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ABSTRACT
The research was conducted in 2016 at the Microbiology Laboratory in the Department of Microbiology in Usmanu
Danfodiyo University Sokoto. The main objective was to isolate and identify those bacteria responsible for the spoilage of
bitter leaf (Vernonia amygdalina) and fluted pumpkin (Telfairia occidentalis). This approach presented extracting these
bacteria form the vegetables and then culture then on agar plates, colonies were formed and subcultures on different plates,
pure cultures were obtained and cultured in slant bottles containing nutrient agar for identification through biochemical test
bacterial utilization of substrates which include Triple sugar ion, Methyl red and Vogues prosturer test, starch hydrolysis,
Indole, citrate, catalase, urease test and recorded. Gram stain was carried out to identify the gram reaction and viewed under
microscope for cell morphology. Bacteria species of the stock culture were identified using Atlas Book of Bacteria using the
biochemical test results and gram stain reactions, the bacteria isolated were identified as gram negative rod bacteria.
Percentage distribution of occurrence showed that E. coli had had the highest frequency of occurrence with percentage
distribution of 42.8% in bitter leaf, followed by Proteus mirabilis, and B. cereus both having 28.6% respectively. Proteus
mirabilis had 50% in fluted pumpkin, Klebsiella 33.3%, E. coli 16.7%. From the result, it was concluded that E. coli and
Proteus had the highest occurrence of bacterial contamination of spoilt bitter leaf and fluted pumpkin sold in Sokoto
metropolis and recommended sensitization proper hygienic measure during post-harvest handling of these vegetables.
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INTRODUCTION
Vegetables are among the major dietary intake
in our everyday life. They are succulent herbaceous
plants that are eaten in parts, whole, raw or cooked as a
part of our main dish or in salad. They are
characterized by high moisture content being of the
order of 75% moisture or more and 25% or less dry
matter. Leafy vegetables are an important feature of
Nigeria diet that a traditional meal without it is
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assumed to be incomplete. In developing countries, the
consumption of vegetables is generally lower than the
FAO (2004) recommended of 75Kg per year in habitat
(206g per day per capita) (Badmus and Yekini, 2011).
One of the factors that impacts negatively on
the economic value of vegetables is that they have a
short shelf life. This is a result of many factors,
prominent among which is the activity of pathogens. It
has been reported (Droby, 2006) that about 20-25% of
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harvested vegetables are lost through the activities of
pathogens during the post-harvest chain. Growing
vegetables may be exposed to many sources of
contamination this include microbes through contact
with soil, dust and water by handling harvest. This
makes them to harbor a wide range of microorganisms
including both plant and human pathogens (Eni et al.,
2010).
In developing countries such as Nigeria
continued use of untreated waste water and manure as
fertilizer for the production of vegetables is a major
contributing factor. Effect of the microbial activities of
these vegetables has resulted in an increase in disease
spread. Also generally supplements of vitamins and
minerals gotten from these vegetables have been
reduced drastically, losses of farmers’ income are
pronounced, loss of vegetables is on the rise, vegetables
not fresh are hardly consumed also malnutrition
generally is encouraged. All these are detrimental to the
inhabitants of these locations and also affect Nigeria at
large, stretching its negativity affecting the economy of
the nation as a whole.
These vegetables are being sold into our
homes, offices, restaurants, canteen, on the street where
we buy our suya, in our markets and our
neighborhoods. Providing an increasing chance of
disease infection, malnutrition, vitamin deficiency in
children and adults, vegetables spoilages dump on the
street polluting the environments but the key
bacteriology safe vegetables are essential to maximize
the health benefit promised by adequate consumption
of good and clean vegetables. Proper washing of fruit
and vegetables is essential for decontamination and
safe consumption of these products as they are eaten
mostly raw or minimally cooked.
Therefore, the objective of this study is:
To isolate and identify the major bacteria species
associated with the spoilage of bitter leaf (Vernonia
amygdalina) and
fluted
pumpkin
(Telfairia
occidentalis) in Sokoto Metropolis.

MATERIALS AND METHODS

Study Area
The study was conducted in 2016 at the
Microbiology Laboratory in the Department of
Microbiology in Usmanu Danfodiyo University
Sokoto. Sokoto metropolis comprises Sokoto North,
Sokoto South Local Government and some part of
Kware and Wamako Local Government Area and
located at 13.08o N, 5.250o E of the equator. It is located
in the extreme Northwest of Nigeria, near the
confluence of Sokoto River and Rima River and falls
within the Sudan Savannah ecological zone. It is
populated with vicarious categories of people, some of
which are peasant farmers, traders and artisans. The
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dominant ethnic group is Hausa. As of the 2006
national population census, it has a population of 427,
760.
Samples Collection
Two species of vegetables were randomly
purchased for three different markets in Sokoto
metropolis; the samples include only spoiled
vegetables. The vegetables are fluted pumpkin (ugwu,
Kabewa (Telfairia occidentalis)), Bitter leaf (onugbu,
efo, shuawaka (Vernonia amygdalina)). These
vegetables were collected into different sterile, labelled
polythene bags and transported to the Microbiology
Laboratory, in the Department of Microbiology
Usmanu Danfodiyo University, Sokoto immediately
after collection for processing.
Materials and Reagents
The materials and reagents used in the
laboratory investigation include; spoiled vegetables,
microscope, distilled water, nutrient agar, saline, Petri
dishes, test tubes, pipettes, and Gram staining reagents
etc.
Materials Sterilization
All the glassware were properly washed, dried
and sterilized in the oven at 160oC for one hour and
were allowed to cool down to room temperature before
utilization. The entire working surfaces were also
disinfected with ethanol to reduce contaminants.
Nutrient Agar
Nutrient Agar was used as a basal media for
bacterial culture. It was prepared according to the
manufacturer’s instructions. 28g of the dehydrated
powder was weighed and dissolved in 1000mls (1 litre)
of distilled water inside a conical flask. It was corked
with cotton wool and covered with aluminum foil and
heated to dissolve the agar. The suspension was then
autoclaved at 1210C for 15 minutes; it was left to cool
down at room temperature for another 15 minutes
before dispensing. 20mls of the prepared media was
dispensed into Petri dishes.
TSA Preparation
Nutrient Agar was used as a basal media for
bacterial culture. It was prepared according to the
manufacturer’s instructions. 38g of the dehydrated
powder was weighed and dissolved in 1000mls (1 litre)
of distilled water inside a conical flask. It was corked
with cotton wool and covered with aluminum foil and
heated to dissolve the agar. The suspension was then
autoclaved at 1210C for 15 minutes; it was left to cool
down at room temperature for another 15 minutes
before dispensing. 20mls of the prepared media was
dispensed into Petri dishes
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Isolation and Identification of Bacteria
The spoilt vegetables were soaked and serial
dilution was carried out by weighing 1g of the sample
in 10ml of distilled water. The samples were left to
soak for 10 minutes before transferring 1ml of the
diluents into another 9ml of distilled water. The
transfer of the 1ml continues until it reaches 105
diluents. 0.1ml was withdrawn from the last diluents
using 5ml syringe and placed in a triplicate plate of
TSA. Sterile glass rod was then used to spread the
inoculums of the suspension on the entire surface of the
TSA plate. The inoculated plates were incubated at
37oC for 24 hours.
Emerging colonies on the plates were counted
and counted as colony forming units per millilitre
(CFU/ml). Some of the distinct colonies will be
subcultured severally until pure cultures are obtained.
The pure cultures were subjected to gram staining,
catalase and oxidase tests.
Gram Stain
A smear of the bacterial cell was made on a
slide and stained, using the Gram stain procedure. The
slides were thereafter viewed under the microscope for
the presence of gram positive bacterial cells. A drop of
distilled water was placed on a grease fire glass slide
and a colony in the nutrient agar plate was picked with
a heated wire loop (after allowing it to cool) and
emulsified. The glass slide was passed through flame
three times to heat fix. The smear was flooded with
crystal violet for 30 seconds and rinsed with distilled
water. Lugol’s iodine then was added to the smear for
30 seconds and then rinsed with distilled water. The
smear was counterstained with safranin for 1-2 minutes
and rinsed with distilled water. After air dried, oil
immersions were added and viewed under microscopic
using x100 objective lens. The isolates were identified
and confirmed with the morphological characteristic
(Cheesbrough, 2000).
Urease Test
This test was to detect the organism’s ability to
produce enzyme urease that hydrolysis urea into
ammonia and carbon dioxide. With the release of
ammonia the pale yellow of urea changes to pink-red,
this signified the positive for urea. Colony from the
stock culture was sub-cultured into nutrient agar to
obtain a fresh culture. Heavy inoculums were fetched
from the nutrient agar using sterile wire loop and
streaked on the slant surface of the urea medium. It was
incubated for 24 hours at 37oC. The development of a
pink-red signifies the presence of urease, if the color
remained unchanged (yellow or orange) it signifies
negative (Cheesbrough, 2000).
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Indole Test
This test was used in the determination of the
ability of bacteria to produce indole from tryptophan.
Indole production is detected by Kovac’s reagent,
which contains 4(p)-dimethylaminobenzaldehyde. The
reaction of the reagent with indole produces a red
colored compound. The isolates were grown for 48
hours in a test tube containing 5ml peptone water;
0.5ml Kovac’s reagent was added and shaken gently.
The presence of a red or pink layer indicated the
presence of indole while absence of red color indicates
negative (Cheesbrough, 2000).
Citrate Test
This was one of the several techniques used to
assist in the identification of some bacteria. The test is
based on the ability of an organism to use citrate as its
source of carbon. Simmon citrate agar was inoculated
with the isolate and incubated at 37oC for 48 hours. The
presence of a bright blue color indicated positive for
citrate while a bright blue color indicates negative
(Cheesbrough, 2000).
Catalase Test
This test was used to differentiate those bacteria
that produce the enzyme catalase from non-catalase
producing ones. Catalase acts as a catalyst in the
breakdown of hydrogen peroxide to oxygen and water.
A drop of hydrogen peroxide was placed on a clean
slide, colonies from the nutrient slant which was
fetched and emulsified in the H2O2 and observed
immediately for gas bubbles. The presence of active
bubbles indicates positive for catalase while no bubbles
indicates negative for catalase (Cheesbrough, 2000).
Methyl Red and Voges Proskauer Test
This test was used to differentiate bacteria that
ferment glucose with the production of acetyl methyl
acetate (acetone). The media contains peptone salt and
glucose. Colonies from the stock culture were
inoculated into methyl red medium and incubated at
37oC for 48 hours. 2 drops of a methyl red solution
were added and shaken. The presence of a red color
indicates positive while a yellow color indicates
negative (Cheesbrough, 2000).
Triple Sugar Iron Agar Test
This medium contains three sugars; glucose,
sucrose and lactose. Some organisms can ferment all
the three sugars present and produce acid which
changes the color of the indicator from red to yellow.
The sugar and protein were attacked oxidatively to
release ammonia. Through this media, the production
of H2S can be detected by the presence of a black color
in the media along the area being stabbed by the wire
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loop. Gas production can be detected by the presence of
gas bubbles or cracks on the agar in the test tube or
complete disruption of the medium. Colonies from the
sub-cultured plate were picked with a sterile straight
wire loop and stabbed on the cut, streaked on the
surface of the slope. This was incubated at 37oC for 24
hours (Cheesbrough, 2000).
Starch Hydrolysis
This test shows whether an isolate is capable of
utilizing starch or not. Each isolate will be inoculated
into a starch hydrolysis medium (nutrient agar + starch)
and incubated for 24 hours. After incubation, iodine
solution will be added to each growth and blue black
color was observed. Development of blue black
indicates the presence of starch, that is, the isolate
could not utilize starch and so by failure to develop

blue black coloration indicates a positive for starch
utilizing bacteria (Cheesbrough, 2000).

RESULTS

Frequency Bacterial Contamination of
Bitter leaf and fluted pumpkin
A total of three species of bacteria were isolated
from the sample of fluted pumpkin used. These bacteria
were identified as Klebsiella, Proteus mirabilis and E.
coli as shown in Table 1. From the table, out of the six
(6) bacteria isolated, P. mirabilis presented the highest
frequency of occurrence with the percentage
occurrence of 50%. 33.3% was also recorded for
Klebsiella while E. coli had the least frequency of
occurrence with a percentage of 16.7%.

Table: Percentage Distribution of Organisms identified in Fluted Pumpkin
S/N Organisms Identified No of Occurrences Percentage Occurrence (%)
1.
Klebsiella
2
33.3
2.
P. mirabilis
3
50
3.
E. coli
1
16.7
Total
6
100
Out of the bacteria isolated, the highest frequency of
Frequency Bacterial Contamination of
occurrence was noted for E. coli with a percentage
Bitter Leaf
A total of seven (7) bacteria belonging to three
occurrence of 42.8%. Both P. mirabilis and B. cereus
species of bacteria were isolated and identified from the
had percentages of 28.5% and 28.6% respectively as
bitter leaf used in the present investigation. These
shown in Table 2.
species include Proteus mirabilis, E. coli and B. cereus.
Table: Percentage Distribution of Organisms identified in Bitter Leaf
S/N Organisms Identified No of Occurrences Percentage Occurrence (%)
1.
P. mirabilis
2
28.6
2.
E. coli
3
42.8
3.
B. cereus
2
28.6
Total
7
100
The comparison between the fluted pumpkin
and bitter leaf in relation to the bacterial isolate is
presented in chart 1. From the chart, P. mirabilis was
observed to have the highest frequency of occurrence in
the fluted pumpkin while the highest percentage

2021 EPRA IJMR |

occurrence for the bitter leaf was recorded for the E.
coli. All the bacteria isolated were found in both the
bitter leaf and fluted pumpkin except for B. cereus
which was absent in fluted pumpkin and Klebsiella
which was also absent in bitter leaf.
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Figure 1: Species of Bacteria Isolated from Bitter Leaf and Fluted Pumpkin in Sokoto Metropolis.

DISCUSSION, CONCLUSION AND
RECOMMENDATIONS

Discussion
Fresh vegetables fruits including bitter leaf and
fluted pumpkin have naturally effective immunity
against most pathogenic microorganisms and plant
spoilage. But this protection or immunity however
could be hindered and eventually leading to the
contamination of these vegetables. There are several
factors that promote the contamination and post-harvest
deterioration of vegetables by bacteria; these include
contamination during field cultivation, harvesting, postharvest handling and distribution (Beuchat, 2002). The
result of the isolation and identification of bacteria
presented in table 1 and 2 revealed that bacteria were
the major organisms responsible for the post-harvest
spoilage of both bitter leaf and fluted pumpkin. From
the present study, both the bitter leaf and the fluted
pumpkin had the same number of bacterial isolates,
with the highest frequency of occurrence from bitter
leaf and fluted pumpkin observed to be 42.8% and 50%
respectively. This result is in line with the observation
of (Mathew, 2011) who reported that bacteria were the
major sources of contamination and post-harvest
spoilage of vegetables.
Earlier works such as Chuku et al. (2008)
isolated various strains of bacteria from vegetables and
observed
Bacillus megaterium and Bacillus
laterosporus as the major contaminants and agents of
post-harvest deterioration of vegetables. Other work
like the works of (Chuku et al., 2008; Ofor et al., 2009;
Okafo, 1997) found that Bacillus subtilis, B. cereus, B.
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aureu, Lactobacillus fermenti, Pseudomonas stutzeri,
Leuconostoc spp and Rothia spp. As well as fungi A.
flavus, A. fumigates, Penicillium expansum, P.
notatum, E. coli, Mucor mucedo, Monilia spp,
Klebsiella from vegetables. Similar report was
observed in sweet orange fruit damage (Tafinta et al.,
2013).

Figure I indicate that between the bitter leaf and
fluted pumpkin samples collected from Sokoto
metropolis, P. mirabilis had the highest frequency of
occurrence (50%) for the fluted pumpkin followed by
42.8% for the bitter leaf. This indicated that fluted
pumpkin sold in Sokoto metropolis market had the
higher cases of microbial contamination when
compared with the bitter leaf.

CONCLUSION
The research showed that bacteria are still a
health problem among vegetable consumers in Sokoto
metropolis, the presence of the bacteria isolated from
both bitter leaf and fluted pumpkin could pose a serious
threat to the health of consumers of these vegetables as
they are pathogenic and are harmful when consumed. It
has been identified by recent study that some
independent variables that demonstrated significant
correlation with bacterial infection are personal
hygiene, environment hygiene, consumption of
unhygienic vegetables, age, gender and use of
contaminated manure and water to plants. The study
therefore concludes that a proper personal and
environmental hygiene, washing and proper cooking of
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these vegetables will greatly reduce the population
density of the bacteria.
12.

Recommendations
There is a serious need for sensitization on good
personal and environmental hygiene as means of
preventing the persistence of bacterial contamination of
vegetables in developing countries. This should be
achieved through proper education, treatment of
manure before application, especially faecal manure,
proper washing and cooking of root vegetables before
consumption.

13.

14.
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