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Ready-to-eat foods such as meat pies are susceptible to microbial contamination and street vended foods have become a
global health problem. The objectives of this cross-sectional study were: i) Isolation and identification of enteric bacteria
from meat pies; ii) To estimate the total coliforms and E.coli counts from the meat pies and iii) To determine the
antimicrobial susceptibility patterns of detected enteric bacteria. A total of 120 meat pies were collected in Harare CBD
between November 2018 and April 2019 and were tested using standard microbiological methods. Antibiotic
susceptibility testing for the identified enteric bacteria was performed using the Kirby-Beur disk agar diffusion method.
Four bacterial species were isolated which were E. coli, Proteus mirabilis, Staphylococcus aureus and Klebsiella
pneumoniae. The overall prevalence rates of the bacterial genera isolated were calculated and Escherichia coli had the
highest prevalence rate of 54.3% followed by S. aureus 25.7% followed by Klebsiella pneumoniae 11.4% and Proteus
mirabilis 8.6%. Microbiological quality was unsatisfactory in pies that were homemade with total coliforms and E. coli
counts ranging from 2.0 x 10®> to 1.0 x 10°. All the enteric bacteria isolated were susceptible to
sulphamethoxazole/Trimethoprim and gentamycin with varying antibiotic resistance against the other antibiotics tested.
The pies were contaminated with enteric bacteria indicating non-enforcement of inspection and lack of maintenance of
standard relation to hygienic quality of meat pie. This deviation from bacteriological quality standards of the meat pies
poses potential risks to consumers. Total coliforms and E. coli count from industrially manufactured meat pies were 0
(<10%) and were suitable for human consumption. Continuous monitoring of proper hygienic and sanitary conditions in
each activity from pre-preparation to cleaning is required in homemade and street vended ready-to-eat foods. More
research is needed to build a lot of literature on the microbiological hazards associated with ready to eat food. It is
concluded that measures should be taken by responsible authorities to ensure that food quality and safety standards are
improved and adhered to in order to reduce public health risks.
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INTRODUCTION pies, but this is not the case in homemade meat pies

. . where the production of these pies cannot be monitored.
Implementation of food safety programmes is

important to protect the health of the consumer. Food
safety management system is one of the programmes that
identifies and controls food safety hazards at every stage
of food processing through a holistic system of controls
which includes Hazards Analysis Critical Control Point
system; daily monitoring and evaluation of food
handlers and environment; and efficient, accurate
record-keeping [1]. Food safety management system can
be implemented successfully in industrially made meat

Due to economic hardship in Zimbabwe, many
people have ventured into the informal production of
ready-to-eat products such as Meat pie [2]. The meat pie
is a ready-to-eat food made up of dough (flour) and a
filling of meat and other ingredients [3, 4]. The meat pie
is a good source of proteins, sodium and carbohydrates.
Meat pies are contaminated with microorganism not
intentionally introduced which can affect the safety of
the meat pies. Meat pies are susceptible to contamination
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along the value chain. The presence of bacteria
especially enteric organisms is an indication of
unhygienic or poor sanitary practices during processing,
packaging, storage and marketing of the endpoint
product. The meat/minced meat used on meat pie
preparation can be contaminated on slaughter process as
cattle regarded as the main reservoir of the E.coli in the
gastrointestinal tracts, the carcass becomes contaminated
through faeces [5].

Ground or tenderized meats are riskers than
intact cuts of meat because bacteria can be mixed
throughout the meat in the grinding process or during
tenderization [6]. New bacteria can be introduced to the
meat or food from the environment; through handling
and processing [2]. Bacteria will spread into the centre of
the food, where they will be less easily destroyed on
cooking [2]. The pathogen reduction should be available
during the production process such as heating/cooking

[5].

The consumption of meat pies contaminated by
enteric bacteria can result in food-borne illnesses
especially in  immunocompromised individuals.
Food-borne illness is a major problem in developing
countries due to poor sanitation and relaxation of food
safety programmes [7, 8]. Bacteria that are mainly
associated with food-borne diseases are Clostridium
perfringens, Listeria monocytogenes,
Campylobacterium species, Salmonella species and E.
coli [9]. Street foods have been implicated in the spread
of foodborne infections in some parts of the developing
countries including South Africa, Swaziland, Malawi,
Central African Republic, Cameroon, Nigeria, Ivory
Coast and Kenya [7, 10-12]. Foodborne illnesses such as
diarrhoea and typhoid have been on the rise in
Zimbabwe and there are inadequate diagnostic facilities,
leading to inadequate investigation of outbreaks and the
subsequent gross under-reporting of food-borne
illnesses. Food or water remains the main vehicle for
many of diarrhoeal illnesses in developing countries
[13].

Street food vending plays a vital role in
providing affordable and easily accessible food to
travellers and urban dwellers [14]. Street food vending is
now a common practise in Zimbabwe and these street
vendors are unlicensed and untrained in hygienic
handling of food, poorly educated and operate under
poor sanitary conditions with little or no know-how
about the dangers of food-related illnesses [13]. Constant
assessment of the microbial quality of ready-to-eat foods
is needed to ensure that people are eating safe food.
Vendors and retailers should focus more on hygienic
practices during food processing and packaging [15].
Food safety compliance with approved standards should
be enforced by regulatory authorities.
Antibiotic-resistant enteric bacteria are transmitted to
humans via contaminated food, water, nails and fingers,

showing the importance of faecal-oral transmission route
[16]. The main aim of this study was to determine the
prevalence of antibiotic-resistant enteric bacteria from
homemade and industrial made meat pies sold in Harare
CBD, Zimbabwe.

MATERIALS AND METHOD
Study Design and Sample Collection

A cross-sectional study was conducted to assess
enteric bacteria contamination of meat pies made in
homes and industry between November 2018 and April
2019 and to determine the prevalence of
antibiotic-resistant enteric bacteria. Sixty meat pies from
homemade and sixty industrially manufactured meat
pies were purposively sampled. This involved choosing
small targeted meat pies being sold in supermarkets,
takeaways and homemade from street vendors. Samples
were collected randomly from three ranks in the Harare
CBD namely Copacabana, Market Square and Fourth
Street bus terminus. Forty samples were randomly
collected from each selected places, ten samples were
collected from takeaways, ten from supermarkets and
twenty from homemade street vendors. Twenty samples
were collected and tested per month. The samples were
bought and placed in clean plastics. The samples were
packed in a cooler box with ice packs and transported to
the Central Veterinary Laboratory for processing.

METHOD
Isolation and Identification of Enteric Bacteria

Ten (10) grams of each meat pie was weighed
and placed into 90mls of peptone water. The mixture was
homogenised and incubated at 37°C and 44'C 18-24
hours. After incubation, a loopful of the broth was
inoculated onto Blood Agar and MacConkey Agar. The
inoculated plates were incubated for 18-24 hours at 37°C
and 44°C. Enteric bacteria were identified using colony
morphology, gram staining, standard biochemical tests
and carbohydrates fermentation [17]. The sterilized meat
pie was used as a negative control and during
biochemical testing different ATCC organisms
(Staphylococcus aureus ATCC 33862, Escherichia coli
ATCC 25922 and Klebsiella pneumoniae ATCC 13883)
were used as positive controls.

Enumeration of E. coli and coliforms

Ten (10) grams of the homogenate meat pies
samples suspended in 90mls of buffered phosphate
saline were serially diluted up to 10”. About 1ml of each
sample was plated on MacConkey agar and incubated at
37°C and 44°C for 18-24 hours. Suspected colonies of
coliforms and E. coli were counted and were confirmed
using gram staining and biochemical tests [17]. Quality
control reference materials were used parallel with the
samples tested and results were only accepted if the
reference materials produce the expected results.
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Antimicrobial Sensitivity Testing
Disc Diffusion Assay

The Kirby-Bauer disc diffusion method was
used to determine the susceptibility patterns of the
isolated bacteria species to antibiotics. Few colonies of
the bacterial isolates were picked and emulsified into
saline water until the turbidity of 0.5 McFarland was
reached. A sterile swab was dipped in the test suspension
and streaked in three directions over the entire surface of
the agar and a final sweep with the swab was made
against the agar around the rim of the Mueller Hinton
Agar plate. Antibiotic impregnated discs (Oxoid) were
applied onto the plates using an antibiotic dispenser. The
plates were incubated for 24 hours at 37°C. The
antibiotics used were Ertapenem 10ug, Vancomycin
30pg,  Ampicillin -~ 10png,  Gentamycin ~ 30ug,
Erythromycin 15 pg, Tetracycline 30ug, Ceftriaxone
30ug, Kanamycin 30pg, Neomycin 10ug, Cloxacillin
5ug, and Sulfamethoxazole 25ug (Oxoid, Germany).
The zones of inhibition were measured and the results
were interpreted as resistant, intermediate and sensitive
to the different antibiotics that were used using the
WHONET [18].

DATA ANALYSIS

Percentage prevalence of isolated bacteria were
calculated as the number of times the bacterium detected
over the total number of bacterial isolates detected.
Chi-square test in R software was used to compare if
there was a statistically significant difference between
the counts of meat pies sampled at three different ranks
in Harare CBD.

RESULTS
Isolation and Identification of Enteric Bacteria

Four bacteria genera were isolated from the
meat pies bought from the homemade street vendors and
no single bacterial genera were detected in industrially
made meat pies. These bacteria were tentatively
identified as Staphylococcus aureus, Escherichia coli,
Proteus mirabilis and Klebsiella pneumoniae using
colony morphology results, gram staining and
biochemical tests as indicated in Table-1. These bacteria
were only detected in some of the meat pies from
homemade street vendors at the three different places in
Harare CBD.

Table-1: Colony morphology, gram stain and biochemical tests characterization of isolated bacteria

Test Result Result Result Result

Blood Agar Grey round large Grey mucoid Grey swarming Round white,/yellow
non-haemolytic non-haemolytic colonies non-haemolytic gamma haemolytic
colonies colonies colonies

MacConkey Agar Round large pink Round large pink colonies | Round pale colonies | Tiny pink round
colonies colonies

Gram staining Negative rods Negative rods Negative rods Positive cocci

Catalase Positive Positive Positive Positive

Oxidase Negative Negative Negative Negative

Coagulase Not Tested Not Tested Not Tested Positive

Motility Positive Negative Positive Not Tested

Urease Negative Positive Positive Positive

Indole Positive Negative Negative Not Tested

Citrate Negative Positive Negative Not Tested

Triple iron Sugar Yellow butt, no Yellow butt, no blackening | Blackening Not Tested
blackening

Polymyxin B (300 | Not tested Not tested Not tested Resistant

unit disks)

Maltose Positive Positive Negative Positive

Mannitol Positive Positive Negative Positive

Trehalose Not Tested Not Tested Not Tested Positive

Mannose Positive Positive Negative Positive

Xylose Positive Positive Positive Negative

Lactose Positive Positive Negative Not Tested

Sucrose Negative Positive Negative Not Tested

Inocitol Negative Positive Negative Not Tested

Dulcitol Negative Negative Negative Not Tested

Sorbitol Positive Positive Negative Not Tested

Tentative Bacteria | E. coli Klebsiella species Proteus species S. aureus

The overall prevalence rates of the bacterial
species isolated were calculated and are shown in Fig-1.
Escherichia coli has the highest prevalence rate of
54.3% (38 out of 70 isolates) followed by S. aureus

25.7% (18 out of 70 isolates) followed by Klebsiella
pneumoniae 11.4% (8 out of 70 isolates) and Proteus
mirabilis has the least prevalence rate of 8.6% (6 out of
70 isolates).
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Prevalance rates

= Ecoli = S.aureus

Klebsiella spp = Proteus mirabilis

Fig-1: Overall prevalence rates of enteric bacteria isolated from
homemade meat pies

Enumeration of coliforms and E. coli.

Total coliforms and E. coli counts ranges from
2.0 x 10%t0 1.0 x 10° indicating that all the meat pies with
the counts were not suitable for human consumption.
The meat pies with counts were from homemade pies
only. Total coliforms and E. coli count from industrially
manufactured meat pies were 0 (<10%) and were suitable
for human consumption. There was no statistical
significance difference in terms of the counts among the
three sampled areas at 95% confidence intervals
(X-squared = 36.336, df = 36, p-value = 0.453 > 0.05).

OHomemade TEC O Homemade TCC

Total coliforms and E.coli counts from meat pies

industrially made TEC

Sample identity

industrially made TEC

Fig-2: Total coliforms and E. coli counts from homemade meat pies and industrially made meat pies

Antibiotic Susceptibility Testing

All the isolated enteric bacteria were
susceptible to sulphamethoxazole and gentamycin but
showed varying resistance rates to the other antibiotics
as shown in Table 2. Proteus mirabilis was resistant to

only three antibiotics and susceptible to 8 antibiotics.
Escherichia coli was 100% susceptible to 3 antibiotics,
Klebsiella pneumoniae to two and S. aureus to five
antibiotics (Table-2).

Table-2: Antibiotic resistance rates of the isolated bacteria

Antibiotics E. coli Klebsiella | Proteus | S.aureus
Penicillin 100 100 0 68.4
Sulphamethoxazole | 0 0 0 39.5
Erythromycin 65.8 2.6 0 44.7
Gentamycin 0 0 0 0
Neomycin 100 100 0 0
Kanamycin 0 2.6 0 57.9
Cloxacillin 65.8 2.6 0 26.3
Ertapenem 71.1 2.6 100 0
Ceftriaxone 78.9 2.6 100 73.7
Ampicillin 94.7 100 0 55.3
Vancomycin 100 100 0 0
Tetracycline 80 68.4 100 84.2

DISCUSSION
Isolation and Identification of Enteric Bacteria from
Industrially Made Meat Pies

Enteric bacteria were absent in all the samples
tested from the industrially made meat pies and this
indicates adherence to the recommended food standards
for human consumption. The absence of enteric bacteria

may indicate good hygienic practices during preparation,
packaging and storage. The meat pies tested were packed
in airtight plastics containers and were served whilst hot
in the formal supermarkets. So there was no
contamination during transportation and selling of these
pies. From these results, we can conclude that companies
have constructed facilities that ease sanitation and proper
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equipment are available to employees to ensure
successful completion of sanitation objectives.

Isolation and identification of enteric bacteria from
homemade meat pies

The presence of E. coli and other enteric
bacteria in meat pie sampled from homemade meat pies
shows a deplorable state of poor hygienic and sanitary
practices employed in the processing, packaging, storage
and handling during selling [4, 19]. Usually, the
presence of E. coli is an indication of faecal
contamination of the water sources that were utilized in
the processing of these food products and contamination
through handling of the pies during production,
packaging, selling and under processing that will left the
organisms from the raw materials undestroyed [19, 20].
Escherichia coli, S. aureus, Proteus and Klebsiella are
normal flora of animals and humans and their presence
in meat pies indicates that the meat pies were excessively
handled [13, 21]. Homemade meat pies’ vendors
violated the food safety practices by touching meat pies
with bare hands after handling contaminated coins and
notes and they didn’t wear any apron or hair covers. The
results of this study were in agreement with other
researches who detected E.coli, coliforms and S. aureus
in the food of animal origin [22-25]. These bacterial
species have been implicated for foodborne infections
worldwide. The bacteria are also present on the human
body and can be introduced during the processing of
meat pies, packaging, storage and handling for vendors
and customers during selling [25].

Enumeration of E.coli and coliforms from
industrially made meat pies

The counts were <1.0 x 1071 (zero) meaning
that the bacteria were absent and was conforming to the
standards of enumeration of 0 colony forming units per
gram (cfu/g) for E. coli and <10°cfu/g for coliforms
count [4]. The research results show that meat pies from
commercial producers are less likely to be contaminated
due to good hygienic practices during manufacturing and
selling. But the sample size was small and more studies
need to be done.

Enumeration of E.coli and coliforms from
homemade meat pies

Some homemade meat pies have total coliforms
and E.coli counts above the recommended limits of <1.0
x10%and <1.0 x 10" respectively making them unsuitable
for human consumption [26]. Coliforms and E.coli
counts are reliable indicators of inadequate processing
and post-processing contamination of homemade meat
pies [8]. Our findings were also in agreement with other
research findings done in southern Africa and the world
over. The high coliform and E.coli counts are an
indication of faecal contamination in homemade pies due
to poor handling techniques beginning from the
processing raw material to the finished meat pies and
faecal contaminated water sources utilized in the

processing of the meat pies [2]. The homemade meat
pies and street vending in Harare CBD clearly showed an
unacceptable state of meat pies consumed by people in
Harare. There was no statistical difference between
homemade pies being sold along the three main ranks in
Harare CBD at 95% confidence intervals (X-squared =
36.336, df = 36, p-value = 0.453 > 0.05). Homemade
meat pies manufacturers and vendors should practise
good sanitation and food handling techniques to
safeguard against the risks of the disease. Food safety
trainings to homemade vendors by responsible
authorities is a necessity. Ready-to-eat foods such as
meat pies were reported to be the main cause of
foodborne diseases such as E. coli O157: H7 infections
which were first reported in the United of State of
America outbreaks in 1991 [3, 27].

CONCLUSION AND RECOMMENDATION

The industrially made meat pies tested were
free from enteric bacteria and were suitable for human
consumption because they follow proper manufacturing
and packaging sanitation and again they were served hot
in supermarkets and takeaways. Unlike the ones from
homemade street vendors which were contaminated with
enteric bacteria and some have counts beyond
recommended standards (>10* and >10? for E.coli and
coliforms respectively). We cannot totally rule out the
possibility of infection by the sought bacterial pathogens
in industrially made meat pies because the sample size
was small and at the same time the samples were
collected from formal manufacturers who followed a
documented HACCP. The emergence of
antibiotic-resistant bacteria is a public health concern
and one health approaches in managing and reducing
antibiotic resistance should be enforced regularly.
Rigorous food hygiene, personal hygiene and
environmental hygiene, use of clean water, adequate
cooking and clean storage facilities and techniques are
important in preventing the spread of enteric bacterial
pathogens in the home, supermarkets, tuckshops and
industries manufacturing ready-to-eat meat products.
Street vendors need to be educated on the ways that
reduce their ready cooked meat and food products from
contamination. Street vendors should adhere to hygienic
practices during production, packaging, storage and
handling during selling, so as to prevent contamination
of meat pies.
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