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ABSTRACT

Pathogenic bacteria have been implicated in many outbreaks of food-borne diseases all over the world.
This study is aimed at detecting the presence of Staphylococcus aureus and Escherichia coli in sun-cured
meat, kilishi or jerky from retail outlets in Sokoto, Nigeria. A total of 81 samples of kilishi from ten areas
were examined using bacteria culture and biochemical tests. Sixty-eight samples yielded positive for S.
aureus with a prevalence of 83.9% while E. coli had 0.0% prevalence. The rate of contamination with S.
aureus was higher in four areas which had 100% prevalence whereas other locations had 25%, 60%, and
80%. Due to the high occurrence of the entero-toxin-producing S. aureus isolated from kilishi samples
collected within Sokoto metropolis, it can be deduced that the meat may serve as a source of staphylococcal
infection which may invariably affect the health of consumers as meat contributes a major part of food
intake of people in the study area. Standard hygienic practices can therefore not be overemphasized in all

stages of food production, marketing and service.
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INTRODUCTION

Globally, it is not uncommon that food safety
assurances have been of immense concern to
public health agencies due to how food markets are
regularly gaining global recognition and how foods
consumed away from homes have significantly
increased (El-hadedy and EI-Nour, 2012). Retail
of diversified minimally processed meat has
increased rapidly in recent years because of busy
lifestyles, their freshness, and convenience (Syne
etal., 2013).

The processing of diversified ready-to-eat meat
such as “kilishi” has grown as an important delicacy
especially in Northern Nigeria, involves series of
steps that begins right from slaughter to butchers
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table, cutting, slicing or shredding, addition
of groundnut sauce (kuli-kuli sauce), onions,
seasoning, and other spices as well as the drying
of the meat. These processes aggravate potential
proliferation of food-borne pathogenic bacteria
such as Escherichia coli and Staphylococcus
aureus.

In recent years, significant upsurge in the
patronization of these foods have grown all over
the world due to their convenience and nutritive
significance (Johler, 2013). And therefore, the
consumption of kilishi may at any point in time
bring about a threat to the health of the public due to
the potential availability of food-borne pathogens
that are capable of causing intoxications, several
ailments and may cause death outbreaks (El-hadedy
and EI-Nour 2012). S. aureus is part of the usual
bacteria inhabitants of the skin, present on a large
part of the general population without resulting in
any clinical manifestation (Smetzer and Benken,
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2013). However, it may also serve as an etiology
to wide range of diseases in humans which ranges
from mild skin infections to severe diseases such
as food poisoning, septicemia, osteomyelitis,
or endocarditis, (Francois, 2017). S. aureus has
also been reported in many Veterinary clinics
across the globe causing significant problems in
milk-producing animals. Throughout the world,
S. aureus is a serious etiologic agent of food-
borne intoxications. These pathogenic bacteria can
poison many foods including sun-cured meat and
thereby producing various forms of intestinal toxins
(Johler, 2013). E. coli, as an intestinal pathogen,
is frequently becoming imperative to researchers
concerned about the health of the public, especially
the psychotropic strains of E. coli 0157:H7 that
may exponentially proliferate on the prepared meat
and vegetables at lower temperatures resulting in
gastrointestinal pathologies in humans such as
hemorrhagic colitis.!'!

Routine microbial detection of food-borne
pathogenic organisms such as S. aureus and E. coli
in killishi is usually carried out by techniques that
are conventional using bacterial culture media,
subsequently by detection of bacteria colonies
by morphology and biochemical reactions. This
technique is tedious and slows (Jayne et al., 2001).
Besides, they bring about ambiguous outcomes
due to a considerate amount of fields of isolates in
some fast isolates. Speedy and delicate techniques
of detection of food-borne bacteria are imperative
for food safety (Mcvey and Chengappa, 2013).
However, a significant amount of fine methods of
detection have been developed using molecular
approach. This confers sensitivity and rapidity; but
the use of such techniques in developing countries
has been arguably of immense challenge (Adzitey
and Ali, 2013).t¢-1%

Justification of the study

Despite the fact the Nigerian food and drug
agencies have been keeping an eye on the
standard of drugs and food vended in within the
country; there are, however, no efficient systems
to examine food-borne diseases in the country.
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Millions of cases of food-related poisonings and
thousands of deaths (including children) from
food-borneintoxications have been reported
annually (WHO, 2017). The pathogenic bacteria
(S. aureus, E. coli, and Salmonella species)
were highly deemed to be behind those deaths.
Deleterious microbes or chemicals have also been
associated to more than 200 ailments, ranging
from diarrhea to tumors (Adeleke, 2009). Akanji,
(2017) on threats to safety of foods, discovered
that a high majority of workers in Nigeria
consume meals served away from their homes
and as a result are susceptible to intoxications if
these meat products are not handled safely. In the
year 2015, there was an epidemic of poisoning
from food in Ibadan, Nigeria, associated to
Salmonella typhimurium in a spread of sandwich
that took about 20 lives (Pepple, 2017). The
report further noted that the sandwich was kept
at room temperature until it was consumed the
next day. A different case of food poisoning was
reported among some families in Kano, Nigeria,
after ingestion of yam flour. And further findings
depicted the usage of certain preservatives that
inflicted noxious consequence on the people
who consumed it (Adeleke, 2009). There is also
another record of sixty cases and three deaths
from food-borne intoxication with notable
gastrointestinal anomalies among people who
consumed a certain food during a funeral service
(Fatiregun et al., 2008). These deaths were
associated to contamination of the food during
serving, preservation, and processing.

In Nigeria, there are no organized systems for
monitoring outbreaks of food-borne intoxication
in humans, which explains the inability to
ascertain the nature of the outbreaks of death
after consumption of certain types of food in
many parts of the country. and because of the
predicament in depicting an unerring picture of
the burden of food-borne disease, there is however
some proof that these diseases add-up to general
ill-health and death in the Nation, and there are
evidences and confirmations of unhygienic food
practices by food handlers and caterers in several
situations.
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Aim of the study

Isolation and identification of E. coli and S. aureus
from sun-cured meat obtained from retail outlets
within Sokoto Metropolis.

Objective of the study

The objectives of the study are as follows:

e To isolate and identify S. aureus and E. coli
in sun-cured meat kilishi or jerky using the
conventional qualitative technique.

e To determine the prevalence of S. aureus and
E. coli in sun-cured meat kilishi.

MATERIALS AND METHODS
Study area

Sokoto State lies to the uttermost part of
northwestern Nigeria, toward the conflux of the
Sokoto river and the Rima river at latitude 13°05°N
and longitude 05°15°E (Anon., 2018a). It borders
Kebbi state through the west and south, Zamfara
lies acrossit’s south and eastern borders and Niger
republic to the north. Sokoto city is the modern day
capital of Sokoto State and also the largest city of
Sokoto State (Anon., 2018).

Materials

Nutrient agar, Peptone water, eosin methylene
blue (EMB) agar, Microscope, Slide and cover
slip, Grams reagents, Pipette, Autoclave, Weighing
balance, Aluminum foil, Conical flask, Distilled
water, Petri dishes, Wire loop, Hot plate, Bunsen
burner, Slant bottle, Mannitol salt agar, Simmons
citrate agar, Urease agar, Human plasma, 3%
hydrogen peroxide, Incubator, and Sample bottle.

Sample collection

A total of 81 representative samples of sun-dried
ready to eat meat kilishi were obtained from ten
different locations within Sokoto metropolis. The
areas include:

SAMPLE A: Sultan Abubakar road, SAMPLE
B: Aliyu Magatakarda Fly-over, SAMPLE C:
Tamaje Area, SAMPLE D: Gawun Nama, SAMPLE
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E: kwannawa Area, SAMPLE F: Arkilla Area,
SAMPLE G: Rungin Sambo area, SAMPLE H: New
Market, SAMPLE I: Mabera Area, SAMPLE J: Old
Market.

Each representative sample collected from the
vendors was wrapped exactly as sold to consumers,
placed in another nylon bag and brought to the
Veterinary Public Health Laboratory of the Faculty
of Veterinary Medicine, Usmanu Danfodiyo
University Sokoto, Nigeria, for bacteriological
isolation and identification. Each sample was
properly identified alphabetically with the names
of the area in which the sample was collected.

Sample processing

One gram of killishi from each sample was
measured and placed with 10 ml of prepared
peptone water and homogenized using a stomacher.
Serial dilution was conducted using distilled water
to make a four-fold serial dilution. Ten test tubes
containing 9 ml of distilled water were used, 1 ml of
the prepared stock was placed in the first test tube
and subsequently taken again and added to the next
test tube until it gets to the last test tube, achieving
maximum dilution required. The four-fold diluted
sample was used to inoculate the culture media
(Cheesbrough, 2006).[11:12.14-16]

Media preparation

EMB agar (37 g/1)

3.7 g of E.M.B agar was measured using a weighing
balance and poured into a clean conical flask. 100
ml of distilled water was added to the agar, the brim
of the conical flask was sealed tight with cotton
wool, aluminum foil, and masking tape.l') The
conical flask was placed on a hot plate; the mixture
was homogenized by gentle heating and swaying.
The mixture was sterilized in an autoclave for
15 min sat 121°C. The media were then allowed
to cool and poured gently into the Petri dishes

(Cheesbrough, 2006).

Nutrient agar (28 g/1)
2.8 g of nutrient agar was taken and poured into a
clean conical flask, 100 ml of distilled water was
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poured to the flask, and the brim was sealed tight
with cotton wool, aluminum foil and tape. The
mixture was homogenized on a hot plate by gentle
heating and swaying. The media were autoclaved for
15 min at a temperature of about 121°C. After the
media have cooled, it was poured into the respective
Petri dishes and slant bottles (Cheesbrough, 2006).

Peptone water (28 g/l)

2.8 g of peptone broth powder was measured using
a weighing balance and poured into a clean conical
flask; 100 ml of distilled water was added. The
flask’s brim was sealed tight with cotton wool,
aluminum foil, and masking tape. The flask was
placed on a hot plate and homogenized by gentle
heating and swaying. The media were sterilized at
121°C for 15 min (Cheesbrough, 2006).

Mannitol salt agar (11.1 g/1)

11.1 g of Mannitol salt agar was poured into a conical
flask and 100 ml of distilled water was added. The
mixture was stirred gently on a hot plate until a
homogeneous mixture was obtained. The mixture
was autoclaved at 121°C for 15 min. The media
was left to cool and poured into the Petri dishes. The
media were allowed to solidify (Cheesbrough, 2006).

Isolation and identification

A sterile swab stick was placed in the fourth-fold
dilution solution, the Petri dish was opened gently
by tilting the cover a little bit, and the sticks were
used to inoculate by forming streaks on the surface
of the solidified media. The Petri dishes were
placed in the incubator which was set at 37°C
for 24 h. The morphological characteristics and
presence or absence of growth on the media were
recorded and the colony growths were transferred
into prepared slant bottles containing nutrient agar
and stored in the refrigerator. Colonies were taken
for further subculture in mannitol salt agar and also
for biochemical tests (coagulase and catalase tests),
(Ochei & Kolhaktar, 2008).

Gram staining
A wire loop was used to prepare a smear on a clean
glass slide and a flame was used to heat-fix the smear,
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crystal violet was poured and rinsed with water after
1 min. This was followed by the addition of Gram’s
iodine and also rinsed with water after 1 min. About
95% alcohol was used to decolorize the smear for
about 5 min and immediately rinsed with distilled
water. Safranin was finally added to counter stain
for about 45 s, followed by rinsing with distilled
water. The smear was allowed to dry and mounted
on the microscope by adding oil immersion for
viewing (Ochei and Kolhaktar, 2008).

Biochemical tests

Coagulase test

With the aid of a wire-loop, an emulsification
of a suspected colony was carried out on a clean
and grease-free slide with a drop of water. The
suspensions were made on separate glass slides to
serve as positive and negative control. A drop of
human plasma was added on the positive control
slide. Clumping of the colonies visible within 10 s
depicts a positive coagulase reaction (Ochei and
Kolhaktar, 2008).

Catalase test

A small amount of colony growth was transferred
on a clean glass slide containing a drop of water
with the aid of a wire-loop (properly flamed), it
was emulsified to form a suspension.!'3] One drop
of 3% hydrogen peroxide was gently added on
the suspension. Immediate evolution of oxygen
bubbles was observed for a positive test while
absence of these bubbles reflected a negative test
(Ochei and Kolhaktar, 2008).

RESULTS

Table 1. Portrays 100% prevalence in samples
collected from three locations J, K and F while
location A presented a lower prevalence of 25%.
The colonial morphology of each positive sample
as shown in Figure 1; depicts a change in color
of the media from a pink to a golden yellowish
color. Figure 2; reflects a trend in the level of
Staphylococcus aureus contamination in cultured
samples from different locations in sokoto
metropolis.
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DISCUSSION

This study shows high occurrence of S. aureus
with a prevalence of 83.9% whereas that of E. coli
was 0.0%. This may be associated with the fact that
both E. coli and S. aureus are mesophilic bacteria
and may not survive the high temperatures used in
the preparation of kilishi (Medvedova et al., 2012)
However, due to the ubiquitous nature of S. aureus
(Richardson, 2015), it can contaminate the meat
through unhygienic practices during meat handling
and packaging even after the meat has been grilled.
E. colibeing water coliform would require moisture
to grow and therefore may not survive on the sun-
dried ready-to-eat meat (Hiramatsu et al., 2005).

The prevalence of S. aureus (83.9%) obtained from
this study is significantly higher than the values
obtained by Okwori et al, (2009) from some
cities within Northern Nigeria (including Sokoto)
with 40% prevalence. Ribah and Manga, (2018),
also isolated S. aureus from kilishi as well as the
environmental ubiquity of S. aureus from kilishi
within Kebbi and Sokoto state and obtained a
prevalence of 15.51%. The two studies highlighted
above both attributed their source of S. aureus
contamination in kilishi to low level of hygiene by
handlers of the meat as well as the environmental
ubiquity of S. aureus. Table 1 shows the prevalence
of positive isolates obtained from different
locations within Sokoto metropolis reflecting a
high occurrence in four areas with 100%, 90%,
87.5%, and 80% prevalence, perhaps due to the

unsanitary and unhygienic practices observed
during the processing of kilishi in these areas by
meat handlers and water suppliers. However, other
areas had only 25% prevalence perhaps due to the

Figure 1: Staphylococcus aureus colonies change the color
of Mannitol Salt agar from pink to yellowish color.

120

Prevalence

Location

Figure 2: Sokoto Metropolis.

Table 1: The values obtained from isolation and identification of isolates from sun-dried ready to eat meat obtained from

retail outlets in Sokoto metropolis

S.No Location Number of Total culture  Culture positive for Culture positive Culture with ~ Prevalence(%)
samples collected positive Staphylococcus aureus for Escherichia coli mixed positive

1 A 8 2 2 - - 25

2 B 5 3 3 - - 60

3 C 5 4 4 - - 80

4 D 10 8 8 - - 80

5 F 8 8 8 - - 100

6 G 8 7 7 - - 87.5

7 H 10 10 10 - - 100

8 1 10 9 9 - - 90

9. J 7 7 7 - - 100

10. K 10 10 10 - - 100
TOTAL 81 68 68 - - 83.9
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hygienic measures put in place by the meat handlers
during the processing of the meat in these locations.
These measures include the use of customized
nets that prevents the entrance of flies and other
contaminants when the meat is dried, also, the use
of nylon gloves during meat packaging was also
observed (Raji, 2018).11721

It is recommended that standard hygienic practices
should be employed during production and after
processing of sun-cured meat kilishi. Therefore,
public health workers and food regulation agencies
should accurately strategize to prevent possible
upsurge of food-borne diseases by frequently
making sure that safe and hygienic conditions in
the production, storage, and handling of kilishi are
employed.
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