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Abstract

This study was conducted to establish the microbiological contamination of
rabhbit carcasses, and assess the spread of foodborne pathogens in fresh and
frozeu rabbit meat. A total of 50 New Zealand white rabbits, 25 freshly
slaughtered rabbits from markets, farms and butcheries, as well as 25 frozen
rabbit carcases from local retail supermarkets in Gharbia governorate, were
collected for bacteriological examination. Neither Salmonella nor Clostridium
perfringens were detected in frozen rabbit meat, while only 4% and 8% of
fresh rabbit samples were contaminated with Salmonella typhimurium and
Clostridium perfringens respectively. Yersinia enterocolitica was one of the
most prevalent foodborne pathogenic bacteria investigated; it was detected on
4 samples (16%) of fresh rabbit carcasses and 2 samples (8%) of frozen rabbit
meat. The prevalence of Listeria monocytigenes on fresh rabbit carcasses were
16%, while it was isolated from 4% of frozen rabbit meat samples. Aeromonas
hydrophila were detected in 16% of freshly slaughtered rabbits, but not of
frozeri samples, with a mean count of 2.3 + 1.2 log CFU/g.; indicating that
fresh rabbit meat can act as a possible vehicle for the dissemination of
Aeronionas gastroenteritis. E. coli was the most investigated foodborne
pathouenic bacteéria; it was detected on 6 samples (24%) of fresh rabbit
carcasses, with a mean count of 2.4 + 1.3 log CFU/g; and 3 samples (12%) of
frozer: rabbit meat, with a mean count of 2.1 + 1.2 log CFU/g. The isolated
strains were 026:k60, 055:k59, 086:k61, 0114:k90, 0119:k69, 0126:K71,
0128:K67 and O142:k86 while E. coli 0157 was not detected. The high
microbial E. coli contamination found in carcasses suggests a.major public
healtk risk, probably due to enteropathogenic phenotypes O114, and 0119
strains. The prevalence of Staphylococcus aureus on both fresh rabbit
carca:ses and frozen rabbit meat samples was 8%, with a mean count of 3.1 +°
1.1 ard 2.2 + 0.8 log CFU/g, respectively. The present study concluded that
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rabbir carcasses and meat can contribute to micrqmﬂmgicm risk of food borse
paﬂlogens. Consequently, strict maintenance of good practices of slaughter
hygiere, strengthened by maintaining the cold chain during transport,
distribution and carcass commercialization is of central importance to ensure
both public health protection and meat quality.

Introduction

Rabbits are an important source of meat, especially in Mediterranean
count:ies; rabbit meat is a common item in the diet. According to the Food
and Agriculture Organization (FAQO) of the United Nations, world rabbit
meat production is estimated to be over 1.4 million tons annually. In 2006,
the major producer was China (500,000 tons), followed by Venezuela, Italy,
Egypt; Spain, and France.

Rabbit meat is appreciated for its nutritional and dietary properties (14):
its lipids are highly unsaturated (60% of total FA), high in protein content
(20-21%), low in cholesterol and sodium and rich i potassium, phosphorus
and magnesium (43 and 3). ‘ '

In view of food-borne diseases, the impact of latent zoonoses has
increased in recent years (17). The healthy animal thereby represents a
reservoir for food-borne pathogens, because fecal carriage is correlated with
the probability of carcass contamination, these pathogens may enter the food
chain during slaughter. Beside bacteria originating from the animals (hide,
feet and intestine), pathogens may enter the food chain by cross-
contaraination from various environmental sources during slaughter and
proce:sing. _

Even though rabbit carcasses have basically the potential to carry
pathogenic bacteria and rabbit meat is marketed and consumed worldwide,
data ¢a the microbiology of rabbit meat are very scarce and limited to a few
papers (31; S; 45; 37; 47; 13; 34; 35; 36 and 56). However, rabbit carcasses
are obhtained, processed and stored in the same manner as meat from other
animais, and according to European Union legislation (15 and 16), who
stated that rabbit carcasses and cuts meet the same conditions that apply to
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poultry and that they be similarly stored and checked for health and hygienic
status.

Among the microbial hazards that are of importance in meat are
pathogens from living animals such as salmonella, Yersinia enterocolitica,
and Fscherichia coli, pathogens from the environment that can enter the
meat chain wherever environmental contamination may occur as Listeria
monocylogenes, and some species of motile aeromonads; and pathogens that
are corried by product handlers, as Staphylococcus aures, although this
bacterium is capable of colonizing certain items of processing equipment
and is alsc associated with some diseases of commercial rabbits, such as
subcufaneous abscess mastitis, and pododermatitis (48).

There is no doubt that foodborne pathogenic bacteria are the causc of
illness and death for many people each year, at great economic cost and
human suffering (7). Several studies have been conducted on the
microhiological quality of red meat, poultry and their products (1; 10; 27;
28; 5% and 59) but there is some lack of information on the microbiological
quality of rabbit meat which may be contaminated with organisms of
various kinds including potentially pathogenic bacteria, like many raw foods
of animal origin. On the other hand, health regulations applicable to rabbit
meat vroduction systems are not specific, due to the absence of regulations
regarding quality and product safety, in which microbiological conditions
should be specified. This situation cuuld compromise the quality and food
safety of rabbit meat. ‘

Therefore, the aim of this study was to obtain data on the microbiological
contamination of rabbit carcasses, and assess the spread of foodborne
patho” 2ns in fresh and frozen rabbit meat.

Materials an1 Methods
Samp e collection

A lotal of 50 New Zealand white rabbits, 25 freshly slaughtered rabbits
from markets, farms and butcheries, as well as 25 frozen rabbit carcasses
from ocal retail supermarkets in Gharbia governorate, were collected. Each
sampl: was packed in plastic bag and transferred immediately to the
laborztory in an ice box for bacteriological examination.
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Sample preparation for microbiological analysis

Defrosting of frozen meat was started in a refrigerator before the sample
preparation. The sample were prepared and examined according to the
technique recommended by (29) as follows: 25 gm meats were removed
aseptically from the hind leg and transferred to a sterile polyethylene bag.
Then, 225 ml of 1% sterile peptone water were aseptically added to the
content of the bag and then homogenized at 200 rpm for 1-2 minutes to
prepare the initial 1/10 dilution which was used for the preparation of other
serial dilutions.

Isolation and identification of pathogenic bacteria

- Salmonella spp. were isolated and identified according to (26).

- Closteridium perfringens were isolated and identified according tu (29)

- Yersaia enterocolitica were isolated and identified according to (57)

- Listeria monocytogenes were isolated and identified according to (25)

- Aeromonas hydrofla were isolated and identified according to (22).

- E. coli were isolated and identified according to (18). -

- Stap/iylococcus aureus were isolated and identified according to (1) and
confirmed by the coagulase test as described by (12).
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Results and Discussion

Table (1): Prevalence of bacterial food-borne pathogens on fresh rabbit meat samples (n= 25).

‘ Salmonell{Clostridium [Yersinia \Listeria Aeromonas Escherichia Staphylococcus
Samples erfringens |enterocolitica|monocytogenes hydrophila coli aureus
No] % |No | % | No % No % No | % | count | No{ % | count | No| % | count
Fresh rabbit | 1 | 4% | 2 8% | 4 16% | 4 16% {4 |16%23+1.26 PR4%|24+13/2 |8%)|3.1+1.1
carcasses
No" number of positive samples
Table (2): Prevalence of bacterial food-borne pathogens on frozen rabbit meat samplés (n=25).
SalmonellaClostridium |Yersinia Listeria Aeromonas | Escherichia Staphylococcus:
Samples erfringens |enterocolitica |monocytogenes | hydrophila| coli aureus
No|% |[No |[% [Ne | % No | % No |% |No |% |count | Noj % | count
Frozenrabbit( 0 | 0% | 0 0% |2 8% |1 4% 0 0% (3 [12%(21+1.22 (8% (22108
meat

No' number of positive samples
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Microbiological data, especially of food-borne pathogens from rabbits
are rare. Only recent studies from Spain have addressed this topic
compiehensively, although they were based on only chilled rabbit carcasses
and meat samples (45 and 46). Most other studies were dedicated to rabbits
suffering from disease, specific pathogens, or factors influencing nutritional
and sensory traits of rabbit meat.

I[dentifying bacterial pathogens in natural hosts is important because they
constitute potential reservoirs for zoonotic transmission (23). The reported
prevalence of pathogens such as Salmonella and E. coli.in raw meat varies
considerably, depending on the meat species as well as on its processing and
origin (36). Contamination of carcasses and cuts by these types of bacteria
depends on their prevalence and numbers on the hide, fleece, peit, or
feathers and in the gastrointestinal tract. Contamination is also significantly
affected by the degree of cross-contamination occurring from these and
envircnmental sources during slaughter and subgequent processing (52).

Salmonella remains a major cause of food borne disease in human world
wide (17). A limited number of surveys suggested that less than 1% of
healthy rabbits at the abattoir are positive for Salmonella on the basis of
fecal samples (6 and 9). This study detected Salmonella typhimurium on one
samplz (prevalence, 4%) of fresh rabbit carcasses (Table, 1). Comparable to
our results, Salmonella were not detected or only detected at a low
prevalence (< 2%), on rabbit carcasses or meat in most studies (11; 46; S5;
4; 32 and 56). In Egypt, (91) and (37) reported a prevalence of 5 % for
Salmonella typhimurium on fresh rabbit carcasses, at the retail level.
Moreuver, recent publication indicated that rabbit meat exhibited the highest
contamination from Salmonella (2.1%), followed by pork (1.9%), lamb
(1.7%), and beef (1.1%) (36); Salmonella typhimurium was the most
frequent serotype isolated from raw meats. On the other hand, the present
study Jdid not detect Salmonella on frozen rabbit meats (Table 2), which is in
agreeraent with data recorded by (37) and (35).
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This study has confirmed that Clostridium perfringens were
contarninants of fresh rabbit carcasses (Table 1) and not of frozen rabbit
meat ‘Table 2). The prevalence of C. perfringens in fresh examined samples
was 8%. (53) found that the incidences of presumptive C. perfringens in
frozen rabbit meat (65%) were higher than those in frozen beef (25%).
Meanwhile, (4) and (5) recorded that Clostridium perfringens was not
detected on rabbit carcasses. However, it should be considered that strains
of C. perfringens isolated from rabbit meat were involved in two cases of
food yoisoning outbreaks (50).

Yersinia enterocolitica was one of the most- prevalent foodborne
pathogenic bacteria investigated; it was detected on 4 samples (16%) of
fresh rabbit carcasses (Table, 1) and 2 samples (8%) of frozen rabbit meat
(Table, 2). These results were not in agreement with (31) and (4) who
reported that Yersinia enterocolitica could not be isolated from any
examined sample (freshly slaughtered rabbits and processed rabbit
carcasses). However, (46) found that two rabbit carcasses (3.9%) were
positive, by PCR, for Y. enterocolitica yst gene, although viable Y.
enterveolitica cells were not recovered from these samples by the culture
methcd. Yersinia enterocolitica and other Yersinia species are ubiquitous in
the natural environment, and may be recovered from water, soil, animals,
and food. The presence of pathogenic Y. enterocolitica in food products is a
special concern since those organisms are capable of growth at refrigerator
tempecatures. Pathogenic Y. enterocolitica organisms are significant causes
of human disease in many parts of the developed world (38).

The prevalence of Listeria monocytogenes on fresh rabbit carcasses in this
study were 16% (Table 1). Numerous studies have been conducted to
deterrine the prevalence of listeria spp. and Listeria monocytogenes in
rabbit meat. High prevalence of Listeria monocytogenes (> 20%) was
detected in Italy on rabbit carcasses from four main slaughterhouses, this
high iucidence was attributed to the general wear and tear to work surfaces
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and equipment and the uneffectiveness of hygienic practices (13). On
contrary, Listeria monocytogenes was not isolated from all examined rabbit
carcasses (4; 34 and 56). Our data compare well with those from (46) who
recorded that the rates of listeriae and Listeria monocytogenes were 13.7 and
5.9%, respectively, but the prevalence was higher on rabbit meat at retail
than on carcasses. In Egypt, (31) did not find listeria spp. on freshly
slaughtered rabbit carcasses but did find them at the retail level with the
prevalence of Listeria monocytogenes being 10%. Moreover, (2) found that
the in'tial mean log count of L. monocytogenes in the rabbit meat samples
was 3.813. On the other hand, the present study indicated also that Listeria
monocytogenes was isolated from one sample (prevalence 4%) of frozen
rabbit meat (Table 2). These findings could be supported by (4) who stated
that Listeria morocytogenes is able to survive freezing temperatures of -
18°C -or several weeks in various food substrates.

Aeromonas spp. are primarily aquatic organisms that are frequently
found in food, drinking water, and aquatic environments (21; 41; 44 and
38). Although the significance of Aeromonas in foods remains undefined,
epideriological studies indicated that A. hydrophila may be an important
cause of food-borne gastroenteritis (40). Of all the freshly slaughtered rabbit
meat samples tested, 4 (16%) yielded detectable numbers of motile
aeromronads (4. hydrophila), with a mean count of 2.3 + 1.2 log CFU/g
(Table 1). This prevalence of aeromonads was lower than those reported by
(46) who found that the contamination rate of the rabbit meat samples for
motile Aeromonas spp. (average count, 1.77 1+ 0.62 log CFU/g) was 35.3%,
most of the Aderomonas strains were A. hydrophila (19.6 %). (24) found that
A. hyclrophila was a reasonable predictor of human diarrhea. This species
- along with 4. cauiae and the A. veronii boivar sobria accounts for more
than 85% of the gastroenteritis-associated isolates (33). Overall, the
intestinal carriage of this organism in food animals cannot explain the high
prevalence of Aeromonas on meat, and the water used in washing has been
considered the most likely source (40). However, because aeromonads can
form biofilms, they can become endemic in slaughterbouses and other
proce:sing environments (20). The high prevalence of motile aeromonads in
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carcasses and the isolation of potentially pathogenic Aeromonas strains may
indicate that rabbit meat can act as a possible vehicle for the dissemination
of Aeromonas gastroenteritis.

The present study indicated that E. coli was the most prevalent foodborne
pathogenic bacteria investigated, it was detected in 6 samples (24%) of fresh
rabbit carcasses, with a mean count of 2.4 + 1.3 log CFU/g (Table, 1); and 3
samplzs (12%) of frozen rabbit meat, with a mean count of 2.1 + 1.2 log
CFU/g (Table, 2). Previous studies reported that E. coli was usually present
at low levels both in rabbit carcasses and meats (31; 37 and 13). The
isolation frequency rate was as high as 62.4% (56). On the other hand, the
presert study indicated also that the isolated strains from fresh rabbit
carcasses were 026:k60, 086:k61, O114:k90, O119:k69, O126:K71 and
0128 K67; and from frozen rabbit meat were 055:k59, 0119:k69, and
0142:k86 while E. coli O157 failed to be detected. The high microbial E.
coli contamination found in carcasses suggests a major public health risk,
probably due to E. coli 0114, and O119 strains, which can be considered as
entercpathogenic phenotypes, and should be evaluated using other in vitro
and molecular procedures for confirmation of human health risk phenotypes.
These observations were in compliance with (19) and (34) who indicated
rabbit; as a potential reservour for enteropathogenic and enterohemorrhagic
E.coli that may pose a zoonotic risk for humans. Moreover, wild rabbits
living close to cattle excreting E. coli O157 were identified as vector in-an
outbrcak of diarrhea and hemolytic—uremic syndrome involving visitors to a
wildli'e park (49). However, E. coli O157 was not previously detected in
rabbit carcasses and meats (4 and 46).

This study revealed that the prevalence of Staphylococcus aureus on both
fresh 1abbit carcasses and frozen rabbit meat samples was 8%, with a mean
count of 3.1 + 1.1 and 2.2 + 0.8 log CFU/g, respectively (Table 1&2).
Recent studies indicated that Staphylococcus aureus was a prevalent food-
borne pathogenic bacteria in rabbit meat samples and carcasses (46; 47; 51;
34 and 35). High incidence was recorded by (35) (26%), (56) (36.0%), and
(46) (52.9%); while the general average of contamination registered was
<1.8 cfu/g (5), 1.0 — 1.6 log CFU/g (51), 4.7x10* CFU/g (35) and 4x10° +
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4x10° CFU/g (31). Contamination of meat by Staphylococcus aureus
pathozens is considered an important issue in terms of food safety. Since
food animals arriving at abattoirs are frequently carriers of S. aureus, the
organism is commonly found on carcasses and cuts, and staphylococcal
contaraination may or may not result from lesions (39). (47) concluded that,
S. aureus isolates from rabbit meat were probably of human origin or
without host specificity. This bacterium may also be introduced by contact
surfaces, equipments and utensils used in food processing. Therefore,
contaraination of raw meat with low numbers of S. aureus is common and
not always related to human contamination.

In conclusion, although further microbiological studies are needed to
deterniine the prevalence and risk of food borne pathogens in. rabbit
carcasses and meat, our data and most of the limited information to date
sugge«t that some zoonotic agents occurring in livestock are not frequently
found in rabbit meat. However, the present study can also contribute to
microhiological risk assessments from the handling of tontaminated raw
meat, the insufficient cooking of meat, and the cross contamination of
ready-to-eat food. Consequently, strict maintenance of good practices of
slaughter hygiene, strengthened by maintaining the cold chain during
transport, distribution and carcass commercialization is of central
impor.ance to ensure both nublic health protection and meat quality.
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