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ABSTRACT

Foodborne pathogens are the leading cause of illness 
and death in developing countries and are often associ-
ated with poor hygiene and unsafe food storage condi-
tions. Using central cold rooms with alternate power 
supply in preserving meats due to erratic power supply 
is common among meat traders in Nigeria. However, 
the public health safety of the operations of this prac-
tice remains un-investigated. We conducted a microbial 
assessment of aseptically collected meat swabs from 
three selected major cold rooms in Ibadan for Staphylo-
coccus aureus, Listeria monocytogenes, Salmonella spp. 
and Escherichia coli using standard procedures. Anti-
biotic susceptibility was determined using 14  different 
antibiotics at standard concentrations following Kirby-
Bauer Assays. The data were analysed with Stata 12.0 
using bivariate and logistic regression analyses. Of 180 
meat swabs collected, 42.2 % were positive for S. aureus, 
22.2 % for L. monocytogenes, 20.0 % for Salmonella spp. 
and 6.7 % for E. coli. All of the isolates exhibited total 
resistance to seven of the antibiotics. Escherichia coli 
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showed the highest resistance to 12 antibiotics, followed 
by Salmonella spp. (11 antibiotics), L. monocytogenes 
(10 antibiotics) and S. aureus (7 antibiotics). Sampling 
locations were significantly associated with the preva-
lence of L. monocytogenes (P = 0.008) and S. aureus 
(P = 0.000), but not with Salmonella spp. (P = 0.435) or 
E. coli (P = 0.117). The study revealed a heavy microbial 
contamination with major foodborne pathogens char-
acterized by a high level of antibiotic resistance. These 
findings portend that the current operations associated 
with the practice of using central cold rooms in meat 
preservation in Nigeria undermine public health safety 
and need to be urgently addressed. 

Key words: antimicrobial resistance; cold storage; 
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INTRODUCTION

Like most developing countries of the world, Nigeria 
is facing a food crisis. The diet of most of her populace is 
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often protein deficient, with the average animal protein 
consumption per person per day being 7.9 g which is far 
below the 35 g recommended by the Food and Agriculture 
Organisation [21, 32]. This low level of animal protein in-
take has generated concern as it affects the physical, physi-
ological and mental development of Nigerian youths and 
the labour force in the country [5]. There is, therefore, the 
need for conscious efforts towards adequate availability of 
animal products that are rich in protein, energy, vitamins 
and minerals required for adequate nutrition. One major 
animal product that has received attention over the years is 
meat. Though highly nutritious because of its high biologi-
cal value protein [8], meat provides a veritable medium for 
the growth and multiplication of micro-organisms, mak-
ing it highly perishable, poisonous and unfit for human 
consumption when contaminated with microbes [34]. This 
becomes more evident considering the inadequate refrig-
eration facilities for optimal preservation of meat coupled 
with erratic power supply that characterizes most develop-
ing countries, particularly Nigeria.

Foodborne pathogens pose a significant threat to pub-
lic health, causing a  substantial economic burden both 
in developed and developing countries [27, 42]. Recent 
epidemiological studies of world populations show that 
420,000 people lose their lives every year due to foodborne 
diseases, with around one-third of those being five years 
of age or younger [24]. The recent outbreak of listeriosis 
in South Africa was the largest ever recorded involving 
674 patients as of March 2018, with 27 % mortalities [45]. 
The identified Listeria strain (L. monocytogenes ST6) was 
traced back to the processing environment of a manufac-
turer of a  ready-to-eat processed meat product (polony). 
As a result, 12 of the 15 African countries to which South 
Africa exports, recalled and banned imports of the affected 
meat products, while the rest banned imports of all food 
products [45]. In Nigeria, there have been several reports 
of cases of illnesses and deaths due to foodborne pathogens 
[6, 37, 39], some of which were linked to contaminated 
meat. Most of the pathogens responsible for diarrhoea in 
Nigeria are zoonotic, with cattle as an important reser-
voir for many. Beef consumption has been associated with 
a nine-fold increase in the odds of experiencing diarrhoeal 
illness with additional four-fold increase in the odds when 
consuming beef of poor microbiological quality. The cost 
associated with meat-borne diarrhoea alone in Nigeria has 
been estimated at US$ 156 million [30]. However, proper 

handling and storage of meat limits the bacterial contami-
nation or multiplication, thus reducing the associated cost 
due to meat-borne diseases.

The use of central cold rooms, a  temperature-con-
trolled facility designed to preserve meats for the teeming 
population is a common practice among meat traders in 
developing countries such as Nigeria. This practice is ne-
cessitated by irregular power supply which characterizes 
such countries given the alternative power supply to the 
facility. However, the public health safety of the operations 
of this practice in terms of optimal preservation of meats 
from microbial pathogens is yet to be seen. The aim of 
this study was to carry out microbial assessment of meats 
stored in major cold rooms in Ibadan, south-western Ni-
geria for Escherichia coli, Listeria monocytogenes, Salmo-
nella spp., and Staphylococcus aureus, the four commonly 
reported pathogens of public health importance as well as 
to determine their susceptibility to antimicrobial agents.

MATERIALS AND METHODS

Study site
This cross-sectional study was carried out in Ibadan, 

south-western Nigeria between August and November, 
2017. Ibadan is the largest city in terms of the geographical 
area in the country and one of the country’s most popu-
lous cities with over three million people. The city accom-
modates a  major central abattoir which supplies meat to 
the teeming population in the city as well as neighbour-
ing communities in the south-western region. Meats are 
both sold at formal and informal markets mostly on a retail 
basis. Considering the challenge of storing meats until the 
next day, the meat traders in the region adopted the prac-
tice of storing their meats in central cold rooms powered 
by alternative power supplies. The study sites were the cold 
rooms present at Idi Ose and Ojoo areas of Akinyele Local 
Government Area (LGA), and Oniyanrin area of Ibadan 
North LGA. These cold rooms were of similar character-
istics in terms of capacity, temperature, relative humidity 
and air circulation. They were small-sized cold rooms of 
about 1,000 m3 capacity with temperature ranges between 
0 and –20 °C and relative humidity of between 85‒90 % 
with adequate airflow and uniformity.
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Study population and sampling technique
The study population comprised all of the central 

cold rooms in the Ibadan metropolis. The cold rooms at 
Akinyele and Ibadan North LGAs were selected consider-
ing the presence of the state’s abattoir and formal major 
meat markets in these areas. In addition, these cold rooms 
represented the major meat storage facilities for public 
meat traders in the Ibadan metropolis. The traders often 
stored and preserved their meat at the facilities to pre-
vent meat spoilage and the associated decline in quality. 
The purpose of this study was explained to the managers 
of the cold rooms in order to seek their consent to swab 
samples of the meat stored in the cold rooms. Stored beef 
meats were aseptically swabbed on both dorsal and ventral 
parts by rolling sterile swabs against about 5 cm2 area of the 
sampled items during unscheduled visits to the meat stor-
age facilities in order to ensure the real situational assess-
ment regarding the facilities. The samples were taken from 
the meat which had been stored at the cold room facilities 
not less than 18 hours. At least two samples were collected 
per sub-unit of the cold room facilities during each un-
scheduled visit. The samples were thereafter placed in the 
transport medium in the respective swab stick containers 
kept within cold chain and transported to the Food and 
Meat Hygiene Laboratory, Department of Veterinary Pub-
lic Health and Preventive Medicine, University of Ibadan, 
where sample processing took place. Peptone water and 
Listeria enrichment broth already prepared for the isola-
tion of the respective organisms served as both transport 
media and selective broth for the incubation of associated 
organisms. The samples were processed within three hours 
of collection. 

Sample processing
The swab samples in the broth media were incubated 

at 37 °C for 18 to 24 hours and then plated on the four 
primary agar media (Oxoid Limited, United Kingdom): 
Mannitol salt agar for Staphylococcus aureus, Listeria selec-
tive agar for Listeria monocytogenes, Salmonella-Shigella 
agar for Salmonella and Eosin-Methylene blue agar for 
Escherichia coli. After inoculation onto the agar, the Petri 
dishes were turned upside down and incubated at 37 °C for 
another 18 to 24 hours, (24 to 48 hours for Listeria plates 
only because of its relatively slow growth). After the incu-
bation, the growths on the different media were observed. 
The most distinct colonies showing perfect morphological 

characteristics of the desired organisms on each medium 
were harvested and aseptically sub-cultured and incubated 
to obtain pure colonies. 

Staphylococcus  aureus were identified following the 
use of conventional biochemical methods including Gram 
staining, catalase, coagulase, sugar fermentation (mannitol, 
glucose, xylose and arabinose), haemolysis on 5 % sheep 
blood agar and pigmentation as described by  B a r r o w 
and  F e l t h a m  [10]. Listeria monocytogenes were identi-
fied as previously described [10] by employing the use of 
conventional biochemical methods including Gram stain-
ing, catalase, aesculin, triple sugar iron (TSI) reaction, 
motility, urease, sugar fermentation tests (lactose, sucrose, 
mannitol and xylose), motility and CAMP tests. Similarly, 
Salmonella isolates were identified by triple-sugar-iron 
(TSI) agar test and the urease test with a susceptible strain 
used as a positive control. E. coli was identified following 
the conventional biochemical tests, including urease pro-
duction, catalase test, motility, Voges-Proskauer, indole 
production, carbohydrate fermentation tests, methyl red 
and citrate utilization. 
 
Antibiotic Sensitivity Test (Kirby-Bauer Assay)

Antibiotic susceptibility testing was carried out us-
ing the Kirby-Bauer disc-diffusion test which was in line 
with the recommended standard as earlier described [16]. 
Briefly, an inoculum of each pure bacterial isolate was 
emulsified using 3 mL of sterile normal saline and the 
density thereafter was adjusted to the 0.5 McFarland stan-
dard. Inoculations into the Mueller-Hilton Agar (MHA) 
plates (Oxoid, England) were then carried out by a  ster-
ile cotton swab dipped into the standardized suspension 
of bacterial cultures. The plates were then allowed to dry. 
Antibiotic discs containing ciprofloxacin (5 µg), ofloxacin 
(5 µg), augmentin (30 µg), nitrofurantoin (300 µg), am-
picillin (10 µg), ceftazidime (30 µg), cefuroxime (30 µg), 
gentamicin (10 µg), cotrimoxazole (25 µg), chlorampheni-
col (10 µg), cloxacillin (5 µg), erythromycin (5 µg), strep-
tomycin (10 µg), tetracycline (10 µg) (Antibiotic Becton 
Dickinson and Company, Sparks, USA) were placed onto 
MHA plates. The plates were then incubated at 37 °C for 
24 hours. Finally, the zone of inhibition was measured in 
millimetres and zone diameters interpreted in accordance 
with standards as susceptible, intermediate and resistant 
on the basis of the critical points recommended [16]. 
S. aureus ATCC 25923, L. monocytogenes ATCC7644, En-
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terococcus faecalis ATCC 29212 and Escherichia coli ATCC 
25922 were used as reference strains.

Data Analysis
The data were analysed using STATA 12. The frequen-

cies and percentages were calculated as appropriate for the 
prevalence of each foodborne pathogen. Univariate binary 
logistic analysis and multivariate logistic regression analy-
sis were conducted to determine the relationships between 
outcome variable (prevalence of the different foodborne 
pathogens) and sampling locations. Odds ratios (OR) were 
computed in order to determine the presence and strength 
of the associations between variables and 95 % Confidence 
Intervals (CIs) were calculated to investigate the statistical 
significance. Values of P < 0.05 were considered significant.

RESULTS

Prevalence of S. aureus, L. monocytogenes, 
Salmonella spp. and E. coli in stored meat 

A total of 180 meat swab samples were collected from 
the three cold rooms, with 60 each from the three locations. 
Of the foodborne pathogens obtained, 42.2 % were identi-
fied as S. aureus, 22.2 % as L. monocytogenes, 20.0 % as Sal-
monella spp. and 6.7 % as E. coli (Table 1). Of the samples 
from the cold room at Idi Ose in Akinyele LGA, 52 (86.7 %) 
were positive for S. aureus, 4 (6.7 %) for L. monocytogenes, 
16 (26.7 %) for Salmonella spp. and 8 (13.3 %) for E. coli. 
From Ojoo in Akinyele LGA, 4 (6.7 %) were positive for 
S. aureus, 24 (40.0 %) for L. monocytogenes, 12 (20.0 %) 
for Salmonella spp. and none (0.0 %) for E. coli. Again, out 
of the samples obtained from the cold room at Oniyanrin, 
Ibadan North LGA, 20 (33.3 %) were identified as S. au-
reus, 12 (20.0 %) as L. monocytogenes, 8 (13.3 %) as Salmo-
nella spp. and 4 (6.7 %) as E. coli. (Table 1).

Overall, the prevalence of L. monocytogenes was signif-
icantly associated with sampling location (P = 0.008), with 
meat from Ojoo and Oniyanrin being about 9 (OR = 9.33, 
95 % CI: 1.87—46.68, P = 0.007) and 3.5 (OR = 3.5, 95 % 
CI: 0.65—18.98, P = 0.146) times, respectively; more likely 
to be contaminated than those from Idi-Ose. Similarly, the 
prevalence of S. aureus was significantly associated with 
sampling location (P = 0.000), with meat from Ojoo and 
Oniyanrin being about 100 (OR = 0.01, 95 % CI: 0.002—
0.065, P = 0.000) and 12.5 (OR = 0.08, 95 % CI:  0.021—
0.282, P = 0.000) times, respectively less likely to be con-
taminated than that from Idi-Ose. However, sampling lo-
cation was not significantly associated with the prevalence 
of Salmonella spp. (P = 0.435) and E. coli (P = 0.117).

Antibiotics susceptibility test 
All of the isolates exhibited total resistance to seven 

of the 14 antibiotics used and these included ampicillin 
(10 µg), ceftazidime (30 µg), cefuroxime (30 µg), cotrimox-
azole (25 µg), chloramphenicol (10 µg), cloxacillin (5 µg) 
and erythromycin (5 µg) (Table 2). In addition, 84.2 %, 
100.0 %, 83.3 % and 50.0 % of all the S. aureus, L. mono-
cytogenes, Salmonella spp. and E. coli isolated were re-
spectively susceptible to ciprofloxacin (5 µg) while 84.2 %, 
100.0 %, 77.8 % and 50.0 % were susceptible to ofloxacin 
in the same order (Table 2). Based on the proportion of 
susceptibility, E. coli exhibited the least susceptibility, be-
ing susceptible to only two antibiotics, followed by Salmo-
nella spp. to three antibiotics, and then L. monocytogenes 
to four; the highest being S. aureus with total susceptibil-
ity to seven antibiotics (Table 2). Based on the locations of 
the different cold rooms from where the samples were col-
lected, similar susceptibility and resistance patterns were 
obtained for the isolates (Table 3).

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



5

Table 1. Prevalence of foodborne pathogens from meat swabs samples 
obtained from cold rooms across Ibadan metropolis

Location S. aureus
Number (%)

L. monocytogenes
Number (%)

Salmonella spp.
Number (%)

E. coli
Number (%)

Idi Ose 52 (86.7) 4 (6.7) 16 (26.7) 8 (13.3)

Ojoo 4 (6.7) 24 (40.0) 12 (20.0) 0 (0.0)

Oniyanrin 20 (33.3) 12 (20.0) 8 (13.3) 4 (6.7)

Total 76 (42.2) 40 (22.2) 36 (20.0) 12 (6.7)

Table 2. Antibiotic susceptibility profiles of foodborne pathogens isolated 
from stored meat from major cold rooms in Ibadan

S. aureus
[n = 76]

L. monocytogenes
[n = 40]

Salmonella spp.
[n = 36]

E. coli
[n = 12]

Susceptibility patterns* [%] S I R S I R S I R S I R

Ciprofloxacin 
[5 µg] 84.2 5.3 10.5 100.0 0.0 0.0 83.3 0.0 16.7 50.0 8.3 41.7

Ofloxacin 
[5 µg] 84.2 4.0 11.8 100.0 0.0 0.0 77.8 0.0 22.2 50.0 33.3 16.7

Augmentin 
[30 µg] 65.8 2.6 31.6 0.0 15.0 85.0 0.0 33.3 66.7 0.0 33.3 66.7

Nitrofurantoin 
[300 µg] 2.6 2.6 94.7 80.0 0.0 20.0 0.0 11.1 88.9 0.0 16.7 83.3

Ampicillin 
[10 µg] 0.0 0.0 100.0 0.0 5.0 95.0 0.0 25.0 75.0 0.0 41.7 58.3

Ceftazidime 
[30 µg] 0.0 0.0 100.0 0.0 12.5 87.5 0.0 16.7 83.3 0.0 0.0 100.0

Cefuroxime 
[30 µg] 0.0 0.0 100.0 0.0 2.5 97.5 0.0 5.6 94.4 0.0 8.3 91.7

Gentamicin 
[10 µg] 73.7 7.9 26.3 65.0 7.5 27.5 0.0 22.2 77.8 0.0 8.3 91.7

Cotrinazole 
[25 µg] 0.0 10.5 89.5 0.0 25.0 75.0 0.0 2.8 97.2 0.0 25.0 75.0

Chloramphenicol 
[10 µg] 0.0 7.9 92.1 0.0 20.0 80.0 0.0 0.0 100.0 0.0 50.0 50.0

Cloxacillin 
[5 µg] 0.0 19.7 80.3 0.0 27.5 72.5 0.0 13.9 86.1 0.0 16.7 83.3

Erythromycin 
[5 µg] 0.0 6.6 93.4 0.0 15.0 85.0 0.0 5.6 94.4 0.0 8.3 91.7

Streptomycin 
[10 µg] 13.2 3.9 82.9 0.0 22.5 77.5 22.2 2.8 75.0 0.0 33.3 66.7

Tetracycline 
[10 µg] 21.0 13.2 65.8 0.0 7.5 92.5 0.0 0.0 100.0 0.0 0.0 100.0

*—Susceptible; I—Intermediate; R—Resistant
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Table 3. Percentage susceptibility of foodborne pathogens obtained 
from stored meat according to the different cold rooms in Ibadan

Cold room location Idi-Ose Ojoo Oniyanrin

Foodborne 
pathogens
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Antibiotic % % % % % % % % % % %

Ciprofloxacin 
[5 µg] 80.8 100.0 87.5 75.0 100.0 100.0 66.7 90.0 100.0 100.0 0.0

Ofloxacin 
[5 µg] 92.3 100.0 87.5 75.0 75.0 100.0 50.0 65.0 100.0 100.0 0.0

Augmentin 
[30 µg] 73.1 0.0 0.0 0.0 50.0 0.0 0.0 50.0 0.0 0.0 0.0

Nitrofurantoin 
[300 µg] 0.0 100.0 0.0 0.0 50.0 75.0 0.0 0.0 83.3 0.0 0.0

Ampicillin 
[10 µg] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Ceftazidime 
[30 µg] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Cefuroxime 
[30 µg] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Gentamicin 
[10 µg] 76.9 100.0 0.0 0.0 100.0 58.3 0.0 60.0 66.7 0.0 0.0

Cotrinazole 
[25 µg] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Chloramphenicol 
[10 µg] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Cloxacillin 
[5 µg] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Erythromycin 
[5 µg] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Streptomycin 
[10 µg] 19.2 0.0 37.5 0.0 0.0 0.0 16.7 0.0 0.0 0.0 0.0

Tetracycline 
[10 µg] 30.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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DISCUSSION

Foodborne diseases occur worldwide, including those 
acquired through the consumption of contaminated meat 
[3]. Microbial contaminated meat and meat products espe-
cially due to bacterial pathogens remain the most serious 
meat safety issue resulting in immediate consumer health 
problems and product recalls from the marketplace [26, 
43]. The results of this study revealed heavy microbial con-
tamination in meat from the cold rooms in Ibadan with 
an associated high level of resistance to major antibiotics. 
These findings indicate that raw meat remains a potential 
medium for the multiplication of foodborne pathogens, 
particularly bacteria and a likely source of antibiotic resis-
tance development in human consumers. This observation 
is of serious public health concern since meat is a major 
source of animal proteins and most consumers do  not 
translate their knowledge of food safety when handling 
meat into practice. Thus, they are exposed especially to the 
toxins produced by pathogens which are not readily inacti-
vated by heat [1, 4]. Microbial contamination of meat and 
meat products renders the meat unwholesome and unfit 
for human consumption [20]. Meanwhile, most of such 
contaminations often occur at major critical points in the 
field, during harvesting, processing or distribution, or in 
retail markets, or foodservice facilities [19, 22, 35, 40]. 

The high prevalence of the foodborne pathogens isolat-
ed from stored meat in this study was unexpected consid-
ering the fact that the samples were taken from cold room 
facilities which were expected to be at the freezing point. 
A previous report shows that most food pathogens includ-
ing S. aureus, Salmonella, E. coli do not survive sufficiently 
low temperatures [29], although L. monocytogenes may 
grow at temperatures as low as –2 °C. The observations in 
this study are therefore suggestive of poor operation and 
temperature holdings of cold rooms being used in pre-
serving meat in the study area. The fact that the cold room 
owners were also meat traders themselves made them 
a sandwich between being informal meat traders and cold 
room owners. As a result, the meat preserved in the cold 
rooms were frequently exposed to thawing and freezing 
cycles when displayed for buyers who patronized the cold 
rooms. The resultant cycles of thawing and freezing could 
enhance microbial multiplication. These micro-organisms 
on the meat could proliferate as the temperature approach-
es the optimum range for their growth in the open air. This 

connotes a matter of serious public health concern to un-
suspecting buyers since a visibly frozen meat in this case 
does not necessarily imply that it is safe and wholesome. 
Poor preservation of food including meat and meat prod-
ucts remains a challenge in Nigeria and it is responsible for 
untold post-harvest losses as well as increasing foodborne 
illnesses [9].

Notwithstanding the prevalence of 42.2 %, 22.2 %, 
20.0 % and 6.7 %, respectively, observed for S. aureus, 
L. monocytogenes, Salmonella spp. and E. coli in this study, 
higher prevalence has been reported from informal meat 
markets. For instance, a report [38] indicated prevalence of 
94.4 %, 88.8 %, 84.7 % and 69.4 % for S. aureus, L. mono-
cytogenes, Salmonella spp. and E. coli, respectively, in both 
informal and formal markets in the same part of Ibadan 
metropolis where the present study was carried out. 
A d e y a n j u  and  I s h o l a  [2] also obtained prevalence 
of 33.3 % and 43.4 % for Salmonella and Escherichia coli, 
respectively in poultry meat in Ibadan, while another study 
[15] revealed 96.3 % prevalence of S. aureus in raw beef in 
Lafia Metropolis, Nigeria. A  higher prevalence of 95.8 % 
than what was observed in this study (22.2 %) was report-
ed for L. monocytogenes in poultry meat by  I s h o l a  et al. 
[31] in Oyo State. 

The varying prevalence notwithstanding, the high fre-
quency of these pathogens observed in this study is in-
dicative of unhygienic handling operations of meat during 
and post-processing. The high prevalence of S. aureus is 
particularly worrisome since the toxin it produces is heat-
stable. This pathogen is resistant to high sodium chloride 
concentration and produces enterotoxins that can with-
stand high temperature, causing vomiting and diarrhoea 
when ingested [12]. As previously reported, a staphylococ-
cal toxin dose of less than one microgram in contaminated 
food can produce symptoms of staphylococcal intoxication 
[23]. In the same vein, listeriosis has been associated with 
the consumption of undercooked raw foods contaminated 
with L. monocytogenes [13]. This disease often results in ad-
mission to intensive-care units, making L. monocytogenes 
the third most costly foodborne pathogen in the USA per 
case in 2010, after Clostridium botulinum and Vibrio vul-
nificus [41]. In 2012, an estimated annual cost of L. mono-
cytogenes in the USA was put at US$ 2—6 billion [28]. The 
prevalence of Salmonella spp. in this study is also worth-
noting, especially because of its implication in foodborne 
salmonellosis in humans, due to ingestion of Salmonella 
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cells. Previous findings have linked human salmonellosis 
outbreaks to consumption of contaminated meat [18, 36]. 
Also, Escherichia coli has been associated with traveller’s 
diarrhoea and haemorrhagic colitis. Its presence in food is 
therefore considered a threat to human health, and an in-
dication of gross contamination by human and/or animal 
faecal matter [7, 44].

Further, the level of resistance to antibiotics exhibited 
by most of the foodborne pathogens isolated in this study 
calls for serious attention. Antibiotics are commonly used 
around the world to cure diseases caused by bacteria, but 
as the World Health Organisation and other international 
bodies have pointed out; the global increase in antibiotics 
resistance is a rapidly worsening problem [14]. Since anti-
biotics are also an essential part of modern medicine as pro-
phylactic treatment, the rising resistance of bacteria pres-
ents even more of a danger. As observed in this study, all 
the isolates exhibited total resistance to ampicillin (10 µg), 
ceftazidime (30 µg), cefuroxime (30 µg), cotrimoxazole 
(25 µg), chloramphenicol (10 µg), cloxacillin (5 µg) and 
erythromycin (5 µg). In a study on the emergence of a new 
antibiotic resistance mechanism in India, Pakistan and the 
UK [33], 36 isolates of E. coli obtained were highly resistant 
to all antibiotics except tetracycline and colistin. This is in 
line with the observation in this study as the E. coli isolates 
were resistant to all, but ciprofloxacin and ofloxacin among 
the antibiotics used. In a study on the characterization of 
antimicrobial resistance of foodborne Listeria monocyto-
genes [17], resistance to linezolid, ciprofloxacin, ampicillin 
and rifampicin, trimethoprim/sulphamethoxazole, vanco-
mycin and tetracycline were observed among some of the 
isolates.  G o m b a  et al. [25] in their study also revealed 
that the Salmonella isolates assessed were resistant to most 
of the antibiotics. 

On the other hand, the majority of the S. aureus strains 
in our study were susceptible to ciprofloxacin, ofloxacin 
and gentamicin. This was similar to the observation of 
B e r n a r d  et al. [11] in their study to determine the an-
tibiotic sensitivity of S. aureus strain responsible for com-
munity-acquired skin infections where only 0.5 % of  the 
isolated strains showed resistance to gentamicin. This plau-
sibly indicated that the resistance of S. aureus to gentami-
cin was still generally low. 

The above findings notwithstanding, this study has 
some limitations. One, only three cold room facilities were 
used as using more facilities would have probably given 

more insights into the subject. Two, operations and activi-
ties of the cold room facilities studied were not investigat-
ed; this would have helped determine the factors responsi-
ble for the high level of microbial contamination observed. 

CONCLUSIONS

Despite the above limitations, this study revealed that 
the meats preserved in commercial cold rooms in Ibadan 
metropolis were heavily contaminated with foodborne 
pathogens, including S. aureus, L. monocytogenes, Salmo-
nella spp. and E. coli with serious public health implications 
to the consumers. The high level of antibiotic resistance 
exhibited by most of the foodborne pathogens isolated is 
a matter of grave concern to the health of animals as well as 
meat consumers. The high microbial contamination might 
be due to exposure to environmental pathogens from mul-
tiple handling and during frequent cycles of thawing and 
freezing of stored meat as well as possible inadequate freez-
ing. Again, indiscriminate use of antibiotics in livestock 
animals in general by farmers might explain the observed 
high antibiotic resistance observed among the foodborne 
pathogens. Improved pre- and post-processing meat han-
dling is advocated. Approaches to lower or control indis-
criminate use of antibiotics in animals are also urgently 
required. There is a need to investigate structural facilities 
and the management of cold rooms in Nigeria and other 
developing countries towards ensuring wholesome and 
safe meat for ultimate human health. Again, there is a need 
for improved food preservation methods to mitigate the 
potential health hazards that are associated with the cur-
rent practice in the study area. 
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