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ABSTRACT 

This study was carried out a fresh meat immediately after slaughter and a marketed processed cattlemeat (sausage and 
minced meat). A total of 530 meat samples were examined for the presence of Cl. perfringens, 423 were from fresh 
meat obtained immediately after slaughtering (108 cattle meat, 101 sheep meat, 100 camel meat and 114 buffaloe meat) 
and 107 processed meat (57 from sausage and 50 from minced meat). Cl. perfringens was isolated from 204 (48.2%) of 
fresh meat samples, 61 (56.5%) from cattle, 53 (52.5%) from sheep meat, 45 (45%) from camel meat and 45 (39.5%) 
from buffaloe meat. The isolation rate of Cl. perfringens was higher in processed meat, it was isolated from 68 (63.6%) 
of which 45 (78.9%) from sausage and 23 (46%) in minced meat. The processed meat was found to harbour higher vi-
able count ranging between 4 × 102 - 7 × 106 Cl. perfringens cells/gm meat than that Fresh meat in which the number 
ranged from 102:5 × 106 cells/gm meat. Typing of isolated strains revealed that the majority of it was of Cl. perfringens 
type A, 2 of type B, 3 of type C and one type D. Sixty strains of Cl. perfringens type A were randomized and tested for 
heat resistance at 100˚C and the results were recorded. Production of enterotoxin by 10 strains of Cl. perfringens was 
performed by ligated ileal loop test in rabbits. It was done by injection of whole culture in skimmed milk, cell extracts 
and concentrated culture filtrates of the organism in the ileal ligated loop of rabbits and the results were recorded. 
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1. Introduction 

Members of genus clostridium are widely reconized as 
enteric pathogenes for man, domestic animals and wild-
life [1]. Cl. perfringens, anaerobic gram-positive bacte-
rium is ubiquitous in the intestinal flora of human and 
animals, and is also commonly isolated from environ-
mental materials such as soil and water [2]. Among ani-
mals and broilers only Cl. perfringens type A was re-
sponsible for disease outbreaks in broilers from 14 other 
bacterial isolates were studied [3]. The usage of term 
food “poisoning strains” as reported by [4] based on re-
sistance to 100˚C for one hour is fallacious and should be 
bonded and the term restricted to those strains known to 
be capable of producing enterotoxin. Cl. perfringens is a 
leading cause of food-borne poisoning in the USA [5,6]. 

Because of Cl. perfringens can be found almost eve-
rywhere, the source of the strain responsible for any out-
break of food posioning have to be considered. So, this 
study was carried out to reveal the percentage of Cl. per-
fringens isolation from freshly slaughtered and processed 
meat, typing of isolates, testing the heat resistance of 

some isolates and detection of the ability of some differ-
ent isolated strains to produce enterotoxin using the rab-
bitileal loop method. 

2. Materials and Methods 

Bacteriological examination of 423 fresh meat samples 
of different species of animals and 107 processed meat 
samples were done. The samples were firstly inoculated 
into prepared cooked meat media and incubated anaero-
bically at 37˚C for 48 hours. Then loopful form it was 
streaked on neomycin sulphate sheep blood agar plates 
and incubated anerobicaslly for further 48 hours. The 
growing suspected colonies were examined for their mor-
phological and cultural characters and picked up for pu-
rification and identification on sheep blood agar plates. 
Isolates were preserved on cooked meat broth. The mor-
phological, cultural and biochemical activities were re-
corded. Nagler reaction and toxin-antitoxin plate test 
were done according to [7]. Strains identified as Cl. per-
fringens by cultural and biochemical tests were typed 
according to [8]. Sixty samples from which Cl. Perfrin- 
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gens type A was isolated, were used for viable count. 
Ten sample from meat of each species (cattle, buffaloes, 
camel and sheep) and ten from each of processed meat 
(sausage and minced) were taken as random samples. 
The preparation of samples and cultivation on tryptose- 
sulfite-cycloserine (TSC) agar medium forviable count 
done asmentioned by [9] and the results were recorded. 
Preparation of spore suspension of Cl. perfringens was 
done according to [10,11]. Determination of spores heat 
resistance was done according to [12]. The production of 
enterotoxin by 10 strains of Cl. perfringens was detected 
by ligated ileal loop test in rabbits. It was done by injec-
tion of whole culture in skimmed milk, cell extracts and 
concentrated culture filtrates of the organism in ileal 
ligated loop of rabbits [13-16]. 

Statistical analysis for data of loop fluid volume/length 
ratio of heat resistant and heat sensitive strains when 
whole cultues, cell extracts and cell filtrates injected, was 
carried out according to [17]. 

3. Results 

The results of bacteriological examination of 423 fresh 
meat samples of different species of animals and 107 
marketed processed meat sample were illustrated in Ta-
ble 1. Cl. perfringens was isolated from 204 samples of  

fresh meat (48.23%) and from 68 samples of processed 
meat (63.6%) Total viable count of Cl. perfringens car-
ried out by plate count dilution method on tryptose-sul-
phitecycloserine agar (TSC) medium where Cl. perfrin-
gens developed the characteristic black colonies. 

The statistical analysis of Table 1 revealed that: 
In fresh meat: 
Correlation coefficient = −0.764 (strong reverse corre-

lation); 
P-value = 0.685 i.e. P > 0.05 (significant difference). 
In processed meat: 
Correlation coefficient = −1 (strong reverse correla-

tion). 
P-value = 0.577 i.e. P > 0.05 (significant difference). 
The results of total viable count of Cl. perfringens 

were recorded in Table 2 which showed that consider-
able variation between fresh and processed meat samples 
in the viable count. 

Heat reisstant strains: sixty strains of Cl. perfringens 
type A were taken as random samples from all the iso-
lates, 40 isolates from fresh meat consisted of 10 from 
each species and 20 from processed meat, 10 from sau-
sage and 10 from minced meat. Each strain was inocu-
lated into D.S. medium for largest number of spore crops 
and highest resistance of spores [10]. The results were 
recorded in Table 3. 

 
Table1. The results of Cl. perfringens isolation in fresh and processed meat. 

Positive Negative 
Meat samples Number of samples 

No. Percentage % No. Percentage % 

     1) Fresh meat: 
Cattle 108 61 56.5% 47 43.5% 

Sheep 101 53 52.5% 48 47.5% 

Camel 100 45 45% 55 55% 

Buffaloe 114 45 39.5% 69 60.5% 

Total of fresh meat 423 204 48.2% 219 51.8% 

     2) Processed meat: 
Sausage 57 45 78.9% 12 21.1% 
Minced meat 50 23 46.0% 27 54.0% 

Total of processed meat 107 68 63.6% 39 36.4% 

To total of fresh and processed meat 530 272 51.3% 258 48.7% 

 
Table 2. Viable count of Cl. perfringens in fresh and processed meat samples. 

No. bact. cells/gm meat in different types of meat 
Serial No. of sample 

Cattle Camel Buffalo Sheep Sausage Minced meat 

1 4 × 103 3 × 103 11 × 102 1 × 102 4 × 102 2 × 103 

2 5 × 103 4 × 103 3 × 103 3 × 102 15 × 103 13 × 103 
3 1 × 104 1 × 104 1 × 104 2 × 103 24 × 103 15 × 103 

4 13 × 103 13 × 03 25 × 103 3 × 103 32 × 103 17 × 103 
5 13 × 103 4 × 104 21 × 103 3 × 103 7 × 104 2 × 104 

6 18 × 103 5 × 104 28 × 103 3 × 103 1 × 105 28 × 103 
7 28 × 103 51 × 103 11 × 104 4 × 103 14 × 104 3 × 104 

8 4 × 104 12 × 104 18 × 104 8 × 103 1 × 106 5 × 104 
9 18 × 104 3 × 106 3 × 105 1 × 104 11 × 105 2 × 105 

10 1 × 106 5 × 106 3 × 105 2 × 105 7 × 106 1 × 106 
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Table 3. The incidence of heat (100˚C) resistant strains of Cl. perfringens type A in fresh and processed meat. 

Heat resistance strains after boiling Total of positive
Strains origin No. of strains tested 

30 min 60 min 90 min 120 min 180 min 240 min No. % 
Cattle meat 10 - 4 - - - - 4 40% 
Camel meat 10 - - 2 - 2 - 4 40% 

Buffaloes meat 10 2* - - - - - - 0% 
Sheep meat 10 2* - - - - - - 0% 

Total of fresh 40 4* 4 2 - 2 - 8 20% 
Sausage 10 - 4 2 - 2 - 8 80% 

Minced meat 10 - 2 2 - 2 - 6 60% 
Total of processed 20 - 6 4 - 4 - 14 70% 

Total of fresh and processed meat 60 4* 10 6 - 6 - 22 36.7%
*Not heat resistant strain (heat sensitive strains). 

 
The average value for the data in Table 2 is: 
4 × 103:106 cells/gm in cattle meat. 
3 × 103 - 5 × 106 cells/gm in camel meat. 
11 × 102 - 3 × 105 cells/gm in buffaloe meat. 
102 - 2 × 105 cells/gm in sheep meat. 
4 × 102 - 7 × 106 cells/gm in sausage samples. 
2 × 103 - 106 cells/gm in minced meat samples. 
Detection of enterotoxin of Cl. perfringensby ligated 

ileal loop test: Six heat resistant strains of Cl. perfringens 
type A isolated from cattle and camel meat and four heat 
sensitive isolated from sheep and buffaloe meat were 
tested for enterotoxin production in ligated ileal loop of 
10 New-Zealand white rabbits. Each rabbit was used for 
testing three strains for a particular test sample i.e. Rabbit 
No. 1 for whole culture skimmed milk of 3 strains, no. 2 
for culture filtrate of the same strains, No. 3 for cell ex-
tract of the same strains and soon. The tenth rabbit was 
used for the 3 different test sample of one strain. Intralu-
minal injections of 2 ml test sample were done, animals 
were sacrificed 20 - 24 hours later. The length, dilatation, 
and fluid volume of the loop were measured to calculate 
the loop volume (ml)/length (cm) and their mean value 
ratio. The loop volume/length ratio for 6 heat resistant 
strains of Cl. perfringens enterotoxin in rabbit ileal loops 
inoculated with whole cultures skimmed milk were 0.8, 
0.9, 0.6, 0.9, 0.7, 0.5 respectively and their mean value 
were 0.73. The loop volume/length ratio for 4 heat sensi-
tive strains of the same cultures were 0.7, 0.9, 0.7, 0.6 
and their mean value were 0.73. The loop volume/length 
ratio for 6 heat resistant strains of cell extracts were 2.8, 
2.1, 2.5, 2.2, 2.6, 2.3 respectively and their mean value 
were 2.4. The loop volume/length ratio for four sensitive 
strains of the same cultures were one positive (2.4) and 
the other three strains negative. 

The loop volume/length ratio for 6 heat resistant strains 
of culture filtrates were 2.2, 1.3, 2.4, 1.4, 1.9, 1.4 respec-
tively and their mean value were 1.8. The loop volume/ 
length ratio for 4 heat sensitive strains of the same cul-
tures were 1.1, 1.7, 0.75, 1.3 and their mean value were 
1.2, and significant of these results were recorded in Ta-
ble 4. 

The gross appearance of positive loops revealed con-
gestion, petechae, haemrrhagic inflammation and swell-
ing of the loops due to accumulation of light brown to 
bloody fluids. 

4. Discussion 

Meat items, irrespective of species may be contaminated 
with spores of clostridia during the slaughtering process 
and the subsquent handling. Since Cl. perfringens is the 
normal flora of the intestinal tract of animals, contanima-
tion of the carcass from the intestinal contents, as well as, 
soil, dust or from worker is virtually unavoidable as sup-
ported by [2]. 

In this work, the incidence of Cl. perfringens in fresh 
meat of different species revealed that the cattle meat 
was the mostly contaminated 56.5% followed by sheep 
52.5%, camel 45% and buffaloe was 39.5% as in Table 1. 
These results vary too much between authers who re-
ported different percentage isolation. [12] reported that 
healthy cattle contained 29% Cl. perfringens while [18] 
proved that beef and lamb carcass 29% and 85% respec-
tively. [19] recorded that the incidence of Cl. perfringens 
in meat cattle samples was 38.4% while [18] the per-
centage of Cl. perfringens was 50%. However, although 
comparison could not be possible due to the fact that 
there is variation in hygienic standards in slaughtering 
and preparation of the carcass in every country. 

Cl. perfringens was isolated from sausage in 78.9% 
and from minced meat in 46% (Table 1). This high inci-
dence was previously recorded by [20,21]. Lower inci-
dence was reported by [22]. The difference between the 
percentage of isolation between fresh 48.2% and proc-
essed meat (sausage and minced meat) 63.6%, would 
attributed to higher contamination during processing, due 
to a number of factors such as handling, addition of 
spices and use of trimming and poor cuts of meat. 

The results obtained (Table 2) showed that total viable 
count of Cl. perfringens type A in sheep meat samples 
was the lowest, its total viable count ranged between (102 
- 2 × 105) organism/gm while the highest number was  
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Table 4. Mean value of loop fluid volume (ml) and length ratio of Cl. perfringens enterotoxin in rabbit injected with different 
materials. 

Challenge material 
Strains 

Cultures skimmed milk Cell extracts Culture filtrates 

Heat resistant 0.73 2.4 1.8 

Heat sensitive 0.73 0.6 1.2 

Statistical significant Non-significant Signficant difference Significant difference 

 
found in camel meat samples (3 × 103 - 5 × 106) organ-
ism/gm. On the other hand, the sausage showed that the 
highest level of contamination (4 × 102 - 7 × 106) organ-
ism/gm and minced meat was (2 × 103 - 106) organ-
ism/gm. This high incidence of contamination was ob-
tained in spite of the strict consideration rules taken dur-
ing sampling and forwarding samples to the laboratory. 
These counts were much higher than those reported by 
[23,24]. This may be due to the use of highly selective 
media of [25]. However, the high percent of contamina-
tion of processed meat (sausage and minced meat) have 
been previously attributed to unhygienic excessive han-
dling, additives and preservation. Also the high level of 
contamination in camel fresh meat may be due to that 
these animals are always driven to slaughter houses from 
long distance with rough treatment, subjected to starving 
condition and exertion which make the clostridia invade 
their tissue. Results obtained revealed that between 272 
strains of Cl. perfringens isolated from fresh and proc-
essed meat only 2 were type B, 3 were type C and one 
type D, and the rest were of Type A. This agree with [2] 
who mentioned that in a commonly used classification 
scheme, Cl. perfringens is divided into five toxin types 
(A to E) based on the production of four toxins (alpha, 
beta, epsilon and iota); however, this bacterium also pro-
duces ten other toxins such as Cl. perfringens enterotoxin 
(CPE), beta2 toxins, and theta toxin (also known at per-
fringolysin O or PFO). The other authors were studies 
more characterization of type A enterotoxigenic Cl. per-
fringens strains [3,26,27]. 

During this investigation 60 strains of the isolates were 
randomized for testing for heat resistance. From the iso-
lates of fresh meat 20% were heat resistant while from 
the isolates of processed meat it was 70% (Table 3). 
Similar Findings in the meat were reported by [23,28]. 

The total difference between the heat sensitive strains 
either the challenge was with whole culture, cell extract 
or cell filtrates (Table 4) was statistically significant, 
calculated F test = 11.152. These findings leads to a con-
clusion that heat resistant strains were able to produce 
exudation of fluid and consequent dilatation of the ileal 
segment more than that sensitive strains which means the 
ability to produce enterotoxin and this agree with [29], 
and not agree with that reported by [30]. The ability of 
some strains of Cl. perfringens isolated from the intesti-
nal contents of cattle, sheep and chicken with enteritis 

was examined by [31], of 114 strains examined, 24% 
were considered significant enterotoxin producer. Also, 
Table 3 concluded that only Cl. perfringens type A was 
responsible for necrotic enteritis outbreaks in broiler, 
where 14 bacterial isolates were studied. 

5. Conclusion 

This study showed that the isolation rate of Cl. perfrin-
gens was higher in processed meat (63.6%) than that 
fresh meat (48.2%). Also, the processed meat was found 
to harbour higher viable count than that fresh meat. Typ-
ing of isolated strains revealed that the majority of it was 
of Cl. perfringens type A. Production of enterotoxin by 
Cl. perfringens was performed by ligated ileal loop test 
in rabbits with different inoculations. The results re-
vealed that the tested strains of Cl. perfringens type A 
were enterotoxin producer in rabbits. 
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