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Preface

This tenth edition of Meat Hygiene has been largely rewritten and enlarged to take
account of the many developments in the last decade, to further emphasise the
importance of microbiology and to make the book more international in character.

Bovine spongiform encephalopathy and E. coli O157 H7 in particular, along with the
introduction of some genetically-modified food, have served to undermine the
confidence of the consumer in the safety of food in Britain and elsewhere, despite the
reassurances issued by authorities. It is difficult to place reliance on oft-repeated
pronouncements about food safety, especially when these emerge suddenly, are later
contradicted, are sometimes associated with vested interests or are suddenly imposed on
the population without evidence of adequate and competent research findings.

The concept of ‘Plough to Plate’, ‘Stable to Table” is at last being recognised since
accountability cannot be laid solely at the door of meat inspection. Livestock producers
have the chief responsibility to ensure that clean, healthy livestock, free from potentially
harmful residues, are presented for slaughter with close attention being paid to welfare on
the farm, through transport and in the meat plant. It is depressing to reflect, however, that
the classic work of Empey and Scott on carcase contamination was carried out in Australia
in 1939.

To cater for this ever-increasing task, it has been necessary to enlist the help of other
experts. Robert Huey is an officer in charge of meat hygiene in the Department of
Agriculture for Northern Ireland where he is in touch with developments in the
European Union and further afield, in addition to his extensive experience in livestock
husbandry. Along with other text material, he has been responsible for updating the
important chapter on Farm to Slaughter.

Professor W.J. Reilly, BVMS, BSc, MRCVS, DVSM, of the Scottish Centre for Infection
and Environmental Health, Glasgow, has been involved in public health matters,
especially foodborne disease, for many years and has made a significant contribution to
our knowledge of this vital area. Such is the importance of this sector that we have also
seen fit to introduce a section on the function of the meat plant laboratory, this especially
in view of the fact that little is known of the intangible potential pathogens passing
through many abattoirs making final judgement based solely on visual inspection at best
a doubtful procedure. Indeed, such is the load of bacteria currently entering meat plants
that reliance in the future may well have to be based on carcase pasteurisation with
subsequent microbiological testing of meat samples.

The oft-neglected, yet vital subject of sanitation has been revised and expanded by
Stan R. Brown, BSc, (Hons), Dip. MGMT MSIM, Marketing Director, Kleencare, Europe,
and that of the other intangibles (chemical residues) by Dr. W.J. McCaughey, MVB, MA,
MSc (Ohio), PhD, FRAgS, late Deputy Director of Veterinary Sciences Division,
Department of Agriculture, Northern Ireland.

J. E. Gracey
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Chapter 1 |
The Food Animals

‘HEALTH is a state of complete physical, mental and social well-being and not merely the absence of disease or
infirmity.” World Health Organization Chronicle, 1978.

Meat is normally regarded as the edible parts
(muscle and offal) of the food animals which
consume mainly grass and other arable crops,
viz. cattle, sheep, goats, pigs, horses, deer,
reindeer, buffalo, musk oxen, moose, caribou,
yak, camel, alpaca, llama, guanaco, vicuna, etc.
In addition, poultry have become a major meat-
producing species while rabbits, guinea pigs,
capybara and various game animals and birds
provide a substantial amount of protein,
particularly in localised areas. Fish and other
seafood have also been an important part of
man’s diet since earliest times.

Although, theoretically, hundreds of animals
could supply meat for human consumption, in
practice only a relatively small number of
species is used today. This is all the more
remarkable since it represents in general the
instruction of the Levitical Law of the Old
Testament, most of which is in accord with
modern sanitary science. The animals suitable
for the food of man had to part the hoof and
chew the cud. Only those fish with fins and
scales were wholesome. It is true that today we
eat pig, rabbit and hare, but it is recognised that
they are subject to parasitic infestation. There
appears to be little doubt that the dangers of
trichinosis and of Cysticercus cellulosae were
recognised 1400 years before the birth of Christ.
In many parts of the world, horse flesh forms an
important article of human diet. The Danes
reintroduced the consumption of horse flesh
into Europe during the siege of Copenhagen in
1807; slaughter of horses for human
consumption is now well established in
Denmark, Belgium, Holland and Germany.

All the above animals, including fish, are
converters, i.e. they utilise green vegetable
material with varying efficiency to produce
protein. Even microorganisms can be classified
as converters in that they use carbohydrates
from plants to make protein from simple

nitrogenous compounds. Especially when an
animal eats something which is inedible for man
or could not easily be made into food for man, it
is considered valuable as a source of food; so
when pigs and poultry, and even other animal
species, are used as scavengers to eat scraps, by-
products, etc., they are very useful indeed.
However, when food which could be utilised by
human beings is fed to livestock, the question of
efficiency  becomes more problematic.
Nevertheless, other factors, such as the
production of manure for fertiliser usage, variety
in the human diet, etc., have to be borne in mind.

Not only did the Creator command the earth
to ‘bring forth grass, the herb yielding seed and
the fruit tree yielding fruit after his kind’
(Genesis 1:11), He also ‘made the beast of the
earth after his kind, and cattle after their kind,
and everything that creepeth upon the earth
after his kind’ (Genesis 1:25). For both plant and
beast, ‘God saw that it was good’ (Genesis 1:12 &
25). They were both to be used for the food of
man.

In more recent times efforts have been made
to domesticate certain wild animals, although
many of these have been used as food since
ancient times. In Africa and Russia, elands are
being domesticated, as well as antelope in the
latter country. Kangaroos are being kept for
meat in Australia and, in South America, the
large rodent capybara, which is a semi-aquatic
vegetarian, is being used as a source of meat,
although it is not especially palatable. There are
probably many other wild species which could
be utilised in meat production and would have
some advantages over the domesticated
animals since they exist on less valuable land,
need only rough grazing, are more disease-
resistant and act as a tourist attraction. Some
problems, however, arise in connection with
feeding, protection from predators, slaughter
and meat inspection.
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Recent innovations have included the
breeding of wild boar in England and buffalo in
Germany, France and Poland. Wild boars
introduced from Germany and Denmark into
England are used to produce purebreds as well
as crosses with established breeds of pigs.
Differences in quality and flavour are said to
exist between the wild variety and the various
crosses. Litter sizes average six piglets and only
one litter is produced yearly. Slaughtered at
12-14 months, wild boar has a liveweight of
about 59kg and a deadweight of around 45 kg.
The meat is very lean with an acceptable
flavour but stress is sometimes associated with
abattoir slaughter, which may necessitate on-
farm handling. In Great Britain the keeping of
wild boar is subject to the Dangerous Wild
Animals Act.

Buffalo meat is said to be more tender, leaner
and gamier than beef, with lower levels of
cholesterol. Although expensive in France, it is
cheaper than beef in Canada. The name buffalo
is often applied to the bison (Bison bison) of
North America, a different species of the order
Bovidae. There are several species, the Indian
buffalo (Bubalus bubalis), sometimes called the
water buffalo or arna, is the only one to be
domesticated. It is found in many parts of the
Old World, with significant numbers in
Hungary, Italy and France.

The future for meat and meat products will
depend mainly on consumer demand and the
prices at which they can be profitably
produced. As living standards rise, so also does
the consumption of meat. Factors such as the
cost of production, feed conversion efficiency,
land use and availability, consumer taste, price
to consumers, diet, attitudes of people to meat
production methods, use of protein from non-
animal sources, etc., will all play a part in
determining future demands.

Procedures such as genetic engineering,
embryo transfer, cross-breeding and twinning
will continue to be utilised in attempts to
produce more productive livestock with
improved milk and meat quality. But if close
attention is not paid to the vital importance of
disease resistarice, we may well see the
development of stock susceptible to existing
and novel conditions, some of which may have
serious public health implications. Consumer
attitudes must always be borne in mind by
research workers and those engaged in the
agriculture and food industries, which will only

prosper in a climate of real consumer
confidence in the quality and safety of food.

In order to address this point, much food
from animals is produced under ‘Farm Quality
Assured Schemes’. These provide customers
with some assurance that the animals have
been reared in a manner which involves animal
welfare and environmental issues and are fit to
produce wholesome, safe, food products. This
complements the ‘plough-to-plate” approach to
meat production with control over all the
nutritional, welfare, housing and other
management factors, as well as ensuring the
traceability of the food product. Veterinarians
have a pivotal role in this discipline, both on the
farm and at the meat plant.

DIETARY FACTORS

Concern about the amount of fat, especially
saturated fat, in the diet, has been given
prominence in the USA and the UK. In the
former country the incidence of ischaemic heart
disease (IFHD) has decreased owing to the
reduction of fat intake. In the UK a report on
Diet and Cardiovascular Disease was produced by
the Committee on the Medical Aspects of Food
and Nutrition Policy (COMA) in 1984. This
recommended that saturated fat consumption
should be reduced by 25% but that some
increase in polyunsaturated fat would be
acceptable, in which case the total fat intake
need only be reduced by 15%.

Since the COMA Report is an official
document which has been accepted as
government policy, it means that government
agencies including the Ministry of Agriculture,
Fisheries and Food are obliged to put its
recommendations into effect. Already steps are
being taken to have legislation which will
require total fat and saturated fatty acid content
labelling on a wide variety of foodstuffs. While
much of the intake of fat is derived from milk
and dairy products, meat and meat products,
margarine, cooking fat and salad oils, some
comes from vegetable sources, where it is either
produced in a saturated form, e.g. coconut oil,
or converted into such during manufacture.

The sources of fat in the average British diet
are given in Table 1.1.

If people respond to the COMA
recommendations, and there are indications
that this is already the case, there will be major
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Table 1.1 Average British diet - sources of fat
(1981).

Food groups % Total fat
Milk and dairy products, excluding

butter 18.9
Total meat 27.0
Total fish 1.1
Eggs 2.7
Total fats, i.e. butter, margarine,

cooking fats, salad oils, etc. 36.6
Total vegetables 2.0
Total fruit 0.9
Total cereals 9.6
Total beverages 0.1
Other foods 1.1
Total, all foods 100.00

Source: National Food Survey.

changes in food consumption which will
inevitably have an impact on production
methods in agriculture, especially in milk and
livestock production, despite the fact that not
all is known about the aetiology of the
commonest cause of death in most
industrialised countries. (In the UK, in 1995,
27% of all deaths in men and 18% of all deaths
in women, under 75 were ascribed to IHD.)

Factors such as heredity, blood pressure,
obesity, blood haemostasis, physical inactivity,
water hardness, smoking and alcohol
consumption are also involved in the causation
of this serious condition.

In 1997 COMA reported on diet and cancer.
It recommended:

1 Maintain a healthy body weight and do not
increase it during adult life.

2 Increase intake of a wide variety of fruits and
vegetables.

3 Increase intake of dietary fibre from a variety
of food sources.

4 FEataverage amounts of red meat (UK average
is 90 g cooked per day).

Over the last 20 years, the amount of red meat
eaten in the UK has fallen by 25%, yet the
incidence of colon cancer has increased by 20%
over the same period. The consumption of meat
per head of the population in the UK is among
the lowest of all the EU countries, as Table 1.2
shows.

Consumer demand is now for leaner meat in
smaller, waste-free cuts, easy and quick to
prepare. On the livestock breeding and rearing
side, changes have taken place with the
emphasis on animals which produce leaner
carcases. Appropriate grading and certification
standards are applied in meat plants. Quite
apart from the health aspect, overfat stock are

Table 1.2 Annual consumption of meat (kg/head) (EC 1996).

Beef and Sheep and Pig Poultry Total
veal goat meat meat meat meat
Bel/Lux 20.7 2.1 48.1 24.6 95.5
DK 19 1.2 58.6 15.9 94.7
D 15.2 1.2 54.9 136 84.9
GR 20.9 13.9 22.9 19 76.7
SP 122 6.4 56.6 26.6 101.8
FR 26.5 5.2 36 . 232 90.9
R 19.2 5 33.9 30 88.1
IT 23.5 1.8 33.8. - 20 79.1
NL 21.8 14 50.1 21.5 94.8
AUS 16.5 12 58.6 145 90.8
PO 144 4 36.2 252 - 79.8
FIN 194 0.2 309 74 57.9
SWE 18.7 0.6 37.3 7 63.6
UK 14 6.3 23.6 28.1 72
EU 18.6 3.7 41.3 20.8 84.4
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too costly to produce, and farmers will have to
realise that energetic competition will have to
be faced from vegetarians (sincere and
insincere), ‘animal welfarists” and a wide range
of branded convenience and ‘health foods’,
many not based on a meat content.

There have been attempts to increase the use
of potentially cheaper non-meat profeins in
human foods, ie. vegetable protein derived
mainly from soya beans, cottonseed, ground-
nuts, sunflower, rape and sesame. The three
main classes of vegetable protein products,
usually based on soya, are meat analogue,
textured vegetable protein and extended meat,
which all vary in composition and production
cost. Analogue is soya protein spun into
filaments and bound with more protein such as
egg albumin. Textured vegetable protein may
be meals, concentrates or protein isolates
combined with carbohydrate in the form of
starch or carageenan by extrusion, i.e. forcing
the protein mass through extrusion dies under
high pressure at 115-117°C. Extended meat is a
mixture of vegetable and meat protein which is
subjected to normal heat processing. Various
flavours, colours and. even fat can be added.

Many technical problems still have to be
overcome before vegetable protein products
can be regarded as acceptable commercial
entities. A survey in England showed that they
could be much improved in flavour, texture and
formulation.

In the UK the annual consumption of meat
and meat products, which represent about
22.4% of the total household expenditure on
food, amounted to approximately £15200
million in 1996 at retail prices.

It is estimated that only 60% of the world’s
population eats 18 kg or more of meat per year,
which is regarded as the nutritional minimum.
The remaining 40% represents some 1500
million people who consume less than this
amount. This stark fact is exemplified by
countries in equatorial Africa and OPEC where
the average annual consumption is only 10kg
per head and in the underdeveloped countries
of Asia where it is as low as 3kg.

WORLD LIVESTOCK PRODUCTION

In general, those countries with the highest
meat consumption rates are also the major
producers. Some parts of the world such as

Argentina, Australia, New Zealand and
Denmark are large exporters of meat and meat
products, while the United States, Britain and
Germany import large quantities, although the
former also have a considerable export trade as
have many other countries.

Many factors operate to determine levels of
food animal populations, economics playing
the principal role, but disease outbreaks,
weather conditions, overproduction, consumer
preference, feed availability, etc. are also
important reasons, along with trade barriers
imposed by individual states, often on ill-
defined, even unjustified, grounds.

In 1996 beef and veal production was similar
to that in 1995 and is not expected to alter much
for the following two years. Sheepmeat
production on a global basis is rising slowly,
primarily as a result of rising production in
China. Expected improved world prospects for
the wool trade had encouraged extra
production in Australia. In eastern Europe and
countries of the former Soviet Union,
production continues to contract. Pig
production in most of the major world
producing countries is forecast to be stable or
declining in 1999. The exception is China.

Poultry production continues to expand
throughout the world.

UK MEAT PLANTS AND
THROUGHPUTS

Each year some 93 million animals (excluding
poultry) are slaughtered in around 480 meat
plants. There has been a great reduction in the
number of plants, from 2062 in Great Britain in
1968 to 444 in 1999. At the same time the total
number of animals slaughtered has increased
from over 11 million cattle units in 1968 to over
29 million cattle units in 1998. The trend, as far
as size of plant is concerned, is for the smaller
ones to close, although this is not always a
result of lower efficiency (Tables 1.3, 1.4 and
1.5).

CATTLE -

The 1996 FAO Production Yearbook gives the
world cattle population as 1320 million with
145.7 million buffaloes. The numbers in the
main countries are as follows (in millions):
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Table 1.3 Abattoirs and total throughputs
(1996/97) in Great Britain.

Table 1.5 Meat plant numbers and throughputs
per size of operation (1996/97) in Great Britain.

Abattoir Total cattle Average no. of
number units* cattle units*
(April-March) (1000s) per year
453 13138 29002

* 1 cattle unit = 1 beast/2 pigs/3 calves/5 lambs.
Courtesy of MLC Information Service.

Table 1.4 Throughputs by species (1996/97) in
Great Britain.

Species Average annual throughput
(1000s)

Cattle 7470

Pigs 43400

Sheep 42240

Courtesy of MLC Information Service.

India 276.1 (inc. 80.1 buffalo); Brazil 166.7 (inc.
1.7 buffalo); China 127.3 (inc. 22.8 buffalo);
USSR for 1989-91 118.3 (inc. 0.412 buffalo); USA
103.5; Argentina 54; Pakistan 38.1 (inc. 20
buffalo); Ethiopia 29.9; Mexico 28; Australia 27;
Columbia 26; Bangladesh 25.2 (inc. 0.8 buffalo);
Sudan 23.5; France 20.7; Nigeria 18.1; Germany
15.9; Indonesia 15; Venezuela 14.6; Tanzania
13.4; Canada 13.2; S. Africa 13.0; Turkey 12 (inc.
0.25 buffalo); UK 11.6; Madagascar 10.3; New
Zealand 9.2.

In the United Kingdom, beef and milk
account for about one-third of the total
agricultural output. Britain now produces
almost 80% of its beef requirement, compared
with about 50% just before the Second World
War. The remaining 20% is imported mainly
from Ireland and Argentina. About 52% of the
home-produced beef is derived from the dairy
herd, ie. from calves reared for beef.
Specialised beef cattle and their crosses provide
18% of the home kill.

Breeds

In Britain’s dairy herd the Friesian (British
Friesian/Holstein) is the dominant breed,
representing in England 80% of all dairy cows
and in Scotland 25%. About one-third of the

Cattle units per year No. of plants %

1-1000 159 0.4
1001-5000 71 1.2
5001-10000 35 2

1000120000 56 6.3
20001-30000 32 5.8
30001-50000 28 8.5
50001-1000000 72 75.6
Total 453 99.9

Courtesy of MLC Information Service.

dairy cows and almost half of the dairy heifers
are mated with beef bulls, mostly Belgian Blue,
Limousin and Charolais, in order to increase
the beef potential of calves not required as dairy
herd replacements.

Exotic breeds have been introduced into the
United Kingdom in an attempt to improve beef
production. The first of these (in 1961) was the
French Charolais, which is typical of the large
cattle breeds of western Europe with their
mature body size, rapid growth rate and lean
carcases. Charolais and Belgian Blue, are,
however, liable to some difficulty in calving,
often necessitating caesarian section, but this is
apparently regarded as an acceptable risk by
many farmers. British Charolais, through
selective breeding, have easier calvings.

Other breeds which have been imported
include: Blonde d’Aquitaine, Brown Swiss,
Limousin, Murray-Grey (which was developed
in Australia but has been in the UK for decades
and is now widely considered to be British),
Piedmontese, Romagnola, French Salers and
Simmental. The Luing was evolved from Beef
Shorthorn and Highland cattle on the island off
the west coast of Scotland.

British breeds have been exported to many
other countries to improve local strains, as live
animals, frozen embryos or semen.

Throughout the world there are numerous
breeds of domestic cattle used for meat and
milk production and also in some cases as
draught animals. Most are humped Zebu cattle
or cross-breeds of these with cattle of European
origin. In addition, the domestic buffalo, the
water buffalo of Asia (Bubalus bubalis), is an
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animal of great importance mainly in the Far
East (India and China) but is also found in the
Caribbean, Middle East and the former USSR.
(It has to be distinguished from the buffalo of
North America, which is not a buffalo at all but
a bison, and from the African wild buffalo,
which has never been domesticated.) Many
consider that the full potential of the water
buffalo as a meat and milk producer has not yet
been realised. A breed of Droughtmaster cattle
(Bos taurindicus) has been developed by cross-
breeding the Zebu or Brahman (Bos indicus) of
the tropics with British beef breeds, notably
Shorthorn and Hereford (Bos taurus). The
Droughtmaster is said to combine the
hardiness and disease resistance of the Zebu
with the productivity and early maturity of the
British breeds. Since 1974, Droughtmasters
have been exported from Australia to many
tropical countries including Nigeria, Ghana,
Pakistan, New Guinea, Solomon Islands and
Taiwan.

Systems of beef production

Beef production systems vary from almost
range conditions to semi-intensive and
intensive units. The efficiency of animal
production is the ratio of output to input: the
main outputs are meat, milk, power and
transport, hides, fur and by-products; and the
principal inputs are feed, land, labour, capital,
energy and water.

In the United Kingdom, consumer demand
has dictated that meat be lean with a minimum
of fat cover, tender, nutritious, palatable and,
not least, relatively inexpensive. Accordingly, it
is now the custom to slaughter not only cattle
but all animals and poultry at much earlier
ages. The economically important beef
production systems in Britain usually involve
slaughter of cattle at between 15 and 24 months
of age. Even lower slaughter ages are adopted
for certain specialist beef systems; for example,
in the so-called barley-beef system calves are
weaned early and fed concentrates ad lib to
slaughter at 11 months of age and 400kg, with
an overall feed conversion ratio of 5.5:1. At the
other extreme, there may be a high utilisation of
grass with a lower overall liveweight gain, with
animals slaughtered at 2 or more years of age at
weights of 499 kg and over. A popular
intermediate system is 18-month beef in which

autumn-born calves are fed through the winter,
kept on grass from 6 to 12 months of age and
then finished during their second winter on
hay, silage and feed grains.

In Britain the term ‘fatstock” used to mean
exactly what it said. The meat industry was
traditionally based on well-finished animals
with substantial fat depots. However, the term
fatstock is no longer appropriate; ‘leanstock’ or
‘meatstock’ is more suitable. Changes in the
grades of fatness of livestock will probably be
promoted by the production of intact males, use
of bulls for larger, leaner, late-maturing breeds
on the dairy herd and genetic selection of types
with efficient feed conversion rates, rapid
growth rates and less fat.

Most male cattle in Britain today are reared
as castrates (steers or bullocks), although the
production of young bulls may become more
important. The practice of castration was
adopted to prevent indiscriminate breeding, to
make animals more docile and less dangerous
to man and to facilitate fattening. Only the
latter factor can be regarded as significant
today, since modern husbandry methods for the
most part eliminate the breeding problem and
present consumer demand is for lean meat.
While bulls are more dangerous to handle than
steers, experience has shown that the problem
has been overemphasised. It has also been well
demonstrated under experimental and practical
farm conditions that bulls grow faster (by 12%),
convert food more efficiently (by 8%) and
produce heavier (by 10%) and leaner carcases
than steers. Bull beef production is much more
important in Europe, especially in Italy,
Germany and eastern Europe, than it is
currently in Britain.

In Europe, bulls are reared in intensive
feedlot systems largely based on maize silage,
and also in grass-finishing systems with
slaughter ages of 24-30 months. The main
breeds are Simmentals and Friesians. In New
Zealand grass-finishing systems have been
used over the last 25 years.

Although the production of bull beef in
Britain was initially slow, the rearing of young
bulls doubled during the 1980s and will
undoubtedly expand further. Some sections of
the meat trade have considered bull beef to be
of inferior conformation and tenderness as well
as being subject to dark cutting (DFD)
development. However, recent trials have
shown most of these objections to be illjudged.
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In fact, young bull carcases are heavier and
leaner than steers of the same age. Careful
handling of young bulls will obviate the DFD
problem (which is not confined to bulls), and
chilling efficiency will offset any tendency to
meat toughness, bull beef being inclined to cool
more rapidly than steer beef.

Young bull beef must be distinguished from
the inferior product supplied by old cuil bulls,
which is much darker in colour. Investigations
by the UK Meat and Livestock Commission on
groups of young bulls and steers transported
and slaughtered under comparable commercial
conditions have shown that bull flesh is only
marginally darker than that of the steers, and
there are only a few dark cutters among the
bulls. The solution is to avoid pre-slaughter
stress by gentle, efficient handling, keeping
social groups intact and providing for
immediate slaughter. Some of the other meat
trade criticisms can be ascribed to pure
conservatism. In the UK full use is made of
grassland and grass products in cattle rearing
systems, unlike in certain EU countries, e.g.
Germany, where bulls are housed for beef
production (51% bulls and 2% steers as against
40% steers and 17% bulls in the UK).

Calves range from the ’‘bobby’ calves,
slaughtered within a few days of birth, to
specially fed veal calves producing carcases of
115-135 kg at slaughter. A great variation in
quality exists in the various age groups, only
the heavier carcases being of real value. The
typical ‘bobby’ calf not only has a low
muscle/bone ratio but is also very oedematous,
rendering it of little value from a consumer
standpoint.

Growth promoters

Many different factors are associated with
growth and the muscle/bone ratio in animals,
including nutrition, hereditary factors and
certain hormones. Growth hormone (GH) is
probably the most important regulator of
growth before puberty is reached, and
androgenic and oestrogenic hormones are not
active.

Androgens stimulate the growth of all body
tissues, as well as the organs specific to the
male. They are responsible for the characteristic
development of the male with his well
developed forequarter and neck and greater
size. Oestrogens also appear to exhibit anabolic

effects, causing early maturation of muscles
and bones.

The main purpose of wusing growth-
promoting compounds is to replace the metabolic
growth action lost at castration. Much
controversy, however, surrounded the use of
these compounds, a lot of it in response to the
illegal use of diethylstilboestrol in veal calf
production in certain EC countries with the
occurrence of carcinogenesis in human beings.
Widespread consumer concern finally resulted
in the introduction of EC Directive
81/602/EU, as amended by Directives
85/358/EU and 88/146/EU, which prohibited
the use in livestock farming of certain
substances having a hormonal action. These
directives were supplemented by Council
Directive 86/469/EU, which established
controls for the examination of animals and
fresh meat for the presence of residues, and
Council Directive 88/299/EU, which dealt
with trade in animals treated with certain
substances having a hormonal action. There
was no scientific evidence to show that the use
of the licensed substances, with a hormonal
action, was harmful and these are still used
legally in some countries.

Probiotics are benign bacteria which are
administered by mouth to animals (calves,
lambs and piglets) sometimes at birth and/or
after disease. The introduction of a probiotic
into the digestive tract is claimed to ensure
more efficient feed conversion, earlier slaughter
and a healthier animal. Unlike antibiotics,
which  often kil  useful intestinal
microorganisms and create undesirable
residues, probiotics are said to be natural
products without any side effects.

Beta-agonists (f-adrenergic blocking agents)
are drugs normally used in human medicine
(sometimes also in small-animal practice) to
block the effects of adrenaline (epinephrine)
and noradrenaline (norepinephrine) in, for
example, peripheral vascular disease, cardiac
arrhythmias and hypertension. There have
been reports of the alleged misuse of these
compounds, for example, propanolol,
chlorpromazine and clenbuterol, in livestock
farming to produce lean meat. These products
act as a partitioning agent and produce lean
meat at the expense of fat. The meat is said to be
tougher than in non-treated animals. While
approved for therapeutic purposes, they are not
authorised as growth promoters.

/i
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Definitions
Bull

An uncastrated bovine.

Heifer

A female up to its first calf.

Cow

A female which has had one or more calves.

Steer or bullock

A castrated male (usually castrated at 6-12
weeks old).

Stag

A male bovine castrated late in life, and
therefore presenting a more masculine
conformation than the bullock.

SHEEP

The principal sheep-producing countries in the
world are (in millions): China 127.2; Australia
126.3; Iran 51.5; New Zealand 48.8; India 45.4;
Turkey 33.8; Pakistan 29.8; South Africa 29; UK
28.8; Sudan 23.4; Ethiopia 21.7; Spain 21.3 (FAO
Production Yearbook 1996).

Sheep were probably among the first animals
to be domesticated by man. They can be found
under a wide range of environments
throughout the world and, just like goats, their
system of husbandry has changed very little
over the centuries in most countries. In the
main this can be classed as an extensive grazing
system, the most natural for the three main
species of meat animals: cattle, sheep and pigs.
This system probably explains why sheep have
the fewest lesions and condemnations at post-
mortem compared with cattle and pigs, at least
under UK conditions.

Various breeds are adapted to living in areas
of high altitude where wind, rainfall, low
temperatures and snow are common. The hill
ewe lives a very hazardous life exposed to these
adverse elements and with low food intake,
especially during pregnancy. It is little wonder
that up to one-third of body weight can be lost

and that neonatal mortality is high. Indeed, of
all the farm animals, the relative mortality rate
is highest in sheep. Other breeds can be found
in desert or semi-desert regions where high
temperatures or fluctuating high and low
temperatures  predominate, with  arid
conditions and sparse vegetation. With some
breeds, such as those kept under lowland
conditions in Britain, stocking rates can be as
high as 20 ewes and their lambs per hectare;
under hill and other extensive systems the rate
may be as low as one sheep to 20 hectares.

The quality of forage consumed by sheep
varies from good grass under semi-intensive
husbandry to low-quality (high-cellulose)
plants, such as thorn scrub, rushes and heather,
where the stock are relatively few in number.
The ability of sheep to eat plants of little use to
man and to survive in places which cannot
easily be cultivated is very much in their
favour. On the other hand, except for
specialised breeds like the Finnish Landrace
and Russian Romanov, which can produce over
three lambs per ewe a year, low reproductive
rates, difficulties with husbandry (e.g. fencing
and labour) and the disposition towards
carcases of fairly high fat content are definite
drawbacks. It has been shown that with
housing of ewes and subjecting them to
artificial photoperiods and hormone treatment
they can produce a lamb crop every 8 months
and an average of 2.2 lambs per ewe yearly.
Unless fecundity can be improved by suitable
breeding methods, and leaner carcases ensured,
it is possible that in many hill areas sheep may
be replaced by goats or deer.

In addition to meat, sheep produce wool
and, in some countries, milk, which is used in
the making of cheese.

In the United Kingdom there are some 50
breeds of sheep classified by habitat and type of
wool. They are kept mainly for meat
production, with wool as an important
secondary product. Two major systems of sheep
farming exist: hill sheep farming, by far the
larger of the two, where the sheep are hardy
and thrifty, small in size, long of wool, late in
maturity and low in fecundity; and lowland
sheep farming, in which short-woolled breeds
predominate, possessing characteristics of early
maturing, higher carcase weights and superior
lambing percentages.

True hill breeds include the North Country
Cheviot, South Country Cheviot, Scottish
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Blackface, Swaledale, Welsh Mountain, Exmoor
Horn, Herdwick, Rough Fell, Derbyshire
Gritstone and Lonk. Hill flocks provide store
stock for fattening on lowland farms along with
cast ewes which are retained for a year or two
for further breeding. The famous Half-Bred,
which is the product of the Border-Leicester
ram and the Cheviot ewe, is one of the foremost
utility sheep in Britain. Although the flesh of
the Border-Leicester carries an excessive
amount of fat, its prolificacy and milk yield
potential when blended with the hardiness of
the Cheviot make the resulting cross an
excellent animal, the dams bred to Down rams
being very popular for fat lamb production in
lowland areas. Another example of this close
association between hill and lowland breeds is
the use of the Border-Leicester ram on Scottish
Blackface ewes, the cross being known as the
Greyface, which is second only in importance to
the Half Bred. Another Half-Bred, the Welsh
Half-Bred, results from the crossing of the
Border-Leicester with Welsh Mountain ewes.
The Mule is a cross-bred ewe which has grown
in popularity in the UK; it now makes up 20%
of the UK ewe flock. The term Mule covers a
number of Blue-faced x hill breed ewe crosses.
The most common of these are the Blue-Faced
Leicester x Scottish Blackface cross and the
Blue-Faced Leicester x (Welsh) Hardy Speckled
Face. Reported prolificacy levels are higher in
Mules than Greyfaces. Where certain hill sheep,
e.g. Scottish Blackface ewes, are grazed on
lowland pastures, the good feeding can result
in up to 200% lamb crops.

Lowland breeds are represented by the short-
woolled Downland types, the Suffolk, Dorset
Horn and Dorset Down, Southdown, Oxford
Down, Ryeland, Shropshire, and the long-
woolled breeds of Leicester, Lincoln Longwool,
Kent or Romney Marsh, Wensleydale and the
Blue-faced or Hexham Leicester. The three most
common terminal sires used in the industry at
present are Suffolk, Texel and Charolais.

The Dorset Horn, a white-faced short-wool,
has a much-extended mating season and can
produce three crops of lambs in 2 years. In this
way it resembles the Merino. Breeds like these
along with Finnish Landrace (high prolificacy),
East Friesland (good milking potential) and the
Ile de France (excellent carcase quality) could
teature in cross-breeding programmes. It is
possible that many of the present British breeds
may disappear with the development of new

hybrids: it is certain that some 50 breeds are
unnecessary for successful sheep production.
Indeed, this has already taken place with the
appearance of the Colbred sheep, named after
Oscar Colborn, a Cotswold farmer who crossed
Cluns, Dorset Horns, Suffolks and East
Frieslands in order to increase fecundity,
mothering ability and carcase quality. More
recently, French Texels, Beltex, Berrichon du
Cher, Rouge de 1'Ouest and Charolais have
been imported for crossing purposes. The
Cambridge breed of sheep is another recently
developed breed which is very prolific.

British breeds of sheep are not found
extensively in Europe, although Cheviots and
some lowland types occur in Scandinavia, but
many have found their way to other parts of the
world. In Australia, about 75% of the 126
million sheep are Merinos, the remainder being
crosses with certain British breeds. In New
Zealand, the Romney Marsh predominates,
followed by Corriedales, Merinos and South-
Downs and their crosses. In the United States,
the Rambouillet is the main representative of
the Merino and a lot of cross-breeding occurs,
with larger sheep units under confined systems
of management becoming more important.
However, it is doubtful whether sheep grazing
in the United States will expand very much. In
South Africa and the USSR, the most important
breed is the Merino. Fat-tailed and fat-rumped
sheep are found in the Middle and Far East; the
Awassi breed is an important coarse-wool type
in the eastern Mediterranean and Iraq, where
the wool is used mainly for making carpets.

In some parts of Europe, milk or dairy sheep
are of significance: the common breeds are East
Friesland (Holland), Cochurro, Lancha and
Mancha (Portugal and Spain).

In recent years more attention is being given
to the production of fine wools, cashmere and
mohair which the textile industry needs and
presently has to import. In addition to sheep,
angora goats and rabbits, alpacas and llamas
also produce quality fibres. Judicious crossing
of British sheep with Merinos, e.g. Merino de
I"Ouest from France, produces sheep capable of
high lambing percentages, good growth rates
and carcase quality as well as fine fleeces.

In addition to better feeding methods,
improvements in sheep production are
currently centred on the use of hormones to
increase the number of lambs born and out-of-
season lambing, hybridisation to produce a
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superior stock of leaner types, oestrous
synchronisation, early weaning and artificial
rearing of lambs. Intensification on grass and
fodder is possible as long as farmers are aware
of the problems involved.

In the United Kingdom the demand for
young and small carcases means that lamb is
the more important product. Lambs are usually
slaughtered at between 36 and 45 kg liveweight
giving a dressed carcase of 17-23kg. ‘Mutton” is
derived from lambs not attaining a finished
condition before weaning and from ewes,
wethers, hoggets and rams.

As in the case of cattle and pigs, use has been
made of entire ram lambs to produce leaner
carcases. Work carried out at the Meat Research
Institute, Bristol and in New Zealand has
shown that carcases from entire ram lambs
grade about one fat class lower than those from
ewes at the same weight without deterioration
in eating quality. The entire ram lambs had
lower values of subcutaneous and
intermuscular fat and a higher proportion of
the total fat in the rams was deposited
subcutaneously where it can be removed by
trimming - an important commercial
consideration. Some 30% of the New Zealand
kill is now composed of entire ram lambs, non-
castration being encouraged.

Research work on carcase and meat
composition and tenderness of meat from ram,
wether and ewe Dorset-Down-cross and
Suffolk-cross lambs slaughtered at 20 weeks of
age showed that differences in meat quality
were very small, tenderness of ram meat being
ensured by efficient refrigeration control. The
fact that the rams, especially the Suffolk crosses,
grew faster, yielded larger joints and had good
carcase conformation in addition to meat
tenderness would indicate potential for ram
lamb production in the UK (Dransfield ef al.
1990). When. the adverse aspects of castration,
viz. sepsis, which often leads to pyaemia and
sometimes death, the improvement in welfare,
and labour and equipment costs are considered,
the lead given by New Zealand would seem a
good one to follow.

The desirable features required by the
butcher in both lamb and mutton carcases of
any breed are short stocky plump legs, thick
full loin, broad full back, thick fleshy ribs with
a wide breast and shoulder, a good depth of
chest cavity, a short plump neck, and overall
lean content.

Definitions
Lamb

A sheep from birth to weaning time (generally
at 3%—4% months old). Butchers apply a more
generous interpretation to the term ‘lamb” and
use it to denote a sheep from birth until
shearing time the following year; by this
interpretation a sheep 13 months old is still
classed as lamb.

Tup or Ram

The uncastrated male.

Hogg or Wether

The castrated male sheep (usually castrated
before 1 week of age with a rubber ring or at 3
weeks to 3 months old by other methods).

Gimmer

A female which has not yet borne a lamb.

Ewe

A female which has borne lambs.

Cast Ewe

One which has been removed from the
breeding flock.

PIGS

According to the most recent world census
data, the leading 12 pig-producing countries in
order of production are: Republic of China
452.2; USA 58.2; Brazil 36.6; Germany 23.7;
Russian Federation 22.6; Poland 18.7; Mexico
18; Spain 18; Vietnam 16.9; France 14.8;
Netherlands 14; Ukraine 13.1 (FAO Yearbook
1996). However, since these data were
published, pig production in the USA has
grown significantly while in the Netherlands a
severe outbreak of Classical Swine Fever
during 1997 led to a major culling programme
which removed 40% of the Dutch annual
production (6% EU total annual output) during
that year. Since then the Dutch government has
decided to introduce stringent new legislation
which will in future limit the size of the national
herd to 80% of the 1996 herd size.
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Pig breeds

A pig breed is defined as ‘A group of animals
that has been selected by man to possess a
uniform appearance that is inheritable and
distinguishes it from other groups of animals
within the same species.” In essence a breed
relies on being recognisable because it
possesses a number or combination of features,
e.g. coat colour, body conformation, head
shape, etc.

When viewed from a worldwide
perspective, the domesticated pig appears to
have converged from the breeding of what was
essentially two divergent extremes: (a) the
European ‘Wild Boar’ type, a flighty muscular
animal with an arched back, coarse body shape
and coarse coat type and with body fat
deposited mainly within the muscle mass; and
(b) the Asian type, a more docile pig whose
body is lighter in shape with a low back and
whose fat deposition tends to lie predominantly
below the skin.

As the pig was domesticated it was selected
for a variety of different characteristics such as
fertility, mothering ability, muscle and fat
deposition, durability and amenability to
handling under a variety of husbandry
systems. This process continues today on two
distinct levels. There are those who breed
pedigree pigs with the aim of preserving the
‘purity’ of their breed and the commercial pig-
producing companies and pig farmers who use
cross-bred varieties to utilise hybrid pigs to
optimise production traits. Through selection

Breeding sow herd sizes by country (1997). (Source: SOEC)

there are now estimated to be some 300
different breeds of pigs.

Unlike some species, the pig has suffered
little from man’s selection to maximise
production and appearance. The most noted
exception was the introduction of the halothane
gene following the introduction of the Piétrain
breed. This breed was chosen with the aim of
increasing muscle production via the double
muscle gene carried naturally by the Piétrain
breed. However, pigs which carry the double
recessive gene known as the halothane gene
tend to drop dead if stressed and those that do
survive and are slaughtered express a high
frequency of pale, soft, exudative (PSE) muscle
tissue such that the meat appears pale and
suffers from high drip-loss, making it less
suitable for processing and sale. For many years
after this gene was introduced, the commercial
breeding companies tested breeding stock by
exposing all potential breeding pigs to the
anaesthetic gas halothane because it was found
that if 10-week-old pigs which were double
recessive for this gene were exposed to this gas
they would become rigid; pigs not carrying the
gene retained a relaxed posture. Recently a
gene probe has been developed which is
cheaper and more welfare-acceptable. This new
test has also made it possible for the breeding
companies to retain some of the benefits of this
gene in terms of muscle production without the
risk of pigs being stress-susceptible and
producing PSE meat (see also p. 64).

More recently breeding companies in the UK
and France have imported and experimented
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with genes introduced by crossing European
breeds with the Meisham breed which
originates in China. The Meisham is a highly
prolific breed with the potential of producing
up to 30 piglets per litter. The aim is to
introduce the genes for prolificacy while
retaining the leaner carcase characteristics of
the European breeds.

Pig breeds in the United Kingdom

In the UK pedigree pig breeding is carefully
recorded by the British Pig Association (BPA),
which began keeping breeding records in 1884
when the association was known as the
National Pig Breeders Association (NPBA). The
aim of the NPBA was to ‘maintain the purity
and improve the breeds of swine in the United
Kingdom of Great Britain and Ireland by the
means of livestock inspection and herdbook
recording all pedigree pure-bred pigs’.

Today the BPA recognises three major
pedigree pig breeds: Large White, Landrace
and Welsh and eight minor breeds: Berkshire,
British Hampshire, British Saddleback, Duroc,
Gloucester Old Spot, Large Black, Middle
White and Tamworth.

Commercigl breeding companies in the UK
supply approximately three-quarters of all the
replacement gilts bought by commercial pig
farmers. These companies use pedigree pigs at
the top of their breeding pyramids to produce
cross-bred grand-parent and parent pigs.

Increasingly, the force which has been
driving the selection made by the breeding
companies is coming from the retail sector
where the demand is for a leaner, ‘healthier’
carcase which produces a tender, succulent
meat not showing signs of PSE or excessive drip
loss and which has sufficient intramuscular fat
to provide flavour. Added to this is a new
demand which places emphasis on the
production system used, with the requirement
being for what are termed ‘high-welfare’
production systems but which equate to loose
housing systems. These demands influenced
the choice of breed used by the breeding
companies in their breeding programmes. For
example, although the traditional crosses of the
White breeds still account for 84% of all
commercial indoor production, sales of Duroc
crosses to produce hardier pigs, more suited to
the more demanding outdoor environment, are
on the increase.

Pig production

The UK, with some 23% of its pigs outdoors,
has the highest percentage of outdoor production
in Europe. The availability of suitable outdoor
sites will probably limit further development
since pig welfare can be severely compromised
if pigs are put on to sites where the rainfall
exceeds 750 mm per year and the land is not
free-draining or relatively flat. In fact, much of
the outdoor rearing of pigs has now ceased in
the UK since farmers have discovered that the
environmental conditions were too severe and
too difficult to manage.

European Council Directive 91/630 EEC set
out the ‘Minimum Standards for the Protection
of Pigs’. This legislation was incorporated into
UK law by SI 2126 ‘The Welfare of Livestock
Regulations 1994". However, the UK legislation
not only implemented the European Directive
but added the abolition of stalls and tethers by
1 January 1999. Some of the other European
countries decided to address other aspects of
production; for example, in the Netherlands
fully slatted flooring systems have to be phased
out by 2006. _

The imposition of legislation on production -
inevitably affects the way pigs are produced.
Pig production in the future is likely to be even
more tightly controlled by legislation as
pressure from welfare and other lobbying
bodies mounts on governments. This, plus the
change in the way world trade is changing, will
inevitably affect the economics of pig
production and accordingly the size and
structure of the UK pig industry. The breeds of
pigs used and the husbandry procedures
adopted, will continue to evolve.

Pigmeat production

By 1997 the EU was about 105% self-sufficient
for pigmeat based on a total consumption
figure of 15.4 million tonnes or 41.3 kg per
person. The UK industry produced in the
region of 871000 tonnes of pork and 236 000
tonnes of bacon. When compared with other
European countries, the UK consumer eats less
pigmeat, with the total consumption figures
being 839 000 tonnes for pork and 453 000
tonnes for bacon. The UK pig industry is about
104% self-sufficient for pork but only 52% for
bacon. The balance of bacon production comes
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from Denmark, Holland and France. The UK
industry is unusual in that it produces pigmeat
from uncastrated males, which means that in
order to avoid boar taint, pigs are slaughtered at
lighter weights in that country. The average
slaughter weight, at 69 kg deadweight (90 kg
liveweight), is lower than in most other
countries.

Historically, pigs in the UK were sold as pork
pigs, cutters, bacon pigs and heavy hogs. This
classification has largely disappeared and been
replaced by three weight bands. According to
the MLC Year Book 1998, in 1997 these weight
bands, P2 measurements and distribution of kill
were:

Average %
Liveweight carcase P2 of GB kill
weight
Less than 60 kg 54.6kg 9.4 9.2
60-80 kg 70.2kg 11.2 83.3
Greater than 80kg 83.7kg 13.2 7.6

In recent years the trend in the UK has been
to allow pigs to grow to heavier carcase weights
because it has been more economically
advantageous to do so. However, as a result, fat
content as measured by P2 has also increased.
This has had a negative influence on grading,
which in the UK is now done using the EU
grades as follows:

Lean meat%

)
=
o
Q.
m

60% or more
55-59%
50-54%
45-49%
40~44%

less than 40%

partially condemned or with soft fat or
pale muscle

NTORCH®

@)

poor conformation

Carcase dressing can be different in the UK
when compared with the rest of Europe; in the
UK if the tongue, flare fat, kidneys and
diaphragm remain with the carcase,
adjustments to payment are made to take this
into account.

Glossary of terms

The following definitions are those used in EU
legislation:

Pbig: an animal of the porcine
species of any age, kept for
breeding or fattening

Boar: a male pig after puberty,
intended for breeding

Gilt: a female pig intended for
breeding, after puberty and
before farrowing

Sow: a female pig after the first
farrowing

Piglet: a pig from birth to weaning

Weaner: a pig from weaning to the age
of ten weeks

Rearing pig: a pig from ten weeks to

slaughter or service

Additional facts

In Europe piglets must not be weaned from the
sow at an age of less than 3 weeks unless the
welfare or health of the sow or piglets would
otherwise be adversely affected. This is not the
case in the United States where it is not unusual
to find piglets weaned between 16 and 19 days
of age.

On average, UK producers weaning between
24 and 28 days will achieve between 2.3 and
2.44 litters per sow per year, and expect to
produce between 22 and 25 piglets per sow per
year born and sell in the region of 18 to 22
slaughter pigs per sow per year. Feed
conversion is around 2.5:1. Producers using
outdoor systems tend now to produce only one
pig less per sow per year than those using
indoor systems.

GOATS

The principal goat-producing countries of the
world are (in millions): China 88.2; India 49;
Pakistan 24.8; Bangladesh 15; Nigeria 10.2 (FAO
Yearbook 1996).

Consumer demand for meat with a low
saturated fat content has seen an increase in the
numbers of those species which are naturally
lean, e.g. goats and deer. In Britain there are

f
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now over 100000 goats producing milk, which
is also utilised for making hard and soft cheeses
and yoghurt. Allergy to cow’s milk has also
been a factor in the increased goat population.
Meat is a by-product, as are skins and goat hair.
Steps were recently taken in Britain to produce
home-bred mohair and cashmere from
imported Angora goats.

Domesticated goats, descended from native
breeds in the East, probably Iran, are found
throughout the world, even in torrid and frigid
zones where they are superior to cows for milk
production. Besides milk, some breeds are kept
for their wool, e.g. Angora and Cashmere,
while young goats are a source of kid leather.
They are especially useful for small-scale milk
production and can be maintained in buildings
and on pasture where it would not be possible
to keep cattle or sheep.

Breeds can be roughly classified into two
main groups: Swiss, which are prick-eared and
include Alpine and Toggenburg; and Nubian,
which are African in origin, chiefly Egyptian,
and have long drooping ears and roman noses,
e.g. Angora, Cashmere, Maltese.

While the market for goat meat in Britain has
not yet assumed much importance, in France
there are now some 121 000 goat farmers. Many
of these have developed broiler goat units in
which 3-7-day-old kids are reared on high-
vitamin milk powder to a liveweight of 10kg at
1 month of age, when they are slaughtered. The
average carcase deadweight is 6.3 kg. The
carcases are split and the meat is exported,
mainly to Italy, skins being utilised for
shoemaking.

POULTRY

The main poultry-producing regions of the
world include (in 1000 metric tonnes ready to
cook equivalent, 1998 forecast): USA 15 435;
China 12 500; Brazil 4650; France 2350; Mexico
1749; UK 1509; Japan 1235; Italy 1170 (Foreign
Agricultural Services USDA).

It is probably true to say that no other farm
enterprise is as widespread throughout the
world as is that of pouliry farming. Certainly
no other farming activity has made such vast
strides in recent years as the production of meat
and eggs for table use. In many countries it is
regarded as the most important sector of the

agricultural industry. While many farmers keep
a few poultry for their own use to provide meat
and eggs, the other extreme is represented by
large commercial organisations in which
thousands of birds are kept under the most
modern systems of management. The major
part of the poultry industry consists of
domestic fowls, but turkeys, ducks, geese and
guinea fowl are also reared, turkeys being
especially common in the United States and
Britain. While it is still not unusual for meat and
egg production to go hand-in-hand on small
enterprises, they are mostly separate activities
with the larger concerns. Indeed, the early
1950s saw the commencement of the broiler
industry, which in the UK now has an annual
production of 750 million broilers and
combines in most instances breeding, hatching,
rearing, slaughter, processing, packing and
marketing; efficiency and competition are the
motivating forces. This operation is said to be
‘vertically integrated’.

The rapid trend towards larger enterprises
is exemplified by the broiler industry in the
UK, where some 75% of the whole industry is
controlled by six companies. While in the
early years only a few hundred birds were
reared on one holding, nowadays it is not
uncommon for one million birds to be housed
on a single poultry farm, as many as 40 000
birds being kept in one house. In the UK,
house size generally varies from 12 000 to
35000 birds and there may be one to ten
houses on each individual site rather than in
huge integrated units, this trend being
dictated by disease control and welfare
considerations.

Concentrated efforts have been put into the
breeding of poultry for both egg and meat
production, not only to enhance productivity
but also to control disease, which could be
devastating to the industry. Instead of pure
breeds, commercial poultry are now
represented by hybrids.

Poultry meat production in the United
Kingdom is provided in the main by broilers,
turkeys and ducks, together with geese,
poussins and end-of-lay hens, guinea fowl and
some game species such as grouse, partridges,
pheasants and quail. Ostrich farming for meat
production and leather is a significant
enterprise in South Africa and has recently been
introduced into Britain and other areas of
Europe.
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Definitions
Broilers

Slaughtered normally at around 42 days at
liveweight of about 2.3kg. Food conversion rate
is 1.75:1 with a kill-out of 69%. Broilers are
housed in environmentally-controlled buildings.

Poussins

Young birds, 23-28 days old, with an average
liveweight of 0.5kg. Oven-ready they weigh
0.25-5kg. Poussins are mainly sold to the retail
trade.

End-of-lay hens

Birds at the end of their laying life, sometimes
called boiling fowl, and weighing around 2kg,
form a substantial trade in meat for processing.
Some live, fat hens are required for Halal
slaughter in Britain.

Nearly all the broilers in the major production
areas in the world are reared on deep litter on
the floor. Using modern strains of fast-growing
birds, the majority are raised until they are
approximately 6 weeks of age, when they are
harvested, i.e. caught, crated, loaded and
transported to the processing plant. Nowhere is
intensivism more evident than in broiler
production, where the health of the breeding
stock and the growing birds is essential for
economic and welfare reasons. Breeding flocks
have a detailed vaccination programme which
gives protection against respiratory diseases
such as infectious bronchitis and Newcastle
disease as well as Marek’s disease, egg drop
syndrome, avian epidemic tremor and
infectious bursal disease (IBD). The broilers
themselves may be vaccinated against
Gumboro disease and other infections and in
addition will have a coccidiostat in the ration to
prevent coccidiosis.

The keeping of large numbers of birds
together makes it essential that nutrition,
ventilation and temperature, stocking densities
and management are optimal. Very close
supervision of the birds is essential and correct
treatment/management changes must be
prompt. It is vital that detailed records are kept
since it is usually from these that early signs of
disease are detected, e.g. water consumption,

reduced food intake,
production in layers.

Two aspects of management help birds keep
free from disease. Biosecurity — safety from
transmissible infectious diseases, parasites and
pests —is a term that embodies all the measures
that can or should be taken to prevent viruses,
bacteria, fungi, protozoa, parasites, insects,
rodents and wild birds from entering or
surviving and infecting or endangering the
well-being of the poultry flock. An “all in-all out’
policy operates where the birds on a unit are
approximately the same age and all are
slaughtered, the unit then thoroughly cleaned
and disinfected prior to the arrival of a new
batch of birds.

Turkeys are nowadays not confined to the
Christmas period. A wide range of weights is
produced, depending on the particular trade,
and these may be as low as 4kg and as high as
9kg or more. Some large cocks can be as heavy
as 18 kg. The popular weight of bird for the
average family in Britain is between 5 and
6ke.

Ducks are produced both oven-ready frozen
- used mainly in the catering trade - and
oven-ready fresh chilled — sold mainly retail —
and are available in weights from 2 kg
upwards. Table ducks can make very fast
liveweight gains, attaining 3.6kg in 49 days at
a food conversion of 2.3:1. The kill-out
percentage is 72%. In the UK, 90% of ducks are
Pekin. Small specialist producers use other
breeds such as Barberi. Generally Pekin ducks
are considered a cold weather duck and are
predominant in northern Europe, and Barbari
are predominant in southern FEurope and
warmer countfries.

Compared with domestic fowls and turkeys,
geese and ducks are of minor importance. Sales
of geese are usually confined to the Christmas
period. They are generally regarded as being a
specialised product in that they have a high
feed conversion ratio, 5:1, and are expensive to
produce. A female can produce 50-60 offspring
which are killed normally at 18-22 weeks
weighing around 10 kg liveweight with a kill-
out of about 75%. Nowadays, owing to
hybridisation, the meat content of the carcase is
much higher. In Denmark, Germany, Austria,
Poland and parts of France, commercial geese
production is an important enterprise; in some
instances force-feeding with noodles or other
foods is carried out to produce enlargement of

weight gain, egg

I
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the liver, from which the delicacy paté de fois
gras is prepared.

In the UK the keeping of geese and ducks is
subject to the terms of the Agriculture
(Miscellaneous Provisions) Act of 1968, and
other legislation, as is all livestock farming, so
that geese and ducks have the same welfare
protection as other animals. Their force-feeding
might, therefore, be regarded as causing
unnecessary stress, depending on the
professional assessment of the inspecting
veterinary officer, and would not be allowed in
the UK.

Guinea fowl can be reared intensively and
kept indoors, the first part of their life under
brooders. They are killed at 89 weeks of age
and have a food conversion ratio of 3:1. France
and [taly produce large numbers.

There is no doubt that poultry is Britain’s
favourite meat at the moment, its market
continuing to grow at the expense of red meat.
Chicken has a 78% share of the retail market,
while turkey now stands at 19%. The major
growth sector in the poultry industry in recent
years has been that of value-added products,
now estimated to be worth over £600 million
for chicken. Altogether, poultry are worth some
£2000 million. Most of the retail sales of chicken
(87%) go to the multiples, only 6% going to
butchers. The trade is divided into fresh chilled
and frozen birds and portions.

RABBITS

Under commercial rabbit-rearing conditions in
the UK, only two of the 40 breeds of rabbit, are
used for meat production. These are the
Commercial White and Californian.

Rabbits have high fertility rates (some breeds
can produce 60 offspring per year), fast growth
rates (1.75 kg at 8 weeks of age) and a food
conversion efficiency of 2.5:1. A killing-out
percentage of around 50 head-off, hot carcase
weight can be achieved. A measure of the
potential of the rabbit as a meat-producing
animal can be gauged by comparing it with a
breeding ewe. A 70 kg ewe is capable of
producing 20 kg of lamb carcase per year,
whereas a 4.5kg doe is able to produce 75 kg of
rabbit meat in the same time.

Rabbit meat is low in fat (3.8%) and high in
protein (20.7%), which compares favourably
with chicken (2.5% fat and 21.5% protein), beef

forequarter (18.9% fat and 18.3% protein), lamb
leg (17.5% fat and 18.7% protein) and pork ham
(19.6% fat and 19.7% protein). ‘

Rearing is often a large-scale enterprise in
Europe, where farms of several thousand does
can be found, but rabbits are mainly kept on
small farms where labour costs are low. The
average size of a rabbit farm in the UK is a
40-50 doe unit. For the industry to be successful
it must develop on the same lines as the poultry
industry, i.e. highly organised with specialist
attention to the cost of labour, food, equipment,
breeding, nutrition, disease prevention and
housing.

The optimum weight for slaughter lies
around 2.7 kg, which is achieved at about 12-14
weeks of age, although this depends on factors
such as breed, feeding systems and
management, but mainly the environment.

Rabbit-processing plants have to conform to
EC standards. Integrated premises have
facilities for rearing, slaughter, refrigeration
and packing, the end products consisting of
whole fresh rabbits, sausages and burgers,
stewpacks and cooked and coated portions as
in the poultry industry. :

Stunning is by electricity, as opposed to
home killing where animals are stunned by a
blow to the head, which is immediately
removed, or the spinal cord is broken in a
manner similar to that for poultry.

Imports of Chinese rabbits have been a

~serious source of competition for the British

industry, but they are not of the same standard
as British supplies.

While the rabbit is an animal which can
utilise many types of feedingstuffs unsuitable
for human consumption, it is susceptible to
certain conditions such as the enteritis complex,
which may be a form of nutritional deficiency
allied to an infection caused by
microorganisms. Respiratory diseases are also
common and these, along with the above,
represent important areas for research as well
as good husbandry. Labour input is very high
for rabbit breeding and one person can only
manage a maximum of 250-300 does.

DEER

The farming of red deer has now become firmly
established in the UK and other European
countries and on a much larger scale in New
Zealand. In the latter country the emphasis is
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on the production of antler in velvet for the
lucrative oriental trade, a practice prohibited by
law in the UK.

There are three different kinds of pasture
land which, taken together with the system of
livestock production practised, provide a basis
for the classifying of farm units into hill farms,
upland farms and lowland farms. Hill deer
farms produce weaned calves which are sold to
upland and lowland farms, where they grow
much faster to breeding or slaughter
liveweights. Upland farms breed stags which
may be suitable for use on hill farms, and sell
breeding stock and store calves to lowland
farms; they can also produce prime venison.
Some upland farms will also export breeding
stock and import new blood lines from abroad.
Lowland farms sell breeding stags to the upland
farmer and can import and export livestock as
well as being a major producer of prime
venison.

It was estimated by the British Deer Society
Farmers” Association in 1997 that some
10000-15000 carcases were being handled from
200 deer farms containing 10000 deer. Park deer
are also increasingly being used for venison
production. Estimates made in 1993 show that
Scotland had at least 300 000 wild red deer as
well as between 150000 and 200000 roe deer, in
comparison with a total of about 10000 red deer
and 200000 roe deer in the rest of Britain.

While most of the deer farmed in Britain are
red deer, smaller numbers of fallow, roe, sika
and wapiti are also kept.

New Zealand’s 1.5 million farmed deer graze
on approximately 4000 farms. Average herd
size is about 375, although the largest herds
comprise several thousand. Deer are processed
in specialist plants. Revenue from New Zealand
venison exports (14 186 tonnes) was around £61
million in 1995. The major market group was
Europe, with Germany the main importer,
followed by Scandinavia and France.

Consumer demand for lean meat is fullv met
in venison, which has a low fat content (3—10°0),
the polyunsaturate content is 350-53%,
compared with levels of 4-5% in beef and lamb.

Husbandry mainly centres round the red deer
(Cervus elaphus) because of its ease of handling
compared with the other species, some of
which can be aggressive, e.g. wapita (Cervus
canadensis).

The calves are weaned in September. Housed
calves appear to thrive much better than those

outwintered unless very good shelter is
available. The principal problem in housing
deer is bullying and it is important to separate
deer into groups of similar size and to quickly
identify and remove either aggressive deer or
those being bullied. Where there is abundant
fenced rough pasture and forest to provide
shelter, adult deer are best outwintered because
of bullying indoors.

The most suitable areas for deer farming are
good, well-sheltered grassland with good
fencing and shelter because of the lower
subcutaneous fat content than in cattle and
sheep and the consequent poorer insulation.

Rutting (the annual sexual display in the
male) occurs in the autumn and is accompanied
by increased aggression, vocalisation, testicular
activity, shedding of velvet and a strong urine
odour. The rut lasts for 2-5 weeks (late
September—October).

Single calves are born in the Spring (late
May-June) after a gestation of 231 days. At
birth they weigh an average 8.5 kg and reach
sexual maturity at 16 months. Farmed deer are
slaughtered at various ages (8-30 months) and
produce dressed carcase weights of 53-60%
liveweight. Some 56% of the carcase is regarded
as first-class meat.

Stocking rates vary according to the type of
land and pasture utilised, from 0.66/hectare on
heather-dominant hills to 12-16 hinds with
their calves, per hectare, on good lowland
pasture.

Handling of Deer

Because of their relatively sensitive nature,
aggression at times and powers of agility, it is
essential that they are handled efficiently and
with care. Housing has been shown to be of
value, especially for calves, but care has to be
taken with dominant types (which must be
removed) and to allow sufficient trough
space.

Good handling systems are necessary for
collection of deer for tuberculin testing, blood
sampling, weighing, anthelmintic and other
treatments, etc. Drugs such as etorphine
hydrochloride (Immobilon) and diprenorphine
(Revivon) are frequently used to immobilise
animals humanely, projectile syringes being
fired from rifles or blowpipes into the
hindquarter or shoulder.

/)
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Chapter 2
Anatomy, Meat Composition and Quality

ANATOMY

Cells are the basic building blocks of all living
matter. Billions of different types of cells form
the tissues of the body; each type is distinct in
shape and function.

Each cell is a tiny, microscopic unit,
surrounded by a cell membrane, which
contains a jelly-like material called protoplasm,
and a nucleus. The cell membrane acts as a
filter, allowing certain substances to enter the
cell and others to leave.

The chemical processes which sustain life
occur in the protoplasm. The nucleus governs
cell structure and function. Bounded by a
nucleus membrane, it contains: nucleoproteins,
particularly chromatin; deoxyribonucleic acid
(DNA), the molecule governing hereditary
characteristics; ribonucleic acid (RNA), which is
involved with protein synthesis; and nucleoli,
which contain RNA and protein.

About 80% of any cell is water. The next
most important substance is protein,
composed of numerous amino acids, followed
by the carbohydrates, such as sucrose,
glucose, maltose and fructose, and the lipids
or fats, which can be combined with, for
example, carbohydrates or phosphates
(phospholipids). Steroids are complex lipids
of great Dbiological significance, e.g.
cholesterol, bile salts, cortisol and oestradiol.
Cells also contain a number of inorganic salts
such as potassium, sodium, calcium and
magnesium salts, as well as nitrogenous
compounds, enzymes, organic acids, gases
and vitamins, all the numerous substances
taking part in the complex metabolic
processes of the animal body.

In complex organisms, cells are specialised in
form and function. There is also differentiation
of cells between different types of organism in
the animal kingdom, which acts as a basis for
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their classification. There are four main types of
tissues in animal bodies:

1 Epithelial tissues are found on external and
internal surfaces and also form specialised
structures such as the liver.

2 Muscular tissues, constituting the flesh of
animals, are of three main types: voluntary
(striped, striated), involuntary (unstriped,
unstriated, smooth) and cardiac (a special
form of striated muscle found in the heart).

3 Connective tissues include the skeleton, which
gives rigidity to the body. Blood is a
specialised form of connective tissue
although it is sometimes classified alone.

4 Nervous tissue is the most specialised of all the
tissues. It transmits the nerve impulses of
both sensation and movement.

The animal body is a highly developed
multicellular organism, consisting of billions of
cells specialised to form tissues. Each tissue has
a special function; the tissues are further
grouped together to form organs. An organ is a
group of tissues arranged in a special manner to
carry out a special task; for example, the heart,
stomach, kidney, bone. Organs are again
grouped to form systems, each of which
performs essential body functions.

The systems of the body are 11 in number, as
follows: osteology and arthrology (bones and
joints), digestive, respiratory, circulatory,
lymphatic, urogenital, nervous, endocrine,
myology (muscles), sense organs (ear, eye,
organ of smell and organ of taste) and common
integument (skin and appendages).

Descriptive terms

Certain terms are used to describe the exact
position and direction of the different body
parts, it being assumed that the animal is in the
standing position.

/]
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Dorsal, superior or upper structures or
positions lie towards the back or dorsum of the
body, head or tail.

Ventral, inferior or lower positions are
directed towards the belly or venter.

The longitudinal median plane divides the
body into two similar halves. Structures that are
nearer than others to the median plane are said
to be medial or infernal while those farther away
from it are lateral or external. Planes parallel to
the median plane are sagittal to it. Parts which
lie towards the head are cranial or anterior while
those towards the tail are caudal or posterior.

In relation to the limbs the terms proximal
and distal are used, those lying towards the
junction with the body being proximal and those
at a greater distance away from the body being
distal. Above the knee and hock the terms
cranial and caudal are used for front and rear

Cervical

Thoracic

positions, those below the knee and hock being
dorsal and palmar and dorsal and plantar
respectively.

The terms superficial and deep denote
relationships from the surface of the body, e.g.
superficial and deep flexor tendons of the legs.

OSTEOLOGY AND ARTHROLOGY
(See Appendix I for use of parts.)

Bones

The skeleton, composed of some 200 bones, acts
as a support and protection for the soft tissues
of the body and provides a system of levers for
locomotion and body movement (Fig. 2.1). It
also acts as a blood-forming organ, producing
red and white cells, haemoglobin and platelets.

Vertebrae

Lumbar Sacral Coccygeal

Fig. 2.1 Skeleton of ox. 1, Atlas; 2, 7th Cervical vertebra; 3, Scapula; 4, Ribs; 5, Pelvic girdle; 6, Femur;
7, Patella; 8, Tibia; 9, Tarsus; 10, Metatarsus; 11, Phalanges; 12, Humerus; 13, Ulna; 14, Radius; 15, Sternum;
16, Xiphiod process; 17, Carpus; 18, Metacarpus; 19, Phalanges; 20, Mandible; 21, Cranium. (By courtesy of

Sisson and Grossman, 1975)
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The long bones of the very young animal are
very long, slender and smooth, with their
prominences less pronounced. With age,
ossification of cartilage takes place and the bone
becomes more rigid. In the very old animal
there is a decrease in bone organic matter,
making the bone more brittle and liable to
fracture. Though a proportion of the carcase
bone is often sold with the retail joints, the head
bones, thigh bones, etc., are retained by the
butcher and are collected for processing.

The proportion of bone in the dressed
carcase of beef, i.e. the two sides, varies
between 12% and 28%, according to breed and
bodily condition, being about 15% in a good
beef carcase and increasing with the age and
weight of the animal. It is lowest in Aberdeen
Angus cattle, but is as high as 28% in second-
quality cows. The average percentage of bone
in lamb is 17-35%, in bobby calves 50%, in veal
calves 25%, in pork 12-20%, in poultry 8-17%.
Ox bone is composed of the following
constituents:

Y

Organic matter:  Ossein or bone collagen 33.3
Inorganic matter: Calcium phosphate 57.7
Calcium carbonate 3.5

Sodium carbonate and
chloride 3.5
Magnesium phosphate 2.0
100.0

The organic matter is the only edible
constituent of bone and forms gelatin when
boiled.

Bone also contains blood vessels, [ymphatics
and nerves, and a typical long bone is
composed of a hard, compact substance within
which is a cancellated spongy substance. The
shaft of the long bone has a medullary cavity
lined by a fibrous membrane, the endosteum,
and containing marrow. Covering the outside of
bone, except where cartilage occurs, is the
periosteum, another specialised membrane
capable of producing bone in certain
circumstances.

Two types of bone marrow may be
distinguished: the red marrow and the white,
which is fatty and gelatinous. In the fetus and
newborn animal the marrow has an important
blood-forming function and is red in colour.

Later, in the adult, the marrow in the medullary
cavity of long bones becomes white bone
marrow, which is rich in fat, is yellowish in
colour and may represent 15% of the weight of
the bone; the marrow in the epiphyses of long
bones usually remains red. Another important
position of red bone marrow in the adult is in
those bones which possess no medullary cavity,
such as the bodies of the vertebrae, the scapula
and pedal bones.

Two or more bones form a joint or
articulation, which may be:

1 fibrous, where there is no movement, e.g.
bones of the skull;

2 cartilaginous, in which cartilage unites the
bones, e.g. vertebral joints, pelvic symphysis;
or

3 synovial, in which a joint capsule is formed
with the operation of tendons and ligaments
to make a movable joint.

Bones are classified according to their overall
shape and function as follows:

Long bones  Elongated with enlarged
extremities, acting as levers and supports,
e.g. humerus, radius, femur.

Flat bones Expanded to furnish large areas
for muscle attachment, e.g. scapula or
shoulder blade.

Short bones  Cuboidal in shape, e.g. small
bones in the carpus (knee) and tarsus
(hock).

Irregular bones  Vertebrae forming the axial
skeleton, for example.

The skeleton of the meat animals is divided
into two parts: the axial skeleton comprising the
vertebral column or the spine, ribs, sternum
and skull; and the appendicular skeleton
representing the bones of the limbs. The foreleg
contains the scapula, humerus, radius and ulna,
carpus, metacarpus and digits which are
composed of phalanges. The hindleg is made up
of the pelvic girdle (ilium, pubis and ischium),
femur, tibia and fibula, tarsus, metatarsus and
digits.

The vertebral column or spine is divided into
five regions—cervical (C), thoracic (T), lumbar
(L), sacral (S) and coccygeal (Cy), representing
the neck, chest or thorax, loins, sacrum (fused
sacral vertebrae) and tail, respectively. In meat
animals it consists of the number of individual
vertebrae shown in Table 2.1.

{1
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Table 2.1 Vertebrae of the spine.

Meat Hygiene

Ox c7 T13 L6 S5 Cy 18-20
Sheep and goat c7 T13 Lé 54 Cy 16-18
Horse Cc7 T18 L6 S5 Cy 15-21
Pig C7 T14-T15 L6-7 5S4 Cy 20-23
Rabbit c7 T12 L7-8 S3-4 Cy 14-20
Chicken C15-17 17 L+514 Cy 5-6 + pygostyle

(fused synsacrum)

(fused caudal vertebrae)

The sacrum is in the shape of a pyramid and
formed of three to five fused sacral vertebrae,
except in the fowl in which 14 fused lumbar
and sacral vertebrae form the synsacrum. The
sternum or breast bone in mammals is
composed of six to eight fused segments. In the
fowl the sacrum is a very large bone covering
almost all of the ventral part of the body.

There are generally the same number of ribs
as thoracic vertebrae; they are divided into
sternal or asternal ribs depending on whether
or not they articulate with the sternum.

Carcase bones are valuable means of
identification of the different species of food
animals, e.g. where substitution is suspected.
Where the teeth of a bovine animal are
unavailable for examination, the age can be
estimated with reasonable accuracy by
examination of the carcase bones. This
estimation is based on the degree of ossification
of certain parts of the skeletal system, the most
valuable of which are the cartilaginous
extensions of the spines of the first five dorsal
vertebrae. Ossification in these spines develops
as shown in Table 2.2.

In cows these changes take place more
rapidly and the cartilage has ossified after 3
years.

A further useful guide as to age can also be
obtained from the ischiopubic symphysis. In
cattle up to 3 years of age this can be cut with a
knife, but after this age a saw is necessary.
Similarly, the red bone marrow of the vertebrae
is gradually replaced by yellow bone marrow
and distinction can be drawn between the soft
vascular bones of the young animal with
cartilage discernible at the joints, and the hard,
white, bleached appearance of bones in old
cows. In young bovines, cartilage is discernible
between the individual segments of the
sternum, but after 5 years of age begins to be
replaced by bone; at 8 years two or three
cartilaginous divisions are still apparent, but at
10 years the cut surface of the sternum presents
a uniform bony structure.

In sheep the break at the carpus, or knee joint,
is a valuable guide as to age. In lambs the joint
breaks in four well-marked ridges resembling
the teeth of a saw, the ridges being smooth,
moist and somewhat pink or congested. In older
sheep the surface of the joint is rough, porous,
dry and lacks redness. The determination by X-
ray of the amount of cartilage present at the
epiphysis of a long bone in a joint of meat
provides unassailable evidence in cases where
there is dispute as to the age of the animal from

Table 2.2 Ossification of the cartilaginous extensions of the spines of the first five dorsal vertebrae.

(Bovines.)
Age (years) Ossification

1 The extension is entirely cartilaginous, soft, pearly white and sharply delineated from the
bone, which is soft and red.

2 Small red islets of bone appear in the cartilage.

3 The cartilage is greyish, and red areas are more numerous.

45 The area of ossification within the cartilage extends until the proportion of bone is greater

than that of cartilage.

6 The cartilage has ossified into compact bony tissue, though the line of junction between

cartilage and bone can still be defined.




Anatomy, Meat Composition and Quality 23

which the meat was derived. The degree of
ossification, determined by X-ray, in the ischial
portion of the pubic symphysis enables a leg of
lamb to be differentiated with certainty from
“hat of an old sheep.

Poultry

In the domestic fowl the bones of the skeleton are
very light in weight and contain air sacs. The
skeleton also differs from that of other animals.
There is a pectoral girdle which consists of a
clavicle or wishbone, scapula and coracoid
(Raven’s beak), and a fused pelvic girdle
comprising an ilium, ischium and pubis, which
does not meet ventrally as in mammals.

The wings, comparable with the forelimbs of
mammmals, are composed of a large humerus, a
smaller radius and ulna and a manus or wing
tip consisting of a carpus (two bones),
metacarpus (two fused segments) and three
digits. The legs are formed by a large femur
(thigh bone), a very large tibiotarsus with a
slender fibula forming the drumstick, a
tarsometatarsus or shank bone and digits
(four).

DIGESTIVE SYSTEM

Tongue
Ox

In the ox tongue the filiform papillae are horny
and directed backwards; they have a rasp-like
roughness which aids in the prehension of food.
The posterior part of the dorsum, i.e. the upper
surface, is prominent and defined anteriorly by
a transverse depression which is frequently the
seat of erosions due to actinobacillosis. On
either side of the midline on the prominent
dorsum are 10-14 circumvallate papillae; the
epiglottis, if left on the tongue, is oval in shape.
Black pigmentation of the skin of the tongue is
frequently observed but is quite normal and of
no pathological significance.

Sheep and goat

The tongue is similar to that of cattle, but the
centre of the tip is slightly grooved and the
papillae are not horny. The sheep tongue may
be differentiated from that of the calf by the fact
that it is narrower, the dorsal eminence is more

marked, the surface is smoother and the tip
more rounded. Black pigmentation of the
surface of the tongue is common in black-
skinned sheep.

Pig

The tongue is long and narrow and there is no
dorsal ridge. Ome, or possibly two,
circumvallate papillae are present on each side
of the midline near the base of the tongue and
the surface is studded with fungiform papillae.

Horse

The tongue is long and flat with a spatulate
end. There is no dorsal ridge and only one
circumvallate papilla is present on each side.
The epiglottis is pointed. Pigmentation is never
seen.

Stomach
Ox (Figs 2.2,2.3,2.4)

The oesophagus is comparatively short and
wide, measuring about 1 m long and 5cm wide.
The voluntary muscle, which performs the
reverse peristaltic action in rumination, weighs
about 340 g and is used for sausage meat. After
removal of this muscle, the serous covering of
the oesophagus is used for sausage casings.
The stomach (paunch) consists of four
compartments: the rumen, the reticulum, the
omasum and the abomasum, which is the true
digestive stomach and secretes gastric juice.
The rumen occupies 75% of the abdominal
cavity; it is bounded on the left side by the
abdominal wall, on the anterior extremity by
the reticulum and part of the omasum, and on
the right side by the remainder of the omasum,
the abomasum and intestine. The reticulum,
which is placed transversely between the
anterior extremity of the rumen and the
posterior surface of the diaphragm to which it
is adherent, causes a depression on the
posterior aspect of the thin, left lobe of the liver
(Fig. 2.2). The omasum and abomasum are
attached to the posterior surface of the liver by
means of the omentum or caul fat, the root of this
membrane being apparent on the posterior
aspect of the liver to the left of the portal lymph
nodes when the liver is removed from the
carcase. The omentum, after connecting the
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Fig. 2.2 Stomach of ox; right
side. Oes, oesophagus; 1, insula
between right longitudinal
groove below, and accessory
groove above; 2, caudal groove
of rumen; 3, 4, right dorsal and
ventral coronary grooves; 5, 6,
caudodorsal and caudoventral
blind sacs; 7, pylorus. The
positions of the reticulum,
omasum and abomasum have
been altered by removal of the
stomach from the abdominal
cavity and inflation.

Fig. 2.3 Projection of viscera of cow on body wall; left side. b.s., atrium of rumen; b.s.’, b.s.”, blind sacs of
rumen; O, ovary; Oes, oesophagus; Ret., reticulum; Sp, spleen. The left kidney (LK) is concealed by the
dorsal sac of the rumen, is indicated by dotted lines. The median line of the diaphragm is dotted.

liver and omasum, is continued to the lesser
curvature of the abomasum and thence to the
duodenum. The anatomical relations of the
bovine stomach play an important part in the
actiology of traumatic pericarditis. The average
capacity of the stomach is 150 litres.

Omasum

Reticulum

Honeycomb-like appearance with

four, five or six-sided cells.

Prominent longitudinal folds, about
100 in number, Sometimes called the ‘Bible’.

Abomasum Some 30 Erorninent oblique folds
in the body of the a

omasum, but absent in

the pyloric portion.

Mucous membranes

Rumen Brown or black in colour except on
pillars or folds where it is pale. Studded
with large papillae.

A feature of the calf stomach is the relatively
large size of the abomasum as compared with
the small size of the rumen, which remains
small until the animal is weaned. As the calf
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Fig.24 Projection of viscera of bull on body wall; right side. B.g., bulbourethral gland; Bl., urinary bladder;
G.b., gallbladder; L.K., left kidney; P (above duodenum), pancreas; P (below G.b.), pylorus; R.K. right kidney;
Vs., vesicular gland. Costal attachment and median line of diaphragm are indicated by dotted lines.

commences to take solid foods, the size of the
rumen increases until in the adult animal it
represents 80% of the total stomach capacity
and the abomasum 7—8%.

Sheep and goat (Fig. 2.5)

The stomach is similar in structure to that of the
ox and has an average capacity of 18 litres. The
first and second stomachs together yield 0.9 kg
of tripe; the fourth stomach is also sometimes
used, but the third is often discarded. The sheep
rumen is also used in Scotland as a container for
haggis (cooked minced heart, liver and lungs,
seasoned with salt, pepper, cayenne, nutmeg
and grated onion mixed with oatmeal and
shredded beef suet). Mechanical methods for
the cleaning of both ox and sheep stomachs are
now operating satisfactorily in modern
friperies.

The pig stomach is a simple one, semilunar in
shape, with a small pocket or diverticulum at
e cardiac (i.e. oesophageal) end. The mucous
membrane of the cardiac end is pale grey, while
e central fundic region is reddish brown,
Secoming paler and corrugated towards the
pyloric end. The average capacity of the

stomach is 6.5 litres.

Posterior
ventral

Fig. 2.5 Abdominal viscera of sheep; ventral
aspect. For “Anterior blind sac’ read cranial end of
ventral sac; for ‘Posterior ventral blind sac’ read
caudoventral blind sac; for ‘Posterior dorsal blind
sac’ read caudodorsal blind sac.



26 Meat Hygiene

Horse

The horse stomach is a simple one; the mucous
membrane of the whitish cesophageal portion
is clearly distinguishable from the reddish, soft
and vascular fundic and pyloric portions. The
average capacity is 12 litres.

Intestines

Small
Large

Duodenum, jejunum, ileum.
Caecum, colon, rectum.

The average length of the intestines is shown
in Table 2.3. Thus, for practical purposes, the
ratio of the length of the small intestine to the
large intestine is 4 to 1.

Table 2.3 Length of intestines (m).

Small intestine Large intestine

Cattle 36.5 9
Horse 24.3 6
Sheep 25.6 6
Pig 17.1 4.8
Fowl

The alimentary tract of the domestic fowl
consists of an oesophagus, fusiform crop,
proventriculus or glandular stomach, thick
muscular gizzard, small intestine (duodenum,
jejunum and ileum), large intestine (two caeca
and a rectum) and a cloaca, which is the
common end of the digestive and urogenital
tracts. A cloacal bursa (bursa of Fabricius) is
found in the dorsal aspect of the cloaca in
young birds and is composed mainly of
Iymphoid tissue.

120-170 cm.
22-35 cm.

Length of small intestine:
Length of large intestine:

Liver

With the exception of the horse, the livers of all
the food animals are reddish-brown in colour.
The liver, the largest gland in the body, lies
mainly to the right of the midline in all animals,
its convex anterior surface conforming to the
hollow of the diaphragm to which it is attached
on its dorsal surface and its concave visceral
surface (with portal vein, hepatic lymph nodes,

gall bladder, common hepatic duct and hepatic
artery) in contact with the pancreas, reticulum,
omasum and abomasum with the caudal vena
cava prominent on its dorsal border.

Functions:

1 Concerned with the formation and
destruction of red blood cells (RBCs). (Itis a
site of RBC formation in the fetus.)

2 Removes bilirubin from the blood and
excretes it via the bile duct into the
duodenum.

3 Manufactures plasma proteins except for
some of the globulin fraction.

4 Manufactures blood-clotting factors
(prothrombin and fibrinogen) and heparin.

5 Manufactures glycogen from protein and fat
and stores it along with the fat and protein.

6 Maintains the normal blood sugar level (100
mg%) and converts galactose into glucose.

7 Detoxifies certain foreign substances in the
blood.

8 Deaminates surplus amino acids.
9 Produces bile salts for the digestion of fats.

Forms and stores bile, vitamins A, D and B,,, -
copper and iron.

Ox (Fig. 2.6)

The liver is poorly divided into three lobes: a
thin left, a thicker right, and a caudate lobe or
thumb piece. The left and right lobes are
divided by a slight notch, the umbilical fissure,
which indicates the point of entry of the
umbilical vein while the calf is in ufero. In the
cow the left lobe of the liver is thin, elongated
and often markedly cirrhotic. Running
transversely across the upper border of the liver
is the posterior vena cava and on its posterior
aspect the liver shows the root of the omentum,
the gall bladder, portal vein and portal lymph
nodes, the vein and lymph nodes being partly
concealed by the pancreas.

The weight of the ox liver is about 5.4kg, i.e.
about 1% of the liveweight, although in feedlot
cattle and heavier animals the liver may weigh
up to 6.3kg. The calf liver, which is relatively
larger than in the adult, weighs 0.9-1.1 kg; its
tenderness, its usual freedom from parasitic
and other pathological conditions and its
therapeutic value in the treatment of anaemia
ensures the highest price.
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Caudate process

Gall bladder

Falciform
ligament (cut)

Coronary
ligament (cut)

Fig. 2.6 Liver of ox; diaphragmatic surface, hardened in sifu.

Sheep (Fig. 2.7)
The liver is similar in shape to that of the ox, but
the caudate lobe is more pointed and its edges
zre well defined. This is a useful distinguishing
feature between sheep and calf liver. The
czudate lobe in the latter is more rounded and
%2s a blunter extremity which frequently
=xtends beyond the lower edge of the liver.
WWhen the calf liver is laid on the table, anterior
surface uppermost, the caudate lobe fits neatly
o the liver like a carpenter’s joint.

An adult sheep’s liver weighs 453-680 g but
endergoes a marked hypertrophy in ewes
#oproaching parturition.

P3¢ (Fig. 2.8)

iz liver has five lobes, two smaller inner, two
smazller outer and a caudate lobe. The
sesophageal notch is prominent but the
“Sentifving feature is the large amount of

visible interlobular tissue which gives the
surface of the organ its classical ‘morocco
leather’ appearance. The lobules are mapped
out sharply and are polyhedral, and the organ,
because of the amount of interlobular tissue, is
less friable than in the other food animals.

Its weight varies from 0.9kg in pork pigs to 2
kg in sows.

Horse (Fig. 2.9)

Horse liver has three distinct lobes and a
thumb piece which terminates in a point. A
notable feature is the absence of a gall bladder.
The horse liver is purplish and weighs about
45 kg.

Fowl

The liver consists of right (larger) and left lobes
with fusiform gall bladder.
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Renal impression Caudate process

Bile duct

Cystic duct

Gall bladder
Omasal
impression
Abomasal
4 2
impression
omentum
Fig. 2.7 Liver of sheep;
Reticular visceral surface; hardened in
impression situ. The papilliary process is
the round projection between
the omasal impression and the
left branch of the portal vein.
Right lateral lobe

Caudal vena cava

Esophageal impression

Right
medial ——
lobe

Left

lateral

lobe Fig. 2.8 Liver of pig; parietal
surface. 1, Large hepatic veins
opening into caudal vena cava;

2, coronary ligament; 3, falciform

Left mecf:al lobe ligament .
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Caudate process  Rign triangular
/ ligament

| Right
Esophageal impression border
Left triangular
ligament
Interiobar fissure between

Interlobar fissure between
left and quadrate lobes

Pancreas (gut sweetbread)

Two hormones, insulin and glucagon, are
produced by the islet cells of Langerhans in the
pancreas. These substances control the levels of
blood sugars: an excess of insulin causes the
blood sugar to drop, while excess glucagon
raises it. Lack of insulin causes diabetes mellitus,
in which there are high blood levels and reduced
fat and protein formation in the body.
The ox pancreas is reddish brown, loosely
lobulated and roughly the shape of an oak leaf.
It is attached to the back of the liver and is
deeply notched to accommodate the portal
vein. The average weights of the pancreas are:
. cattle, 226-340 g; horse, 340 g; sheep, 85-142 g;
\ pig, 28-56¢.
- In the fowl the pancreas has dorsal, ventral
and splenic lobes. It is yellow or reddish in
colour.

RESPIRATORY SYSTEM

The much smaller thoracic cavity (containing
lungs, heart and associated large vessels) is

right and quadrate lobes

Notch for round ligament

Fig. 2.9 Liver of horse; visceral surface.

separated from the abdominal cavity (in which
all the other body organs are situated) by the
strong musculomembranous diaphragm (convex
in front and concave posteriorly).

The respiratory system comprises the nose,
nasal cavity, part of the pharynx, larynx, trachea
and lungs. Respiration allows an adequate
intake of oxygen and the removal of carbon
dioxide by bringing blood in the lungs into
close proximity with the alveolar air.

The pleura lines the chest cavity and in the
healthy animal is a smooth, glistening
membrane divided into a right and left sac.
Each sac covers the chest wall (the parietal
pleura) and the lung (the visceral pleura). The
two sacs (pleurae) join in the central
mediastinal space in which are situated the
mediastinal lymph nodes and which is
traversed by the aorta, oesophagus and trachea.

Lungs
Ox (Fig. 2.10)

The cartilaginous rings of the ox trachea meet at
an angle and form a distinct ridge along the
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Fig. 210 Lymph nodes of the bovine lungs. a, left
bronchial partly covered by the aorta; b, right
bronchial; ¢, middle bronchial; d, apical; e, posterior
mediastinal; f, anterior mediastinal, related
inferiorly to the oesophagus and trachea.

dorsal aspect. The left lung has three lobes
named, from before backwards, the apical,
cardiac and diaphragmatic. The right lung has
four or five lobes, its apical lobe receiving an
accessory bronchus from the trachea. The lung
lobulation is well marked by the large amount
of interlobular tissue and is particularly evident
in old cows. The pair of ox lungs weighs 2.2-3.0
kg.

Sheep

Sheep lungs resemble those of the ox in the
division of the lobes, but their consistency is
more dense and leathery, they are duller in
colour, and the lobulation is less distinct. They
weigh 340-907 g.

Pig

The number of lobes varies, with two to three
on the left and three to four on the right,
because the apical and cardiac lobes can be
subdivided. The tissue is very spongy and
compressible, and the surface lobulation is
particularly well marked. Of all the food
animals, pig lungs show the greatest variations
in colour, varying from red to a light pink, but
these variations are due to slight variations in
the amount of blood left in the lungs after
bleeding and are of no pathological
significance. Pig lungs weigh 340-453 g.

Horse

The lobar divisions are very indistinct in the
horse; only two left lobes and three right lobes
can be clearly distinguished. The horse lungs
are long and may be further differentiated from
those of the ox by the absence of surface
lobulation and the absence of an accessory
bronchus, while the ends of the cartilaginous
rings of the trachea overlap like a piston ring.
Horse lungs weigh 2.2-3.0kg.

Domestic fowl

The respiratory system of the fowl is
distinguished by the presence of an anterior or
cranial larynx, which opens into the floor of the
pharynx, and a posterior larynx or syrinx,
located at the terminal part of the trachea and
partly formed by the bronchi. Associated with
the respiratory system are 10 paired air sacs and
one single (clavicular) air sac. These form a
communication between a bronchus and the
interior of some of the pneumatic bones. The
sacs are lined with a mucous membrane
covered with a serous coat and play an active
part in respiration. The walls are very thin and,
while not easy to see in the healthy bird, are
often involved in respiratory disease with
thickening of the walls and cheesy or purulent
exudation.

Pluck

In the pig, sheep and calf the internal organs
comprising the larynx, trachea, lungs, heart and
liver constitute the pluck. In the pig pluck the
oesophagus remains attached and is related to
the trachea, which is short and consists of 32
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cartilaginous rings. In the sheep the
oesophagus is removed with the stomachs in
the dressing of the carcase. The trachea is long
and composed of about 50 rings.

CIRCULATORY SYSTEM (heart, arteries,
capillaries and veins)

Heart

The heart, a hollow muscular organ acting as a
pump, lies in the pericardial sac in the mid-
mediastinal region of the thorax between the
lungs. Its muscular portion, the myocardium, has
a smooth lining, the endocardium, to its four
cavifies (left ventricle and atrium, right
ventricle and atrium). Covering the cardiac
muscle is the epicardium, the visceral layer of the
pericardium.

In reality the circulation consists of two
pumps, the left and right sides, the former
being involved with the systemic circulation
and the latter the pulmonary circulation.

Systemic circulation:

1 Left atrium and ventricle (LA and LV) via
aorta, arteries, arterioles and capillaries to
tissues (oxygenated blood).

2 Return via venae cavae and veins to right side
of heart (RV and RA) (carbonated blood).

Pulmonary circulation:

1 RV and RA via pulmonary artery (two
branches) to lungs (carbonated blood).

2 Return via pulmonary veins to left side of
heart (LA and LV) (oxygenated blood).

The heart itself receives blood from the right
and left coronary arteries and is drained by
several veins which pass into the coronary
sinus and the right atrium.

The heart is reddish-brown in colour in all
the food animals; the myocardium has a firm
consistency and the epicardium and
endocardium are smooth and glistening. The
right and left ventricles may be readily
distinguished by palpation, the wall of the left
ventricle being three times as thick as that of the
right, while the mitral valve and its chordae
tendineae are stronger than the tricuspid valve
of the right side. A certain amount of blood clot
is found normally in each of the ventricles after
death.

Ox

The ox heart shows three ventricular furrows
on its surface. Two o0ssa cordis, which are
cartilaginous until 4 weeks after birth, develop
at the base of the heart in the aortic wall. The ox
heart weighs 1.8-2.2kg. In pregnant cows and
in those with a septic infection it is frequently
pale, flabby and friable.

Sheep

There are three ventricular furrows, while in
later years a small os cordis may develop on the
right side. The heart weighs 85-113g.

Pig

Only two ventricular furrows are normally
present in the pig heart although a rudimentary
posterior furrow may be present. The apex is
more rounded than in sheep, and the heart

cartilage ossified in older animals. The weight
is 170-198 g.

Horse

The heart has two ventricular furrows, the
aortic cartilage becoming partly ossified in
older animals. The average weight is 2.7 kg
although much greater in racehorses; in the
thoroughbred horse Eclipse the heart weighed
6.3kg.

Domestic fowl

The heart possesses a very pointed apex which
in round-heart disease becomes distorted,
dimpled at the apex and brownish.

Portal circulation

The portal circulation is important in the study
of the spread of certain parasitic and bacterial
infections throughout the body.

The portal vein is formed by two main
branches, the gastrosplenic and mesenteric
veins which drain the stomach and intestines.
The veins also drain blood from the pancreas.
Venous blood from these organs is conveyed by
the portal vein to the liver. The liver is drained
by the hepatic veins which enter the posterior
vena cava, wherein the blood is conveyed to the
heart.

[
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Bacteria or parasites which gain entry to the
portal vein may be arrested within the
sinusoids of the liver, but this organ is an
imperfect filter and organisms may pass
through to the heart and thence to the lungs.
For example, hydatid cysts may be found in the
lungs and occasionally immature liver flukes in
the lungs of cattle and older sheep but not in

pigs.

Fetal circulation

The fetal circulation plays an important role in
the occurrence of congenital tuberculosis in the
calf and in the distribution of lesions.

Although the fetus in utero receives oxygen
and nutrient material from the mother there is
no actual passage of blood from mother to
fetus. Transference of essential materials is
rendered possible by the intimate contact of the
mucous membrane of the maternal uterus with
the fetal membrane, this contact being attained
by means of the cotyledons of the placenta.
Corresponding to each maternal cotyledon is a
fetal cotyledon containing fine branches of the
umbilical vein. These branches are received into
the sponge-like structure of the maternal
cotyledon and close contiguity of the two blood
supplies is thus assured. Fetal blood is
conveyed from the placenta by the umbilical
veins (two in the ox and sheep) to the
umbilicus, where they join to form a single
vein. This main umbilical vein then passes
forward along the floor of the abdominal wall
and enters the liver at the umbilical fissure. The
umbilical vein is the only fetal vessel which
carries unmixed arterial blood.

In the fetal calf a portion of the blood borne
by the umbilical vein, having entered the liver,
passes into the ductus wvenosus and thus
discharges directly into the posterior vena cava.
The amount of blood side-tracked in this way is
insignificant compared with the amount which
passes through the liver substance, but by
whichever route the blood passes through the
liver its destination is the right auricle of the
heart and then the lungs.

The lungs do not function in the fefus, as
oxygen is supplied to it by the placenta, and the
blood requirements of the fetal lungs are
accordingly small. Blood which reaches the
right auricle is therefore largely directed from
the right to the left auricle by way of the foramen

ovale, an orifice situated in the interauricular
wall. A certain amount of blood, mostly
draining from the head, does pass from the
right auricle to the right ventricle and into the
pulmonary artery, but a large portion of this
blood passes from the pulmonary artery into
the ductus arteriosus, a connecting vessel to the
posterior aorta, and consequently does not
reach the lungs. The blood supply to the fetal
lungs, then, is the minimum amount necessary
for the growth of these organs.

Blood which supplies the fetal structures
through the aorta and its branches is eventually
collected by two umbilical arteries which arise
from the two iliac arteries in the pelvic cavity.
These pass back to the umbilicus and thence to
the placenta where the blood receives fresh
oxygen and nutriment. After birth, the
umbilical arteries retract and, like the umbilical
vein, ductus venosus and ductus arteriosus,
become cord-like and cease to function, while
the foramen ovale becomes occluded. Although
the elastic umbilical arteries retract within the
abdomen of the calf immediately after birth, the
umbilical vein remains open for a day or so.
This is filled with liquid blood which
coagulates to form a physiological thrombus; it
is by this channel that the organisms causing
navel ill gain entry to the body.

Although the placenta acts as an excellent
filter, normally preventing the passage of
bacteria into the umbilical veins and thence into
the body of the fetus, certain foreign invaders
do, at times, enter the umbilical vein from the
placenta. Where bacteria or parasites gain entry
to this vein, the place where these organisms
are most likely to be arrested is the fetal liver.

The umbilical cord

In the cow this cord from fetal membranes to
umbilicus is 33-46 cm long, the fetal calf being
born free of its membranes. In both cow and
ewe the umbilical cord is embraced in a jelly-
like tissue which contains the following vessels:
two umbilical veins, two umbilical arteries and
the wurachus, the tube which drains the fetal
bladder.

Blood

Blood consists of a suspension of cells or
corpuscles (red and white) and platelets in a
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straw-coloured fluid called plasma. It
constitutes about one-thirteenth of the body
weight of the animal. At any one time, about
20% of the blood volume is in the lungs, 20% in
the heart and arterial system and 60% in the
veins of the body.

The red blood cells are small biconcave discs
about 7.2 um thick. There are about six million
red blood cells in every millilitre. The red cells
give the blood its colour, although under the
microscope they appear pale orange. They are
manufactured in the red bone marrow,
especially of the sternum, vertebrae, ribs and, in
early life, the long bones. In fetal life, red cells
are also formed in the liver, kidneys, spleen and
muscles. Each red cell has a life of about 120
days, after which time it is broken down and
replaced by a new cell.

Unlike mammalian blood, the avian red
blood cells are nucleated.

White blood cells or leukocytes are much fewer
in number than the red cells, there being only
one in every 600 of the latter, and between 7000
and 14 000 white cells per millilitre. In certain
diseases leukocytes are greatly increased in
number, and young animals possess more than
older stock. Leukocytes are manufactured in
the bone marrow, spleen and lymph nodes
(especially the lymphocytes). They play vital
parts in the defensive mechanism of the body,
destroying bacteria, dead cells and foreign
material, and producing antibodies, heparin,
histamine and antihistamine substances.

Blood platelets or thrombocytes are very minute
bodies, measuring 2.4 um in diameter. There are
some 160 000-250 000 per millilitre. Their exact
origin is not fully known, but some are thought
to be produced in the lungs. Platelets aggregate
and break down at sites of injury and when
they come into contact with a foreign surface.
They can arrest bleeding by forming a plug,
especially in capillaries.

Blood obtained from the food animals at
slaughter contains 77-82% of water and 18-23%
of solids, of which 18-19% is protein. It
therefore forms an article of food, though it is
an essential preliminary process to whip or
defibrinate it to prevent clotting. If any
suppurative lesion, however slight, or other
gross lesion of infection is found, the blood
should not be used for food purposes. Further,
the blood of animals slaughtered by the Jewish
method is contaminated by stomach contents
and should be rejected.

Fetal blood

This is an important biological substance, its
serum being used for cell or tissue culture,
following collection at slaughter via the
umbilical cord or by direct heart cannulation
and subsequent chilling.

Spleen (melt)

The spleen is not essential to life. In the fetus it
forms red and white cells, lymphocytes being
produced during the life of the animal. It also
acts as a store for RBCs and for the destruction
of old red cells and platelets. Antibodies are
formed in the spleen, which, in certain diseases,
e.g. anthrax or trypanosomiasis, becomes very
enlarged.

Ox (Fig. 2.11)

The spleen of the ox is related to the left dorsal
side of the rumen and also to the diaphragm. In

Dorsal gxtremity

Splenic vein
Splenic artery

Hilus

i
Ventral extremity

Fig. 2.11 Spleen of ox; visceral surface. 1, Area of
attachment to rumen (non-peritoneal); 2, caudal
border; 3, line of peritoneal reflection.
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the young bovine, it is reddish-brown,
elongated and slightly convex with rounded
edges; lymph follicles are apparent on the cut
surface. In the cow the organ is bluish and flat
with sharp edges and rounded extremities; it
weighs 0.9-1.3kg.

Sheep

The spleen is usually found attached to the
pluck, being removed with it in the dressing of
the carcase. It is oyster-shaped, soft or elastic to
the touch and weighs 56-85g. In both ox and
sheep the spleen is adherent to the rumen.

Pig

The pig spleen is connected to the greater
curvature of the stomach by the serous
membrane known as the gastrosplenic
omentum. The organ is elongated, tongue-
shaped and triangular in cross-section, while its
under surface shows well-marked longitudinal
ridge to which the omentum is attached; it
weighs 113-425 g. The relatively loose
attachment of the pig spleen to the stomach
often leads to splenic rotation, resulting in
torsion and acute swelling of the organ.

Horse

The equine spleen is flat, sickle-shaped and
bluish and weighs 453-907 g.

Fowl

In fowl the spleen is reddish-brown, small and
spherical (1.5 cm in diameter.); it weighs 3-5g.

LYMPHATIC SYSTEM (Figs 2.10, 2.12)

Lymph is the medium by which oxygen and
nutritive matter are transferred from the blood
to the body tissues and waste products are
removed. Although the blood capillaries
approximate to the individual body cells, actual
contact is through the lymph. The presence of
lymph around the tissue cells is maintained by
a slow exudation of fluid through the capillary
walls and into the surrounding tissue; this fluid
is similar to the plasma of the blood but is
thinner, more watery and poorer in protein,

which cannot pass readily through the capillary
walls.

After lymph has fulfilled its function of
feeding the tissue cells it is forced by the
animal’s muscular movements into the fine-
walled lymphatics, which arise as blind-ended
vessels in the tissues. These are similar to veins,
but have thinner walls and more valves; when
distended with lymph they have a
characteristic beaded appearance.

Practically all lymph vessels discharge their
contents into lymph nodes and, with rare
exceptions, all the lymph throughout the
system passes through at least one lymph node
before it returns into the blood circulatory
system. In every case the direction of flow of
lymph in an organ is from the centre of the
organ towards its surface. Lymph nodes consist
of a reticular framework of elastic and smooth
muscle fibres enclosing lymphatic tissue which
contains  lymphocytes.  The  intestinal
lymphatics are the route of absorption of fat
from the digestive tract.

Lymphatic vessels conveying lymph to a
Iymph node are known as afferent lymphatics and
the area drained by the particular lymph node is
known as its drainage area. An appreciation of the
drainage system of lymph nodes is of particular
value in the judgement of septic infections and of
the tuberculous carcase (Fig. 2.12).

After passing through one or more lymph
nodes, where some impurities are removed,
lymph is conveyed by efferent lymphatics to
discharge eventually into larger lymph-
collecting vessels, which all flow towards the
heart. The largest of these lymph-collecting
vessels is the thoracic duct, which commences as
a thin-walled dilation about 19 mm in width
and known as the receptaculum chyli. This
dilation is situated in the abdomen, lying above
the aorta at the level of the last dorsal vertebra,
and receives lymph from the lumbar and
intestinal frunks; it is the main receptacle for
lymph from the posterior part of the body. The
thoracic duct is about 6.3 mm in width, passes
forward through the diaphragm, traverses the
thorax and opens into the anterior vena cava in
the anterior thorax. Lymph from the anterior
part of the body is carried towards the heart by
two tracheal lymph ducts, which commence at
the lateral retropharyngeal lymph nodes and
pass down the neck on each side of the trachea
and oesophagus; each duct discharges into the
jugular vein of its own side.
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The size of lvmph nodes varies from that of a
pinhead to that of a walnut, though the
posterior mediastinal lymph node of the ox
may reach a length of 20 cm. Lymph nodes are
generally round or oval and somewhat
compressed; in the ruminant they are large and
few in number, but in the horse they occur in
large numbers and in clusters. The size of
lymph nodes is relatively greater in the young
growing animal than in the adult.

The colour of lymph nodes shows
considerable variation, and may be white,
greyish-blue or almost black. The mesenteric
lymph nodes of the ox are invariably black but
in the pig the lymph nodes are lobulated and
almost white, with the exception of those of the
head and neck which are reddish.

The consistency of lymph nodes varies in
different parts of the body, the nodes of the

abdomen being generally softer than those of
the thorax. A physiological oedema of the
supramammary and iliac lymph nodes will
invariably be encountered in the lactating
animal.

The response of a lymph node to an irritant
is normally rapid, involving enlargement,
congestion and possibly tissue breakdown; thus
the size, colour and consistency of lymph nodes form
a valuable guide in the estimation of disease
processes in the animal body.

Lymph nodes are absent in most poultry,
although lymphatics are present.

Haemal lymph nodes

These are deep red or almost black in colour,
oval in shape and up to the size of a pea, but
differ from lymph nodes in their anatomical

Fig.2.12 Carcase of bullock. A,
Position of lymph nodes: a, popliteal;
b, superficial inguinal; ¢, precrural;
d, deep inguinal; e, external iliac; f,
internal iliac; g, ischiatic; h, sacral;

i, lumbar, i”, renal; m, xyphoid;

n, suprasternal; o, presternal;

p, prepectoral; q, middle cervical;

1, costocervical; s, intercostal.

B, Direction of the lymph flow: I
Iymph from intestine; S, lymph from
stomach; L, lymph from liver;

R, receptaculum chyli; j, lymph from
posterior mediastinal lymph node
discharging into thoracic duct;

k, lymph from bronchial lymph
nodes; I, lymph from anterior
mediastinal lymph nodes.
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structure and in the absence of afferent and
efferent lymphatics. Haemal lymph nodes are
supplied by arteries which break up in the
gland substance and discharge their blood into
tissue spaces; in this respect these nodes bear a
resemblance to the spleen and may, in fact, be
described as accessory spleens. Like the spleen,
they contain numerous white blood corpuscles
together with red blood corpuscles in various
stages of disintegration, hence the red
coloration of the nodes.

Haemal lymph nodes are numerous in the ox
and sheep but are not found in the horse or pig.
In cattle they occur especially along the course
of the aorta and in the subcutaneous fat, while
in sheep and lambs they are commonest
beneath the peritoneum in the sublumbar
region, being larger and more numerous in
animals suffering from anaemic and cachectic
conditions. The red lymph nodes of the head
and neck of the pig are frequently mistaken for
haemal lymph nodes.

In poultry, mural lymph nodules are present
on the lymphatic vessels.

LYMPH NODES OF THE OX

P: Position. D: Drainage area. E: Destination of
efferent lymph vessels of node. (Nomenclature
varies in different texts, countries, etc.)

Nodes of the head and neck
Submaxillary

P: One on each side, just inside the angle of the
jaw and embedded in fat. D: Head, nose and
mouth. E: Lateral retropharyngeal nodes.

Parotid

P: One on each side, on the edge of the masseter
muscle and covered by the parotid salivary
. gland which must be incised to expose it. It is a
flat node 7.5 cm long by 2.5 cm wide, and
should always be examined in old cows. D:
Muscles of head, eye and ear, tongue and
cranial cavity. E: Lateral retropharyngeal nodes.

Retropharyngeal
These are divided into two groups:

1 The internal retropharyngeal nodes, two to four
in number and situated between the hyoid
bones. D: Pharynx, tongue and larynx. E:
Lateral retropharyngeal nodes.

2 The lateral retropharyngeal nodes situated
beneath each wing of the atlas and therefore
usually located at the neck end of the dressed
carcase. D: Tongue, and receive efferents from

submaxillary,  parotid, and internal
retropharyngeal nodes. E: Tracheal lymph
duct.

Middle cervical

P: Situated in the middle of the neck on each
side of the trachea and often absent in cattle.
They vary in number from one to seven and
also in position and size. D: Lateral
retropharyngeal nodes. E: Prepectoral nodes.

Nodes of the chest and forequarter (Figs
2.10 and 2.12)

Prepectoral

These are known also as the lower cervicals and
may be considered anatomically as a
continuation of the upper and middle cervical
chain. The middle cervical group may, in fact,
extend to the upper group or may reach back
almost to the prepectorals. P: The prepectorals
are two to four in number on each side, and are
embedded in fat along the anterior border of
the first rib. The main node of this group is
superficially situated about the middle of the
first rib and just anterior to it; haemal lymph
nodes are usually present in the fat around this
group. The second node of this group is on the
same level and just anterior to the main node
but is deep-seated and is exposed by making an
incision 10 cm long and 5cm deep through the
triangular-shaped scalenus muscle. D: Efferents
from upper and middle cervical nodes, together
with efferents from the prescapular; thus all
lymph from the head and neck passes through
the prepectoral lymph nodes. E: Thoracic duct.

Costocervical

P: This may be found on the inner side or just
anterior to the first rib and close to its junction
with the first dorsal vertebra. It lies adjacent to
the oesophagus and trachea and is frequently
removed with these in the dressing of the
carcase, being then found anterior to the heart
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and lungs. D: Neck, shoulder, parietal pleura
and first few intercostal nodes. E: Thoracic duct.

Prescapular

P: This node is elongated, commonly 7.5-10 cm
long and 2.5cm or more in width. It lies about
10cm in front of the point of the shoulder and a
deep incision 15 cm long and 5c¢m deep must be
made to expose it. The node is embedded in fat
and its exposure is greatly facilitated if the
carcase is examined before the onset of rigor
mortis. D: Head, neck, shoulder and forelimb.
E: Thoracic duct.

The importance of the prescapular lymph
node in relation to bovine tuberculosis lies in
the fact that it drains not only the head, neck,
shoulder and forelimb, but also muscle and
bone. When lesions of tuberculosis, therefore,
are found in the prescapular node without
lesions being present in the head or its lymph
nodes, it is strongly suggestive that the
infection of the node is the result of either local
inoculation or haematogenous dissemination.

Intercostal

P: Known also as the dorso-costal, these are
situated in the intercostal spaces at the junction
of the ribs with their vertebrae, and are deep-
seated, being covered by the intercostal muscle.
Most of these nodes are small, and not all of the
spaces may contain nodes. D: Muscles of dorsal
region, intercostal muscles, ribs, and parietal
pleura. E: Mediastinal lymph nodes.

Subdorsal

P: This superficial group lies in the fat between
the aorta and the dorsal vertebrae. The nodes
are irregular in arrangement, varying in length
from 12 to 25mm, and are frequently removed
with the lungs in the dressing of the carcase;
they may then be found by incising the upper
surface of the mediastinal fat between the
lungs. In some areas the thoracic portion of the
posterior aorta is left attached and the
subdorsal lymph nodes, which run down each
side of the vessel wall, will then be found on the
carcase. The more posterior nodes of the group,
no matter how the carcase is dressed, usually
remain on the forequarter and can be found by
incising the fat below the dorsal vertebrae just
anterior to the diaphragm. D: The same

structures as the intercostals and also the
mediastinum, pericardium, diaphragm and
efferents from the intercostal lymph nodes. E:
Thoracic duct.

Suprasternal

P: Known also as the sternocostal, these nodes lie
between the costal cartilages and are covered
by muscle. They may be exposed by an incision
7.5cm from and parallel to the cut surface of the
sternum, and are found at the junction of
the internal thoracic vein with a line
continuing the posterior border of each rib. The
node in the fourth intercostal space is large and
readily exposed, but nodes are not present in
every intercostal space. The largest of this
group, known as the presternal or anterior
sternal node, is superficially placed and
embedded in fat on the first segment of the
sternum. D: Diaphragm, abdominal muscles,
intercostal muscles, parietal and visceral pleura
and peritoneum. E: Thoracic duct and
prepectoral nodes.

Bronchial (Fig. 2.10)

P: There are two main bronchial nodes, the
right and left, together with two smaller nodes.
The left bronchial is 4 cm x 2.5 cm in size, often
irregular in shape, and found close to the left
bronchus, being embedded deeply in fat and
partly covered by the aorta. The right bronchial
is related to the right bronchus, is usually
smaller than the left and partly hidden by the
right lung; it is absent in 25% of cases, while in
others two nodes may be found. The middle
bronchial node is situated in the middle line
above the bifurcation of the trachea but is
absent in 50% of cases; a further node, the apical,
is placed on the accessory bronchus where it
enters the apical lobe of the right lung. D:
Lungs. E: The left bronchial node discharges
into the thoracic duct, the right bronchial node
into the posterior mediastinal node or thoracic
duct, the middle bronchial or apical into the
anterior mediastinal nodes. When the right
bronchial node is absent, the lymphatics of the
diaphragmatic lobe of the right lung discharge
into the posterior mediastinal and left bronchial
node. A node known as the inspector’s node is
present in 75% of cases and is situated at the
junction of the two cardiac lobes of the right
lung.
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Anterior mediastinal (Fig. 2.10)

P: These are numerous, lying in the mediastinal
space anterior to the heart, and are related
anatomically to the oesophagus, trachea and
anterior aorta. D: Heart, pericardium,
mediastinum and thoracic wall, and receive
efferents from apical and middle bronchial
lymph nodes. E: Thoracic duct.

Posterior mediastinal (Fig. 2.10)

These nodes are 8 to 12 in number and situated
in the fat along the dorsal wall of the
oesophagus. The largest and most posterior of
these nodes lies posterior to the heart, being up
to 20 ecm long and extending almost to the
diaphragm; in some cases this large node is
replaced by two smaller ones. D: Lungs,
diaphragm and, via the diaphragm, the
peritoneum, surface of the liver and spleen.
They receive efferents from the right bronchial
node. E: Thoracic duct.

Axillary

P: Known also as the brachial, this node is about
2.5 cm long, covered by the scapula and
situated in the muscle external to and about
midway along the second rib. D: Muscles of
shoulder and forelimb. E: Prepectoral node.

Xiphoid (ventral mediastinal)

P: Found in the loose fat at the junction of the
sternum and diaphragm at the level of the sixth
rib, and related anatomically to the apex of the
heart. This node is absent in 50% of cases. D:
Pleura, diaphragm and ribs. E: Suprasternal
lymph nodes.

Nodes of the abdomen and hindquarter
(Fig. 2.12)

The position of these nodes is described as if the
hindquarters were suspended by the hock in
the normal manner.

Lumbar

P: These are situated in the fat covering the
lumbar muscles and are related anatomically to
the aorta and posterior vena cava. Some of
these nodes are superficial, others being

embedded in the loin fat; haemal lymph nodes
are common in this region. D: Lumbar region
and peritoneum. They receive efferent vessels
from the internal and external iliacs, sacral and
popliteal nodes. E: Receptaculum chyli.

Portal

P: Known also as the hepatic, these form a group
around the portal vein, hepatic artery and bile
duct, and are covered by the pancreas. Another
group, which includes the lymph node draining
the pancreas, lies between the edge of the
pancreas and the caudate lobe of the liver. The
portal nodes vary from 10 to 15 in number. D:
Liver, pancreas and
Receptaculum chyli.

Renal

P: This node belongs in reality to the lumbar
group, and is found in the fat at the entrance to
the kidney. In this position a split blood vessel
is found and the node can be exposed by
making an incision lengthwise through this
vessel and continuing the incision 2.5cm deep
into the lumbar suet. D: Kidneys and adrenal
body. E: Receptaculum chyli. The renal lymph
nodes vary in size and number.

Mesenteric

P: These comprise a large number of elongated
nodes which lie between the peritoneal folds of
the mesentery and receive lymph from the
intestines. These nodes may. be divided into a
small duodenal group which drains the
duodenum, the efferent lymphatics passing to
the portal nodes of the liver, and a jejuno-ileal
group ranging in number from 10 to 50, and
0.5-12 cm in length. The long nodes form the
main chain parallel to and some 5 cm from the
intestine, while the small nodes are scattered
throughout the mesentery between the small
intestine and the colon. D: The small intestine
(jejunum and ilium). E: Receptaculum chyli.

Splenic

Splenic lymph nodes are absent in the ox and
sheep. Lymph drained from the spleen passes
to the gastric chain of lymph nodes. Several
splenic lymph nodes are present in the horse
and pig.

duodenum. E: -
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Gastric

P: These are numerous and difficult to group
satisfactorily; a number form a chain along the
right and left longitudinal grooves of the
rumen. D: Walls of stomach and spleen. E:
Receptaculum chyli. The gastric group are
rarely incised in meat inspection.

Iliacs

These are situated near the terminal branches of
the aorta and are embedded in fat.

Internal iliac P: This may be exposed by an
incision level with the junction of the sacrum
and the last lumbar vertebrae. Several nodes are
present, lying some 18 cm from the vertebrae
and 1-5 c¢cm in length. D: This node drains
muscle and pelvic viscera, including muscles of
the sublumbar region, pelvis and thigh, the
femur, tibia, patella, tarsus and metatarsus, the
male and female genital organs and kidneys. It
receives efferent vessels from the external iliac,
precrural, ischiatic and superficial inguinal
nodes. E: Lumbar lymph nodes and
receptaculum chyli.

External iliac P: A single or double node 1-2.5
cm in length and situated laterally to the
internal iliac. It lies beneath the external angle
of the ilium at the bifurcation of the circumflex
iliac artery, but is sometimes absent on one or
both sides. D: Abdominal muscles, sublumbar
area, posterior part of the peritoneum, and
some efferents from the popliteal node. E:
Internal iliac and lumbar lymph nodes.

Superficial inguinal (male)

P: These lie in the mass of fat about the neck of
the scrotum and behind the spermatic cord. D:
External genitals and adjoining skin area. E:
Deep inguinal when present, or failing this, the
internal iliac.

Supramammary (female)

P: These lie above and behind the udder; there
are usually two present on each side, one large
and one small, the larger pair, about 7.5 cm in
size, approximating to each other, the small pair
being found above or in front of the larger pair
and 0.5-1.5 cm in size. In the heifer these nodes
may be found on a straight line level with the

cut pubic tubercle. D: Udder and external
genitals. E: Deep inguinal when present, or
internal iliac.

Deep inguinal

P: In the inguinal canal and frequently absent;
when absent, the internal iliac functions in its
place. D: Hind limb and abdominal wall. E:
Internal iliac. According to some authors the
deep inguinals are part of the external iliacs.

Ischiatic

P: This lies on the outer aspect of the
sacrosciatic ligament, and is exposed by a deep
incision on a vertical line midway between the
posterior part of the ischium and the sacrum. D:
Posterior pelvic organs and also receives
efferents from popliteal node. E: Internal iliac.

In many countries in Africa the ischiatic node
is incised on routine post-mortem examination
of beef carcases because the bites of the tick
Hyalomma rufipes, which attaches itself to the
perianal region, frequently cause abscess
formation.

Sacral

P: These are not constantly present and are
unimportant. If present they are difficult to
distinguish from the medial iliac lymph nodes.

Precrural (Sub-iliac)

P: This node is known also as the prefernoral
and is embedded in fat; it may be exposed by an
incision at the edge of the tensor fascia lata, the
incision being made about 18 cm down from
the apex of this muscle. D: Skin, prepuce and
superficial muscles. E: Internal iliac nodes.

The precrural nodes, draining the umbilicus,
should always be palpated in calves, and if
necessary incised.

Popliteal

P: This is deeply seated in the round of beef
and is exposed by a deep incision along the
superficial seam or division which connects the
ischium and os calcis, the node lying midway
between these and 15 cm deep. D: Lower part
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of the leg and foot. E: Lumbar and iliac nodes
and also ischiatic node.

LYMPH NODES OF THE PIG (Fig. 2.13)

Head and neck

The nodes of the head and neck are numerous
and somewhat difficult to group satisfactorily.
They include the following.

Submaxillary (mandibular)

These lie anterior to the submaxillary salivary
gland near to the angle of the jaw, and are
covered by the lower part of the parotid
salivary gland. There are commonly two nodes
on each side, one large and one small.

Anterior or upper cervical

Known also as the accessory submaxillary or
submandibular these lie a short distance behind
and above the preceding nodes, being
separated from them by the submaxillary
salivary gland.

Parotid

There are several nodes on each side, which are
red in colour, one of the largest being situated
just posterior to the masseter muscle of the
lower jaw and partly covered by the parotid
salivary gland. One or two nodes may be left on
the inner side of the jaw after the head is
removed.

Prescapular (superficial cervical)

On account of the short neck of the pig these
nodes lie close to the parotid salivary gland,
being partly covered by its posterior border.
They form an oblique chain which is directed
downwards and backwards to the shoulder
joint. This chain really includes all the
superficial cervical nodes and is best exposed
by a long incision, made on the inside of the
carcase, from the nape of the neck to the lower
border of the neck and just anterior to the
shoulder joint. The prescapular lymph nodes in
the pig receive lymph from the submaxillary,
parotid and upper cervical nodes and thus may
become tuberculous as a result of primary

Fig. 213 Side of pork showing position of lymph
nodes: a, submaxillary; b, anterior or upper
cervical; ¢, prepectoral; d, presternal; e, precrural; f,
superficial inguinal; g, hock node; h, iliac; i, lumbar;
j, renal.

infection of the lymph nodes of the head.
Enlargement of the prepectoral node in pigs
may occur as a result of arthritic changes in the
forelimbs.

Other nodes
Precrural (sub-iliac)

In adult pigs this is up to 5 cm in length by 2.5
cm wide, and is most easily exposed by an
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incision through the peritoneal aspect of the
carcase deep into the fat and 2.5 cm in front of
the stifle joint, the incision being made at right
angles to the vertebral column.

Popliteal

When present these are superficial, but are
absent in 50% of cases. A small subcutaneous
node, known as the hock node or Hartenstein's
gland, can constantly be found, and is
superficially placed on the posterior aspect of
the limb about a hand’s breadth above the fuber
calcis.

Gastric

These and the pancreatic nodes are situated on
the lesser curvature of the stomach.

Bronchial

In addition to the right and left bronchial, this
group includes one on the bifurcation of the
trachea and another at the apical bronchus of
the right lung. The posterior mediastinal nodes
are rudimentary or absent.

Portal

Several nodes are present about the portal vein,
the largest being about 2.5 cm long. The portal
lymph nodes may be removed during
evisceration of the carcase, and can then be
found on the mesentery beneath the pancreas
or in the fat attached to the lesser curvature of
the stomach.

Lateral border

Renal vein

Ureter Renal artery

UROGENITAL SYSTEM

Urinary organs

Two kidneys, two ureters, bladder and urethra.

Genital organs

Female two ovaries, two uterine (fallopian)
tubes, uterus, vagina, vulva, clitoris and
mammary glands.

Male  two testes and epididymes, two vasa
deferentia, seminal glands, prostate, bulbo-
urethral (Cowper’s) glands, urethra and
penis.

Kidney

In addition to their functions in the excretion of
urine and in acid-base balance, the kidneys
produce two hormones, renin and erythropoietic
factor. Renin acts in the formation of a blood
peptide which increases blood pressure and
stimulates the secretion of aldosterone, a
hormone controlling the reabsorption of
sodium. The erythropoietic factor stimulates
the formation of a protein which increases the
red cell production in the bone marrow.

Ox (Fig. 2.14)

The kidneys are reddish-brown and composed
of 15-25 lobes which are fused at their deeper
portions; each lobe terminates in a blunt
process or papilla, visible when the kidney is
split. When the rumen is empty, the left kidney
lies to the left of the vertebral column but, as the
rumen becomes filled, it propels the kidney
towards the right side of the body, though
injury due to pressure on the ureter is usually

Cranial

extremity
Fig. 2.14 Right kidney of ox; ventral
surface. Organ hardened in situ. Fat has
been removed from fissures between
lobes.

Iy
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avoided. This orientation of the left kidney is
rendered possible by its loose attachment to the
lumbar region. The left kidney, by reason of its
mobility, is roughly three-sided and of a
somewhat twisted appearance, but the right
kidney has a more regular, elliptical outline.
The weight of each kidney is 283-340g.

Sheep and goat

The kidneys are dark brown, bean-shaped and
unlobulated and possess a single renal papilla.
As in the ox, the left kidney of the sheep and
goat is freely movable. Each kidney weighs
56-85g.

Pig (Fig. 2.15)

The kidneys are smooth, bean-shaped and
reddish-brown but thinner and flatter than in
the other food animals; 10-12 renal papillae are
present internally. The weight of each kidney is
85-170 g. In the pig the bladder is large with a
long neck; the ureters enter posteriorly in the
neck region. This predisposes the animal to
bilateral hydronephrosis, because, when full,
the bladder hangs down into the abdominal
cavity and the long neck presses against the

A ]
- Crura of diaphragm

pubis, thus closing the ureter openings and
interfering with urination.

Horse

The right kidney is triangular or heart-shaped,
the left is bean-shaped and longer than broad.
The weight of each kidney is 680 g.

Domestic fowl

The kidneys lie on either side of the vertebral
column from the level of the sixth rib to the iliac
fossa. They each consist of four dark red, friable
lobes. The ureters empty into the cloaca medial
to the ductus deferens of the male or the
oviduct of the female. The end products of
protein metabolism are excreted as uric acid
which can be seen as whitish turbid crystals in
the ureters.

REPRODUCTIVE SYSTEM

Uterus (Fig. 2.16)
Cow

The uterus consists of a small body, less than 2.5
cm long, and two cornua or horns about 38 cm

Fig. 215 Kidneys of pig in
situ; ventral view. 1, hepatic
artery; 2, splenic artery.
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Fig. 2.16 Lateral view of genital organs and adjacent structures of mare. 1. L. ovary. 2. Fallopian tube. 3. L.
horn of uterus. 4. R. horn of uterus. 5. Body of uterus. [5° Cervix] 6. Broad lig. of uterus. 7. Vagina. 8. Vulva.
9. Rim and commissures of vulva. 10. Constrictor muscle of vulva. 11. Vestibular bulb. 12. Abdominal wall.
13. L. kidney. 14. L. ureter. 15. Bladder. 16. Urethra. 17. Rectum. 18. Anus. 19. Anal sphincter muscle.

long. The uterus of the cow and ewe has
characteristic cotyledons on the mucous
membrane of the body and uterine horns; these
are oval prominences, about 100 in all, and in
the non-gravid bovine uterus are about 1.5 x 0.5
cm. During pregnancy, and as the fetus
develops, the cotyledons hypertrophy,
becoming pitted or sponge-like, and then
measure up to 10-12.5 cm in length and 4 cm in
width. Evidence as to whether a slaughtered
female is a heifer or a cow may be established
by opening each uterine horn and cutting
transversely through the wall, including the
diameter of a cotyledon. Generally, in the
uterus of a heifer the cotyledons are
surrounded by a shallow moat which usually
disappears in the cow. The blood vessels in the
exposed wall of the uterus of the cow are
contorted and bulge from the surface. In the
heifer the blood vessels can be seen clearly but
do not bulge and show little contortion. The
blood vessels in the cotyledon are the most
valuable guide; in the heifer they are very fine
and straight, whereas in the cow they are very
distinct, contorted and bulge slightly from the

cut surface. This method assumes that the
cotyledons enlarge if the animal is in calf and
regress in the non-pregnant uterus, i.e. that the
animal must have been at least 34 months or
longer in calf.

Ewe

The uterine horns are relatively long, the
cotyledons being circular, pigmented and much
smaller than in the cow, while in advanced
pregnancy the centre of each is cupped or
umbilicated.

Gilt and sow

The uterine horns are very long and arranged in
coils. The mucous membrane has no cotyledons
but is arranged in numerous thin longitudinal
folds. The ovaries are rounded with an
irregularly lobulated surface. The sow and gilt
carcase may be differentiated not only by the
developmental condition of the udder and teats
but also by examination of the uterine arteries.
In the sow, the udders are enlarged and, in the
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broad ligaments of the uterine horns, the
peripheral branches of the uterine middle
arteries are torturous owing to pregnancy. In
the gilt, these arterial vessels are less apparent
and almost straight. Characteristic histological
changes also take place in the uterine arteries
during and after pregnancy; there is
hyperplasia of the elastic fibres in the intima
and media of the vessel wall, the intima is
hypertrophied and the internal elastic lamina
split into two or more layers. Similar changes
can be observed in the arteries supplying the
ovary.

Domestic fowl

In the male there are two yellowish-white bean-
shaped testes situated in the dorsal part of the
abdomen and related to the right lobe of the
liver (right testis) and the glandular stomach
and infestine (left testis). The testes vary in size
according to the size of the bird, breed and
season. The vasa deferentia pass backwards to
the cloaca, which they enter lateral to the
ureters.

Although there are two ovaries in the
embryo, the right one atrophies. The left ovary
is situated in the dorsal abdomen opposite the
last two ribs. The associated oviduct is a very
flexuous organ and extends backwards to enter
the cloaca lateral to the left ureter. Its mucosa
produces the albumen, shell membrane and
shell, while the yolk represents the ovum
produced in the ovary.

Udder
Cow

The right and left sides of the udder are
separated anatomically by a tendinous septum.
Although a strong septum does not exist
between the fore- and hindquarters of the same
side, all four quarters are anatomically distinct
and injection of differently coloured fluids into
the four teats shows that they each drain
separate and distinct areas.

The smooth udder of the heifer, which is
composed almost entirely of fat, must be
distinguished from the pendulous fleshy udder
of the cow in which glandular tissue
predominates and which is grey to yellowish-
white in colour.

Ewe and goat

The udder is composed of two halves, each
with one small teat. In the goat the udder is
similar but the halves are more pendulous and
the teats are more strongly developed and
directed forwards.

Sow

There are 10-16 mammary glands, arranged in
two parallel rows; each possesses a flat
triangular teat and the glandular substance
appears whitish-red on section.

Estimation of age of the bovine fetus

By the end of the first month of pregnancy the
bovine fetus is about 10 mm long. At the end of
the second month the fetus is 5-6.5 cm long and
digits and depressions for mouth and nose
appear. After 3 months the fetus is 15 cm long,
stomach divisions are present and hoofs and
horns appear.

In the fourth month there is little change
except growth, but towards the end of the fifth
month hair appears and the testes descend into
the scrotum. At the end of five months the fetus
is 30 cm long.

During the next 3 months the fetus attains a
length of 60 cm. By 8 months the eyes are open,
the limbs are covered with hair, and the hoofs
are hardened. At the end of the ninth month the
fetus is full size, about 90 cm long, and weighs
36 kg, which is the average weight for a
newborn calf, though variations occur
according to the breed.

Testis

(See Endocrine System.)

NERVOUS SYSTEM

The nervous system, which forms a very
delicate and complicated link between different
parts of the body, consists of two main parts:

1 Central nervous system (CNS), comprising the
brain and spinal cord.

2 Peripheral nervous system, consisting of 12
pairs of cranial nerves, approximately 40
pairs of spinal nerves, and the automatic
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(involuntary) nervous system. Also
associated with the peripheral nervous
system are the specialised sense organs—eye,
ear, olfactory (sme]l) organ, gustatory (taste)
organ and tactile (touch) organs.

The nervous system is made up of numerous
nerve cells or neurons, each consisting of a
nucleated cell body, short cell processes called
dendrites, and a single long process, the axon.
The dendrites receive impulses from other
axons and transmit them to the nerve cell,
which conveys them onwards via the axon. A
nerve fibre consists of the axon and a covering
of sheath cells. In the peripheral nerves the
sheath is composed of Schwann cells, forming a
thick fatty (lipoidal) covering, the myelin
sheath, which acts as an insulator and gives the
white colour to nerves of the brain and spinal
cord. In myelinated nerves, conduction of
impulses takes place by means of jumps
between notches (the nodes of Ranvier) in the
myelin sheath. In unmyelinated nerve cells,
conduction is a smooth continuous process.
Bundles of nerve fibres are bound together by
an extensive connective tissue sheath, the
perineurium; the complete nerve trunk is
covered by the epineurium.

Nerve cells may be sensory or motor. Sernsory
(afferent) fibres carry impulses to the brain
from the sensory organs while motor (efferent)
fibres carry impulses away from the brain to
produce muscular movement and glandular
secretion.

Central nervous system

The brain is that part of the CNS situated in the
cranial cavity and containing the vital centres. It
consists of an upper main part, the cerebrum,
and a lower smaller part, the cerebellum; the
lowest portion of the brain, the medulla
oblongata, is continuous through the foramen
magnum with the spinal cord. The cerebrum is
divided into two hemispheres by a longitudinal
fissure.

The spinal cord is situated in the spinal or
vertebral canal and extends from the foramen
magnum at its juncture with the medulla
oblongata to about the middle of the sacrum. It
is approximately cylindrical in cross-section but
somewhat flattened dorsoventrally. From it
emerge a varying number of spinal nerves: in
the bovine there are 40 pairs made up by 7

cervical, 14 thoracic, 6 lumbar, 5 sacral, and 8
coccygeal.

To the naked eye the central nervous system
is composed chiefly of two kinds of tissue—
white and grey. The outer white substance or
matter is soft in consistency and consists of
numerous nerve fibres, while the inner grey
substance, even softer in make-up, is modified
to form the gelatinous substance, which is a
pale yellowish-grey and jelly-like. The grey
matter is comprised of large numbers of nerve
cells.

The brain and spinal cord are covered by
three membranes known as the meninges. The
dura mater is the tough, fibrous outer coat lining
the cranial cavity and spinal canal, while the
arachnoid mater (arachnoidea) is a delicate
membrane loosely covering the brain and
serving to contain the cerbrospinal fluid. The
pia mater is another delicate membrane closely
attached to the convoluted surface of the brain
and spinal cord, to which it supplies blood.

The clear cerebrospinal fluid, which occurs
in the subarachnoid space between the
arachnoid and pia mater, serves to protect the
brain and the spinal cord as well as to nourish
and cleanse these structures.

Peripheral nervous system

The 12 cranial nerves (motor and sensory)
supply the head and neck and include the
nerves involved in the sensations of sight, smell,
taste and hearing in addition to the vagus nerve,
an important entity of the parasympathetic
division of the autonomic nervous system.

The 40 or so spinal nerves supply the muscles
of the body and limbs. They are mixed nerves;
the motor fibres give movement to these parts
and the sensory fibres give sensation to the skin
and to a lesser extent to body and limb muscles.
Associated with some of the cranial nerves and
all of the spinal nerves (on their ventral roots)
are swellings (collections of nerves cells) called
ganglia, which are part of the sympathetic
nervous system.

Autonomic (visceral, vegetative) nervous
system

The autonomic nervous system is a set of nerves
and ganglia supplying ennervation to all the
internal organs, glands and blood vessels. It is
so named because it acts independently of the
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conscious will, although it can be affected by
the emotions.

Like the cerebrospinal system, it possesses
conducting paths which transmit impulses to
and away from the vital centres, but the nerves
are mainly efferent. The efferent neurons are
both motor, supplying the involuntary muscles
of the walls of the stomach, lungs, intestines,
heart, eye, bladder and blood vessels, and
secretory, supplying glands such as the liver,
salivary glands, pancreas as well as the external
genitalia.

The autonomic nervous system consists of
two subdivisions, the sympathetic and
parasympathetic, both of which supply fibres to
some organs (eye, bronchi, heart, digestive tract,
sphincters, of digestive tract and bladder),
although the sympathetic system mainly supplies
the blood vessels and sweat glands and the
parasympathetic the salivary, gastric and pancre-
atic glands and the external genitalia. The actions
of these two systems are largely antagonistic to
each other. Increased sympathetic activity dilates
the pupil of the eye, the bronchi and the blood
vessels, increases heart rate, inhibits motility of
the digestive tract and allows the bladder to fill;
the parasympathetic system produces the opposite
effects and enhances the secretions from the sali-
vary, gastric and pancreatic glands and produces
vasodilation in the external genitalia.

ENDOCRINE SYSTEM

The endocrine or ductless glands (thyroid,
parathyroids, thymus, adrenals, and gonads-
testes and ovaries) produce secretions or
hormones which pass directly into the
bloodstream to act on another organ or tissue.
The liver and pancreas are both endocrine and
exocrine glands, each possessing ducts, and are
usually described with the digestive system.
(Exocrine glands such as the sweat, mammary
and lachrymal glands pass their secretions
along ducts to the surface of the body.)

The placenta, formed from the outer chorionic
membrane (the inner is the amnion) surrounding
the developing fetus, is a ductless gland in
addition to its function as a means of
transferring nutrients from the mother to the
embryo and conveying away waste material. Tt
produces oestrogen, progesterone and chorionic
gonadotrophin. The corpus luteum (yellow
body), formed from the ovarian follicle of the

ovary after the ovum has been expelled,
produces the hormone progesterone, which
prevents further ovulation.

Hormones are either peptides, containing two
or more amino acids, or steroids, which are lipid
substances. Insulin, produced by the islets of
Langerhans in the pancreas, is a polypeptide
composed of two amino acid chains, while the
hormones of the adrenal glands, noradrenaline
and adrenaline, are steroids, as are the hormones
of the reproductive system (oestrogens and
progestins in the female and androgens in the
male). These organic substances are ‘chemical
messengers’ responsible for regulating the
physiological activities of the body; only minute
amounts are necessary to evoke responses in
target glands and fissues.

Thyroid

In the ox the thyroid consists of two lateral lobes
lying on either side of the trachea immediately
posterior to the larynx. The lobes are flat, dark
red, about 7.5 c¢m long, and are connected
inferiorly by a narrow band-like isthmus about
13 mm wide.

In sheep the glands are dark red, resembling
muscle, and are about 5 cm long and 1.5 cm
wide. Each lateral lobe is long and elliptical and
covers the first five rings of the trachea, but the
isthmus is indistinct.

In the pig the lobes are large, dark red, about 5
cm long, and irregularly triangular in shape; they
lie below the trachea and posterior to the larynx
and are connected with each other inferiorly. The
dark red colour of the thyroid gland is due to its
rich blood supply.

The thyroid gland produces three hormones:
thyroxine (tetraiodothyronine) and triiodothyro-
nine, which contain iodine, are involved in the
control of the general body metabolism; and thy-
rocalcitonin (calcitonin) which controls serum
calcium levels.

Overactivity of the thyroid glands with
excess secretion of the thyroid hormones in man
causes toxic goitre (exophthalmic goitre,
thyrotoxicosis, Graves’  disease)  with
enlargement of the thyroid gland, excitability,
irritability and loss of weight. Underactivity of
the thyroid, on the other hand, results in
myxoedema (hypothyroidism), which is
characterised by slowness of physical and
mental processes and an increase in body
weight. Cretinism is hypothyroidism or
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myxoedema which begins before birth or early
childhood and in which there is stunted growth
and loss of intellectual ability. These syndromes
occur infrequently in man and are rare in
animals. However, goitre caused by iodine
deficiency is seen occasionally in newborn
animals of all species which show thyroid
enlargement with loss of hair or wool and
thickened skin. Hyperthyroidism occurs only in
dogs and cats.

Parathyroids

The position of the parathyroids relative to the
thyroid gland varies, but they may sometimes
be found near the posterior extremity or on the
deep surface of the lateral lobes of the thyroid
and are little larger than a grain of wheat in the
ox. Their small size and similar colour to the
thyroid makes them difficult to identify. One
pair occurs in the pig in front of the thyroid
gland.

The parathyroids produce a polypeptide
hormone, which controls the levels of serum
calcium and inorganic phosphorus and
stimulates the removal of calcium from bone.
Thyrocalcitonin, produced by the thyroid, has
the opposite effect on calcium levels.

Thymus

The thymus is pinkish-white and distinctly
lobulated, and constitutes the true sweetbread. It
consists of two portions; the thoracic portion
(heart bread) is rich in fat, roughly the shape of
the palm of the hand in the ox, and lies in the
thoracic cavity, extending back to the third rib
where it contacts the base of the heart; the
second portion (neck bread) is poor in fat and
consists of two lobes joined at their base and
extending up the neck on either side of the
trachea, diverging and diminishing in size as
they pass up the neck and reaching almost to
the thyroid gland.

In the calf the thymus is at its largest at 5-6
weeks, when it weighs 453-680 g, but gradually
atrophies. By the onset of sexual maturity, little
of the cervical portion remains. It is very small
in 3-year-old cattle but a vestige of the thoracic
portion may be seen in cows even after § or 9
years. In the pig the thymus is large, greyish-
yellow, and reaches to the throat.

In early life, the thymus is necessary for the
development of certain immune responses and

antibodies. It is probably also associated with
lymphocyte production. If this is removed
shortly after birth, the production of
Iymphocytes, lymphoid tissue and plasma cells
is much reduced, antibodies are not formed,
and skin grafts, even from different species, are
not rejected. Since no hormone has yet been
isolated from the thymus, it should probably be
classified as belonging to the circulatory system
rather than the endocrine system. In animals
certain autoimmune diseases such as
haemolytic anaemia and systemic lupus
erythematosus are associated with a defective
thymus.

Adrenal (suprarenal) bodies

In the ox, the adrenal glands are related to the
two kidneys, and lie anterior to them. The left
adrenal body is in contact with the dorsal sac of
the rumen, though it does not rotate with the
left kidney when the rumen is distended. After
dressing of the carcase, portions of the right
adrenal body may sometimes be found
attached to the posterior aspect of the liver, or
sometimes to the central muscular portion of
the diaphragm.

In the sheep both the adrenals are bean-shaped,
but the left is not in contact with its kidney. In the
pig the adrenals are long and narrow, each lying
on the inner aspect of the kidney.

The adrenals are reddish-brown in colour,
and a section of them reveals a well-marked
cortex and medulla.

The adrenal glands produce two completely
different types of hormones. The medulla or
central part of the gland produces hormones
known as catecholamines, particularly adrenaline
(epinephrine) and noradrenaline (norepinephrine).
Being supplied by the preganglionic fibres of the
sympathetic nervous system, the hormones of the
adrenal medulla augment the action of this
system, increasing blood pressure, constricting
the sphincters of the alimentary tract, inhibiting
the bladder musculature, mobilising liver
glycogen to form glucose, relaxing the
bronchioles of the lungs and constricting the
arterioles and veins (except those of the heart and
muscle). These effects are associated with
excitement and emotions such as fear and anger.
The adrenals are therefore sometimes referred to
as the ‘glands of fight and flight’ or the emergency
glands.
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The adrenal cortex, unlike the medulla, has
no nerve supply. It is rich in vitamin C and
cholesterol, which is the probable precursor of
its hormones, the corticoids: glucocorticoids,
mineralocorticoids and sex hormones.

The glucocorticoids (chiefly cortisol or
hydrocortisone) regulate the metabolism of
carbohydrates, fats and proteins on a long-term
basis, decreasing the metabolism of
carbohydrates, increasing the breakdown of
protein to amino acids and mobilising fats. An
excess of cortisol in the blood elevates blood
glucose and causes ketosis, i.e. diabetes
mellitus.

Mineralocorticoids, represented mainly by
aldosterone, regulate the mineral salts in the
body by stimulating the reabsorption of sodium
in the kidney tubules and increasing the
excretion of potassium. Aldosterone is also
concerned with the control of blood and fluid
volumes in the body.

The sex hormones (androgens, oestrogens
and progesterone) are known to affect the
development and function of the reproductive
organs and secondary sexual characteristics,
but are less important than the sex hormones
produced by the gonads.

Pituitary gland (Hypophysis)

The pituitary gland is situated on the lower
aspect of the cerebrum, being connected to it by
a short stalk, and rests in the pituitary fossa of
the sphenoid bone formed by the base of the

Table 2.4 Pituitary gland hormones.
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skull. Sometimes termed the master gland of
the body, it exerts through its many hormones,
an influence on almost all the other ductless
glands. It consists of an anterior lobe
(adenohypophysis) and a posterior lobe
(neurohypophysis), each having very different
activities (Table 2.4).

Testicles (testes)

In the bull the testes have an elongated oval
outline; they are about 12.5 cm long and weigh
283-340 g. The epididymis is narrow, but is
closely attached to the testicle along its
posterior border. In the ram the testicles are
large, pear-shaped, and more rounded than in
the ox, being 10 c¢cm long and 255-283 g in
weight. In the boar the testicles are very large
and irregularly elliptical, while the epididymis
is well developed and forms a blunt conical
projection at both ends of the testicle.

The testes or male gonads have two
functions; the production of spermatozoa and
the production of testosterone, the main
hormone responsible for the development of
male secondary sexual characteristics.

QOvaries

The ovaries, in addition to producing ova,
secrete three hormones: oestradiol, progesterone
and relaxin. Qestradiol, formed in the ovarian
follicles, promotes female secondary sexual
characteristics and  sexual  behaviour.

Hormone

Action

Adenohypophysis

Growth hormone

Thyrotrophin

Corticotrophin/adrenocorticotrophic hormone (ACTH)

Gonadotrophic hormones (follicle stimulating hormone,
luteinising hormone, luteotrophic hormone)

Neurohypophysis
Oxytocin

Antidiuretic hormone

Growth promotion.
Control of thyroid.
Control of adrenocorticoid hormones

Control of growth of gonads and their
reproductive functions.

Milk let-down, uterine contractions
at parturition.

Control of water secretion.




HHRERTRSRSR SRR

Anatomy, Meat Composition and Quality 49

Progesterone is formed in the corpus luteum
and during pregnancy it prevents ovulation by
inhibiting the secretion of luteinising hormone.
Relaxin, also produced by the corpus luteum,
relaxes the pelvic ligaments during parturition.
The ovaries also control cyclical changes in the
reproductive system which ensure
development of breeding seasons when
weather conditions, temperature, food, etc. are
suitable.

Pineal gland

The pineal gland is located in the brain
posterior to the third ventricle. It is believed to
be the source of the hormone melatonin.
Darkness and light are believed to affect the
synthesis and release of melatonin, the former
promoting and the latter inhibiting them.
Melatonin in turn is thought to control the
formation and release of gonadotrophic
hormone-releasing factors from the brain.

Collection and yield of glands (Table 2.5)

Although valuable pharmaceutical products
are prepared from the ductless glands, it is only
when there is a very large weekly kill that their
collection becomes an economic proposition.
Successful utilisation of glands entails
careful handling from the moment the animal is
killed. The entire glands should be removed
immediately, freed from surrounding fat or
tissue and, according to the variety of gland,
either frozen to a temperature of -10°C or
placed in acetone. Cutting into the substance of

Table 2.5 Yield of glands used in medicine.

a gland significantly reduces the hormone yield
and it should not be soaked in water. In the case
of the pancreas, care must be taken to leave the
gland whole and not to remove adjoining
portions of the duodenum whereby trypsin
might be liberated and the insulin destroyed.

The occurrence of BSE in Britain has given
more urgency to the need for extreme care in
the collection of glands to be used for
pharmaceutical purposes. Guidelines have
been issued by the UK Committee on the Safety
of Medicines and the Veterinary Products
Committee for all products licensed under the
Medicines Act of 1968 not only for material of
bovine origin but also for material from sheep,
goats, deer and other animals susceptible to
scrapie-like agents. The main points of the
guidelines are as follows.

1 Tissues to be excluded: all nerve tissue,
spleen, thymus and other lymphoid tissue,
placental tissue and cell cultures of bovine
origin.

2 Bovine material should be taken from closed
herds (since 1980), BSE-free and which have
not received ruminant-derived feedstuff
during this period.

3 Sterile equipment must always be used and
needles, syringes, scalpel blades, etc. should
be disposable items.

4 Whenever possible, source animals should be
calves up to 6 months of age.

5 No tissue is to be used in relevant medicinal
products when collected from an animal after
brain penetrative stunning.

6 All cellular components must be removed
from serum and fetal calf serum, care being

Gland No. of animals required to No. of glands required per 500 g
produce 500 g of fresh material finished product
Pituitary, whole (cattle) 199 1100
Ovary (cow) 39 210
Ovary (sow) 50 298
Parathyroid (cattle) 243 1990
Suprarenal (cattle) 22 127
Pancreas (beef) 2 26500
Pancreas (calf) 18 8830
Pancreas (pig) 11 132500
Testis (bull) 1.5 7
Thyroid (cattle) 22 100110
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taken to avoid contamination from placenta
and fetal fluids.

7 Sterilisation of equipment must be capable of
inactivating scrapie-like agents—autoclaving
using a porous load cycle at 134-138°C for 18
min at 30 psi.

8 The final
adequately.

product must be sterilised

(See also Orders relating to SBM and Heads of
Sheep and Goats.)

A European Commiission Decision of 11 June
1996, 96/362/EC, amending 96/239/EC,
prohibited the despatch to other Member States
and to third countries, of materials destined for
use as medicinal products, cosmetics or
pharmaceutical products which had been
obtained from bovines slaughtered in the
United Kingdom.

SKIN

The skin or common integument acts as a
protective covering for the body and merges at
the natural orifices with the mucous
membranes of the digestive, respiratory and
reproductive systems. With its covering of hair,
wool, feathers, nails or horn it acts also as a
temperature-regulating mechanism and, since
it contains many sensory nerve endings, it
protects the body against injury and is thus an
important sense organ.

Sweat (sudoriferous) and sebaceous glands
are found in the skin, the former involved in
temperature and tissue fluid regulation and the
latter secreting sebum which prevents loss of
fluid and in some species playing an important
part in the sexual life of the animal.

The mammary glands are modified skin
glands associated in function with the
reproductive system.

HORNS

Estimation of the age of cattle by means of the
horns entails counting the number of rings on
the animal’s horns, but these rings must not be
confused with the small wrinkles situated at the
root of the horn which are an indication that the
animal has been ill-fed during its growth. The
first ring appears at about two years and
thereatter one ring is added annually so that the
age in years in cattle equals the number of rings

plus one. In cows it is not unusual for the rings
to be removed by scraping, and greater
accuracy as to age may be obtained by
examination of the incisor teeth or carcase
bones.

MUSCULAR SYSTEM

The muscular system is composed of skeletal
(voluntary, striated), cardiac (involuntary,
striated) and smooth (involuntary, non-striated)
muscle. Smooth muscle is found in certain
organs, glands and blood vessels and responds
to the demands of the autonomic nervous
system.

Skeletal muscle along with associated
connective tissue and intermuscular fat forms
the flesh or butcher meat and represents
25-45% of the animal’s liveweight.

There are some 300 muscles in the animal
body which, despite vast differences in the size,
shape, and function of each, all possess the
same basic structure. Muscles are made up of
numerous tiny spindle-shaped multinucleated
muscle cells or fibres, each encased in a thin
membrane, the sarcolemma. Groups of muscle
cells joined by a loose connective tissue
(endomysium) form bundles sheathed in
connective tissue perimysium and fatty deposits.
Connective tissue epimysium covers the
complete muscle.

The muscles of domestic birds resemble in
general those of mammals except that many are
greatly enlarged and adapted for flight
purposes, e.g. the pectoralis which lowers the
wing and the supracoracoideus which raises it.
Two forms of muscle occur: white muscle, and
dark muscle which contains numerous
myoglobin-containing  cells.  Specialised
breeding of domestic poultry, and especially
turkeys, has resulted in the enlargement of the
pectoral muscles.

CONNECTIVE TISSUE

Connective tissue is present in two forms in the
animal body, white and yellow. A typical
example of white connective tissue is the fascia
connecting the muscular bundles. The main
constituent of white connective tissue is
collagen, which is converted into gelatin by
boiling. Yellow connective tissue, as seen in the
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yellow fascia covering the abdominal muscles
and in the ligamentum nuchae, consists of elastin,
which cannot be softened by boiling.

FAT

Fat develops in connection with connective
tissue and has an important influence on both
the odour and flavour of the different meats. It
varies in consistency according to its
composition, which is again controlled by the
species, the feeding method and the site of the
fat in the carcase.

The amount of fat in a carcase affects the rate
of chilling, a greater amount slowing it down
owing to its insulating property. So lean bull
carcases chill more quickly than fatter steer
carcases while trimming of subcutaneous fat
from the hot carcase increases the chilling rate
of the underlying muscle (Allen, 1990). But fat
insulation also serves to prevent cold shortening
in rapidly chilled carcases. Changes in
refrigeration techniques have accordingly been
recommended for leaner carcases in order to
achieve tenderness combined with flavour.
Work in Denmark has indicated that lean
carcases should be conditioned at 4°C and
chilled at 6°C, while in the USA even higher
temperatures (up to 25°C) have been
advocated, the implication being that slow
early chilling shortens the conditioning time
necessary for producing tenderness. (See
Conditioning of meat.)

The deposition of fat between the muscle
fibres is known as ‘marbling’. It occurs only in
young, well-nourished cattle and not in older
animals where fat tends to be deposited
subcutaneously, e.g. on the hips and pin bones
of fat cows. Marbling of fat does not occur in
the horse. In the pig, fat cells between the
individual muscle fibres prevent the gastric
juice from reaching the fibres and thus render
pork less digestible. The muscle fat is basically
polyunsaturated, but as adipose tissue is laid
down the saturated fat increases in amount.
The eating of saturated fats has a bearing on the
development of coronary heart disease in man,
and the general tendency today is to reduce
their level in the diet.

Marbling has a marked effect on eating
quality. Studies at the USDA Meat Animal
Research Center showed that a marbling rating
of ‘slight’, which contained 3.7% fat, had a good

eating quality, similar Danish work putting this
figure at 2-3% of marbling fat. Leaner European
breeds of cattle, e.g. Limousin, Simmental and
Charolais, should therefore not be slaughtered
at stages leaner than EEC fat class 3 in order to
ensure minimal marbling. The Aberdeen-
Angus has excellent marbling qualities. The
amount of marbling in a given muscle can be
reliably measured using the technique of
magnetic resonance imaging.

Excess fat is expensive to produce since,
weight for weight, it requires five to seven
times as much energy to produce as meat.
Much of the fat trimmed from carcases is used
in manufactured meat products, which
contribute some 9.4% of fat in the human diet.

The edible fat from the ox carcase, other than
that intermixed with the muscle, is obtained
from certain well-defined positions: the
omentum, mesentery, stomach, mediastinum
and kidney, which yield an average of 19 kg,
varying between 11 kg in the lean cow and 29.5
kg in the well-finished bullock. Of the various
by-products, edible fat has historically ranked
second only to the hide in value. Abnormal
amounts of kidney fat, sometimes up to 91 kg,
are sometimes encountered; these are known as
‘balloon kidneys’, but the fat is marketable and
edible. The butcher may render down his edible
beef and mutton fat to produce dripping. On a
commercial scale edible fat is converted into
oleo oil and oleo stearin for margarine
manufacture; oleo stearin is also used for soap

and candle manufacture and is mixed with -

cooking fats to harden them. Inedible fat is used
for the production of lubricants, soap, candles
and glycerine, and as a binder for animal feed.

DETERMINATION OF AGE BY
DENTITION

Determination of age and sex is important in
the keeping of records of disease found on
routine examination, and also in the recognition
of the carcase of the cow, ewe and sow, animals
in which dangerous affections of a septic nature
are most likely to occur. It is also of value where
a system of mutual insurance of animals
intended for slaughter exists and an inspector
may be called upon to pass expert judgement as
to the age and sex of any animal in dispute.
Where meat is supplied to public institutions
there is the possibility of the substitution of cow

iy



52 Meat Hygiene

Table 2.6 Dental formula for the ox, sheep and
goat.

Temporary (deciduous) teeth

Upper 00
2 1IC P)y =20
Lower 31 3
Permanent teeth
Upper 00 3 3
2 1 CP M =32
Lower 313 3

I =Incisor, C = canine, P = premolar, M = molar.

Table 2.7 Dental formula for the pig.

3 1 3
Temporary 2 Cc p = 28
3 1 3
31 4 3
Permanent 21 C P M = 44
3 1 4 3

I=Incisor, C = canine, P = premolar, M = molar.

meat for that from bullocks or heifers, or for the
substitution of ewe mutton for that of lambs or
young sheep. Here again the judgement of the
inspector will be of value.

In the food animals, age may be estimated
with reasonable accuracy from the teeth (Tables
2.6-2.9), from the horns of cattle, or from the
carcase bones.

Teeth
Ox

The age is estimated by the period at which the
permanent incisor teeth erupt and come into
wear; these periods are subject to variation,
depending on sex, breed and method of
feeding.

Table 2.8 Dental formula for the horse.

3 0 3
Temporary 24 C P = 24
3 0 3
3 1 34) 3
Permanent 2 (I C P M) = 4042)
3 1 3 3

I =Incisor, C = canine, P = premolar, M = molar.

The corner pair of permanent incisors are
subject to the greatest variation in the time of
eruption and well-bred cattle or animals that are
well fed and well housed tend to erupt their
teeth earlier than scrub animals or those that are
poorly fed and poorly housed. In pedigree cattle
the corner incisors may appear soon after
completion of the third year, and in bulls they are
not uncommonly present at 2 years 10 months.

The dental formulae for the temporary and
permanent teeth are shown in Table 2.6. The
upper and lower figures corresponding to the
teeth of the upper and lower jaw. After the
permanent incisor teeth have erupted, the degree
of wear on their cutting surface and the amount
of neck visible above the gums are a guide to the
animal’s age. The neck of the central pair of
incisors is perceptible at the sixth year, that of the
lateral centrals at 7 years, of the laterals at 8 years,
and of the comer incisors at 9 years. Subsequent
to this, the incisor teeth are small and much worn
and it is then possible to confuse an animal 14
years of age, and therefore possessing all its milk
incisors, with an animal of about 10 years, but
this can be avoided by recognition of the
exposure of the roots of the teeth in the older
animal due to shrinkage of the gums and
projection of the roots from the alveolar sockets.

Sheep

The milk incisors in sheep are all present at
birth or shortly after and remain until the

Table 2.9 Ages at which the permanent incisors appear.

1st pair 2nd pair 3rd pair 4th pair
Ox 1%-2 years 2-2 years 3 years 3% years
Sheep 14-1/4 years 1/4-2 years 2%-3 years 3%—4 years
Pig 1 year 16-20 months 8-10 months Canines 9-10 months
Horse 2% years 3% years 47 years Canines 4-5 years
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animal is 1 year old. Where sheep are fed on
turnips, however, a number of the temporary
incisors may be broken off before the animal is
1 year old.

A notch develops between the central pair of
incisors at 6 years of age. The formula for the
temporary and permanent dentition in sheep is
identical with that in cattle.

Goat

It is generally accepted that up to 4 years of age
the goat is as many years old as it has pairs of
permanent incisor teeth. Thus a goat in which
the last pair of permanent incisors have erupted
may be estimated as 4 years old.

Pig

The period of eruption of temporary and
permanent teeth in pigs is subject to
considerable variation, and dentition is not a
really satisfactory or accurate guide to the
animal’s age. Estimation of the age in pigs is
only likely to be necessary in the case of show
animals in connection with their eligibility for
particular age classes. There is variation in the
figures quoted by various authorities as to the
ages at which the permanent incisors appear in
the various animals. Sisson & Grossman (1975)
give the figures shown in Table 2.9.

DETERMINATION OF SEX

Cattle

Differentiation may be established between the
carcase of the bull, stag, bullock, heifer and cow.

Bull

The outstanding characteristic in the bull
carcase is the massive development of the
muscles of the neck and the shoulder, with the
forequarter, except in well-bred animals, being
better fleshed than the hindquarter. This
development of the crest is diagnostic in bulls,
and in some American packing houses the
funicular portion of the ligamentum nuchae is
cut at its insertion to the dorsal vertebrae, the
effect being to make the carcase approximate
more in appearance to that of the bullock.

In the dressing of the bull carcase the testicles
and spermatic cord are removed, leaving an

open external inguinal ring partly covered by
scanty scrotal fat. The pelvic cavity is narrow
and can be spanned with the hand, while the
pelvic floor (ischiopubic symphysis) is angular
and the pelvic tubercle strongly developed. The
bulbocavernosus muscle, often referred to as
the erector and retractor penis muscle, is well
developed and the cut adductor, or gracilis
muscle, is triangular in shape; in young bulls,
however, the posterior portion of this muscle is
not covered with fat and the gracilis muscle
therefore appears bean-shaped. The muscle of
young bulls is light or brick red in colour and
similar to that of the bullock, but in older bulls
it is dark red, dry and poor in fat.

In some European countries and the
northern countries of South America cattle are
rarely castrated and it is the custom in dressing
the carcase to leave the testicles attached to the
hindquarters. These organs are much in
demand by the population, many of whom
regard them as an aphrodisiac.

Stag

If the male bovine is castrated later in life, at
perhaps a year old, it will have developed
certain bullish characteristics, the chief of which
is the strong development of the muscles of the
neck and shoulder. Such animals are known as
stags and, except for the muscular development
of the forequarter, differ little in appearance or
quality from the normal bullock.

Bullock (steer)

The muscles of the neck and crest are not so
strongly developed as in the bull, but fat is
more evenly distributed over the carcase and is
particularly abundant in the pelvic cavity; the
scrotal fat is abundant and completely occludes
the external inguinal ring. The pelvic cavity is
narrow and can be spanned with the hand but
although the pelvic floor is angular and the
pubic  tubercle is  prominent, these
characteristics are not so marked as in the bull
carcase.

The posterior or ischial portion of the gracilis
muscle, which presents a triangular
appearance, is covered with fascia and fat,
while there is a well-marked bulbocavernosus
muscle, though this is less strongly developed
than in the bull. Bullock flesh is lighter in colour
than bull flesh and has a brick red colour with a
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shiny, marbled appearance due to the presence
of intermuscular fat.

Heifer

In the dressing of the heifer carcase the udder
remains on each side of beef and is characterised
by its smooth, regular convexity and, on section,
by the predominance of fat and lack of evidence
of glandular tissue. The absence of
bulbocavernosus muscle may be noted, and a
useful feature in distinguishing the forequarter
of the heifer or cow from that of the bullock is
the enlargement at the end of the foreshank
(radius). In the cow or heifer the bone is slim
and rather straight, but in the bullock it is
markedly enlarged. In the heifer or cow, remains
of the broad ligament of the uterus are apparent
on the inner abdominal wall, about a hand’s
breadth below the angle of the haunch.

Cow

The cow carcase is more slender and less
symmetrical than that of the bull or bullock and
shows a long tapering neck, a wide chest cavity,
curved back and prominent hips. The pelvic
cavity is wide and can scarcely be spanned with
the hand, while the pelvic floor is thin, only
slightly arched, and the pubic tubercle is only
slightly developed. The exposed gracilis muscle
is crescentic or bean-shaped, but no
bulbocavernosus muscle is present. The udder,
except occasionally in animals which have had
only one calf, is removed, leaving a triangular
ragged space on the outer aspect of the
abdominal wall. In the cow both external and
internal fat is irregularly distributed and
yellowish in colour.

Calf

In the dressed bobby calf, the male may be
recognised by the presence of testicles and the
open external inguinal ring. A transverse cut
with a knife just above the pubic tubercle will
expose the root of the penis. In the heifer calf
the rudimentary udder remains on the carcase.

Sheep
Ram

The carcase has strong muscular development
of the forequarter, the inguinal rings are open,
and the scrotal or cod fat is sparse or absent.

Wether

The carcase is usually well proportioned with
evenly distributed fat and abundant, lobulated
cod fat. The root of the penis can be exposed by
a transverse section with the knife above the
pubic tubercle and in the wether is no thicker
than an ordinary pencil.

Gimmer

The carcase is characterised by its symmetrical
shape and the presence of a smooth convex
udder.

Ewe

The carcase is angular in shape, with long thin
neck and poor legs. The udder is brown,
spongy and never sets; it is removed in
dressing, leaving a roughened area on the outer
abdominal wall, though portions of the
supramammary lymph nodes frequently
remain on the carcase.

Differentiating features of the carcases of the
sheep and goat are shown in Table 2.10.

Pigs
Differentiation must be established between the
carcase of the boar, hog, gilt and sow.

Boar

The boar possesses an oval, strongly developed
area of cartilage over the shoulder region which
may become calcified in old boars, and is
known as the shield. The scrotum is removed in
the dressing of the carcase, the area of removal
being apparent on the inside of the thigh. The
cut gracilis muscle is triangular, while the root
of the penis will be present on one of the sides
when the carcase is split and a strongly
developed bulbocavernosus muscle will then
be apparent. Strong, curved canine teeth (the
tusks) are present in the boar.

Castration of the adult boar produces an
animal known as a stag, which is both heavier
and fatter and commands a higher price than
the boar carcase. Stag pigs show some reduction
in the density of the shield as a result of
castration, but as both boars and stags may be
used only for manufacturing purposes, being
skinned and boned out, this reduction of the
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Table 2.10 Differentiation of carcases of sheep and goat.

Feature Sheep Goat

Back and withers Round and well fleshed. Sharp, little flesh.

Thorax Barrel-shaped. Flattened laterally.

Tail Fairly broad. Thin.

Radius 1% times length of metacarpus. Twice as long as metacarpus.

Scapula Short and broad. Superior spine, Possesses distinct neck. Spine
bent back and thickened. siraight and narrow.

Sacrum Lateral borders thickened in Lateral borders thin and sharp.

form of rolls.
Flesh Pale red and fine in texture.

Dark red coarse with goaty odour.
Sticky subcutaneous tissue which
may have adherent goat hairs.

shield is not of great importance and the chief 1
advantage is the diminution of the boar odour.

Hog 2

The differentiation of the hog and gilt carcases
frequently presents difficulty, as teats are

present in both male and female pigs, though in 3
the male they are small and underdeveloped.
Evidence of castration in the hog is seen as two 4

puckered, depressed scars and in both the hog

and the boar there is evidence of the removal of

the preputial sac. The belly fat on one side of

the abdominal incision is grooved, and on the 5
floor of this incision can be seen the retractor
penis muscle, which is long, thin and pale red
in colour. When the carcase is split, remains of
the bulbocavernosus muscle can be seen, while
the gracilis muscle is covered with connective
and fatty tissue.

Gilt

In the gilt the space left below the tail after 7
removal of the anus and vulva is greater than in

the hog, the abdominal incision is straight and
uninterrupted, and the cut surface of the
gracilis muscle is bean-shaped. In sows there is 8
greater development of the udders and teats,

and though canine teeth are present in the
female pig, they do not develop.

HORSE AND OX DIFFERENTIATION

Carcases of the horse and ox may be
ditferentiated by the following details.

In the horse, the unusual length of the sides is
noticeable, together with the great muscular
development of the hindquarters.

The thoracic cavity is longer in the horse; this
animal possesses 18 pairs of ribs, whereas the
ox has 13 pairs.

The ribs in the horse are narrower but more
markedly curved.

The superior spinous processes of the first six
dorsal vertebrae are more markedly
developed in the horse and are less inclined
posteriorly.

In the forequarter, the ulna of the horse
extends only half the length of the radius; in
the ox it is extended and articulates with the
carpus.

In the hindquarter, the femur of the ox
possesses no third trochanter; the fibula is
only a small pointed projection, but in the
horse it extends two-thirds the length of the
tibia.

In the horse, the last three lumbar transverse
processes articulate with each other, the sixth
articulating in a similar manner with the
sacrum. They do not articulate in the ox.

The horse carcase shows considerable
development of soft, yellow fat beneath the
peritoneum, especially in the gelding and
mare, but in the stallion the fat is generally of
a lighter colour and almost white. In the ox
the kidney fat is always firmer, whiter and
more abundant than in the horse.

Horse flesh is dark bluish-red, beef lacking the
bluish tinge. Horse meat has a pronounced
sweet taste and well-defined muscle fibres.
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CHEMICAL AND BIOLOGICAL
DIFFERENTIATION OF MEATS

The differentiation of the muscle and fat of
animals is of importance in connection with the
possible substitution of inferior, and at times
repugnant, meat for that of good quality.

There is little difficulty in differentiating the
flesh and fat of these animals in carcase form or
in joints, but recognition in mince or in sausage
depends on chemical or biological tests and
therefore comes properly within the province of
the analytical chemist.

Chemical tests

A number of differential chemical tests are
based on the fact that horse flesh is richer in
glycogen than the flesh of other food animals.
Glycogen, however, starts to disappear from
meat from the time of slaughter and, unless the
examination is made soon after the carcase is
cut up, very little may be found. Furthermore,
the liver of all animals, particularly the pig,
contains appreciable quantities of glycogen and
if this organ is used as an ingredient of sausage
a positive result to a glycogen test might occur
from the presence of liver. Any deductions
made from the presence of glycogen,
particularly in sausage, should therefore be
advanced with extreme caution.

A method of identifying horse fat when
admixed with lard or beef and mutton fat is by
demonstrating the presence of 1-2% of linoleic
acid. In other animal fats this is not present in
proportions higher than 0.1%.

A valuable test for horse fat depends on
estimation of the iodine value. This test is based
on the amount of iodine absorbed by the
unsaturated fatty acids present in the fat, and
varies in the different animals. In the horse the
iodine value of fat is 71-86, in the ox 38-46, in
the sheep 35-46, and in the pig 50-70; good lard
has an iodine value of 66.

A further valuation test for fats which can be
liquefied by heat and thus converted into oil is
by the estimation of the refractive index. All
liguids, including oils, possess a specific
refractive index; that of horse fat is 53.5, of ox
fat less than 40 and of pig fat not above 51.9.

Biological tests

Three main biological methods are employed
for the differentiation of the flesh of various

animals: the precipitin test, the complement
fixation test and the ELISA (enzyme-linked
immunoabsorbent assay) test. The tests are
particularly applicable to mince or sausage
meat.

The precipitin test depends on the fact that
specific antibodies develop in the blood of an
animal which receives repeated injections of
blood serum from another animal. If, for
example, it is desired to test for horse flesh, a
rabbit is injected periodically with blood serum
from the horse. The rabbit, as a result, develops
antibodies specific for horse serum, which
possess the property of precipitating proteins of
the horse but of no other animal. Therefore,
when blood serum from the injected rabbit is
mixed in a test tube with a filtered extract from
the suspected meat, a turbidity of the solution
occurs if horse meat is present, and this is
followed by a definite precipitation.

Complement fixation utilises a normal
component of serum complement, which is a
thermolabile mixture of substances capable of
reacting with any antigen—antibody system to
lyse the antigen agglutinated by the antibody.
Certain antigen—-antibody reactions do not
produce any visible result, e.g. precipitation or
agglutination, and these can be detected by the
fact that they use up or fix’ complement, thus
making it no longer available for other
reactions. Complement is usually derived from
guinea pig serum and the indicator system
normally consists of sheep red cells and rabbit
serum (heated to destroy its own complement
before use in the test).

As with the previous biological tests, the
ELISA technique relies on the ability of
antibodies to bind with specific antigens. Used
in blood grouping, tissue typing and
bacteriological work, the ELISA test can be
applied to meat identification because of the
differences in protein composition in the food
animals, slight though these generally are. In
addition to the foregoing uses, ELISA is being
applied in the detection of boar taint and soya
in a variety of products.

The test is carried out by making an extract
(containing antigens) from the meat sample
under investigation, placing this in a Petri dish
or test tube and then adding different specific
sera (containing antibodies). The antibody that
binds with the corresponding antigen forms a
complex which is afterwards recognised and
bound by a second antibody containing an
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enzyme which catalyses the reaction to produce
a colour. If the sample under investigation was
horse meat, a reaction would take place only in
the presence of specific horse serum. Positive
identification can be carried out in as short a
time as six hours and the test is able to detect
low levels of suspect meats, even as low as 3%.
A diagnostic kit for routine use in commercial
practice is available. This uses polystyrene
tubes and gives a marked colour reaction in
positive cases, and the colour can be more
accurately measured using a
spectrophotometer. The test can be adapted for
use in cooked meats, meats which have been
frozen and some canned products. Heating to
the temperatures which are required for the
manufacture of meat and bone meal, however,
denatures the species specific protein. This fact
allows the test to be carried out to ensure that
this has been the case.

Polymerase chain reaction (PCR) analysis can
be used to differentiate marinated or heat-
treated meats from closely related species. The
technique involves the identification of DNA
fragments recovered from meat samples.

Other techniques used in species identifica-
tion include microscopy, electrophoresis, vari-
ous chemical procedures, agar gel diffusion and
gas-liquid chromatography.

Debasement of food (adulteration and
substitution)

In the UK the composition and labelling of food
is controlled by the Food Act 1984 (Sections
1-7):

Section 1 Offences as to the preparation and
sale of injurious foods.

Section 2 General protection of purchasers of
food.

Section 3 Defences under Section 2.

Section 4 Making of regulations relating to
composition, etc.

Section 5 Gives powers to Ministers to
obtain particulars of ingredients
of foods.

Section 6 Refers to food falsely ascribed.

Section 7 The making of regulations for the

description of food.

The term ‘“wholesome’ is defined as “promoting
or conducive to good health or well-being”. It was

recognised many centuries ago that food must be
sound and entirely fit for human consumption.
Meat must be derived from healthy animals reared
and slaughtered under high standards of welfare
and hygiene and their products processed with
due attention to cleaniiness.

Continuous control of operations from livestock
production to the consumer’s home is essential if a
safe quality product is to be created and enjoyed.
Regrettably, many opportunities exist from the
farm to retail outlet for adulteration, accidental
or malicious, and misrepresentation to occur.

The chief substitutions of inferior flesh for that
which is more highly valued are those of horse
for beef, goat for lamb, cat for rabbit and rabbit
for poultry. Another form is the replacement of
steer and heifer meat of high quality with lower-
quality cow and bull beef. The use of C. bovis-
infected meat which has been refrigerated to
replace Grade A heifer and steer beef is not
unknown and the perennial use of the word
‘lamb’, when in fact mutton is being sold, is yet
another form of substitution and deception.

In recent times, kangaroo meat has been
imported from Australia into Britain and the
United States and has been used in the UK in the
manufacture of meat pies, pasties and
beefburgers, on occasions along with the
inclusion of condemned meat. A widespread
racket involving the use of unfit meat and the
meat from animal species other than that
specified has been in existence in the UK for some
years, it being estimated that the annual frade in
unfit meat may amount to some 10000 tonnes
internally with about 5000 tonnes imported.

While substitution can, and does, occur at
the carcase and meat cut stage, it is when meat
is in a comminuted form that adulteration most
often takes place. Using modern technology,
production techniques are used to create
debasement at a very sophisticated level. This
pernicious practice creates great problems for
the food analyst and enforcement agencies,
besides being a health threat for the consuming
public.

That it is not a new practice is illustrated by
the introduction to a standard text on food law,
Bell and O’Keefe’s Sale of Food and Drugs, which
states “The act of debasing a food or drug with
the object of passing it off as genuine, of the
substitution of an inferior article for a superior
one to the detriment of the purchaser, whether
done in fraud or negligence, appears to be as
old as trade’. :
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In Great Britain, some basic laws are
contravened by this practice, probably the main
one being Section 8 of the Food Act 1984, which
relates to the sale of unfit food. But legislation
relating to the labelling, description and
composition of food, whose provisions ensure
that all food is not adulterated or misdescribed
and is of a reasonable quality, is also
contravened.

The high price of meat, the wide range of
proteins of an inferior nature which can be
used, the processed form of the product, the
analytical difficulties presented and the
economic considerations, all appeal to the
unscrupulous manufacturer.

Ingredients used

Many different types of non-meat proteins and
animal-based proteins are used in an attempt to
disguise the true meat content on analysis.
These ingredients are often referred to in the
trade as ‘meat extenders’ or ‘meat substitutes’,
which can, of course, be used legitimately. It is
their illegal use which results in fraud.

Non-meat proteins include vegetable protein,
e.g. soya bean, which can be given a “texture’
simulating a meat appearance and cereal.

Cereal is an ingredient which is sometimes
added to ‘all-meat products’ and has the ability
to absorb water, giving the product a drier
appearance more like its natural form, besides
affecting the initial analytical determination,
depending on the type of cereal used.

The consumption of certain forms of cereal
adversely affects the health of persons suffering
from coeliac disease, a condition in which the
mucosa of the small intestine becomes
abnormal owing to contact with dietary gluten,
a reserve protein found in wheat, barley, rye
and probably oats. The undeclared presence of
cereal probably therefore has a serious
relevance.

Animal-based proteins often include those
parts of the carcase which are of low value and
only some of which are legally defined as
‘meat’, e.g. pork rind, bone protein, urea, dried
blood and plasma. While there can be no
objection to their inclusion, it is the excessive
extent of usage, in amounts far in excess of that
naturally associated with the type of meat
involved, which constitutes abuse and fraud.
On occasions, pork rind is incorporated into a
product in which there is no pork flesh present.

Rind may be cooked with water, emulsified
with milk protein or vegetable proteins or
dehydrated, ground and rehydrated (using as
much as four times its own weight of water)
before being incorporated into a sausage or
‘meat’ product.

Bone protein or ossein is extracted from animal
bones. Like rind, it is an incomplete protein but,
hydrated with four parts of water, is used to
replace a similar weight of proper meat, yet
another disguise to the true meat content of the
product.

Urea, a natural nitrogenous waste product
found in the urine of animals and man, can also
be manufactured from ammonia and carbon
dioxide by heating under pressure. It has no
nutritional value at all and is normally used as
a fertiliser and animal feed additive. Very
soluble in water, its presence in a meat product
for human consumption adds nitrogen and
thereby increases the ‘protein” calculation.

Dried blood and plasma are normally used for
animal feed, petfood or fertiliser, or are
discharged as effluent, only a small amount
being consumed as black puddings. There can
be no objection to the proper inclusion, after
suitable treatment, of sterile blood and plasma
in meat products, provided their presence is
declared and they are not used in lieu of real
meat. Rehydrated with water, blood and
plasma have the effect of disguising the true
meat content for the food analyst.

Crushed bone and waste have on occasions
been used in a very fine form for incorporation
into sausages. This must not be confused with
accepted mechanically-recovered meat (MRM)
systems. The Food Standards Committee have
reported on this form of meat and considered
that MRM is not meat as would be understood
by the consumer, its essential structure
compared with hand-trimmed meat being
destroyed. This Committee also felt that, used
in amounts exceeding 5%, its presence should
be declared.

Water is a natural constituent of meat,
varying in amount according to its age, method
of handling, species, form of refrigeration,
environmental factors, etc. In today’s
technology of curing, more pickle than is
necessary to effect a proper cure is used.
Increased water uptake of meat has been shown
to be a property of the myofibrils (which are
involved in muscle contraction), which make
up about 70% of lean meat. In addition to excess
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cure, polyphosphate is also added to the curing
solution and ensures that only minimal water
loss occurs at the cooking stage. Tumbling or
massaging of the cured meat enables the curing
solution to be more thoroughly absorbed. The
end result is a product (cooked ham or
shoulder) which contains added water in the
form of curing solution. While consumers
probably on the whole prefer moist ham, there
must obviously be a limit to the water content of
cured meats. Accordingly, in the Ministry of
Agriculture’s Meat Products and Spreadable
Fish Products Regulations the water content of
cured meat must be expressed on the label in
terms of ‘added water’ as opposed to
‘additional curing solution” and that it should be
banded at 10% levels.

There is a distinction between cooked and
uncooked products in relation to water content
labelling. Uncooked products are allowed a
maximum of 10% added water without
requiring label declaration, but cooked
products require a label declaring the amount
of added water in steps of 10%. Meat products
which have the appearance of raw and
unprocessed meat to which no ingredient has
been added must be labelled with the
maximum water content, this applying also to
cuts, joints, slices, portions and carcases of
cooked meat, although fresh and frozen poultry
are not as yet included.

MEAT COMPOSITION AND QUALITY

Butcher meat is a valuable part of the human
diet because:

1 It is the most concentrated and easily
assimilable of nitrogenous foods, and is a
good source of first-class protein, i.e. it
contains the amino acids essential for human
life.

2 It is stimulating to metabolism because of its
high protein content, i.e. it assists the body in
the production of heat and energy.

3 It is satisfying, for the presence of fat in the
diet delays emptying of the stomach (meat
containg fat and therefore remains in the
stomach for some hours and allays hunger).

4 After suitable treatment, which includes the
processes of ripening and cooking, meat
acquires a palatable flavour, acts as a
stimulant to gastric secretion and is readily
digested.

The term ‘meat” may also refer to the edible
offals such as liver, heart and tongue which are
not parts of the skeletal muscular system.

Avegetable diet, compared with a meat diet,
is usually incomplete in essential amino acids;
the vegetable proteins are less easily digested
and remain in the stomach for a shorter period
than meat protein, with the result that hunger
recurs more rapidly.

The approximate composition of lean bovine
muscle (immediately after onset of rigor mortis)
is given in Table 2.11.

Protein

Protein is the most important muscle
constituent and is made up of myofibrillar,
sacroplasmic and connective tissue proteins.

Myofibrillar protein gives rigidity to the
muscle and forms about two-thirds of the total
protein, the most important types being myosin
and actin.

Sacroplasmic proteins are the water-soluble
proteins of the fluid cytoplasm of the muscle
cells and include myoglobin muscle pigment,
haemoglobin blood pigments and soluble
glycolytic enzymes.

Connective tissue proteins, along with the bony
segments of the body, form its supporting
mechanism. They include collagen, which is
insoluble in water and salt and can be
converted into gelatin on heating; elastin, a
tough yellow connective tissue; and reticulin,
another form of connective tissue not converted
to gelatin on heating.

Lipids
The lipids are mostly composed of

triglycerides, which are fats and oils, both of
which are insoluble in water but soluble in

Table 211 Composition of lean meat.

% net weight

Water 75.0

Protein 19.0

Lipids (fats and oils) 25
Carbohydrates (glycogen) 1.2

Non-protein nitrogen 1.65

Minerals 0.65

Vitamins minute quantities
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ethyl ether. The lipids also include
phospholipids, saturated, monounsaturated
and polyunsaturated fatty acids and other fat-
soluble substances, including cholesterol, the
level of the latter in carcase meat being
relatively low, although much higher in liver.
Marked differences in intramuscular lipid
levels occur in the different species of meat
animals. The quantity of fat in all meat animals
is very much lower than it used to be, because
fat is an expensive tissue to produce and is not
desired by the consumer. Differences in breed,
sex, age and level of nutrition also vary the fat
content in meat.

Carbohydrate

Carbohydrate is present mainly as glycogen
(animal starch), which has a major influence on
muscle changes after death. Glycogen also
occurs in the liver and is especially abundant in
horse meat and in the fetus. Its level in the
animal body does not vary as much as does fat,
although older animals in general have lower
reserves of glycogen.

Non-protein nitrogen

Non-protein nitrogen is mainly represented by
free amino acids, creatine, nucleotides, inosine
monophosphate and carnosine (a dipetide),
some of which, notably the free amino acids and
nucleotides, give meat its flavour on cooking.
Some sugars {e.g. glucose), lipids (e.g. certain
lower fatty acids), nitrogen-containing
compounds termed pyrazines, and oxygen- and
sulphur-containing compounds also contribute
to the flavour of meat. The production of flavour
in meat is a very complex subject and not all the
various compounds and interactions have yet
been identified. Flavour can be influenced by
many pre-slaughter factors. For example, it is
more pronounced in the flesh of fully grown
animals than in young immature ones, especially
in muscles which are exercised and less tender.
Veal has a very weak flavour compared with 18-
month old beef. The flesh of animals which are
properly rested prior to slaughter has a better
flavour which is more readily released on
cooking. Breed does not appear to exert much
influence on the degree of flavour in a carcase,
but sex can, especially in pigs, which on occasion
have a boar-odour taint. As far as beef and lamb
are concerned, there would appear to be little

difference in flavour between the castrate and
the entire animal. Recent work has shown that
there is little or no correlation between the level
of nutrition and flavour, although there are
many who still hold that fatness is a guarantee of
good flavour and tenderness.

The extractives of meat are the principal
constituents of the commercial extracts and are
obtained by concentrating liquors in which beef
muscle and offal parts have been soaked and
cooked, or by concentrating the liquor in which
beef has been cooked prior to canning. It
requires about 13.6 kg of lean meat to yield 453
g of extract. The food value of extractives is
thought to be low, but they stimulate the flow of
gastric juice and aid in the digestion of food.

Minerals

The inorganic minerals or ash of muscle
constitute a little less than 1% of the content, the
main elements being, in order of importance,
sulphur, potassium, phosphorus, sodium,
chlorine, magnesium, calcium, iron, copper,
chromium, selenium, cobalt (as vitamin B,,) and
zinc.

Vitamins

Vitamins occur in the form of the water-soluble
B vitamins thiamin (vitamin B,), riboflavin
{(vitamin B.), nicotinic acid (niacin), pyridoxine
(vitamin B,), pantothenic acid, biotin, folic acid
(pterovlmonoglutamic acid) and vitamin B,,
(cyanocobalamin), along with some vitamin A
(lipid-soluble) and vitamin C (water-soluble
ascorbic acid). Meat is our most important
source of vitamin B,,, which is not found in
vegetable foods. This vitamin is essential for
cell division and nuclear maturation as well as
the formation of red blood cells. Deficiencies of
B,. often occur in man and animals, causing
pernicious anaemia in the former and anorexia
(lack of appetite), loss of condition and growth,
muscular weakness and fertility in the latter.
Pork contains about ten times as much thiamin
as beef and lamb, while beef has considerably
more folic acid than either pork or lamb. Liver
is another good source of B vitamins, especially
thiamin, as well as vitamin A; 100 g of raw lamb’s
liver contains 25 times the recommended adult
daily amount. The level of vitamins in meat is
reduced by cooking, the amount depending on
the temperature and time employed.
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Other constituents

Other important constituents of meat include
the pigments myoglobin and haemoglobin. The
redness of meat is largely due to its myoglobin
content, which is greatest in beef (0.30-1.0%)
and less in pork (0.06-0.40%) and poultry
(0.02-0.18%). The myoglobin content is higher
in male animals, old animals and certain
muscles such as the heart and diaphragm
which are in constant activity.

Reducing bodies

Reducing bodies which possess an enzyme
action with marked oxidising properties are
present in meat; their action is manifested
typically in carcases affected with icterus, for
the yellow coloration of the tissues caused by
the presence of the bile pigment bilirubin may
often disappear if the icteric carcase is detained
for 24 hours.

QUALITY

Physical and chemical changes

Considerable changes occur in the nature of
meat within 1-2 days of slaughter. Shortly after
death, the meat appears dark and is sticky and
adherent when minced; water can only be
squeezed from it with difficulty; it is resistant to
the penetration of salt and sugar and its
electrical resistance is high. A day or so later, the
meat is lighter in colour and is moist but not
sticky when minced; over 30% of fluid can be
squeezed from it; and the electrical resistance
drops to one-fifth of its initial value. The rate at
which meat undergoes such changes depends
on the atmospheric temperature, but the change
cannot take place unless adequate amounts of
glycogen are present and the pH falls to a
satisfactory level. For this reason the meat of
exhausted animals, in which the glycogen
content is depleted, remains dark and fiery;
there is little concrete evidence that this state is
due to incomplete bleeding.

Rigor mortis (See also Chapter 9, Stress and
Meat Quality)

The first and most considerable post-mortem
change which occurs in muscle is rigor mortis.
The phenomenon is characterised by a

hardening and contraction of all the voluntary
muscles, by a loss in transparency of the surface
of the muscle, which becomes dull, and by
stiffening of the joints. It is accompanied by a
slight rise in temperature of the carcase to 1.5°C
or more above normal in the case of beef
carcases, the temperature then gradually
dropping to that of the surrounding
atmosphere. Rigor mortis affects first the
muscles that have been most active and best-
nourished prior to death and commences at the
head and neck, extending backwards to involve
the body and limbs. The heart is affected very
early, usually within an hour of slaughter. Rigor
reaches its greatest intensity in the left ventricle
and this cavity is therefore usually free of blood
on post-mortem examination, although some
blood may remain in the right ventricle. In a
physiologically normal animal, rigor in the
skeletal muscles does not appear for 9-12 hours
after slaughter, and maximum rigidity is
attained at 2024 hours and then gradually
declines.

The development of rigor mortis is
influenced by:
1 The atmospheric temperature: a high

temperature accelerates its onset whereas a
low temperature retards it.

2 The health of the animal: where an animal is
slaughtered while affected with a febrile
condition, rigor mortis may be absent or
scarcely apparent. Certain drugs are said to
encourage the early onset of rigor mortis,
including sodium salicylate, alcohol and
ether.

3 The supply of energy stored as glycogen and
adenosine triphosphate (ATP) in the muscle
at the time of death. This is one of the most
important factors controlling the production
of rigor mortis.

Rigor mortis occurs when, after death, the
muscles lose their extensibility owing to the
supply of adenosine triphosphate and glycogen
being used up. Energy is required to maintain
muscle in a relaxed state. When the energy is
used up, a bond forms between the myosin (in
thick fibrils) and actin (in thin fibrils), the
binding together of the protein forming
actomyosin. The gradual disappearance of rigor
is due, at least in part, to the action of
proteolytic enzymes. Under certain conditions
the onset of rigor mortis after slaughter may be
very rapid and may pass off as rapidly, as for
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example, in hunted animals or excited young
bulls. In this case the supply of energy in the
muscle is low and is rapidly used up so that
rigor mortis occurs rapidly. The pH of the
muscle remains high in this case since there has
been little conversion of glycogen into lactic
acid. (See DFD meat below.)

In the meat trade the occurrence of an
adequate degree of rigor mortis and a low
ultimate pH of the flesh are desirable
characteristics. The low pH inhibits bacterial
growth and the lactic acid brings about the
conversion of the connective tissue into gelatin
so that the meat when cooked is more tender.

It is thus apparent that absence of rigor
mortis may result from unfavourable ante-
mortem treatment such as fatigue or the fear
and excitement engendered during transport,
or it may result from an illness. Although poor
pre-slaughter treatment does not usually render
carcases unfit for food, they are difficult to cut
up, the joints lose their shape, there is more
waste and the durability of the meat is lowered.
These undesirable changes also occur where
absence of rigor mortis is due to illness before
slaughter, but these carcases, besides being less
durable, may contain organisms or deleterious
toxins harmful to man.

EFFECTS OF BREEDING AND PRE-
SLAUGHTER STRESS

The constant search for animals with a high
meat-to-bone ratio and, more recently, the
demand by the consumer for lean meat have on
occasion resulted in meat which many claim
lacks colour, flavour, succulence and
tenderness.

Nowhere is this illustrated more frequently
than in pig meat, where producers have played
their part by reducing backfat by some 0.5 mm
a year in the past 10 years but may at the same
time have produced defects which affect the
appearance, cutting, cooking and eating
qualities of pork and bacon.

While breeding and breeding systems as
well as the manner in which the animal is
handled before slaughter are undoubtedly
important, it is also likely that post-mortem
factors, such as the length of time the meat is
held before consumption are also of
significance, as is the final method of cooking.

The use of specialised boar lines with the
emphasis on leanness and the adoption of high-
energy diets can affect the type and distribution
of carcase fat. At the present time the grading of
pigs is largely based on the use of the backfat
probe, but this may soon prove to be
inadequate in assessing carcase quality, giving
way to the use of ultrasonic screening, fibre
optics to measure colour and a fat firmness
metre. With a decrease in fat thickness the fat
itself becomes softer and there is a tendency for
it to separate from the lean, this defect being
exaggerated on diets high in unsaturated fatty
acids. Lean meat separation, soft fat, drip loss,
lack or excess of colour, flavour and tenderness
all make the product less acceptable to the
consumer.

Dark, firm and dry meat (DFD), dark
cutting meat

This is a troublesome condition in which the
colour of the musculature of freshly killed
animals, as a whole or in parts, is appreciably
darker and drier than normal. The condition,
which is most common in cattle, occurs most
frequently where animals are subjected to pre-
slaughter stress, including the mixing of stock
24-48 hours prior to slaughter. Young bulls are
frequently affected because of their enhanced
temperament and behaviour. In deer, stag
carcases are more often affected than those from
hinds.

In post-mortem glycolysis, glycogen reserves
in the muscle are broken down into lactic acid
and CO,. The amount of lactic acid determines
the ultimate pH of the meat. In normal animals
the final pH is in the region of 5.5-5.8, but in
some animals which are physically exhausted
or otherwise stressed at the time of slaughter
and have low glycogen reserves, the extent of
post-mortem glycolysis is very limited and the
pH fall is small, i.e. from 7.0 to, for example, 6.8.
This results in very dark, firm and dry meat
which has poor keeping quality. Thus the rate
and extent of acidification taking place in
muscle in the first few hours after slaughter
greatly influences the quality of meat and is
largely determined by the degree of stress to
which the animal has been subjected in the last
hours prior to slaughter. If this has been
prolonged, with a consequent depletion of
glycogen, DD meat develops.
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The presence of an attractive bright red hue
on the exposed surface of meat is due to
oxygenated myoglobin. The effect of a high pH
in meat is to increase the activity of the muscle
enzymes that utilise oxygen and to hinder the
penetration of oxygen into the meat substance.
The unpleasant purplish-red colour of DFD
meat is therefore due to the fact that the
myoglobin of muscle is only partly converted to
oxymyoglobin. Dark, firm and dry meat, while
perfectly fit for food, has a less desirable colour
and flavour and a lower keeping quality. It is
resisted by the meat trade for use as normal
meat cuts.

Pale, soft, exudative muscle (PSE, watery
pork)

In healthy, rested pigs the amount of lactic acid
produced shows a gradual increase after
slaughter and the muscle pH falls from 7.0 to
about 5.5 over a period of 4-8 hours. Watery
pork is a direct result of a rapid fall in muscle
pH after death. Muscle which is normal in
appearance at the time of death can become
affected, and this occurs when pH values of
about 5.5 are attained within an hour or so of
slaughter while the temperature of the muscle
is still above 35°C. Under these conditions,
changes occur in the properties of the muscle
proteins and the flesh becomes watery, assumes
a pale, unattractive colour and lacks flavour.

Many factors have been associated with this
condition, e.g. high environmental
temperature, rough ante-mortem handling,
fighting, physiological differences between
breeds and individual muscles, inefficient
slaughtering techniques and handling of
carcases.

Certain breeds are particularly susceptible to
stress because of endocrinological imbalances
induced by selective breeding. The modern
bacon pig carries more muscle and less fat than
earlier types, has relatively greater oxygen
requirements, and certain breeds (Danish
Landrace, Piétrain and Poland China) appear to
be prone to rapid post-mortem glycolysis and
the production of watery pork. Work has
shown that crossing a pig of high PSE incidence
with one having a low incidence of PSE results
in an intermediate incidence. Since PSE and
leanness are closely related, it has been
suggested that steps should be taken to select

against PSE or at least to maintain it at the
current levels within breeds.

PSE muscle is a serious problem if pork is to
be sold fresh because of the amount of drip,
which causes weight loss (up to 10%) and may
necessitate repackaging, and to a lesser extent
its pale colour. Such meat is more likely to be
tougher when cooked and to have higher
cooking losses. In curing, PSE meat takes up
more brine than normal pig meat but appears to
cure fairly satisfactorily as Wiltshire sides,
except for reduced weight gain due to diffusion
of proteins and low-molecular-weight
substances into the brine. Exudative hams lose
2.2% more weight than normal hams and
pasteurised canned hams have 1% more gelatin
than hams with normal water-holding
properties. Large pig meat processors do not
consider PSE to be a serious problem because
their batch processing techniques and use of
polyphosphates make the differences become
less evident.

Watery pork generally affects the leg, loin
and fillet. A condition termed travel oedema,
which may be analogous to PSE meat, is
occasionally encountered in New Zealand in
lambs slaughtered after an arduous journey, in
which the carcase, particularly the shoulders, is
unduly watery. To alleviate the condition, the
animal must be properly rested and the carcase,
particularly in the summer months, transferred
immediately to the chiller to ensure rapid
reduction in temperature. Careful selection of
breeding stock is necessary for the long-term
control of this particular condition.

Besides pre-slaughter stress, there are
indications that the actual slaughter procedure
may influence the onset of DFD and PSE. The
following procedures will help reduce the
incidence of PSE and DFD meat.

1 Animals should be handled gently and
quietly at the farm and the meat plant.

2 Loading ramps should be provided at the
farm and efficient unloading facilities at the
meat plant.

3 Stock should be kept in their original social
groups as far as possible and there should be
no mixing within the last vital 2448 hour
period before slaughter.

4 Lairage pen design and race arrangements
should allow for easy and efficient movement
of stock.

5 Water should be provided at all times in the
lairage, and food when necessary.
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6 The use of sticks and electric goads should be
avoided.

7 Aggressive animals should be isolated in the
lairage as should females in oestrus.

8 The use of overhead fine sprays of water in
lairages has been shown to reduce the
incidence of PSE. This is thought to be due to
the cooling effect.

9 Careful selection of stock for slaughter is
important so that the period of time animals
spend in the lairage is the optimum for the
particular species, sex and time of year.

10 Feeding of sugar in liquid form to pigs in the
lairage is recommended to replace depleted
liver glycogen reserves.

Porcine stress syndrome (PSS)

Allied to the PSE condition are the porcine
stress syndrome (fatal syncope, herztod, shock
heart failure syndrome) and malignant
hyperthermia. Fatal syncope is relatively
common in the Piétrain and Landrace but not in
the Large White. The condition is characterised
by sudden death, preceded by elevated
temperature, skin blanching, erythema and
dyspnoea in fat pigs which have been subjected
to stress. Post-mortem examination shows
diffuse and severe degeneration of skeletal
muscle with excess pericardial fluid.

The condition is similar to malignant
hyperthermia in man occurring durin
inhalation anaesthesia, usually with halothane.
Susceptible patients (about 1 in 20 000) are
affected with a very high body temperature,
muscular rigidity, tachycardia (very rapid heart
rate) and other heart abnormalities, elevated
metabolic rate, acidosis, increased creatine
phosphokinase levels and profound shock
which may lead to death. The condition
appears to be associated with a halothane-
induced calcium activity in skeletal muscle,
especially in the sarcoplasmic reticulum,
necessitating  immediate  cessation  of
anaesthesia and surgery and correction of the
metabolic acidosis, etc. Halothane anaesthesia
has been used as a test for pigs prone to PSS as
there is a definite association between
halothane sensitivity, liability to fatal syncope
and the occurrence of PSE meat. Studies have
shown that halothane sensitivity in pigs is
caused by a single recessive gene, which
suggests that selection using the halothane test
would be an effective method of reducing the

incidence of PSS and PSE. On a practical basis,
80-100 pigs from at least six and preferably
eight or more sires are tested to obtain a reliable
estimate of the status of the herd in relation to
PSS and PSE.

Pigs aged 3-11 weeks are subjected to full
halothane anaesthesia and their reactions
determined as positive when extreme rigidity
of the hind [mb occurs. An obvious
disadvantage of the test is the high mortality
(which may reach over 8%) among the positive
reactors. Study of the positive and negative
reactors shows that the former have
significantly shorter and leaner carcases, fewer
pigs born alive in litter, poorer meat quality and
higher mortality in general.

The halothane test is only capable, however,
of detecting the homozygous recessive animals
which have received the halothane gene from
both parents. A DNA test which can identify the
presence of the specific gene has been
developed in Canada and should have the
potential to eliminate the gene from a pig
population. )

INFLUENCE OF FEEDING ON ANIMAL
TISSUE

The effect of feeding on the colour and texture
of animal tissue is much more evident in fat
than in muscle. The fat in grass-fed cattle is a
rich yellow colour, particularly noticeable in
animals which have come off grass in early
summer; in animals coming off grass later in
the year and in stall-fed cattle, the fat is almost
white.

The yellow colour of fat due to grass feeding
is linked to the presence of carotene, a pigment
converted in the animal body into vitamin A
and abundantly present in fresh young grass,
some varieties of maize, certain root crops such
as carrots, and linseed and cotton cake.
Mammalian fat consists of three substances—
olein, stearin and palmitin—which are present
in varying proportions. Palmitin acts as a
solvent of carotene so that animals such as
cattle, horses and, to a lesser extent pigs which
have a large proportion of palmitin in their fat
will accumulate carotene if fed on carotene-
containing foods and produce fat of a yellow
colour. However, where such animals are fed on
foods such as grain, hay or straw, which contain
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little or no carotene, the fat remains white in
colour.

In the case of sheep, goats and buffaloes very
little palmitin is present in their fat, so that they
assimilate only small quantities of carotene and
the fat remains white in colour irrespective of
the nature of the feed. If the body fat should be
lost, however, as in under-nourishment or
postnatally in cows, such carotene as is present
in the body fat is either used up more slowly or
completely left behind, so that it becomes more
concentrated and the fat becomes yellow in
colour.

In Jersey and Guernsey breeds of cattle
yellow fat is, however, a normal breed
characteristic, probably due to a genetic factor
influencing the deposition of carotene or other
pigments from grass, etc. In the young calves
the fat is white, but it becomes yellow when the
animals are taken from their mothers and fed
on grass or other foods. The deep yellow
coloration of the fat occasionally seen in sheep
carcases is a condition well known in Iceland
and Ireland; it is attributed to a recessive factor
which prevents oxidation of the vyellow
pigments, the xanthophylls, in their foodstuffs.
The coloration may be so marked as to render
the carcase unmarketable.

Pigs fed too long on swill develop a fat
which is soft and unattractive and possesses an
insipid taste. The soft fat of swill-fed pigs
renders the carcase difficult to cut up, causes
heavy loss in frying and contains a high
proportion of unsaturated fatty acids, leading
to early rancidity. Feeding pigs on fish meal
produces fat of a brownish yellow colour, a
condition known as brown fat disease and
attributable to an acid-fast pigment caused by
the presence of excessive unsaturated fatty
acids in the meal.

<

ABNORMAL ODOURS AND TAINTS

Abnormal odours are commonly encountered
in meat, and may often be acquired from
outside sources, e.g. from the consumption of
certain foodstuffs, from drugs administered as
medicine or by the absorption of the odour of
strong-smelling substances whilst the meat is
stored. Abnormal odours may also be intrinsic,
as in the odour of acetone in the carcase of cows
affected with ketosis or in the sexual odour of

certain male animals. The causes of abnormal
odours in meat may be classified as follows.

Feeding

The most common example of abnormal odour
acquired as a result of feeding is that which
occurs from excessive feeding on fish meal
resulting in pork or bacon with a fishy odour
and taste, while the carcase fat is soft and
greyish-yellow. Fishiness in pork or bacon is
attributed to the high percentage of fat in fish
meal and it can be avoided if the fat content of
the meal is lowered to between 3% and 7%.
Although it is claimed that the fishy odour of
pork can be obviated if the feeding of fish meal
is discontinued 6 weeks prior to slaughter, it is
questionable whether this period is sufficient.
Feeding pigs cod-liver oil, particularly the
cheaper brands, also produces pork or bacon
with a fishy odour and brownish coloration of
the fat. In Denmark the feeding of cod-liver oil
is discontinued after the animal has reached 50
kg liveweight. Where pigs are fed on restaurant
swill, the flesh may possess an odour and taste
similar to that of pigs fed on fish meal.

In cattle, an abnormal flesh odour is
observed when animals are slaughtered after
being moved from grass in the autumn and
feeding on turnips has commenced; this
turnipy odour is present only during the first
week of turnip feeding and the continuance of
root feeding after that period produces no
odour. A turnipy odour may also be present in
bovine carcases slaughtered due to obstruction
or rupture of the oesophagus by a portion of
root and may be so marked as to render the
carcase unmarketable.

The recently introduced practice of feeding
cattle with ensiled poultry litter is said to be
associated with an abnormal meat odour and
also, on occasions, with the onset of disease, e.g,.
botulism. Various food factory wastes, e.g.
orange skins, are sometimes used as feed for
livestock, usually cattle and pigs, and can give
rise to undesirable odours in meat. An
abnormal and persistent garlic odour in meat,
resulting in carcase condemnation, has
followed the feeding of vegetable waste
containing decomposing onions to cattle (M.
Fussey 1990, private communication). A Jeek
taint in beef carcases has been reported by Lund
et al. (1991). Four intensively reared bulls had
been fed on vegetable waste obtained from a

/)
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wholesale market garden at an inclusion rate of
50-60% of the feed (barley straw, ensiled grass
and maize). The final ration was estimated to
contain 1-2% of leck waste. The genus Allium
includes several species of onions (cultivated
and wild), chives, garlic and leeks and all contain
the toxic principle n-propyl disulphide, which
has caused haemolytic anaemia, sometimes
ending fatally, in cattle and horses (Humphreys,
1988). The feeding of waste materials, of
whatever type, is clearly fraught with danger.

In sheep, the feeding of turnips rarely
produces an abnormal odour of the flesh, but a
rancid odour and soapy taste may occur in
sheep fed on fermenting beet; this would
appear to be due to the beatine present in beet,
for the feeding to cows of sugar-beet tops in
excessive quantities is known to produce an
abnormal flavour of the milk. The carcases from
lambs fattened intensively in houses and fed on
a mixture of fish or soya bean meal and barley
have sometimes shown an abnormal flavour. In
some cases the fleeces of such lambs are very
damp and possess a ‘pig’ odour, which may
taint the hot meat during dressing operations.
Intensively fed lambs receiving these diets have
very soft fat in their carcases. The problem
would appear to be nutritional in origin, the
carcase fat containing many unsaturated fatty
acids. The eating of young garlic leaves by
rabbits and sometimes by cattle may give the
carcases a strong odour resembling
phosphorus.

A boiling test should be performed in all
cases of suspect odours.

Absorption of odours

Abnormal odours and taste of flesh due to the
administration of drugs are commonly
encountered in cattle, particularly dairy cows,
and attention should be paid in emergency-
slaughtered animals to the stomach contents;
detection of a drug odour calls for an
examination of whether the odour is also
present in the flesh. The odour of drugs persists
Iongest in the thickest parts of the carcase.
Drugs which may affect the meat adversely in
this way are linseed oil, turpentine, carbolic
acid, ether, chloroform, asafoetida, nitrous
spirits of ether, aromatic spirits of ammonia and
aniseed. In addition, it is inadvisable to
administer aloes, magnesium sulphate, treacle,
chloral hydrate and bromides to animals which

are likely to require emergency slaughter. Apart
from abnormal odours caused by the
administration of drugs shortly before
slaughter, abnormal odours may occasionally
occur owing to the inspiration of air containing
the vapour of chlorine or carbolic acid used in
the cleansing of transport vehicles. The
drinking of water impregnated with tar may
likewise render the flesh unmarketable, as may
chlorine leaking from a refrigeration system.

Certain of the chlorinated hydrocarbons,
including DDT, used externally on animals as
insecticides and acaricides may accumulate in
the fat as a result of spraying or by the animal
consuming contaminated feeds. Organo-
phosphorus compounds are also used externally
for a similar purpose but do not create a hazard
to the consumer when properly used on animals
destined for slaughter, provided immediate
slaughter is not carried out.

In the imported meat trade the absorption of
abnormal odours by refrigerated meat during
transport or storage is a common cause of
depreciation and even of condemnation.
Contamination by the odour of citrus fruit may
occur during a sea voyage if the fruit becomes
over-ripe or unsound and the excessively
generated gas filters through to an
accompanying meat cargo. Such odours are
readily absorbed by meat, particularly by the
fat; odours of oil or tar in meat may occur in a
similar way.

Products of abnormal metabolism

The existence of a peculiar odour, described as
sweet but repugnant, is frequently observed in
the flesh of cattle which have been affected with
fever or which were close to parturition prior to
slaughter; it is often apparent in cows suffering
from milk fever which have been slaughtered
owing to failure to respond to treatment by
calcium injections. This odour is caused by
appreciable amounts of acetone present in the
flesh and is most readily detected in the large
connective tissue sheets, in the kidney fat or in
the muscular tissue. The odour, which does not
disappear from the meat even when grilled,
may be sufficient to render it unfit for sale and
for this reason a boiling test should always be
applied on the flesh of animals slaughtered
while suffering from fever or in an advanced
stage of gestation, especially where the liver
shows evidence of fatty change.
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Sexual odour

In male animals the meat may possess an
abnormal odour and taste, which may be so
marked as to lower its value and marketability.
This sexual odour, which is specific for each
animal and may be described as resembling
stale urine, is markedly apparent in the boar
and male goat, though of little or no
significance in bulls or rams. The sexual odour
in boars is caused by a steroid substance,
androstenone; the odour becomes apparent in
the flesh when the carcase exceeds 63 kg
weight, though it can be prevented by
treatment of the animal with oestrogens.
Experiments immunising boars with luteinising
hormone releasing-hormone (LHRH) at 30 kg
and again at 90 kg has demonstrated that this
technique is effective in reducing the level of
androstenone in the carcase fat when the pigs
were slaughtered at 105 kg (Bonneau et al.
1994). In castrated boars, i.e. stags, the degree of
odour depends on the length of time between
castration and slaughter, as well as on the age of
the pig and the length of time it has been used
for breeding; it is most marked in older, coarser
animals. Boar odour persists in flesh for a
considerable time after the animal is castrated
and can be completely obviated only if the boar
pig is castrated before it is 4 months; about 11
days after castration the meat is odourless, but
the boar odour persists in the fat for 10 weeks
before it finally disappears. A pronounced
sexual odour may also be present in the flesh of
cryptorchid pigs. The carcases of hermaphrodite
pigs often possess an abnormal odour which,
however, is distinguishable from the odour of
boars.

Male sexual odour is most apparent in the
meat immediately after slaughter, particularly
in the fatty tissues and while the carcase is still
warm. The odour largely disappears as the
carcase cools but may reappear when the meat
is boiled or fried, and for this reason animals
exhibiting a marked sexual odour immediately
after slaughter are detained for 24 hours in
German, Danish and Dutch abattoirs and a
boiling test is then applied to portions of the
flesh.

A survey in Northern Ireland involving 525
households in which bacon was eaten at least
once a week showed that less than 3% of eaters
marked boar bacon much less pleasant and no
more than 1% very much less pleasant than

either their usual bacon or the previous week’s
supply. Of the 13% who classed the aroma of
the boar bacon as much stronger than that of
their usual bacon, only 0.6% of the total sample
rated it as much or very much less appetising.
Strangely, a strong aroma, far from being
disagreeable, was positively liked by the
consumers. The survey concluded that,
assuming that the householders and the pigs
selected for the test were representative
samples, it was safe to market bacon from boars

under current rearing and processing
procedures (Ulster Curers Association,
Technical Division).

It is commonly contended that the

slaughtering of gilts and sows during oestrus is
likely to result in taint of the bacon or ham
subsequently prepared. In the case of the home-
cured product, there is a possibility that the
lowering of the glycogen content of the muscle
due to the restlessness and excitement
associated with oestrus may be a predisposing
factor to the onset of adverse bacterial changes.
Some support for the empirical objection
against the slaughtering of gilts while in oestrus
is provided by Dutch workers who have
detected organoleptically what is described as
‘boar odour’” in the flesh of gilts and have
suggested a relationship between oestrus and
this abnormal odour. The odour is said to
disappear in 3 weeks after slaughter but may
persist in subcutaneous fat for 2/ months. The
odour is most marked in the parotid salivary
gland, and it is practice in Denmark to apply a
boiling test to this gland, other samples of meat
and fat being examined if the test is positive.

The alleged dark fat and lack of setting of the
carcases of cows affected with cystic ovaries
may conceivably be due to the depletion of
glycogen resulting from the excitement
associated with nymphomania in which there
are short and irregular intervals between heat
periods and the periods themselves often
prolonged.

A taint in poultry meat, referred to as ‘off-
flavour” or ‘musty taint’, was reported in
England by the Food Research Institute in 1972,
It is caused by chloroanisoles released by
microorganisms from the wood preservatives
in certain types of wood shavings, which are
used in deep litters. Very low levels of
chloroanisoles can produce the ftaint: 4 mg
tetrachloroanisole in 10¢ litres of water can be
detected by smell. Fortunately, incidents of this
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taint have been isolated ones, and the problem
is not considered to be a risk to human health.
The problem is considered to be essentially one
of food quality by the UK Advisory Committee
on Taint, which consists of representatives from
the Agricultural Research Council, the
Laboratory of the Government Chemist and the
Ministry of Agriculture, Fisheries and Food.

Judgement of abnormal odours

In Britain, the meat of boars, castrated boars
and cryptorchid pigs (rigs) is of lower value
than the flesh of sows because of the boar
odour. The flesh of these animals and of sows is,
however, used regularly as an ingredient of
sausage, and the existence of a sexual odour
cannot be regarded as a justification for seizure
of the meat as unfit for human food. In
addition, the low price paid for such meat is
sufficient to ensure that the practice of
slaughtering boars is not encouraged, while the
boar odour is minimised if the carcase is
expeditiously cooled after slaughter, and
largely disappears during the mincing and
preparation for sausage. It is, however, not
advisable to add more than one part of boar
meat to 20 parts of other meat ingredient. In
Great Britain, the Fresh Meat (Hygiene and
Inspection) Regulations 1995 (para. 13(2))
requires that fresh meat from breeding boars
and cryptorchid or hermaphrodite swine
should not be sold for human consumption
unless it has undergone one of the treatments
which would render it a ‘product’” under EU
legislation and has been specially marked.

Flesh with a pronounced odour of drugs or
disinfectants must be regarded as unfit if the
abnormal taste and smell are still apparent by a
boiling test after the carcase has been detained
for 24 hours. A marked and persistent fishy
odour in pork may be regarded as sufficient to
render it unmarketable, and it should be
condemned. In imported meat the odour
caused by the absorption of gases from cargoes
of fruit during storage, and also superficial taint
in meat due to oil or tar, can be removed almost
entirely by subjecting the meat to long periods
of ozonisation.

Other abnormal constituents

These are more likely to occur in comminuted
meats and usually gain access through careless

processing methods, although some may be
malicious in origin. (See Food tampering.) The
absence of or presence of faulty metal detectors
is occasionally responsible for the inclusion of
pieces of metal in minced meats. Recent
detections have included portions of
hypodermic needles and of wire from car tyres
and chicken fencing which have been
discovered in pig tongues. Some dangerous
foreign bodies are displayed in Fig. 2.17.

Current meat inspection routines are
concerned with a visual inspection of carcase
meat, which fails to detect deep-seated lesions
which include small abscesses that are only
discovered by the consumer during the
preparation of a meal. Research work is being
conducted on sonar technology in an attempt to
detect these lesions at meat inspection. While
the presence of a few flukes in livers may cause
no harm in terms of food poisoning they are,
nevertheless, aesthetically unacceptable.

Most of these problems could be averted by
responsible husbandry methods at the farm,
during meat inspection and meat processing.

Food tampering

Malicious tampering with food has become a
major concern for food companies and
authorities. The display of various kinds of
products on supermarket and other shelves is
an opportunity for the criminal to introduce
deleterious materials on and into food, usually
for purposes of extortion. Attacks have
occurred on meat companies and butchers’
shops, although the main forms of food product

Fig. 2.17 Metallic foreign bodies recovered from
manufacturing meat imported into England from
Europe. The objects include nails, needles, paper
clips, pieces of wire and irregular lumps of metal.
Some of the material on the left is solid purple dye.
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involved have been packaged entities other
than meat. Nevertheless, the threat to meat and
meat products is very real, mainly because of
the animal connection. Even though most of the
threats are bogus, panic and fear are created,
and with media publicity involvement there is
a resulting loss of consumer confidence,
institution of laboratory tests, and recall and
destruction of product, all of which entail much
monetary loss.

Control measures include close liaison with
police authorities, the creation of an emergency
management team and plan, the establishment
of a security system, alerting of all staff to this
menace, the appointment of a public relations
officer to deal with the media, formulation of a
recall plan, liaison with independent
laboratories, and wuse of tamper-proof
packaging where appropriate.

CUTTING OF MEAT

Traditional methods of cutting up carcases of
meat are based on their division into reasonably
large wholesale or primal cuts convenient for
the butchers to handle. The shape and size of
these primal cuts depend to some extent on the
anatomy of the animal, but they also have
regard to the suitability of the final smaller cuts
for cooking. The cutting involves sawing across
bone and seaming along groups of muscles. In
the past wholesale cuts were supplied to the
retailer with the bone in, but it is more common
now to trade in boneless primals. The final
retail cuts, across the grain of the meat, are
made as required.

In England, beef fore- and hindquarters are
commonly separated between the 10th and 11th
ribs, but the point of separation varies
regionally. Within EEC countries there is also a
demand for ‘pistola’ fores and hinds, which are
officially recognised for the purpose of
‘intervention buying’. The pistola hind has
eight ribs attached, leaving a five-rib pistola
forequarter with all the thin flank (normally
part of the hind) attached. For intervention
purposes the kidneys, kidney fat and channel
(pelvic) fat (KKCEF) are removed. The KKCF
constitutes about one-third of the fat which has
to be sold over the counter. Removal of the
KKCF at the warm carcase stage means that
there is less variability in carcases. None the
less, there is no doubt that unless great care

combined with hygiene is taken in its removal,
the valuable fillet can be damaged by knife cuts,
resulting in drying and deterioration. There is
now general agreement that since the KKCF
represents 3.75% of the carcase weight,
weighings may be made with or without it
present.

Although there are similarities between
English and American methods of cutting beef,
there are marked differences in the sub-primal
and retail cuts. The American cuts reflect a
consumer preference for grilling steaks,
convenience foods and grinding beef for
hamburgers.

Hot boning of meat

The traditional method of cutting up meat has
generally been carried out after the carcase has
been cooled for 18 hours or more, although hot
bull beef has been used for manufacturing
purposes in Germany and the United States for
many years. The integration of slaughtering
and cutting operations on the one site makes
hot boning, with direct preparation and
vacuum packing of the primal cuts, a
possibility.

EEC legislation stipulates that hot boning
must be carried out in a room separate from the
slaughterhall but within the same group of
buildings and sufficiently close for the meat to
be transferred in a single operation. Cutting
must be carried out immediately after transfer
and, following appropriate packaging, the meat
must be chilled. The temperature of the cutting
room, in all circumstances, must not exceed
12°C and the room must be equipped with a
recording  thermometer or  recording
telethermometer.

The hot deboning procedure removes meat
from the bones as intact groups of muscles,
although the traditional cutting method can be
adopted. The former seaming method is
preferred, however, because of the reduced
bacterial levels (the cut surface of a muscle is
much more susceptible to deterioration than a
muscle with the connective tissue covering or
epimysium intact). After removal, the muscles
are vacuum packed, using different shapes and
sizes of bag. The packs may be held at 10°C for
24 hours, then chilled to 0-1°C. Alternatively, a
three-stage cooling system may be used in
which the hot-boned joints are chilled at 15°C
for 7 hours, 7°C for 24 hours and final holding
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at 2°C. With all chilling regimes after hot-
boning, however, tenderisation of the carcase
by electrical stimulation is considered to be a
necessary prerequisite to avoid toughening of
the meat due to cold shortening (q.v.).
The advantages claimed for this method are
that:
1 More efficient and quicker chilling of the meat
results in reduced refrigeration costs.

2 Since only the usable meat is chilled,
approximately 65% of the carcase, less
refrigeration, is needed.

3 Meat yield is higher owing to reduced
evaporative weight loss of up to 1%.

4 Reduced amount of drip in the vacuum pack
saves weight loss and avoids staining of the
fat.

5 Colour uniformity is better.
6 Warm meat can be moulded.

The disadvantages include:
1 operational difficulties in the synchronisation
of slaughter and boning lines;
2 fat being more difficult to trim;
the unconventional shapes of cuts;

4 the absolute need for high standards of
hygiene throughout the whole operation;

5 the fact that hot boning virtually always
requires tenderisation of the carcase by
electrical stimulations;

6 need for very high standards of knife hygiene.

w

Vacuum packing

In addition to the sale of wholesale cuts in a
fresh or chilled form, a considerable trade has
developed in vacuum-packed deboned primal
cuts. This process started in the United States in
the early 1950s and was introduced into Great
Britain after the foot-and-mouth disease
epidemic of 1967-68. When the United
Kingdom refused to accept further shipments
of bone-in-beef from South America, vacuum-
packing was the only practical alternative to
freezing. Two basic systems of vacuum
packaging have been developed:

1 Drawing a low vacuum within a plastic film
of copolymers with polyvinylidine chloride,
sealing the bag with a metal clip, and then
heat shrinking in hot water for 2 seconds.

2 Creating a much higher vacuum inside a
nylon/polythene laminate film and then heat-

sealing the bag. The package may then be
passed through a heat tunnel which causes
the bag to shrink tightly around the meat,
forming a firm seal.

The secondary shrinking of the vac-pac
produces a broad seal which reduces the
incidence of ‘leakers’, and retains the drip
around the meat, preventing it from spreading
around the bag and appearing unsightly.

Because of the commercial success of vac-pac
beef there is now a demand for the vacuum-
packing of pork and lamb. Shelf-life is shorter
(2-3 weeks) than with beef. Punctures from
bone are said to be more common with lamb
and pork, but this can be reduced by protecting
the ends of bones with plastic caps or padding.

Whichever system is used it is essential to
pay close attention to the following
requirements:

1 Initial bacterial levels in the meat must be low.

2 Handling must be hygienic throughout the
process.

3 Packs and boxed packs must be treated with
care. For fresh chilled trade, the packs are
usually transported in rigid baskets rather
than cartons, so as to reduce rupturing of the
pouch.

4 The meat must have a low pH, preferably
below 5.8. At a high pH, hydrogen sulphide-
producing bacteria can grow, leading to the
development of putrid odours and the
conversion of the muscle pigment at the meat
surface to green sulphmyoglobin.

5 A temperature of 0-2°C must be maintained.

6 The film must not be punctured until the meat
is ready to be used, and then the surplus fluid
must be drained. Meat will normally take
about 10 minutes to regain bloom. Once
opened the meat will have the same shelf-life
as fresh carcase meat.

Modified-atmosphere retail packs

The fact that vacuum-packed meat retains the
purple colour of myoglobin, rather than the
bright red colour of oxymyoglobin associated
with quality by the consumer, has limited the
use of chilled vacuum-packed retail cuts. This
requirement for colour has led to the
widespread wuse of modified-atmosphere
packaging (MAP) where the meat is contained
within an impermeable plastic pack in an
atmosphere of selected gases. Beef placed in an
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atmosphere of 60-80% O, and 20-40% CO,
within a gas-impermeable pack can retain a
bright red colour for at least a week. This is
sufficient to allow for centralised cutting and
distribution and a five-day ‘best-before-date’.
With cured meats and poultry, oxygen is not
required to maintain the optimal colour, so an
atmosphere of 75-80% nitrogen with 20-25%
CO, is used. (Carbon dioxide is used for its
bacteriostatic effect.)

The following problems may be encountered
with MAP.

1 Drip from the meat can be unsightly when it
accumulates within the MAP. Trays are
therefore designed with patterned bases to
disperse the liquid, but in most cases
absorbent pads are also included.

2 Condensation can occur on the inside of the
lid of the pack. This can be avoided by
minimising temperature fluctuations in the
display cabinet and by anti-fog coating on the
inner surface of the lid.

3 Leakers can be difficult to identify until the
meat has spoiled.

4 Where MAP is to be used strict attention must
be paid to temperature control and hygienic
production. The meat should be chilled to
< 2°C prior to packing since the gas space
around the meat makes further chilling
difficult.

5 If MAP is to be used, it is usually necessary to
utilise accelerated conditioning through, for
example, electrical stimulation, since no more
than 4 days of conditioning is recommended.

Conditioning (tenderising) of meat

When meat is stored above freezing point at
temperatures between 0°C and 3°C, all the
changes that wusually occur at higher
temperatures take place but at a reduced rate.
Atmospheric oxidation of fat, leading to
rancidity, proceeds very slowly as meat is
usually stored in the dark, and enzyme action
in the fat which leads to the production of free
fatty acids is also very slow. The action of
bacteria is retarded but not arrested at these
temperatures, while the proteolytic enzyme of
the muscle fibres is active and brings about a
desirable change known as conditioning or
ripening, which is manifested by a marked
increase in flavour, juiciness and tenderness of
the meat. The action of enzymes is almost

completely inhibited when the meat is stored at
temperatures below freezing. Conditioning is
not brought about by bacterial action.

Tenderness of meat is influenced by the
breed, age, condition of nutrition and amount
of muscular exercise of the animal from which
it is obtained; it depends primarily on the
amount of connective tissue present between
the muscular fibres and, to a lesser extent, on
the thickness of the muscle fibres themselves.
The muscle of the thin flank, for example, is
three times as rich in connective tissue as the
muscle of the fillet or undercut.

Tenderness of meat post-mortem depends
on changes which occur during the first 24
hours after slaughter within (1) the myofibrils
and (2) the connective tissue surrounding the
myofibrils which consists of collagen and a
proteinaceous ground substance, proteoglycan.
The changes which occur in the myofibrils are
due to calcium-activated proteases, the calpins,
and lysosomal cysteine proteases, the
cathepsins. These cause a degradation of the Z-
discs which separate the sarcomeres, the
functional units within the myofibril. The
loosening of the myofibrillar structure allows
the myofibril, when stretched, to fracture
along the Z-discs, resulting in the reduction
in toughness. The actomyosin complex
formed during the onset of rigor mortis
remains infact.

Evidence available suggests that there is
little post-mortem enzymatic breakdown in the
connective tissue surrounding and supporting
the myofibrils. The type of collagen present,
however, and the extent of cross-linking within
the structure of the molecule vary with the age
of the animal and plays a significant role in
meat tenderness. This helps to explain why
older animals produce tougher meat.

A procedure recommended for the
commercial ripening of beef is:

1 The dressed carcase should be cooled for 1-2
days at -0.5 to 3°C.

2 The sides or quarters should be held for 10-12
days at 2 to 3°C.

3 Before cutting up or removal for retail sale,
the quarters should be held at ordinary room
temperature or, if that is too high, at 4.5 to 7°C
for 24 hours. In commercial practice,
conditioning of meat is limited to from 2 to 6
weeks, and when beef is cut into small joints
the greatest increase in palatability is ensured
by a storage period of about 9 days.
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Conditioning of lean meat is of value in the
preparation of canned meats for, if properly
matured, the muscle fibres are softened, the
meat is more easily sliced and the pink colour is
more vivid. Again, the hanging of venison and
game for long periods need not be regarded as
evidence of a perverted taste but as an
appreciation of the fact that improved flavours
will develop and that, unless these foods are
allowed to hang, the abundant connective
tissue which is developed as a result of exercise
will not be broken down into more tender
substances and the food may therefore be so
tough and stringy as to be almost inedible.
Tenderness of meat can also be improved by
hammering and muscle stretching, which
breaks down the muscle fibres; by ‘quick’
freezing before rigor mortis sets in (due
probably to the mechanical effects of freezing);
by the application of the enzymes papain and
bromelin (obtained from the papaya and
pineapple), which act on the structural
components of muscle; and by electrical
stimulation.

Tenderstretch method of hanging beef sides

While stretching of muscles tends to produce a
tenderising effect (with little or no alteration in
their appearance), shortening of muscles results
in considerable toughening. The traditional
system of hanging beef sides is by means of a
hook inserted behind the Achilles tendon. Work
carried out originally at the Texas A&M
University showed that hanging beef sides
from the aitch bone (by means of a hook
inserted into the obturator foramen or ‘pope’s
eye’), which allows the hind limb to assume a
relaxed position, largely prevents the muscles
from shortening and becoming tough. The hot
beef side or quarter must be suspended by the
aitch bone within 14 hours of slaughter. After
24 hours in the chiller it can be hung by the
Achilles tendon. Subsequent work at the UK
Meat Research Institute showed that five
important muscles from the hindquarter were
more tender than muscles from carcases treated
by the conventional method of hanging;
although the psoas major muscle was tougher,
it was still one of the most tender cuts. The
improvement in tenderness of the rump, thick
flank, striploin and scotch fillet is said to be
equivalent to 3 weeks of ageing at 2°C. Similar
improvements in sheep and lamb carcases can

be achieved by the tenderstretch method.
Although aitch-bone hanging slightly alters the
appearance of various cuts, there was no
difficulty in cutting, nor was there any
reduction in the amount of saleable meat,
juiciness or flavour. Hanging of beef carcases
from the ischium bone may produce the same
effect and is believed to be safer provided the
proper long hook is used.

Tendercut process

Another method of altering the tension on
individual muscles in the suspended carcase is
to sever selected bones and ligaments. This
method may be easier to implement than
tenderstretch on commercial slaughterlines
since it allows the carcase to be suspended
normally by the Achilles tendon. The process
has been carried out in both cattle and pigs and
measurements indicate very significant
improvements in tenderness over controls
when the process is carried out within 45
minutes of slaughter.

Tenderising by electrical stimulation

Electrical stimulation (ES) was first introduced
in New Zealand in an attempt to avoid the cold
shortening of muscle resulting from too rapid
cooling of lamb carcases. Its use however, was
suggested by Harsham and Deatherage in the
United States as far back as 1951. With
appropriate stimulation it is claimed that beef is
as tender at 4 days after slaughter as non-
stimulated meat is at 10 days of normal ageing.

The effect of ES is to advance the process of
rigor mortis by producing a pH of about 6.0 in
2-3 hours after slaughter. Pulses of electricity
are passed through the carcase immediately
after slaughter, the current causing the muscles
to contract and thereby use up glycogen, ATP
and creatine phosphate. A number of muscle
contractions are made to occur in a short time,
thereby accelerating the onset of rigor.

The operation is carried out using two
electrodes, one live in contact with the carcase
neck muscles or nose and the other earthed
through the overhead conveyor rail and hook in
the hock. It is important that good electrical
contact be maintained between the electrode
and the carcase.

The ES unit may be sited on the dressing line
between the evisceration and carcase-splitting
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points or just before the weighing area. In the
latter site it is claimed that a large proportion of
the blood which would normally drip in the
coolers is removed on the carcase dressing floor,
a distinct advantage from a hygiene, neck
cleanliness, labour and plant effluent
standpoint.

A typical installation for beef carcases may
use a voltage of 500-1000 V, 5-6 amps of current
being pulsed at 25 pulses per second for 2
seconds about 30 minutes after slaughter.
Lower voltages (< 100 V) can be used, which
avoid expensive safety measures. Low voltage
is effective only for a few minutes after death
and is normally applied during bleeding. In all
cases voltages must be adequate to overcome
resistance at the electrodes and ensure enough
flow of current through the carcase.

In addition to preventing cold shortening, ES
will also avoid thaw shortening, a phenomenon
which occurs in muscles that have been frozen
at any stage up to almost the full rigor point
and subsequently thawed. Both cold and thaw
shortening occur more often in muscles that are
severed at dressing, but can take place in
muscles fixed at both ends.

The benefits of ES can be summarised as
follows.

1 Accelerates tenderness and reduces ageing
times.

Avoids cold and thaw shortening.
Allows rapid chilling.
Promotes better flavour and colour.

U = W N

Allows for hot boning on the dressing line
since cuts can be chilled rapidly.

6 Improves neck cleanliness in carcase.

Tenderising by infusion of calcium chloride

Research has demonstrated that post-mortem,
pre-rigor, infusion or injection of calcium
chloride can accelerate the tenderisation process.
Measurements suggest that after one day of
ageing calcium chloride-infused bovine muscle
was similar in tenderness to control cuts that
had been aged for 7-14 days (3-7 days for
lamb). The precise mechanism of action for this
process is unknown, but it presumably involves
the calcium-activated proteases, the calpins,
which are involved in the breakdown of the
myofibrillar proteins immediately post-mortem

while the carcase is still warm and the pH is
high (Marriott and Claus, 1994).

Pre-slaughter tenderising

Since tenderness is generally regarded as being
one of the desirable qualities of meat, it is not
surprising that, in addition to normal ageing of
meat by adequate hanging, attempts have been
made to increase tenderness in meat by
artificial means. Many different enzymes
originating in certain fruits and in bacteria and
fungi have been used in addition to trypsin
from the pancreas. Proteolytic enzymes are
used extensively in the baking industry, in
cereal manufacture, in brewing and in meat
products. Those most commonly utilised are:
papain, a proteolytic enzyme of the Carica
papaya or pawpaw fruit; ficin, a protease
derived from figs; and bromelin, a proteolytic
enzyme of the pineapple. These substances may
be used separately or in combination.

Enzymes may be applied directly to meat
cuts as a solution or a powder, being most
effective with steaks or thin cuts of meat.
Disadvantages are lack of uniform action,
discoloration and surface mushiness or
granulation.

Another method utilises the vascular system
of the living animal to distribute the enzyme
throughout the body tissues—the so-called Pro
Ten Process of the Swift Company of Chicago,
USA, developed in the late 1950s. In this way
there is an even distribution of enzyme in the
meat and the activity is controlled; the raw
meat contains about four parts per million of
the enzyme. This process comprises the
introduction by gravity of a solution of papain
into a jugular vein. The amount used varies
between 300 and 500 ml, the dose being
carefully controlled according to the breed, age,
sex and weight of the animal. After the injection
the animal must be slaughtered within 10-15
minutes, the optimum time range for maximum
tenderness. The enzyme is activated and
therefore tenderises when the meat is cooked, at
an optimum temperature of 60-71°C. In the
normal untreated animal the proportion of
carcase meat which is suitable for grilling is no
more than 35%. Pro Ten treatment increases this
to 75%.

Advantages claimed over conventional
methods of tenderising meat include:
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1 Shorter time to achieve a uniform tenderness.
No loss of weight due to shrinkage or
trimming,

3 Lower cost.

Disadvantages include the facts that:

1 The tongue, liver and kidneys of the treated
animal become over-tender when cooked.

2 Some animals display an anaphylactic
reaction to the process, resulting in very
marked rigors and death in some cases,
necessitating total condemnation of the
carcase and organs.

3 The texture and flavour of the tenderised
meat does not appeal to all palates.

4 There are animal welfare and ethical
concerns. The UK Farm Animal Welfare
Council in its report on the Welfare of Livestock
(Red Meat Anmimals) at the Time of Slaughter
described the process as ‘an unnecessary
interference to an animal for a non-veterinary
purpose which can create additional stress
and suffering for the animal at the time of
slaughter’, a conclusion with which we agree.

Where the process is used, regular tests must
be carried out to ensure that moisture pick-up
in the tenderised product does not exceed 3%
and to determine the degree of proteolysis or
tenderness. Any faults can result in product
rejection.

Mechanically recovered meat (MRM)

The need to recover as much meat as possible
from bones has always been a part of good
butchery practice. Carried out in the
conventional manual way using knives,
however, it is a laborious and time-consuming
practice, and even when performed efficiently
does not collect all the meat. Mechanical and
other equipment employing wet extraction,
screening and pressure systems can remove
several extra pounds of meat per carcase, a great
saving in a cost-conscious industry. As much as
an additional 5% net yield has been reported.

The wet extraction methods involve cooking
the bones or agitating them in cold brine in
order to loosen the meat and produce bone
stock. For those processors who are able to
utilise the liquid extracts in meat products this
is a useful method, but it is otherwise limited.
Steam cooking with the use of ultrasonics is a
newer variation.

In the screening methods the bones are
crushed and then pressed against a fine screen
which allows the soft bone to pass but not the
solid bone.

Pressure methods employ a powerful press
to compress a charge of uncrushed bones
against a series of channels, meat being
separated from a column of compressed bone.

Other methods, some of which are as yet
only in the experimental stage, include the use
of liquid or gas jets, brushes or flails, freezing
followed by flotation in cryogenic liquids and
digestion by proteolytic enzymes.

The composition of mechanically-recovered
meat varies with different methods. Essentially
it consists of comminuted red meat, bone
marrow, collagen, bone and fat (this in addition
to marrow fat). The marrow content can be
reduced if long bones are excluded from the
bones to be treated. The amount of actual bone
is very important and must be kept to a
minimum since large amounts, especially if
they contain large particles, could be harmful to
the consumer. In 1976 there was considerable
consumer resistance to the use of MRM in the
United States, but a subsequent investigation
by the US Food Safety and Quality Service of
the Department of Agriculture showed that
there was no health hazard and that such meat
might actually benefit the consumer by
providing better nutrition. New regulations
were brought into force which controlled bone
particle size and fat content, although the panel
concluded that existing particle sizes and lipid
content were no worse than those in manually
deboned meats. It was also arranged that
mechanically-recovered meat should be
labelled so that people on strictly limited
calcium intakes could avoid it. EEC regulations
stipulate that, in contrast to the American
regulations, the calcium content should not be
higher than 0.25%.

In addition to particle size and calcium
content, the US panel concluded that fluoride
content of MRM posed no threat to adult
consumers but it advised caution in the case of
young children. High amounts may cause
mottling of the teeth and other changes in
infants who normally ingest significant
amounts. The levels of cadmium, selenium,
strontium-90, copper, cobalt, iron, nickel, zinc,
arsenic and mercury were not considered to be
of importance. Arsenic has not been found in
MRM in the United States and mercury does
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not accumulate in bone, while the zinc content is
about the same as in manually-deboned meat.
Chlorinated hydrocarbon residues have been
detected only in minute quantities well below
the established tolerance levels. Tetracyclines
accumulate in the bones of young animals but
these are below the tolerance levels.

Providing good and hygienic manufacturing
and quality control practices are adopted, the
bacterial content of MRM should be low. It is
essential that the initial raw material is low in
bacteria and that the bones are treated without
undue delay and handled at low temperatures.
It is recommended that the bones are stored at a
temperature not exceeding +3°C and processed
within 24 hours. If the procedure involves a
method in which the temperature is raised, the
resultant MRM must be cooled down quickly
and held at freezer temperature, especially if it
is not to be used immediately. Frozen MRM
should be kept at a temperature not exceeding
—-18°C and processed within 3 months of
production. All comminuted meats are liable to
acquire microorganisms unless great care is
taken over hygiene, method and temperature.
They are also liable to oxidative colour changes.

The European Fresh Meat Directive
91/497/EEC defines mechanically-removed
meat as ‘meat obtained by mechanical means
from flesh-bearing bones apart from the bones
of the head, the extremities of the limbs below
the carpel and tarsal joints and, in the case of
swine, the coccygeal vertebrae, and intended
for establishments approved in accordance
with article 6 of Directive 77/99/EEC’, i.e. EEC-
approved products plants. MRM may not be
used to make minced meat, but under some
circumstances may be incorporated into meat
preparations. In Great Britain the Minced Meat

Preparations (Hygiene) Regulations 1995,
which enacts the European Directives on
minced meat and preparations, 88/657/EEC
and 92/110/EC, adds to this definition a
requirement for the meat to have ‘been passed
through a fine mesh such that its cellular
structure has been broken down and that it
flows in purée form’. There is no definition for
poultry MRM.

The advent of bovine spongiform
encephalopathy (BSE) has led to a prohibition
on the use of the bovine vertebral column for
the production of MRM. The definition of the
vetebral column excludes the coccygeal
vertebrae. The export of MRM from the UK to
another Member State is at present banned.
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Chapter 3
Meat Plant Construction and Equipment

Since the cost of providing and maintaining an
abattoir is very high, it is essential at the outset
to ensure that there is a need for a new plant
and that it will operate at maximum
throughput. All too often, particularly in
municipal abattoirs, vested interests have
caused abattoirs to be built which have
- incurred, and are still incurring, serious
financial losses due to inadequate business.

Inspection of efficient modern plants
provides positive, as well as negative, design
information. It is essential to appoint competent
architects, engineers and other experts who
have had experience in abattoir construction.
The use of efficient and durable equipment,
even if more expensive, cannot be
overemphasised, nor can the need for future
modifications. Equally important is the
employment of a competent maintenance staff
to ensure smooth mechanical operations.

Most basic legislation stipulates separate
slaughter for horses and swine. Indeed, so
specialised is the slaughter and dressing of pigs
that separate abattoirs for handling them
should be considered. At least special sections
for pigs must be provided under EU legislation
where two or more different species are
slaughtered.

Pigs must be slaughtered at different times
and scalding, depilation, scraping and singeing
must be carried out in a place clearly separated
from the other slaughter line by a 5-metre space
or a 3-metre-high wall. Construction, layout
and equipment must all be geared to promote
efficient and hygienic operations.

The first step in planning an abattoir is to
ascertain the ultimate maximum daily kill of
each class of animal and the proposed disposal
and treatment of the edible and inedible by-
products. The actual system of operation must
also be determined, bearing in mind local
conditions. It may comprise a complete meat
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plant including full processing facilities on one
or more floors or an abattoir adapted solely for
slaughter and dressing. The factory abattoir
requires regular full-time operatives to deal
with all the livestock; it is a method that ensures
economic handling of the by-products
including hides, offals, glands, blood and
condemned material. It also reduces overheads
on buildings, equipment and labour.

The overall number and siting of abattoirs in
any country should be geared closely to the
demands of livestock production, due attention
being paid to transport (journey to be as short
as possible) as well as the need for casualty
slaughter.

Site

A suitable site for an abattoir should have the
following facilities.

1 Mains water and electricity supply (daily

usage of water can be in excess of 10000
litres/tonne dressed carcase weight).

Mains sewerage.

Contiguity with uncongested road and rail
systems.

Proximity with public transport.

Proximity to supply of varied labour.
Freedom from pollution from other
industries’ odours, dust, smoke, ash, etc.
Ability to separate ‘clean’ and ‘dirty” areas
and access.

Remoteness from local housing and other
development to avoid complaints about noise
and smell.

Good availability of stock nearby.

10 Ground suitable for good foundations

including piling, and freedom from flooding.

11 Sufficient size for possible future expansion.
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The actual site need not be a flat one. Indeed,
slopes can provide suitable loading bays for
stock and product and are of value when two or
more floors are contemplated. In general,
therefore, urban sites should be avoided; rural
and nominated industrial sites are preferred.

Environmental statement

It will be important at a very early stage in the
planning and design of a meat plant to consider
the possible effects of the operation of the plant
on the local and wider environment. Planning
authorities will often require the production of
an Environmental Statement (ES) which will be
used in determining the suitability or otherwise
of the proposed plant in the particular location.

Before an environmental statement can be
produced, an Environmental Assessment (EA)
must be carried out. The EA will consider the
outputs to the environment, not only from the
plant in normal operation but during the
construction phase. In the case of a meat plant it
is likely that the following would be
considered:

» Effect of increased traffic movements in the
locality

* Noise and dust during construction phase

* Operational noise

¢ Odour

* Emission of combustion gases

* Waste water disposal.

The Environmental Statement will normally
include the following elements:

* Justification of the need for the development
* Description of site and processes
* Identification of outputs to the environment

* Report of established baseline data (ambient
air quality levels, traffic flows, etc.)

* Anficipated environmental impacts at both
construction and operational stages

* Proposed measures to mitigate impacts.

The Environmental Statement is likely to be
a substantial document and will normally be
accompanied by a non-technical summary for
use by lay persons. These documents will be
available to all interested parties and will be
used by the planning authority in determining
a planning application and possibly by review

bodies in the event of any appeal or public
enquiry.

Submission of plans

It is usual to submit two sets of drawings and
four sets of specifications to the responsible
authority for approval. The latter must include
details of proposed throughput and capacity,
number of employees, building construction,
water supply, plumbing, drainage, sewage
disposal, hot water supply, refrigeration
capacity, lighting, ventilation, equipment and
operations. Details for pest control, fly
screening and the methods to be used for
steam and vapour removal must also be
supplied. Proposed flowlines for product,
equipment, personnel and packaging must be
indicated.

Guidance notes for prospective applicants
and their consulting architects and engineers
are normally available from government
departments and these should be carefully
studied beforehand.

The site plan (scale 1:500) must show the
complete premises and the location in relation
to roads, railways, waterways and adjoining
properties and their function. Catch basins,
water and sewer lines, Storage tanks, etc. must
also be shown. The floor plan (scale 1:50 or
1:100) relates to layout of walls, doorways,
windows, partitions, rail systems, equipment,
benches, platforms, toilets, chutes, conveyors,
staircases, hot and cold water connections,
ventilation fans, work positions of operatives,
etc. The position of drainage gutters and floor
gradients must also be included.

The plumbing plan gives details of the
drainage system, which must ensure that toilet
and floor soil lines are separated until outside
the building and that the former do not connect
with grease traps.

In addition to compliance with planning,
hygiene, health and safety and EC regulations it
is necessary in the UK to adhere to the Building
Regulations 1991, which deal with good
building standards and practices as well as Fire
Regulation requirements.

Since specialised knowledge is required in
the design and construction of a meat plant, it is
vital that competent architects, veterinarians
and engineers with years of experience are
employed along with reputable contractors.
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Area size

Careful consideration must be given to the size
of the site, with allowance for the various
buildings and traffic circulation. Modern
livestock and meat transport vehicles have very
large turning circles: 14 m for a vehicle 15 m
long. Completely separate routes for stock and
meat vehicles should be provided. Approach
roads should be at least 6 m wide. When all the
various buildings are considered, it will be
realised that a large area is necessary.

Generally, a small abattoir (up to 30 000
units/year) will occupy 1-2 acres, a medium
plant (50 000+ units/year) 2—4 acres, and a large
meat plant handling over 100000 units annually
about 4-6 acres. {(One adult bovine is equivalent
to two pigs, three calves or five sheep.)

The 64/433 Directive of the EEC, as
amended, states that there must be an adequate
partition between the clean and dirty sections,
ideally with completely separate entrances and
exits for traffic involved. If only one entrance is
possible, such vehicles must be routed in
different directions after entry.

Lairage accommodation should be sited
away from main roads or alternatively screened
from them.

Facilities
The European Council Directive No.
64/433/EEC, as amended, requires the

following basic facilities for cattle, sheep, pigs,
goats and solipeds:

1 Adequate lairage or, climate permitting,
waiting pens for the animals.

2 Slaughter premises large enough for work to
be carried out satisfactorily. Maximum
slaughter rates for the different species must
be specified.

3 Aroom for emptying and cleansing stomachs
and intestines.

4 Rooms for dressing guts and tripe if this is
carried out on the premises.

5 Separate rooms for the storage of fat and
hides, pig bristles, horns and hooves which
are not removed on the day of slaughter.

6 A separate room for preparing and cleaning
offal, including a separate place for storing
heads if these operations are carried out but
do not take place on the slaughter line.

7 Lockable premises reserved respectively for
the accommodation of sick or suspect

animals, the slaughter of such animals, the
storage of defained meat and the storage of
seized meat.

8 Sufficiently large chilling or refrigerating
rooms.

9 An adequately equipped, lockable room for
the exclusive use of the veterinary service and
a laboratory suitably equipped for
microbiological and trichinoscopic tests when
such tests are compulsory.

10 Changing rooms, wash basins, showers and
flush lavatories which do not open directly on
to the work rooms. The wash basins must be
near the lavatories and must have hot and
cold running water, materials for cleansing
and disinfecting the hands and hand towels
which can be used only once. There should be
a receptacle for used towels.

11 Pacilities enabling the required veterinary
inspections to be carried out efficiently at any
time.

12 Means of controlling access to and exit from
the plant.

13 An adequate separation between the clean
and the contaminated parts of the building.

14 In rooms where work on meat is undertaken:
waterproof flooring which is easy to clean and
disinfect, rat-proof, slightly sloping and
which has a suitable drainage system for
draining liquids to drains fitted with traps
and gratings and smooth walls with light-
coloured, washable coating or paint up to a
height of at least 3 m with coved angles and
corners with a radius of at least 75 mm.

15 Adequate ventilation and steam extraction in
rooms where work on meat is undertaken.

16 In the same rooms, adequate natural or
artificial lighting which does not distort
colours or cause shadows. High-intensity
lighting is now being demanded in many
countries, e.g. 600 ux for pm, offal, boning +
inspection rooms with 220 ux elsewhere
(Australia).

17 An adequate supply, under pressure, of
potable water only. Non-potable water may be
used in exceptional cases for steam
production, provided that the pipes installed
for the purpose do not permit this water to be
used for other purposes; in addition, non-
potable water may be allowed in exceptional
cases for cooling refrigeration equipment but
these pipes must be painted red and must not
pass through rooms containing meat.

18 An adequate supply of hot potable water.
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19 A waste water disposal systemr which meets
hygiene requirements.

20 In the work rooms, adequate equipment for
cleansing and disinfecting hands and tools, and as
near as possible to the work stations. Taps
must not be hand-operable; there must be hot
and cold running water, cleaning and
disinfecting materials and hand towels which
can be used only once. For cleaning of
instruments the water must be not less than
82°C.

21 Equipment for dressing to be carried out as
far as possible on the suspended carcase.
Where flaying is carried out on metal cradles,
these must be of non-corrodible materials and
high enough for the carcase not to touch the
floor.

22 An overhead system of rails for the further
handling of the meat.

23 Appropriate protection against pests.

24 Instruments and working equipment of non-
corrodible and easily cleaned material.

25 A special section for manure.

26 A place and adequate equipment for
cleansing and disinfecting vehicles.

Similar provisions are made in the case of
poultry by EEC Directive No. 71/118/EEC as
amended.

Water

Mains water supply usually provides an ample
supply of potable water in the UK and most
parts of the world. In many countries it must
pass standard tests, such as the EEC Directive
relating to the Quality of Water Intended for
Human Consumption (80/778/EEC). In the UK
mains water will meet the requirements of
potable (drinking or wholesome) water. Water
must be distributed to all parts of the plant
under adequate pressure, which in the mains
pipeline should be at least 20 psi. Hot and cold
water are necessary; the hot from a central
heating system, at not less than 82°C. On-site
water storage tanks holding at least one day’s
consumption are usual. The recommended
water requirement is 454 litres /day per pig, 272
litres/day per bovine, 45 litres/day per sheep,
plus 25% at a reasonable pressure of 15 psi.
Bacon factories and manufacturing operations
require special assessment.

If non-potable water is used for steam
production, refrigeration or fire control, it must

be carried in separate lines and identified as
such.

Electricity

Industrial three-phase electricity should be
supplied, and a stand-by generator installed.
Central steam boilers may be fuelled by oil or
gas, which require storage tanks of adequate
size.

Drainage

This most important function should have
floors in wet areas that slope uniformly to
drains, the gradient being 1:50. Good drainage
also depends to a large extent on the type of
floors provided. Floor drains should be fitted at
the rate of one drain for each 40 m? of floor area.

Low places where water and blood could
collect are to be guarded against. Where blood
tends to collect, e.g. under dressing rails, special
provision must be made to supply drainage
valleys which should slope to drains in the
valleys at a gradient of at least 1:25. The valleys
themselves should be 60 cm wide and should
continue under dressing lines for the collection
of all blood and bone dust.

Catch basins for grease recovery and traps and
vents on drains must also be provided, both to
be properly sealed and easily cleanable and the
latter to be effectively vented to outside the
building.

Special arrangements have to be made for
dealing with stomach and intestinal contents,
the drains for bovine material to be at least 20
cm in diameter and for the smaller species 15
cm.
In the UK it is recommended that all drains
in the slaughterhall be trapped with 4 mm
screens, to prevent the possibility of
contamination of the effluent with pieces of
nervous tissue greater than 1 g—the possible
infective dose of BSE.

Grids covering drains should be made of cast
iron or other approved material.

Close attention to drainage is essential for
hygienic operations besides assisting in
cleaning procedures.

Lighting

Adequate natural or artificial lighting must be
provided throughout the meat plant. Natural
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lighting should take the form of efficient north
lights. North-facing windows will largely
preclude solar gain, but frosted glass or glass
fitted with solar film will also reduce solar
radiation.

The type of lighting must not distort colours.
It is generally recommended that the overall
intensity should not be less than:

540 Tux (50 foot-candles) at all inspection
points

220 lux (20 foot-candles) in work rooms

110 lux (10 foot-candles) in other areas.

These intensities of light are usually taken at
levels of 0.9 m from the floor, except in
inspection areas where the height is 1.5 m.
Protective shields must be fitted to lights in
areas where fresh meat and offal are exposed to
prevent contamination from shattered glass.

Ventilation

Adequate ventilation must be provided to
prevent excessive heat, steam and condensa-
tion. Ventilation prevents the accumulation of
odours, dust, etc., but it should not cause
draughts and thus problems for staff.
Particularly in multistorey plants, draughts
arising from lift wells, stairways, chutes, etc.
should be prevented. Opening ventilators and
windows should be screened and internal
window sills sloped.

Floor and wall finishes

All parts of the meat plant must be capable of
being easily cleaned. This means that all floors
and walls should be non-toxic and non-
absorbent, the floors also being non-slip. The
floors of slaughter halls, lairage, work and chill
rooms should be coved at wall junctions.

It is recommended that walls should be faced
with a smooth, durable, impermeable material
with a light-coloured washable finish up to a
height of not less than 3 m from the floor and
preferably reaching the ceiling, which should
also be smooth, hard and impervious.

The types of operations encountered in
abattoirs inevitably involve impact damage.
Good design and layout can do much to
prevent this, as can the employment of careful,
skilful operatives. Surface materials should be
capable of withstanding impact, doors should

be wide enough to allow easy passage of
personnel, carcases and offal on conveyorised
lines and trucks, and their jambs should be
protected with metal covers (they should be
solid where necessary, self-closing or in the
form of double-action doors). Hard-wearing
materials are also essential.

High levels of humidity combined with low
temperatures and the nature of the operations
make for varying degrees of condensation,
depending on the time of the year. Good
ventilation, insulation and easily cleaned
surfaces will do much to minimise this
nuisance, but additional extractors may be
necessary on occasion.

Abattoir operations entail wet floors on
which are usually present quantities of fat and
blood. While floor finishes should be easily
cleaned, they should also be non-slip.
Operatives are required to wear easily cleaned,
safety (non-slip) footwear, and no one should
be allowed on a slaughter hall floor, in
particular, without proper footwear. In certain
places it is wise to incorporate carborundum or
aluminium oxide in order to provide a non-slip
surface. Pin-rolling or tamping of the surface
also assists in preventing slipping.

Walls and floors may be made of concrete,
granolithic concrete or tiles (ceramic, quarry,
steel-surfaced, cast iron or polymers). Wall
sheets are often used in the form of plastic
laminates, aluminium, polished asbestos, PVC-
faced rustless metal or stainless steel. Although
it is the most expensive, stainless steel is
undoubtedly the most satisfactory; it is very
strong, easily cleaned, completely non-
corrosive, and does not flake, cause
discoloration or affect the taste of meat and
offal. Studies on the cleanability of various
materials carried out at the University of
Michigan, USA, showed that stainless steel
ranks almost equal with glass and china.

Doors

These should be wide enough to allow passage
of product without contact with the doorway. A
width of 1.37 m (4.5 ft) is usually adequate.
Doors must be constructed of rust-resistant
material. If made of wood, they should be
covered  with  rust-resistant  smooth
impermeable material. Double-acting doors
should have a glass (reinforced) panel at eye
level. Plastic strip doors, because of difficulty of
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cleaning and their liability to scratch, crack or
break, are unsuitable except where packaged
product is moved.

Equipment design

Since mechanical handling systems and other
types of equipment used in meat plants usually
form the major part of the overall cost, it is wise
to consider design aspects as well as operating
efficiency, durability, etc. Faults in construction
and design include:

1 Use of wood for equipment and tools. Wood
cannot be cleaned and disinfected with ease
and is liable to deteriorate rapidly in moist
surroundings.

2 Use of unsuitable fastenings which can work
loose and contaminate the product.

3 Provision of ledges and corners where meat,
fat, etc. can lodge and cause bacterial build-
up.

4 Badly recessed nuts, bolts and screws can also
gather scraps and hinder cleansing.

5 Use of expanded metal for decks, walkways
and staircases especially near conveyors. All
these should be constructed from non-slip
solid plate.

6 Metaljoints which are rough. Joints should be
welded and then ground to a smooth finish.

7 Fixed covers for conveyors that make
cleaning difficult.

The design and location of equipment
should be such as to allow for ease and
efficiency of cleaning and disinfection.

Pest control

The ingress of birds, rats, mice and insects such
as flies and cockroaches can cause serious
problems since in addition to the dirt they
create they may carry food-poisoning
organisms, even those responsible for zoonoses.
Birds, especially sparrows, starlings, feral
pigeons and gulls inhabit areas where food and
nesting material are available. They feed on
meat scraps, dung, insects, grain and food
scraps discarded or even on occasions
purposely laid by personnel.

In some food factories sparrows have
become an even greater problem than mice,
defying air curtains and currents, netting,
flashing lights, bird distress noises, anti-perch
gel, etc.

While these measures may be useful in some
instances, avoidance depends on a high level of
hygiene and the discouragement of
anthropomorphic attitudes to providing food.
An effective final means of control is the use of
narcotic ~ baits  (alphachloralose  and
pentobarbitone sodium baited on wheat with a
sticker oil, e.g. risella oil).

Rats and mice are also attracted by the
presence of food and may gain entrance from
adjoining properties or be transported into the
plant in fodder, etc. Mice have been known to
be introduced into an abattoir in polystyrene
insulation for use in chill rooms. Droppings and
musk trails are indicators of their presence.

Control is effected by ensuring cleanliness,
absence of food scraps and the use of specialist
pest control firms. A sketch plan of the premises
indicating numbered bait points should be
produced and a record of usage of each point
noted, as well as dates of inspection and any
structural defects. These should be inspected
regularly and if increased activity is seen
further control measures must be taken.

Insects are drawn into food premises mainly
by the presence of pre-digested food, such as
excreta, and by warmth. Nearby breeding
grounds such as waste tips, stagnant ponds and
sewage works may be responsible for the
advent of flies. Plant location and design are
important factors in prevention of fly
infestation, for example, the manure bay must
be sited away from meat areas.

Scrupulous cleanliness, the avoidance of
direct sunlight in rooms, the use of air curtains
with horizontal air draughts, strip door
curtains, ultraviolet light, electrocutors, mesh
screens, etc. are of value, especially cleanliness.
Insecticidal sprays should be used with
discretion and confined to non-meat sectors.

Small abattoir units

While larger meat plants are capable of greater
throughputs per man, they have high fixed
overheads which can be a problem for their
operators. Under these circumstances the
smaller plant has advantages, particularly in
remote areas, by being sited close to production
regions, thereby cutting transport costs.

The FPE plant (Food Processing Engineering
Ltd, Thankerton, Biggar, Lanarkshire MLI2
6PA, UK) is a prefabricated unit 9.14 m (30 ft)
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Fig. 3.1 General layout of the mobile slaughterhall.

long, 3.7 m (12 ft) wide and 4.6 m (15 ft) high in
the slaughter section combined with
refrigeration, cutting and boning and by-
products facilities, etc. It is capable of handling
10 cattle, 20 sheep and 10 pigs daily. Deer can
also be catered for as well as casualty animals.
A recent innovation is the concept of a mobile
slaughter facility, which has been developed by
the Humane Slaughter Association (Humane
Slaughter Association and Council of Justice of
Animals, The Old School, Brewhouse Hill,
Wheathampsteal, Herts AL4 8AN, UK (Fig. 3.1).
This is based on a large trailer unit on an HGV
tractor. Fitted with a stunning box, it includes
hoists, bleeding area, dressing cradles, chill
room and storage for by-products, detained
and effluent material. The unit operates from a
home base and visits farms on request, the
farms providing basic facilities of water,
electricity, lairage pens, toilet and changing
rooms. While the advantages in animal welfare
are obvious, the organisation of the important
items of ante-mortem and post-mortem
inspection must be given careful attention.

LAIRAGE

A knowledge of animal behaviour is
fundamental to lairage design. The importance
of suitable lajirage accommodation for animals

awaiting slaughter cannot be overestimated,
since a period of rest before slaughter can often
have a markedly beneficial effect on the
appearance and subsequent marketability of
the carcase.

The Iivestock reception area should preferably
be roofed to protect animals and staff,
particularly during identification, handling and
sorting of stock. If at all possible the off-loading
dock should be about 1.2 m high to permit
careful offloading, especially of stock carried on
upper tiers of lorries. Although such vehicles
should have a lowering device, all too often
injuries and fractures are sustained. A suitable
office for reception area staff is an essential, as
are efficient cleansing facilities. Sufficient room
should be allowed for manoeuvring and
temporary parking. A weighbridge, suitably
located, is a useful facility.

The entry point to the meat plant for
livestock is a suitable place for the instruction of
all and sundry in the careful handling of
animals and disease control measures. A useful
notice is ‘All stock must be handled gently and
quietly’, which is a reminder for lorry drivers
and lairage personnel. Irregularities in
transporation can be noted at the reception area
and the appropriate action taken.

In the handling of livestock it must be
remembered that animals prefer walking up
slopes rather than down steep gradients. Drain
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inlets in the centres of passageways should be
avoided since stock will refuse to walk across
them. Every effort must be made to avoid sharp
corners and projections of any kind and gates
should preferably be placed at the end, not in
the middle, of the pen side. If tubular partitions
are used, the horizontal bars should be correctly
spaced to prevent strangulation. Lairage floor
gradients should be at least 1:50.

Instead of straight passageways or lanes it is
advantageous for them to be curved, especially
the main passageway leading from the holding
pens to the single-file chute prior to the
stunning box. Associated with this curved lane
is a series of elongated pens, each 3-3.7 m wide,
and set at an angle of 60° to it. The pen gates are
longer than the drive lane, eliminating sharp
corners. The movement of stock is in one
direction. The main curved holding lane has
solid sides, gates to separate different lots and a
catwalk for lairage personnel. There would
appear to be no reason why cattle, sheep and
pigs cannot be handled in this system,
providing the species can be separated towards
their respective slaughter areas.

Animal behaviour is an important
consideration in lairage design and operation,
particularly the reaction of animals to extreme
change in environment. Strident voice and
noises, dark objects (especially if these are
moving), sudden movements of personnel,
drain openings in the centres of passageways,
sharp corners, etc., are contraindicated. The
animal has good depth of vision in front of it
but not laterally. Cattle, indeed all the herd
animals, will follow a leader and use can be
made of this in utilising trained goats or sheep
to lead stock forward.

While durable tubular fencing has been
found satisfactory for holding pens, final drive
races should have solid sides, non-slip floor
surfaces and lighting to encourage the animals
to go forward. In larger plants it is necessary to
have two single-line crushes for cattle to allow
for stock movement should an animal fall in
one race. Side gates should be installed to
handle such emergencies and also to provide
escape gates for personnel in the drive race
when they are confronted with wild animals.
The length of the final race is determined by the
overall throughput of the meat plant. It is an
important area for ensuring an even flow
forward, checking slaughter sequence numbers
and other forms of identification. In a large

plant this race can be 36 m long, with stop gates
to prevent the animals going backwards, 80 cm
wide, and reach to about waist height.
Catwalks must be provided alongside the race
to enable handlers to control stock movement,
check identification, etc.

All too often animals will baulk on
approaching the stunning pen because of the
noise generated by the pen doors. Equipment
manufacturers must recognise the need for
noise-free equipment. Gates located in the drive
race and sliding or one-way gates in the single-
file race should be made of expanded metal or
closely-spaced bars to enable the animals to see
through them.

Every effort must be made to avoid
frightening the animals. Constant vigilance is
required to ensure that there is no bullying by
dominant individuals and these, in addition to
females in oestrus and horned stock, must be
kept separate.

In the United Kingdom the Ministry of
Agriculture, Fisheries and Food recommend
the following pen sizes for the housing of
livestock in abattoirs:

Cattle (loose) 2.3-2.8 m?
Pigs (bacon and small porkers) 0.6 m’
Heavy pigs, calves and sheep 0.7 m?

Ante-mortem (AM) inspection facilities

The essential task of veterinary AM
examination requires ample natural or artificial
lighting, which should be even and diffuse, and
an isolation pen with a crush where a suspect
animal can be clinically examined.

Cattle lairage

A suitable lairage has a series of pens with wall
or tubular partitions and 2.4 m wide gates (at
the end of each pen) which can be used for the
pens and/or closing the adjoining passageway.
For cattle, pens may be 7.6 m x 6 m, large
enough to hold 20-25 cattle.

Drinking water must always be available to
animals and each pen should be provided with a
gravitational water supply; one cistern is
sufficient to feed three troughs. Automatic water
bowls, though satisfactory for cows, tend to
frighten young cattle if they are not used to
them. In a lairage of the tie-up type, long water
troughs in front of the cattle are quite satisfactory
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and are more easily cleansed than individual
troughs or bowls. Hayracks must be provided
and regulations require that animals must be fed
twice daily except on the morning of the day of
intended slaughter or the afternoon preceding
the morning of intended slaughter. Horses,
however, must be fed on the afternoon
preceding the day of intended slaughter.

Hydrant points should be placed
conveniently, so that all parts of the lairage can
be reached by a sufficient supply of water for
cleansing; an adequate estimate is 680 litres per
beast slaughtered. An important factor which
facilitates cleansing is a lairage with a passage
wide enough to admit entry of a vehicle for the
removal of manure and dead animals. Whatever
system of lairage is adopted, special emphasis
must be placed on ease of cleansing, comfort for
the animals and ease of handling them.

Sheep lairage

Sheep pens should be 0.9 m high with passages
0.9 m wide between them. To prevent animals
putting their heads through the lower rails of
the pens, these rails should not be more than 15
cm apart. Double-hinged gates should be used
in all sheep and pig pens, as they greatly
facilitate entry and exit of stock; two adjoining
pens can accommodate an overflow of animals
if a sliding gate is provided between the pens.
Since sheep drink quite freely, sheep pens must
be provided with water troughs, placed some
50 cm from the floor to prevent fouling. Hay-

racks should also be provided above the level of
the sheep’s heads.

Straw should be provided for solid floors to
help keep the sheep dry. Clean or expanded
metal floors will achieve the same purpose.

There is no objection to cattle and sheep
lairages being provided in the same building,
but while pigs and sheep may be housed
together without detrimental effect, cattle do
not appear to rest well in the company of pigs.

Pig lairage (Figs 3.2 and 3.3)

Pig pens are preferably constructed with solid
walls. If rails are used they should be stronger
than those required for the sheep lairage; the
lower horizontal rails of the pen should not be
more than 15 cm apart to prevent pigs putting
their heads between the rails. The feeding
troughs should be so designed that the pigs
cannot gain access to them while the troughs
are being cleansed and filled. The pens should
be long and narrow to allow more pigs to rest
against the walls.

In most Danish pig plants the handling of
pigs in pens is carried out manually using gates
mounted on side rollers for emptying the pens
(Fig. 3.2). The driveway towards the race
connected with the stunning area, however, is
normally fitted with mechanical push gates.

A recent innovation in Danish pig plants is an
automatic lairage system with pens divided into
sections each holding a maximum of 15 pigs.
Automatic filling and emptying of the pens is

Fig. 3.2 Danish pig lairage
showing long pens with concrete
wall and manually-pushed gates
on rollers for forward emptying of
the pens. (By courtesy of Danish
Meat Research Institute, Roskilde,
Denmark)
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achieved using PLC-controlled lifting/driving
gates. The system is said to improve welfare
standards with reduction of damage due to
fighting. Two single files are employed in the race
section where some manual assistance is required.
A fine water spray and /or litter in the lairage
pens are useful means of reducing fighting
among pigs, cooling them and reducing the
incidence of pale, soft, exudative (PSE) pork.

Deer lairage (Figs 3.4 and 3.5)

Although the majority of farmed deer in Britain
are still slaughtered by shooting in the field,
some are handled in special farm abattoirs and
others in larger abattoirs. Because of the

Fig. 3.3 Danish automatic lairage
system showing lifting/driving gates.
(By courtesy of Danish Meat Research
Institute, Roskilde, Denmark)

nervous nature of these animals, which are very
subject to stress, it is essential that good
facilities for holding and slaughter are
provided. It is also vital that expert handlers are
on hand.

The UK Farm Animal Welfare Council (FAWC)
has recommended that the slaughter of deer
should take place only in specially licensed
premises, and that deer should not be slaughtered
while other species are being
handled/slaughtered unless separated from
those other activities by solid walls to exclude
noise.

The Farmed Game Directive 94/495
implements their recommendations. Reception
areas for unloading and lairage pens should

Fig 3.4 Deer lairage showing pen
with high partitions. (By courtesy of
Dr T. |. Fletcher)
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have smooth high-impact walls, and a circular
crush gate of 5 m maximum diameter with two
solid swing gates, centrally hung at least 1.83 m
(6 ft) high. Unlike the requirements for cattle
and sheep, lighting should be subdued
throughout the lairage and stunning areas,
which should interconnect (FAWC, 1985).

Toilet and handwashing facilities must be
provided in the vicinity of the lairage.
Bootwashing  equipment is an essential
component for lairage staff. Electric goads
should be regulated to the lowest effective
voltage — less than 50 v AC.

Washing of livestock

Although washing of animals, e.g. cattle, bison,
horses etc., is practised in tropical and
subtropical countries, it is contraindicated in
temperate regions, e.g. the United Kingdom,
except possibly for pigs. Facilities usually
consist of a foot bath spray system or bath and
an adequate draining area prior to slaughter. A
system for recovering solids and a final potable
water wash must be included.

Manure disposal

Considerable quantities of lairage waste in the
form of bedding and dung require periodic
removal, preferably to an elevated, covered site
near the lairage, from which it can be
conveniently reloaded for removal. It is
convenient to load it directly on to a large trailer
which can be removed as necessary. The

Fig. 3.5 Deer lairage showing pen
with revolving crush. (By courtesy of
Dr T. J. Fletcher)

manure obtained from the stomachs and
intestines of slaughtered animals requires
separate treatment. It is sometimes used as
compost for horticultural purposes, and
recently in the United States as cattle feed, after
dehydration (see Chapter 4).

SLAUGHTERHALL

The transfer of animals from lairage to
slaughterhall is easy if the abattoir is well
designed (see also Chapter 7). If an upper kill
floor is used and the site is on a slope, the animals
can be walked directly on the slaughter floor;
alternatively, a ramp can be provided. Cattle and
sheep can readily be driven up a ramp as steep as
1 in 6, though the ramp should be provided with
battens and a catwalk. In some cases animals are
stunned on the ground level then hoisted after
bleeding for subsequent dressing on the top floor.
This procedure is not recommended because of
the problems of muscle splashing and poor
bleeding brought about by delayed sticking.

The size and type of slaughterhall for cattle
depends on which of the slaughtering systems
is adopted, but in all cases it should be an open
hall, with generous floor space, and well
ventilated and lighted.

Stunning area

(See also Chapter 7.)
The area in front of the stunning pen should
be at least 3 m in width to the opposing wall or
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bleeding trough and be fitted with upright bars
5 cm in diameter and 1.2 m high, spaced at 40
cm intervals for safety purposes should
improperly stunned animals regain their feet.
The floor must be properly drained and possess
high-impact and non-slip properties. A raised
sturdy frame of expanded metal on to which
the animal is ejected aids cleanliness and
reduces wetness. Every effort must be made to
reduce hide contamination.

Bleeding area

No meat plant should be built without careful
consideration being given to the full utilisation
of by-products, edible and inedible. Blood is too
valuable a commodity to be discarded, as in
past customs. Edible is more valuable than
inedible.

The bleeding trough should be at least 1.5 m
wide, possess a good gradient, side walls of the
same height, and two drains, one for blood only
and the other for water when cleansing only.
The length of the bleeding line will depend on
the throughput and the system of conveying
carcases, but should be generous, since the
majority of blood flow requires 6-8 min. The
bleeding trough has two points for the reception
of blood: one at the actual point of sticking
where the greater volume of blood will be
handled; and thereafter a longer gradual slope
that collects “drip” blood classed as inedible. The
overhead bleeding rail should be about 4.9 m
above the floor of the dry landing area, dressing
rails about 3.4m high. The bleeding trough must
have a smooth impervious surface, often a
suitable grade of stainless steel.

Efficient arrangements for bleeding of stock
will make for better-quality meat and cleaner
conditions on the carcase dressing floor.

Various systems of hygienic bleeding of
livestock, mostly cattle and pigs, are in use and
these may or may not be combined with an in-
plant blood processing department. The
specialised nature of blood processing, as with
inedible by-product processing, means that it
may be more satisfactory to collect these items
efficiently and then consign them to an outside
central plant for final processing.

For hygienic bleeding for edible purposes, the
stainless hollow knife combined with cleanliness
and a sodium citrate/phosphate anticoagulant
is used. The knife is held in the wound by
hand, by a rotating endless screw, or by other

means. For meat plants of small capacity,
individual containers are used for holding the
blood; with large throughputs and high rates of
slaughter, several blood draining knives (as
many as 14) can be used in a ‘carousel” which
rotates synchronously with the bleeding
conveyor. Arrangements must be made for
routine sterilisation of the knives and adequate
staff to man this additional operation.

The hollow knife is made of stainless steel in
two sizes, for cattle and pigs. Various designs are
available, but they usually consist of a tubular
handle with a deflector plate and two blades set at
right-angles to each other. They are easy to strip
for sharpening and cleaning and are combined
with an anticoagulant dispensing tube. The broad
blade should be directed in the longitudinal
direction of the animal and, provided the animals
have been properly stunned, it is not necessary to
fix forelegs, still less to indulge in pithing, a totally
unnecessary practice in modern meat plants. A
suitable form of tubing, e.g. made of collagen,
connects the knife to containers where the blood
is cooled prior to collection.

A system which correlates each batch of
blood to the carcase from which it originates
must be operated so that if a carcase is
subsequently condemned the blood from that
animal may also be condemned.

The bleeding trough for sheep and pigs
should preferably be enclosed on both sides as
for cattle and have a width of 1.1-1.2 m with the
overhead bleeding rail 2.7 m high, and dressing
rails 2.3 m high for sheep and 3.4 m high in the
case of pigs.

Subsequent leg, hide or fleece removal,
evisceration, carcase splitting, inspection,
kidney and channel fat (KKCF) removal,
carcase washing and shrouding stations must
have platforms at suitable positions and heights
for operatives and inspectors to work efficiently
and without unnecessary stooping and labour.
Of particular importance is the position of the
viscera inspection table, especially for adult cattle
(see Fig. 3.6), where the top of the moving-top
table should be about 2.7 m from the top of the
conveyor rail and the vertical centre of the
carcase positioned at the edge of the viscera
inspection table (1.5 m wide).

On-the-rail dressing

The development of line dressing of carcases
originally emanated from Canada. Essentially,
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the carcase is conveyed by gravity or power
along an overhead rail; after stunning and
bleeding, the process of dressing is divided up
into various stages, each undertaken by a
separate operator as the carcase reaches him.
Although most plants use the traditional one
man-one job approach, a more modern method,

currently in operation in New Zealand, is to
allow one operative to follow the carcase through
several operations. Besides reducing the labour
load, this arrangement also makes for better job
satisfaction. A combination of several machines,
tools and correlated items of equipment (brisket
saw, hock cutters, hide puller, aitch bone cutter,
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etc.) enables complete dressing to be carried out
at high rates of slaughter.

Without the line method of slaughter it
would be impossible to reach the production
achieved in modern meat plants, which may be
as high as 5000 cattle, 10000 sheep and 3500
pigs every 10 hours.

Several systems of line dressing are in
operation, the type depending mainly on the
level of throughput, equipment design and
species, being most complicated in cattle.
Constant research is undertaken with a view to
effecting more efficient methods of line
dressing.

There are four main types of line dressing for
cattle:

Gravity rail system

In this method the carcases, suspended from a
spreader and single-wheel trolley or runner,
are gravitated to each station and stopped by
a manually-operated stop on the overhead
rail.

The system is used for lower slaughter rates
of 10-40 cattle/h. It is probably the most
compact and economical of the systems. Being
the simplest in design, there is less chance of
serious breakdowns with consequent loss of
production. Various items of equipment may be
used with the gravity rail, e.g. a moving-top
viscera inspection table or a paunch truck, but,
because throughput is small, a mechanical
hide-puller is rarely used. Adequate ceiling
height is necessary because of the pitch of the
rail to gravitate the carcases.

Intermittent powered system

This system can be used for rates of 10-75
cattle/h. It involves the mechanical moving of
the carcases suspended on a spreader (gambrel)
and trolley along a level rail at intervals by
means of a variable timing device which can be
pre-set to suit the slaughter rate.

Continuous powered system

In this method the dressing line is in continuous
motion and is used for higher rates of kill,
40-120 cattle/h. More sophisticated equipment
is associated with this slaughter line, e.g.
mechanical hide-puller, moving top inspection
table as with the ‘Canpak’ system.

The carcase can be revolved a full 360° while
on the rail, allowing the operator to work all
sides from one position. Associated with all line
systems are platforms which can be varied in
height and position, enabling the operator to
carry out his task more efficiently.

‘Canpak’ system

This is a continuous conveyorised method in
which the carcases are suspended by heavy
beef trolleys or runners from the overhead rail;
no spreader or gambrel is used. Developed and
patented by Canada Packers Ltd, Toronto,
Canada, it is probably the most common form
of line system now used in large modern meat
plants. Rates of slaughter from 50 to 150 cattle
or more per hour can be achieved depending on
the type and extent of associated equipment
and the number of operators.

A typical sequence of operations on a
modern line system is shown in the beef
slaughter flow chart in Fig. 3.7.

In the UK a number of additional tasks are
carried out to remove the bovine specified
offals, and to check their removal.

Advantages of line dressing

1 Since carcases are conveyed to each dressing
station, there is no need for operatives to be
idle while carcases are being hoisted or
positioned.

2 The line system is said to be safer for
operatives than traditional slaughter systems.

3 Because carcases do not touch the floor and
their dressing is more conveniently carried
out, ‘on the rail” dressing is hygienic.

4 Elimination of the handling of heavy
shackles, trolleys and spreaders, the
comfortable platform position for personnel
and the use of mechanical tools reduce
tedious labour.

5 The reduction of lost motion and unnecessary
movement of the carcase saves space.

6 An efficient line system increases throughput
and enhances the value of the carcase, hide
and offal because of superior workmanship.

Possible disadvantages

The line system, however, being mechanically
complex, demands a high standard of
engineering  maintenance, and  when
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breakdowns do occur production ceases
completely. The repetitive nature of the work
can be largely offset by job rotation if personnel
are so trained. Meat inspection is sometimes
said to be made more difficult and possibly less
efficient. An efficient system of meat inspection
on a line system involves proper carcase and
offal conveyor synchronisation, a good
identification system, adequate, efficient and
conscientious  inspection  staff, proper
inspection points with ability to coordinate

findings, an efficient recording setup and
adequate time for the examination of each
carcase. At the higher rates of slaughter,
separate recording staff should be utilised,
particularly for detailed information. A system
of audio links can be used for communication
between inspectors and recorders, one of whom
is required for each line.

A line system of slaughter with a rate of
60-75 cattle/h needs approximately nine meat
inspectors and one veterinarian for initial and
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final inspection. Correspondingly smaller
numbers are necessary for pig and especially
sheep inspection. Adequate space and facilities
for inspection must always be provided. Indeed
the all-too-common tendency to over-save on
space when installing line slaughter systems
must be resisted.

For new beef installations, consideration
should be given to the performance of hot
boning subsequent to the dressing line. This
practice allows for the preparation and chilling
of cuts without the problem of cold shortening.

Sterilisers

An adequate number of efficient sterilisers
operating at 82°C for hand tools, shackles etc.
must be provided on all slaughter/dressing
floors, all conveniently placed for operator use.

Bootwash/apronwash facilities are necessary
for operative cleanliness.

Sheep slaughterhall (Fig. 3.6)

Though larger installations are best served by
retaining the cattle slaughterhall for cattle only,
in smaller establishments where cattle and
sheep killing are not likely to take place at the
same time a portion of the cattle hall can be
adapted for slaughter and dressing of sheep. In
the latter, sheep are driven to a passageway
adjoining the slaughterhall, carried by hand
into the slaughterhall and placed on crates
(cradles, cratches, crutches) preparatory to
stunning and dressing.

Line slaughter is frequently carried out on
sheep and a line employing 17 operatives with
a potential production of 150 sheep/h would
have the following stations :

1 Pen sheep and stun

2 Shackle and hoist

3 Stick

4 De-elevate to crutch conveyor

5-9 Conveyor dressing (remove feet, commence
fleece removal, saw brisket)

10 Elevate to overhead rail

11 Clear tail and commence backing
12 Back and chute fleece

13 Remove head

14 Eviscerate abdomen

15 Wash

16 Eviscerate thorax
17 Weigh and tag
18 Final wash.

The feet should be removed with a special
instrument, avoiding the usual practice of
individual removal with the skinning knife and
the all-too frequent littering of the floor with
these parts.

The New Zealand Meat Industry Research
Institute (MIRINZ) have developed a superior
method of automatic pelt removal to produce
blemish-free and hygienic carcases with the
minimum of labour. The valuable hindquarter
is completely untouched and there is no
stretching of the pelt. Termed the ‘inverted’
method, the carcase is suspended by the
forelegs or in a near-horizontal position on
twin conveyors. A 'Y’ cut is made from forelegs
to throat releasing the ‘vee’ flap, which is fed
into the brisket skinner to clear the foreleg
pockets. The two shoulder flaps are then
pulled down and the ‘vee’ flap is split by hand.
The head is removed and discarded under
veterinary control. The pelt is further prepared
for automatic removal by skinning the belly
and groin. The carcase is now ready for the
operation of two pelting machines - the
shoulder puller and the final puller, the former
drawing the shoulder flaps in a
downward/backward direction while the
latter (a hydraulically-operated arm and
clamp) grips the fleece centrally and strips it
downwards off the hindquarter and shanks.
The fleece is then released through a floor -
chute to the pelt room.

Pig slaughterhall

Pig slaughter is better carried out in a separate
hall from that used for cattle and sheep, as the
moist atmosphere, which is inseparable from
the scalding of pigs, is not conducive to the
good setting and drying of beef and mutton
carcases. EEC regulations require that in
slaughter premises where both pigs and other
animal species are slaughtered a special place
must be provided for slaughtering pigs.
However, such special place shall not be
compulsory if the slaughter of pigs and that of
other animals takes place at different times; but
in such cases scalding, depilation, scraping and
singeing must be carried out in special places
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which are clearly separated from the slaughter
line either by an open space of at least 5m or by
a partition of at least 3 m high.

After bleeding, pigs are scalded and then
scraped to remove the hair. In the smaller
abattoirs scraping is done by hand, but in large
abattoirs and bacon factories a mechanical
dehairing machine is used. It is estimated that if
there is a regular throughput of some 200 pigs
on 2-3 days per week, a dehairing plant is
necessary. An extraction system, which
removes steam from the canopies over the
scalding tanks and keeps the temperature of the
steam raised by heated air, serves to prevent
condensation and fogginess. Provision must
also be made so that the offals from each animal
can be easily identified with the carcase.

A typical pig slaughter operation of up to 350
pigs/h would consist of the operations shown
in the pork slaughter flow chart in Fig. 3.9.

Scalding and dehairing

The factors to be considered relating to scalding
and dehairing are: hourly rate of slaughter; size
of pig to be handled; ease of operation of the
machines; efficiency of cleansing; and
corrosjon.

Because of the unhygienic circumstances
associated with the typical scalding tank, it is
likely in the future that other systems of
removing hair and cleaning the surface of the
skin will become commonplace. It has been
shown in West Germany, for example, that
before operations begin there can be as many as
39400 bacteria per ml in the tank, rising to
45-800 million organisms per ml after the
scalding of 600 pigs. Among these were aerobic
and anaerobic spore-forming bacteria, cocci and
organisms belonging to the coli-proteus groups;
of 220 samples of scalding water, Salmonella
paratyphi and S. typhimurium were isolated on
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antibacterial intervention and the step be designated as a critical control point (CCP).

one occasion. In Holland, it has been discovered
that developmental types of Salmonella could
occur in the sludge of the scalding water and
that a deep infection of the pig meat can arise
from the bacterial flora on the surface. In
addition to microorganisms, parasites such as
Ascaris  suum and whipworm (Trichuris
trichiura), hair, epithelial cells, Balantidium coli,
and moulds such as Aspergillus and Mucor may
be found. Many of these can gain entrance to
the lungs and to the blood vessels in the stab
wound (see also Chapter 9).

Vertical scalding

Vertical scalding (Figs 3.8 and 3.10) of pig
carcases involves the use of a double-walled
tunnel in which steam, generated from a water
bath in its bottom, is blown over the carcases
and through a ventilator located over the
condenser. The temperature in the tunnel is

controlled by a thermostat at 61-64°C. The
cooling water from the condenser in the tunnel
is used to flush the pig carcases during the
dehairing process. Before entry into the tunnel,
the carcase should hang for 3 min and then lie
on its side for 2 min. The pig carcases are then
transported to the tunnel on a rising rail so that
the head is lower than the other parts of the
body during the whole scalding process, which
lasts 6 min. Trimming and singeing take place
afterwards. Vertical scalding is claimed to
greatly improve the bacteriological standard of
the pig meat, produce bacteria-free lungs and
reduce muscular degeneration. This reduced
incidence of PSE (pale, soft, exudative muscle)
is said to be due to the fact that vertical scalding
does not produce a rise in body temperature to
above 41°C as in normal scalding operations.
Dehairing is also said to be better with this
method, and operating costs are also claimed to
be reduced.
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The isolation block (emergency slaughter
unit)

This essential facility is actually a miniature
abattoir, with a lairage for up to four cattle, a
slaughter hall and hanging room. It should be
situated near to the suspect meat detention room,
and should also be in direct communication with
the by-products department.

Refrigeration accommodation

EEC Directive No. 64/433/EEC, as amended,
provides that for the approval of slaughter-
houses there must be sufficiently large chilling
or refrigerating rooms. Fresh meat intended for
intra-Community trade must be chilled
immediately after the post-mortem inspection
and kept at a constant temperature of not more
than 7°C for carcases and cuts or 3°C for offal.

Except in the case of hot boning of meat after
slaughter, it is essential that the specified
temperatures be achieved quickly in order to
offset bacterial spoilage, but not too quickly
(see Cold shortening). Where hot boning is
carried out, the resultant joints must be chilled
before dispatch.

Since the Directive implies a continuous
movement of carcases into chill following
slaughter, it becomes necessary to provide a
series of chilling units suited to the capacity of
the meat plant and possessing a system of high
rails for beef and low rails for sheep and pigs. In

Fig. 3.10 Vertical scalding of pigs.
View of circulation

chamber /humidifying zone with
pig emerging. Cross-contamination
is eliminated by humidified air at
61-64°C being blasted on to the
carcase without immersion. (By
courtesy of SFK AmbA,
Copenhagen, Denmark)

some smaller plants it may be possible to
combine species, utilising the high rails for
double-tiered pork and lamb carcases. A
number of small rectangular chill rooms will
reduce the time during which the chill room
doors are open, speed up the chilling process
and increase efficiency by reducing the mixing
of hot and cold carcases.

The carcases must be hung in such a way as
to allow free movement of cold air around
them; rail spacing should be 0.9 m for beef, 0.7
m for pigs and 0.5 m for lambs. The minimum
space between carcases on rails should be
0.3-04 m.

It is essential to record temperatures in order
to control the chilling process, preferably on a
continuous basis using charts or computer-
generated records. The recording of relative
humidity is also of value as is the occasional
checking of air speed. Temperature recording
facilities are required by the legislation of most
countries.

EEC regulations forbid the use of exposed
wood for chill doors; these should be made of
durable, high-impact materials such as stainless
steel, aluminium or reinforced plastics. They
may be sliding or single- or double-hinged, and
if hinged should open outwards.

Internal finishes should be durable and
impervious, with good insulation and floor
drainage. Areas of walls where contact with
carcases occurs on loading should be protected
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with stainless steel or aluminium or plastic
sheeting,

It is vital that chill and freezer doors be close-
fitting and that they be provided with an
internal opening device to avoid personnel
being closed in the rooms.

The EEC requirements stated above present
problems  under commercial abattoir
conditions. To begin with, the temperature of
7°C is too high a temperature for long-term
storage of meat. Secondly, since many abattoirs
wish to operate on a 24-hour schedule it is
impossible to reduce the temperature of deep
tissues to 7°C in this period without the onset of
cold shortening. If a longer chilling period is
possible, a pre-chilling period of 6-8 h will
usually offset this undesirable result, which is
more liable to occur in lamb.

As with chilling, different authorities specify
different temperatures for freezing, which
begins at temperatures below -2°C. In its
regulations for ‘intervention freezing’ the EEC
stipulates that beef quarters must be frozen to
below —7°C, and pork to below —15°C, and
stored at below —17°C for beef and below —20°C
for pork; freezing times are not specified. These
temperatures are considered to be low in
comparison with current UK and USA practice.

Detained meat room

Carcases detained for further examination
should be routed by a special rail to the defained
meal room, which should be located adjacent to
the main slaughterhall inspection points in
order to achieve close liaison over disease
findings. All parts of the carcase must be
identifiable pending the final decisions. From
this detained meat room the overhead rail must
reconnect with the main slaughter line for
direction of carcases either to the chill rooms or
to the condemned meat room. It is important
that there should be ample space for the
examination of carcases which, being hot at this
stage, and prior to final inspection, should not
be allowed to touch each other. If they are to be
held for any period, for example, pending
laboratory examination, chilling accommoda-
tion is necessary.

Good lighting which does not distort colours
and is of an intensity of not less than 50 foot-
candles (540 lux) is required. The normal
facilities of good drainage, easily cleaned
surfaces and adequate sterilisation and

recording equipment are also necessary. A
hydraulic lift stand is an advantage for detailed
examination and trimming of beef carcases. If
this particular department is situated adjacent
to the meat plant laboratory, this is an added
advantage, since microbiological, pathological,
parasitological and biochemical examinations,
as well as photography, can be more
conveniently carried out. This room should be
enclosed and entry restricted to authorised
personnel. It must be lockable.

Condemned meat room

All too often the condemned meat room does
not receive the attention it deserves at the
planning stage of the plant, especially with
regard to space. In order to arrange for proper
sorting and holding of materials unfit for
human consumption prior to dispatch,
adequate space, refrigeration and drainage
along with the supply of durable and lockable
containers and weighing facilities are essential.
A suitable rail linkage with the detained meat
room and other means of handling materials
complete this important area, which must have
lockable doors.

Hide and skin store

Although primarily intended for the stacking
and cooling of hides and sheep skins awaiting
collection, the hide and skin store can
conveniently be used for the reception of cattle
and sheep feet.

Careful thought should be given at the
planning stage to suitable arrangements for all
areas where by-products are held pending
dispatch, not only in relation to their position,
size, layout, chute system with slaughterhall
floor, etc., but also in connection with the
facilities for easy loading on to vehicles. A
system of handling hides and skins in palletised
containers is of value, as is gravity feeding of
vehicles which collect feet. As for by-product
handling, gravity feeding of hides and skins is
easier if the slaughterhall floor is on a higher
level, and connected with the various by-
products departments by stainless steel chutes.

Gut and tripe room

The initial separation and emptying of
stomachs and intestines is normally carried out
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in the gut and tripe room. Usually it is
convenient to have this room associated with
moving-top tables, with an arrangement for
discharging to a macerator or holding pending
collection for composting, etc. Heavy cattle
stomachs should be handled either by
mechanical equipment or by suitable gradients.
The cattle-paunch emptying table should be at
a convenient height in relation to the moving-
top table or be provided with a power-operated
hoist for elevating paunches to the higher level.
The table must be fitted with an ‘umbrella’ of
spray rods for cleaning the inside and the
outside of the paunches.

Subsequent processing of stomachs and
intestines should take place in a separate unit.

Red offal room

Offal such as liver, lungs and kidneys should be
trimmed and then placed in a chill or freezing
room depending on the ultimate system of
disposal. Offal for edible purposes must be held
at a temperature not exceeding 3°C.

The edible fat room

This is a completely separate holding room,
usually situated near the gut room and where
edible fat is held pending dispatch.

Cutting rooms

The hygienic procedures undertaken with the
initial carcase dressing are continued in the
cutting rooms. So vital are these rooms and the
techniques employed in them that legislation
usually gives special consideration to them.

There are separate EEC conditions for the
approval of cutting plants, whether or not they
are an integral part of the abattoir. Building
services, equipment and hygiene conditions are
similar to those applying to abattoirs.

During the cutting process the temperature
of the building must not exceed 12°C and the
rooms must have sufficient refrigeration
accommodation to keep meat at an internal
temperature of not more than 7°C. There must
also be a thermometer or telethermometer
installed in the cutting room.

Adequate facilities are necessary in the form
of suitable equipment, an adequate supply of
hot, potable water to keep the whole area
hygienic, and a waste disposal system that
meets hygiene requirements.

Inedible area

All materials unfit for human consumption,
with the exception of hides and skins, should be
sited away from edible areas. Omne of the
difficulties associated with the inedible area is
the arrangement for handling items such as
omasa after separation from cattle paunches,
since improper handling of these organs can
result in unhygienic conditions.

Equipment wash

A properly designed equipment wash adjacent
to work rooms is essential to avoid buggies,
bins, and other equipment being washed in
work rooms, corridors or other inappropriate
places. There should be a one-way system
through the wash room, to avoid the mixing of
clean and dirty equipment, good drainage and,
most importantly, good steam extraction.

Fresh meat dispatch area

The fresh meat dispatch area must be sited
away from the dirty part and access to it
restricted to vehicles associated with meat and
offal for human consumption. If at all possible,
the floor level of the loading bay should be at
vehicle floor height and the whole area should
be roofed so that personnel can work in
inclement weather conditions. A system
whereby the meat plant rails coordinate with
those of the meat transport vehicles is of great
value in efficiently and hygienically loading
meat for delivery. There must be protection
against pests of various kinds as well as stops to
prevent damage to plant walls. This is best
achieved by a docking system whereby there is
no air movement from outside the premises
into the dispatch area or vehicle. If quartering
of carcases or any other butchering takes place
in this area, it should be refrigerated to 12°C.

Manure bay

This should be sited near the lairage on the
dirty side of the plant. In some cases stomach
and intestinal material is handled along with
manure or it may be processed separately. Size
and design depend mainly on throughput but

/i
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in all cases ease of transfer to transport vehicles
should be made a priority, which usually means
having the bay in an elevated position. Its floor
and sides should be impervious, with provision
made for overflow liquors to be drained away.

In certain weather conditions there may be a
need to treat the manure to prevent problems
with flies.

Disposal of waste material must be carried
out without creating objectionable conditions.

Vehicle washing

An often neglected facility is that for the
cleaning of meat transport and animal
transport vehicles.

The former should be provided in the clean
side of the plant and have adequate high-
pressure hoses with hot water and detergent
along with good drainage for vehicles and
wash area. For animal lorries it is sufficient to
provide a supply of cold water under pressure
along with provision for disinfection. As for the
meat vehicle wash area, suitable floor gradients
are necessary in the plant dirty section. It is not
unreasonable, in view of the great importance
of having clean vehicles, to insist on the
cleaning of all meat vehicles before loading and
all stock lorries after unloading.

Facilities for personnel

In addition to the full complement of locker
rooms, a sufficient number of water closets,
showers and wash-hand basins must be
provided (one for every 15 employees).
Alternatively, individual wash-hand basins
may be replaced by suitable communal hand-
washing facilities of an elongated or circular
type which are more easily maintained.
Separate units must be provided if both sexes
are employed.

The dressing rooms should be properly
separated from the toilets and these must not
open directly on to working areas.

Lockers should be of metal construction with
sloping tops and placed 40 ¢m above the floor
in order to facilitate cleaning. A plastic, stainless
steel or wooden bench along the front of the
lockers at this level completes 