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ABSTRACT

1Department

Objective: This study was conducted to determine the occurrence of Salmonella in
various meat products (beef from cattle, chevon from goats, mutton from sheep
and jaziir from camel), by screening the various selling points which includes;
meat retailers in abattoir, markets and shops in Maiduguri and its environs.
Materials and methods: A total of 120 samples of fresh meat from cattle, sheep,
goats and camels sampled from ten meat retailers in abattoir, markets and shops
in the Maiduguri metropolis, using simple random sampling technique. All
samples were processed and examined according to standard bacteriological
protocols.
Results: Percentage occurrence of Salmonella species had the highest value of 15
(50.1%) from the market, found in sheep, while the lowest occurrence of
Salmonella species was associated with 3(10.0%) in goats sampled from shop meat..
Antibiotic susceptibility pattern of Salmonella species from cattle meat revealed
high resistant to Erythromycin (52%). In sheep, the higher percentage of
resistance occurred against Ampicillin (33.3%) and less resistant to Amoxicillin
(4%) was obtained. The isolates from camel meat recorded 25% resistant against
Ampicillin, Gentamycin and 12.5% to Streptomycin. A total of 28.4% of the
isolates were resistant to Ampicillin, Gentamycin and 23.1% to Ofloxacin.
Conclusion: The study has shown that Salmonella species are present in fresh
meat sold in abattoir, retail markets and shops. We recommend strict hygienic
measures in places where fresh meat are sold in Maiduguri metropolis, Nigeria to
ensure consumers right to have safe food.
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INTRODUCTION
Salmonellosis is a disease of intestines caused by a
bacterium called Salmonella (Mohammed, 2013). Salmonella
is a Gram negative, non-spore forming bacilli of the
genus belonging to a family Enterobacteriaceae. Several
species of this important group are pathogenic producing
infections in many animal hosts and man. A considerable
percentage of normal animals may harbour Salmonella in
their intestinal tracts (Jajere et al., 2014). They are
common contaminants of wide range of foods,
vegetables, water, milk, eggs, meat and meat products and
are therefore seriously regarded as most common causes
of food borne infection worldwide (Scallan et al., 2011;
Jajere et al., 2014). It has been observed that microbial
contamination can occur as a result of poor handling,
some authors have reported on the microbial quality of
retail meat products in Nigeria such as Suya, Tsire and
Kilishi (Negbenebor et al., 1990) and Badau et al. (1999).
However, information on the Salmonella contamination of
fresh meat sold in the abattoir, various shop and markets
in Maiduguri is lacking. Such information will assist in a
planned quality control programme of serious Salmonella
outbreak which at present is non-existent. Evaluation of
the relative contributions of quantitative risk assessment
to different meat categories linked to Salmonella infections
in humans associated with food-borne, the occurrence of
the pathogen in the food chain, food production flows,
food preparation as well as consumption habits was
studied by EFSA (2008).
Microbial growth is considered as one of the principal
factors for fresh meat spoilage, particularly in developing
countries where refrigerated storage facilities are in fall or
inadequate (Mendonca et al., 1989). This now has
become a major concern to meat industries due to
consistent microbial contamination of fresh meat.
Meat and its products are more susceptible to microbial
spoilage when compared with other food commodities as
reported by Badau et al. (1999). Major proportion of all
food borne infections is due to meat and meat products.
Bacterial food poisoning results from consumption of
meat products that have been contaminated by large
number of living bacterial cells or their toxins. It has been
reported that some Escherichia coli, Staphylococcus aureus,
Clostridium perfringens and Salmonella spp., have the potential
to undergo rapid proliferation resulting in generation of
toxins which could yield varied types of food borne
diseases (Badau et al., 1999).
It was reported that meat in Maiduguri abattoir and fresh
meat market, are left on the tables uncovered after they
are delivered at the points of sales. In the same vein, the

fresh meat products from abattoir are distributed to
various market and shops in an open trucks and wheel
barrows, left uncovered on the tables and thereafter,
unrefrigerated which render the meats vulnerable to air
pollution and microbial contamination (Badau et al.,
1999).
Occurrence of Salmonella in food have great public health
significance. Due to lack of proper information on this
subject matter, it was considered of paramount
importance to determine the level of meat contamination
by Salmonella spp. in abattoirs, shops and markets in
Maiduguri and its environs.

MATERIALS AND METHODS
Ethical approval: The samples collected for the study
were fresh meat which includes; beef from cattle, chevon
from goats, mutton from sheep and jaziir from camel,
standard sample collection for microbiological
procedures was observed.
Sample collection: A total of 120 samples of fresh meat;
beef from cattle, chevon from goats, mutton from sheep
and jaziir from camel were selected using simple random
sampling technique. They were separately collected from
ten meat retailers in abattoir, markets and shops over a
period of five months (May to September, 2014). Four
samples each was collected from 40 retailers of beef,
chevon, mutton, and jaziir. Samples were taken in the
morning from 8.30 am-10.0 am, afternoon period 1.30
pm-2.30 pm and in the evening from 4.00 pm-6.00 pm
within the Maiduguri metropolis. All the samples were
collected in sterile polythene bags and kept in Coleman®
box containing ice blocks at 40C and were transported
immediately to the Veterinary Microbiology Laboratory,
Faculty of Veterinary Medicine, University of Maiduguri.
The ambient temperature and humidity of the markets
were recorded to be 32-45% and 20-60% respectively
during sampling.
Processing of samples and bacterial isolation: The
samples were processed according to the method
described by Fawole and Oso (2001), using reagents,
chemicals and media obtained from Oxoid® and Sigma®
Co. Ltd., England. Five grams of each sample was
comminuted in a sterile blender containing 95 mL of
sterile distilled water to give a dilution of 101. For each of
the pulverized meat sample in solution, 1 ml was
aseptically aspirated and added to 2 mL of sterile Selenite
‘F’ broth in a sterile McCartney bottles and incubated
aerobically at 370C for 24-48 h immediately following
sampling. After enrichment, cultures were inoculated
onto modified Salmonella Shigella agar (SSA),
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Desoxycholate citrate agar (DCA), McConkey agar
(MCA) and Brilliant green agar (BGA). Discrete colonies
were further subcultured onto modified Xylose lysine
desoxycholate (XLD) agar to purify the isolates, which
were then incubated aerobically at 370C for 24-48 h.
Typical colonies of Salmonella isolates which yielded pink
colonies with or without dark centres were presumptively
identified on the XLD agar media.
Biochemical tests on Salmonella isolates: The isolates
were later confirmed as Salmonella spp. by using
biochemical tests; Voges-Proskauer (VP), Methyl red
(MR), Citrate utilization, Triple Sugar Iron Agar (TSI),
Urease, Oxidase and Hydrogen Sulfide (HS). Others
include various sugar utilization tests using standard
microbiological techniques according to the procedures
described by Cheesbrough (2003) and Raufu et al. (2009).
Antibiotic
susceptibility
testing:
Antibiotic
susceptibility pattern of Salmonella spp. was carried out on
twelve commonly used antibiotics on Muller Hinton agar
(Oxoid) sing Kirby-Buaer disk diffusion method, as
recommended by Cheesbrough (2003). The susceptibility
of all the isolates were determined to the following
antibiotics (Oxoid England): Trimethoprim (25 g),
Streptomycin (10 g), Chloramphenicol (30 g),
Oxfloxacin (5 g), Amoxicillin-Clavulanic Acid (5 g),
Ampicillin (30 g), Vancomycin (30 g), Erythromycin
(15 g), Ciprofloxacin (10 g), Neomycin (25 g),
Tetracycline (30 g) and Gentamycin (30 g).
Data analyses: The results of the total Salmonella isolates
from the fresh meat samples were statistically evaluated
using descriptive statistics and Chi-square test at P<0.5
was considered as significant.

RESULTS
The occurrence of Salmonella spp. in fresh meat of cattle,
sheep, goats and camels collected from Maiduguri
municipal abattoir is presented on Table 1. Among the
samples collected from different types of meat, only
1(3.3%) occurrence of Salmonella spp. during the morning
period occurred in sheep, while for other animals none
was detected. During the afternoon period, the highest
incidence of Salmonella spp. 4(13.3%), was recorded in
sheep, followed by 3(10.0%) both for cattle and goats and
2(6.7%) for camels. Six (20.0%) was reported for sheep,
followed by 4(13.3%) for camel and goats and 5(16.7%)
for cattle during the evening period. Of the total
percentage obtained, the highest value of 11(36.6%)
occurred in sheep, while the lowest was 6(20.0%) in
camels.

Table 2 shows the comparative occurrences of Salmonella
spp. of fresh meat of cattle, sheep, goats and camels
obtained from market and meat shops in Maiduguri
metropolis. Camels and sheep meat from market, both
presented 2(6.7%) as compared to 1(3.3%) from cattle
meat sold at the market during morning period. No
Salmonella spp. were isolated from meat of cattle and sheep
sampled from shops. For goats’ meat in both locations;
market and shops, 0.0% was recorded for the presence of
Salmonella species. Higher percentages were found during
the afternoon period with 5(16.7%) in sheep meat as the
highest value from the market. In the evening, there was
an increase in all the meat collected from different
locations. A total of 15(50.1%) was found in sheep meat,
followed by 11(36.9%) from cattle meat sold in the
market, while the lowest occurrence of Salmonella spp. was
associated with 3(10.0%) in goats sampled from shop
meat.
The occurrence of Salmonella spp. in fresh meat from
market, abattoir and shops in Maiduguri Municipal is
presented in Figure 1. Beef sampled from all the
collection centres recorded the highest incidence of 44%
in samples from market, followed by 33% in samples
collected from abattoir and 24% from shops. Samples
collected in all the locations; 37.5% was recorded in
samples of jaziir obtained from the market and shops.
Mutton sampled from all locations revealed 41.7% in
market samples, followed by 30.8% from abattoir and
27.8% from shops. The chevons samples showed the
following percentages of occurrence; 41.2% in samples
from market and abattoir and 17.6% in from shops been
the lowest value recorded from all locations.
Antibiotic susceptibility pattern of Salmonella spp. isolated
from fresh meat of cattle, camels, sheep and goats
sampled from different selling points in Maiduguri is
shown on Table 3. The result obtained from cattle meat
revealed that the isolates were not resistant to
ciprofloxacin and vancomycin, but were highly resistant
to erythromycin (52%) and minimally resistant to
amoxicillin (4%). The isolates from jaziir recorded 25%
resistant against ampicillin and gentamycin and 12.5% to
streptomycin but were susceptible to the rest of the
antibiotics tested. The Salmonella spp. isolated from sheep
meat were not resistant to neomycin, ciprofloxacin,
streptomycin, erythromycin, vancomycin, chloramphenicol and amoxicillin but revealed highest resistant to
ampicillin (33.3%) with the lowest resistance observed
with tetracycline (11.1%). The solates from chevon
presented 0% resistant to all the antibiotics used in this
study. A total of 28.4% of the isolates were resistant to
ampicillin and gentamycin followed by ofloxacin (23.1%),
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Table 1: Occurrence of Salmonella spp. in fresh meat of cattle, sheep, goats and camels From Maiduguri municipal
abattoir
Period
Morning
Afternoon
Evening
Total incidence
ND = Not determined

Cattle (n=30; %)
ND
3 (10.0)
5 (16.7)
8 (26.7)

Camels (n=30; %)
ND
2 (6.7)
4 (13.3)
6 (20.0)

Sheep (n=30; %)
1 (3.3)
4 (13.3)
6 (20.0)
11 (36.6)

Goats (n=30; %)
ND
3 (10.0)
4 (13.3)
7 (23.3)

Table 2: Comparative occurrence of Salmonella spp. of fresh meat of cattle, sheep, goats and camel obtained from
market and meat shops in Maiduguri metropolis
Period
Morning
Afternoon
Evening
Total
MK= Market

Cattle n=20
MK (%)
Shops (%)
1 (3.3)
0 (0.0)
3 (10.0)
2 (6.7)
7 (23.3)
4 (13.3)
11(36.9)
6 (20.0)

Camels n=30
MK (%)
Shops (%)
2 (6.7)
1 (3.3)
2 (6.7)
3 (10.0)
5 (16.7)
5 (16.7)
9 (30.1)
9 (30.0)

Sheep n=30
MK (%)
Shops(%)
2 (6.7)
0 (0.0)
5 (16.7)
4 (13.3)
8 (26.7)
6 (20.0)
15 (50.1)
10 (33.3)

Goat n=30
MK (%)
Shops(%)
0 (0.0)
0 (0.0)
3 (10.0)
1 (3.3)
4 (13.3)
2 (6.7)
7 (23.3)
3 (10.0)

Table 3: Antibiotic resistant pattern of Salmonella spp. from fresh meat at abattoir, markets and shops in Maiduguri
metropolis
Antibiotic (g)
Neomycin (25)
Ampicillin (30)
Ciprofloxacin (10)
Streptomycin (10)
Erythromycin (15)
Tetracycline (30)
Ofloxacin (5)
Vancomycin (30)
Gentamycin (30)
Chloramphenicol (30)
Amoxicillin (5)

Cattle
6 (24.0)
12 (48.0)
0 (0.0)
7 (28.0)
13 (52.0)
9 (36.0)
11 (44.0)
0 (0.0)
5 (20.0)
2 (8.0)
1 (4.0)

Number of resistant isolates (%)
Camels
Sheep
0 (0.0)
0 (0.0)
6 (25.0)
12 (33.3)
0 (0.0)
0 (0.0)
3 (12.5)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
4 (11.1)
0 (0.0)
7 (19.4)
0 (0.0)
0 (0.0)
6 (25.0)
11 (30.6)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

Goats
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

Total Number of
Resistant (%)
6 (7.8)
22 (28.2)
0 (0.0)
10 (12.8)
13 (16.7)
13 (16.7)
18 (23.1)
0 (0.0)
22 (28.2)
2 (2.6)
1 (1.3)

Figure 1: Occurrence of Salmonella spp. in fresh meat from markets, abattoir and shops in Maiduguri Metropolis
whereas the lowest resistant was shown against
amoxicillin (1.3%).

DISCUSSION

therefore can be contaminated with Salmonella during the
time of slaughter. In this study the occurrence of
Salmonella in ruminant and camel meat was studied along
with their antibiogram study.

Salmonellosis is one of the major cause of human
bacterial enteritis in many countries of the world.
Salmonella frequently colonize the gastrointestinal track of
animals without producing any clinical signs. Animals,

The overall percentage of occurrence of Salmonella spp.
isolated in fresh meat analyzed was 26.7%. This finding
agreed with the work of Mohammed (2013) who
reported a prevalence of 26.0%. Similarly, Little et al.
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(1999) found a prevalence of 28.0% which was slightly
higher than the one found in this study. Essa et al. (2009)
reported 23.3% and Torlak et al. (2012), 23.0%, while
16.7% prevalence was published by Kusumaningrum et
al. (2012). Additionally, 5.7% was reported by SjölundKarlsson et al. (2013) and 15% by Alemu and Zawde
(2012). Ukut et al. (2010) found 11.1%, whereas, Mboto
et al. (2012) and Kegode et al. (2008) reported as 2.9%
and 10.0%, respectively, as differed with our findings.

The presence of 26.7% Salmonella spp. in fresh meat
samples is an indication of feacal contamination of the
meat which might be due to possible contamination of
fresh meat possibly during sales or unhygienic handling
of the meat from the slaughtering, butchering and
processing. Contamination may likely be associated with
the skin, mouth, or nose of the handlers that can be
introduced directly into food through the process line
workers (Sobukola et al., 2009).

Higher percentages of Salmonella spp. were generally found
among the meat sold on the table in the open market
particularly towards evening period with an average of
10.5 (35.0%). This report is in agreement with the
findings of Okonko et al. (2010). The possible reason
may be associated with the condition of the market and
the hygienic practices employed by meat sellers and
butchers. Similarly, this concur with the work of
Mohammed (2013) who attributed the higher rate to be
largely due to cutting boards, surfaces used for
preparation of meat and equipment such as meat grinder,
mincers, blenders which are considered as important
source for meat contamination by Salmonella spp. The
contamination was attributed to trucks, lairages, slaughter
line, quartering, knives used and surface of table of meat
and meat products as opined by Mohammed (2013).
Water used to clean equipment and cutting/slicing
machines leading to cross-contamination especially with
raw meat have also been reported to play a role in meat
contamination. Handlers’ not practicing proper hygiene
and lack of proper monitoring devices can lead to
Salmonella infection through the consumption of meat and
meat products by humans.

In recent time, there has been increased reports on the
spreading of multidrug-resistant phenotypes among
Salmonella serovars worldwide (Zhao et al., 2003; Ponce et
al., 2008). The development of resistance is attributed to
the manner in which the antimicrobial agents are use in
veterinary medicine, animal husbandry, agriculture,
aquaculture and human medicine practices (Zhao et al.,
2003). These routine practices are important factors in
the emergence of antibiotic-resistant bacteria that
subsequently can be transferred to humans through the
food chain. Salmonella have serious public health
significance and concern (Okonko et al., 2009). The
isolation of several antibiotic resistant Salmonella in this
study is of practical impact. Salmonella infections have
continued to be a major public health concern in several
counties. They are zoonotic and the infections are
generally food borne (Helms et al., 2005). The main
reservoir of zoonotic Salmonella is food animals, which in
industrialized counties, serves as the main sources of
infections derived from animal products majorly fresh
meat products and eggs (Helms et al., 2005). Salmonella
spp. such as Salmonella typhi is a bacterium that causes
typhoid fever (enteric fever), an acute life-threatening
febrile illness (CDC, 2008). The disease is a cause for
concern and a major public health problem in developing
countries especially in Nigeria due to poor sanitary
conditions and lack of or inadequate portable water
(Ibekwe et al., 2008). It is mainly transmitted through
food, drinking water contaminated with urine or faeces of
infected people or a chronic carrier (CDC, 2008; Okonko
et al., 2010).

The presence of Salmonella on meat could also be due to
the fact that meat contains an abundance of all nutrients
required for the bacteria in adequate quantity (Ukut et al.,
2010). The high percentage of Salmonella spp. isolated
from sample in the market can be attributed to the
condition of the slaughter slap and source of water used
in the market and the hygienic practice employed by meat
sellers and butchers.
The presence of Salmonella spp. recorded in fresh meat
from abattoir indicates the deplorable state of poor
hygienic and sanitary practices employed in the
slaughtering, processing and packaging of fresh meats.
This is in agreement with the previous report of Clarence
et al. (2009) who reported the presence Salmonella spp. and
other bacteria including S. enterobacter, S. aureus, E. coli,
Proteus spp, Klebsiella spp. and Pseudomononas spp. in a
study on sea food products. In actual sense, the
detectable presence of Salmonella spp. in meat and meat
product is considered as an indicator of adulteration
(Yousuf et al., 2008).

It is not surprising therefore that fresh meats sold to the
public in open markets are grossly contaminated with
Salmonella. The results of this study therefore revealed
that fresh meat sold at abattoir, markets and shops in
Maiduguri, Nigeria are contaminated with pathogenic
bacteria, and the possible source of these contaminants
may be due to the unhygienic manner of meat handling,
from the slaughter house to the markets and shops. This
implies also that these meats could serve as viable source
of various diseases and could spread or pose serious
health problems in a society.
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In Maiduguri, it was observed during the study that some
of the condemned carcasses were found in the same
vicinity with non-condemned ones which may result in
contamination of the non-condemned carcasses.
Uncontrolled disposal of slaughter house effluent is
frequently shown to be heavily contaminated with these
organisms which are potentially hazardous. Another
source of contamination could be attributed to the nature
of the market and the attitude of the customers who
would like to touch the meat with bare unwashed hands.
These people may be carriers of Salmonella organisms.
Attention should be made for the improvement of
personal hygiene, abattoir hygiene and public awareness
may reduce the occurrence of Salmonella in the meat sold
in the stud area stud areas to ensure consumers health.

CONCLUSION
In conclusion, potential hazard posed by Salmonellosis to
humans and animals can be drastically reduced by an
effective control over slaughter of infected animals,
regular enlightenment of the customers on the dangers of
touching the meat with bare hands before buying.
Butchers also should be taught how to clean and disinfect
their utensils after use. The presence of Salmonella in meat
should be given particular attention as it indicates public
health hazard and give warning signal for the possible
occurrence of food borne intoxication. It is therefore
advisable to suggest that fresh meat processors and sellers
should be enlightened on the adverse effect of
contamination. More so, it is of paramount importance
that processors, handlers and sellers observe strict
hygienic measures so that they may not serve as source of
chance inoculation of microorganisms and faecal
contamination of fresh meat and other meat products.
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