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Abstract:

Foodborne diseases are caused by eating contaminated food. Bacillus cereus is a versatile enterotoxigenic agent of foodborne
disease. This study investigated the incidence of Bacillus cereus in food sold within some school premises within Ilorin
metropolis and their hazard analysis critical control point (HACCP). Isolation of Bacillus cereus was carried out using food
samples collected from some selected school within Ilorin metropolis using Bacara agar. The isolated bacteria were characterized
and identified following microbiological techniques. Molecular identification of isolates was done using 16S rRNA sequencing
method. Effect of physiochemical parameters (such as incubation period, temperature, pH, UV-light, salt concentration and
monosodium glutamate concentration used in cooking) on the growth of the isolates was carried out. Identification of possible
points of contamination was assessed from the points of production and sale of foods using well structured questionnaire. Total
Bacillus count in food samples sold in all the sampled points within the Local Government Areas was significantly different
from each other. Cooked Rice and spaghetti were found to have the highest count (4.42 + 0.72 to 4.75 £+ 0.89 and 4.00 = 0.99 to
4.17 + 1.03). All the isolates were confirmed to be Bacillus cereus with accession number 0Q235070, 0Q235071, 0Q235072,
0Q235073, 0Q235075 and 0Q235076 except one confirmed to be B. thuringiensis 0Q235074. The isolates were found to have
optimum growth between 30 — 35 °C, pH 3 - 7, incubation period of 12 - 24 hours and hours and maximum growth at 1.0 %
monosodium glutamate concentration. Hazard analysis critical control point reveals poor storage system, illiteracy and poor
hygienic practices among the handlers. In conclusion, food items sold to school children examined were found to be
contaminated with Bacillus cereus.
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1. Introduction

Food is very pivotal to the continuous

existence of any organism; it includes any substance
in liquid or solid form, consumed by an individual.
The energy derived from food consumption nourishes
and provide basis for cellular metabolism [1].
Food borne disease refers to illnesses contacted
through eating food contaminated by pathogenic
microbes and or their toxic metabolites during
production or processing and distribution lines [2].

Food borne disease (FBD) poses a global
challenge to human survival with increase in
percentage occurrence annually. Furthermore, is the
issue of increase in cost of treatment, reduction in
labour efficiency and sometimes death of the
consumers. The impact of foodborne disease on
consumers have been globally burdensome especially
the diarrheal diseases [3].

“Street-vended foods” or “ready to eat
foods” refers to food in liquid or solid form prepared
and sold in public places and consumed without
further processing [4]. This kind of food has become
very important due to its immediate availability
around the home and workplaces. It is a ready
alternative for people during work hours and has
become major source of livelihood to low and

medium business vendors [5]. Despite the associated
benefits of this food, human safety is often at risk [6,
7]. B. cereus is among the commonly encountered
bacteria that are responsible for instances of reported
cases of outbreak of Foodborne diseases [8].

Bacillus  cereus 1is an endospore forming,
enterotoxin producing rod commonly associated with
food and soil environments [6]. The spores
contaminate a variety of food products often during
production and distribution, essentially when food is
held at ambient condition for a long time before
consumption. This bacterium is notorious for
producing two forms of toxins which are responsible
for the two forms of infections; the diarrheic and
vomiting (emetic) type. Both of which are heat labile
and heat stable respectively. The hemolysin (BL
type) and the non-hemolytic (emetic type) of toxins
were thought to be required for full activity of the
bacterium. As an endospores former, the endospores
produced by the organisms can withstand varying
degrees of dehydration, irradiations, temperature and
pH relevant to soil and food processing environments
[9]. The spores are reported to have affinity for
surface adhesion and survival in foods such as grains,
nuts, and vegetables, hence, the vegetative cells can
be found in both cooked and raw food materials [10].
Ingestion of the organism or the toxins from the
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organism can cause severe cases of foodborne
disease. Foodborne illness associated with toxin
produce by B. cereus affect people of all ages but is
thought to be more severe in children and aged [10].
Study on the occurrence of this foodborne pathogen
in food consumed by pupils in this region is of public
health significance; the importance of the knowledge
to avoid risk to consumers’ health cannot be
overemphasized. This work was therefore aimed at
investigating the incidence of B. cereus strains in
food consumed by school children and analyzing the
hazard critical control points along processing lines
in selected Local Governments Areas within Ilorin
metropolis.

2. Materials and Methods
2.1 Sample Collection
Different food samples consumed by school children
in twelve selected schools each within Ilorin West,
Ilorin East, Ilorin South and Asa all within Ilorin
metropolis were randomly collected in sterile coolers
under aseptic condition from different food vendors
at different schools for a period of three months. The
food items collected include cooked rice, spaghetti,
bean, puff-puff, meat and fish that are consumed by
school children. These food items were transported to
the laboratory and microbial analysis were carried out
on the food items within 6 hours of collection [11].
2.1.1 Isolation of Bacteria from Food Samples
Precisely 10 g of each food sample was homogenized
for a minute with 90 ml of buffered peptone. Serial
dilution was prepared and 0.1 ml of each dilute
sample was placed in Petri-dishes and pour plate
method was done using Nutrient Agar, which was
completely mixed by revolving the plates and then
left to solidify. After 48 hours of incubation at 37 °C,
the plates were checked for the appearance of single
colonies growing throughout the medium. The plate
count was recorded [12].

2.1.2 Isolation of B. Cereus usingBacara Agar
Plates

The medium Bacillus cereus rapid agar (Bacara)
from Oxoid Ltd (Basingstoke, UK) was prepared
following manufacturer’s instruction, dispensed into
Petri-dishes and inoculated with 0.1 ml of the serially
diluted samples using spread plate method. Plates
were incubated for 24 hours at 30 °C. Distinct
colonies were subcultured repeatedly and pure
colonies maintained at 4°C for characterization [13].
2.2 Identification of Isolates

2.2.1Characterization and Confirmation of
Bacillus cereus

Characterization using morphological appearance of
cell, shape and pigmentation were done. The
following biochemical tests such as (catalase,
heamolysis, citrate utilization, urease production,
Voge-Proskauer, lecithinase production, hydrolysis
of starch) and cultural characteristic such as Gram’s
reaction, spore location and motility were determined
[14; 15; 16; 17; 18; 19;20;21;22].

2.2.2 Molecular Identification of Bacillus cereus
Isolates

2.2.2.1 DNA Extraction

Single colonies from overnight culture of the isolates
were transferred into broth for 48 hours at 28 °C. The
cultures were centrifuged at 4600 rpm for 5 mins.
DNA extraction was according to [23]

2.2.2.2 Polymarase Chain Reaction (PCR)

The DNA extracted was used for PCR amplification
with the Gene Amp® PCR System (Applied
Biosystem USA). The procedure described by [24]
was followed.

2.2.2.3 Gel Electrophoresis

Gel electrophoresis of the PCR products was done on
a 1 % TAE agarose gel that was stained with
ethidium bromide at 80 V for 60 minutes. The
resulting bands were viewed under ultraviolet (UV)
trans-illumination. Digital images of the Gel were
obtained using Alpha imager 2000, Alpha Innotech,
San Leandro, CA [25]

2.2.2.4 Purification of PCR Amplified 16S rRNA
Gene

The PCR products obtained were purified using
ethanol to get rid of residual PCR reagents. The
purity of the products were confirmed and quantified
according to the method described by [26].

2.3 Effect of Physicochemical Parameters on the
Growth of Isolates

2.3.1 Effect of Temperature on Growth of Bacillus
cereus

Sterile nutrient broth in test tubes (5 ml) was
inoculated with 2 ml of isolates in 3 replicates and
incubated at 20, 25, 30, 35, 40, 45, and 50 °C for 24
hours. Bacterial growth was measured using turbidity
method at 600 nm [9]. All experiments were carried
out in triplicates.

2.3.2 Effect of Incubation Periods on the Growth
of B. cereus

Two (2) ml of test organism was transferred into
nutrient broth and was incubated at the temperature
of 37 °C for duration of 24 hours at pH 7 and the
differences in the growth pattern were taken [27]. All
experiments were carried out in triplicates.
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2.3.3 Effect of pH on Growth of B. cereus

Nutrient broth containing 2 ml of cultures were
prepared and buffered at different pH concentrations
of 3,4,5,7,9, and 12 in conical flasks. They were
incubated at 32 °C on an orbital shaker at 80 rpm for
24 hours; bacterial growth was measured using
turbidity method at 600 nm. All experiments were
carried out in triplicates [9].

2.3.4Effect of Monosodium
Concentration on Growth of B. cereus
Two millimeter (2 ml) of B. cereus culture with OD
600 nm=1.0 which correspond to 10 CFU/ml was
added to different concentrations of 2.5, 5.0, 7.5 and
10 % of monosodium glutamate prepared using
nutrient broth as diluents. All flasks were incubated
at 37 °C with continuous shaking at 150 rpm for 24
hours. Bacterial growth was measured using turbidity
method at 600 nm. All experiments were carried out
in triplicates [28].

Glutamate

2.3.5 Effect of Ultraviolet Light on the Growth of
B. cereus

Five millimeter (5 ml) of sterile nutrient broth was
inoculated with 2 ml of overnight broth culture of the
test organisms. The broth cultures were placed in
sterile Petri-dishes and directly exposed to the UV-C
light source for 0, 30, 60, 90, 120 and 150 seconds in
3 replicates. The distance between the center of the
light and the top of Petri-dish was approximately
15cm. Bacterial growth was measured using turbidity
method at 600 nm. All experiments were carried out
in triplicates [29].

2.3.6 Effect of NaCl Concentration on the Growth
of B. cereus

Two (2) ml each of inoculums from overnight broth
culture test organism was transferred aseptically to
sterile tubes containing different concentration of
NaCl (2.5, 5.0, 7.5 and 10 %), and incubated at 37 °C
for 24 hours, bacterial growth was measured using
turbidity method at 600 nm. All experiments were
carried out in triplicates [30].

2.4 Identification of Hazard Analysis Critical
Control Points

Identification of hazard was carried out using the
method of [30]. Collection of information through
visitation to both the selling and preparation points
was carried out. Several parameters such as sources
of water for preparation, rearing of domestic animals,
distance from toilet, presences of washing basin,
level of personal hygiene, level of environmental
sanitation, training attended by vendors, packaging
and storage of food product (if applicable) were

assessed. All these were done to identify the possible
sources of contamination in the production and
selling points of the foods. Questionnaires were used
to collect information from the vendors.

2.5 Statistical Analysis

Data obtained were statistically analysed using SPSS.
ANOVA test under Completely Randomized Design
(CRD) and Duncan Multiple Range Test were used to
determine Mean and Standard Error of mean and to
show significant differences in means. Means were
considered significantly different at (p<0.5) and
denoted by alphabets in superscripts.

3. Results
Bacterial Loads in Food Samples
The result of total bacterialcounts (x 10°cfu/g) and
total Bacillus counts (x 10°cfu/g) of six (6) foods
samples(rice, spaghetti, bean, puff-puff, meat and
fish) from different school within Ilorin metropolis
are as showed in Tables 1 and 2 respectively.

3.1 Bacillus cereus Counts in Food Sold in the
Local Government Areas

In Ilorin West L.G.A, the isolates from the food
sampled differed significantly (p<0.5) in total
Bacillus counts (x 103cfu/g). There was no significant
difference in Bacillus count from Rice and spaghetti
(superscript a) but there was in puff puff and other
food samples (superscript b), Bacillus count in fried
fish and beans were not significantly different from
each other (superscript c).

In Ilorin South, the food samples differ significantly
(p<0.05) in total Bacillus counts (x 103cfu/g). Rice,
meat and spaghetti are significantly not different
from each other (superscript a) but puff puff
(superscript ab) is significantly different from other
food samples.

In Ilorin East L.G.A, the food sampled differed
significantly (p<0.05) in total Bacillus count (x
10%cfu/g). the count in cooked rice is significantly
different from other samples (superscript a). While
puffpuff and spaghetti were not significantly different
from each other (superscript ab) but beans and fried
fish are not significant different from each other
(superscript c) (Table 2).

In Asa LGA, the food samples differed significantly
(p<0.05) in total Bacillus count (x 103cfu/g). Rice and
meat were significantly not different from each other
(superscript a) but while spaghetti is significant
different from other food samples (superscript ab)
likewise puffpuff is significantly different from other
food samples.(superscript b) but also fried fish and
beans are significantly different from each other
(superscript ¢).The total Bacillus counts (x 10°cfu/g)
in food samples sold in all local government areas are
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significantly different from each other. Methods of
preparation and hygienic practices of each of the
vendors may influence the total Bacillus count (x
10%cfu/g) in food samples. Furthermore, rice and
spaghetti were not significantly different from each
other across the L.G.A and beans, fish, meat and puff
puff also have similar trend (Table 2.)

3.2 Characteristics of Presumptive Bacillus cereus
Isolates

There were ten isolates of which seven were found to
be positive to starch hydrolysis, hemolysis and
lecithinase and are therefore considered to be
tentatively enterotoxigenic Bacillus cereus while
other that failed the three physiological characteristic
were considered to be other species of Bacillus and
were removed from further studies (Table 3).

3.3 Molecular Identification of Bacterial Isolates
and Phylogenetic Tree of Relationship

Agarose gel electrophoresis showed the positive
amplification of 16S rRNA partial gene amplified
from the selected bacteria isolate which align with
marker primer confirms the isolates to be Bacillus
species. The presence of approximately 1500bp
amplicon size indicates a positive amplification as
shown in Figures 1 and 2.The result of molecular
characterization of isolated Bacillus spp presented in
Table 4 shows that isolated Bacillus cereus 1,2,3, 4,6
and 7 align with strain of Bacillus cereus with above
97 % identity (Figure 1). However, isolate 5 align
and had higher % similarity with Bacillus
thuringiensis strain (Figure 1).

3.4 Effect of Physiochemical Parameters on the
Growth of Isolates

3.4.1Effect of Temperature on the Growth of
Bacillus cereus

The growth of Bacillus cereus at different
temperature is presented in Table 5. The mean value
of their growth ranges between 1.157 + 0.005 to
1.036 + 0.092 at temperature of 25 and 35 °C. There
was no significant difference (P < 0.05) in the growth
of all the strains. At 40 °C, the growth tends to
decrease progressively up to 50°C. Lowest mean
value of all the growth was observed at 50 °C having
thermal effect on the cell macromolecules leading to
cell death.

3.4.2 Effect of pH Change on Growth of B. cereus
The growth of the bacteria increased significantly (P
< 0.05) as the pH increased from 3 — 12. The
optimum growth with OD 660 values of (0.611 =+
0.004) (0.765 + 0.005) (0.732 + 0.000) were obtained
at pH 3, 5, and 7 respectively. It was observed that
pH above 7 tend to inhibit the growth of B. cereus
strains. Duncan Multiple Range Test (DMRT)
comparison at (P < 0.05) showed that the mean

values of the growth were significantly different.
This is presented in Table 6.

3.43 Effect of Incubation Period on Bacillus
cereus

The growth of the B. cereus under different
incubation period was presented in Table 6. It ranged
between (1.180 = 0.007) to (0.007 + 0.003). There
were significant differences in growth in all the
strains relative to incubation period (P < 0.005).
Result is presented in Table 7

3.44 Effect of Monosodium Glutamate
Concentration on the Growth of B. cereus

The effect of monosodium glutamate concentration
on the growth of Bacillus cereus strains is presented
in the Table 8. The growth of bacteria increased
significantly (P < 0.05) as the concentration of
monosodium glutamate increased. The maximum
cell growth with OD 660 value of 1.136 £ 0.004)
(0.817 + 0.007) at 0.5 and 1.0% respectively were
achieved. The mean growth values were statistically
significant.

3.4. 5 Effect of Duration of Exposure to UV Light
on the Growth of Bacillus cereus

The lethal effect of UV light exposure on growth at
specific period of time is presented in Table 9. The
mean values of growth ranged between (1.609 =+
0.07) to (0.010 £ 0.05). The growth rate patterns of
all the strains were similar. There was no significant
different at (P < 0.05) in all the strain at specific
exposure duration.

3.4.6 Effect of Sodium Chlorides Concentration on
Growth of B. cereus

Growth pattern of B. cereus strain in different
concentrations of NaCl is presented in Table 10. The
growth of the strains increased significantly (P <
0.05) at 2.5%, however, growth decreased
progressively up to 10.0%. None of the strain was
able to survive 10 % of sodium chloride.

3.5 Identification of Hazard

The results presented in Table 11 shows that out of
48 schools from all the local government, 17(33.3
%) vendors used well water for production of their
food while 20(41.7 %) and 12(25.0 %) wused tap
water and borehole water respectively. Majority
44(91.7 %) and 47(97.9 %) of the vendor do not rear
domestic animals and do not have toilet close to
selling point and preparatory point.

Similarly, 42(87.5 %) of schools have washing hand
basin and 44(91.7 %) have no refrigerator. The result
further showed that 30(62.5 %) of the people
involved in preparation of food had hygienic training
attended. The average level of personal hygiene and
environmental sanitation of the people involved in
preparation of food were 64.67(£1.83), 57.5(£2.14)
and 3(%0.25) respectively.
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Table 10 shows cross tabulation of source of water
for food production and local government areas.
About 50 % of the vendors in Ilorin West use tap
water while 20 % of vendors use well water and
borehole water. Similarly in Ilorin East LGA, we
have the same proportion as in Ilorin West. 41.7 % of
vendors in Ilorin South local government use well
water and tap water while 6.6 % of schools use
borehole water while in Asa LGA 41.7, 25 and 33.3
% of vendors use well water, tap water and borehole
water respectively.

Majority is 91.7, 83.3, 100 and 91.7 % of vendors in
Ilorin West, South, East and Asa do not rear domestic
animals. All the vendors (100 %) do not have toilet
close to their selling points except Ilorin East that is

91.7 %. The level of personal hygiene, which is 83.3,
91.7 and 83.3 % in Ilorin West, South and East
respectively were above average while 58.3 % of
vendors in Asa were about average.

The level of environmental sanitation of 66.7, 25 .0,
41.7 and 58.3 % school in Ilorin West, South, East
and Asa LGA respectively are about average. Three
quarter (75.0 %) of school vendors in Ilorin South
and Ilorin East LGA have ever attended hygiene
training while only half (50 %) of vendors in Ilorin
West and Asa LGA have never attended any food
hygiene training.

Table 1: Total Bacterial Counts (x 103 cfu/g) of Food Samples

Food samples

Local Government Areas

Ilorin West Ilorin East Ilorin South Asa
Total Bacterial Count (x 10° cfu/g)
Rice 8.83 £1.53® 6.83 £1.03° 7.00 £ 1.04% 7.00 £ 1.04%
Fried Fish 7.17+1.47° 8.25 +1.49%® 8.00 + 1.602° 8.00 £ 1.60%
Meat 9.25+0.87% 9.42 +0.79* 9.25+0.87% 9.17 + 0.84%
Beans 7.17 £1.80° 8.25+2.18%® 8.75 £2.05%® 8.42 +£2.23%®
Puff puff 7.50 £1.31% 7.33 £1.44° 7.50 £1.31% 8.42 +£3.29%
Spaghetti 7.92 £2.61%¢ 7.83 £2.48° 7.58 £2.43b 7.75 £2.38%

e Values are means =+ standard deviation.

e means with different superscript within the same column are significantly different at (p<0.05)

Table 2: Total Bacillus Counts (x 10° cfu/g) of Food Samples

Food Samples

Local Government Areas

Ilorin West Ilorin East Ilorin South Asa
Total Bacterial Count (x 103 cfu/g)
Rice 442 +0.72° 4.75+0.89° 4.42+0.67° 475+ 0.87°
Fried Fish 2.08 +£0.99¢ 3.33+£1.03¢ 2.97 +0.84° 3.00 £0.85¢
Meat 3.42 +1.56% 3.73 £ 0.62° 3.92+0.78° 4.50+0.52°
Beans 1.67 +£0.49¢ 3.42+0.94¢ 2.67+1.13% 2.92 £0.79¢
Puff Puff 3.83 +£0.79% 4.17 +0.79% 3.67 £ 0.65% 3.75 +£0.75°
Spaghetti 4.02+1.22° 4.17+1.19% 4.00 +0.99? 4.17 +1.03%

¢ value and mean =+ standard deviation.

o means with different superscript within the same column are significantly different at (p<0.05)
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Table 3: Morphological and Biochemical Characteristics of Isolated Bacteria

Microscopic

Morphology Characteristics Characteristics Biochemical Characteristics Sugar Fermentation
= =Y)) 3) %] o .i oy 5 ) -5} 5 PrOpable
g © 5 = £ £ = T% L g . &8 £ g 2 E €  Organism
£ g 3 : g 5F 3 E £ §° = & Z & = 3
=) 2 ]
2 = 8 = & n = @) = &) - @
AAl1 Rods Lightpink Convex Smooth + + + + + + + + - + + B. cereus I
AA2 Rods Lightpink Convex Smooth + + + + + + + + + - + B. cereus 11
AA3 Rods Lightpink Convex Smooth + + + + + + + - - + + B. cereus 111
AA4 Rods Lightpink Convex Smooth + + + + + + + - - + + B. cereus IV
AA5 Rods Lightpink Convex Smooth + + + + + + + - - + + B. cereus V
AA6 Rods Lightpink Convex Smooth + + + + + + + + + - + B. cereus VI
AA7 Rods Lightpink Convex Smooth + + + + + + + + + + + B. cereus VII
BB1 Cocci Cre'am Raise Smooth + + + + + + + - - - + S. cereus
white
Light -
BB2 Rods yellow Convex  Irregular + + + + + + + + + + + Clostridium Sp.
BB3  Cocci Crgam Raise Smooth + + + + + + + - + - + S. cereus
white
BB4 Rods Svﬁatlén Convex Irregular + + + + + + + - + + + Listeria Sp.

KEY: + =POSITIVE
- =NEGATIVE
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Table 4: NCBI Blast Showing the Identity of the Sequenced Bacteria Isolates

Isolates Scientific Name Max Total Query E value Per. Accession
Score Score Cover Ident

AyBio-1 Bacillus cereus 2529 35380 99% 0 99.43%  0Q235070

AyBio-2 Bacillus cereus 2418 2418 100% 0 98.00%  0Q235071

AyBio-3 Bacillus cereus 2507 2507 100% 0 99.14%  0Q235072

AyBio-4 Bacillus cereus 2507 2507 100% 0 99.14%  0Q235073

AyBio-5 Bacillus 2514 2514 99% 0 99.42%  0Q235074

thuringiensis

AyBio-6 Bacillus cereus 2549 2549 100% 0 99.71%  0Q235075

AyBio-7 Bacillus cereus 2547 2547 100% 0 99.71%  0Q235076

Note: Numbers 1to 7 represents the Isolated Bacillus species

Table 5: Effect of Temperature on the Growth of Bacillus cereus

Isolates
Temperature B. cereus B. cereus B. cereus B. cereus B. cereus B. cereus B. cereus
‘o) 1 2 3 4 5 6 7

20 0.679 £ 0945 <+ 0833 =+ 0.752 =+ 0.734 + 0.733 + 0.824 =+
0.005¢ 0.026* 0.004° 0.119b¢ 0.038° 0.056¢ 0.111%

25 0787 £ 1.177 + 1047 <+ 1.026 =+ 0936 =+ 1.059 =+ 0934 =+
0.005¢ 0.004* 0.005¢ 0.006° 0.006¢ 0.006¢ 0.008°

30 0927 £+ 1.157 £ 1033 + 0991 + 0959 + 1.027 + 0981 <=+
0.004° 0.005* 0.055¢ 0.005¢ 0.005¢ 0.035¢ 0.005¢

35 0.825 £ 0966 =+ 0893 =+ 0894 =+ 0.797 =+ 1.051 =+ 0.868 =
0.022¢ 0.033%® 0.025% 0.021¢4 0.021% 0.0922 0.006%

40 0623 £+ 0683 <+ 0587 + 0564 =+ 0623 =+ 0.674 =+ 0510 =+
0.085%¢ 0.015b 0.015% 0.015¢ 0.0072¢ 0.007° 0.009¢

45 0471 £ 0503 <+ 0518 + 0493 <+ 0497 =+ 0397 =+ 0485 =
0.036% 0.007% 0.472 0.0472 0.016* 0.0174 0.010*

50 0225 + 0.18 <+ 0.197 + 0169 =+ 0176 =+ 0.094 + 0.094 <+
0.007* 0.023¢ 0.021 0.016° 0.018° 0.0124¢ 0.0124

* Significant difference exists at (p<0.5)
*Mean value with different superscript in the same column are significantly different
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Table 6: Effect of pH on Growth of Bacillus cereus

Isolates

pH B. cereus B. cereus B. cereus B. cereus B. cereus B. cereus B. cereus
1 2 3 4 5 6 7

3 0.611 =+ 0448 <+ 0.743 <+ 0839 =+ 0.611 =+ 0.663 =+ 0565 =+
0.004° 0.004* 0.005¢ 0.006¢ 0.005* 0.005°¢ 0.006¢

5 0.666 =+ 0510 =+ 0.765 =+ 0.746 =+ 0.668 =+ 0.617 =+ 0.634 =+
0.005%® 0.003° 0.005* 0.004* 0.004° 0.005° 0.004°

7 0.732 £+ 0676 =+ 0551 + 0532 + 0442 <+ 0558 £ 0515 =+
0.004? 0.004%® 0.007° 0.004° 0.005¢ 0.004? 0.006

9 0.049 <+ 0092 <+ 0028 + 0.028 + 0.025 =+ 0031 <+ 0052 <+
0.004¢ 0.003¢ 0.0044 0.006¢ 9,994¢4 0.0044 0.005¢

10 0.027 =+ 0.028 =+ 0.024 <+ 0.037 =+ 0.050 =+ 0.037 =+ 0.030 =+
0.005¢ 0.004¢ 0.004¢ 0.005¢ 0.004¢ 0.006d 0.005¢

* Significant difference exists at P < 0.05.
Mean value with different superscripts in the same column are significantly different.

Table 7: Effect of Incubation Period on the Growth of B. cereus at pH of 7.0

Incubation Isolates

Period (h)
B. cereus B. cereus B. cereus B. cereus B. cereus B. cereus B. cereus
1 2 3 4 5 6 7

0 0.007 £+ 0405 =+ 0162 <+ 0532 <+ 0191 <+ 0370 =+ 0237 =+
0.0032 0.012¢ 0.009¢ 0.005¢ 0.009¢ 0.067¢ 0.004*

4 0532 £+ 1.060 =+ 0944 + 0890 =+ 0798 =+ 0.790 + 0.750 =+
0.059¢ 0.009° 0.008% 0.006° 0.007% 0.004° 0.007°

8 0594 £+ 1065 + 0925 + 0989 + 0.798 =+ 0.805 =+ 0.758 =
0.014¢ 0.008° 0.014%® 0.007%® 0.003° 0.007%® 0.007°

12 0765 =+ 1.169 =+ 1.654 =+ 1.007 =+ 0914 =+ 0988 =+ 0943 =+
0.021° 0.007* 0.009* 0.0032 0.0082° 0.0042° 0.005%

16 0787 £ 1.176 £ 1.059 <+ 1.009 =+ 0922 + 0995 =+ 0949 =
0.021° 0.007% 0.006* 0.004* 0.006% 0.003% 0.005%

20 0800 + 1.180 <+ 1.067 + 1.030 =+ 0934 + 1.005 + 0954 <+
0.020%® 0.0072 0.006* 0.006* 0.006® 0.006* 0.006®

24 0784 £ 1.184 £ 1050 <+ 1607 =+ 0945 =+ 1.058 = 0943 =
0.010° 0.006* 0.005* 0.003* 0.009%® 0.007* 0.006®

* = Significant difference exists at P <0.05
Mean value with different superscript are significantly different.
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Table 8: Effect of Monosodium Glutamate Concentration on the Growth of B. cereus

Isolates
Concentration B. cereus B. cereus B. cereus B. cereus B. cereus B. cereus B. cereus
% 1 2 3 4 5 6 7
0.5 1.017 <+ 0880 <+ 1.014 =+ 1.059 =+ 1.059 =+ 1.018 =+ 1.029 =
0.004% 0.006° 0.004° 0.003° 0.006% 0.011° 0.004°
1.0 2727 £ 2615 + 2.692 + 2658 £ 2747 <+ 2709 + 2742 +
0.005* 0.003* 0.006* 0.005* 0.005* 0.008* 0.004*
1.5 0797 £ 0441 £ 0572 £ 0387 =+ 0.602 =+ 0462 =+ 0441 =+
0.215% 0.115¢ 0.005¢ 0.006° 0.212° 0.012¢ 0.002¢
2.0 0370 + 0366 =+ 0357 =+ 0382 =+ 038 <+ 0353 =+ 0328 <+
0.034¢ 0.006¢ 0.003¢ 0.006° 0.003¢ 0.035¢ 0.005¢
* = Significant difference exists at P <0.05
Mean values with different superscripts in the same column are significantly different.
Table 9: Effect of Duration of Exposure to UV Light on the Growth of B. cereus
Isolates
Duration B. cereus B. cereus B. cereus B. cereus B. cereus B. cereus B. cereus
Sec. 1 2 3 4 5 6 7
0 0.609 <+ 1314 <+ 0897 + 1208 + 1202 =+ 1.151 <+ 1307 <+
0.07¢ 0.006* 0.006° 0.005b 0.005b 0.006* 0.007°
30 1214 £+ 0829 <+ 0.750 =+ 0.784 =+ 0817 =+ 0927 =+ 0944 =
0.008% 0009° 0.056* 0.014* 0.006* 0.031° 0.005*
60 1.061 £ 0.648 =+ 0.659 =+ 0.748 =+ 0.718 =+ 0.768 =+ 0.897 =+
0.008° 0.047¢ 0.0032® 0.014° 0.008" 0.045% 0.004°
90 0.859 £ 0521 =+ 0478 £ 0.665 =+ 0546 =+ 0546 =+ 0.650 =+
0.131° 0.105¢ 0.057¢ 0.010° 0.008¢ 0.009¢ 0.043¢
120 0492 <+ 0239 =+ 0320 =+ 0447 =+ 0327 =+ 0322 =+ 0469 <=+
0.068¢ 0.080° 0.035¢ 0.012¢ 0.0334 0.0334 0.042¢
150 0.010 <+ 0050 =+ 0.162 + 0.173 + 0.193 <+ 0.193 £ 0231 <+
0.005°¢ 0.030f 0.006° 0.058¢ 0.041¢ 0.041¢ 0.031¢

* = Significant difference exists at P <0.05
Mean value with different superscripts in the same column are significant different.
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Table 10: Effect of Sodium Chlorides Concentration on Growth of B. cereus

Isolates
Concentration B. cereus B. cereus B. cereus B. cereus B. cereus B. cereus B. cereus
% 1 2 3 4 5 6 7
2.5 0246 <+ 0026 =+ 0.196¢ =+ 0216 =+ 0.188 v 0228 =+ 0252 <+
0.008* 0.007* 0.005 0.005* 0.004¢ 0.15° 0.014*
5.0 0.054 <+ 0041 =+ 0063 =+ 0.056 =+ 0.065 =+ 0073 =+ 0032 <=+
0.012¢ 0.006* 0.005¢ 0.011¢ 0.007-d 0.012¢ 0.014¢
7.5 0.004 <+ 0.005 =+ 0016 =+ - - - -
0.014¢ 0.011¢ 0.007¢ 0.009 0.007 0.004 0.008
10.0 - - - - - - -
0.007 0.007 0.008 0.008 0.007 0.009 0.006

* = Significant exist at P < 0.05
Mean values with different superscripts in the same column are significant different.

Table 11: Frequency and Percentage of Characteristics of Variable of Selling Points and Preparation Points

in the LGAs Selected.

Variables Frequency/Percentage (%) Total (%)

Sources of Water

Well 16 (33.3)
Tap 20 (41.7) 48 (100)
Borehole 12 (25.0)
Domestic Animal Reared
No 44 (91.7) 48 (100)
Yes 4 (8.3)
Proximity to Toilet
No 47(97.9) 48 (100)
Yes 1 (2.1
Use of Washing Basin
No 6 (12.5) 48 (100)
Yes 42 (87.5)
Training Attended
No 18 (37.5) 48 (100)
Yes 30 (62.5)
Use of Refrigerator
No 44 (91.7) 48 (100)
Yes 4 (8.3)
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Table 12: Hygiene Parameters Based on School and Local Government Area

Local Government Area

Parameters of school/Type Ilorin West Ilorin South Ilorin East Asa
Count (%) Count (%) Count (%) Count (%)
Water Sources ~ Well Water 3(25.0) 541.7) 3(25.0) 5(41.7)
Tap Water 6 (50.0) 5(41.7) 6 (50.0) 3(25.0)
Borehole 3(25.0) 2 (16.6) 3(25.0) 4(33.3)
Water
Domestic Animal No 11 (91.7) 10 (83.3) 12 (100.0) 11 (91.7)
Reared Yes 1(8.3) 2 (16.7) 0 (0.0) 1(8.3)
Proximity to No 12 (100.0) 12 (100.0) 11 (91.7) 12 (100.0)
Toilet Yes 0(0.0) 0(0.0) 1(8.3) 0(0.0)
Use of Washing  No 2 (16.7) 1(8.3) 2 (16.7) 1(8.3)
Basin Yes 10 (83.3) 11 (91.7) 10 (83.3) 11 (91.7)
Level of personal Below 1(8.3) 0(0.0) 1(8.3) 1(8.3)
Hygiene Average
Average 1(8.3) 1(8.3) 1(8.3) 4(33.3)
Above 10 (83.3) 11 (91.7) 10 (83.3) 7 (58.3)
Average
Level of Below 2 (16.7) 4(33.3) 2 (16.7) 2 (16.7)
Environmental =~ Average
Sanitation Average 2 (16.7) 5(@41.7) 5(41.7) 3(25.0)
Above 8 (66.7) 3(25.0) 5(41.7) 7 (58.3)
Average
Training No 6 (50.0) 3(25.0) 3(25.0) 6 (50.0)
Attended Yes 6 (50.0) 9(75.0) 9 (75.0) 6 (50.0)
Availability of  No 11 (91.7) 11 (91.7) 10 (83.3) 12 (100.0)
refrigerator Yes 1(8.3) 1(8.3) 2(16.7) 0 (0.0)
Total 12 (100.0) 12 (100.0) 12 (100.0) 12 (100.0)

—l_E

OQ235076 AyBio-7 *

OQ235075 AyBio-6 *

OQ235073 AyBio-4 *

OEO235072 Avi3io-3 *
KY249125.1:Bacillus cereus
OQ235070 AyBio-1 =

OQ235071 AyBio-2 *

1.C178545.1 Bacillus thuringiensis
MNR 043403.1 Bacillus thuringicnsis
OEO235074 Aviliio-5 *

120286301 .1 13acillus thuringiensis
OK326729.1 Bacillus sp.
DQ284450.1 Bacillus sp.

NR 026078.1 Pscudomonas acruginosa
NR 041696.1 Salmonella enterica

NIRR 026332.1 Shigella dysenteriae

Figure 1: An Unrooted Phylogenic Tree Showing the Relationship of Bacillus cereus Strains
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1500bp

Figure 2: Agarose Gel Electrophoresis

Note: Numbers 1 to 7 represents the Isolated Bacillus species

3.6 Discussion of Results

The findings in this study reveal the high incidence of
Bacillus cereus in some of the food examined. The
presence of pathogenic bacteria such as Bacillus
cereus in food for immediate consumption is a
serious menace to the health of the masses both
young and old. The ability to produce toxin and the
resistance of the endospores to antimicrobial agents
enhance pathogenicity in this bacterium. The isolated
Bacillus cereus strains in this research conform
morphologically and by similarities in the sequenced
16S rRNA to referenced Bacillus cereus. Previous
studies have identified this organism in many ready
to eat food [32]. The occurrence and total high count
of this bacillus in the food sampled presents a high
risk to the health of the intended consumers (Table
2).

This finding agrees with literature on the occurrence
of Bacillus cereus in many of street vended food sold
in public places [11]. Cooked Rice and spaghetti
were the two food samples mostly contaminated in
this study. These two food items were often the most
consumed among food pupils in many primary
schools across the country. The food served with
beans and fish or meat is very nutritious to the body
as it contains balanced nutrients. However,
microbiological safety of the food and the health of
consumers are often poorly prioritized during
processing and distribution.

Sources of contamination to these ready to eat food
spanned through occurrence of spores in raw
materials from the farm, processing equipment and
utensils, hands of food handlers and serving cutleries
[33], this findings was corroborated by the report on
HACCP studied. The ability of the spores to survive

adverse conditions enhances its chance of surviving
processing conditions and it invariably get consumed
by the masses and thus causes disease [34],
occurrence of the spore in bakery raw materials,
products and processing lines has been reported [35].
Bacillus cereus is very ubiquitous and is found in
environments where they could easily become
foodborne [32]. The nutrient components in such
food serve as the medium for the growth of the
bacterium and hence, the vehicle for oral ingestion.
Other authors with similar records on incidence of
Bacillus cereus in food for ready consumption were
[32, 34, 36, 37].

Growth of this bacterium in many of the conditions
examined such as different temperature, pH, NaCl,
UV light and incubation period corroborate the fact
that the organism can survive over a wide range of
seemingly adverse conditions. Thus, it invariably gets
consumed and infection occurs [37] (Tables 5-10).
Poor hygiene and sanitation practices on the part of
the vendors expose these ready to eat food to
contamination (Tables 11-12). Most of the vendors
are illiterate or semi- literate people who have little
knowledge of food safety and food associated
hazards. The place and process of production, means
of distribution and serving the food to the consumers,
the packaging materials and availability of potable
water were identified as hazard critical points [38]
through which Bacillus cereus and other pathogens
could gain access into food and thrive [39].

Holding temperature, exposure to flies, dust and
bioaerosol along the road where these food items are
sold and purchased could contribute to the occurrence
of Bacillus cereus [40]. The high incidence of this
food borne pathogen recorded in this research calls
for careful selection of raw materials, proper hygiene
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during processing, right food storage conditions, and
education of food handlers. There is an urgent need
to monitor food sold in public places to mitigate
epidemics of toxicosis from Bacillus cereus among
school children (and staff members) in these local
government areas.

Conclusion

The findings in this research indicates occurrence of
Bacillus cereus in some of the food samples
examined with highest occurrence in cooked rice and
spaghetti. The high incidence of contamination of
foods with Bacillus cereus highlights public health
risks; furthermore, the inability of the strains to grow
at a temperature lower than 20 °C indicates that
storage temperature is critical for controlling growth
of Bacillus cereus in food samples.

Recommendations

It is recommended that; to avoid incidence of
Bacillus cereus at the stage of consumption, cooked
foods should be eaten soon after cooking, or kept
above 40 °C.
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