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1. INTRODUCTION 

A. General 

The processing of any raw material to yield products of consistently high and 
uniform quality can only be achieved if adequate control over the raw 
material is possible and practical, and capable of being maintained. Subsequent 
manufacturing operations are more likely to be successful if they are stand-
ardized and supported by quality control methods during and at the end of 
processing. 

Carcase meat, the raw material for processing into meat products, is by 
no means uniform, and it is necessary therefore to determine what is under-
stood by, or generally accepted as, quality characteristics in the raw material, 
and what methods of control may be adopted. It may then be possible to 
indicate quality control methods for manufactured meat products. 

It must be recognized at the outset that in the production of meat and 
meat products throughout the world there are many differences of opinion 
between farmers, wholesalers, retailers and the meat manufacturing industries 
as to what characteristics constitute quality. This is hardly surprising if 
consideration be given to the widely differing social and eating customs of 
the world's population and the very wide range of meat products manu-
factured and consumed in different countries. To add to the difficulty, 
legislation relating to meat and meat products varies from country to coun-
try, except in one respect: namely, the almost universal evasion of a definition 
of meat or meat quality. 

The definition of quality, methods of quality control and the reasons for 
instituting quality control, can be described readily when the product is a 
simple substance such as, for example, sodium chloride used for meat-curing. 
Purity standards for such a material can be defined and determined with 
accuracy, the form and size of the salt crystal may be specified and con-
trolled, and analytical methods are available to detect and estimate trace 
amounts of impurities. 

The quality of the meat, into which the salt may be pumped, however, is 
not so easily described nor are the methods of controlling quality in meat 
and meat products so precise and objective; in fact, there are still many 
aspects of meat quality which cannot at present be assessed or controlled by 
objective methods. 

The basic nature of carcase meat as an industrial raw material is still far 
from being properly understood and can show unpredictable changes in 
properties which may profoundly affect the quality of the manufactured 
products. Animals reared under identical conditions do not necessarily 
produce carcases çf identical quality, and little can be done in the light of 
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present knowledge to eliminate those biological differences, often consider-
able, in animals of the same breed and reared under similar conditions. The 
reaction of the animal to stress, fear and exhaustion will also vary from animal 
to animal, and therefore the quality of the carcase will be conditioned by the 
manner in which the operations of transportation, slaughtering and cooling 
are carried out. Thus, before an attempt can be made to institute methods 
for quality control of meat and meat products, it is necessary, within the 
framework of existing knowledge, to define what is meant by quality of meat. 
When those factors responsible for quality or loss of quality have been 
identified, practical steps may be taken to introduce quality control in order 
to improve or maintain quality standards. 

Although all the quality factors demanded by the manufacturer of meat 
products, the retailer and the consumer may not be identical in all respects, 
it is probable that all would agree that the most important quality character-
istics desired in the raw material are tenderness, flavour, juiciness and colour. 
So far as fresh meat for retail sale is concerned, these characteristics, which 
the consumer assesses entirely by subjective methods, have become the 
criteria of quality. 

Considerable research has been undertaken in attempts to improve 
objective and subjective methods for carcase quality assessment,1"17 and 
to correlate physical and chemical properties of the meat with palatability; 
but to date there are no physical or chemical methods, or combinations of 
methods, which completely reflect the eating quality. It is the consumer's 
subjective assessment of texture, toughness, tenderness, flavour and juiciness 
of the cooked meat which finally decides whether it is palatable and acceptable. 

Unfortunately, there are many factors which may influence, to a greater or 
lesser extent, those aspects of quality. Such factors include: species, breed, 
sex and age of the animal from which the meat is derived; management and 
nutrition on which the animal was reared; physiological and pathological 
condition of the animal prior to slaughter; methods used for slaughter; 
cooling and storage conditions under which the meat is held before sale; 
and finally methods and degree of cooking. 

It is known that ante-mortem factors can and do affect the post-mortem 
processes, but the inter-relationship of these factors and their influence on 
meat quality is still far from being properly understood. Furthermore, 
although some 30 years have elapsed since those pioneering studies18~23 
which led to a better scientific appreciation of ante- and post-mortem 
changes in carcase meat, there is little evidence to suggest that at a practical 
level this knowledge is being applied. All too frequently, animals are trans-
ported, handled and slaughtered and the carcases cooled under conditions 
which tend to reduce seriously the efforts of those responsible for breeding, 
selection, nutrition and management, 
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2. ASSESSMENT OF CARCASE QUALITY 

The grading of carcases into market categories by means of visual assess-
ment is almost traditional in some countries. Carcase evaluation systems24»25 

have been used in an attempt to measure the suitability of carcases for particu-
lar market requirements, but as it is virtually impossible to define in simple 
terms many of the factors judged in visual appraisal, the development of 
objective methods is extremely difficult. Furthermore, as the relationship of 
grading systems to those characteristics of meat which are of particular 
importance to the consumer are not fully understood, and since there is, as 
yet, no known grading system by which the over-all palatability of meat can 
be assessed, it is necessary to consider each of the characteristics separately. 

3. QUALITY CHARACTERISTICS 

A. Tenderness 

There is considerable evidence26-49 to indicate that tenderness ranks high 
among the attributes of which contribute to its quality. Further, it has been 
suggested31» 50~53 that tenderness is the primary essential quality of meat 
(together with, possibly, its nutritional value) and that if meat is not tender 
it may be considered unacceptable, irrespective of other characteristics, such 
as colour, flavour and juiciness. 

The factors which contribute to tenderness or toughness are still not com-
pletely understood. For example, the size and condition of the meat fibres 
within a muscle and the relationship between the amounts of muscle fibre 
and connective tissue influence tenderness. Thus, because of variations 
between the latter two components, tenderness will vary between parts of a 
muscle, between different muscles of the same carcase and between similar 
muscles of different carcases.54»55 Furthermore, the effects produced by pre-
slaughter treatments, by rigor mortis and by autolytic proteolysis of the 
structural elements of meat held under chilled conditions, are inconsistent 
and not always predictable.28»56_63 

Tenderness or toughness therefore is a quality which represents the sum-
mation of the properties of the protein structure of skeletal muscle and is 
necessarily associated with all those factors which may affect muscle and 
muscle protein, such as growth and development of the animal, breed, 
nutrition, ante- and post-mortem handling, and methods of cooling, process-
ing, retailing and cooking. 

Assessment of tenderness is made by the consumer in what at first sight 
appears to be the simple process of chewing. This operation, however, 
involves the principles of cutting, shearing, tearing, grinding and squeezing, 
and clearly it is not an easy matter to design an instrument capable of 
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reproducing all these operations simultaneously or in the same relation to 
one another as in chewing. Thus, objective methods of assessing tenderness 
are usually based on only one of the principles mentioned. 

An objective method is clearly desirable, not only to provide a means for 
routine quality assessment but also to enable experiments designed to improve 
tenderness to be evaluated. In an attempt to provide objective methods which 
relate to the consumer's criteria of tenderness or toughness, a number of 
instruments have been developed.64-85 These are largely based on one aspect 
of meat texture—the principle of shearing. Although these instruments 
provide an objective assessment of one aspect of tenderness and, under certain 
conditions, are useful as an analytical tool, nevertheless none of the objective 
methods so far devised has succeeded in replacing the human senses in their 
ability to evaluate and describe meat texture. Part of the problem is the fact 
that meat is not homogeneous. It is difficult to calibrate such instruments for 
measuring the general textural properties of meat, and considerable care 
must be exercised not only to select similar muscles for comparison but also 
to select samples in a similar position within a given muscle. 

1. Sensory Methods 
It is because of the difficulties in translating the complex process of chewing 

into objective methods of assessment that sensory methods have been largely 
used for evaluating tenderness. The most serious disadvantage of sensory or 
taste panel evaluation systems is the subjectivity of the methods, which makes 
it difficult, and frequently impossible, to compare experimental results 
between different laboratories or even between different sittings of the same 
panel. Nevertheless, subjective methods of assessment have the advantage 
of approximating the estimates of tenderness made under normal conditions 
of eating13»38_40'42»86_94 and are generally used as a reasonable criterion of 
general consumer acceptance. 

The subjective assessment of tenderness has been based mainly on the use 
of highly trained taste panels whose members have been chosen because of 
their ability to detect differences. However, their ability to assess factors of 
tenderness does not necessarily qualify them for assessing differences in other 
factors.86 An interesting approach to this problem of tenderness measurement 
is that of Cover and co-workers,40' 42» 90> 94 who characterized tenderness by 
recognizing first two components, then three and finally six. These com-
ponents included tenderness of connective tissue, juiciness, softness to tooth 
pressure, ease of fragmentation and mealiness. 

There is no doubt that trained taste panels can serve a useful function in 
assessing quality, but their value will depend on the careful selection and 
training of personnel to obtain consistent evaluation with the required degree 
of discrimination. As the qualities to be assessed will also vary with the type 
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of product, particularly if it is manufactured, and as there are many different 
approaches to this problem, the reader is referred to three excellent discussions 
in which techniques relating to organoleptic tasting of meat are described.85-87 

2. Objective Methods 
Objective methods may be broadly classified as mechanical and physico-

chemical. 
Mechanical methods,70' 72"74»77>82» 95_98 despite their limitations, have 

the advantage of simplicity. Probably the most widely used is the Warner-
Bratzler Shearmeter, although more recently an appliance based on the 
Volodkevitch apparatus (Consistiometer)" has been shown to give promising 
results.100' 101 

3. Physico-chemical Methods 
Attempts have also been made to correlate tenderness with muscle fibre 

d i ame te r 102 o r with size of muscle fibre bundles.103 Histological studies of 
the connective tissue 104-107 have also been used to evaluate tenderness, but, 
in general, these methods have not been too successful. Chemical determina-
tion of the collagen of the connective tissue41» i08"1^ by gelatinization of the 
collagen, although largely unsuccessful, paved the way for later and somewhat 
more reliable methods based on the determination of hydroxyproline and 
hydroxylysine.108'109' 115>116 However, the evidence for a correlation between 
tenderness and the amount of connective tissue in the meat is conflicting; 
thus, some investigators were unable to establish any correlation in beef,107 

pork108 and fish muscle.109 

It has been suggested117 that tenderness of the meat is influenced not so 
much by the amount of connective tissue as by the readiness with which the 
connective tissue fibres may be hydrolysed during cooking. 

Although considerable effort has been expended on devising chemical 
methods for tenderness evaluation, none of the methods is as yet completely 
satisfactory for use under practical conditions. The present situation, there-
fore, is that for practical purposes sensory measurements form the basis for 
tenderness assessment but careful training of personnel and strict control of 
methods are required to achieve reliability. In those instances in which 
tenderness characteristics can be reduced simply to a shear value, the Warner-
Bratzler Shearmeter or the Consistiometer may be used successfully as a 
means of control. 

B. Juiciness 

Juiciness, like tenderness, cannot be evaluated as a single factor. Meat 
varies in juiciness between different parts of the animal as well as between 
different animals of the same breed. Furthermore, the sensation of juiciness 
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in cooked meat is closely related to the amount of intramuscular fat.118-120 

Thus, well-marbled meat from a well-finished mature animal will normally 
be judged to be more juicy than meat from a less finished younger animal, 
assuming slaughter conditions, time of hanging and cooking conditions to 
be similar. 

Tenderness and juiciness are closely related, and, in general, the more 
tender the meat the more readily juices appear to be liberated during eating. 
Nevertheless, it has been found that the marbling, or amount of intra-
muscular fat, which influences juiciness, is not necessarily related to tender-
ness.121"123 

The greatest single factor affecting juiciness is the method and degree of 
cooking, and those cooking procedures which result in the least loss of fluids 
and fat usually yield the juiciest meat. To date, sensory assessment appears 
to be the only practical way of measuring this quality. 

C. Flavour and Odour 

Flavour and odour, both of which develop during cooking, are influenced 
by the age of the animal, type of food and environment, storage conditions 
of the meat and duration of storage^after slaughter. Because flavour is almost 
as important as tenderness and has obviously considerable practical im-
portance, there has been extensive research into those substances which may 
have a contributory influence. 

Early studies124 show that the feeding regimen of lambs influenced the 
flavour and that ripening of the meat resulted in an increased soluble protein 
fraction which could be responsible for a parallel increase in flavour.12^ 

Two general approaches have been used in meat flavour research: the 
isolation and identification of the volatile and non-volatile components of 
the cooked meat, and the isolation and identification of precursor substances 
from fresh meat.126'127 

It has been shown128»129 that the volatile fractions from cooked chicken-
meat consist of up to 16 different types of carbonyl compounds ; and in cooked 
ox-muscle extracts the complexity is even greater, as is shown by the isolation 
and identification of more than 30 volatile and non-volatile compounds. 

Other workers130»131 have demonstrated that the volatiles from a heated 
freeze-dried powder prepared from a cold-water extract of beef contained 
acetaldehyde, hydrogen sulphide, ammonia and methyl amines. It has also 
been shown132 that inosine monophosphate is a major contributor to the full 
"meaty" flavour in beef and that rapid cooling of the beef carcase133 can lead 
to the retention of higher levels of inosine monophosphate in the meat, thus 
resulting in a definite improvement in flavour. 

Despite the efforts in this field, however, and the identification of a larger 
number of substances which appear to contribute to the flavour of meat, 
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there is little evidence to suggest that simple and effective methods are avail-
able which could help to improve flavour in fresh meat or be used as a means 
of quality control in this respect. Thus, the traditional method of hanging 
carcase meat at normal refrigerated temperature (0-4°C, over 4-14 days) or 
accelerated high-temperature aging^ still appear to be the only practical 
ways of improving flavour. 

D. Colour 

Raw-meat colour is the one quality characteristic most readily available 
as a guide to the consumer, particularly if the meat is exposed for sale in a 
prepacked condition. The colour of fresh raw meat is due to the muscle 
pigment myoglobin, the concentration of which is largely determined genetic-
ally. It is also affected by the age, feeding and muscular activity of the 
animal.i34-i38 

The generally accepted colour is that which develops after the meat has 
been exposed to oxygen for a period sufficient to allow the formation at the 
surfaces of oxymyoglobin, with its typical cherry-red colour. However, the 
colour of meat which is generally acceptable to the consumer varies within 
fairly wide limits and only the extreme cases—for example, dark-cutting beef 
—are generally classed as unacceptable. 

Recent developments in the measurement of colour rely on the reflectivity 
of the meat surface. The values obtained may be related to the different 
forms of myoglobin present and thus objective measurement may then be 
compared with a subjective colour score.139-142 

The colour of the fat of meat animals is dependent on the species, and may 
be influenced by the diet of the animal and, to some extent, by the rate of 
cooling of the carcase. The yellow pigmentation in the fat of certain Channel 
Island breeds of cattle is dependent on the carotenoid content of the diet and 
the ability of these breeds to concentrate the carotenoids in their diet. 

4. FACTORS AFFECTING QUALITY 

Ideally, carcase meat for retail sale would possess the following quality 
characteristics, in addition to the appropriate ratio of lean meat to fat and 
bone. 

In the raw state the musculature would be firm, bright in colour, free from 
"drip" and with the minimum of connective tissue. The covering fat would 
be firm, uniform in texture and colour, and free from off flavours and odours 
and intramuscular fat (marbling) would be apparent. 

In the cooked state the product would possess the maximum tenderness, 
flavour and juiciness. The very nature of meat makes it impossible to achieve 
the ideal, but some of the factors responsible for loss of these and other 
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quality characteristics are now understood and it is possible to take practical 
steps to reduce substantially loss of quality. How can the conditions for ob-
taining maximum quality and uniformity be fulfilled ? What are the factors 
responsible for the loss of these qualities ? And what steps, if any, can be 
taken to prevent the loss of such quality factors? 

Clearly, the desirable qualities, referred to above, in meat as sold to the 
consumer must originate at the farm, and it is at this stage that conflicting 
interest may arise. 

The farmer's aim should be to select and raise livestock in order to provide 
carcases which he considers to be the best for his outlets (i.e. retail, processing, 
or both), as economically as possible. Whether the animal is marketed young 
so as to provide lean meat or fully finished with a covering of fat and well-
defined marbling of tissues will be largely decided by demand coupled with 
the maximum cash return. 

The major interest of the breeder will be centred on hereditary factors, the 
optimum development of the musculature, the best conversion rate of food 
to meat, the breeding propensity of the female animal and the ability of the 
male to pass on those characteristics deemed to be advantageous. 

Investigations into growth factors, food additives and methods of feed-
jngi43-i52 aim at better food conversion, more rapid rates of growth and other 
characteristics. The feedstuff s manufacturers, in providing animal food as 
demanded by the results of research, must do so to their own economic 
advantage. 

The retailer requires a carcase with the highest proportion of the best-
quality cuts, the minimum of waste (bones, etc.) and the maximum cut-out 
from a given weight of carcase. 

The manufacturer of meat products requires carcases best suited to his 
processes. For example, the pig developed only for traditional Wiltshire 
bacon is usually characterized by a long straight back, well developed ham, 
small neat head and forequarter, and minimum thickness of back-fat, and is 
usually killed when the weight range is within fairly narrow limits. On the 
other hand, a manufacturer producing bacon with different characteristics 
and by methods different from the Wiltshire process may require a much 
heavier pig in which the back-fat thickness, length or other features are of 
less importance because the utilization of the carcase for both bacon and other 
pork products may be more economic. 

Even if every advantage has been taken by the breeder, farmer and nutri-
tionist to produce animals of the highest quality, it must be questioned why 
it is that the carcase meat finally obtained frequently shows marked changes 
in those properties which affect quality. Some of the answers are to be found 
in the treatment of animals from the moment they are destined for the 
abattoir. 
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The elimination of quality defects caused by transportation, lairage and 
slaughtering is both possible and practical, but will not be achieved until the 
underlying causes are appreciated by the meat industry. 

A. Transportation 

The location of the abattoir in relation to the farm usually involves trans-
portation of animals either by rail or road conveyors, for short or long dis-
tances. Adverse conditions during the loading, transportation and unloading 
operations can lead subsequently to a loss of quality in the carcase. 

Inconsiderate handling results not only in bruising, with the consequent 
loss of carcase values, but also in an increase in fear and exhaustion which 
may lead to loss of quality.136 

It is common practice in the United Kingdom to transport pigs and sheep 
in double-decker road converyors, and this frequently results in a situation 
in which animals from different farms, and therefore different herds, are in 
the same vehicle. Under these conditions it has been demonstrated153 that 
severe physical damage accompanied by increased fear and fatigue can be 
caused in pigs as a result of fighting, which inevitably occurs with confined 
mixed herds. 

Recent studies153 on the transportation of pigs in double-decker conveyors 
have also shown that animals on the top deck suffer considerably less bruising 
and fighting damage than those on the lower deck. Furthermore, the animals 
on the lower deck frequently show evidence of exhaustion, to a greater or 
lesser degree, caused by fighting and lack of ventilation. 

During transportation the air temperature, particularly in the lower deck, 
rises above ambient, and this temperature differential between the inside and 
the outside becomes progressively greater as the ambient temperature 
increases during the warmer months of the year. Evidence suggests that this is 
also accompanied by a slight rise in the CO2 level inside the lower deck of the 
vehicle. Preliminary investigations suggest that the rise in air temperature 
within the vehicle and the accompanying rise in temperature of the animals, 
together with restlessness, resulting from lack of ventilation, ultimately lead 
to a loss in carcase quality, particularly if the animal is slaughtered within 
an hour of arrival at the abattoir or if insufficient time is allowed for recovery. 
There is clearly a need for further investigation into the design of vehicles, 
and methods of loading and unloading. 

One aspect of quality control, therefore, is concerned with the correct 
methods of transportation and handling, and a recognition of the need for 
more gentle behaviour towards animals by those responsible, if exhaustion, 
bruising and other conditions are to be eliminated prior to and on arrival at 
the abattoir. Much of the physical damage observed in carcase meat can 
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largely be overcome by gentle handling, the elimination of sticks and other 
methods of forcibly driving animals, well-ventilated vehicles, and adequate 
loading and unloading facilities. Until this is fully appreciated by the person-
nel responsible, it must be expected that loss of quality and revenue will occur 
even before the animals are slaughtered. 

B. Lairage 

Although there has been a considerable improvement in lairage conditions 
with regard to building, design and ventilation, there is very little evidence 
that the handling of animals in the lairage has significantly changed. 

Pioneering studies carried out some 30 years ago 18_2° showed conclusively 
the need to rest animals prior to slaughter; and, in fact, it has become obliga-
tory in some countries to lairage animals for 48 hr prior to slaughter in order 
to enable them to recover from travel exhaustion and to permit adequate 
ante-mortem inspection. This procedure, however, has led to the recognition 
that when animals are held in lairages for periods in excess of 24 hr, the 
incidence of salmonellae cross-infection, particularly in pigs, can rise sub-
stantially.15*"1^ 

Experience has shown that the level of salmonellae infection, as judged 
by the bacteriological examination of mesenteric lymph nodes,158 can be 
reduced to negligible levels by a reduction in the level of stress during trans-
portation, a thorough washing of pens between each batch of animals, and a 
resting period of about 12 hr. 

It is now also recognized that overcrowding in the pens is to be avoided, 
because fighting, which is likely to occur, particularly among pigs, leads to 
rapid glycolysis in the muscles post mortem, with consequent reduction of 
meat quality.159 

C. Ante-mortem Changes 

7. Stunning 
The last ante-mortem treatment which may influence carcase quality is 

stunning. In the United Kingdom it is now obligatory to stun or otherwise 
anaesthetize an animal prior to bleeding, unless the Kosher method of slaugh-
ter is used. Considerable study has been made of the effects of C02-immobil-
izaticn and electrical methods of stunning on meat quality,160-163 but little 
is known of the effects of knocking and captive-bolt methods. 

Haemorrhages, blood-splashing and other defects are enhanced by faulty 
stunning and bleeding techniques, and result in a substantial loss of quality 
in all types of animals. In the pork carcase the haemorrhages may be seen 
throughout the musculature as well as in the lungs, but most generally the 
trouble occurs in the hams, belly, back and shoulder, where blood-splashing 

10 
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may result in a serious loss of quality in certain types of processed meat 
products. 

In most electrical stunning systems the passage of current causes the skeletal 
muscles to go into tonic cramp and the arterial blood pressure rises to almost 
twice its initial value. It has usually been accepted that if the animal is not 
bled before the muscles relax again, within 5-10 sec, there will be a consider-
able risk of blood-splashing, which is considered to be due to the rupture of 
the capillaries under the high pressure built up within them.162 However, the 
whole question of the mechanism that causes blood-splashing in the meat is 
still controversial and it has been shown that blood pressure due to shock 
at stunning is not the only factor concerned,164 although it clearly has a 
contributory effect. 

Electrical stunning and CCVimmobilization have been compared, and the 
evidence does not suggest that the latter method has any deleterious effect 
on the carcase quality,165 although it is claimed that, under certain conditions 
of C02-stunning, glycogen may be higher and the ultimate pH lower than the 
controls.166 Contrary to early reports, blood-splashing may often occur, and 
in one investigation167 the incidence of haemorrhages was as high as 20-40 % 
in the pectoral musculature of pigs immobilized with CO2. 

More recent studies of electrical stunning indicate that the use of square- or 
trapezoid-wave current is advantageous and that irritation to the animal 
leading to damage of the tissues is reduced when the electrical frequency is 
increased. It is reported that high-frequency current at an optimal 2400-
3000 c/s, enables good bleeding to be obtained, resulting in high ultimate pH 
and the elimination of blood-splashing.168 

2. Bleeding 
There is no general agreement as to the method whereby the arteries or 

veins are severed, and there is little published knowledge as to whether 
different methods of bleeding result in different rates of biochemical changes 
in the carcase. In Kosher killing, the neck, arteries and veins are severed with 
one swift cut across the throat. Other methods consist of making a vertical 
incision through the skin surface, followed by precise or haphazard cutting of 
the arteries, depending on the skill of the operator. Pigs are usually bled by 
inserting a knife to one side of the wind-pipe so as to sever the carotid artery. 

Although little is known of the effect of rapid or slow bleeding on the 
subsequent meat quality, it is essential that the operator is trained to realize 
the importance of correct procedure in bleeding, so that the carotid artery is 
severed before the jugular vein. Incorrect bleeding can lead to introduction 
of micro-organisms into otherwise sterile muscles, and delays between 
stunning and exsanguination, as already observed, may increase the risk of 
haemorrhage in the musculature. 
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The amount of blood remaining in the carcase after completion of bleeding 

has been determined,169 and the same investigators have shown that for cattle 
the volume of residual blood can be reduced substantially (by 8 %) by bleeding 
the animals while they are hanging instead of while they are prone on the 
ground. 

Despite present knowledge of the effects of stunning and bleeding on 
carcase quality, it is doubtful whether they are appreciated in all abattoirs. 
Thus, electrical stunning is frequently haphazard and little or no attempt is 
made to ensure the correct position of the electrodes, time of application of 
the current, or the minimum lapse of time between stunning and bleeding; 
and the operation of exsanguination is rarely carried out with the required 
precision. 

D. Post-mortem Changes 

Of the many diverse changes which occur after death, the most studied 
have been those which occur at the commencement of, during, and after 
rigor mortis. The pre-slaughter temperature of the animal,31'170 state of 
fasting, exhaustion or fear22· 58> 171-177 all contribute to biochemical changes 
during rigor which may result in a loss of quality in the carcase meat. 

1. Water-holding Capacity 
Of those changes which lead to a loss of quality, probably the most im-

portant is loss of water-holding capacity, which can lead to pale exudative 
muscle in pork and increased "drip" in beef. 

It has always been accepted that meat drips on cutting; hence the use of 
sawdust and swabs in retail butchers' shops. Although this situation may not 
present such a difficulty when meat is cut from a carcase as required for sale, 
the exudation of drip has effectively retarded a successful central prepackaging 
operation. Furthermore, the volume of drip, which is dependent on pre- and 
post-slaughter techniques, represents not only a serious loss of revenue but 
also a loss of quality. 

The manufacture of meat products frequently involves comminution to a 
greater or lesser degree. This will be dealt with more fully later, but it should 
be noted that meat which has a low water-binding capacity, and therefore 
a marked tendency to lose water, not only loses weight during processing 
but is less satisfactory with regard to stability of the protein-water-fat 
emulsion. 

The first indication that watery musculature was a problem appeared in 
the literature about 1883, when sausage-makers in Germany complained that 
pigs were yielding meat which lacked colour and water-binding capacity. 
Although a number of early reports on watery muscle in pork, beef, veal and 
mutton178-i83 have appeared in the literature, it is only recently that progress 
has been made in the investigation of the cause. 
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Studies on pork184-187 have shown that when muscles undergo rapid rigor 
mortis so that a sharp fall in pH occurs while the temperature in the meat is 
still high, the carcase may yield pale, soft exudative tissue, with low water-
binding capacity and tendency to lose water (drip). Similarly, in beef133 a 
slow rate of cooling of the carcase while the pH of the musculature is rapidly 
falling results in enhanced loss of water-binding capacity and an aggravated 
"drip" problem. 

The viscous fluid which exudes from the cut surfaces not only represents a 
loss of nutrients and a serious loss of weight but at retail level its presence 
within a package may constitute a serious aesthetic disadvantage which 
could tend to prejudice consumers. 

There is now evidence133· 184>188 to suggest that if the live animal is cooled, 
e.g. by cold-water sprays, prior to slaughter and the carcase is subsequently 
rapidly cooled, with the consequent reduction in the rate of glycolysis, the 
incidence of pale watery muscle in pig carcases, and "drip" in beef, can be 
reduced very substantially. 

Research indicates that some of the loss of quality which directly results 
from traditional slaughter techniques can now be largely eliminated. However, 
unless this knowledge is put into actual practice in a way that abattoir 
designers, managers and personnel can understand, it must be expected that 
some defects in quality of carcase meat will continue. 

2. Abattoir Design 
Much can still be done with regard to abattoir design, standard of lighting 

and ventilation. It is difficult, if not impossible, to convince personnel of the 
need for a high level of hygiene if the buildings and facilities are below stan-
dard. More serious thought should be given not only to the design and fabrica-
tion of protective clothing, and frequency of changing, but also to the 
correct design and location of changing and washing facilities. A considerable 
improvement in overall hygiene in abattoirs, together with regular bacterio-
logical examination of all equipment and carcases, are necessary in order to 
obtain carcases which, after cooling, have a very low microbiological load. 

5. MEAT INSPECTION 

Quality control of meat depends not only on the resolution of all those 
problems associated with growth, nutrition, conformation, slaughtering and 
cooling, but also on meat hygiene. The objective of meat hygiene is to 
provide wholesome meat and meat products which do not constitute a 
danger to public health. This necessitates an efficient system in which live 
animals are inspected on entry into the abattoir and all carcase meat is sub-
sequently examined at the abattoir, before sale and before processing into 
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meat products. Although it has long been recognized that meat could be a 
disease-conveying agent, compulsory meat inspection has evolved very slowly. 

In the United Kingdom a departmental Committee on Meat Inspection189 

was set up in 1920 and the Public Health (Meat) Regulations of 1924190 were 
made by the Ministry of Health in an attempt to achieve effective administra-
tive control of the slaughtering of animals for human consumption. Although 
this Regulation brought about a general improvement, it was not until 1963 
that the inspection of all carcase meat became compulsory. The situation 
was similar in other countries. For example, only rudimentary meat inspec-
tion was carried out in the U.S.A. before 1884; and even though it became 
compulsory in 1906, over one-third of all animals slaughtered were still un-
inspected in 1949. 

Quality control in this context, therefore, implies facilities for ante-mortem 
inspection, adequate inspection during slaughter operations, laboratory 
facilities for inspectors, and close collaboration between management, 
inspectors and laboratory. 

6. REFRIGERATION 

The quality and shelf-life of fresh meat and manufactured meat products 
will not only depend on the control of the factors described previously, but 
will also be related to the degree of contamination of the carcases at the end 
of the slaughter-line in relation to the subsequent cooling procedure and the 
temperature at which the carcase is held. 

It is clearly impossible in the light of present knowledge to obtain sterile 
carcases but, by strict control over slaughtering and cooling methods, it is 
possible and practicable to obtain surface counts of micro-organisms191 

considerably below the levels generally accepted today. 
The use of high-pressure water sprays in place of wiping cloths can 

substantially reduce the over-all contamination. Evidence indicates that the 
level of contamination should be below 50 organisms per square centimetre 
on the surface of carcases after dressing and prior to cooling. If the subsequent 
cooling of the carcase is rapid and effective, bacterial contamination will 
remain at a low level and this will be reflected in subsequent manufacturing 
operations. 

Studies of rapid cooling methods commenced nearly 40 years ago in the 
U.S.A. and Germany but it was only after the work of Tamm192 that a re-
commendation was made, based on biochemical and microbiological 
investigations, for the rapid cooling of meat as soon after slaughtering as 
possible. This work was generally disregarded at the time; there was, and 
still is today, a strong feeling among practical men engaged in the trade that 
rapid cooling imprisons the "animal heat" and closes the meat structure-
with detrimental effects on subsequently cured products. In the U.S.S.R., 
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however, there was an early realization of the advantages to be gained from 
rapid cooling, and large-scale experiments were carried out which ultimately 
led to the formulation of compulsory standards in that country.19^ 

Rapid cooling of carcases, therefore, is a necessary stage in the process of 
producing high-quality meat. Immediately after death, the muscle tempera-
ture of carcases starts to rise as a direct result of biochemical reactions and 
reaches a maximum in about 30 min. The magnitude of temperature rise is 
also a function of the condition of the animal at the moment of death, and 
observations on pig carcases have shown that the temperature of the deep 
tissues of the back leg can rise to 41-42°C. 

It has already been shown1^, 184 that rapid glycolysis accompanied by a 
very rapid fall in pH, while the musculature is still at a high temperature 
induces a low water-holding capacity with the attendant effects on loss of 
meat quality. It is, therefore, desirable that the time between bleeding and 
evisceration be as short as possible and be followed by rapid cooling. 

Although refrigeration is necessary to reduce the carcase temperature as 
quickly as possible for the reasons stated, evaporative weight loss must also 
be considered. Careful consideration of the design of the plant with respect 
to air velocity, humidity, coil area and temperature differential is necessary194-

196 in order to reduce evaporative loss during cooling to the minimum. 
The subsequent keeping quality of carcase meat will be determined not 

only by the level of microbial contamination at the end of the slaughter-line 
and the rate at which the carcase is cooled, but also by the control of carcase 
temperature in the holding-store during transportation and sale. 

7. MEAT PRODUCTS 

A. General 

The assessment of quality in manufactured meat products is still largely 
subjective and is based on the judgement of either trained taste panels or indi-
viduals. There are, however, some aspects of quality, in the finished product 
and during the actual manufacturing processes, which may be controlled by 
objective methods of assessment. These methods are being increasingly used 
and supplemented as newer ones become available. They include the estima-
tion of fat,197-203 protein,*^' i"> 203-205 moisture*9^ 203,206 and sulphur 
dioxide,207,208 by the accepted and well-tried analytical procedures. More 
recently physico-chemical methods such as chromatography,12^ 209-211 
spectrophotometry^9· 212-214 a n d electrophoresis2i5-2i7 have been developed 
and are now being used. The control of temperature, humidity and air 
distribution in work-rooms and cold stores, although frequently overlooked, 
play an important part in the quality control of meat products. 
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The assessment of the bacteriological condition of meat, equipment and 

working surfaces, before, during and after processing clearly plays an essential 
part in quality control, particularly as the manufacture of meat products 
gives rise to potential health hazards from food poisoning organisms, as well 
as to problems associated with deterioration caused by spoilage organisms. 
Probably the most difficult problem in assessing the bacteriological quality of 
those meat products which are highly perishable is the time taken to carry 
out an examination, and many products may be sold and consumed before 
the results are available. Recently developed methods218· 219 have shortened 
the labour and time required but a method is obviously needed which would 
provide at least a rough assessment of the level of contamination within a few 
minutes of taking the sample. Until such a method is elaborated, a guide for 
production control can be obtained by plotting the results of daily examina-
tions, thus giving trends from which corrective action may be taken. 

In general terms, quality control is necessary in order to : (a) ensure that 
the product composition is uniform and does not fall below established 
standards; (b) comply with legislation; and (c) maintain quality at levels and 
tolerances which are acceptable while minimizing the cost of production. 
Wherever possible, methods of quality control should be objective, rapid, 
simple and low in cost with regard to labour, materials and equipment. 
Laboratory analyses are frequently time-consuming and expensive; and al-
though they are a necessary part of quality control, a careful study of produc-
tion methods and the use of strategically placed "inplant" control can often 
lead to a considerable reduction in the volume of analyses without any loss 
of control. 

Attention has already been drawn to some of those factors known to be 
responsible for certain quality characteristics of carcase meat, and to con-
ditions or commercial practices which may lead to a loss of some aspects of 
quality. Where possible, an indication has been given of changes or modifica-
tions to those procedures which would help to maintain and/or improve 
quality. It should, therefore, be possible for those manufacturers with their 
own slaughtering facilities and a knowledge of the factors which lead to a 
loss of quality in carcase meat, to exercise considerable control over all the 
operations carried out between the farm and the factory. Conversely, the 
manufacturer without these facilities has little or no control over the raw 
material until processing commences, with the result that the control of 
quality in certain respects may be difficult or even impossible to achieve. 

B. Classification of Meat Products 

There are now so many types of manufactured meat products that no 
general discussion of quality control methods would be applicable to all. 
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They range from highly perishable, short-life products most vulnerable to 
bacterial spoilage—for example, raw comminuted products, such as fresh 
sausage, raw minced meat etc.—to the least vulnerable—for example, 
hermetically sealed or canned products processed at high temperature and 
possessing a long and trouble-free shelf-life. Between these two extremes there 
is a wide range of products which may be cured, cured and smoked, or cured, 
smoked and dried. These include products such as bacon; cooked products, 
such as luncheon meat and liver sausage; cured, smoked and cooked products, 
such as Frankfurters, Bologna and Berliner; and cooked, smoked and dried 
products, such as Summer Sausage, Cervelat, Lyons Sausage and a wide 
range of salamis. 

The criteria of quality, length of shelf-life, conditions of storage, and the 
types and behaviour of organisms responsible for flavour characteristics or 
spoilage, vary widely from product to product, with the result that methods 
of assessing and controlling quality are almost as varied as the products. For 
simplicity, therefore, they have been divided into groups in which the selection 
of meat tissues, other raw materials, ingredients, additives and manufacturing 
processes are closely related and in which quality control procedures or 
analytical methods are similar: (1) raw comminuted products; (2) cured 
products, including smoked, cooked and dried; (3) canned meat products; 
and (4) meat pies. 

8. COMMINUTED MEAT PRODUCTS 

A. General 

Products in this group usually consist of selected lean meat tissues to which 
have been added fat, water, salt, seasonings and other additives, such as 
vegetable protein, carbohydrate or milk solids, and which have been finely or 
coarsely chopped and/or ground. They may be retailed as patties or similar 
products; or as "fresh sausage" with or without casings, which may be 
natural or artificial. Typical examples are the United Kingdom fresh sausages : 
pork, beef, chipolata, veal, and tomato and pork, with or without casings. 
American varieties include Pure Pork and Beef, Country Style Pork and Little 
Pig Pork Sausage. Continental varieties which also enjoy some popularity in 
other countries include such varieties as Bockwurst, fresh Thueringer and 
Bratwurst. All these types consist largely of comminuted meat and, there-
fore, all present similar problems with regard to manufacture and quality 
control. 

Even within this group, however, it is difficult to define common standards 
of quality or quality control which are applicable to all raw comminuted 
meat products manufactured in all countries. For example, regional and 
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climatic conditions, local customs and preferences, types and availability 
of raw materials, seasonings, and degree of coarseness or fineness in chopping 
and grinding, have resulted in widely different quality characteristics in 
products of similar type and often of the same name. At national level there 
is a considerable variation in quality of a given product between manufacturers 
and often between batches from a single manufacturer. Many of the quality 
characteristics for which a manufacturer's product may be noted are 
frequently those which do not lend themselves to objective assessment. Thus, 
quality characteristics such as flavour, texture and juiciness, which can only 
be judged subjectively, may give rise to a considerable variation in manu-
facture. 

Internationally, the quality characteristics of fresh comminuted products 
differ even more widely. In the United Kingdom, for example, it is usual to 
manufacture fresh sausage containing relatively large amounts of carbo-
hydrate, whereas in the U.S.A. its use is restricted to 3-5 %.220 In many 
continental-type sausages the use of carbohydrate is prohibited altogether. 
It should not, however, be inferred that those products containing carbo-
hydrates are inferior to those types made entirely from meat, since both 
could be of high or low quality, depending on the selection of meat tissues 
and the methods of manufacture. 

There is no precise definition of meat quality relating to the manufacture of 
comminuted or other meat products. The meat may be fresh or frozen, or it 
may consist of trimmings from other meat operations. Different cuts will 
vary with regard to texture, water-binding capacity, and fat-to-lean and water-
to-protein ratios, and will vary according to the parts of the carcase selected. 
There may be wide differences in the relative amounts of connective tissue 
and striated muscle, and it may be necessary to utilize other species of meat 
which may improve the binding capacity. Furthermore, the "binding" of 
the meat tissues may be modified by the degree of comminution and the 
temperature history of the product during processing. The selection and quality 
of the meat tissues used will also be governed by such factors as consumer 
demand, trading competition, economics and methods by which the manu-
facturer may choose to allocate different parts of a carcase to other operations. 
Thus, some manufacturers may use nearly all the carcase meat for one type 
of product, whereas others may make, for example, pork sausage as a side 
line to bacon manufacture. Those with an established retail meat business 
may use for sausage or other comminuted products those parts of the 
carcase which are less in demand as retail cuts. 

Although there are many quality characteristics in comminuted products 
which must depend on the choice or selection of the carcase meat, there are 
other factors, some of which are common to all forms of meat processing, 
and these are discussed in the following sections. 
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B. Raw Materials 
/. Meat 

The quality of the musculature with regard to structure, pH, water-
holding capacity, uniformity and concentration of pigments, fat-to-lean ratio 
and the level of bacterial contamination will largely depend on the history 
of the carcase prior to processing.176» 221> 222 Thus, breed, methods of feeding, 
weight at slaughter, and methods of slaughter, cooling and handling, which 
have been discussed previously, all have a bearing on the quality of carcase 
meat and manufactured meat products. 

Uniformity during production will depend on detailed control of recipes, 
the control of temperature and bacteria, correct selection of meat cuts and 
control of the relationship between fat, water, protein and, where applicable, 
carbohydrate. 

Although quality must largely depend on the selection of the meat cuts 
used, consideration must also be given to other raw materials which provide 
specific quality characteristics or otherwise modify the nature of the product: 
for example, salt, seasonings, vegetable protein, milk solids and carbohydrate. 

(a) Meat inspection. The quality of meat, as a raw material for the manu-
facture of meat products, will also be determined by the efficiency of meat 
inspection. The purpose of meat inspection is to minimize the risk of selling 
for human consumption diseased meat or meat infected with pathogenic 
organisms or parasites. The importance of a high standard of meat inspection 
can be appreciated if consideration is given to the possibility of contamination 
or infection from carcases spreading to personnel, factory equipment and 
other meat in the process of comminution or preparation in the factory. 

C. Other Ingredients 
1. Salt 

Quality control with regard to sodium chloride presents little difficulty, 
and methods for analysis and for the detection of impurities such as trace 
metals, are well known.205» 223-225 However, there appears to be some 
difference of opinion concerning methods of preparation, and some manu-
facturers may specify whether the salt should be vacuum-dried and ground, 
or crystallized. Although there appears to be no scientific evidence, it is 
believed that the method of production has a bearing on the quality of the 
meat product. 

2. Seasonings 
The general term "seasoning" may be applied to any ingredient which 

improves, accentuates or imparts a specific characteristic to the flavour of 
meat products ; and it is the use of these ingredients in many combinations 
that provides a wide range of distinctive flavour characteristics.226 
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The seasonings in general use are obtained from various parts of plants. 
They include spices, such as the fruit of nutmeg and pepper, the underground 
rhizome of ginger, paprika, and the aril of mace; herbs, such as thyme, 
savory, corriander and marjoram; and, frequently, vegetables, such as 
garlic and onion.227 

Although the types of seasoning and the relative proportions of each in a 
given mixture are governed by the class of meat product and consumer 
demand, they fall into two broad groups : (a) freshly prepared, in which the 
raw materials are ground or otherwise prepared prior to use, and (b) extracts. 

Quality control of fresh seasonings still largely depends on the buyer's 
ability to obtain supplies of consistent material. There is, however, a natural 
variation in the concentration of the flavouring constituents, so that objective 
methods such as chromatography209» 228 0 r the distillation and estimation 
of the volatile constituents,229» 2^° together with a microscopic examination 
in order to confirm botanical species, are necessary to ensure a uniform 
product. 

Freshly ground seasonings have the advantage of imparting to the product 
subtle shades of flavour which may be lost during the manufacture of extracts, 
but they also have a serious disadvantage in that they are frequently heavily 
contaminated with bacterial spores50 and may contribute significantly to the 
total bacterial load of unprocessed meats. Substantial reduction of the 
bacterial population of natural seasonings can be obtained by suitable 
treatment with ethylene oxide or other agents.50 

The advantages of prepared extracts are the opportunities of obtaining a 
greater degree of uniformity and a very low or negligible level of bacterial 
contamination, but preparation may result in the loss of some of the more 
volatile constituents. 

Gas Chromatographie methods209»228 are being developed as an objective 
aid for the control of uniformity and quality when seasoning extracts are 
used. It should be noted, however, that the amount of seasoning relative to 
the other ingredients in comminuted meat products is small, and, because 
comminution and/or mixing is usually of short duration, the method of 
addition requires careful control. Thus, the type of "vehicle" used for carrying 
seasonings and the methods of mixing or diluting small amounts of ground 
seasonings or extracts must be controlled in order to give uniform distribution 
throughout the comminuted material. 

3. Vegetable Protein 
Vegetable proteins in the form of ground soya bean flour, undenatured 

soya protein, casein or sodium caseinate, are frequently used, and the rate 
of absorption of water is comparable with that of other binders. It is 
claimed that the inclusion of about 2\% soya flour, which contains 
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approximately 42% protein and 20% fat, in fresh sausage improves texture 
and binding quality and reduces subsequent cooking loss.231 

4. Carbohydrate 
The carbohydrate added to those comminuted meat products which 

traditionally contain carbohydrate is frequently in the form of ground 
"rusk". It is usually derived from wheat flour but may be in the form of ground 
bread, rice, cornflour or potato starch. Because the carbohydrate is used 
primarily as a binder, it must possess good powers of absorption, suitable 
colour, and a neutral or desirable flavour. 

The quantity and type of filler added is usually determined by the manu-
facturer's views of quality. Moisture level, the control of particle size within 
specified limits and the rate of water absorption by objective methods, assist 
in obtaining uniformity of production.232»233 

It should be noted that carbohydrate binders stored under adverse con-
ditions may develop moulds and impart to the product an unpleasant flavour 
unless careful control is maintained on storage life, relative humidity and 
temperature within the store. 

D. Additives 
1. Preservatives 

The use of preservatives in raw meat products is prohibited, with the 
exception that in the United Kingdom sulphur dioxide is permitted, as the 
only preservative, in the proportion of 450 ppm by weight in sausage and 
sausage-meat containing raw meat, cereals and seasonings.207» 208 There is 
evidence234 to show that its presence not only inhibits the growth of spoilage 
organisms but also has an inhibitory effect on the growth of pathogens. 

2. Artificial Colours 
The colour of raw comminuted meat products is largely determined by the 

concentration of myoglobin. However, manufacturing methods, the types of 
meat tissues used, and methods of packaging and storage, may lead to a loss 
of colour.235 To overcome this defect, artificial colours are sometimes used, 
and in most countries the use of specified colouring materials in meat products 
is controlled by legislation. Chromatographie methods have been developed 
to determine the purity and homogeneity of these materials, and artificial 
colours may be identified by suitable extraction techniques.235 

Because the amounts added are quite small, the method of incorporating 
colouring materials in comminuted meat products requires careful control 
to obtain uniformity. 

3. Poly phosphates 
Polyphosphates were first used in Germany about 15 years ago and they 

have since been widely used on the Continent, in the United Kingdom and 
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the U.S.A. There is still some uncertainty regarding their action, as is shown 
by the conflicting data in the published literature.^ 

The addition of polyphosphates237-242 to comminuted meat products is 
largely confined to those products which are predominantly meat, with a low 
cereal content, and are usually cooked or smoked. With this type of product 
an increase in water-binding capacity due to the addition of polyphosphates 
will clearly have advantages. However, it is not so easy to recognize the 
benefits of such an increase in water-binding capacity in the English-type 
sausage, which has a relatively large cereal content. There is, however, some 
evidence to suggest that the use of polyphosphates in raw comminuted 
products helps to retain the fat during cooking.243 

E. Processing 
1. Carcase-cutting 

Before the actual operation of comminution, the carcase must be boned 
and broken down into specific cuts depending on the type of manufacturing 
operation. The accurate selection of different parts of the carcase, separation 
of fat and lean, and removal of the cartilaginous material, largely depend 
on the training and skill of the operative. Because there are no objective 
methods to assess quality during this process, control must depend entirely 
on supervision. 

Boning is an operation which may lead to considerable waste. This may be 
controlled by test boning in which the remaining meat adhering to the bones 
is carefully removed, and weighed, and the results compared with a standard 
procedure. 

However, the bacteriological condition at this stage will depend on the 
surface contamination of the carcase, the level of sanitation and the use of 
refrigeration. A high bacterial load on the carcase leads to excessive con-
tamination of cutting blocks, knives and other equipment; and when the 
process of comminution follows cutting, micro-organisms are distributed 
throughout the product. 

It is clear that good sanitation, efficient use of refrigeration, and low 
levels of contamination in the raw material are complementary, and control 
should therefore consist of regular sampling for bacteriological examination 
at all stages from slaughter to the finished product. 

2. Comminution 
The textural properties of comminuted products are directly related to 

methods of chopping, but there is little published work to indicate the precise 
mechanism of the process. Some degree of control is provided by standar-
dizing the duration of chopping in relation to bowl speed, but there are no 
objective methods by which quality or uniformity of the operation may be 
judged. 
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The method of comminution and mixing will clearly have a most profound 
effect on uniformity and quality of the product, and will be determined by the 
order of introduction and temperature of ingredients, duration of chopping, 
particle size, and fat-to-water and water-to-protein ratios. Although some of 
these factors can be controlled, the uniformity of the product at the end of 
chopping depends almost entirely on the skill of the operator. Thus, quality 
control for this operation depends on the careful training of operatives to 
the highest level of precision. The success of the operation can only be judged 
at the end of the process, when the eating quality of the product is assessed. 

3. Temperature Control 
Temperature control as part of overall quality control may be considered 

under two headings: environment temperature and product temperature. 
Carcases should be boned or otherwise prepared at the same temperature 

and humidity conditions as those under which the carcase was stored, i.e. 
in the range 0-2°C. This stipulation could present practical difficulties, 
because the carcase might be considered too firm for rapid boning and cutting. 
If, however, carcases are butchered in rooms not equipped with temperature 
control, there is a tendency for moisture to condense on the meat surfaces, 
and the exudation from lean surfaces will be accelerated as the temperature of 
meat rises. There will thus be a tendency towards conditions suitable for 
bacterial growth. 

Furthermore, if the meat temperature is allowed to rise during cutting, it 
must, at a later stage in the process, be reduced again. The cost of space-
cooling should therefore be considered in relation to butchery speeds, possible 
loss of quality and the cost of subsequent product-cooling. 

Because the actual process of comminution may lead to a rapid rise in the 
temperature of the mix, it is important to reduce the temperature of the 
ingredients before chopping and to maintain a low temperature by the use of 
ice or solid carbon dioxide. 

Because, as previously stated, the finished product either wholly or partly 
containing raw meat tissues will have a shelf-life severely limited by bacterial 
spoilage, the quality of the product purchased by the consumer will largely 
depend on the control of product temperature. Thus, in the last stage of their 
production comminuted meat products should be rapidly cooled, and then 
held at a temperature just above freezing throughout storage, transportation 
and sale.244 

F. Bacterial Contamination 
/. Materials 

Fresh sausage and other comminuted raw meat products are largely 
retailed in a non-frozen condition, and are consequently highly vulnerable to 
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bacterial spoilage. Products such as these will therefore have a severely limited 
shelf-life, and the rate of deterioration depends primarily upon the initial 
contamination of the raw materials, sanitation during processing, tempera-
ture history and the addition of permitted preservatives. Even if sanitation is 
of a high order in the factory, the level of bacterial contamination of the 
carcase as received from the abattoir will have a direct bearing on the bacterio-
logical quality of the end-product.245 

It is essential that slaughtering and handling procedures should be controlled 
in order to obtain carcases with the lowest possible bacterial load. Surface 
contamination of carcases can range from less than 20 organisms per square 
centimetre to (1-5)106 at one day after slaughter.246-249 The importance of 
reducing the level of surface contamination does not appear to be fully 
appreciated, although it is possible and practical, under normal commercial 
conditions, to obtain total surface counts of less than 100 organisms per 
square centimetre.2^ 

A high standard of hygiene in lairages and the abattoir, surface-washing of 
carcases at all stages of dressing, elimination of wiping cloths, minimum 
handling and rapid cooling of the carcases, all lead to a very considerable 
reduction in the level of those spoilage organisms which may subsequently 
lower the quality of the product. 

During the past few years attention has also been drawn to the presence of 
salmonellae in unprocessed comminuted meat products ; and of the animals 
that furnish meat,251 pork and veal are considered to be the major sources of 
Salmonella gastro-enteritis. 

The incidence and degree of cross-infection in pigs may be reduced sub-
stantially by improvements in methods of handling prior to slaughter.252 

These include the elimination of fatigue during transportation, thorough 
cleaning of pens between each batch of animals, elimination of straw bedding, 
and reduction of the time that animals are held prior to slaughter to less than 
24 hr. Subsequent bacteriological examination of lymph nodes taken at 
slaughter serves as a guide to improvement and control.158 

Although the combined effect of research and legislation has led to some 
improvement in the design of abattoirs, in working conditions and in manage-
ment of animals, there appears to be little evidence to suggest a rapid im-
provement in related bacteriological standards. 

2. Factory and Equipment 
The level of contamination, and therefore quality and shelf-life of raw 

comminuted products, will depend not only on the initial contamination of 
the carcase but also on methods of handling and temperature control during 
processing. The importance of correct daily cleaning schedules by trained 
personnel cannot be over-emphasized, and failure to maintain a high level of 
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sanitation may result in a build-up of micro-organisms, with disastrous 
results. The choice of detergents and bactericides253 should always be based 
on a knowledge of the nature and type of soiling to be removed, and bacterio-
logical examination of all equipment after cleaning is necessary to provide 
evidence of cleaning efficiency.254-256 The use of hypochlorite sprays or other 
suitable bactéricides on walls, floors and ceilings during and at the end of 
the working day is reflected in the reduction of bacterial contamination in 
the factory. It should be remembered that aerial contamination of products 
can be a serious problem. This subject will be discussed later. 

3. Personnel 
The effects of legislation and education have, during the past few years, 

resulted in a distinct improvement in personal hygiene standards. However, 
even if personnel are exemplary in their conduct, a potential hazard exists 
with regard to contamination of meat products with staphylococci. This is 
particularly true of cured and cooked products which do not undergo 
further heat-processing by the consumer. 

The incidence of staphylococcal infection among personnel is high and 
appears to vary between 19 and 65 %.257 Coagulase-positive Staphylococcus 
can occur in some 20 % of staphylococcal carriers ;250 and although it would 
appear that the mucous membranes of the nose are the the primary source of 
infection, it has also been reported that skin contamination of personnel 
may reach a level of 35 %.4^ 

Ideally, it would be preferable not to permit persistent carriers of Staphy-
lococcus to work on a meat-processing line, but clearly this is impractical. 
Thus, close attention to personal hygiene and the achievement of low levels 
of contamination, combined with effective temperature control of the product 
from manufacture to sale, and the minimum of handling at all stages during 
processing and storage, are particularly important. 

G. Legislation 

Quality control is necessary in order to comply with the regulations of the 
country of origin and, where necessary, with those of importing countries. 

Recently (1967), regulations were issued in the United Kingdom that 
specified the compositional standards of meat products. In the case of raw 
comminuted meat products, such as pork and beef sausage, the regulations 
state that the calculated meat content should be not less than 65% and 50% 
respectively. In the U.S.A. and Canada fresh sausage which has not been heat-
processed must comply with the regulations* which state that the moisture must 
not exceed four times the protein plus 3 % (i.e. moisture = 4P + 3). These and 
similar regulations in other countries govern the quantity of meat used, but 
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it should be noted that such analyses in no way indicate (a) the quality or 
species of meat used, or (b) whether all the protein determined and subse-
quently calculated as meat was in fact derived from meat. 

H. Quality Assessment: Organoleptic Testing 

Although there are a number of chemical, physical and other objective 
methods which are valuable guides to quality and should be used wherever 
possible in the chain from the abattoir to the packaged meat product, there 
are, as yet, no objective methods to assess the texture, flavour, juiciness, 
colour and over-all palatability of the cooked product.258 Sensory methods 
(previously discussed in relation to tenderness) are therefore necessary to 
assess these quality characteristics. They have the advantage of simulating 
normal eating conditions and can therefore be used as a reasonable criterion 
of consumer acceptability. 

It must be recognized, however, that subjective assessment of quality, 
whether carried out by one expert or by trained tasting panels, suffers the 
disadvantage associated with limitations of the human senses and with psycho-
logical influences.259 The single expert has an additional limitation as com-
pared with the panel in that he may not necessarily be in close agreement with 
consumer evaluation as a whole, or may be insensitive to a specific quality 
component. 

During recent years many taste panel methods have been developed based 
on sound statistical evaluation and these have been used to assess consumer 
preference, detection of differences, order of preference 260 selection of best 
sample and the determination of grade or quality level.259»261»262 

The early tests for meat and meat products were limited to numerical 
scores for tenderness, juiciness, and flavour, but they have been developed 
to cover many other aspects of quality. For example, it is possible to define 
components of tenderness such as softness, friability of muscle fibres and 
connective tissue, and the latter may be further subdivided into ease of 
fragmentation across the grain, mealiness and apparent adhesion between 
fibres.**), 42, 90,94 

The complexity of meat and meat products and their variability present 
serious problems in assessing organoleptic quality. However, until objective 
methods are developed which can be correlated with sensory evaluation, 
taste panels, despite certain shortcomings, must continue to be used by the 
meat industry as a guide to consumer acceptance. 

It must be admitted that, compared with quality control in many other 
manufacturing processes, quality control in comminuted meat products is 
still largely subjective. However, it is ultimately the consumer who is the 
judge of its success or failure. 
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9. CURED MEAT PRODUCTS 

A. Historical 

Meat-curing processes, which may also include smoking and drying were 
developed originally for the preservation of meat without refrigeration. 
Today meat is cured primarily because cured and cured, smoked products 
now form a large and important part of the nation's diet. 

The early forms of dry-curing resulted in products with a high salt content, 
but possessing a long life without refrigeration. Subsequently, pickle cures 
were introduced in which whole pieces of meat were immersed in a solution 
of salt and sodium nitrate for long periods (60-80 days) to enable the pickle 
to penetrate. In the last few decades the period of curing has been reduced 
(to 7-14 days) by pumping the meat with pickle followed by immersion in 
well-established brines. More recently, curing times for some products have 
been reduced still further to only a few hours. In fact, in the production of a 
specific type of bacon the curing time has been reduced to only a few minutes ;263 

the sliced raw pork is immersed in curing solution, is packaged in film and 
allowed to mature. 

One of the effects of these modifications has been to lessen the preservative 
effect of salt, owing to progressive reduction in concentration, so that although 
manufacturing difficulties have been considerably minimized, the perishability 
of the finished product has been substantially increased. Thus, when the sodium 
chloride concentration in the aqueous phase is below about 5%, the selective 
action of the salt in its preservative qualities is greatly reduced. Cured meat 
produced by modern methods, although somewhat less vulnerable to bac-
terial spoilage compared with fresh meat, is more susceptible than the products 
cured by the older methods, which contained a higher salt concentration. 
With the exception of cured, smoked and dried products, e.g. Salami, the 
shelf-life is severely limited without refrigeration.245 

Today the very wide range of meat products which are cured, or cured 
and smoked, or cured, smoked and dried results in quality characteristics 
and production methods almost as numerous and varied as the products 
themselves. Furthermore, because consumer preference differs so widely, it is 
difficult to delineate those characteristics which constitute high quality. For 
example, some consumers may prefer lean bacon or ham with relatively high 
salt content and possible strong smoke flavour, whereas others may prefer 
low salt content with relatively more fat and with a bland flavour. Thus, 
although it is possible to define some of the factors responsible for different 
aspects of quality, it is extremely difficult to establish levels. However, in all 
curing operations certain phases of the process, and therefore methods of 
quality control, are, in principle, common to all. For example, the selection 
and quality of meat tissues, the use of curing agents, and the effects of 
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temperature and bacteria are aspects of quality which, although not identical 
for all types of cured products, are closely related and can be controlled. 

B. Curing 

The typical cured meat colour is produced when nitrate and/or nitrite and 
common salt are added to meat either in the form of pickle or as a dry cure. 
If nitrate only is used, salt-tolerant organisms first reduce it to nitrite, which 
under acid conditions is further reduced to nitric oxide. The nitric oxide 
combines with myoglobin to give nitrosomyoglobin, which, on heating, gives 
the denatured product nitrosohaemochromogen with its typical colour.so 

Although nitrite is responsible for the development of the cured meat 
colour, it is still widely accepted that nitrate is helpful in producing cured 
meat flavours. This may be true of those curing operations in which the nitrate 
is present as a reserve for bacterial reduction to nitrite, but there appears 
to be little evidence to justify its presence in modern short-time low-salt 
cures. In fact, in order to reduce nitrate to nitrite, it is necessary to have a 
high bacterial population and, in view of the existence of low-salt cures and 
modern methods of packaging, it is questionable whether this is a desirable 
situation. 

The proportion of myoglobin converted to the nitroso form varies from 
carcase to carcase and from muscle to muscle, and the degree of variability 
is governed by such factors as the pre-slaughter treatment of the animal, rate 
of glycolysis, pH of the tissue and cooling rate of the carcase. Therefore, the 
first and the most important aspect of quality control in this context is related 
to the methods used before and after slaughter. 

The degree of conversion to nitrosomyoglobin and subsequently to nitroso-
haemochromogen appears in general to follow the extent of denaturation, 
i.e. the colour conversion appears to run parallel to the extent of the denatura-
tion induced by different processes. For example, in the Wiltshire-type 
curing and maturation a conversion of 30-50 % is achieved, rising to 50-75 % 
after smoking (dependent on temperature reached), and to 65-90% after 
cooking (again dependent on temperature). 

A rapid method for the determination of total and converted pigment,264 

and therefore the percentage conversion, may be used as a guide to the 
efficiency of those processes. Reflectance spectrophotometry may also be 
used to assess the conversion of myoglobin to the nitroso form. 

C. Factors Affecting Curing 

The quality and uniformity of the cured meat tissues, regardless of sub-
sequent usage for different types of meat products, will depend upon a 
number of factors. 
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L Slaughtering Procedure 
Ante- and post-mortem factors, previously discussed, lead to defects in 

texture, colour and water-holding capacity which cannot be rectified during 
the subsequent curing process. Haemorrhages in the tissues (blood-splashing) 
caused by faulty stunning techniques, and damage caused by shackling or 
other forms of mishandling of the animals prior to death, may result in a 
serious loss of quality which may be undetected until the final stage of pre-
paration. For example, in the preparation of sliced, cooked ham the defects 
may not be apparent until the slicing procedure. These defects may also 
result in a considerable variation in the rate and uniformity of diffusion of 
the curing solution in the tissues leading to under- or overcuring. 

2. Curing Agents 
Most commercial curing solutions consist basically of sodium or potassium 

nitrate, sodium nitrite and sodium chloride, to which may be added sucrose, 
glucose, corn syrup or other agents, according to manufacturing require-
ments. 

The concentration of the brine with respect to salt, nitrate and nitrite 
should be carefully controlled by analysis and not by guess-work. A low 
residual nitrite level, or failure to obtain maximum conversion of myoglobin 
to the nitroso form, results in poor colour in the finished product which 
tends to fade rapidly to a greyish colour on exposure to light.265 Conversely, 
excess nitrite, which may also be caused by excessive reduction of nitrate by 
bacteria, may result in the development of greenish colours. 

The injection of brine into the tissues is carried out in several ways : by 
stitch-pumping with a single needle, as for Wiltshire bacon; by artery-
pumping, which is frequently used in the production of hams; and by use of 
the multiple-needle injection machines which are now replacing manual 
methods. Whichever method is used, it is important that the volume of brine 
injected should be controlled by test weighing. Failure to do so will result in 
lack of uniformity, and products that may be too dry or too wet, which 
may result in a loss of pigment through leaching. Lack of control may also 
be responsible for a wide variation in weight loss during subsequent cooking 
or smoking. 

In most countries the amount of nitrite permitted in a cooked, cured product 
is governed by legislation. The quantity of nitrite in the finished product 
will therefore depend not only on the initial amount in the pickle but also on 
nitrite produced by bacterial action, when nitrate is used. For this reason 
the temperature of the curing cellar, the ratio of meat to pickle, and the time 
in cure must be carefully controlled. The estimation of nitrite, particularly 
in the presence of nitrate, has been extensively studied and recently methods 
266,267 have been developed which give consistent results and are applicable 
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particularly for the determination of both nitrate and nitrite in cured 
meats. 

In recent years the addition of ascorbic acid or its salts have been introduced 
into some curing brines or processes in order to delay subsequent colour-
fading.268 

3. Bacteriological Control 
The curing operation is not a process designed as a convenient method for 

dealing with doubtful meat, nor will it restore or mask the taste of meat 
which is severely tainted. The bacteriological condition of the meat prior to 
brining is particularly important in those cures in which the cover pickle is 
used continuously. Excessive contamination may result in a rapid loss of 
nitrate, accompanied by the production of excess nitrite and a change in pH, 
all of which may result in poorly cured products. It is essential, therefore, 
that a high level of sanitation be maintained not only during the slaughtering 
procedure but also in the cutting and curing rooms. 

4. Temperature Control 
Throughout the process of curing strict control of temperature is essential. 

Ideally, carcases should be held at or about 2°C, and cut or otherwise 
prepared in a room at the same temperature. The prepared meat should be 
transferred immediately to the curing room and maintained at 1-4°C so as 
to prevent a rise in meat temperature. Failure to maintain temperature may 
lead to defects and loss of quality. 

D. Smoking 

The smoking and drying of cured meat products dates back to prehistoric 
times.269 Curing and smoking procedures were originally developed to yield 
products with texture, flavour, colour and odour characteristic of a particular 
region, as with, e.g. Aries, Lombardy, German and Milano Salamis. These 
characteristics were largely determined by availability and types of meat, 
other raw materials and spices, methods of smoke production, the duration 
of processing, and temperature and humidity during processing. High 
quality in terms of texture, flavour, colour and odour can only be assessed 
organoléptically, and the control of these aspects and the maintenance of 
consistent quality will therefore depend on raw materials, the ability to control 
methods of smoke production and concentration, temperature of the product 
and the smoking-kiln, the rate of heating of the product, and the control of 
air velocity and humidity during the smoking and drying period. 

Until quite recently most smoke-houses were built of brick with solid 
floors, upon which the sawdust was allowed to smoulder. From the point of 
view of uniformity of product, the smoking procedure depended entirely on 
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the skill and experience of the operator; clearly, there was little control of the 
concentration of smoke, temperature, relative humidity and air movement. 
Changes in atmospheric conditions, or a change in the force or direction of 
wind, could easily upset the burning rate of sawdust, which in turn could 
upset the temperature and humidity within the store. These changes would be 
reflected in the variation in weight loss by evaporation, and colour and 
texture of the smoked product. 

It was owing to the difficulty of controlling the operation to yield uniform 
products that mechanical stoves were developed in which air velocity, 
temperature, humidity and smoke concentration were controlled to within 
close limits. The introduction of controlled conditions enabled the time of 
smoking to be reduced without lowering level of quality of the product. The 
development of a method for the electrostatic deposition of smoke followed 
by a conditioning period to allow the smoke constituents to polymerize 
shortened the process still further.270 It is claimed that under these conditions 
frankfurters could be smoked in 30-60 sec and hams in 10-15 min. 

Not only does smoke deposition impart the characteristic odour and 
flavour to cured meat products, but the smoking operation is usually carried 
out simultaneously with heating, which together have several desirable 
effects : an increase in the proportion of pigment converted to the nitroso 
form ; a tenderizing action caused by the activity of proteolytic enzymes at 
temperatures above 16°C; and surface-drying, imparting antioxidants to 
the surface fat and a surface reduction of bacterial contamination. 

It has been shown271-274 that wood smoke contains a wide range of chemi-
cals, including aliphatic acids from formic to caproic, primary and secondary 
alcohols, ketones, aldehydes, phenols, cresols and a mixture of resins. The 
proportions of these constituents will vary according to the method of smoke 
production, i.e. depending on the amount of air during combustion, tempera-
ture of combustion, concentration of smoke and relative humidity of the 
smoke-house. 

The combination of heat and smoke, unless followed by moist cooking, 
as in the production of frankfurters, results in surface dehydration, protein 
denaturation and deposition of resin from the formaldehyde and phenolic 
constituents. The resinous deposit forms a barrier against microbial growth 
and penetration. 

Although smoked products show markedly increased keeping-times when 
compared with the corresponding unsmoked cured products, it must be 
emphasized that when these products are cut or sliced for sale, the subsequent 
rate of microbial spoilage will vary according to the degree of contamination 
during or after cutting. Once the product has been sliced, the problems of 
colour retention and other quality factors will be similar to those assoc-
iated with unsmoked products. 
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E. Drying 

Because dry sausages such as Pepperoni, Cervelat, Swedish Mettwurst, 
Salami, Mortadella and many other varieties require drying over a period of 
between 1 and 6 months, the closest attention is required throughout the 
process in order to achieve the highest quality with regard to internal colour, 
flavour and general appearance. The sausage must dry from the inside out-
wards, and the surface of the casing must be kept in a condition which will 
allow the moisture from the inside to be extracted gradually and at a constant 
rate. If the drying rate is too slow, excessive surface microbial growth 
appears; conversely, rapid drying may lead to case-hardening, which effec-
tively prevents migration of water to the surface. This latter condition induces 
internal mould and sourness. The development of drying-rooms in which 
temperature and humidity can be closely controlled in the ranges 10-15°C 
and 65-80 % relative humidity, depending on the character of the product, 
has led to a noticeable improvement in appearance of the product. 

10. CANNED MEAT PRODUCTS 

A. General 

Compared with meat preservation by curing, smoking and drying, canning 
is a recent development. Nicholas Appert is said to be the first person to 
have developed the art of canning, but little real progress was made until 
after 1810, when the first tin can was invented. Modern methods of curing 
and smoking are now more concerned with the preparation of products 
possessing different flavour characteristics than with long preservation, 
whereas canning is basically a method of preservation, which is accomplished 
by hermetically sealing the food product in a container and destroying by 
means of heat treatment those bacteria capable of spoiling the product and 
those pathogenic bacteria which constitute a hazard to health. Minimum time 
and temperature values in canning procedures should therefore be based on 
the optimum conditions needed to destroy the spores of those pathogenic 
organisms which could cause food poisoning. 

In general, micro-organisms capable of causing spoilage in foods with pH 
values below 4-5 are of low heat resistance and may be controlled by tempera-
tures below 100°C. Above ρΗ4·5, heat-resistant spore-forming bacteria 
become significant as spoilage agents, and the growth of Clostridium botu-
linum may also occur. Temperatures in excess of 100°C are therefore required 
to destroy those organisms. The processing of meat products which are 
invariably above pH 5-0, by accepted methods for other non-acid foods, 
cannot be applied owing to problems of rendering, loss of texture and 
liberation of meat juices.275 
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The level of heat processing for some canned cured meat products, 
therefore, is relatively low, and the subsequent keeping quality materially 
depends on the bacteriostatic effects of sodium chloride, nitrite and nitrate. 

The quality and uniformity of the canned meats will largely depend on the 
degree of control during the heating process, because over-processing may 
lead to undesirable changes in flavour, texture, nutritive value, fat separation 
and partial destruction of artificial colour. Conversely, under-processing, 
which may not destroy all the organisms, leads to spoilage and is a potential 
health hazard. It is therefore important that suitable heat processing schedules 
be obtained, taking into consideration the effects of curing salts, pH and 
thermal conductivity of the product. 

The efficiency of thermal processing is usually determined by subsequent 
incubation and bacteriological examination of a determined number of cans.276 

Although many systems have been evolved for statistical sampling, there is 
no method, short of examining every can, that could guarantee absolute 
protection against the presence of C. botulinum.211 Incubation and examina-
tion, therefore, should be regarded as only an aspect of quality control, and 
it is of the utmost importance to ensure that the bacterial population of the 
raw material, before thermal processing, is at the lowest possible level.278 

Applied to certain cured meat products, conventional canning methods 
cannot result in the destruction of all thermophilic organisms without 
considerable damage to the quality of the product. However, the combined 
effects of heat processing, and the presence of salt, nitrate and nitrite result 
in products which are usually stable at 37°C. Clearly, because the concentra-
tions of salt, nitrite and nitrate have an effect on the dormancy of spores, 
analysis of samples from each batch is necessary to ensure that the concentra-
tion of these salts is maintained at the correct level. 

Methods used for the control of quality in canned meats will, to some 
extent, depend on the type of product, but will be similar in some respects, 
including quality of raw materials, bacteriological condition of the meat and 
other ingredients, equipment for thermal processing, quality of cans and 
method of analysis. The time and temperature of processing will vary accord-
ing to the type of meat product. 

B. Raw Materials 

Canned meat products may be divided into two broad groups: those in 
which large pieces of meat are packed into the can, e.g. whole boned hams 
weighing approximately 10 lb or cuts weighing approximately 1 lb; and those, 
such as luncheon meat, meat loaf and chopped ham, in which the meat and 
other ingredients are chopped or comminuted. The uniformity of colour, 
texture and flavour of the former are directly related to pH and water-
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binding capacity of the tissues and the methods of curing, which have been 
discussed in pp. 263 and 279. 

Defects such as blood-splashing, two-toning of muscles, excessive release 
of meat juices and poor colour are usually caused by ante-mortem stress in 
the animal, slaughtering procedures and methods of cooling the carcase. 
Defects caused by ante- and post-mortem treatments cannot be rectified at a 
later stage and may result in a high rate of rejection in the processed product. 

With regard to canned comminuted meat products, quality and uniformity 
will depend on care in the selection of various meat cuts, the type and binding 
properties of the meat, the use of cereal binders and additives such as poly-
phosphates, and the careful control of protein-to-fat and protein-to-water 
ratios. The control of rendering or textural changes during processing will 
largely depend on recipe adjustments based on rapid fat and moisture analyses 
during production. 

C. Contamination 
7. Bacteriological 

There is a very important relationship between the number of organisms 
present in meat and other ingredients and the degree of heating necessary to 
ensure their destruction. In general, greater heat treatment is necessary to 
destroy a large number of organisms than a small number. It follows that, 
for a given heat treatment, sterility will only be obtained if the ingredients 
are not excessively contaminated. It is essential, therefore, that all operations 
—slaughtering, dressing, cutting, comminution and mixing—be carried out 
under conditions which prevent undue contamination and the subsequent 
growth of micro-organisms prior to the heat treatment process. This is 
particularly important with regard to products that are normally processed 
at relatively low temperatures (70°C). Temperature control of meat is 
frequently overlooked but many bacteriological problems would be resolved 
if the meat temperature was controlled throughout the process. 

Reference was made earlier to the contamination of meat products with 
bacteria derived from spices and other ingredients. Natural spices are usually 
heavily contaminated with spores and may be responsible for a high pro-
portion of the total bacterial load. Attempts have been made to reduce the 
level, and it has been shown279 that heat processing of dry spice for 15 min 
at 120°C reduces the number of bacteria from 83 x 106 per gramme to almost 
zero; but the treatment also results in a serious loss of some of the more 
volatile constituents. Ethylene oxide, alone or in combination with heat 
treatment,280 or vacuum/ethylene oxide treatment281 markedly lowers the 
bacterial count of natural spices. It is because of the bacteriological problems 
associated with natural spices that extracts which can be obtained with a 
negligible bacterial load are gaining in popularity. 
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Frequent examination of the bacteriological condition of raw materials at 
all stages prior to heat processing, together with regular bacteriological 
routine examination of all equipment after cleaning, form an important 
part of control. 

2. Plant and Equipment 
The importance of a high level of sanitation in both buildings and equip-

ment is clearly shown by the volume of literature dealing with the bacterio-
logical spoilage of canned foods. 

In meat-canning plants contamination is usually introduced on the surface 
of carcase meat and from ingredients such as spices. The processes of cutting 
and comminution, inadequate temperature control of cutting and storage 
rooms, badly designed machinery and inadequate cleaning methods lead to a 
rapid build-up of contamination throughout the plant and the products. 
Under these conditions normal heat processing may be insufficient to destroy 
all the organisms. 

A careful study of processing equipment is necessary in order to replace or 
modify all parts of the plant in which small pockets of meat can accumulate 
and decompose. This is not an easy problem, because equipment is frequently 
designed with little or no regard for those who are responsible for cleaning and 
maintaining a high standard of sanitation. All machinery or conveyors 
should, wherever possible, be raised from the floor to facilitate cleaning, and 
wooden cutting-boards, which are difficult to clean, should be replaced with 
impervious surfaces such as neoprene or nylon. 

D. Thermal Processing 

The success of the heat-processing operation will depend on the bacterio-
logical condition of the meat, the quality of the can, degree of filling, accuiacy 
in closing and seaming, and, finally, heating the cans for an accurately pre-
determined time and temperature in an atmosphere of saturated steam. 
There are a number of methods282-286 for autoclaving cans, but essentially 
all depend on giving the product heat-processing conditions calculated to 
destroy all organisms that might subsequently cause spoilage under non-
refrigerated storage conditions. 

£ . Recontamination 

Once the product has been satisfactorily heat-processed, the hermetically 
sealed container is then required to prevent contamination. At the end of heat 
processing the cans must be cooled as rapidly as possible without causing 
seam strain and to avoid overcooking of the product. The operation of 
cooling cans in water is almost as important as the processing, and if mis-
managed may be a serious cause of trouble and loss. It is during the cooling 
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and handling that recontamination may occur as a result of faulty seaming or 
stresses set up by pressure changes leading to the fracture of a seam or a 
temporary seam deformation. The bacteriological condition of the cooling 
water should therefore be the highest attainable. Normal potable water 
contains fewer than 100 bacteria per millilitre,287 or approximately 5 bacteria 
per drop ; if seams could prevent the entrance of about one-fifth of a drop, 
this would therefore effectively preclude the entrance of a single bacterium. 

However, if the counts were of the order of 1,000,000 per millilitre, the 
can-seams would be required to prevent the entrance of one fifty-thousandth 
of a drop in order to prevent recontamination. It is doubtful whether this 
quality in seams is attainable under commercial conditions. It is an essential 
part of quality control, therefore, always to ensure that cooling water, 
particularly if pumped from shallow wells or from rivers, is chlorinated, so 
as to reduce the bacterial counts to 20-50 per millilitre. 

F. Analysis 

Chemical analysis of canned meat products is necessary for production 
and recipe control, to assess certain aspects of quality and uniformity of the 
finished product, and to comply with legislation in the country of origin and 
importing countries. 

It is often difficult to obtain representative samples of meat products for 
analysis. This problem does not arise with canned products, because the entire 
contents of a can, or of a number of cans, can be ground or mixed to give 
uniform material for analysis. 

In the United Kingdom, Regulations have now been made which specify 
requirements for the composition of canned meats, based on the estimation 
of protein, fat and water, to calculate the total meat content. These analyses, 
however, provide no information as to the types or quality of the meat 
tissues used. 

1. Moisture 
Moisture in meat products is usually determined by drying a sample at a 

given temperature and recording the loss of weight as moisture. Because the 
time and temperature of drying varies with different methods, reproducible 
results can only be obtained by standardizing conditions. The usual hot-air 
oven method of drying is somewhat slow; and though convenient for the 
analyses of the end-product, is unsuitable for in-line processing control. 
Changes in texture and volume during heat processing are sometimes caused 
by changes in the selection or availability of meat which upset the relationship 
between fat, water and protein. Rapid methods288» 289 for moisture and fat290 

enable the necessary adjustments to be made at the mixing stage prior to 
canning. 
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2. Protein 
The usual method for determining crude protein in meat products is the 

so-called macro Kjeldahl method. The crude protein value is obtained by 
multiplying the nitrogen value by 6-25 and the value for apparent total meat 
is obtained by converting the protein to meat using the relevant factors291 

after correcting for the rusk present.292· 293 The value for total meat is based on 
the assumption that the nitrogen is derived from meat protein. The analyses, 
however, do not distinguish between meat protein and other non-meat 
sources of protein. 

3. Fat 
Fat is usually determined by extracting the dry sample with anhydrous 

petroleum or ethyl ether, evaporating the solvent and weighing the residue.198 

Several other methods have been developed,199-203 some for process control, 
but the Soxhlet method is more precise and often more convenient for the 
analysis of the finished product. 

4. Other Additives 
Milk solids are frequently added to meat products, as a processing aid or 

to impart or improve certain characteristics, particularly texture. In calculating 
the meat content allowance must be made for milk solids, which are deter-
mined by estimating either the calcium294»295 or lactose.205' 29(> Polyphos-
phates, carbohydrate and vegetable protein are used in certain canned 
meats, e.g. pork, luncheon meat, in order to improve or otherwise modify 
texture or prevent fat-rendering during heat processing. This subject has been 
discussed in p. 272. 

11. MEAT PIES 

The uniformity of production with respect to quality and appearance of 
meat pies will depend on the quality of the ingredients, pre- and post-baking 
treatments, condition of the meat and pastry prior to baking, uniformity of 
conditions within the baking oven, and cooling and holding conditions after 
baking. Quality control of meat pies may therefore be considered in respect 
of the meat used for the filling; other ingredients, e.g. carbohydrate or thick-
ening agents ; and pastry. 

A. Raw Materials 
7. Meat Filling 

The selection and quality of the meat will be determined by those factors 
referred to previously. Once the type and quality of the meat tissues, the 
relationship between the parts of the carcase to be used and the proportion 
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of fat to lean have been determined, uniformity will be largely determined 
by recipe control, supervision of cutting operations and methods used for 
comminution and dispensing. 

The quality of the product with regard to flavour may, to some extent, be 
conditioned by the bacteriological condition of the meat and the over-all 
standard of hygiene during processing, particularly with regard to the equip-
ment used for dispensing the meat filling. Maintenance of high quality will 
depend on the initial level of bacterial contamination and on the provision 
of adequate temperature control throughout the process. The subsequent 
baking operation may be adequate to destroy bacteria, but it will not neces-
sarily remove taints or off flavours and odours developed in the meat before 
baking. Thus, temperature control and a high level of sanitation, as described 
for other meat products, are important. 

Control of quality in regard to seasonings depends on the type of seasonings 
used, i.e. fresh or seasoning extracts, on the level of bacterial contamination 
and on the mixing process. 

2. Pastry 
Uniformity of quality in pastry-making poses a number of problems of 

quality control. Some of these may be solved by objective methods, others 
can only be assessed by subjective methods, frequently at the end of the 
process. 

Flour quality, which varies appreciably, may be assessed by any of the 
well-known physical and chemical methods,297 but the final assessment 
should be a baking test followed by subjective appraisal of such factors as 
appearance, flavour, odour and texture.298 

The fat used should be uniform and possess all the required characteristics 
for shortening the dough and producing a short tender crust which is regular 
in shape, colour and texture. Basically, the fat should be of a smooth plastic 
consistency with a uniform melting point and iodine value, and correct 
dilatation characteristics. Even with a carefully controlled mixing procedure, 
variation in any of these factors may affect the firmness and tensile strength 
of the dough, causing toughness, shrinkage and misshapes in the finished 
products. Pork fat which may be surplus to other meat operations, if used 
without modification, may vary considerably with regard to melting point and 
iodine value, and result in variation in the quality of the baked product. 

The uniformity and quality of the dough will depend on those factors which 
affect the mixing process. They include the time of mixing, the temperature 
of the mix and the type of machine used. Similarly, the method of dough 
division, and the time and temperature variation between making and baking, 
must be controlled in order to obtain a good-quality product with the mini-
mum of rejections. 
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The actual baking process poses a number of problems. Unless the rate of 
heating is uniform, under- or overbaking may occur accompanied by crust 
defects. Uneven distribution of heat and changes in the relative humidity 
within the oven may also lead to similar defects. Thus, control of the pie 
temperature, and of the pastry and the meat, prior to baking, followed by 
control of time and temperature of baking are essential. 

If gelatin is used for "stocking", its preparation should be correctly 
controlled with regard to jelly strength, sterility and temperature.299 Opinion 
appears to be divided as to whether the baked pie should be subsequently 
cooled quickly by mechanical refrigeration to a given temperature or cooled 
slowly to ambient. Conditions which are best suited for the maintenance of 
meat quality, rapid cooling and holding at 2-4°C are not necessarily the best 
for the preservation of the crust, and manufacturers tend to adjust the degree 
of cooling to suit particular trading conditions. 

Meat pies are particularly susceptible to contamination by moulds. 
Because this usually occurs during the cooling phase, the conditions under 
which cooling takes place are important. Ventilating and cooling air should 
be filtered and examined bacteriologically to ensure that aerial contamination 
is controlled to within specified limits. 

It is clear that in the manufacture of meat pies there are many stages from 
the raw material to the finished product where loss of quality can occur, and 
these can only be overcome by suitable control at key points throughout the 
chain. It should not be overlooked, however, that in the production of meat 
pies, as with other meat products, although the aim must be uniformity, 
quality control, particularly of composition, must allow for tolerances if 
the manufacturing operation is to run smoothly. 

12. POULTRY 

During the last few years the sale of oven-ready poultry has risen steadily 
throughout the more developed countries, with the result that protein from 
this source is now a significant part of the nation's diet.300 

The characteristics of quality, such as tenderness, flavour and juiciness, 
in poultry meat are broadly similar to those of other meats. The selection of 
breeds, nutritional requirements and the reduction of disease all have a 
bearing on the final quality,301-303 but it is probable that these factors affect 
quality less than do methods of slaughter, cooling, freezing and cooking. 

The introduction of freezing, and subsequent distribution and sale in a 
frozen condition, and of evisceration prior to freezing, necessitated further 
study of tenderness as a quality factor. Breed and sex appear to have only a 
slight influence on tenderness,*0! but the condition of the bird at the time of 
slaughter, and the method of slaughtering and dressing, have a significant 
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effect.100 Similarly, freezing soon after death and before rigor mortis results 
in toughness, which may not be resolved on cooking.304» 305 

The quality of the product up to the evisceration stage will depend on the 
correct methods of handling of the birds prior to death, reduction of stress, 
control of time and temperature during scalding, and severity of feather-
plucking. At all stages between plucking and cooling, high-pressure sprays 
using chlorinated water are necessary to reduce the level of contamination of 
the carcase, particularly after the process of evisceration. 

Before the introduction of slush-ice cooling and spin-chilling, eviscerated 
poultry was cooled in air, a technique which, depending on the type of 
refrigeration system, could result in a loss of bloom and weight. Slush-ice 
cooling eliminated these two defects. However, unless sanitation is main-
tained at a high level, severe bacterial contamination on the surface of the 
product can occur. Furthermore, as slush-ice cooling results in an uptake of 
water, contamination may be introduced into the deeper tissues. 

The most important aspects of quality control are a high level of hygiene 
at all stations during the process, the use of in-plant chlorination, continuous 
bacteriological examination of equipment and product, and adequate 
inspection of carcases. 

It is usual to freeze poultry after trussing and to sell the product either 
hard-frozen or in a partially defrosted condition. Before the introduction of 
rapid freezing, poultry was often packaged and frozen in an air blast at from 
— 18 to — 12°C. This resulted in relatively slow freezing, accompanied by 
poor appearance and a somewhat coarse texture of the flesh after cooking. 
Freezing tunnels with a high-speed air blast at from —31 to — 37°C resulted 
in a substantial improvement in quality. More recently, the packaged product 
has been immersed in a solution of calcium chloride or ethylene glycol and 
held at —29°C for approximately 15 min, during which time the outer surface 
is frozen to a depth of 5-10 mm. The product is then stored at from —18 to 
— 15°C, to equilibrate. 

The shelf-life of frozen poultry will be governed by the type of packaging 
material, possible development of "freezer-burn", loss of texture and develop-
ment of off-flavours. 

13. FROZEN MEAT MEALS 
The demand for convenience foods continues to expand, with the result 

that there is now a wide range of precooked frozen meals containing meat or 
meat and vegetables. These are available as ham and beefburgers, roast slices 
of beef, Swiss steaks, stews, fricassees, and meat and poultry pies. Whether 
frozen precooked meats alone or complete precooked meat and vegetable 
meals will prove to be the most popular is uncertain, although in the U.S.A. 
the complete meal seems to have the largest sale. 
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As with all meat products, there is no accepted definition of quality of the 
raw materials and the quality of the prepared product will therefore depend 
on those factors previously discussed. Owing to the rapid growth of the 
industry, standards of general quality and microbiological quality vary 
considerably. A microbiological study306 of 107 samples of precooked 
frozen dinners showed standard plate counts up to 22 x 106; coliforms up to 
130,000; Escherichia coli up to 130,000; faecal streptococci up to 140,000; 
and staphylococci of food poisoning propensity up to 1 x 106 per gramme of 
food. If to this situation is added careless handling by the consumer, who 
may leave the product to defrost and only re-warm it before serving, the 
danger of food poisoning becomes very real. The bacteriological condition 
of the raw materials, methods of production, standards of general hygiene, 
time and temperature control between processing and freezing, and rate of 
freezing, must therefore be controlled in order to maintain bacterial con-
tamination at low and acceptable levels. 

Quality control of frozen meat meals is essentially the same as for com-
minuted products, and depends on general and microbiological quality of 
raw materials, adequate temperature control, a high standard of hygiene 
in the plant and personnel, the utmost care in handling the cooked product, 
and rapid cooling followed by rapid freezing. The maintenance of quality 
thereafter will be determined by storage temperature, storage time and the 
types of packaging materials used. 

14. PACKAGING AND DISPLAY 
The last stage in the manufacture of meat products is to wrap or otherwise 

package the product for retail sale. The function of the packaging material is 
primarily to protect the product against physical, chemical and microbial 
damage. The package must be attractive to the consumer and capable of 
withstanding handling and transportation. 

The correct choice of packaging material to be used for meat and meat 
products will depend on basic chemical, biochemical and microbiological 
knowledge of the product, and a knowledge of those changes which could 
occur after packaging. In the selection of meat and meat products the consumer 
will be influenced largely by the colour of the product. The colour of fresh 
meat is predominantly due to oxymyoglobin and it is only maintained by a 
high partial pressure of oxygen in the surrounding atmosphere. Conversely, 
the colour of cured meat is best maintained in the absence of oxygen. Thus, 
in considering packaging requirements meat and meat products may be 
divided into two two groups, unprocessed and cured. 

With regard to the unprocessed products, the packaging material should 
ideally permit the passage of oxygen equivalent to normal atmospheric 
conditions and at the same time prevent water vapour transmission.307 
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Furthermore, the physical properties of the packaging film should not be 
affected by contact with the wet surface of the meat. Although there is as 
yet no film which completely conforms to these requirements, a number of 
films are now satisfactory, provided that the product is maintained at a low 
temperature (from - 1 to +2°C).308 

The typical red pigment of cured meat is extremely sensitive to both light 
and oxygen, and exposure can quickly lead to excessive fading to give a dull 
brown, grey or even green colour. The necessity for protection against 
oxidation has led to the generally accepted practice of vacuum-packaging 
for a wide range of cured meat products. Before the advent of vacuum-
packaging techniques, the consumer could judge the freshness of the product 
by the loss of bloom, change in colour and the production of odour arising 
from bacterial decomposition. By contrast, vacuum-packed products may 
retain full bloom and colour and yet have a very high bacterial population.309 

Thus, although conditions for the preservation of colour present little diffi-
culty, high quality of the packaged product can only be maintained by low 
levels of contamination, temperature control and a rigidly controlled shelf-
life. As part of over-all quality control, all batches of packaging materials 
such as transparent films should be examined for oxygen and water-vapour 
transmission, tensile strength, thickness, slip, burst strength, degree of expan-
sion or contraction, and efficiency of heat-sealing. 

The final stage in quality control should consist of regular sampling of the 
packaged product immediately after production and after simulated condi-
tions of sale and consumer storage life. Samples should be submitted to 
trained panels for organoleptic assessment and to the laboratory for chemical 
and microbiological examination. 

It should be noted that the quality of the packaged material may be 
affected by the degree of contamination with spoilage organisms from 
personnel during slicing and wrapping. As noted earlier, carriers of coagulase-
positive staphylococci working on a cooked, cured meat line in which the 
product does not undergo further processing provide conditions for chance 
infection of the product. A refrigeration chain in which the product tempera-
ture is controlled at 0-4°C is therefore one of the most important aspects in 
quality control of meat products. The temperature of the product, the rate 
at which the temperature is reduced, the materials used for packing and the 
insulating properties of the packaging material must be known if the product 
temperature is to be reduced rapidly and maintained uniformly. This form of 
control is all too frequently overlooked. 

15. CONCLUSION 
The most important aspect of quality control in the meat industry lies in 

the recognition of the variable and perishable nature of the raw material 
11 
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used for the manufacture of meat products. More effective use of refrigeration, 
higher levels of sanitation and improved bacterial standards, supplemented 
by objective methods of quality control wherever possible, tend towards 
uniform and high-quality products. 

It should never be overlooked that meat and meat products are eaten only 
because they are liked and not because the consumer is compelled to purchase 
them. Therefore, consumer acceptance represents the summation of all the 
quality aspects from the rearing of the animal to the cooked product, where 
texture, flavour, succulence and other indefinable qualities are judged and the 
product accepted or rejected. 
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