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ABSTRACT: A total of 600 random samples were originated from 100 lamb carcasses, judged as fit for 
human consumption, directly after slaughter from Ismailia Central Abattoir. Sterile technique was followed 
during sampling of lamb carcasses. Each carcass was represented by six samples: liver, hepatic lymph node, 
gall bladder, lower part of small intestine, mesenteric lymph node and muscular portion of the diaphragm. 
The mean values of aerobic plate counts for liver, hepatic lymph node, gall bladder, intestine, mesenteric 
lymph node and muscle were 5.0x104, 1.1x105, 3.5x105, 2.6x106, 4.9x105 and 3.3x104 cfu/g, respectively. 
544 out of 600 (90.6%) lamb samples were positive for the presence of Enterobacteriaceae group. The most 
recoded positive samples were the samples of intestine (18.4%) and mesenteric lymph node (18.4%), while 
the lowest recorded sample was muscle sample (14%). The mean values of Enterobacteriaceae counts for 
liver, hepatic lymph node, gall bladder, intestine, mesenteric lymph node and muscle were 3.0x102, 2.0x103,
1.6x102, 4.0x104, 5.0x103 and 7.0x10 cfu/g respectively. 655 Enterobacteriaceae strains could be isolated 
from the examined samples at different rate. Three strain of Salmonella and 424 strains of E. coli could iso-
lated and serotype from the examined lamb carcasses samples. The significance of the obtained results and 
public health important of the isolated Enterobacteriaceae strains were discussed. 
 

INTRODUCTION 
 

Lamb is one of the desirable components of the Egyptian diet especially in certain 
religious celebration, supplying variable percentage of calories, protein and fat. It is also 
nutritious substrate supporting the growth of wide range of microorganisms. Lamb car-
casses are easily contaminated with microorganisms during slaughtering processes, and 
support their growth if not properly processed and preserved. Mishandling and improper 
preservation allow microbial proliferation; increase the potential for presence of patho-
genic bacteria and formation of toxins which may lead to meat spoilage and public health 
problems (Sofos, 1994 and Sofos et al., 1999). The extent and types of contamination of 
lamb carcasses mainly depend on sanitation and hygienic procedures during slaughter and 
fabrication processes. Aerobic plate count is commonly recommended as microbiological 
method estimating the food quality and shelf-life. Their counts assessed on the fresh lamb 
carcasses by values ranged between 5 log10 -7 log10 cfu/cm2 (Sajida et al., 1982; Al-
Aboudi and Hamed, 1988) and on frozen lamb carcasses by value of 3.92 log10 cfu/cm2

(Vanderlinde et al., 1999). 
Family Enterobacteriaceae are wide spread in a variety of hosts including verte-

brate, invertebrates and higher plants but the most important group from the hygienic 
points of view grow chiefly in the lower gastrointestinal tract of human and animals (Davis 
et al., 1990). They can be regard as indicator and index organisms as there are close corre-
lation existing between the Enterobacteriaceae counts and extend of fecal pollution (Hayes, 
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1992). The contamination of lamb carcasses by the members of family Enterobacteriaceae 
is inevitable but can be limited. Mousa and Yassien (1987) accomplished a study to deter-
mine the prevalence of Enterobacteriaceae among lamb slaughtered at Damanhour abat-
toir-Egypt. The study revealed that the enteric groups were commonly isolated from both 
of the hepatic and mesenteric lymph node at rate of (20.5%) followed by liver (18%), mus-
cles (15.6%) and intestine (15.4%). Ibrahim (1993) determined the surface count of En-
terobacteriaceae for lamb carcasses freshly slaughtered at Sharkia abattoir- Egypt. Entero-
bacteriaceae count, which observed immediately after pelting was increased after eviscera-
tion where it ranged between 1.1 to 2.1×105 cfu/cm2; such minimum contamination re-
corded in the abattoir was increased by delivery to butcher's shops. The author added that 
the strains could be isolated from the examined surfaces at different stages of preparation 
with varying percentages (4-40%). 

Salmonella spp. and E. coli are the most important members of the Family Entero-
bacteriaceae where they have a public health concern, they isolated from the lamb car-
casses judged as wholesomeness and pass for human consumption (Bernardo and 
Machado, 1990). Their presence in food generally indicates direct and/or indirect contami-
nation of food from faecal origin (ICMSF, 1987). The presence of such pathogens may be 
the causes of food-borne disease that may lead to loss of human life (Sofos, 1994). There-
fore, the present study was planned in order to develop a microbiological profile of lamb 
carcasses produced for domestic consumption within the Ismailia governorate by determi-
nation of aerobic plate counts, Enterobacteriaceae counts and identification of the most iso-
lated strains. Moreover, the microbiological data were used to validate the hygienic status 
of the abattoir. 
 

MATERIALS AND METHODS 
Samples Collection 

A total of 600 samples were randomly collected from 100 lamb carcasses (9 
months old and 25±5 Kg weigh) directly after slaughter from Ismailia Central Abattoir.  
All carcasses were judged as fit for human consumption from veterinary point of view. 
Sterile technique was followed during collection and preparation of lamb samples. Each 
carcass was represented by six samples: liver (caudate lobe), and the whole of each of the 
hepatic lymph node, gall bladder in addition to the lower part of small intestine with mes-
enteric lymph node and muscular portion of the diaphragm. Each sample was placed in la-
beled sterile plastic bag and stored in icebox until delivered to laboratory for bacteriologi-
cal evaluation. 
Samples Preparation 

10 gram from each sample was placed in sterile stomacher bag contained 90 ml of 
0.1% sterile peptone water and homogenized for 2 minutes using Stomacher (Seward labo-
ratory services, Auckland). From the obtained dilution (10-1), further serial decimal dilu-
tions were prepared up to 106 dilutions of the original samples. 
 



Yassien, M. A.; Ahmed, A.M.; Elias, S. S. and Ahmed, A. M. 

J. Saudi Soc. for Food and Nutrition., Vol. 2, No. 2; 2007 

20

Microbiological Analysis 
The microbiological analysis undertaken using the techniques recommended by 

APHA (1992) to determine the total aerobic counts, Enterobacteriaceae count (Murthy, 
1984), biochemical and serotyping investigation of the isolates (Quinn et al., 1994). 

 
RESULTS AND DISCUSSION 

Aerobic Plate Counts 
The published information on the microbiological quality of Lamb is very little 

when compared to other meat kinds (Vanderlinde et al., 1999). In this study, the mean val-
ues of aerobic plate counts for liver, hepatic lymph node, gall bladder, intestine, mesenteric 
lymph node and muscle were 5.0×104, 1.1×105, 3.5×105, 2.6×106, 4.9×105 and 3.3×104

cfu/g, respectively (Table 1). The obtained results were confirmed by Bhagirthi et al.
(1983), while higher level of APC was recorded by Biss and Hathaway (1995) and lower 
level of APC was recorded by Al-Aboudi and Hamed (1988). Sheep fleeces are one of the 
most important sources for carcass surfaces contamination during hide removal (Bell et al.,
1993). Carcasses derived from slaughtered sheep with faecal soiled fleeces have been 
shown to carry up to 1000 times more microorganisms than carcasses derived from visu-
ally clean sheep (Hadley et al., 1997).  Other sources, including air, water, soil, intestine, 
lymph nodes, processing equipment, utensils and human being contribute to the microbial 
contamination of the sterile muscles of healthy animals during slaughter and further proc-
essing and handling techniques (Bell, 1997; Gill, 1998). Thus, microbial contamination of 
meat during various stages of preparation by aerobic bacteria may lead to economic losses 
as results of meat deterioration. 
 
Table 1. Mean, minimum and maximum values of total aerobic plate counts (CFU/g)* for lamb sam-

ples. 
Samples Mean Minimum Maximum Standard error 
Liver 5.0×104 7.0×102 4.9×106 2.7×104

Hepatic lymph node 1.1×105 1.3×103 6.3×106 8.0×103

Gall bladder 3.5×105 3.0×102 2.4×107 3.1×103

Intestine 2.6×106 1.2×104 7.5×108 2.3×105

Mesenteric lymph node 4.9×105 3.0×104 3.0×107 3.3×103

Muscle 3.3×104 2.0×102 8.7×105 2.0×104

* (CFU/g) = Cell Forming Unit/gram of examined sample. 
 
Enterobacteriaceae Counts 

It was reported that there is a close relation between the total numbers of family 
Enterobacteriaceae and extent of faecal pollution particularly in relation to contamination 
by salmonella (Hayes, 1992). Positive samples for Enterobacteriaceae are shown in Table 
2, revealing that out of 600 examined lamb samples; 544 (90.6%) were contaminated by 
members of the Enterobacteriaceae family. The diaphragmatic muscle's samples represent 
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the lowest percentage (14%) among the contaminated samples; meanwhile the intestines 
with its mesenteric lymph node constitute the highest percentage of contaminated samples 
(18.4%). The individual percentage fot hepatic systems were 15.4%; 16.2%and 17.6% for 
each of gall bladder, liver and the hepatic lymph node, respectively. The mean values of 
the count of Enterobacteriaceae for liver, hepatic lymph node, gall bladder, intestine, mes-
enteric lymph node and muscle were 3.0×102, 2.0×103, 1.6×102, 4.0×104, 5.0×103 and 
7.0×10 cfu/g, respectively (Table 3). The bacterial profiles of the group of Enterobacteri-
aceae isolated from the examined samples are shown in Table 4. Strains of Citrobacter 
freundii, Citrobacter diversus, Enterobacter aerogenes, Enterobacter agglomerans, Es-
cherichia coli, Klebsiella pneumoniae, Morganella morganii, Proteus mirabilis, Proteus 
vulgaris, Providencia rettegerii and Serratia marcescens could be recovered from the ex-
amined samples with different levels. Other investigators recorded Enterobacteriaceae 
counts on the sheep carcasses and edible offal by different levels (El-Daly, 1983; Mousa 
and Yassien, 1987; El-Mossalami et al., 1988; Hafez et al., 1994). In general, the muscles 
of live healthy animals are sterile, while lymph nodes, some organs and, especially, sur-
faces exposed to the environment, such as external hide, fleece, mouth and gastrointestinal 
tract carried extensive contamination (Gill, 1998). Such meat contaminations may have a 
potential capacity to cause human food poisoning. Citrobacter freundii has been incrimi-
nated in human urinary tract and other pyogenic infection (Krige and Holt, 1984). Kleb-
siella spp. was implicated in different health problems for human (Pyatkin and Krivoshein, 
1980). 
 
Table 2. Number and percentage of positives samples for Enterobacteriaceae on lamb samples. 
 

Positives samples for Enterobacteriaceae Samples No. % 
Liver 88 16.2 
Hepatic lymph node 96 17.6 
Gall bladder 84 15.4 
Intestine 100 18.4 
Mesenteric lymph node 100 18.4 
Muscle 76 14 
Total 544 90.6 

Table 3. Mean, minimum and maximum values of counts of Enterobacteriaceae (CFU/g)* for lamb 
samples. 

Samples Mean Minimum Maximum Standard error 
Liver 3.0×102 < 102 9.0×104 1.2×102

Hepatic lymph node 2.0×103 < 102 3.4×105 1.1×102

Gall bladder 1.6×102 < 102 5.0×103 1.1×102

Intestine 4.0×104 8.0×103 2.8×107 3.2×104

Mesenteric lymph node 5.0×103 2.0×102 2.7×106 9.0×102

Muscle 7.0×10 <102 2.3×103 5.0×10 
* (CFU/g) = Cell Forming Unit/gram of examined sample. 
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Table 4. Frequency distribution of isolated strains of Enterobacteriaceae among lamb samples. 
 Liver 

F %
H. L.N.*

F %
Gall Blas. 
F %

Intestine 
F %

M. L.N.**

F %
Muscle 
F %

Citrobacter diversus 2 2.2 2          2.1 4 4.6 11       6.5 4        2.9 2        2.6 

Citrobacter freundii 4 4.5 2          2.1 12       13.8 7         4.1 3        2.2 0          0 

Enterobacter aerogenes 0 0 0 0 4 4.6 8         4.7 6       4.4 1        1.3 

Enterobacter agglomerans 11      12.2 14      14.6 3 3.4 15        8.8 13      9.6 0          0 

Escherichia coli 58      64.4 66      68.7 51       58.6 96      56.5 84    61.8 69    90.9 

Klebsiella pneumoniae 4 4.5 3          3.1 0 0 0 0 1 0.7 1        1.3 

Morganella morganii 2 2.2 4         4.2  0           0 0           0 3       2.2 0          0 

Proteus mirabilis 5 5.6 3          3.1 6 6.9 15        8.8 8       5.9 2        2.6 

Proteus vulgaris 3 3.3 2         2.1  4         4.6 10        5.9 11      8.1 0          0 

Providencia rettegerii 1 1.1 0            0  2         2.3 5          2.9 3       2.2 0          0 

Serratia marcescens 0 0 0 0 1 1.2 3          1.8 0         0 1        1.3 

Total 90      100 96       100 87       100 170    100 136   100 76     100 

* H.L.N.  = Hepatic Lymph Node. 
**  M.L.N. = Mesenteric Lymph Node. 
 
Salmonella and Escherichia Serotypes 

Live animal are often highly contaminated or are asymptomatic carriers of patho-
genic bacteria (Latellier et al., 1999). In the present study, pathogenic strains of salmonella 
and E. coli isolated from the lamb carcasses samples. Results of Table 5 revealed that the 
percentage of lamb carcasses carrying salmonella directly after slaughter was 3%. The 
positive samples for salmonella were the intestine and its mesenteric lymph node samples. 
Moo et al. (1980) stated that mesenteric lymph nodes are considered as the reservoirs of 
salmonella in sheep. Two Salmonella strains could be identified as Salmonella enteritidis 
(2%) and Salmonella typhimurium (1%). Similar results were nearly obtained by Sinell et 
al, (1984); Ismail and El-Seedy (1989) and Sierra et al (1995), attempts to isolate Salmo-
nella before were failed neither from lambs locally slaughtered inside (Mousa and Yassien, 
1987) nor outside Egypt (Khurana and kumar, 1993). 
 
Table 5.  Antigenic analysis and formula for isolated strains of  salmonella from iamb carcasses. 

Antigenic Structure Samples Isolates 
No. 

Serotype Incidence 
% Group Somatic Phase I Phase 2 

Mesenteric 
lymph node 

100 S. enteritidis 2 D1 1, 9, 12 G, m - 

Intestine 100 S. typhimurium 1 B 1, 4, (5), 12 I 1, 2 
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The presence or absence of salmonella in meat are basically dependant on sources 
of contamination of slaughter hall from previous infected animal beside that, salmonella 
can survive on slaughter house tools, in plant environment and subsequently contaminate 
other carcasses (Riemann and Bryan, 1979). Moreover, post-processing contamination of 
meat by salmonella from other materials combined with inadequate temperature storage is 
the interpretation to the salmonellosis is most reportedly outbreaks of food-borne illness 
(Bryan, 1978, 1980). 

E. coli is a common organism found in the intestinal tract of humans and animals. 
Most E. coli do not cause disease in humans; but certain strains may cause diarrhea disease 
or more serious forms of illness. The antigenic analysis of E. coli recovered from the sam-
ples obtained from the slaughtered lamb is shown in Table 6. The recovered strains mainly 
recorded from the intestine and mesenteric lymph node samples. The identified serotypes 
for Enteropathogenic E. coli (EPEC) were 7 (1.7%) of O114; 8 (1.9%) of O026; 9 (2.1%) of 
O128; 6 (1.4%) of O126 and 14 (3.3%) of O119. Serotypes of Enterotoxogenic E. coli 
(ETEC), Enteroinvasve E. coli (EIEC) and Enterohaemorrghic E. coli (EHEC) were not 
detected. 
 
Table 6.  Antigenic analysis and formula for isolated E. coli from lamb carcasses. 
 

Serotypes 
 

Liver H. N.* Gall Bl. Intestine 
 

M. N.** Muscle 
Strains 

 No.          % 

I Typable EPEC        

O026 

O114 

O119 

O126 

O128 

-- 

-- 

1

-- 

-- 

 

-- 

-- 

-- 

-- 

-- 

 

-- 

-- 

-- 

-- 

-- 

 

6

3

8

3

6

2

3

5

3

3

-- 

1

-- 

-- 

-- 

 

8

7

14 

6

9

1.9 

1.7 

3.3 

1.4 

2.1 

ETEC -- -- -- -- -- -- ND*** 0

EHEC -- -- -- -- -- -- ND*** 0

II Untypable Autoagglutinable 
(Rough Colonies) 

 380 89.6 

* Hepatic node. 
** Mesenteric node. 
*** ND = not detectable. 
 

The strain bearing O157 antigen was not detected among the sorbitol- negative 
E.coli isolates. Doyle (1991) recorded that the incidence of this strain on lamb carcasses is 
very low. It is worthy to record that 380 (89.6%) isolates of E .coli were autoagglutinable 
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rough colonies so considered untypable. Many strains of E. coli are recognized as patho-
genic strain for humans to varying degree. Enteropathogenic E. coli (EPEC) cause severe 
diarrhea in infants, the second group (ETEC) also cause diarrhea in both adults and infants 
and usually succumbing to the world wide illness known as traveler's diarrhea. Moreover, 
their enterotoxins had been implicated in several of infection with water as well as a wide 
range of various meats. The strains of the third group (EIEC) and the final group (EHEC) 
have been implicated in server illness like colitis, bloody dysentery and hemorrhagic ure-
mic syndrome (Ryan, 1986; Olsvik et al., 1991). Sheep pins and lairages are the most fre-
quently contaminated sites for E. coli especially at unloading ramp floors, holding pen 
floors and water troughs (Small et al., 2002). 
 

CONCLUSION 
 

The present work revealed that the bacterial contaminations of the lamb carcasses 
during various stage of processing are inevitable. Abattoir structure and poor sanitation 
may have great influence on the carcasses contamination by different kinds of microorgan-
isms specially Enterobacteriaceae group. Presences of human pathogens as Salmonella spp. 
and E. coli in lamb carcasses are a message to the authority in concern to assist plants to 
improve performance of slaughter and dressing techniques as such pathogens were isolated 
from meat judged as fit for human consumption. Application of Hazard analysis and criti-
cal control point (HACCP) systems in meat production establishments aid in identifying 
and evaluate the meat safety hazards. HACCP provides a quality control tool designed to 
replace or supplement traditional meat inspection. 
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