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ABSTRACT:
The study was carried out to isolate the bacteria associated with spoiled vegetables sold in some
parts of Kano city, Nigeria. Samples were collected from two different retail markets. Collected
samples were processed by using Standard Plate Count and Coliform count. Eight samples of
different vegetables were collected from two different retail markets, were tested for the
quantitative and qualitative presence of coliforms and some pathogenic bacteria using standard
plate count (SPC). Escherichia coli and Pseudomonas spp. were dominantly found in both retail
market vegetable samples; these organisms were identified by using Morphological and Biochemical
characters. Four bacteria belonging to different genera were identified. Escherichia coli (36.4%),
Pseudomonas aeruginosa (27.3%), Salmonella (9.1%), and Staphylococcus aureus (27.3%) from
market A, on the other hand from market B five bacteria were identified Escherichia coli (28.6%),
Pseudomonas aeruginosa (28.6%), Salmonella (14.3%), Shigella (7.1%) and staphylococcus aureus
(21.4%). Escherichia coli was the most frequently isolated followed by Pseudomonas aeruginosa. The
findings reveals that there was no significant difference (P>0.05) between number of isolates found
in the markets (Market A&B).
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INTRODUCTION:
Spoilage refers to any change in the
condition of food in which the food
becomes undesirable or unacceptable
for human consumption[1]. Microbial
spoilage is caused by microorganisms
like fungi (moulds, yeasts) and bacteria.
They spoil food by growing in it and
producing substances that change the
colour, texture and odour of the food.
Microbial spoilage by moulds and yeasts
includes souring of milk, growth of
mould on bread and rotting of fruit and
vegetables. These organisms are rarely
harmful to humans, but bacterial
contamination is often more dangerous

because the food does not always look
bad, even if it is severely infected [2].
Food borne bacterial pathogens,
commonly detected in fresh vegetables,
were coliform bacteria, Escherichia coli,
Staphylococcus aureus and Salmonella
spp. [2]
Coliforms are facultative anaerobic,
Gram-negative, non-spore forming rods
that ferment lactose with gas formation
within 48 hrs, when grown in lactose
broth at 35°C. Common inhabitants of
animal and human guts, they are
commonly-used bacterial indicator of
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sanitary quality of foods and water and
considered as an indicator of microbial
pollution [3]. Bacterial spoilage first
causes softening of tissues as pectins are
degraded and the whole fruit may
eventually degenerate into a slimy mass.
Starch and sugars are metabolized next
and unpleasant odours and flavours
develop along with lactic acid and
ethanol [4]. Some spoilage microbes are
capable of colonizing and creating
lesions on healthy, undamaged plant
tissue [5].
Worldwide vegetables have been
associated with outbreaks of food borne
disease. Organisms involved include
bacteria,
viruses
and
parasites.
Contamination of vegetables may take
place at all stages during pre and postharvest procedures. Other possible
sources of microorganisms include soil,
faeces (human and animal origin), water
(irrigation, cleaning), ice, animals
(including insects and birds), handling of
the product, harvesting and processing
[6].
equipment
and
transport
Microorganisms capable of causing
human illness and others whose food
borne disease potential is uncertain,
includes
Aeromonas
hydrophila,
Citrobacter
freundii,
Enterobacter
cloacae and Klebsiella spp. and they have
been isolated in lettuce and salad
vegetables. Plate count of aerobic
mesophilic microorganisms found in
food is one of the microbiological
indicators for food quality [7]. The study
was aimed to isolate different types of
bacteria responsible for spoilage of
vegetables in Kano city, Nigeria.

MATERIALS AND METHODS:
Sample collection
Total of 8 samples of spoiled Tomato (2),
Cabbage (2), Onion (2), and Pepper (2),
were collected in sterile polythene bags
from two different markets in Kano city,
One sample of each vegetable was
collected from each of the two retail
markets, the samples were collected
from the two retail markets in Kano city,
namely Kasuwar mata Fagge located at
Fagge “D” in Fagge local government
Area and Yan Kaba Market in Nassarawa
Local Government Area Kano city,
Nigeria.
Sample processing
Stock solution preparation
Stock solution was then prepared by
weighing about 25g of the sample and
dissolved in 225ml of distilled water [8].
Standard plate count (SPC)
Serial dilution was prepared, using the
prepared stock solution. Then 9ml of
distilled water was measured and placed
in each of the 9 test tubes i.e. serial
dilutions of 10-1, 10-2, and 10-3, were
prepared in triplicates, in test tubes (All
the tubes were autoclaved and allowed
to cool before dispensing). One ml of the
stock solution was measured and
dispensed into the 10-1 tube and was
shaken, 1ml was transferred from 10-1 to
10-2 and was also shaken, then 1ml from
10-2 was transferred to the third test
tube with concentration of 10-3, in
triplicates [9].
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One (1ml) from the first serially diluted
test tube was dispensed into petri dish
for all the triplicate dilutions,
concentration. Then the prepared
nutrient agar (NA) and selective
differential media was poured into the
petri dishes containing 1ml of the serially
diluted solutions, and all the plates were
allowed to solidify. The plates were
incubated at 37oC for 24 hours [10] . The
colonies on Nutrient agar were
observed, counted and recorded.
The remaining colonies on the selective
and differential media were also
observed and isolation of the bacteria
followed and confirmed by the use of
Biochemical tests and gram staining.
EMB, MCA, MSA and SSA were used to
isolate the organisms. Many biochemical
tests were carried out for the
confirmation of the isolated bacteria; i.e.
Indole [11], Methyl red test [12], Vogesproskauer test [13], Citrate test [14] and
Catalase test [11]. In the process of
confirmation Gram staining was also
carried out using the gram staining
techniques [11].
Enumeration of coliform
Lactose broth was prepared by dissolving
appropriate gram of the agar into sterile
distilled water. The solution was heated
under the spirit lamp to dissolved the
media and then autoclaved at 121oC for
15 minutes. The media was allowed to
cool before dispensing into the test
tubes, in order not to kills the
microorganisms.

Enumeration of coliform was carried out
in accordance with the method done by
McCarthy et al., [13]. Lactose broth was
dispensed into 9 test tubes containing
Durham’s tube, each Durham’s tube was
inverted in each of the 9 test tubes. From
serially diluted 9 test tubes 1ml from
each was transferred to correspondent
test tubes containing the Lactose broth
and Durham’s tube [14]. The 9 test tubes
containing the Durham’s tube and
lactose broth were incubated at 37oC for
24 hours.
Ethical Approval
The study was Ethically Approved by the
Ethical Committee of the Department of
Microbiology Bayero University Kano,
Nigeria as a part of the Requirement for
the Partial fulfilment of a Bachelor
degree (B.Sc. Microbiology).
RESULTS:
Isolated Bacteria from the selected
markets (A&B)
Table 1 shows the isolated bacteria from
the selected markets. It has been
reported that from market A samples
four different type of bacteria were
isolated, the majority (36.4%) of the
bacteria isolated was Escherichia coli,
followed by 27.3% (Pseudomonas
aeruginosa), 27.3% (Staphylococcus
aureus) and salmonella (9%). However
from market B samples five different
bacteria were isolated, little below
three-tenth of the bacteria isolated was
Escherichia
coli
(28.6%)
and
Pseudomonas
aeruginosa
(28.6%),
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viable count of 39.82x103. On the other
hand from market B, sample D (pepper)
had the highest mean viable count
(42.09x103), followed by sample c
(onion) 28.29x103. According to most
probable number count (MPN), sample A
(tomato) had the highest MPN count
>2400, followed by sample B (cabbage)
Mean Viable Count, Most Probable
MPN 1100. On the other hand sample A,
Number and Correlation Analysis of the
C and D (tomato, onion and pepper) had
samples
the highest number of MPN 210 and the
least was sample B (MPN 150). It has
Table 2 shows the mean viable count,
been observed that there was moderate
most probable number count and
negative correlation between mean
correlation analysis of the samples. In
viable count of market A and B samples
the samples from market A it has been
(r=-0.4248). However there was very
reported that sample A (tomato) had the
week negative correlation between most
highest mean viable count 44.41x103,
probable number counts of the market A
followed by sample c (Onion) with mean
and B samples (r=-0.0743).
Table 1: Isolated Bacteria from the selected markets (A&B)
Sampling Area
Bacteria
Statistics
Market A %
Market B %
Escherichia coli
36.4
28.6
X2=16.919
Pseudomonas aeruginosa
27.3
28.6
followed by Staphylococcus aureus
(21.4%). The Shigella spp. was found to
be the least (7.1%) isolated bacteria in
the market B samples. It has been found
that that there was no significant
difference between number of isolates
from market A and B (P>0.05).

Salmonella spp.
Shigella spp.
Staphylococcus aureus

9.1
-27.3

14.3
7.1
21.4

P>0.05

Table 2: Mean Viable Count, Most Probable Number and Correlation Analysis of the
samples
Sampling Area
Correlation
Samples Market A %
analysis
Market B %
Mean Viable
MPN
Mean
Viable
MPN
Count (cfu/ml)
Count(cfu/ml)
3
A
44.41x10
>2400
17.57x103
210
MVC (r) = -0.4248
B
31.19x103
1100
7.116x103
150
MPN (r) = - 0.0743
3
3
C
39.82x10
290
28.29x10
210
3
3
D
24.14x10
150
42.09x10
210
* A: Tomato *B: Cabbage *C: Onion *D: Pepper
Table 1: Shows the mean average score for all the photos ranked by the laypeople and the
orthodontist
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DISCUSSION:
This study was aimed to isolate bacteria
from spoiled vegetables sold is some
parts of Kano city, Nigeria. Samples were
collected from two different retail
markets namely; Kasuwar mata Fagge,
Fagge local government Area and Yan
Kaba market in Nassarawa local
government Area. Collected samples
were analyzed by using Standard Plate
Count and Coliform Count by pour plate
techniques [10]. From the result low
bacterial count was found in the market
B samples (Yan Kaba market in
Nassarawa local government Area), on
the other hand market A (Kasuwar mata
Fagge in Fagge local government Area)
has the higher bacterial count, and from
statistical analysis that was also observed
(Table 2) the correlation analysis for the
market A & B samples was -0.4248 which
shows that one of the market has the
higher bacterial load than the other and
the correlation between them.
Morphological
and
Biochemical
character were used to identify the
bacteria found in all the samples. The
most probable number count of the four
samples from both market A & B were
compared
statistically
(correlation
analysis) and was found to be -0.0743
which shows that one of the market has
the higher bacterial load than the other.
Escherichia
coli,
Pseudomonas
aeruginosa, Staphylococcus aureus and
Salmonella spp. were found in the
samples from markets A. Nevertheless all
the above bacteria were found in the
samples from market B in addition with

Shigella spp. (Table 1). However most of
the bacteria isolated in our study has
been isolated previously in vegetables
and fruits in other studies [15-20]. Less
than two-fifth (36.4%) of the samples
from market A contained Escherichia coli
and salmonella 9.1%. On the other hand
only 57.1% of the market B samples
showed
Escherichia
coli
and
Pseudomonas aeruginosa. Statistical
analysis (chi-square test) on the number
of isolates from market A & B shows that
there was no significant difference
between the two markets chi-square
found to be 16.919 (Table 2). These
result showed that microbiological
qualities of the vegetables from market
A was higher than that of market B
samples[21].
Escherichia
coli
and
Pseudomonas aeruginosa were found to
be the most frequently proliferating
pathogens in the vegetable samples
(Table 1), and Shigella spp. (7.1%) were
found only in market B. Escherichia. coli,
Salmonella spp and Shigella spp revealed
the possibility of spreading enteric
diseases to the consumers. Similar
results were also reported by Khan et al.,
[22] and Nipa et al.,[23] from the similar
vegetables.
The
high
microbial
contamination
observed
in
the
vegetables from market A in this study
may be a reflection of storage conditions
and how long these produce were kept
before they were obtained for sampling.
Bacteria on storage materials may
transfer to produce and cross
contamination between produce is
probable particularly where produce are
pre-washed with the same wash water
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by the vendor or processor. More
importantly, bacteria on the produce
may multiply over time depending on
the storage conditions [24, 25]. Some of the
bacteria isolated in this study may be
part of the natural flora of the
vegetables or contaminants from soil,
irrigation water, and the environment
during transportation, washing/rinsing
water or handling by processors [26].
Pseudomonas spp. are part of the
natural flora and are among the most
common vegetable spoilage bacteria [27].
CONCLUSION:
The findings of this study revealed that
five bacteria isolates viz. Escherichia coli,
Pseudomonas aeruginosa, Salmonella,
Shigella and Staphylococcus aureus were
isolated from the spoiled vegetable
samples. Statistical analysis on the
number of isolated bacteria from all the
markets shows that there was no
significance difference between the two
markets. It was found that the
Escherichia coli and Pseudomonas
aeruginosa were the dominating species
that played a huge role in the spoilage of
vegetables in some part of Kano city,
Nigeria.

Recommendations:
The
vegetable
producers (farmers) and retailers should
improve the way of storing, handling,
transporting and preserving their
products so as to make their product
free from spoilage microorganisms.
 Contamination can arise as a
consequence of treating soil with
organic fertilizers, such as sewage
sludge and manure, and from the
irrigation water, as well as from the
ability of pathogens to persist and
proliferate in vegetables, due to that
chlorinated water has to be used.
 Most of the reported outbreaks of
gastrointestinal disease linked to the
fresh produce have been associated
with
bacterial
contamination,
particularly with members of the
Enterobacteriaceae family; due to this
reason care has to be taken before
consumption vegetables by washing it
with clean water.
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