of LAB is widely observed and reported with concern 
to the industrial and artisanal production of cheeses (including industrial curds for 
subsequent reworking), fermented milks, meats, fermented silages and vegetables 
and bakery (Foschino et al. 1995; Ottogalli 2001; Volonterio Galli 2005).

As already mentioned, yoghurt is the combined result of the development of 
Streptococcus thermophilus (ST) and Lactobacillus delbruekii subsp.  bulgaricus 
(LDB). These LAB are thermophilic homofermentative micro-organisms: the 
result of the whole fermentative process is exclusively lactic acid.

1.4 Features of Lactic Microflora in Yoghurts and Related Chemical Profiles
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Differently from other opportunistic associations, the synergic interaction between 
ST and LDB is extremely efficient: when speaking of yoghurts, the acidification of 
the food medium (raw milk) is concomitant with the formation of new aromas. This 
element is extremely important because of (a) the commercial and technical classifi-
cation of the fermented product and (b) the production of polysaccharides.

The role of streptococci and lactobacilli in the yoghurt manufacture can be 
summarized as follows: (a) milk acidification, (b) synthesis of aromatic com-
pounds and (c) development of desired texture and viscosity. The evaluation of the 
final aroma is generally based on the production of acetaldehyde, a major aromatic 
compound of yoghurt, whereas the thickening character is based on measurements 
of milk viscosity (Bouillanne et al. 1980; Zourari et al. 1992).

The above-mentioned synergicity of streptococci and lactobacilli is well dem-
onstrated with reference to the production of aldehydic compounds: associated 
ST and LDB can produce more acetaldehyde than the sum of produced amounts 
by separate fermentations. It has been reported that the synergistic association 
can produce 22–25 ppm of acetic aldehyde after 4 h of incubation, while LDB is 
able to obtain only 10 or 11 ppm in the same condition and ST does not exceed 
3.0 ppm (Battistotti and Bottazzi 1998). Anyway, the content in acetaldehyde 
appears to range from 20 to 50 ppm: in addition, it seems to remain typically 
constant during the storage of fermented products. Acetic aldehyde is gener-
ally associated with 1–4 ppm of produced acetone, 2.5–3.5 ppm of acetoin and  
0.5–1.0 ppm of diacetyl when speaking of commercial yoghurts.

With reference to the above-mentioned synergicity, the activity of specific 
enzymes for acetaldehyde and other catalytic reactions appears similar when 
the two different micro-organisms are compared (Battistotti and Bottazzi 1998). 
Interestingly, the observed absence of the enzyme α-carboxylase in both micro-
organisms has suggested that acetaldehyde cannot be derived by pyruvic acid—
this is the normal fermentative way—while the enzymatic activity of threonine 
aldolase is reported for LDB. Finally, the stability of acetic aldehyde during the 
storage period of yoghurt seems to be dependent from the absence of the enzyme 
alcohol dehydrogenase in both species.

On the other side, the use of Lactobacillus acidophilus, probiotics such as 
 ‘acidophilus milk’ and related preparations appears unsatisfactory with relation to 
obtained aromas: in fact, the quantity of the produced acetaldehyde (and the con-
sequent flavour) is very low or negligible when used species have alcohol dehy-
drogenase, differently from LDB.

The main role of ST and LDB in the yoghurt manufacture concerns the acidifi-
cation of milks by means of the production of lactic acid from lactose. It is known 
that main milk proteins—caseins—tend to make notable agglomerations start-
ing from a pH of 5.2–5.3 at room temperature. The best coagulating effect occurs 
when the isoelectric point of casein is reached (pH 4.6): in these conditions, dis-
persed casein micelles can make good agglomerations depending on environmental 
conditions—minimum temperature: 10 °C—because of the deficiency of calcium 
phosphate. Actually, the ratio between soluble salts and the insoluble calcium 
phosphate seems to have a decisive influence on the coagulation of gel networks.
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The pH of milk can reach 4.8–5.0 log units at temperatures of about 30 °C by 
addition of acidic solutions and/or by means of the simple lactic acid fermenta-
tion. As a consequence, low pH values cause the decrease of the ionization of acid 
functions on caseins and the reduction of measurable redox potentials. In other 
terms, the solubility of calcium salts in the aqueous matrix of the milk is notably 
favoured and increased when pH is lowered. Because of the original placement of 
calcium ions on the surface of phosphocaseinate micelles, casein chains gradually 
suffer a remarkable demineralization: 50 % of colloidal calcium is dissolved when 
pH ranges from 5.7 to 5.8. It should be noted that visible textural modifications 
of rheological features are generally observed at this point (Trejo 2012) while the 
dissolution of calcium ions becomes complete at pH <5.0. Probably, the associa-
tion between proteins appears to be mainly caused by saline bonds when pH is 4.6 
(Lucey and Fox 1993).

A profound disorganization of casein micelles is produced during the acidifi-
cation process with the concomitant modification of spatial arrangements. An 
important neutralization of electric charges is verified at the isoelectric pH with 
the progressive decrease in hydration: this complex series of physicochemical 
variations determines usually the insolubilization of caseins. The final clot can be 
seen as an aggregate of solubilized proteins absorbed in their aqueous matrix; the 
great fragility of the lactic acid clot is caused by the electrostatic and hydrophobic 
nature of existing bonds in the micellar state. Three main factors seem to influ-
ence the nature of the acidic clot: the clotting temperature, the rate of acidification 
and the concentration of proteins. The higher the amount of caseins, the higher the 
consistency of the resulting mass.

The rate of acidification is crucial for the structure of the clot: rapid or very 
rapid rate values lead to an unstructured and flocculent clot, while slow acidifica-
tion appears to determine a properly structured mass.

Fundamental differences between acidic clots obtained by acidification can be 
explained in this way: anyway, viscous masses may be obtained by adding mineral 
substances or organic acids in high concentration to the original milk. Should the 
first approach be used, the resulting clot would be usually fragile but uniform; in 
the second situation, the isoelectric point will determine the remarkable collapse 
of proteins with the consequent release of water. Actually, the mechanism is not 
completely known at present by the chemical viewpoint: it may be inferred that 
the main critical factor is the time of acidification. This quantity is definable as the 
required time in the fermentation process for the production of minimal amounts 
of lactic acid and the consequent displacement of calcium ions without the clear 
alteration of electrical and hydrophobic micellar charges.

On the other side, the phenomenon of the acidic transformation of proteins 
can prevails on the observable shift of mineral salts when concentrated acids are 
massively added: as a consequence, casein micelles tend to flocculate irreversibly 
(Tuiner and De Kruif 2002).

Anyway, lactic acid reduces the pH of the milk and causes the progressive solu-
bilization of the micellar calcium phosphate. In other terms, the demineralization 
and the destabilization of casein micelles are produced with the consequent and 
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complete precipitation of caseins in a pH range between 4.6 and 4.7 (Fox 2008). 
In addition, lactic acid is critical with relation to sharp, acid tastes and the result-
ing aroma of produced yoghurts.

On the other side, the excessive acidification may affect organoleptic proper-
ties of the final product. This undesired failure may depend on used LAB strains, 
lactobacilli above all (Accolas et al. 1977; Bouillanne et al. 1980). With relation 
to the homolactic fermentation of lactose, two optically active isomeric forms 
of lactic acid are obtained: the levogyre L (+) structure is produced by ST and 
the dextrogyre D (−) form is obtained by LDB. It should be also noted that the 
development of the two species in yoghurts is also influenced by the availability 
of formic acid. The ratio between the two forms in the racemic mixture depends 
on the intensity of development of the two bacterial species, although the accu-
mulation of the levogyre isoform by some lactobacilli may induce a specific race-
mase. Should this situation be verified, the conversion of the levogyre structure in 
the dextrogyre isoform would be observed until the final equilibrium is obtained 
(Narayanan et al. 2004) (Fig. 1.1).

Generally, the amount of L (+) lactic acid is between 50 and 60 % of the race-
mic mixture. The total concentration of this acid in yoghurts appears to be in the 
0.7–1.2 % range, while pH values are between 3.9 and 4.2 (De Noni et al. 1998).

With relation to first steps of the homofermentative process, the initial sub-
strate—lactose—is transported into cells by means of a dedicated permease. The 
subsequent and absolutely needed step is the hydrolytic separation of the disac-
charide in glucose and galactose by the specific β-galactosidase. The glucose is 
rapidly phosphorylated, turned into two triosephosphates by means of the aldolase 
enzymatic system and finally converted to pyruvic acid according to the simple 
glycolytic way (Sect. 1.2.1). Pyruvic acid is finally turned into lactic acid by the 
specific lactate dehydrogenase enzyme. On the other side, galactose is discharged 
outside the cell without fermentation (Battistotti and Bottazzi 1998).

With reference to industrial and artisanal yoghurts, another aspect of techno-
logical interest concerns the production of polysaccharides. In fact, LAB spe-
cies such as ST and LDB can produce polysaccharides when developed in milk: 
chemically, the structure of these carbohydrates is based on galactose and glucose. 
Produced amounts are reported to be higher when LAB synergic species are in 
association: 800 mg/l of milk, while ST can produce up to 350 mg/l and LDB may 
arrive to 425 mg/l depending on the peculiar strain. The importance of polysaccha-
rides is purely structural because polymers are obtained in form of filaments: these 

Fig. 1.1  Optically active isomeric forms of lactic acid: L (+) and D (−) structures. BKchem  
version 0.13.0, 2009 (http://bkchem.zirael.org/index.html) has been used for drawing this structure

http://bkchem.zirael.org/index.html
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quasi-linear structures can bind cells together. Consequently, clots of coagulated 
casein may finally show appreciable resistance against syneresis—the expulsion of 
fluid masses or whey from a structured but chaotic network—and the consequent 
uniformity (Everett and McLeod 2005).

The production of polysaccharides is influenced by many factors, including 
temperature; generally, 0.2 % of the total weight is composed of polysaccharides 
after 10–15 days in commercially available yoghurts. This concentration has a 
positive effect on the structure of the product that appears smooth and fine on the 
palate (Battistotti and Bottazzi 1998).

1.5  Industrial Yoghurts: Preparation of Milks

By the commercial viewpoint, yoghurt types may be identified as follows 
(Sect. 3.1):

•	 White yoghurts. Ingredients: milk with the possible addiction of milk creams
•	 Dessert-type yoghurts. These products contain also fruit pieces, puree or juice, 

herbs or other ingredients: sugar, cereals, cocoa, malt, chocolate, royal jelly, 
honey, coffee and other vegetable juices

•	 Enriched yoghurts. In other words, these foods are ‘plain’ (white) or dessert-
type yoghurts with mineral substances, vitamins, oligosaccharides, fibres and/or 
other functional ingredients or probiotics.

Generally, these yoghurts are produced in skim or whole types depending on 
the fat content in the finished product up to 1 % or more than 3 %, respectively. 
However, partially skimmed products can be prepared.

Basic ingredients, used milks above all, have to be carefully evaluated before the 
production. First of all, the complete absence of residues of antibiotics and detergents 
has to be confirmed because of the known sensitivity of LAB even at low levels of 
contamination. In detail, the presence of synthetic detergents and antibiotics can 
determine the dangerous slowdown of the lactic fermentation with consequent low 
acidification. Another possible danger is the excessive extension of processing times.

Therefore, milks containing antibiotic residues or detergents are generally 
avoided for the production of yoghurts. Moreover, the amount in proteins in the 
original milk is extremely important: high values contribute significantly to the 
formation of creamy and syneresis-resistant yoghurts (Tamime and Robinson 
1999). It may be inferred that processing costs depend strongly from the amount 
of proteins in the intermediate clot: this number should be ranged between 3.8 and 
3.9 %. For this reason, the basis should be an initial concentration of nitrogen-
based molecules between 3.0 and 3.4 %.

Even the microbiological quality must be excellent, especially with concern to 
the estimation of heat-resistant micro-organisms and spores. In fact, high micro-
bial contaminations are often associated with the presence of enzymes capable 
of producing sensorial and textural alterations. The development of psychotropic 
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microflora such as Pseudomonadaceae can be considered the cause of the detection 
of thermostable proteases and lipases: these enzymes may be not inactivated after 
normal heat treatments (De Noni et al. 1998). Should this situation be verified, the 
following proteolytic degradation could determine the alteration of creamy textures 
with consequent serum separations. In addition, rancid tastes may be observed after 
the hydrolysis of triglycerides. Proteolytic enzymes may also result from the lysis 
of somatic cells. For these reasons, the recommended level should be <300,000 
cells/ml (De Noni et al. 1998; Ruegg 2005).

Finally, the absence of bacteriophages is highly recommended: these life forms 
may be highly resistant against sanitization procedures. Clearly, should their pres-
ence be demonstrated in the initial milk, the fermentative pathway could be com-
pletely modified in comparison with predictable reactions and obtained results, in 
terms of pH, acidification and production of polysaccharides.

After the selection and usual quality controls on raw milks, the subsequent step 
is the pasteurization of a mixture consisting of milk and added fats, proteins, sugar 
or other ingredients (where possible). This mixture is then inoculated with spe-
cific LAB culture: the fermentation process can finally be carried out. Obtained 
yoghurts may receive the addition of flavourings, fruit preparations and other food 
additives for specific functions (Sect. 3.1).

It has to be considered that raw milks cannot be used immediately: first of 
all, a sort of physical removal of foreign substances has to be conducted by mild 
centrifugation. This process is apparently preliminary and without chemical con-
sequences: however, the centrifugation should be carefully performed because of 
possible risks in subsequent steps.

In fact, ‘purified’ milks cannot be pasteurized without the preliminary correc-
tion of fat contents through a complete skimming and the addition of fatty creams. 
At the same time, this correction determines the quantitative variation of proteins 
and the final consistency of intermediate milks: the aim is substantially corre-
lated with the necessity of producing stable creams without phase separations and 
syneresis (expulsion of whey).

As a result, lipids can vary between 0.1 % and 3.0–3.5 % in low-fat and whole 
yoghurts, respectively (Tamime and Robinson 1999). Other additions are pos-
sible before pasteurization: for instance, the preparation of sweetened—fruit or 
flavoured—yoghurts may require the use of artificial sweeteners, glucose and fruc-
tose (grape sugar), fructose only, etc. (Sect. 3.1).

The amount of added substances and food additives may depend on the sweet-
ness, also defined sweet power, of used sugars: anyway, it should not exceed 
10 %. In fact, the development of LAB cultures in milks and consequent acidifi-
cation rates may be notably slowed down due to excessive concentration of dis-
solved sugars and resulting osmotic pressure values (Dalla Rosa and Giroux 2001; 
Tamime and Robinson 1999).

With exclusive concern to the problem of tastes, the glucidic content in com-
mercial yoghurts is generally determined by the detectable amount of sugars in 
semi-finished fruits and the expectation of normal consumers. Ingredients such as 
malt, cocoa and cereal flours may be also added; the same thing can be affirmed 

http://dx.doi.org/10.1007/978-3-319-07377-4_3
http://dx.doi.org/10.1007/978-3-319-07377-4_3
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when speaking of pre-biotic substances such as inulin, a polysaccharide of  
vegetable origin with the interesting property of favouring the colonization of use-
ful microflora in the human intestine. These constituents are added with the aim 
of promoting the efficient dissolution in subsequent processing steps—heating and 
homogenization—before pasteurization (Tamime and Robinson 1999). During 
this step, the milk can also be vigorously agitated without causing damage to clot 
structures: on the other side, above-mentioned ingredients might be added at the 
end of fermentation, and the continuous agitation could be dangerous in this step.

After the addition of sugars at least, the protein content of raw milks is also 
corrected for promoting good resistance to syneresis and acceptable rheological 
properties for the resulting product (Tamime and Robinson 1999). Generally, the 
content of proteins in the final yoghurt should be ranged between 3.8 and 3.9 % by 
means of milk concentration or the simple addition of proteins to the original raw 
materials. The first system—water evaporation—is carried out by heating the mix-
ture up to 75–90 °C under vacuum: 15–20 % of the total quantity of water can be 
removed in this way. On the other hand, it should be remembered that rheological 
properties of yoghurts are also correlated with fat and protein contents; as a result, 
the adequate consistency should be obtained when fat content is <0.5 %, and the 
amount of proteins is similar to 5.0 %. For these reasons, 35–40 % of the initial 
water in raw milks should be eliminated (Tamime and Robinson 1999).

However, the process of evaporation may be expensive if above-mentioned 
objectives are compulsory: consequently, the concentration is often obtained by 
ultrafiltration. Alternatively, the second approach—the simple addition of dried 
milk proteins—is used.

Substantially, ultrafiltration is performed by means of the use of membrane fil-
ters with pores of fixed dimensions: the principle of the procedure aims to filter 
and eliminate inorganic ions, organic acids and lactose by simple size exclusion, 
similarly to the chromatographic technique of size exclusion (Fig. 1.2).

Anyway, the result of milk correction is a complex biphasic mixture: an 
agglomeration of fat matters and proteins—the retentate—is dispersed in the so-
called permeate, the aqueous solution of salts and various sugars. However, the 
expected loss of calcium and phosphorus is related to the soluble fraction: about 
60 and 50 % of original calcium and phosphorus contents, respectively, are still 
bound to casein chains and consequently ‘blocked’ in the retentate (McMahon 
and Oommen 2013; Uricanu et al. 2004). Milk proteins can be added as mixed 
dried powders, rennet caseins, whey powders and ultrafiltered proteins. In par-
ticular, whey powders and ultrafiltered milk proteins are certainly more expensive 
than powdered milk or caseinates: on the other side, their addition allows to obtain 
excellent products with concern to the final creaminess.

By contrast, the addition of protein powders is always associated with the often 
perceived sensation of ‘grittiness’: this defect is determined by the incomplete dis-
solution of powders into the final medium. The same failure can be observed in 
other dairy products. It can be affirmed that evaporation or ultrafiltration do not 
show similar defects: in detail, vacuum evaporation is the best procedure because 
of good results with reference to the milk ‘normalization’ or correction; moreover, 
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the concentration of air in the milky mixture is remarkably reduced (Tamime and 
Robinson 2007) with the consequent increase in lactic acid by LAB fermentation. 
Other advantages are related to:

•	 The necessity of avoiding the germination of Bacillus spores during the 
fermentation

•	 The formation of more homogeneous clots
•	 The remarkable reduction of oxidative processes on certain vitamins
•	 The elimination of short-chain fatty acids and other substances may confer 

abnormal tastes and aromas to the final yoghurt.

Consequently, the minimization of air bubbles in the milky mixture is compulsory 
and required (Tamime and Robinson 1999–2007).

After correction, the complex mixture has to be homogenized with the aim of 
reducing the size of fat globules during the fermentation. The homogenization 
determines also the interaction between triglycerides and proteins on the one side 
and phospholipids on the other side; last molecules are obtained from the rupture 
of fat globules. The hydrophilicity is notably increased in spite of the hydrophobic 
nature of fats; as a consequence, the intermediate clot tends to be resistant against 
syneresis and the danger of increased creaminess. In addition, the augment of 
globular surfaces after homogenization determines also the peculiar white colour 
of clots because of the enhanced light reflection (Petridis et al. 2013).

With reference to this aspect, it should be also remembered that the milky  
mixture contains still a remarkable amount of calcium ions with added light 

Milk
Flow 

Retentate 

Permeate 

Permeate 

Fig. 1.2  The process of ultrafiltration for the production of yoghurts. Milky mixtures are forced 
to pass through membranes filters. The procedure aims to filter and eliminate inorganic ions, 
organic acids and lactose by simple size exclusion, similarly to the chromatographic technique of 
size exclusion
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reflection. The same phenomenon is visible on the surface of certain cheeses 
(Parisi et al. 2009).

After homogenization, the subsequent step is the pasteurization of milky  
mixtures at 85–90 °C (time: 10–30 min) by means of heat exchangers or ‘shell 
and tube’ plates. Heat treatments have two main roles: the first and well-know 
reason is naturally the necessity of eliminating contaminant and pathogen agents. 
However, all possible thermal processes can also produce several modifications 
of microbiological and physicochemical profiles: these variations may be useful 
when milky mixtures have to be subjected to fermentation and preservation tech-
niques. A selection of thermal effects on milks and milk derivatives is shown in 
Table 1.2.

When speaking of milk and milk derivatives, the most important technological 
effect appears connected to the interaction between casein chains and whey pro-
teins through the formation of hydrophobic bonds and disulphide bridges. These 
concomitant factors may determine a greater hydration of micellar caseins and the 
formation of viscous clots in a subsequent stage with low tendency to syneresis. 
It has to be noted that traditional yoghurts require more drastic heat treatments if 
compared with industrial products: however, pasteurization processes may cause 
severe nutritional changes. For instance, the complex of Maillard reactions has 
to be carefully evaluated because of the reduction in bioavailable lysine (1–5 %), 
degradative reactions of lipids and carbohydrates and the decrease in some water-
soluble vitamins (Pizzoferrato et al. 1998).

At the end of the pasteurisation step, the milk mixture is cooled to 40–45 °C and 
inoculated with 1:1 or 2:1 mixed cultures of ST and LDB (De Noni et al. 1998).

Table 1.2  Observed modifications of microbiological and physicochemical profiles in yoghurts 
and technological causes (De Noni et al. 1998; Simpson et al. 2012)

Reported phenomena Observed Effects

Microbiological events
Destruction of pathogenic micro-organisms • Enhanced sanitization
Destruction of vegetative competitive 

microflora
• Rapid fermentation and preservation

Chemical reactions
Inactivation of the most part of natural antibac-

terial substances
• Rapid fermentation

Inactivation of microbial lipases and proteases • Increased stability of the taste and texture
Caramelization of lactose with the formation 

of formic acid
• Stimulation of the growth of lactic bacilli

Activation of the Maillard reaction • Formation of aromatic compounds
Chemical and physical reactions
Interaction between caseins and whey- 

denatured proteins
• Improvement of the consistency and rheologi-

cal properties of clots
• Reduction in the tendency to syneresis

Lowering redox potentials for the removal 
of oxygen and the liberation of sulphuric 
groups

• Rapid fermentation and enhanced stability 
towards oxidation

1.5 Industrial Yoghurts: Preparation of Milks
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1.6  The Lactic Inoculum

The duration of fermentation processes depends on properties of used strains, 
the physical state of the microbial mixture (liquid or lyophilized culture) and the 
desired level of acidity in the final yoghurt. By a general viewpoint, 3 h at least 
are required while the recommended maximum duration should be 9 h. By con-
trast, longer fermentation times may be allowed in the production of yoghurts 
with low acidity if combined with lower temperatures: related conditions should 
be 15 ± 3 h at 33 ± 2 °C. Should these parameters be respected, the lactic fer-
mentation would be easily controlled and suddenly stopped when the desired 
degree of acidity is reached. The most significant phenomenon during the fermen-
tation process concerns the transformation of lactose, C22H12O11, into lactic acid, 
C3H6O3, and galactose. The chemical balance of the fermentation process is as 
follows:

Normally, the final amount of lactic acid in yoghurts is between 0.8 and 1.3 %: 
this quantity determines substantially low pH values (4.0–4.5) because this 
 fermentative pathway does not contemplate other sub-processes and consequent 
by-products.

As discussed in Sect. 1.4, two isomeric forms of lactic acid may be found.  
D (−) lactic acid might have some nutritional significance: this stereoisomer is 
difficultly metabolized. Anyway, 20–40 % of the total amount of the original lac-
tose is converted into lactic acid with reference to yoghurts while the remaining 
disaccharide does not exceed 5.5 %. This quantity is not negligible; however, the 
importance of yoghurts in lactose-intolerant diets is not diminished. However, low 
lactose yoghurts may be prepared with the addition of non-dairy sugars: glucose 
and fructose. As a result, the lactic acid fermentation can use one or both added 
sugars depending on LAB strains; the residual lactose can be easily reduced with 
comparison to normal yoghurts (Deeth and Tamime 1981).

The lactic acid fermentation does not release lactic acid only. Galactose 
is found in yoghurt but related amounts appear negligible. The fermentative 
capacity of LAB microflora towards this sugar is strictly dependent on genetic 
and environmental factors such as the availability of other sources of glucidic 
energy. On the other hand, galactose traces might represent one of the few clini-
cal contraindications in the use of yoghurt by galactosemic patients (Tonguç and 
Karagözlü 2013).

After lactic acid and galactose, the presence of glucose should be discussed. 
This monosaccharide is metabolized rather quickly and is detectable only in trace 
amounts (<0.1 %) in freshly prepared yoghurts. As a consequence, glucose does 
not appear to be interesting in yoghurts.

Protein fractions in yoghurt foods may be subjected to proteolytic activity 
because of the presence of LAB microflora: actually, only 1 or 2 % of caseins 
are lysed with the release of amino acids and peptides in negligible quantities.  

C22H12O11 + H2O → 2C6H12O6 → 2C3H6O3 + C6H12O6
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In addition, the lipolysis on triglycerides appears without notable consequences: in 
fact, active lipases should be produced by spreading micro-organisms, while LAB 
cultures do not show similar activities.

As a result, commercially available yoghurts appear to have a chemical profile 
with three prevailing analytes: lactic acid, galactose and glucose. With relation to 
trace elements and chemical compounds, the activity of the lactic microflora leads 
to profound modifications in the content of water-soluble vitamins. These varia-
tions are related also to heat treatments: in summary, the content of folic acid and 
vitamins B1, B6 and B12 is notably modified.

Probably, the position of folic acid is interesting: this chemical is present in 
normal milks but also rapidly synthesized by streptococci. For this reason, the 
molecule is two or three times higher than the initial quantity in raw milks.

A final consideration about the fermentative LAB activity should be made with 
reference to the development of the aroma. Flavours of yoghurts appear mainly 
associated with the presence of lactic acid and acetaldehyde (Beshkova et al. 1998; 
Ott et al. 1997): the production of the aldehyde becomes significant when pH is 
ranged between 4.0 and 5.0. Small amounts of acetaldehyde and other carbonyl 
compounds (acetone, acetoin and diacetyl) are sufficient to give the typical flavour. 
When speaking of homogeneous yoghurts, the fermentation takes place in the  
special ‘ripening’ consisting of cylindrical containers.

1.7  Final Processes

The excessive acidification of yoghurts may be avoided by reducing the tempera-
ture to lower values: the aim is to inhibit the activity of used LAB cultures. The 
rupture of the formed clot is necessary and carried out during the initial stage of 
cooling. Briefly, this operation determines the first rupture of the clot and a more 
uniform and rapid cooling of the whole yoghurt mass with beneficial effects on 
the inhibition of LAB cultures. Subsequently, the yoghurt has to be forced through 
dedicated filters or steel discs in order to complete the breakage.

The final step is the packaging process. However, the addition of useful ingredi-
ents—fruit preparations such as puree, juice or pieces—may be carried out before 
this stage depending on final formulations. After this step, the fluid mass is sealed 
and suitably packaged. Actually, the final temperature of yoghurts is about 20 °C: 
this thermal condition is absolutely unsuitable to ensure the proper preservation 
until the consumption.

Another strategy contemplates the addition of fruit preparations to the pasteur-
ized milk mixture before the fermentation (Chee et al. 2005). Consequently, the 
‘intermediate’ milk mixture has to remain highly consistent and should not be sub-
jected to ruptures of the acid clot. Subsequently, yoghurt is cooled and aseptically 
packaged (Vetter et al. 1974). Packaged products are then placed in special rooms 
where fermentative processes may continue.

1.6 The Lactic Inoculum
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Abstract The complex of fermentative reactions that are normally used in the 
industry of yoghurts shows extraordinary performances with relation to produced 
amounts and the qualitative composition of organic acids. The usual fermentative 
pathway in the yoghurt manufacture is coincident with the common homolactic 
fermentation. The synergic action of selected streptococci and lactobacilli in the 
fermentation of raw milks determines the increased production of lactic acid, acet-
aldehyde and polysaccharides. Other interesting variations of chemical profiles in 
yoghurts can be observed and explained with relation to the qualitative and quan-
titative distribution of different vitamins, benzoic and orotic acids, bacteriocins, 
enzymes, peptides and amino acids.

Keywords Acetaldehyde · Acetoin · Acetone · Bacteriocins · Diacetyl · Folic 
acid · Homolactic fermentation · Lactic acid · Pantothenic acid
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2.1  The Yoghurt: Biochemical Variations

The complex of fermentative reactions that are normally used in the industry of 
yoghurts shows extraordinary performances with relation to produced amounts and 
the qualitative composition of organic acids. In fact, the usual fermentative pathway 
in the yoghurt manufacture is coincident with the common homolactic fermentation 
(Sect. 1.1). However, two distinct and important features have to be mentioned:

•	 The fermentative pathway is carried out by two different bacteria: Lactobacillus 
delbruekii subsp. bulgaricus (LDB) and Streptococcus thermophilus (ST)

•	 Above-mentioned lactic acid bacteria (LAB) are able to produce notable amounts 
of organic acids by converting the same substrate (lactose) without competition.

On the contrary, LDB and ST can act synergically. Differently from other oppor-
tunistic associations, the synergic interaction is extremely efficient because of the 
increased production of lactic acid, acetaldehyde and polysaccharides (Sect. 1.4).

The synergistic effect between above-mentioned LAB may be easily explained. 
ST is stimulated by the bioavailability of free amino acids and peptides in culture 
media. On the other side, LDB is able to attack and proteolyze milk proteins; con-
sequently, needed amino acids and peptides can be easily found if lactobacilli can 
spread freely in milks.

In general, it can be affirmed that five amino acids—valine, glycine, histidine, 
leucine and isoleucine—and short peptides are preferred sources of nitrogen for ST. 
With reference to LDB, the microbial growth is stimulated by active compounds 
such as carbon dioxide and formic acid. It has to be highlighted that similar chemi-
cals are massively produced by ST. As a clear result, the one bacterial species seems 
to act as a biochemical ‘growth engine’ for the other life forms: in other words, the 
synergic association can be considered such as a ‘binary feedback loop’. This situa-
tion has been repeatedly observed in different experiments with or without the addi-
tion of specified prebiotics (Oliveira et al. 2009; De Souza Oliveira et al. 2011).

It has been also noted that milk pre-treatments can reduce carbon dioxide to 
low values: this effect does not favour the rapid development of LDB because this 
bacterium would need 30 mg/Kg at least of carbon dioxide (CO2). However, the 
release of CO2 can be enhanced by decarboxylation of urea: this reaction, carried 
out by ST in yoghurts, has been reported to increase the initial level of CO2 from 
10 mg/kg at pH = 6.42 until more than 150 mg/Kg after only 60 min of incuba-
tion; pH may reach 5.7–5.8 at least. In addition, the higher the incubation period, 
the lower the pH and the higher the CO2 release (Battistotti and Bottazzi 1998).

As a consequence, favourable conditions for the development of LDB can be 
obtained in milky mixtures (Sect. 1.5) after 37–40 min at 44.5 °C, in spite of the 
deficiency of CO2 in original raw milks.

In addition, produced CO2 can reach excessive values after 60 min. In fact, ST 
strains can easily hydrolyze dissolved urea in milk mixtures with the final conver-
sion in CO2 and ammonia, although the use of mutant streptococci without this 
ureasic activity has been recently reported (Corrieu et al. 2005).

http://dx.doi.org/10.1007/978-3-319-07377-4_1
http://dx.doi.org/10.1007/978-3-319-07377-4_1
http://dx.doi.org/10.1007/978-3-319-07377-4_1
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Other interesting biochemical variations can occur with relation to the conver-
sion of lactose in lactic acid—the main, declared and expected result of the homo-
lactic fermentation—and other monosaccharides (Sect. 1.5). The amount of lactose 
in fresh milks is reported between 4.8 and 5.1 %; this content may be approximately 
6 % when speaking of raw milk for yoghurt purposes. After evaporation and fer-
mentation (Sect. 1.5), the chemical profile of detectable sugars should correspond to 
the following list: total carbohydrates, 4.8–5.2 %; unfermented lactose, 3.8–4.0 %; 
galactose, 1.0–1.2 %; glucose, negligible traces (Goodenough and Kleyn 1976).

LAB, homolactic fermentation and concomitant but ‘extraneous’ chemical 
reactions have other important effects on chemical profiles of vitamins, benzoic 
and orotic acids, bacteriocins, enzymes, peptides and amino acids.

It has been reported (Sect. 1.6) that several B vitamins—pantothenic acid, biotin, 
etc.—can decrease during the whole process of yoghurt productions. On the other 
side, the demolition of vitamins by microbial activity is not absolute but selective. 
For example, pantothenic acid—molecular formula: C9H16NNaO5, molecular weight 
(MW): 241.216797 g mol−1, Fig. 2.1—can diminish in yoghurts after three hours: 
20 % of the original content in milks (Battistotti and Bottazzi 1998). Vitamin B12 
can also decrease in the same condition: the measured diminution appears approxi-
mately 16.9 %. On the other side, folic acid—molecular formula: C19H19N7O6, MW: 
441.397491 g mol−1, Fig. 2.2—appears to increase. The final amount of this chemi-
cal substance—3,805 µg/100 g—is 10.3 times higher than the original content in raw 

Fig. 2.1  Chemical structure of pantothenic acid, also named vitamin B5, molecular formula: 
C9H16NNaO5, MW: 241.216797 g mol−1. BKchem version 0.13.0, 2009 (http://bkchem.zirael.
org/index.html) has been used for drawing this structure

Fig. 2.2  Chemical structure 
of folic acid, also named 
vitamin B9, molecular 
formula: C19H19N7O6, 
MW: 441.397491 g mol−1. 
BKchem version 0.13.0, 2009 
(http://bkchem.zirael.org/
index.html) has been used for 
drawing this structure

2.1 The Yoghurt: Biochemical Variations
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milks (Battistotti and Bottazzi 1998). Other studies indicate 80 µg/L in comparison 
with the original content—40 µg/L—in the original milk (Chandan and Kilara 2013). 
Another vitamin, niacin, appears to slightly increase during time: +8.0 %.

The above-shown chemical profile of vitamins may be explained as follows: 
both LAB culture components require bioavailable pantothenic acid (Chandan and 
Kilara 2013). Additionally, LDB needs also a considerable amount of folic acid, 
but this molecule is abundantly synthesized by ST.

Actually, chemical profiles may always change during the storage of yoghurts. 
For example, the maximum production of folic acid is obtained at 42 °C during 
the incubation period. Subsequently, this molecule is reported to loss approxi-
mately 30 %, while vitamin B12 continues to decrease: related contents appear 
undetectable after 5 days of storage (Chandan and Kilara 2013).

It should be noted also that there is a close relation between LAB and ace-
tic acid bacteria with reference to the synthesis of vitamin B12 in acid–alcoholic 
drinks such as kefir. In particular, the detection of this vitamin shows increased 
values when LAB and acetic acid bacteria are associated with the fluid food 
medium (Otles and Cagindi 2003).

With relation to organic acids, two of those normally present in the milk 
undergo significant transformations. Citric and uric acids do not seem normally 
metabolized by LAB-associated cultures. On the other side, orotic acid is reduced 
to 4.6 mg/100 mg ppm from the original amount of 8.2 mg/100 mg in the original 
milk, depending on productive conditions (Okonkwo and Kinsella 1969). Benzoic 
acid is present in traces in milk for yoghurt purposes: after the production, it can 
be found at 15–30 ppm and is associated with the metabolism of LAB cultures 
(Otles and Cagindi 2003). The precursor of benzoic acid, hippuric acid, can be 
converted depending on the activity of certain LAB strains (Tamime and Robinson 
2007); in yoghurt, benzoic acid may be found between 35 and 60 ppm. Detectable 
contents appear approximately 30 ppm when LDB and Lactobacillus acidophilus 
are associated, while the same bacteriostatic substance is reported to be between 
10 and 35 ppm when mesophilic cultures of Lactococcus lactis subsp. lactis are 
used (Battistotti and Bottazzi 1998).

The synthesis of above-shown acids is always considered with the concomitant 
production of substances with antibacterial activities: organic acids or hydrogen 
peroxide. With exclusive reference to yoghurts, the ‘bulgarican’ bacteriocin is syn-
thesized by LDB. This substance is thermostable, active at low pH and is reported 
to show a wide spectrum of action towards both Gram-positive and Gram-negative 
micro-organisms (Otles and Cagindi 2003). ST can synthesize ‘thermophilin 13’, a 
peptide with MW of approximately 4,000 g mol−1: it is thermostable and active at 
different pH values (Marciset et al. 1997). This LAB species produces also active 
bacteriocins towards moulds such as Aspergillus and Rhizopus genera.

The accumulation of beta-galactosidase, a significant probiotic, in fermented milks 
has to be remembered (Friend et al. 1983). The same thing can be affirmed when 
speaking of proteases and peptidases of microbial origin: the release of peptides and 
amino acids by hydrolysis is often correlated with nutritional and physiological ben-
efits on the human health (Beshkova and Frengova 2012; Vasilijevic and Shah 2007).
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On the basis of mentioned chemical profiles, it can be highlighted that the 
microbial metabolism of LAB cultures in yoghurts and other fermented milks 
determines the synthesis of following chemicals:

1. Compounds derived from the hydrolysis and the metabolism of lactose: CO2, 
lactic acid, acetic acid, ethyl alcohol, formic acid, succinic acid, acetone, dia-
cetyl, acetoin, galactose and polysaccharides

2. Compounds derived from the hydrolysis of proteins: peptides, amino acids, 
acetic aldehyde

3. Compounds derived from the utilization of urea: ammonia, formic acid, CO2

4. Compounds derived from the use of organic acids: benzoic acid from hippuric 
acid.

Most detectable variations concerns:

•	 Modifications in the chemical profile of vitamins: increase in folic acid and niacin, 
decrease of pantothenic acid and B12

•	 Changes in the amount of detectable nucleotides: increase of adenosine monophos-
phate, uridin monophosphate, guanine monophosphate and adenine dinucleotide

•	 Variations in the distribution of minerals: increase in ionic forms, destabiliza-
tion of calcium caseinate–phosphate complexes

•	 Synthesis of proteins with recognized antibacterial activity: various bacteriocins
•	 Accumulation of enzymes: beta-galactosidase, proteases and peptidases.

Naturally, the strong increase of LAB microbial population should be also remembered: 
the presence of hundreds of millions per gram of LAB and other probiotic micro-organ-
isms can notably determine the protection of the produced yoghurt (and intermediate 
milky mixtures during the fermentative process) against undesired life forms.

2.2  Compositional Features of Yoghurts

The qualitative and quantitative profiles of nutrients in the milk mixture are partially 
modified by fermentative processes: negligible modifications may be observed during 
storage at 4 °C because the enzymatic activity of the active microflora is slowed down 
or even inhibited. Actually, only a significant reduction of vitamin B12 and pantothenic 
acid amounts—60 and 30 %, respectively—and a negligible decrease of lactose and 
galactose have been observed. By a general viewpoint, it can be affirmed that yoghurts 
show a compositional situation with more abundant nutrients in comparison with the 
original milk, excluding lactose. Anyway, the addition of milk proteins is crucial.

Table 2.1 shows the approximate composition of commercial yoghurts in the 
modern industry and original data for several milks. The composition of dessert or 
enriched yoghurts is determined also by the nature and the quantity of non-milk 
ingredients. For example, glucose is particularly variable—0.0 % in white prod-
ucts, 0.7–3.2 % in fruit yoghurts—depending on the type of product and the peculiar 
manufacturer. The composition of carbohydrates concerns (De Noni et al. 1998):

2.1 The Yoghurt: Biochemical Variations
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•	 Glucose
•	 Lactose (2.6–3.6 % in white products, 2.6–3.8 % in fruit yoghurts)
•	 Added sugars (sucrose and fructose: up to 8.9 and 6.7 %, respectively, in sugary 

white products)
•	 Lactulose, a disaccharide consisting of galactose and fructose, in form of con-

centrated syrups or high-purity crystals, obtained by means of the epimerization 
of lactose during the pasteurization process (Andrews 1984). 

Normally, lactulose—also named 4-O-β-D-galactopyranosyl-D-fructose—is 
found between 0.02 and 0.07 % in sterilized milks depending on applied time/tem-
perature cycles. On the other hand, lactulose is well known as a good sweetener: 
different synthetic processes are available at present with relation to the produc-
tion of this substance (Aider and Halleux 2007). Theoretically, lactulose should be 
obtained by means of the isomerization reaction of lactose in alkaline media. One 
of favourite mechanisms, the reaction of Lobry de Bruyn–van Ekenstein, converts 
the glucose part of the original lactose in fructose by means of the formation of 
the enolic intermediate shape of lactose and epilactose in alkaline media such as 
calcium hydroxide and potassium hydroxide (Aider and Halleux 2007). However, 
several methods have been developed with the aim of enhancing the production: 
different catalyzers and technological solutions, such as the purification and the 
demineralization by anion and cation exchange resins have been recently proposed 
(Aider and Halleux 2007; Carobbi and Innocenti 1990; Carobbi et al. 1985).

The chemical profile of organic acids should be studied and discussed. With rela-
tion to lactic acid, the related content in all commercially available yoghurts appears 
greater than 0.8 %. This amount corresponds to the minimum quantity for this type 
of fermented milk. Normally, the maximum content should not exceed 1.3 %: other-
wise, products might exhibit particularly acidic tastes with some risk of consumeris-
tic unacceptability. Other milk-related constituents may be considered important on 
the nutritional level even if their amount is detected in limited quantities.

For instance, formic acid—produced by ST—is recognized capable of stimulat-
ing the multiplication of lactobacilli. Small amounts of this acid—less than 40 mg/
kg—are also produced after the caramelization of lactose because of thermal treat-
ments such as pasteurization (De Noni et al. 1998; Kroh 1994).

Table 2.1  Average composition and energetic percentage value of cow’s milk and some types of 
yoghurt (Agroscope Composition 2007; Agricultural Research Service 2013)

Milk Yoghurt

Full cream Skimmed Full cream white Skimmed white Full cream fruit

Dry residual, % 12.5 9.5 15 14 22
Protein, % 3.3 3.4 4.3 6.7 4.3
Fat, % 3.4 0.2 4.1 0.2 4.5
Total sugar, % 4.8 5.0 4.6 4.9 15.7
Lactic acid, % 0.003 0.003 0.5 0.5 0.5
Energetic value, 

kcal/100 g
62 35 66 47 102
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Flavours can be very important when speaking of yoghurts and the correlated 
commercial success. Basically, aroma is affected by the compulsory presence of 
minor constituents without fermentative origin: actually, these chemicals seems be 
produced by reactions promoted by thermal processes in the same way of formic acid.

Generally, flavours are determined by the qualitative and quantitative pres-
ence of carbonylic acids. These substances may be obtained from fats lactones, 
and their concentration is crucial with concern to more or less pleasant and intense 
tastes (Cheng 2010; De Noni et al. 1998; Gaafar 1992; Laye et al. 1993):

•	 Acetaldehyde (2–40 mg/kg)
•	 Acetoin (2–6 mg/kg)
•	 Acetone (1–4 mg/kg)
•	 Diacetyl (0.5–1.0 mg/kg).

Finally, other minor substances may be cited: total free fatty acids, octanoic acid, 
9-decenoic acid, tetradecanoic acid, octanol, ethyl acetate, etc., depending on the 
peculiar aroma and the desired result. On the other hand, off-flavours with unac-
ceptable or questionable results appear to be correlated with the presence of tyros-
ine, acetic acid, 3-methyl butanol, ethyl acetate, etc. (Cheng 2010).

In fact, the process of thermal caramelization and the so-called Maillard reac-
tion—in which lactose is involved—can be cause of the production of these com-
pounds. In addition, the overall chemical composition remains unmodified during 
storage while microbiological profiles appear be subjected to major modifications. 
Actually, the total number of LAB in yoghurts is comprised between 108 and 109 
colony-forming units (CFU)/g during the production. Subsequently, a notable 
reduction is observed after 30 days at 4 °C until a ‘final’ 107 CFU/g microbial 
count, although some discordance may be found in the scientific literature depend-
ing on storage temperatures and other factors (Birollo et al. 2000).

Higher storage temperatures cause generally more rapid decreases of microbial 
counts until to 5 × 106 CFU/g before of the end of shelf life. It may be supposed that 
this level is critical for LAB counts in yoghurts. Anyway, the presence of relatively 
high numbers of vital LAB cultures depends also on the respect of low storage con-
ditions during the declared shelf life. The same thing can be easily affirmed when 
speaking of healthy properties and sensory—or chemical—profiles of yoghurts.

References

Agricultural Research Service (2013) USDA National Nutrient Database for Standard Reference, 
Release 26, Nutrient Data Laboratory Home Page. http://www.ars.usda.gov/ba/bhnrc/ndl. 
Accessed 8 Apr 2014

Agroscope Composition (2007) FOAG Swiss Federal Office for Agriculture. http://www.agrosc
ope.admin.ch/joghurt-sauermilchprodukte/01368/index.html?lang=en. Accessed 8 Apr 2014

Aider M, Halleux DD (2007) Isomerization of lactose and lactulose production: review. Trends 
Food Sci Technol 18(7):356–364. doi:10.1016/j.tifs.2007.03.005

Andrews GR (1984) Distinguishing pasteurized, UHT and sterilized milks by their lactulose con-
tent. Int J Dairy Technol 37(3):92–95. doi:10.1111/j.1471-0307.1984.tb00498.x

2.2 Compositional Features of Yoghurts

http://www.ars.usda.gov/ba/bhnrc/ndl
http://www.agroscope.admin.ch/joghurt-sauermilchprodukte/01368/index.html?lang=en
http://www.agroscope.admin.ch/joghurt-sauermilchprodukte/01368/index.html?lang=en
http://dx.doi.org/10.1016/j.tifs.2007.03.005
http://dx.doi.org/10.1111/j.1471-0307.1984.tb00498.x


32 2 The Yoghurt: Chemical and Technological Profiles

Battistotti B, Bottazzi V (1998) Microbiologia e tecnologia dei latti fermentati. In: Bottazzi V 
(ed) I latti fermentati. Aspetti biochimici, tecnologici, probiotici e nutrizionali. Istituto 
Danone, Milan, pp 35–72

Beshkova D, Frengova G (2012) Bacteriocins from lactic acid bacteria: microorganisms of poten-
tial biotechnological importance for the dairy industry. Eng Life Sci 12(4):419–432. doi:10.1
002/elsc.201100127

Birollo GA, Reinheimer JA, Vinderola CG (2000) Viability of lactic acid microflora in different 
types of yoghurt. Food Res Int 33(9):799–805. doi:10.1016/S0963-9969(00)00101-0

Carobbi R, Innocenti F (1990) Process for preparing lactulose from lactose by epimerization with 
sodium aluminate. US Patent 4,957,564, 18 Sep 1990

Carobbi R, Franci V, Miletti S (1985) Process for preparing lactulose from lactose, in the form of 
a syrup or a crystalline product. US Patent 4,536,221, 20 Aug 1985

Chandan RC, Kilara A (eds) (2013) Manufacturing yogurt and fermented milks, 2nd edn. Wiley, 
Chichester, pp 297–317

Cheng H (2010) Volatile flavor compounds in yogurt: a review. Crit Rev Food Sci Nutr 
50(10):938–950. doi:10.1080/10408390903044081

Corrieu G, Monnet C, Sepulchre AM (2005) Use of strains of Streptococcus thermophilus which 
are incapable of hydrolyzing urea in dairy products. US Patent 6,962,721, 8 Nov 2005

De Noni I, Resmini A, Tirelli A (1998) Chimica e tecnologia dello yogurt. In: Bottazzi V (ed) 
I latti fermentati. Aspetti biochimici, tecnologici, probiotici e nutrizionali. Istituto Danone, 
Milan, pp 73–98

De Souza Oliveira RP, Perego P, De Oliveira MN, Converti A (2011) Effect of inulin as a prebi-
otic to improve growth and counts of a probiotic cocktail in fermented skim milk. LWT-Food 
Sci Technol 44(2):520–523. doi:10.1016/j.lwt.2010.08.024

Friend BA, Fiedler JM, Shahani KM (1983) Influence of culture selection on the flavor, antimicro-
bial activity, beta-galactosidase and B-vitamins of yoghurt. Milchwissenschaft 38:133–136

Gaafar AM (1992) Volatile flavour compounds of yoghurt. Int J Food Sci Technol 27(1):87–91. 
doi:10.1111/j.1365-2621.1992.tb01183.x

Goodenough ER, Kleyn DH (1976) Qualitative and quantitative changes in carbohydrates during 
the manufacture of yogurt. J Dairy Sci 59(1):45–47. doi:10.3168/jds.S0022-0302(76)84153-7

Kroh LW (1994) Caramelisation in food and beverages. Food Chem 51(4):373–379. 
doi:10.1016/0308-8146(94)90188-0

Laye I, Karleskind D, Morr CV (1993) Chemical, microbiological and sensory properties of 
plain nonfat yogurt. J Food Sci 58(5):991–995. doi:10.1111/j.1365-2621.1993.tb06096.x

Marciset O, Jeronimus-Stratingh MC, Mollet B, Poolman B (1997) Thermophilin 13, a nontypi-
cal antilisterial poration complex bacteriocin, that functions without a receptor. J Biol Chem 
272(22):14277–14284

Okonkwo P, Kinsella JE (1969) Orotic acid in yoghurt. J Dairy Sci 52(11):1861–1862. 
doi:10.3168/jds.S0022-0302(69)86856-6

Oliveira RPDS, Perego P, Converti A, De Oliveira MN (2009) Effect of inulin on growth and 
acidification performance of different probiotic bacteria in co-cultures and mixed culture with 
Streptococcus thermophilus. J Food Eng 91(1):133–139. doi:10.1016/j.jfoodeng.2008.08.013

Otles S, Cagindi O (2003) Kefir: a probiotic dairy-composition, nutritional and therapeutic 
aspects. Pak J Nutr 2(2):54–59

Tamime AY, Robinson RK (2007) Tamime and Robinson’s yoghurt: science and technology. 
Woodhead Publishing Limited, Abington

Vasilijevic T, Shah NP (2007) Fermented milk: health benefits beyond probiotic effect. In: Hui YH, 
Chandan RC, Clark S, Cross NA, Dobbs JC, Hurst WJ, Nollet LM, Shimoni E, Sinha N, Smith 
EB, Surapat S, Titchenal A, Toldrá F (eds) Handbook of food products manufacturing: health, 
meat, milk, poultry, seafood, and vegetables, Vol. 2. John Wiley & Sons, Hoboken, pp. 99–115

http://dx.doi.org/10.1002/elsc.201100127
http://dx.doi.org/10.1002/elsc.201100127
http://dx.doi.org/10.1016/S0963-9969(00)00101-0
http://dx.doi.org/10.1080/10408390903044081
http://dx.doi.org/10.1016/j.lwt.2010.08.024
http://dx.doi.org/10.1111/j.1365-2621.1992.tb01183.x
http://dx.doi.org/10.3168/jds.S0022-0302(76)84153-7
http://dx.doi.org/10.1016/0308-8146(94)90188-0
http://dx.doi.org/10.1111/j.1365-2621.1993.tb06096.x
http://dx.doi.org/10.3168/jds.S0022-0302(69)86856-6
http://dx.doi.org/10.1016/j.jfoodeng.2008.08.013


33

Abstract Notable modifications have changed the industry of dairy products in 
recent years. The preference of a large part of consumers for yoghurts may be  
partially explained with the composition of initial raw materials. On the other 
hand, marketing strategies and the increasing attention to new dietary advices have 
progressively enhanced the consumption of new products. As a consequence, the 
modification of yoghurt formulations should be observed in the broader ambit of 
the milk industry. Anyway, the commercial classification of yoghurt types may be 
extended to a number of different sub-classes depending on the peculiar request of 
the final consumer or user. The formulation of yoghurts influences a small group 
of product features such as texture and syneresis. For these reasons, the modern 
industry can decide for the use of selected chemical additives with the aim of pro-
ducing ameliorated versions of the same product or sub-typology. This argument is 
discussed here with reference to four classes of food additives.

Keywords Food additive · Food classification · Food design · Rheology ·  
Shelf life · Yoghurt
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FP  Food producer
MW  Molecular weight
KOH  Potassium hydroxide

3.1  The Yoghurt in the Modern Industry: An Overview

Notable modifications have profoundly changed the industry of dairy products in 
recent years. Many different factors may be taken into account when considering 
the substantial evolution of yoghurt productions (Kaminarides et al. 2007):

•	 Composition of milk (ovine and bovine types)
•	 New consumers’ needs in relation to dietary prescriptions
•	 Marketing choices
•	 New requests by food processors (users of yoghurt and other milk products)
•	 The progressive availability of typical and regional yoghurt recipes in many 

markets.

This list is not exhaustive. However, the evolution of yoghurt products appears to 
be influenced by above-mentioned factors.

In detail, the preference of a large part of consumers in selected countries may 
be partially explained with the composition of initial raw materials (Alichanidis 
and Polychroniadou 1996; Anifantakis 1986; Kaminarides et al. 2007). 
Substantially, the yoghurt made from sheep milk seems to contain increased 
amounts of triglycerides, monounsaturated fatty acids and linolenic acid if com-
pared with yoghurts from bovine milk. In addition, the bioavailability of selected 
mineral elements—calcium, iron, zinc, etc.—and vitamins appears higher in the 
first mentioned type. Finally, the proportion of proteins and essential amino acids 
is favourable when speaking of ‘ovine’ yoghurts.

As a result, the preference of many consumers may be reasonably explained; 
in addition, organoleptic features of yoghurts from ovine milk appear to be very 
pleasant (Kaminarides et al. 2007; Kurmann 1986). Aroma and flavour properties 
of yoghurts are mainly influenced by the presence of peculiar non-volatile or vola-
tile acids and carbonyl compounds (Kaminarides et al. 2007). This factor high-
lights the important role of starter cultures in the fermentation of raw materials 
(Tamime and Robinson 1999).

On the other side, marketing strategies and the increasing attention to new dietary 
advices have progressively enhanced the consumption of new products with low 
amounts of lipids (Kaminarides et al. 2007). These productions can be made possible 
when new technologies are applied with the aim of reducing the initial content of tri-
glycerides in the initial milk. As a clear consequence, the modification of yoghurt for-
mulations should be observed in the broader ambit of the milk industry. For example, 
the separation of bovine and ovine milks into economically interesting sub-products—
butters, creams, whey proteins, caseins, lactose, etc.—can potentially influence nota-
ble portions of current food markets. The influence of similar productions can affect 
dairy and non-dairy sectors of the food production with remarkable results.
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Anyway, the commercial classification of yoghurt types appears to consider 
three main classes at least (Benezech and Maingonnat 1994; Magenis et al. 2006):

•	 Set-type products
•	 Stirred yoghurts
•	 Drinking yoghurts.

Different consumers may prefer different products; consequently, the yoghurt 
industry has progressively defined the above-mentioned separation between simi-
lar but specific typologies on the basis of two requests:

1. Consumers’ exigencies
2. Needs of food producers (FP) with or without direct correlation with the pro-

duction of milk/dairy products.

For instance, many industrial snack products and cereal biscuits may contain 
flavoured or normal yoghurts in their formulation. Because of the different des-
tination, yoghurt technologists may be requested to define new formulations or 
modified ‘recipes’. As a result, the tripartite classification of yoghurt products may 
be extended to a number of different sub-types depending on the peculiar request 
of the final consumer or user.

The formulation of yoghurts influences a small group of product features. 
Basically, it may be assumed that texture and syneresis are two of main techno-
logical factors for yoghurt technologists (Magenis et al. 2006). On these bases, 
following variables have to be carefully managed when ‘designing’ a new yoghurt 
(Harwalkar and Kalab 1986):

•	 Original composition of raw milk (salts, ratio of caseins to whey proteins, etc.)
•	 Heat pre-treatment of raw milks
•	 Total solid amount
•	 Starter culture
•	 Process of homogenization
•	 Final acidity
•	 The possible addition of chemical compounds in the formulation.

The last point appears extremely important when speaking of modern yoghurt 
products. For instance, rheological properties are related to processing para-
meters: They can influence the final texture and the consumeristic  perception 
of final products (Aichinger et al. 2003; Benezech and Maingonnat 1994; 
Kaminarides et al. 2007). However, the modern industry can decide for the use of 
selected chemical additives (or classes of food additives) with the aim of produc-
ing ameliorated versions of the same product or sub-typology. This argument can 
be extremely interesting if traditional and regional types of yoghurts are placed 
on the market of foods and raw materials for the production of cakes, biscuits, 
snacks, etc.

For instance, the difference between normal yoghurts and similar fermented 
products (Dahi, Doogh, Ayran, Labneh) by undefined starter cultures and/or goat, 
cow and buffalo milk might be important if the second typology of product has 
to be used for industrial applications (Abu-Jdayil et al. 2000; Kiani et al. 2008; 

3.1 The Yoghurt in the Modern Industry: An Overview
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Mohameed et al. 2004; Nahar et al. 2007; Younus et al. 2002). Other important 
examples are the production of ‘enriched’ yoghurts by means of the addition 
of orange fibres (Sendra et al. 2010), inulin (Guggisberg et al. 2009), folic acid 
(Aryana 2003), etc.

For these reasons, the market of yoghurt and food products with added yoghurt 
should be carefully examined in relation to the possible use of selected chemicals 
and related effects on physicochemical features of the final product. Moreover, 
peculiar compounds of microbial or synthetic origin may influence sensorial prop-
erties of yoghurts. However, the classification of available yoghurts should be 
reviewed and discussed in detail.

3.2  The Yoghurt in the Modern Industry: A Food 
Classification

At present, many different classifications may be proposed worldwide in  relation 
to food and beverage products. Food descriptions may be made by means of three 
different strategies on condition that every typology is correctly classified with 
dedicated names, information on sources (raw materials), procedures for the pro-
duction, manipulation and storage of finished products, preservation and cooking 
methods (where applicable), declared or allowed use of food additives (Codex 
1995; Schlotke et al. 2000; Truswell et al. 1991):

– Monohierarchical classification systems like Eurocode 2, the ‘Food Category 
System’ (FCS) or proprietary food grouping systems when available on a 
national scale

– Faceted description systems using standardized thesauri like the LanguaL sys-
tem, or free text.

With reference to the reliable classification of yoghurts and yoghurt-related prod-
ucts, the hierarchical strategy appears workable. One of the most recognized clas-
sification systems is the FCS (Codex 1995) because of the general applicability. 
On the other hand, this strategy has been used with the aim of creating a use-
ful tool for assigning food additive uses in the ambit of the Codex Alimentarius 
Commission (CA). On these bases, all mentioned descriptors do not represent 
legal product designations; in addition, the system is not intended for labelling 
purposes (Codex 1995).

At first sight, the CA has tacitly proposed the subdivision of yoghurts as fol-
lows (Codex 1995):

•	 First group: drinking (flavoured, coloured) yoghurts
•	 Second group: fermented or plain yoghurts, with the exclusion of the first group
•	 Dairy-based fruit or flavoured desserts.

Above-mentioned descriptors should be discussed in detail because of the 
 multiplicity of possible food products and the allowed addition of peculiar 
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chemicals. In addition, the CA clearly states that the formulation of fermented 
plain milks should contain only stabilizers and thickeners with reconstitution and 
recombination functions; on the other hand, national legislations might allow the 
use of different food additives for the production of all types of yoghurt products 
(Codex 1995, 2012).

3.2.1  Drinking Yoghurts

The first group of yoghurts is included into the 01.1.2 food category, (Codex 
1995). Actually, this group concerns all types of dairy-based drinks, including fla-
voured and/or fermented products with the exception of mixes for cocoa (cocoa–
sugar mixtures).

The proposed description includes strawberry-flavoured yoghurt drinks and lac-
tic acid bacteria drinks with the contemporary presence of chocolate malt drinks, 
lassi foods, etc. (Codex 1995). Actually, this situation depends on the possible use 
of a specified food additive for yoghurts and other similar drinking products at the 
same time. The above-shown approach may help readers to consider the design of 
industrial products: the final performance (enhanced colours and/or flavours, ame-
liorated viscosity, etc.) may justify the use of the same chemical substance in dif-
ferent products.

According to the proposed description, only flavoured or aromatized yoghurts 
(and their mixes) can be considered in this group. As a result, the proposed clas-
sification makes a clear discrimination between ‘flavoured’ products and mixes on 
the one side and ‘plain’ yoghurts on the other side (Sect. 3.2.2). This approach 
is specifically based on the declared use of food additives (Codex 1995); conse-
quently, it may be inferred that the industrial classification of yoghurts should 
be based on the designed and declared addition of chemicals and/or non-dairy 
ingredients.

3.2.2  Fermented (Plain) Yoghurts

‘Normal’ or plain yoghurts are considered in the food category 01.2.1: fermented 
and renneted milk products, with the exclusion of dairy-based drinks (Codex 1995).

Basically, these products are obtained from skimmed, partially skimmed, low-
fat and whole milks. Apparently, the origin of milk is not important with refer-
ence to this description. Consequently, the abundance of caseins (if compared with 
whey proteins) or triglycerides (e.g. amount of monounsaturated fatty acids and 
linoleic acid) is not a discriminatory function in this ambit, while the same argu-
ment appears extremely important in the research field (Sect. 3.1).

Moreover, plain yoghurts are further subdivided depending on the possible heat 
treatment after fermentation: in detail, not heat-treated yoghurts have not been 

3.2 The Yoghurt in the Modern Industry: A Food Classification
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sterilized or pasteurized (category 01.2.1.1), while thermally treated products fall 
in the category 0.1.2.1.2.

Once more, the proposed classification is mainly based on the possible use of 
one or more food additives for the peculiar product; consequently, the aim of this 
description is not linked to compositional properties of raw milks, fermented inter-
mediates or final products. In fact, the use of goat, cow or sheep milk is not a 
discriminator for the technical definition of ‘plain’ yoghurt: basically, the main dif-
ference appears correlated with the sensorial detection of easily visible features 
such as colour, aroma or texture (all mentioned foods are defined ‘fluid and non-
fluid’ products).

3.2.3  Dairy-Based Desserts

The third group of yoghurt products is included into the 01.7 food category 
(Codex 1995). Actually, this category concerns all types of dairy-based desserts, 
including also mixed products, frozen dairy specialties and dairy-based fillings.

The CA states clearly that flavoured yoghurts are obtained by means of the fer-
mentation of milk and milk products (the mixture of similar raw materials with 
different origin is allowed) and the addition of flavours and special ingredients 
such as fruits, coffee, and cocoa. This definition may appear also good for the first 
group of yoghurts (Sect. 3.2.1). On the other hand, drinking products are substan-
tially ready-to-eat dairy foods with low viscosity (Tamime and Robinson 1999), 
while the category of dairy-based desserts should exhibit very different rheological 
properties. With exclusive concern to drinking products, the reduced viscosity and 
textural features are obtained by dilution and addition of sweeteners, flavours and/
or fruit juices.

In relation to yoghurts, another feature of dairy-based desserts is related to the 
possibility of heat treatment after fermentation (Codex 1995).

3.2.4  Other Yoghurt-Related Products

The proposed classification of yoghurt products may be exhaustive enough. On the 
other side, the industrial market shows often a number of different foods or bever-
ages with some similarity in the structure or the name.

The above-mentioned FCS has examined the question with the definition of 
other yoghurt-related food products: the presence or the claimed similarity of fer-
mented plain milks may be explicit or recalled in the list of ingredients.

A peculiar food category concerns yoghurt-coated processed nuts (Codex 
1995). With reference to the 15.2 food category, the function of yoghurts should 
be highlighted: ‘fermented milks’ are considered here with a mere role of ‘coating 
agent’. This reflection should suggest interesting consequences with reference to 
the formulation of related yoghurt ‘coatings’.
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In other terms, the yoghurt is defined ‘perishable’ or ‘highly perishable’ 
depending on different features including pH, acidity, and water content. After all, 
fermented milks are ‘living’ foods; consequently, a certain perishability should 
be always expected. However, the possible use as ‘food coating’ implies that the 
compositional structure of the initial yoghurt should be different enough from the 
normal formula: yoghurts should be resistant against oxidability at least before 
coating. In addition, similar raw materials should maintain a constant viscosity in 
spite of the demonstrated and irreversible tyxotropy (Penna et al. 2001).

As a result, selected food additives should be added to the original formula-
tion. For instance, sodium caseinates (Collet et al. 2004), pectin (Basak and 
Ramaswamy 1994) and xanthan gum (Zhengtao et al. 2009) might be used in 
relation to rheological properties because the produced yoghurt may not be suc-
cessfully applied on nut surfaces without constant viscosity. In addition, storage 
temperatures have to be maintained always constant. The management of similar 
‘coatings’ may impose a profound reformulation of original yoghurt recipes.

Similar problems may be discussed when speaking of biscuit commercial prepara-
tions and similar bakery products (Zanjani et al. 2012). The use of selected chemicals is 
crucial with reference to rheological properties of food products, while lactic microflora 
should be a good warranty against the menace of pathogen and degrading bacteria. 
Once more, prepared yoghurts should remain viscous enough without phase separa-
tions before the final dispersion on cookies surfaces (Borneo et al. 2007). In addition, 
yoghurt powders are available for the production of similar foods (Koç et al. 2010): 
naturally, the problem could be correlated with the ‘right’ reconstitution of yoghurts.

Other situations may occur when yoghurt is used as a basic component of drink-
able soya snacks (Chen et al. 2010; Kälviäinen et al. 2003). This time, rheological 
properties may be important because of the ‘foreign’ origin of soya proteins: the for-
mulation may contain high-protein contents and low amount of carbohydrates.

The description of yoghurt products cannot be considered exhaustive in relation 
to the proposed FCS. In fact, following food product groups may contain—or be 
filled with—yoghurt (Codex 1995):

•	 Bakery wares, categories 07.1.1 and 07.1.6. For example, filled bread rolls and mixes
•	 Cakes, cookies and pies, category 07.2.2. For example, filled muffins (Altman 

and Landis 1995)
•	 Fruit salad with yoghurt dressing (Park et al. 2002)
•	 Yoghurt-flavoured candies (Peterson 1979).

Every single sub-class of industrial food can naturally constitute a notable chal-
lenge for food technologists and research chemists because of the necessity of pro-
ducing a peculiar yoghurt formulation with two distinct properties:

1. Constant rheological features during a specified temporal limit before the use 
by FP and

2. Acceptability from the microbiological and chemical viewpoints when the 
yoghurt is associated (mixed, deposed as coating, etc.) with other ingredients of 
the final food or beverage.

3.2 The Yoghurt in the Modern Industry: A Food Classification
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In other words, the performance of yoghurts depends strongly on the final and 
declared use. Consequently, food additives may be not strictly necessary for a 
traditional recipe; on the other side, enhanced properties (extended shelf life, 
improved texture, etc.) may force FP to use food-grade chemicals with different 
functions.

3.3  Additives for Yoghurt and Yoghurt-Related  
Food Products

The science of food chemistry is inconceivable without a solid knowledge of food 
additives. This statement is certainly correct when speaking of the increasing 
‘weight’ of chemicals in the production of modern yoghurts.

By a general viewpoint, food additives correspond to a defined subset of the 
whole group of edible raw materials for food manufacture, processing, preparation 
and treatments (Codex 1995). In detail, these chemicals (or groups of substances 
with a single definition) are not normally consumed as a food by itself; in addition, 
they are not usually included in the ingredient list of a peculiar food as a typical 
substance (Codex 1995).

The presence and the usefulness of food additives are always correlated 
with the necessity of obtaining foods or beverages with peculiar technological 
properties or sensorial advantages. The use of food additives can imply that 
these advantages or functional properties may not be obtained with other tech-
nologies. Anyway, the presence of food-grade chemicals does not suggest or 
imply nutritional advantages (Codex 1995). On the contrary, several toxico-
logical concerns may be signalled when speaking of these substances (Maga 
and Tu 1995).

In other words, food additives should be used at least when (Codex 1995):

•	 Appreciable advantages are obtained
•	 The consumers’ health is not damaged
•	 The final food does not mislead the consumer
•	 Technological functions or properties cannot be obtained by other means that 

are economically and technologically practicable.

Anyway, food additives can be a notable challenge for interested readers and 
professionals in many industrial sectors and in the academia (Smith 1991). On 
these bases, a circumscribed discussion within well-specified boundaries would 
be better understood. Unfortunately, the yoghurt industry can use—or be cor-
related with the use of—different food chemicals and additives. Consequently, 
the best strategy for the comprehension of yoghurt formulations should imply 
the discrimination of chemicals on the basis of a specific function (Smith 
1991).
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A useful scheme for general food products can consider the following ‘voices’ 
(Smith 1991):

•	 Antioxidants
•	 Sweeteners
•	 Flavourings
•	 Food colours
•	 Preservatives
•	 Enzymes
•	 Nutritive additives
•	 Emulsifiers
•	 Bulking agents
•	 pH control agents
•	 Hydrocolloids
•	 Antifoams and release agents
•	 Raising agents
•	 Gases.

By contrast, a possible yoghurt-oriented approach may take the following sub- 
categories into account (Codex 1995):

•	 Sweeteners
•	 Flavour enhancers
•	 Food colours
•	 Emulsifiers, sequestrants, stabilizers, thickeners
•	 Antioxidants
•	 Preservatives
•	 Stabilizers without other functions
•	 Acidity regulators
•	 Humectants
•	 Raising agents
•	 Anticaking agents.

This section is dedicated to the study of these categories and related roles in the 
formulation of modern yoghurts and yoghurt-related food products. Because of the 
remarkable number of food additives, four main categories—sweeteners, flavour-
ing agents, food colours and thickeners—are mainly discussed here.

These additive groups can influence (a) sensorial properties and (b) techno-
logical features of the final yoghurt or yoghurt-related foods. Remaining food 
additive categories—antioxidants, preservatives, emulsifiers and stabilizers, 
acidity regulators, humectants, raising agents and anticaking agents—are not 
discussed in detail in spite of their remarkable importance. However, a simpli-
fied and not exhaustive list of most known or usable additives for these classes 
(Akpan et al. 2007; Codex 1995; Jaziri, et al. 2009; Modler and Kalab 1983; 
Najgebauer-Lejko 2014; Serrano et al. 1991; Tamime and Robinson 1999)  
is shown in Tables 3.1 and 3.2. 

3.3 Additives for Yoghurt and Yoghurt-Related Food Products
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Table 3.1  A selection of antioxidant and preservative agents for the production of yoghurts and 
yoghurt-related foods (Akpan et al. 2007; Codex 1995; Jaziri, et al. 2009; Modler and Kalab 
1983; Najgebauer-Lejko 2014; Serrano et al. 1991; Tamime and Robinson 1999)

Food additive class Substance and other identifications

Antioxidants Ascorbyl palmitate
Ascorbyl stearate
Propyl gallate
Tea catechins (natural antioxidants)
Ascorbic acid (natural antioxidants)
β-carotene, capsanthin, capsorubin, cryptocapsin

(carotenoids, natural antioxidants)
Quercetin, luteolin, capsaicinoids (natural antioxidants)

Preservatives Benzoic acid
Sodium benzoate
Potassium benzoate
Calcium benzoate
Ethyl para-hydroxybenzoate
Methyl para-hydroxybenzoate
Lauric arginate ethyl ester
Sorbic acid
Sodium sorbate
Potassium sorbate
Calcium sorbate
Nisin (natural preservative)

Table 3.2  A selection of stabilizers, sequestrants, acidity regulators, humectants, raising and 
anticaking agents for the production of yoghurts and yoghurt-related foods (Akpan et al. 2007; 
Codex 1995; Jaziri, et al. 2009; Modler and Kalab 1983; Najgebauer-Lejko 2014; Serrano et al. 
1991; Tamime and Robinson 1999)

Emulsifiers and 
stabilizers

Diacetyltartaric and fatty acid  
esters of glycerol

Sequestrant agent

Calcium polyphosphate Sequestrant agent
Ammonium polyphosphate Sequestrant agent
Polyoxyethylene (20) sorbitan monolaurate
Polyoxyethylene (20) sorbitan monooleate
Polyoxyethylene (20) sorbitan monostearate
Polyoxyethylene (20) sorbitan tristearate
Sodium caseinate, whey proteins, caseins
Xanthan Thickening agent
Modified starches
Agar, alginates, carrageenan, etc. (seaweed 

extracts)
Gelling (thickening) agents

Soy proteins
Acidity  

regulators
Calcium polyphosphate Humectant agent, raising 

agent

(continued)
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3.3.1  Sweeteners

Sweeteners are normally added with the declared aim of enhancing sweet proper-
ties of the finished product. Consequently, modified foods should have a distinct 
taste of sugar or similar sugar-related ingredients such as honey or saccharin.

Depending on different contests, available sweeteners may be named as 
follows:

•	 Natural compounds
•	 Synthetic substances
•	 ‘Caloric’ compounds
•	 ‘Non-caloric’ or ‘low-calorie’ substances
•	 Nutritive compounds
•	 Non-nutritive substances.

Basically, sweeteners should be (O’Brien Nabors 2011): 

1. Sweet as sucrose, non-cariogenic, colourless and odourless
2. Water soluble and stable when dissolved in acid or alkaline solutions or media
3. Non-toxic and metabolized without health damages or excreted without 

modifications.

Because of the main and declared function of sweeteners, the perceived effect 
and other accessory features (duration, aftertaste, etc.) are extremely important. 
Different factors may modify this feature (O’Brien Nabors 2011):

•	 The chemical concentration in the food or beverage
•	 The serving temperature
•	 pH
•	 Possible mixtures between two or more different sweeteners (classical examples 

are cyclamate and saccharin, and aspartame and acesulfame potassium)
•	 The sensitivity of the consumer.

Anyway, the use of sweeteners—artificial compounds above all—has been often 
criticized in relation to sugar intake or possible health consequences (American 
Dietetic Association 2004; Glinsmann et al. 1986). For these reasons, the increasing 

Humectants Calcium polyphosphate Acidity regulator, raising 
agent

Ammonium polyphosphate
Bone phosphate Anticaking agent

Raising agents Calcium polyphosphate Humectant agent, acidity 
regulator

Anticaking  
agents

Bone phosphate Humectant agent
Sodium aluminosilicate

Table 3.2  (continued)

3.3 Additives for Yoghurt and Yoghurt-Related Food Products
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amount of alternative and ‘natural’ sweeteners is generally observed with great 
interest.

With exclusive relation to yoghurts and yoghurt-related foods and in accord-
ance with the CA, the following list shows most interesting sweeteners (Codex 
1995):

•	 Potassium acesulfame, additional function: flavour agent
•	 Alitame
•	 Aspartame, additional function: flavour agent
•	 Aspartame–acesulfame salt
•	 Cyclamic acid
•	 Calcium cyclamate
•	 Sodium cyclamate
•	 Neotame, additional function: flavour agent
•	 Saccharin
•	 Calcium saccharin
•	 Potassium saccharin
•	 Sodium saccharin
•	 Steviol glycosides
•	 Sucralose (trichlorogalactosucrose).

Every sweetener, both natural and artificial types, can have interesting and peculiar 
properties if compared with similar compounds. However, the basic aim of this book 
is to provide a simplified description of some food additives in relation to the related 
strategy for the production of yoghurt and yoghurt-related foods. For this reason, a sin-
gle compound will be shortly discussed in relation to sweeteners and other functional 
classes. The interested reader is invited to consult other references for a detailed descrip-
tion of food additives. With concern to sweeteners, potassium acesulfame is chosen.

This molecule is a peculiar compound because two different functions are 
ascribed: sweetener and flavour enhancer. It is also known as E950, 6-methyl-3,4- 
dihydro-1,2,3-oxathiazin-4(3H)-one 2,2-dioxide potassium salt, or ‘Sweet One’.

From the chemical viewpoint, the molecular formula is C4H4KNO4S with 
molecular weight (MW): 201.24 g mol−1 and Chemical Abstracts Service (CAS) 
registry number 55589-62-3 (Fig. 3.1).

It can be described as a crystalline, odourless and colourless powder, although 
white powders may be produced; the sweet taste is intense (Klug and von Rymon-
Lipinsky 2011; Rowe et al. 2003).

Potassium acesulfame is normally obtained by acetoacetic acid tert-butyl ester 
and fluorosulphonyl isocyanate and the subsequent addition of potassium hydrox-
ide (KOH) or by diketene and amidosulphonic acid with dehydrating compounds 
and the addition of KOH (Rowe et al. 2003).

With reference to stability, potassium acesulfame is storable for many years 
without appreciable consequences, although high storage temperatures may cause 
decomposition after several months (Klug and von Rymon-Lipinsky 2011; Rowe 
et al. 2003).
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When dissolved in water, it remains sweet for 24 months at least. In addition, 
the sweetness of potassium acesulfame appears substantially unmodified after ster-
ilization and pasteurization treatments.

Finally, the use of potassium acesulfame has been described in combination 
with other synthetic sweeteners such as sodium cyclamate or aspartame. However, 
a mixture of three different sweeteners may decrease the perceived taste if sac-
charin and acesulfame potassium are considered (Klug and von Rymon-Lipinsky 
2011; Rowe et al. 2003; Schiffmann et al. 2003).

The strategy of the use of potassium acesulfame in the yoghurt industry considers 
generally mixtures with other sweeteners: this choice can be interesting when synthetic 
molecules are used. However, the combination of potassium acesulfame with natural 
sweeteners may be also useful and recommended. Several steviol glycosides like rebi-
ana—a high-purity rebaudioside A—may be mixed with potassium acesulfame with 
the aim of ‘mitigating’ ‘off’ taste such as bitter and black licorice (Prakash et al. 2008).

All possible yoghurt—plain, strawberry, low fat, etc.—types can be produced 
with the addition of potassium acesulfame. Normally, reported evidences show a 
modest difference between artificial sweeteners and natural compounds with refer-
ence to the effect on the growth on micro-organisms and the viscosity of products 
during shelf life (Keating and White 1990).

Anyway, the best application for this type of sweetener and related mixtures 
appears the production of fruit-flavoured products, stirred and set-style yoghurts, 
in comparison with foods with separate fruit pieces (Klug and von Rymon-
Lipinsky 2011). Finally, the stability of potassium acesulfame is good with refer-
ence to pasteurization and shelf life durations. Consequently, it can be assumed 
that this sweetener may be usable in yoghurts and other dairy products without 
appreciable performance differences (Klug and von Rymon-Lipinsky 2011).

3.3.2  Flavour Enhancers

Flavourings may be necessary in several products because of the progressive and 
irreversible loss of aroma intensity after technological treatments. In particular, 
fruit preparations suffer the remarkable reduction of flavour after heat treatment 
(Tamime and Robinson 1999).

Fig. 3.1  Chemical structure 
of potassium acesulfame, a 
sweetening agent. BKchem 
version 0.13.0, 2009 (http:// 
bkchem.zirael.org/
index.html) has been used for 
drawing this structure

3.3 Additives for Yoghurt and Yoghurt-Related Food Products
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Basically, flavour enhancers may be subdivided in two different categories 
depending on the natural or artificial origin (Tamime and Robinson 1999). Moreover, 
natural substances with flavouring effects might be used to replicate different aromas 
in relation to their botanical origin: this strategy is substantially coincident with the 
approach of the modern perfume industry.

Different flavours may be added to set-type or stirred-type, frozen, drinking and 
dried yoghurts: it should be honestly affirmed that the total list of aroma enhancers 
may contain thousands of names. However, regulatory restrictions and the recall 
to ‘good manufacturing practices’ may force food technologists to choose one 
specified and artificial compound instead of other natural molecules (Tamime and 
Robinson 1999).

As a result, the aroma of several flavoured yoghurts may be mainly depend-
ent on the presence and the concentrations of following analytes (Tamime and 
Robinson 1999):

•	 3-methylbutyl acetate, isoamyl acetate (aroma: banana fruit)
•	 Methyl anthranilate, 1-p-methene-8-thiol (aroma: grape fruits)
•	 Citral (aroma: lemon, orange)
•	 γ-decalactone (aroma: peach)
•	 Ethyl vanillin (aroma: vanilla).

On the other side, the aromatic profile of yoghurt products may be notably 
enhanced if:

•	 3-methylbutyl acetate is associated with eugenol, pentyl acetate, pentyl propion-
ate, etc. (aroma: banana fruit)

•	 1-p-methene-8-thiol is associated with limonene, decanal, ethyl acetate, etc. 
(aroma: grape fruits)

•	 γ-decalactone is ‘reinforced’ with the presence of γ-octalactone, linalool, etc. 
(aroma: peach).

Finally, every possible aroma can be enhanced with the use of peculiar synthetic 
compounds: for instance, γ-undecalactone may be a good choice for peach aromas 
(Tamime and Robinson 1999).

In accordance with the CA, three synthetic substances can be used depending 
on regulatory restrictions (Codex 1995): aspartame, potassium acesulfame and 
neotame. It should be also considered that these compounds are mainly used as 
sweeteners; however, their double function may be very interesting when selected 
yoghurt types have to be prepared and the original—or desired—aroma has to be 
‘reconstituted’.

For this category of food additives, the situation of neotame is synthetically 
described.

This substance, also defined N-[N-(3,3-dimethylbutyl)-L-α-aspartyl]- 
L-phenylalanine 1-methyl ester, is obtained by aspartame and 3,3-dimethylbutyral-
dehyde after purification, drying and milling (Aguilar et al. 2007).

From the chemical viewpoint, the molecular formula is C20H30N2O5 with MW 
378.47 g mol−1 and CAS registry number 165450-17-9 (Fig. 3.2).
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It can be described as a crystalline powder with possible amorphous polymor-
phic forms (Offerdahl et al. 2005). On the other hand, commercial forms can be 
also co-crystallized neotame/sugar compounds, acid or basic salts, encapsulated 
products, metal complexes, etc. (O’Donnell 2008). It has to be highlighted that 
neotame can exhibit interesting flavour properties, especially when the following 
aromas have to be reconstituted and/or enhanced: mint, fruit and vanilla. In these 
situations, the presence of neotame can justify the reduction of flavour concentra-
tions. In addition, neotame may hide off tastes when used in conjunction with vita-
mins, soy and/or minerals (O’Donnell 2008).

With reference to physical features, neotame is reported to be more soluble 
than aspartame in water and in organic solvents such as ethanol (O’Donnell 2008). 
In addition, related salts should be more soluble than the normal form.

Neotame is also storable for five years at least without appreciable conse-
quences, although high storage temperatures may cause decomposition after sev-
eral months. When dissolved in water, it can be hydrolysed with the production of 
de-esterified neotame (O’Donnell 2008).

Generally, this additive is used in combination with other synthetic sweeteners 
such as saccharin and sucralose; on the other side, neotame and sweetening ‘com-
petitors’ appear to show analogous performances with concern to sweetness.

3.3.3  Food Colours

The category of food additives with colouring functions has been always ‘thorny’ 
because of health suspects about the use of certain substances. Basically, the aim 
of food technologists should be the reconstitution of original organoleptic prop-
erties of foods with the addition of selected compounds. This approach is cor-
rect when speaking of sweeteners and flavour enhancers (Sects. 3.3.1 and 3.3.2). 
However, the use of food colourants in the formulation of yoghurts is mainly cor-
related with the necessity of attractive products (Tamime and Robinson 1999).

A potentially long list of food colourants may be shown here with an initial 
premise: natural and artificial colours, including derived substances, may be added 
with different objectives and results. In addition, coloured yoghurts should display 
a visual appearance in function of the claimed message: on these bases, the addi-
tion of ‘banana fruit’ or ‘coffee’ ingredients to a commercially available yoghurt 
‘base’ might suggest the possible and non-compulsory addition of yellowlike and 

Fig. 3.2  Chemical structure 
of neotame, a sweetener and 
flavouring agent. BKchem 
version 0.13.0, 2009 (http://b
kchem.zirael.org/index.html) 
has been used for drawing 
this structure
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brownlike colours, respectively. Consequently, red cochineal may be used for 
strawberry-flavoured yoghurt, while tartrazine may be added to lemon-flavoured 
products (Calvo et al. 2001). Naturally, added colours should exhibit good mis-
cibility and acceptable ‘solidity’ (resistance) against adverse conditions: thermal 
abuses, heat treatments, possible phase separations, excessive amount of lipids 
(organic phase), ‘bleeding’ (migration) in multilayered yoghurts, etc. (Daravingas 
et al. 2001).

With the exception of new natural colourants such as anthocyanin extracts 
by selected sources or ‘old’ xanthophylls like lutein dye (Carvalho et al. 2013; 
Domingos et al. 2014), most known food colours for yoghurts may be shown in 
the below-mentioned list:

•	 Allura red AC
•	 Brilliant blue FCF
•	 Canthaxanthin
•	 Caramel III
•	 Ammonia caramel, also named ‘Caramel IV’
•	 Sulphite ammonia caramel
•	 Carmines
•	 Beta-carotenes (from vegetable sources)
•	 Synthetic beta-carotenes
•	 Chlorophylls (copper complexes)
•	 Chlorophyllin (copper complexes, potassium and sodium salts)
•	 Fast green FCF
•	 Grape skin extract
•	 Indigotine (indigo carmine)
•	 Iron oxide (black, yellow and red types)
•	 Ponceau 4R (also named cochineal red A)
•	 Riboflavin (synthetic origin)
•	 Riboflavin 5′-phosphate sodium
•	 Riboflavin by Bacillus subtilis
•	 Sunset yellow FCF.

In relation to the basic aim of this chapter, two different colourants with similar 
names are discussed. In detail, main features of the natural ‘cochineal’ and the 
synthetic cochineal red A are presented here.

The name ‘cochineal’ is historically related to a natural pigment (orange to red 
tints) secreted by the female exemplar of Opuntia coccinellifera (Wüthrich et al. 
1997). The main pigment is carminic acid, molecular formula C22H20O13, MW 
492.38 g mol−1, as shown in Fig. 3.3. It is mainly based on the central anthraqui-
nonic structure with an additional glucose ring. Basically, it is dispersible in water; 
red colours appear more intense if pH increases. Unfortunately, this pigment is 
expensive enough at present (Downham and Collins 2000).

This molecule may be confused with ‘carmine’, also named ‘crimson lake’, 
‘cochineal’ and ‘natural red 4’. Actually, this pigment is the aluminium salt of car-
minic acid (Downham and Collins 2000): it shows pink to red tints. Carmine is 
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used in the confectionery sector and for the production of ‘non-vegetarian’ foods 
(carminic acid is also used in this sector).

At present, carminic acid and ‘cochineal’ are used in the European Union 
and in the USA in spite of recent studies with reference to possible allergic reac-
tions and anaphylactic shocks. The matter is currently under investigation by the 
European Food Safety Authority (EFSA) and the Food and Drug Administration.

The synthetic ‘cochineal’—also named ‘ponceau 4R’, ‘new coccine’, ‘cochineal 
red A’, molecular formula C20H11N2Na3O10S3, MW 604.47 g mol−1, CAS number 
2611-82-7, Fig. 3.4—is a synthetic food colour. The chemical formula is completely 
different from carminic acid: cochineal red can be defined as trisodium 2-hydroxy-
1-(4-Sulphonato-1-naphthylazo)-naphthalene-6,8-disulphonate (Aguilar et al. 2009).

Because of its strawberry red tint, it can be added to flavoured yoghurts as the 
only colourant or in association with other substances such as tartrazine (Lisak  
et al. 2012; Tamime and Robinson 1999). It can be added before or after fermenta-
tion (Mendi et al. 2004): this feature is not specific for ponceau 4R; other synthetic 
and natural colourants are reported to be added in the same way.

On the other hand, recent studies have highlighted the role of synthetic coch-
ineal in association with other colouring agents in relation to the occurrence of 

Fig. 3.3  Chemical structure of carminic acid, a pigment found in the natural cochineal secreted 
by the female exemplar of Opuntia coccinellifera (Wüthrich et al. 1997). BKchem version 
0.13.0, 2009 (http://bkchem.zirael.org/index.html) has been used for drawing this structure

Fig. 3.4  Chemical structure of synthetic cochineal, also named ponceau 4R or cochineal red A. 
BKchem version 0.13.0, 2009 (http://bkchem.zirael.org/index.html) has been used for drawing 
this structure
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hyperactivity in children. At present, the question is debated: the EFSA Scientific 
Panel on Dietetic Products, Nutrition and Allergies has concluded that the con-
sumption of different colours—including ponceau 4R—should not cause severe 
adverse reactions in human subjects at the current levels of use, either individually 
or in combination (Agostoni et al. 2010).

Carminic acid and synthetic cochineal have been considered in relation to the 
whole spectrum of synthetic and natural colourants because of controversial opin-
ions on their use. In addition, it should be noted that the use of synthetic cochi-
neal is economically convenient if compared with natural compounds. Finally, it 
has been reported that ponceau 4R has good light solidity, heat and acid stability: 
these features are important when the use in thermally processed dairy products is 
proposed. On the other side, some fading may appear when synthetic cochineal is 
used with ascorbic acid and sulphur dioxide (Downham and Collins 2000).

3.3.4  Thickeners

This category of food additives should be considered in the general ambit of emul-
sifiers, sequestrants and stabilizers (Table 3.2). In fact, a little portion of emulsi-
fiers/stabilizers may have an interesting influence on the viscosity of foods and 
beverages. Because of the importance of rheology, the discrimination has been 
operated in this section between the whole category of emulsifiers/stabilizers and 
‘thickening agents’ (Tamime and Robinson 1999).

By a general viewpoint, normal emulsifiers are definable as amphiphilic mole-
cules because of the concomitant presence of hydrophobic and hydrophilic groups. 
Consequently, these molecules can be used to promote and enhance water/oil 
emulsions by means of the reduction of lipidic masses in small emulsified drop-
lets. As a result, the superficial tension is notably reduced. Should the emulsified 
state be maintained for extended time periods, emulsifiers would be named also 
stabilizers (Table 3.2). Finally, the texture of modified foods may be enhanced by 
means of the use of thickening agents. Consequently, the nature and physicochem-
ical properties of these food additives can subdivide the class of ‘emulsifiers’ in a 
tripartite group depending on the final and declared use.

Table 3.2 shows a list of emulsifiers and stabilizers: sometimes, these sub-
stances may have other properties. For instance, vegetable pectins or xanthan gum 
may be also defined ‘gelling agents’ because they are able to promote the gelifi-
cation of emulsified foods (Cerutti 1999). On the other hand, some of these sub-
stances may have also thickening effects: for example, the following molecules are 
thickeners (Tamime and Robinson 1999):

•	 Vegetable exudates (Arabic and tragacanth varieties)
•	 Vegetable seed flour (carob variety)
•	 Extracts from seaweeds: alginates, furcellaran
•	 Different cereal starches
•	 Cellulose derivatives
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•	 Xanthan
•	 And other compounds.

According to the CA, the following list of thickeners may be used for yoghurt 
products and yoghurt-related foods:

•	 Alginates (alginic acid, ammonium alginate, calcium alginate, etc.)
•	 Ammonium salts of phosphatidic acid
•	 Diacetyltartaric and fatty acid esters of glycerol
•	 Calcium polyphosphate
•	 Ammonium polyphosphate
•	 Bone phosphate
•	 Polyoxyethylene (20) sorbitan monolaurate
•	 Polyoxyethylene (20) sorbitan monooleate
•	 Polyoxyethylene (20) sorbitan monopalmitate
•	 Polyoxyethylene (20) sorbitan monostearate
•	 Polyoxyethylene (20) sorbitan tristearate
•	 Propylene glycol esters of fatty acids
•	 Sucroglycerides.

In relation to the use of thickeners for improving rheological properties and senso-
rial features of yoghurts, alginates are discussed because of peculiar properties and 
some interesting feature in relation to the production of probiotic yoghurts.

By the chemical viewpoint, alginates are a family of unbranched binary het-
eropolymers containing 1,4-linked β-D-mannuronic (M) and 1,4-linked α-L-
guluronic acid (G) residues with different proportions and sequences (Draget et al. 
2005; Smidsrød 1974). The chain can contain two homopolymeric MM and GG 
blocks with the concomitant presence of mixed MG blocks (Draget et al. 2005). 
Anyway, the dimension of blocks appears higher for GG fragments if compared 
with MM blocks; in addition, MM fragments seem to be dimensionally higher 
than heteropolymeric MG blocks (Smidsrød 1974).

The main property of alginates is correlated with the selective binding of calcium 
ions in solution for GG blocks; moreover, this chemical phenomenon is maintained 
during time (Smidsrød 1974). On the other hand, MM and MG blocks do not appear to 
show good selectivity for calcium ions, auto-cooperative binding mechanisms and rec-
ognizable hysteresis (Smidsrød 1974). As a result, thickening properties appear to be 
mainly caused by the abundance of GG fragments in calcium alginate gels (Smidsrød 
1974). However, it has been also reported that alginates have not regular statistical dis-
tributions of different blocks (Draget et al. 2005). Actually, one main difference may 
be observed on a molecular scale between two different types of available alginates 
because of the origin: bacterial products seem to show O-acetyl groups in C2 and/or  
in C3 position along the chain if compared with algal alginates (Draget et al. 2005).

With concern to physical properties, alginates appear to be more interesting 
than other polysaccharides because of the selective binding of multivalent ions; 
in addition, the reported sol/gel transition of alginates appears to be independent 
from thermal modifications (Draget et al. 2005).

3.3 Additives for Yoghurt and Yoghurt-Related Food Products
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On the other hand, alginates may be dissolved with some difficulty depending 
on the pH of solvents and the resulting influence on electrostatic charges. Moreover,  
calcium and other multivalent ions (e.g. magnesium) should be abundant in com-
parison with other non-gelling ions (Haug and Smidsrød 1965). Otherwise, the 
 thickening or gelling effects could be insufficient (Draget et al. 2005). Actually, these 
phenomena appear similar on the macroscopic level.

Another reflection should be made with reference to pH. In fact, a controlled 
and slow decrease of pH can favour the formation of alginic acid gels, while the 
sudden diminution of the proton concentration below known pKa values may pro-
duce the precipitation of alginate molecules without binging and the consequent 
thickening action. For this reason, the use of propylene glycol alginate may be rec-
ommended as a food stabilizer (Draget et al. 2005; Xiaoying et al. 2009).

In addition, the contemporary presence of multivalent ions in notable quantity 
produces often rapid and irreversible binding reactions with undesired heterogene-
ous and irregular gels (Draget et al. 1990).

With reference to the use of alginates for yoghurt productions, it should be also 
remembered that these polymers can be easily depolymerized by oxidative–reductive 
reactions, depending on the pH and temperature. The depolymerization should be 
taken into account when heat treatments are planned (Draget et al. 2005).

Finally, the use of alginates has been proposed in an innovative way because of 
the necessity of increasing the survival and viability of probiotic bacteria in yoghurt 
during storage. Generally, the use of calcium-induced alginate–starch-encapsulated 
probiotic bacteria has been proposed and studied. Obtained results seem to demon-
strate that similar strategies do not affect sensory properties of produced yoghurts 
(Grosso and Fávaro-Trindade 2004; Kailasapathy 2006; Krasaekoopt et al. 2006; 
Sultana et al. 2000).

3.4  The Influence of Food Additives on the Design  
of Yoghurt

As mentioned above, the use of food additives for the production of modern 
yoghurts is necessary when certain properties or positive features have to be 
obtained (Sect. 3.3). Because of the influence of marketing strategists and consum-
ers on the success (or the commercial failure) of every consumer good, several 
properties are substantially ‘implicit’ when speaking of modern—plain, flavoured, 
coloured and drinking—yoghurts and dairy-based desserts. As a result, one or 
more of discussed chemicals or classes of food additives are needed with the aim 
of assuring ab initio the following properties:

•	 Increased viscosity, when needed; drinking products should appear ‘diluted’ in 
comparison with plain yoghurts

•	 Ameliorated ‘sweet effect’; the sweeter the product, the higher the acceptability 
for normal consumers
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•	 Augmented aroma of the final product
•	 Chromatic performance of the fluid composition and absence of ‘bleeding’ 

effects (Sect. 3.3.3). The intensity of obtained colours should not be modified 
throughout the whole shelf life.

By a general viewpoint, these priority features are directly correlated (and  possibly 
measurable) with organoleptic testing methods. Consequently, this chapter has 
 discussed four categories of food additives: colourants, sweeteners, flavouring 
agents and thickeners, while remaining classes have been only mentioned. The 
choice has been determined by the following considerations:

•	 When deciding the best approach for the production of commercially attractive 
products, basic sensorial features are critical and absolutely ‘urgent’

•	 Colour, flavour and taste are immediately measurable by normal consumers 
(Parisi 2012)

•	 On these bases, the choice of food additives has to take into account the neces-
sity of reconstituting pre-existing or supposed aroma, colour and taste of origi-
nal yoghurts and claimed ingredients. Naturally, the creation of a peculiar 
aroma (with correlated chromatic ‘codes’ and corresponding tastes) may be 
tried if the formulation does not include ‘natural’ food ingredients. Anyway, the 
expectation of the normal consumer has to be confirmed

•	 In addition, every product has a recognizable aspect and a peculiar texture. 
Once more, these features have to be ‘replicated’ for every new version or sub-
version of the ‘original’ prototype or traditional food (Parisi 2012). For this rea-
son, the use of peculiar emulsifiers, stabilizers and/or thickeners is generally 
requested in the modern industry. Otherwise, the risk of irregular products may 
depend on the variability of raw materials, packaging materials and processing 
parameters. Normal examples may concern the so-called bleeding effect in mul-
tilayered products (Sect. 3.3.3), the presence of irregular gels or phase separa-
tions with possible consumer complaints, abnormal fermentations, etc.

In conclusion, the problem of food stability should be studied and solved on the 
basis of the preliminary design—the choice of ingredients, flavour enhancers, col-
ours, sweeteners, emulsifiers, etc.—by the viewpoint of the food chemist. In fact, 
obtained products should remain stable throughout the whole shelf life: this fea-
ture implies the absence or the limitation of phase separations in the product. In 
addition, above-mentioned features and other technological properties (e.g. spray-
ability, fluidity before use) have to be obligatorily constant when yoghurts are used 
as ingredients for other food products.

The stability of prepared yoghurts may require the additional use of sub-
stances such as antioxidants (ascorbic acid, carotenoids, etc.), anticaking agents 
and preservatives (benzoic acid, potassium sorbate, etc.). These compounds are 
used with the aim of increasing the microbiological and commercial shelf life of 
produced yoghurts. In other words, packaged foods have to maintain their own 
physicochemical and microbiological features until the end of the declared expira-
tion date. Because of the priority importance of sensorial features, all described 
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additives in Tables 3.1 and 3.2 have not been mentioned here in detail. The author 
would discuss these chemicals and related functions in a future issue of this book 
series in Chemistry of Foods.
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