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1. Introduction 

THE WORD ‘intrinsic’ was used by Ingram to describe bacterial flora occurring in the 
deep tissues of carcasses from healthy animals. Intrinsic bacteria were assumed to 
originate from the gut of the animal and to reach the tissues by an internal route before 
or after death. The term does not include specific pathogens present in the tissues of 
overtly diseased animals or symptomless carriers. The majority of the bacteria 
associated with meat are derived from the environment and occur only on the meat 
surface. These bacteria were referred to as ‘extrinsic’ by Ingram (1 949). He considered 
that his observations on the spoilage of whale meat (Robinson et nl. 1953) were 
applicable to other animals and suggested that meat under warm conditions spoils 
rapidly because of growth of intrinsic bacteria, particularly Clostridium perfringens 
(Ingram 1964, 1972; Ingram I!& Dainty 1971). The view that spoilage at warm 
temperatures can result from the growth of intrinsic bacteria is reiterated in a number of 
textbooks and reviews, although some authors seem to consider that intrinsic bacteria 
are not of ubiquitous occurrence in meat (Ayres 1955; Lechowich 1971; Lawrie 1974; 
Thornton & Gracey 1974; Mossel et nf. 1975; Dempster 1976; Buckley 1977). The 
presence of intrinsic bacteria is obviously of some public health importance because 
pathogenic organisms are likely to occur in flora originating from the gut. Such 
considerations are evident in the requirements for the cooling of deep muscle tissue 
within a limited time. There is, however, reason to believe that the occurrence of intrinsic 
bacteria in meat and their importance for meat spoilage and hygiene have been greatly 
overestimated. The evidence relating to intrinsic bacteria is examined in this article. 

2. Reported Occurrence of Intrinsic Bacteria 
Although it was thought originally that the tissues of healthy animals would be sterile at 
the time of slaughter, this assumption was questioned at the beginning of the present 
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368 C. 0. GILL 

TABLE 1 

Reports on the bacteriological condition of deep tissues in cattle 

Positive 
No. of Tissue animals Bacteria Bacteria/g 

animals examined (%I isolated of tissue Reference 

23 Muscle 
Lymph nodes 

100 Liver 

15 Liver 

100 Muscle 
Lymph nodes 
Liver 

Lymph nodes 
Liver 

N.S. Lymph nodes 
50+ Liver 

20 Muscle 

Spleen 
I 1  Muscle 

6 Muscle 
6+ Muscle 

N.S. Muscle 

7 
60 

12 

‘many’ 

61 
58 
32 

5 
10 
15 
3 
4 

4 
27 

0 
0 

0 

Streptococci, 
pseudomonads, 
Escherichin coli, 
Enterobncter, etc. 

Clostridium perfringens 

Gram positive cocci, 

Clostridia 
clostridia 

Clostridia 

Clostridia 
N.D. 

Staphylococci, 
coryneforms 

0 
0 

0 

I 02- I 04 
10*-104 

N.D. 

N.D. 

10 

1 
1 
1 

10 
N.D. 

10’ 

0 
0 

0 

Lepovetsky et 01. 
(1953) 

Canada & Strong 

Smith & Jasmin 
( 1964) 

(1956) 

Narayan (1966) 

Zagaevskii (1973) 

Moran et 01. (1973) 
von Stuker et nl. 

(1977) 

Vanderzant & 
Nickelson (1969) 

Buckley el nl. (1976) 
Ockerman et nl. 

(1967, 1969) 
Radouco-Thomas 

et nl. (1959) 

N.S.. not stated; N.D., not determined. 

century by workers who claimed that they had demonstrated bacteria in a more or less 
large proportion of the carcasses examined (see Jensen & Hess 1941; Tanner 1944). 
Since then, a considerable amount of contradictory evidence on the presence of bacteria 
in carcasses has accumulated. These reports are summarized in Table 1. 

Three mutually exclusive views of the microbiological state of deep tissues from 
carcasses are discernible: (1) most tissues from a majority of carcasses contain a 
comparatively large (> 102/g) mixed population of intrinsic bacteria; ( 2 )  deep tissue is 
generally sterile, (3) some tissues, notably liver, spleen and lymph nodes, from a 
minority of carcasses contain a small number (l /g) of clostridia. It has been suggested 
that these contradictory views arise because of major differences between species with 
respect to the presence of bacteria in tissues (Schweinburg & Sylvester 1953; Lawrie 
1974). For all animal species that have been studied by more than one group, however, 
there is evidence for both the presence of bacteria and for sterile tissue (Tables 1, 2 and 
3). This would indicate that between species there are no basic differences in the micro- 
biological state of their tissues although, because of differences in size, the methods of 
slaughter and butchery, it may be difficult to obtain tissues from some species without 
considerable risk of extraneous contamination. When considering the available evidence, 
it is obvious that considerable importance must be attached to the methods used to 
obtain and analyse samples, as without appropriate controls, extraneous contaminants 
will inevitably be assumed to be part of the intrinsic flora. 
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INTRINSIC BACTERIA IN MEAT 369 

In papers which report that a comparatively large intrinsic flora is commonly present, 
there is agreement that Gram positive cocci are the major contaminating bacteria. 
Where more detailed identification was done, the predominant genera were variously 
reported as staphylococci (Reith 1929; Vanderzant & Nickelson 1969), streptococci 
(Lepovetsky et al. 1953; Robinson et al. 1953), or micrococci (Barnes & Ingram 1955). 
The proportion of animals found to contain intrinsic bacteria at densities from lo2- 
104/g varied from 30 to 100% (Tables 1, 2 and 3). The majority of these results were 
obtained from samples removed from commercial carcasses. The exception is the work 
of Reith (1929), who found that high proportions of rabbits, guinea-pigs and pigs, 
harboured intrinsic bacteria in muscle taken from both live animals and carcasses. The 
observation of intrinsic bacteria in live animals was contradicted by Jensen & Hess 
(1941), who failed to isolate organisms from the muscle of live pigs, although the 
muscles from the same animal carcasses were contaminated after slaughter. All workers 
flamed or seared samples before excising tissue with sterile instruments. Flaming of 
samples is not however a reliable technique for destroying external contaminants: a 
success rate of only 70% was reported by Haines & Scott (1940) and Sharp (1963). 
None of the workers who found intrinsic bacteria appears to have evaluated the efficacy 
of their aseptic techniques and simply assumed zero contamination. This would seem to 
be a major procedural error, as, irrespective of origin, a single colony on a spread plate 
would be reported as representing up to lo2 intrinsic bacteria/g of tissue. 

It is often considered that the spoilage condition ‘bone-taint’ indicates that intrinsic 

TABLE 2 

Reports on the bacteriological condition of deep tissues in sheep and pigs 

Positive 
No. of Tissue an i m a I s Bacteria Bacteria/g 

animals examined (”/I isolated of tissue Reference 
~~~ ~ 

Sheep 
11  Muscle 36 Staphylococci 

68 Muscle 0 0  
Lymph nodes 0 0  

N.S. Muscle 0 0  
N.S. Muscle 0 0  

lo2 Vanderzant & 
Nickelson (1969) 

0 Gill et a/. (1978) 
0 
0 Zender et a/. (1958) 
0 Radouco-Thomas 

e t a / .  (1959) 
Pigs 

6 Muscle 100 Staphvlococci, Gram ‘low Reith (1929) . .  
positive rods, etc. numbers’ 

etc. (1941) 
6 Muscle 66 Clostridia, Achromobacfer, N.D. Jensen & Hess 

Blood 0 0  0 
Muscle before 0 0  0 

slaughter 
12 Muscle 42 Staphylococci lo2 Vanderzant & 

Nickelson (1969) 

(1970) 

et a/. (1959) 

7 Muscle 0 0  0 Hasegawa el a/. 

N.S. Muscle 0 0  0 Radouco-Thomas 

N.S., not stated; N.D.. not determined. 
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3 70 C. 0. GILL 

TABLE 3 

Reports on the bacteriological condition of deep tissues in some other mammals 

Positive 
No. of Tissue animals Bacteria Bacteria/g 

animals examined (%I isolated of tissue Reference 

6 Muscle 

10+ Muscle 
Liver 
Blood 

‘5/d’ Muscle 
N.S. Muscle 

6 Muscle 

10 Muscle, 

40+ Muscle 
liver, etc. 

N.S. Muscle 

N.S. Muscle 

48+ Muscle 

6 0  

50 
20 
0 
0 
0 

90 

0 

0 

100 

0 

100 

Rabbit 
Staphylococci, Gram 

positive rods, 
Clostridium perfringens 
CI. perfringens 
0 
0 
0 

Guinea-pig 
Staphylococci, Gram 

0 
positive rods 

0 

Gram positive cocci and 

0 

Horse 

rods, clostridia 

Whale 
Streptococci, clostridia 

‘low Reith (1929) 

‘very small’ Schweinburg & 
‘very small’ Sylvester (1953) 

numbers’ 

0 
0 Zender et 01. (1958) 
0 Radouco-Thomas 

er 01. (1959) 

‘low Reith (1929) 
numbers’ 

0 Schweinburg & 

0 Gill et 01.  (1978) 
Sylvester (1953) 

lo4 Barnes & Ingram 

0 Radouco-Thomas 
(1955, 1956) 

ef al. (1959) 

10’ Robinson er 01. 
(1953) 

N.S.. not stated. 

bacteria are commonly present in carcasses. ‘Bone-taint’ is a term used by workers in 
the meat industry to describe spoilage of deep tissues, often in the region of the hip joint, 
in cattle and in pork hams. In hams which have been injected (pumped) with brine, any 
deep spoilage is likely to result from the injection of extrinsic bacteria; it has been 
supposed that in unpumped hams and fresh meat the condition is due to the growth of 
intrinsic clostridia (Mundt & Kitchen 1951; Ingram 1952). Even ‘dry-cured’ hams are 
subject to considerable handling, which may include insertion of skewers to detect 
spoilage and injection of brine. Contamination from without cannot be discounted, so 
‘bone-taint’ of hams is not unequivocal evidence for the occurrence of intrinsic bacteria. 
In contrast, this fault in beef is found when carcasses are butchered after cooling. It is 
believed to develop because the carcass cooled too slowly after slaughter, allowing 
growth of anaerobes already present in the bone marrow, synovial fluid or lymph nodes 
(Moran & Smith 1929; Callow & Ingram 1955). It is obvious that some cases described 
as ‘bone-taint’ were due to clostridial infections of the hip joint (Haines & Scott 1940). 
This condition may arise because of injury to the joint in the living animal (Thornton 
1951; Joseph 1975). In other and more numerous cases the numbers of bacteria which 
were obtained from the tissues (lOz/g) were too low for them to be the cause of the 
spoilage condition, and the mixed populations indicate that contamination probably 
occurred during sampling (Cosnett et al. 1956; Nottingham 1960; Cardoulis et al. 
1976). Evidence has been presented for the occurrence of aseptic ‘bone-taint’ due to the 
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INTRINSIC BACTERIA IN MEAT 371 

accumulation of volatile fatty acids in the tissues (Shank et al. 1962). It is clear that 
more than one condition is encompassed by this term, and it is possible that with beef 
carcasses a considerable proportion of the conditions so described are not the result of 
bacterial growth in deep tissues. 

The sporadic and unpredictable occurrence of ‘bone-taint’ in beef has resulted in this 
condition being investigated only cursorily. Moreover, the carcasses involved have 
usually been in the process of being butchered when the condition was discovered, which 
must prejudice the subsequent microbiological examination. It would therefore be rash 
to draw conclusions about the microbiological condition of tissue from healthy animals 
from such slight and generally unsatisfactory evidence. 

Sterile meat has been obtained routinely by the use of surgical aseptic techniques for 
the slaughter of animals and excision of tissue (Zender et al. 1958; Ockerman et al. 
1969; Hasegawa et al. 1970). Using similar techniques without extreme precautions 
during excision, lightly contaminated samples (30 bacteria/g) were obtained (Borton et 
al. 1968). It has since been shown that muscle tissue from commercial carcasses is 
sterile if care is taken during sampling, the outer contaminated layers being first 
removed either by surgical techniques or by deep searing of the tissue with a hot 
template (Buckley et al. 1976; Gill et al. 1978). In much of this work further 
experimentation with prolonged incubation of large samples excluded the possibility that 
the presence of very small numbers of intrinsic bacteria was overlooked. In addition to 
this work on mammals, there is also evidence that the flesh of fish and birds is usually 
sterile (Herbert el nl. 1971; Mead et al. 1973). 

The comparative ease with which sterile tissue can be obtained routinely from 
carcasses must lead to the conclusion that results showing a large heterogeneous 
population of intrinsic bacteria in a high proportion of animals are due to contamination 
of samples during manipulation, particularly as the bacterial species most frequently 
reported are all common organisms. This contamination could be due to several factors. 
Removal of tissues from commercial carcasses without use of aseptic procedures’ is 
unlikely to be satisfactory for minimizing contamination. These samples must then be 
moved to the laboratory, and it has been shown that delay between collection and 
sampling of tissue increases the risk of contamination (von Stuker et al. 1977). Finally, 
burning of the tissue surface with a flame will not reliably sterilize the surface, as it is 
necessary to burn or cut away the tissue to a depth of several millimetres. With whale 
meat there is the additional factor that the conditions under which the animal is killed 
and butchered are so divorced from the usual situation in which farm, and even game 
animals are killed as to have little relevance to the microbiological condition of other 
animal carcasses. Therefore the findings with whales cannot be considered as proof of 
the widespread occurrence of intrinsic bacteria in other meat animals. 

The question of the presence of Clostridium spp. in animal tissues has received 
particular attention because of the potential of members of this genus to cause disease in 
animals and food poisoning in humans. Some workers, who were specifically concerned 
with isolation of clostridia and found them to be present in a high proportion of animals, 
also indicated that large numbers of other organisms occurred in their samples (Smith & 
Jasmin 1956; Narayan 1966). Such results are not essentially different from those of 
workers who have reported a high rate of contamination with mixed bacterial 
populations, which suggests Contamination had occurred during sampling. There are 
also reports, however, of small numbers of clostridia, largely unaccompanied by other 
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372 C .  0. GILL 

bacterial species, in the tissues of a minority of beef carcasses (Canada & Strong 1964; 
Moran et nl. 1973; Zagaevskii 1973). In addition, Schweinburg & Sylvester (1953) 
reported that small numbers of clostridia occurred in tissues from 80% of dogs and 40% 
of rabbits, although they found that the tissues of rats, guinea-pigs and hamsters were 
sterile. The occurrence of a form of intrinsic contamination by small numbers of 
clostridia cannot therefore be discounted. The possible sources, mode of entry, and 
ability to survive of such bacteria must be considered. 

3. Mode of Entry of Bacteria into Deep Tissues 
A .  Ante-mortem invasion 

Bacteria can invade the body through lesions and through undamaged mucosal surfaces 
during the life of the animal. This invasion will be countered by the body’s immune 
defence mechanisms (Wilson & Miles 1975). That this normally controllable invasion 
occurs is evidence from the susceptibility to infection by opportunistic bacteria of 
patients with defects in antimicrobial defence mechanisms (von Graevenitz 1977). The 
contamination of the tissues of living animals by clostridial spores is of particular 
interest. This phenomenon has been investigated in connection with the aetiology of 
necrotic hepatitis in animals. This disease is caused by the growth of Clostridium 
oedemntiens (novyi) in necrotic tissue resulting from liver fluke infection (Jamieson 
1949). Spores may be present in the livers of a majority of healthy animals, particularly 
if they originate from an area where the disease is known to occur (Jamieson 1949; 
Wallace 1966; Bagadi & Sewell 1973a). The disease can be induced by initial infection 
with flukes, followed by oral administration of spores two weeks later. Spores given to 
animals with no fluke infection do  not cause disease, but they can be isolated from the 
liver and spleen for several weeks after being administered (Bagadi & Sewell 1973b). 
Spores given orally to sheep were recovered from the mesenteric lymph nodes cn. 12 h 
later and in the liver and spleen after 24 h. The blood and other tissues did not become 
contaminated, suggesting that the spores were disseminated via the lymphatic system 
(Bagadi & Sewell 1974). Unfortunately, there does not appear to be any information on 
the proportion of spores reaching the tissues or their maximum time of survival, but this 
work shows that ingested clostridial spores can contaminate and persist in the visceral 
organs of symptomless animals. Although it has not been established that other 
clostridia can behave similarly, the spores of some pathogenic species, such as CI. 
septicum and CI. chnuvoei, have also been reported to occur in the livers of a large 
fraction of symptomless animals (Kerry 1964; Wallace 1966). Apparently other 
unresolved factors are required for disease to develop. Animals containing these spores 
may, therefore, be regarded as symptomless carriers, or alternatively, the spores could 
be considered to be a normal tissue flora of healthy animals and disease a result of 
opportunistic growth. 

B.  Invasion at the time of death 
The concept of ‘agonal’ invasion of the body by bacteria from the gut appears to have 
been introduced by pathologists to account for discrepancies between clinical and post- 
mortem studies of the bacteriological state of human tissues. It is possible to offer 
alternative explanations for these observations and the field has been the subject of a 
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INTRINSIC BACTERIA IN MEAT 373 

critical review by Koneman (1970). He concludes that there is no clear evidence for 
agonal invasion, but in at least half of all cases it does not occur. Other workers have 
also reported their inability to find evidence for agonal invasion (Nehring et al. 1971). 
Moreover, there must be doubt about the relevance to the state of carcasses from 
healthy animals slaughtered under hygienic conditions in the prime of life of 
observations of agonal invasion in human cadavers where death from disease has 
occurred at an advanced age. There is an isolated report that stripping of the mucosa 
from the intestinal wall occurs in sheep killed by shooting (Badawy et al. 1957). It has 
been suggested that this could allow gut bacteria to invade the blood-stream before 
circulation of blood ceased. As there is no direct evidence of agonal invasion in animals, 
it seems reasonable to conclude that it does not occur. 

With slaughtered animals there is also the possibility that micro-organisms can enter 
the blood-stream from contaminated instruments during sticking or pithing. There is 
strong evidence that this can occur (Empey & Scott 1939; Jensen & Hess 1941; 
Mackey & Derrick 1979). The subsequent importance of the relatively small numbers of 
bacteria that could gain entrance by this method would depend, however, upon the 
extent to which they are eliminated by immune defence mechanisms persisting after 
death. 

C. Post-mortem invasion 
Again, most of the evidence relating to this area is derived from autopsy studies. Since 
the beginning of the century there has been a tendency to assume that bacteria from the 
intestine invade and disseminate in human corpses soon after death. Several workers 
have shown, however, that there is no increase in the number of positive cultures from 
cadavers for several hours after death (Giordano & Barnes 1922; Minckler et al. 1966; 
de Jongh et al. 1968). Other workers have reported that such an increase does occur 
(Carpenter & Wilkins 1964) but a critical review of this work indicates that their 
methods of analysis resulted in erroneous conclusions. There is no evidence that post- 
mortem invasion from the gut occurs for at least 15 h after death (Koneman 1970). The 
absence of agonal and post-mortem invasion after sudden death is attested by the 
routine collection of cadaveric blood for transfusion in the U.S.S.R. (Tarasov 1960). 

There appears to be only one recent study of post-mortem migration of intestinal 
bacterial in animals. It was shown that tissues of uneviscerated carcasses remained 
sterile until rupture of the stomach released bacteria into the abdominal cavity (Gill et 
al. 1978). Bacteria cannot pass across the intestinal wall nor penetrate muscle tissue 
until there is considerable breakdown of the tissue structure. Similarly there is no 
movement of bacteria longitudinally within the intestinal wall until tissue breakdown is 
well advanced (Kellerman et al. 1976; Gill et al. 1976; Gill & Penney 1977). There is 
therefore no mechanism by which bacteria can pass from the intestine of dead animals 
to other tissues until at least several hours after death, the time involved being largely 
dependent on the temperature at which the carcass is stored. 

4. Bacterial Survival in Carcass Tissues 

The bacteriocidal action of blood, serum and lymph is well known (Miles & Misra 
1938; Davis & Wedgewood 1965; Martinez 1976). It would be expected therefore that 
bacteria introduced to the carcass during slaughter would continue to be killed for a 
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3 74 C. 0. GILL 

period after the death of the animal. Bacteria injected into the blood-stream shortly 
before sacrifice of animals contaminate all tissues if large numbers are present (Labadie 
et al. 1977). Bacteria are destroyed, however, in the tissues during the first hour after 
death and can be completely eliminated. With some species the carcass can take an 
initial load of 102-103 bacteria/g and maintain tissue sterility, but a few Cl. perfringens, 
either vegetative cells or spores, can survive when the initial inoculum is as small as 
20/g. Surviving vegetative cells commence growth at 3OoC after 3 h, spores after 8 h 
(Gill & Penney 1979). These results are comparable with those obtained for the growth 
of bacteria in stored human blood (Braude et al. 1952). 

Carcasses from normal healthy animals would appear to have considerable residual 
ability to maintain tissue sterility. It has often been stated, however, that meat from 
‘stressed’ animals is more likely to contain and be susceptible to spoilage by intrinsic 
bacteria (Narayan 1966; Ingram & Dainty 1971; Thornton & Gracey 1974; Lawrie 
1974). It is not always clear what is meant by the term ‘stress’ and mere physical 
exhaustion does not appear to allow bacterial invasion (Gill et al. 1978). There may be a 
basis for this suggestion, however, in the weakening of anti-bacterial defences resulting 
from prolonged haemorrhagic shock. It has been shown that death from haemorrhagic 
shock is due largely to the failure of the immune defence mechanisms (Ravin & Fine 
1962; Cuevas & Fine 1972). Other forms of stress may similarly depress the immune 
defence mechanisms (McFarlane & Hamid 1973; Feigin & Shearer 1975). Bacteria 
which gain entry to the tissues may, therefore, survive in some severely stressed animals, 
whereas a similar input of bacteria would be eliminated rapidly in the normal animal 
(Frank et al. 1961). This may also explain the large number of contaminated tissue 
samples obtained from many human corpses as compared with animal carcases, as 
many humans would have been under prolonged physiological stress before death. 

5. Conclusions 
There seems to be little doubt that failure of aseptic techniques has led to an 
exaggeration of the occurrence of intrinsic bacteria in carcasses from meat animals. It is 
likely, however, that deep tissues of some normal healthy animals are contaminated with 
small numbers of clostridia. Species of these bacteria commonly occur both in the 
animal gut and the soil. They are resistant to bacteriocidal activities of blood and tissue 
fluids. As post-mortem invasion of carcass tissues by intestinal bacteria does not occur 
until many hours after death and there is no convincing evidence for the occurrence of 
agonal invasion by intestinal bacteria, intrinsic bacteria must either be present in the 
tissues before death or be introduced into the blood-stream during the slaughtering 
process. It is clear that clostridial spores can reach the livers of healthy animals during 
life. The extent of such contamination, the persistence of spores in the liver, and the 
species involved need to be more clearly defined. Any role that these spores may play in 
spoilage of deep tissues at ambient temperatures cannot be assessed on the evidence 
available at present. Muscle tissue is not usually contaminated by clostridial spores 
during life, however, so any intrinsic flora in this tissue is probably introduced during the 
slaughtering process. These modes of entry could account for the wide difference in 
results obtained by workers who have reported the presence of small numbers of 
intrinsic clostridia, as the proportion of live animals with livers contaminated by spores 
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is greatly increased in areas where clostridial diseases are prevalent, and the extent t o  
which the blood-stream was  contaminated during slaughter would obviously vary with 
abattoir conditions and procedures. 

In practice, intrinsic bacteria d o  not appear t o  be  an important problem for meat 
hygiene. The assumption that  they a re  ubiquitous in carcass tissues has, however, led t o  
the promulgation of hygiene regulations designed to  limit their invasion and subsequent 
growth. Some of these regulations are  obviously based on false premises; for example, 
requirements for rapid evisceration after slaughter appear t o  assume that post-mortem 
invasion by bacteria from the intestine can  occur. The application of such hygiene 
regulations can lead to  needless wastage of sound carcasses, a result which benefits n o  
one. It is clear that further work is required to  determine the nature, incidence and 
spoilage potential of intrinsic bacteria if sensible practices are t o  be adopted t o  limit their 
occurrence and control any undesirable effects which may arise in carcasses from meat 
animals. 
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