
Total and Intramuscular 
Carcasses 

In recent years there has been relatively little attention 
given to the question of the extent to which bacteria occur 
within muscle tissues. Although the available evidence has 
been far from conclusive, the ubiquitous presence of an in- 
tramuscular bacterial population which includes pathogenic 
species has often been assumed. The following passage by 
lngram & Dainty (1 971) gives an account of this traditional 
view: 

"There are important differences between spoilage under warm 
and under chill conditions. Under warm conditions suitable for 
the growth of mesophiles, the predominant spoilage species are 
clostridia, which grow within the meat 50 rapidly as to precede 
spoilage at the surface. Under cool conditions this is not the 
case, because there are few psychrotrophic clostridia and such 
species as are cold-tolerant grow relatively very slowly under 
these conditions. Spoilage of chilled meat is therefore usually 
caused by the development of more or less aerobic species pre- 
dominantly on the surface. Broadly speaking, these groups of 
bacteria have differenct origins: the clostridia and other faecal 
bacteria come mainly from the gut of the animal, maybe by an 
internal route, while the aerobes and facultative anaerobes come 
from external contamination like soil and are often psychro- 
trophic. It i s  useful to distinguish these origins as 'intrinsic' and 
'extrinsic,' respectively." 

This description of two microbial populations in meat is  
more precise than is  usual, so it is unfortunate that most of the 
comments on intrinsic bacteria are misleading. It i s  notable 
that there is no consideration of any relationships between 
intrinsic and extrinsic floras, nor is there any indication of 
what i s  meant by an internal route. However, it is  only by 
examination of these points that it i s  possible to develop a 
better understanding of the real extent and significance of 
bacterial contamination of deep tissues. 

Aerobic, Extrinsic Floras 

Most meat is stored for some period in air at chil l  tempera- 
tures, so there is a large literature on the floras that develop 
under these conditions. There is very little data on aerobic 
floras of meat at higher temperatures. At chil l temperatures 
the spoilage flora is remarkably homogeneous invariably 
being composed of Gram-negative rods wi th  species of  
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Pseudomonas predominating, although they rarely form a 
large part of  the init ial flora. They remain the dominant 
species on high ultimate pH, dark, firm, dry (DFD) meat, and 
with holding temperatures up to at least 20°C. Even at 30°C 
they are still a major part of the spoilage flora (Table 1). The 
reason for the dominance by pseudomonads of aerobic meat 
spoilage floras seems to be that they grow faster than their 
competitors over a wide range of temperature and p H  (Gill & 
Newton, 1977). 

Table 1. Percent Compositions of Final Aerobic Spoil- 
age Floras from Beef Held at Different Temperatures 

Storage Temperature "C 

10 20 30 

Pseudomonas 
Acinetobacter 
Moraxella 
Micrococcus 
Enterobacteriaceae 
B. thermosphacta 
Others 
Mesophi Is 

89 
5 
- 

- 

4 
2 

2 
- 

60 
11 
10 
8 
5 
5 
1 

36 

19 
44 

1 

36 
- 

- 
- 
58 

Most species of bacteria growing on meat wil l  preferentially 
utilize the small quantity of glucose present. When this i s  
exhausted, amino acids are attacked and their breakdown 
products are detected as spoilage odours (Gil l ,  1976). 
Pseudomonads grow equally rapidly when metabolizing glu- 
cose or amino acids. Their growth i s  also unaffected by 
changes of pH  in the range found in meat. This means that 
var iat ion i n  meat composi t ion has no  effect upon 
pseudomonad growth and explains why the flora of DFD 
meat, which can be devoid of glucose and has a high pH, is 
not greatly different from that which occurs on normal meat. 
The pseudomonads tend to have an advantage in growth rate 
over competing species at all temperatures up to 20°C (Fig. 1 ). 
It is only at higher temperatures that mesophils and many 
psychrotrophs can both initiate growth and grow sufficiently 
rapidly to compete successfully with the small numbers of 
pseudomonads present in the initial flora. 

The aerobic spoilage flora of fresh meat i s  therefore re- 
markably stable to changes in the meat composition and the 
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temperature ("c) 

Figure 1.  Effect of temperature on rate of aerobic growth of P. 
fluorescens ( 0 ) and Enterobacter ( 0  ). 

environment, so it is possible to make reasonable predictions 
regarding the behaviour of other species within such a flora 
on the basis of their individual growth rate response to varia- 
tions of pH, temperature and substrates. 

Anaerobic, Extrinsic Floras 

With the increasing use of vacuum packaging, many more 
cuts are being held in an anaerobic environment. Unlike the 
situation wi th  aerobic storage, the floras formed under 
anaerobic conditions are subject to major changes with tem- 
perature and important modifications as a result of elevated 
PH. 

Bateria growing aerobically have substrates for oxidation 
available in excess. Aerobic growth ceases because of oxygen 
limitation while most substrates are still abundant. The situa- 
tion i s  very different under anaerobic conditions, where most 
organisms can ferment only a few of the substances present in 
meat, and anaerobic growth at chil l  temperatures ceases be- 
cause of substrate exhaustion at the meat surface [Newton & 
Gill, 1978). 

Changes in the storage temperature produce drastic altera- 
tions of the anaerobic spoilage flora. With temperatures up to 
about 15°C the flora is dominated by psychrotrophic lac- 
tobacilli, which not only outgrow competitors but inhibit 
them by production of an antimicrobial agent. At 20°C the 
lactobacil I i are displaced by  enterobacteriaceae, both 
mesophilic and psychrotrophic strains being present, while at 
30°C these are in turn displaced by clostridia and mesophilic 
lactobacilli (Table 2). 

Table 2. Percent Composition of Final Anaerobic 
Floras from Beef Held at Different Temperatures 

Storage Temperature "C 

10 20 30 

Lactob ac i I Ius 92 20 33 
Enterobacteriaceae 1 80 5 
€3. thermosphacta 7 

- 62 Clostrid ium - 

Mesop h i Is 0 50 99 

- - 

Increase in pH can also have important effects on the com- 
position of the anaerobic spoilage flora by allowing growth of 
species which are partially or totally inhibited at the normal 
ultimate pH of meat. These include Yersinia enterocolitica, 
some strains of which can be pathogenic; Alteromonas pu-  
trefaciens, an organism which produces large quantities of 
H 2 S  under anaerobic conditions and so causes early spoilage 
by "greening"; and Enterobacter liquifaciens, a potent pro- 
ducer of spoilage odours (Gil l & Newton, 1979). The compo- 
sition of the spoilage flora in vacuum packages can be further 
affected if the packaging film permits oxygen to enter at a rate 
sufficient to support aerobic growth of organisms like Bron- 
chothrix thermosphacta or pseudomonads (Newton & Rigg, 
1979). 

The effects on the microbial flora of variations in the mi- 
crobial environment are very much greater in vacuum- 
packaged meat than in meat stored in air. Prediction of the 
behaviour of any species on vacuum-packaged meat would 
therefore be more difficult because of the number of factors 
that have to be considered. 

Interactions Between Extrinsic and Intrinsic Floras 

There are two ways in which extrinsic bacteria could influ- 
ence any intrinsic flora. Extrinsic bacteria could penetrate into 
the meat and so contribute to an intrinsic flora, or, if extrinsic 
bacteria are confined to the meat surface, their activity could 
alter the environment within the muscle tissue. 

By embedding blocks of meat in agar to give a bacteria- 
tight seal around the edge of each block, it was possible to 
inoculate one surface and determine the conditions necessary 
for bacteria to penetrate through the meat and emerge at the 
other surface ( G i l l  & Penney, 1977).  Penetration was 
achieved by any bacterial species which produced proteolytic 
enzymes. In sections through penetrated samples the bacteria 
were tound between muscle fibres and their surrounding coat 
ot connective tissue, neither of which showed any sign ot dis- 
ruption [Plate 1 i .  The area traversed hy the bacteria contains 
an amorphous ground substance which is difticult to demon- 
strate by staining. I t  is this material which seems to lie de- 
graded by proteolytic enzymes beiore bacteria can move 
through the tissue. 

Since many of the bacteria found on meat are proteolytic, 
this might suggest that invasion from the surface could be a 
real problem. However, production of extracellular proteases 
by bacteria only occurs under certain conditions and usually 
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A B C 
Plate 1 .  Section vertical to the inoculated surface of meat in- 

oculated on one surface with P. fluorescens. (A) pro- 
teolytic stain, inoculated surface; (B) proteolytic 
stain, centre of meat sample; (C) non-proteolytic 
stain, inoculated surface. 

only during the late logarithmic phase of growth (Glenn, 
1976). This means that bacteria of the aerobic flora do not 
produce proteolytic enzymes until spoilage is at an advanced 
stage. W i t h  anaerobic flora, the lactobaci l l i  are non- 
proteolytic, so at chil l  temperatures no penetration i s  likely to 
occur even in  packages held for six to eight weeks after 
maximum bacterial densities are reached. At higher tempera- 
tures proteolytic organisms can predominate, so penetration 
could occur. This situation has not been investigated, but 
usually proteolysis i s  accompanied by amino acid utilization 
and hence by production of spoilage odours, so it seems un- 
likely that vacuum-packed meat could be penetrated by bac- 
teria without clear indications of spoilage. For all practical 
purposes, therefore, the extrinsic flora is confined within 1 or 
2 mm of the meat surface. 

The effect on the deep tissues of bacterial activity at the 
meat surface is also unlikely to be of any significance until 
spoilage is  well advanced. The muscle tissue is  anaerobic ex- 
cept for a few millimeters just below the surface. Bacteria 
would ultimately prevent access of oxygen to the outer layer 
of muscle, but this would only occur with bacterial cell densi- 
ties near to spoilage levels. Similarly, there i s  little effect of 

bacteria on the deep meat composition until spoilage num- 
bers are reached. The only substance whose concentration 
significantly alters before spoilage i s  glucose, and again it i s  
only near the surface that any large changes in glucose con- 
centration wi l l  occur (Fig. 2). 
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Figure 2. Concentration gradients of glucose in meat with P. 
fluorescens on the surface at densities of 2.7 x lo7 

( m  1; and 2.8 x l o9  ( A ). 
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Intrinsic Bacteria 

The extrinsic flora does not contribute to, nor is it likely to 
influence, any intrinsic flora, which can therefore be consid- 
ered as a completely separate entity. In discussion of intrinsic 
floras the first points that need to be resolved are the inci- 
dence and compositions of intrinsic floras. 

Bacteriologists originally thought that the tissues of  healthy 
animals would be sterile at the time of slaughter, but this as- 
sumption was undermined at the beginning of the present 
century by a number of workers who claimed to have demon- 
strated the presence of bacteria in large percentages of car- 
casses. Textbooks tend to give the impression that there is 
ample evidence for the widespread occurrence in meat of an 
intrinsic bacterial population composed of numerous species. 
In fact, the published data are far from unambiguous. The 
available data on cattle are shown in Table 3 .  Similar data 
exist for sheep, pigs and a number of species of laboratory 
animal (see Gill, 1979). This evidence could equally well be 
used to support any one of three mutually exclusive views of 
deep tissue contamination. These are: 

1. that most tissues from a majority of carcasses contain a 
comparatively large (> lo2/g)  mixed population of intrinsic 
bacteria ; 

2. that some tissues, notably liver, spleen and lymph nodes, 
from a minority of carcasses contain a small number ( l ig )  
of clostridia; 

3. that deep tissue is generally sterile. 
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Table 3. Reports on the Bacteriological Condition of Deep Tissues of Cattle 

No. ot Tissue Positive Bacteria Bacterra/g Reierence 
animal, examined anirnalc /solated oi t i s w e  

'7r 

2 3  

1 1  

15 

100 

29 

100 

50 

N.D. 
6 
6+ 

N.D. 

Muscle 
Lymph nodes 

Muscle 

Liver 

Muscle 
Lymph nodes 
Liver 
Muscle 
Lymph nodes 
Liver 
Liver 
Liver 
Spleen 
Lymph nodes 
Muscle 
Muscle 
Muscle 

7 
60 

27 

"many" 

61 
58 
32 
5 

10 
15 
1 2  
4 

3 
0 
0 
0 

Gram + & - 
organisms 
Gram + rods 
& COCCI 

cocci & 
clostridia 

clostridia 

c lostr id ia 

clostridia 

N.D. 

clostridia 
sterile 
sterile 
sterile 

1 0 2 - 1  04 

1 0 3  

N.D. 

10 

1 

N.D. 

N.D. 

10 
0 
0 
0 

1 

2 

3 

4 

3 

6 

7 

8 
9 

10 
1 1  

1 )  Lepovetsky e[ ai .  1953; 2 )  Vanderrant & Nickelson. 1969; 3 )  Smith & lasmin, 1956; 4 )  Narayan, 1966; 5) Zaghaevskii, 
1973; 6 )  Canada & Strong, 1964; 7) Von Stuker et a\.. 1977; 81 Moran e( a l ,  1973; 9) Buckely ef a!., 1976, I O )  Ockerman 
et a/., 1969; 11 I Radouco-Thomas et d, 1959 

It has heen suggested that these contradictory findings arise 
because of major difterences between species. However, for 
all animals that have been studied by more than one group 
there is evidence tor both the presence of bacteria and for 
sterile tissue, To resolve these contradictions consideration 
must he given to the mechanisms hy which bacteria could 
contaminate the deep tissues of carcasses from healthy ani- 
mals. 

Contamination could conceivably occur before, during 
and/or after death of the animal. These possibilities are most 
conveniently considered in the reverse order to events. 

Post Mortern Contamination 

Since deep tissue invasion by the extrinsic Flora cannot 
occur until spoilage is well advanced, the only post mortem 
mechanism of interest is invasion by bacteria from the intes- 
tine. The idea of post mortem invasion of other tissues by 
bacteria from the intestine originated with human pathology 
as an attempt to explain discrepancies between clinical 
symptoms and findings at autopsy. How, in the absence of 
circulating blood, bacteria were supposed to move rapidly 
from the intestine to other organs and the musculature was 
never explained, the case resting solely on the culture of bac- 
teria from tissues where they had no business being. Some 
recent analyses of pathological data have rejected the con- 
cept of rapid post mortem invasion from the intestine, but the 
idea has continued to he used in  discussions on  meat 
hygiene. 

We carried out the obvious, though previously unper- 
formed, experiment of holding uneviscerated carcasses at 
room temperature for extended periods, then examining the 
deep tissues for the presence of bacteria. It seemed essential 
with such experiments that deep tissue samples were re- 
moved aseptically and that very small numbers of bacteria 
could be detected. The first requirement could be met by re- 
moving meat samples to a sterile blending cup direct from the 
carcass after the surface of the meat had been seared to a 
depth of 3 to 4 mm with a hot iron. Merely flaming the meat 
surface does not guarantee destruction of bacteria on the sur- 
face, and any manipulation of the material to be sampled, 
such as removing a portion of the carcass to the laboratory 
before sampling, increases the chance of extraneous con- 
tamination. To detect small numbers of contaminating bac- 
teria, the homogenized samples were incubated in the blend- 
er cups at 37°C for 24 h. Under these conditions even a single 
bacterium in the 20 g sample would give rise to high counts. 

Over 60 sheep carcasses that had been held without evis- 
ceration for 24 h at 20°C were examined. Eighteen of these 
were exercised to exhaustion before slaughter, as post mor- 
tem invasion was supposedly enhanced in carcasses from 
exhausted animals. In no case was there any indication that 
the muscle tissue was other than sterile. The obvious infer- 
ence about post mortem invasion was confirmed by experi- 
ments with mice and guinea-pigs, with which it was shown 
that there was no movement of bacteria from the intestine 
until the stomach ruptured some 2 to 3 days after death, re- 
leasing bacteria into the abdominal cavity. After this a l l  tis- 
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sues were rapidly invaded (Gil l, Penney & Nottingham, 
1979). 

The ease with which the non-occurrence of post mortem 
invasion can be demonstrated raises the question of why this 
unlikely hypothesis was previously accepted. The reason 
probably lies in the nature of the evidence which was consid- 
ered, which consisted only of the apparent demonstration of 
bacteria in deep tissues without any indication of how they 
got there. The likelihood of spurious results is obvious when i t  
i s  realized that a single contaminating bacterium would be 
reported as up to 100 bacteria per gram of tissue, and that 
with few exceptions most reports of bacteria in tissues make 
no mention of any attempt to evaluate the efficiency of the 
supposed I y aseptic techniques used. 

Perimortem Invasion 

Another suggestion of 19th century pathology, termed 
“agonal” invasion, was that at death the intestine suddenly 
became permeable to bacteria. This hypothesis at least has 
the merit that bacteria reaching the blood stream could be 
transported throughout the body before the circulation 
ceased. There is, however, no evidence for the occurrence of 
agonal invasion, while in many cases i t  can be totally dis- 
counted, so the hypothesis is no more tenable than post mor- 
tern invasion. 

There remains the possibility that bacteria can be intro- 
duced from without during the slaughtering process. By using 
slaughter instruments heavily contaminated with bacteria 
readily identified by genetic markers it has been shown that 
such contamination i s  possible (Mackey & Derrick, 1979). 

0 

time after death (min) 
Figure 3. Bacteria recovered from blood of carcasses injected 

intravenously wi th  bacterial suspension before 
death. E. coli (0 ); C. perfringens ( 0 ). 

The hygienic importance of such contamination wil l  depend 
upon the ability of bacteria to survive in the carcass. The bac- 
tericidal activities of blood and lymph are well known, so it 
would be expected that small numbers of bacteria introduced 
during slaughter could be entirely eliminated. Bacteria in- 
jected into the bloodstream of animals just before slaughter 
continue to be rapidly eliminated for the first 20 to 30 min- 
utes after death (Fig. 3). Those that survive this initial period 
can commence growth 3 to 4 hours after death in carcasses 
held at 30°C. The maximum initial number of bacteria that 
can be totally eliminated varies with the species, Clostridium 
perfringens and Salmonella being markedly less susceptible to 
elimination than the other species examined (Table 4). Even 
so, with a minimum of 20 cells per gram of carcass an initial 
inoculum of lo7 cells would be required to permanently con- 
taminate a beef carcass, and something in excess of 1 O5 cells 
for a sheep (Gill & Penney, 1979). Moreover, simultaneous 
entry of subviable numbers of other species does not seem to 
reduce the numbers of the relatively resistant species required 
for survival. It therefore seems that only a very dirty operation 
would permanently contaminate carcasses by this route, 
though with variation in both bactericidal activity between 
carcasses and resistance of bacterial strains, considerably 
lower numbers of bacteria might suffice in some cases. 

Table 4. Maximum Initial Numbers of Bacteria Com- 
pletely Eliminated from Carcass Tissues 

No. bacteria& 

P. aeruginosa 
E. coli 
S. aureus 
C. perfringens 
S. typhimurium 

600 
1,000 

500 
20 
20 

Antemortem Contamination 

Bacterial invasion of the living animal occurs through le- 
sions and undamaged mucosal surfaces. In healthy animals 
this invasion is countered by the immune defence mecha- 
nisms. If these are defective the animal is highly susceptible to 
infection by “opportunistic” bacteria (von Graevenitz, 1977). 
I t  is  therefore possible to conceive of a dynamic bacterial 
population in the tissues of healthy animals which is continu- 
ally renewed from without. However, all available evidence 
indicates that tissue fluids are normally sterile, so the rate of 
invasion of the healthy animal by bacteria must be very small 
in comparison with the body’s ability to deal with them. 

Diseased animals would obviously harbour bacteria. Those 
showing symptoms should be detected during ante- and 
post-mortem inspection, but some pathogenic bacteria may 
be present in tissues without any overt symptoms. Salrnonel- 
lae are a particular problem in this respect. When present 
they would usually be found in organs or lymph nodes rather 
than muscle tissue (Ayres, 1978). 

Finally, there is the question of bacterial spores in deep tis- 
sues. A number of studies have indicated the presence of 
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Clostridium perfringens at a level of 1 to 10 per gram in the 
liver, spleen and lymph nodes of a significant proportion of 
healthy animals. The only published work on spore contami- 
nation of living tissues concerns spores of Clostridium novy,, 
the causative agent of the animal disease, necrotic hepatitis. 
The oxygen tension in healthy tissue i s  too high to allow 
growth of clostridia, but infecting flukes produce necrotic 
tracts in the liver in which spores can germinate. The sub- 
sequent growth of the bacterium is accompanied by toxin 
production which causes the death of the animal (Jamieson, 
1949). 

Several hours after oral administration of a spore prepara- 
tion, Bagadi & Sewell (1974) isolated C. novyi from sheep 
livers. Spores could not be found in the blood-stream after 
dosing, so the authors suggested that they travelled to the liver 
via the lymphatics. Spores were found to persist in the livers 
of otherwise healthy animals for several weeks after they were 
dosed. These results demonstrate the aetiology of necrotic 
hepatitis, but the numbers of spores reaching and surviving in 
the tissues were not reported. These details are important 
when considering the probabilities of deep tissue contamina- 
tion by clostridial spores. 

Cleaned spores of C. perfringens were injected intrave- 
nously into mice and the tissues subsequently examined for 
the presence of the bacterium. Spores were present in most 
tissues after 24 h with any inoculum between l o 3  and lob 
spores per gram of body weight, but only in animals which 
had received 106 spores per gram of body weight were spores 
consistently found outside the liver after 48 h. With this dose 
most tissues were still contaminated, but with an increased 
proportion of spores in the liver. The number of spores in the 
liver declined during the next four weeks, but after this there 
was little decrease in numbers (Table 5). In a few cases spores 
also persisted in the spleen, but in smaller numbers than in 
the liver. Vegetative cells injected intravenously were elimi- 
nated from all tissues in a few hours. When spores were in- 
jected intraperitoneally, larger numbers were required to give 
contaminated tissue; even with 105ig no spores were detected 
after 24 h. With large numbers of spores, results were similar 
to those obtained with intravenous injection. Initial results in- 
dicate that spores of C. novyi and C. septicurn behave in the 
same manner as those of C. perfringens when injected into 
mice. It appears that all spores wil l  be eliminated within a 

Table 5. Survival of Spores of C. perfringens in Mouse 
Livers After Intravenous Injection of 2 X lo5 Spores/g 

Body Weight 

Time No. sporeslg liver 
(weeks) 

1 1.8 X l o4  
2 1.3 x l o 4  
3 6.6 X l o 3  
4 2.3 x 103 
5 3.4  x 103 
6 1.1 x 103 
7 2.1 x 103 

week or two unless large inocula are given, when a small 
fraction of the spores survive in the liver for an indeterminate 
but lengthy period. 

Attempts to obtain contaminated tissue by feeding spores in 
the drinking water or introducing spores directly into the 
stomach via a catheter gave consistently negative results. This 
contrasts with the reports of tissue contamination following 
feeding of C. novyi spores, and may have occurred because 
we were using preparations of cleaned spores, whereas the 
work with C. novyi used crude spore preparations. These 
crude preparations could have contained residual toxins or 
other materials which damaged the intestinal wall, allowing 
spores to enter the blood-stream. Uptake via the lymphatics 
seems unlikely, as spore survival following intraperitoneal in- 
jection suggests that spores entering the lymphatics are less 
likely to survive than those entering the blood-stream. 

It would seem that deep tissues are only likely to be con- 
taminated by specific organisms which have reached the tis- 
sues during the life of the animal. The organisms involved wil l  
be pathogens, particularly Salmonellae, or clostridial spores. 
They wil l usually be localized in the viscera and associated 
lymph nodes rather than muscle tissue, so even when meat 
cuts are held at high ambient temperatures, spoilage due to 
growth of intrinsic bacteria must be a rare phenomenon. 

For meat hygiene it is important to know the conditions 
under which any intrinsic organisms could grow and spread 
from their initial sites in the carcass. In experimentally con- 
taminated meat held at 30°C, slow growth of vegetative cells 
is initiated 2 to 3 hours after death, and of spores 4 to 5 hours 
later (Gill, Penney & Nottingham, 19791. The behaviour of 
deep tissue contaminants in the state in which they would 
usually be found in carcasses does not seem to have been 
studied. 

Conclusions 

There are still important area5 in meat microbiology that 
are poorly understood. In some cases misunderstanding is not 
due to a paucity of facts, but seems to arise because of the 
existence of a large body of data obtained under poorly de- 
tined practical conditions. Certainly meat microbiology is an 
applied science, but it is far easier to understand particular 
cases if the basic principles are clearly established. On this 
consideration alone some fundamental studies are necessary, 
but there is another area where they can be of prime impor- 
tance. Hygiene regulations for the meat industry are largely 
derived trom consideration of general principles, and i f  the 
understanding ot  these is incomplete or erroneous, some reg- 
ulations are likely to be ineffective or even deleterious. Be- 
cause of the associated costs, it is becoming increasingly ob- 
vious that regulations cannot be indefinitely proliferated, 
however laudable their intentions. Those responsible for pub- 
lic health and safety must, however, act to control any situa- 
tion which is seen as a threat to the consumer, and it is all too 
easy to deduce the worst from indirect and incomplete evi- 
dence. The only solution is a good understanding of the sys- 
tern that the regulations are designed to control. 

The problem of intrinsic bacteria would seem to be a 
cautionary example of what can occur. The organisms must 
reach the tissues during the life of the animal, so the number 
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of animals carrying any intrinsic flora will be highly variable 
and nothing can be done after the animals are dead to reduce 
the number affected. Postmortem hygiene regulations should 
therefore be concerr-ed with preventing growth of intrinsic 
bacteria, but current regulations are concerned with circum- 
venting the mythical invasion from the intestine. Evisceration 
must be carried out soon after death to remove the source of 
corruption, bruises must be removed to ensure that the bac- 
teria wi th in them do not spread to healthy tissues, and 
bleeding-out must be  complete to prevent bacterial invasion. 
While some of these practices may help cooling of the car- 
cass, none of them i s  necessary for reasons of hygiene, and all 
must give rise to unnecessary loss of perfectly sound animal 
protein. There are also proposals that a regulation be intro- 
duced specifying the time within which a deep tissue temper- 
ature o f  7°C must be attained. Clostridia, when present, 
would be largely confined to the liver and spleen, and would 
not grow in meat below 20°C anyway. This regulation must 
therefore be mainly concerned with preventing growth of 
salmonellae. However, there are no data on the time required 
after death for growth of salmonellae originally present in car- 
rier state to be initiated and for the organisms to spread from 
the sites of  infection in  organs and lymph nodes. The details 
of the time-temperature relationship will therefore be an in- 
formed guestimate on the basis of growth rates of salmonellae 
on meat and the time necessary to cool a large carcass. Such 
a regulation may therefore still be either ineffective or too se- 
vere. But even if it does achieve its purpose, it will add to and 
not supercede existing regulations. 

It is clear that there must be regulation in the meat industry 
and that it will increase. New regulations w i l l  be based on the 
available data, and if facts are lacking it i s  quite probable that 
some wi l l  be based on fallacies. The only sure specific against 
such an eventuality is a sound understanding of basic bacte- 
rial behaviour with respect to meat. Meat microbiology is an 
applied science and as such must be concerned with practical 
results. Unfortunately the accumulation of data from poorly 
defined systems can sometimes confuse rather than resolve 
problems, so there is a real need for more fundamental study 
i f  attractive but erroneous hypotheses are not to give rise to 
ineffective practices which neither the industry nor the con- 
sumer can afford. 
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