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Comparative investigation was carried out on bacteriological qualities of
meat pies sold in some standard eateries and local kiosks in Ogun State,
Nigeria. MacConkey agar was used for coliform enumeration; mannitol
salt agar was used for the isolation of S. aureus while total viable aerobic
bacteria count was performed on Mueller Hinton agar. Isolates were
characterized according to standard methods. Bacteria isolated were S.
aureus, E. coli, Klebsiella spp, Pseudomonas spp, Bacillus spp and
Enterococcus spp. In standard eateries, mean total bacteria counts of fresh
meat pies, 2-day refrigerated meat pies and 2-day room air preserved meat
pies ranged from 2.1 x 102 to 5.0 x 102 cfu/g, 6.5 x 102 to 4.5 x 103 cfu/g and
1.5 x 104 to 5.0 x 104 cfu/g, respectively. From local kiosks, the mean total
bacteria counts in fresh meat pies, 2-day refrigerated meat pies and 2-day
room-air preserved meat pies ranged from 2.0 x 103 to 4.5 x 103 cfu/g, 2.0 x
104 to 4.0 x 104 cfu/g and 3.0 x 104 cfu/g to counts too numerous,
respectively. There was a significant difference between the microbial
loads obtained from meat pies from standard eateries and those from local
kiosks. The difference among the bacterial loads obtained from fresh meat
pies, 2-day refrigerated meat pies and 2-day room air preserved meat pies
also tested significant. It was concluded in this study that meat pies other
than fresh from standard eateries are not fit for consumption, while all
categories of meat pies from local kiosks pose high health risk to
consumers.
© 2013 PSCI Publisher All rights reserved.

Introduction
Food contamination is the introduction or occurrence of a contaminant (any biological or chemical agent, foreign matter

or other substance not intentionally added to food which may compromise food safety or suitability) in food or a food
environment. Food is prone to contamination at every stage in the food chain, i.e. the various stages from primary production
of food to when it is ready for consumption (often described as ‘farm-to-fork’). The consumption of food contaminated by
micro-organisms will result in food-borne illnesses. These are usually either infectious or toxic in nature, caused by agents that
enter the body through ingestion of food (WHO, 2007). Ready to eat foods can be described as the status of foods being ready
for immediate consumption at the point of sale. Ready to eat foods could be raw or cooked, hot or chilled and can be consumed
without further heat treatment (Tsang, 2002). Different terms have been used to describe such ready to eat foods. These include
convenient, ready, instant and fast foods. Examples of such ready to eat foods include pastries, meat pie, sausage, rolls, burger,
moin-moin, salad or coleslaw, fried meat, fried chicken, milk and milk products. Outbreaks of food borne diseases are caused
by foods that are contaminated intrinsically or that become contaminated during harvesting, processing or preparation (Torok
et al., 1997). Enterotoxigenic Staphylococcus strains and E. coli strains have been isolated from foods implicated in illnesses
(Firstenberg and Sullivan, 1997; Cencil et al., 2003; Bello et al., 2013). Food borne illnesses have continued to form a
significant part of the morbidity and mortality of Nigerians, and have been on the increase in recent times. In Nigeria and many
other developing countries, there are inadequate diagnostic facilities, leading to inadequate investigation of outbreaks and the
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subsequent gross under-reporting of food-borne illnesses Bacteria are the causative agents of food borne illness in 60% of
cases requiring hospitalization (Mead et al., 1999). The international impact of food borne illness is difficult to estimate.
However, about 2.1 million children in developing countries die due to diarrheal-related illnesses annually. It is suspected that
food or water is the vehicle for many of these illnesses (WHO, 2002). Because food is biological in nature and is capable of
supplying consumers with nutrients, it is equally capable of supporting the growth of contaminating microorganisms. Water
supplies may contain pathogens when contaminated with fecal matter. In Nigeria, a number of foods have been reported to
have high incidence of bacteria (Adesiyun, 1995; Okonko et al., 2009; Bello et al., 2013; Adesetan et al., 2013). However,
there is limited information on the bacteriological risks associated with meat pies retailed in local kiosks and standard eateries
in Ogun State, Nigeria.

Materials And Methods
Sample collection

Twenty-seven fresh meat pie samples were purchased from different standard eateries and local kiosks at different
locations in Ijebu-Ode, Ogun State, Nigeria. The samples were aseptically collected in a clean polyethyene bag and transferred
immediately to the laboratory for bacteriological analysis. Samples were collected between the months of August and October,
2012. Three samples each from standard eateries and local kiosks were preserved by refrigeration and by room-air for two
days.

Sample analysis
Bacteriological analyses of the meat pies were carried out in 2 parts: a) pastry and b) minced meat. This is because of

the difference in mode of preparation of the pastry and minced meat making up the final meat pie product. 10 g of each food
sample was weighed out and homogenized into 90 ml of sterile distilled deionized water using a sterile warring blender. Ten
fold dilutions of the homogenates were prepared and up to 10-7 dilution factors of the homogenate were plated in triplicates on
Mac Conkey agar, Eosin Methylene blue agar, Mueller Hinton Agar, Mannitol salt agar using the spread plate technique. The
plates were then incubated at 37°C for 24 - 48 h. MacConkey agar was used for coliform enumeration while Mannitol salt agar
was used for the isolation of S. aureus. Total viable aerobic bacteria count was performed on Mueller Hinton agar. At end of
the incubation periods, colonies were counted using the illuminated colony counter (Gallenkamp, England). The count for each
plate were expressed as colony forming unit per gramof the sample (cfu/g ).

Identification of isolates
Colonies identifiable as discrete on the Mueller Hinton Agar were carefully examined macroscopically for cultural

characteristics such as the shape, color, size and consistency. Gram staining as well as appropriate biochemical tests according
to Cowan and Steel (1985) and Olutiola et al. (1991) were carried out. For morphological characteristics, a small portion of the
discrete colonies on each plate was smeared on a microscope slide with a drop of distilled water added. The smear was gently
fixed by heat and immersion oil was dropped on the surfaces, and then viewed under the ×10 and x40 objective lens of the
microscope.

Statistical analysis
Using IBM SPSS statistics (version 22.0) package and at 95% level of confidence, one-way analysis of variance

(ANOVA) was employed to establish if there was a significant difference between the microbial loads obtained from meat pies
from standard eateries and those from local kiosks. The difference among the bacterial loads obtained from fresh meat pies, the
2-day refrigerated meat pies and 2-day room air preserved meat pies was also tested for using ANOVA.

Results
Six genera of bacteria were isolated from the meat pies purchased from standard eateries and local kiosks in Ijebu-Ode,

Ogun State. The isolates were identified as S. aureus, E. coli, Klebsiella spp, Pseudomonas spp, Bacillus spp and Enterococcus
spp as revealed by their morphological and biochemical characteristics (Table 1).
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Table 1. Biochemical characteristics of bacterial isolates from meat pies purchased from some standard eateries and local kiosks in Ogun
State, Nigeria

Parameters Most probable  isolates
Staphylococcus aureus Escherichia coli Klebsiella sp Pseudomonas

aeruginosa
Bacillus sp Enterococcus sp

Gram’s reaction + - + - + +
Catalase test + + + + + -
Coagulase test + - - - N/A +
Citrate utilization test - + + + N/A +
Oxidase test - - + + N/A -
Urease test + - + N/A N/A N/A
Indole test - + - - - -
Glucose + + + N/A N/A +
Lactose + + N/A N/A N/A +
Sucrose + + + N/A N/A +
Mannitol + + - N/A N/A +
Maltose + + - N/A N/A +
Cellular morphology Cocci straight rods Rods Rods rods Cocci

Growth in Mannitol salt agar bright yellow N/A N/A N/A N/A N/A

Growth in MacConkey agar N/A red/ pink Mucoid Pale pink Pink

Growth in blood agar
(colony)

creamy white Circular large white Greenish N/A Creamy

Table 2 represents the mean total bacteria count in colony forming unit per gram of meat pie sample from standard
eateries. Mean total bacteria count of fresh meat pie ranged from 2.1 x 102 to 5.0 x 102 cfu/g; that of 2-day refrigerated meat pie
ranged from 6.5 x 102 to 4.5 x 103 cfu/g and the mean total bacteria count of the 2-day room air preserved meat pie samples
ranged between 1.5 x 104 to 5.0 x 104 cfu/g. Total bacteria count was highest in the minced meat C of 2-day air preserved meat
pies.

Table 2. Mean total bacteria count in meat pies from some standard eateries in Ogun State, Nigeria
Control Samples Mean total bacteria count cfu/g

Fresh meat pie samples Pastry A 2.1 x 102

Minced meat A 5.0 x 102

Pastry B 3.0 x 102

Minced meat B 4.5 x 102

Pastry C 2.5 x 102

Minced meat C 4.5 x 102

2-day refrigerated meat pie samples Pastry A 7.5 x 102

Minced meat A 3.0 x 103

Pastry B 8.0 x 102

Minced meat B 3.5 x 103

Pastry C 6.5 x 102

Minced meat C 4.5 x 103

2-day room air preserved meat pie samples Pastry A 1.5 x 104

Minced meat A 3.0 x 104

Pastry B 2.2 x 104

Minced meat B 4.5 x 104

Pastry C 4.0 x 104

Minced meat C 5.0  x 104

Both the pastries and minced meats of fresh meat pie samples were devoid of E. coli; while the occurrence of E. coli
ranged from nil to 2.0 x 102 cfu/g , and nil to 3.5 x 103 cfu/g in the 2-day refrigerated meat pie samples and 2-day room air
preserved meat pie samples, respectively. Similarly, samples of fresh meat pies and 2-day refrigerated meat pies were found to
be devoid of Bacillus sp, while count of 1.4 x 102 cfu/g was obtained from a minced meat sample of 2-day room air preserved
meat pie. Occurrence of S. aureus ranged from nil to 4.5 x 104 cfu/g, Klebsiella sp ranged from nil to 4.5 x 103 cfu/g;
Pseudomonas aeruginosa  ranged from nil to 4.0 x 103 cfu/g while the occurrence of Enterococcus sp ranged from nil to 3.5 x
103 cfu/g (Table 3).
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Table 3. Diversity of bacteria in meat pies from standard eateries in Ogun State, Nigeria
Control Samples E. coli count

(cfu/ml)
S. aureus
count (cfu/ml)

Klebsiella sp
(cfu/ml)

Pseudomonas
aeruginosa
(cfu/ml)

Bacillus sp
(cfu/ml)

Enterococcus sp
(cfu/ml)

Fresh meat pie
samples

Pastry A - - - - - -
Minced meat A - 2.0 x 102 1.5 x 102 - - -
Pastry B - - - - - -
Minced meat B - - - - - -
Pastry C - 1.5 x 103 - 1.0 x 102 - 1.5 x 102

Minced meat C - 2.2 x 103 - 2.0 x 102 - 2.2 x 102

2-day
refrigerated meat
pie samples

Pastry A - - 2.0 x 102 - - -
Minced meat A 2.0 x 102 3.0  x 103 3.5 x 102 1.5 x 102 1.0 x 102

Pastry B - - 2.0 x 102 2.0 x 102 - -
Minced meat B - 2.0 x 102 1.2 x 103 3.5 x 102 - 1.5 x 102

Pastry C - 1.5 x 103 4.0 x 102 2.0 x 102 - 3.0 x 102

Minced meat C 1.0 x 102 3.5 x 103 3.2 x 103 1.2 x 103 - 5.0 x 102

2-day room air
preserved meat
pie samples

Pastry A - 2.0 x 104 4.5 x 103 4.0 x 103 - 3.5 x 103

Minced meat A 3.0 x 103 4.0 x 104 3.0 x 103 2.0 x 103 - 2.0 x 103

Pastry B - 3.0 x 104 2.5 x 103 3.5 x 103 - -
Minced meat B 1.5 x 103 4.0 x 104 2.7 x 103 3.2 x 103 1.4 x 102 2.5 x 102

Pastry C 5.0 x 102 3.5 x 104 2.0 x 103 4.2 x 103 - 3.5 x 102

Minced meat C 3.5 x 103 4.5 x 104 3.2 x 103 4.0 x 103 - 2.5 x 103

Figure 1. Percentage occurrence of bacterial isolares from meat pies purchased from some standard eateries in Ogun State, Nigeria

The mean total bacteria counts in fresh meat pie samples from local kiosks ranged from 2.0 x 103 to 4.5 x 103 cfu/g; the
mean total bacterial count recorded in 2-day refrigerated meat pie samples ranged from 2.0 x 104 to 4.0 x 104 cfu/g, while in 2-
day room-air preserved meat pie samples, a range of 3.0 x 104 cfu/g  to counts too numerous (> x 107) was recorded (Table 4).
This is indicative of the fact that meat pies purchased from local kiosks constitute a great health risk to consumers especially if
not freshly prepared.
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S. aureus was the most prevalent bacteria isolated from meat pies from standard eateries with highest percentage
occurrence of 27.8% obtained from the 2-day room air-dried meat pies, while fresh meat pies and the 2-day refrigerated meat
pies had same percentage occurrence of 22.2% in this study. There was no occurrence of E. coli in the fresh meat pies from
standard eateries while percentage frequencies of 2.8% and 5.6% were obtained from 2-day refrigerated meat pies and 2-day
room air-dried meat pies, respectively. The 2-day room air-dried meat pies showed the highest percentage occurrences of
Klebsiella sp (8.3%), Pseudomonas aeruginosa (8.3%) and Enterococcus sp (5.6%). However, Bacillus sp had a percentage of
2.8% in each of fresh, 2-day refrigerated and 2-day room air-dried meat pies (Figure 1)

Table 4. Mean total bacteria count in meat pies from some local kiosks in Ogun State, Nigeria
Control Samples Mean total bacteria count cfu/ml

Fresh meat pie
samples

Pastry A 4.0  x 103

Minced meat A 4.5 x 103

Pastry B 3.0 x 103

Minced meat B 4.0 x 103

Pastry C 2.0 x 103

Minced meat C 3.5 x 103

2-day refrigerated
meat pie samples

Pastry A 2.0 x 104

Minced meat A 4.0 x 104

Pastry B 3.0 x 104

Minced meat B 3.3 x 104

Pastry C 2.7 x 104

Minced meat C 3.0 x 104

2-day room air
preserved meat
pie samples

Pastry A 3.0 x
104

Minced meat A > x 107

Pastry B 3.5 x 105

Minced meat B >x 107

Pastry C 3.3 x 105

Minced meat C >x 107

Table 5 showed the bacteria counts in samples of meat pies from local kiosks. Occurrence of E. coli in all categories of
samples investigated ranged from nil to 2.7 x 102 cfu/g . However, S.  aureus, Klebsiella sp and Pseudomonas aeruginosa were
found to be present in all categories of samples assayed with ranges 2.1 x 102 to 4.5 x 104 cfu/g , 1.2 x 102 to 2.5 x 107 cfu/g and
2.0 x 102 to 4.5 x 107 cfu/g, respectively. Occurrence of Bacillus sp and Enterococcus sp in the samples ranged from nil to 3.7 x
103 cfu/g, and nil to 3.0 x 105 cfu/g, respectively.

Table 5. Diversity of bacteria in meat pies from some local kiosks in Ogun State, Nigeria
Control Samples E. coli count

(cfu/ml)
S.  aureus
count (cfu/ml)

Klebsiella sp
(cfu/ml)

Pseudomonas
aeruginosa
(cfu/ml)

Bacillus sp
(cfu/ml)

Enterococcus sp
(cfu/ml)

Fresh meat pie
samples

Pastry A - 2.1 x 102 1.2 x 102 2.3 x 102 - -
Minced meat A - 3.0 x 103 2.5 x 102 3.0 x 102 - -
Pastry B - 1.5 x 103 1.3 x 102 2.2 x 102 - 2.5 x 102

Minced meat B 1.0 x 102 4.5 x 103 2.0 x 102 3.1 x 102 - 3.1 x 102

Pastry C - 2.1 x 102 2.2 x 102 2.0 x 102 3.5 x 102 -
Minced meat C - 2.5 x 103 2.7 x 102 2.3 x 102 4.2 x 102 -

2-day
refrigerated meat
pie samples

Pastry A 1.5 x 102 1.7 x 103 3.5 x 102 3.2 x 102 2.2 x 103 -
Minced meat A 2.2 x 102 4.0 x 103 4.0 x 102 4.5 x 102 3.2 x 103 1.0 x 103

Pastry B - 8.0 x 102 2.5 x 102 2.7 x 102 - 3.0 x 103

Minced meat B 2.7 x 102 3.5 x 103 3.3 x 103 4.0 x 102 - 3.5 x 103

Pastry C - 3.0 x 103 7.0 x 102 2.5 x 103 - -
Minced meat C 1.4 x 102 3.6 x 103 4.3 x 103 3.1 x 103 - -

2-day room air
preserved meat
pie samples

Pastry A - 4.5 x 104 2.7 x 104 2.0 x 104 4.0 x 102 -
Minced meat A 1.0 x 102 4.0 x 104 1.0 x 107 2.0 x 107 3.0 x 102 2.3 x 104

Pastry B - 2.2 x 104 3.5 x 104 1.5 x 105 - 3.0 x 103

Minced meat B 1.5 x 102 4.5 x 104 2.5 x 107 3.2 x 107 - 2.0 x 104

Pastry C - 2.5 x 104 4.5 x 104 3.7 x 105 2.5 x 103 4.0 x 103

Minced meat C - 2.0 x 104 2.0 x 107 4.5 x 107 3.7 x 103 3.0 x 105

Figure 2 showed percentage occurrence of bacterial isolates from meat pies from some local kiosks. S. aureus had the
highest percentage occurrences as shown in fresh meat pie (44.4%), 2-day refrigerated meat pie (50%) and 2-day room air-
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dried meat pie (55.6%).The 2-day room air-dried meat pies showed percentage occurrences of 8.3%, 22.2%, 22.2%, 8.3% and
5.6% in E. coli, Klebsiella sp, P. aeruginosa, Bacillus sp and Enterococcus sp, respectively.

Discussion And Conclusion
The result of this finding is in accordance with the reports of Oluwafemi and Simisaye (2005) and Okonko et al. (2009),

where they isolated similar organisms from sausages and seafood processors, respectively. The presence of these organisms in
meat pies depicts a deplorable state of poor hygienic and sanitary practices employed in the processing and packaging of these
food products. From the results obtained, meat pie samples (pastry and minced meat) were contaminated with high level of S.
aureus and E. coli. This result agrees with previous reports by El-Gohany (1994) that foods of animal origin (minced meat)
either cooked or uncooked were predominantly contaminated with E. coli and S. aureus. Waites and Arbuthnott (1999)
reported S. aureus and E. coli contamination in minced meat, sausage rolls and pies. They reported 60.9% prevalence of S.
aureus, 50% E. coli, 40% Shigella, 38% Morganella morganii in the ready-to-eat food product. From recent findings, food
mixtures such as pastries, salads, sauces, soups have been frequently incriminated in food poison outbreaks (FSRI, 2003; FDA,
2007 a, b, c, d). Bacillus spp were incriminated to contribute towards life threatening food-borne illnesses. On comparing the
bacterial contamination between the eating outlets (standard eateries and local kiosks), the result obtained from the local kiosks
samples was found to be on the higher side than that of standard eateries. This is an indication of recontamination in food
handling hygiene techniques starting from the processing raw material to the finished product (Ikeme, 1990; Ojeibun, 1994).
According to Edema et al. (2001) and Okonko et al. (2008 a, b), the presence of E. coli is an indication of fecal contamination
of the water sources that were utilized during the processing of these food products. The refrigerated samples tend to show
reduced growth when compared with the normal room air preserved samples. This could be attributed to the change in
temperature which leads to having the normal metabolic activities of these organisms coming to near halt. From the results, it
is clear that minced meat sample had more bacterial contamination than the pastry. This is because meat offers a rich nutrient
medium for microbial growth (Phillips, 2003). It was, however, established statistically that there was a significant difference
between the microbial loads obtained from meat pies from standard eateries and those from local kiosks (p >0.05). The
difference among the bacterial loads obtained from fresh meat pies, the 2-day refrigerated meat pies and 2-day room air
preserved meat pies also tested significant (p > 0.05). It was concluded in this study that meat pies other than fresh from
standard eateries are not fit for consumption, while all categories of meat pies from local kiosks pose high health risk to
consumers.
Recommendation

Food poisonings/illnesses are entirely preventable by practicing good sanitation and food handling techniques. There is
need to educate and advocate for good manufacturing practices among food processors and food vendors. Also relevant
agencies in Nigeria such as Consumer Protection Rights, NAFDAC and SON need to ensure and enforce strict compliance to
Hazard Analysis Critical Control Points (HACCP) in all food production sectors in Nigeria. Food safety concerns in this
Country typically include inappropriate use of agricultural chemicals; the use of untreated or partially treated wastewater; the
use of sewage or animal manure on crops; the absence of food inspection, including meat inspection; a lack of infrastructure,
such as adequate refrigeration; poor hygiene, including a lack of clean water supplies. Proper handling, cooking, and storage
practices in food service operations and in the home can prevent the majority of food-borne illnesses as well. Additionally,
extensive quality control procedures should be maintained to ensure that these processes are effective.

Figure 1. Percentage occurrence of bacterial isolares from meat pies purchased from some local kiosks in Ogun State, Nigeria
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