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ABSTRACT

Bacterial contamination of vegetables becomes a significant health
challenge. This study identified and categorized bacterial
contaminants in vegetables cultivated along the Kubanni irrigation
area in order to inform consumers about their safety and quality.
Aerobic Colony Count, Gram Stain and Biochemical test was
conducted on five vegetables which include cabbage, lettuce,
spinach, onion and tomatoes. Samples were obtained from 25
farmlands within the study area. A total of 175 samples of
vegetables, soil and irrigation water were analyzed. Result shows
that all the vegetables were contaminated with bacteria above the
WHO limits of 102. Spinach, cabbage, lettuce, onion and tomatoes
recorded 5.1 x 108, 5.7 x 108, 5.2 x 105, 4.8 x 106, and 4.6 x 108
respectively. Cabbage had the highest ACC while tomatoes had
the lowest. ACC for the Kubanni River is 4.7 x 106 against the WHO
limit of <500. Soil recorded highest ACC (6.1 x 10%) than irrigation
water (4.7 x 108). Correlation analysis shows that bacteria in all the
vegetables and that of soils are positively related except lettuce
and tomatoes. It also shows a positive relationship between
bacteria in irrigation water and all vegetables except onion and
tomatoes. Bacillus is the most prevalence gram positive bacteria
with 57 (45%) while Citrobacter and salmonella are the most
prevalent gram negative bacteria in vegetables with 38 (30.4%)
and 28%. Vegetables should be properly cleaned before
consumption.

Keywords: Bacteria, Vegetables, Contamination, Kubanni,
Irrigation

INTRODUCTION

Vegetables are organic materials from plant parts such as flowers,
fruits, stalks, leaves, roots, and seeds (Amani and Aljahani, 2020).
They are regarded as a vital part of both human and animal diets
and are significant suppliers of fiber, vitamins, and minerals
(Abdulkareem et al., 2012). Produce, particularly vegetables, may
occasionally become contaminated as a result of farm activities.
Most pollutants that are conveyed to plants come from the
environment. Long-term use of human, animal, and municipal
waste as manure can surely boost soil fertility but may also change
the soil's physical, chemical, and microbiological makeup,
increasing the possibility of soil-borne pollutants that might affect
crops including vegetables (Vinod et al., 2017). Many pollutants
that are present in soil can potentially be transferred to crops during
planting operations (Akio et al., 2018). In most regions, a
combination of human and natural factors is to blame for the poor
soil quality within irrigation fields (Khaled, 2016). The human
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components include waste production, the use of agricultural
chemicals, industrial effluents, sewage, and several other
environmental activities (Ameh, and Kawo, 2017). The kind of soil,
the region's geology, and various climatic elements are examples
of natural factors (Emad, 2015). It is important to state that
contaminants will inevitably move to crops and individuals as long
as they are present in irrigation water, soil and other components
of the environment. According to Ould et al. (2010), irrigation water,
soil, fertilizers, manure, insects, and dust are all possible ways for
pathogens to enter the vegetables. Also, Nang et al. (2021) stated
that organic manure, wastewater and contaminated soil are major
sources of vegetable contamination.

Agriculture that uses irrigation needs a reliable supply of water. In
many nations, the agricultural industry is severely hampered by the
environment's uneven distribution of water resources. In some
areas, particularly in peri-urban areas of poor countries, this forces
farmers to use wastewater for irrigation as a viable alternative
(Ogundele et al., 2017). Over 10% of irrigated farms use
wastewater from industrial and municipal waste globally (Hassan
etal., 2021).

Fresh vegetables may be contaminated with different pathogenic
bacteria from different source within the Kubanni irrigation site.
Bacteria may be present in tissue of plants or dispersed in the air,
soil, and water. The influx of pathogenic micro-organisms from
many sources into the environment may contaminate food (Desta
and Diriba, 2016).

The main transportation routes for pathogens that cause food
poisoning are soil and wastewater used for irrigation. According to
Traore et al. (2022), many residents of African cities pour waste
and sewage into waterways (streams and rivers), where it might
then spread diseases to people if the water is used to irrigate crops.
This may result to changes to vegetables in appearance, texture,
taste, and smell as a result of the waste products produced by
bacteria as they multiply. Bacterial contaminants make vegetables
have strange smell and may be discolored and turn brown, green,
or grey. Estimate shows that germs on fresh vegetables cause a
large percentage of foodborne illnesses in many parts of the world
(Khaled, 2016).

Bacterial contaminants were assessed in the Samaru stream and
Shika Dam by Vincent et al. (2012) and Mohammed et al., 2020).
However, their study relied solely on irrigation water quality and
other elements like soil and vegetables were neglected. There was
no attempt to analyze bacteriological quality of vegetables prior to
harvest in the Kubanni irrigation site, this study intend to analyze
bacterial contaminants in soil, irrigation water and farm produce
(vegetables) in the farm. This is in consideration with the amount
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of liquid waste produced in the catchment area, such as that from
the Zango abattoir and other municipal waste that is drained into
the river and used for irrigation. Also in this study, isolation and
characterization of bacterial contaminants in soil, water and
vegetables was carried out. This is because different bacteria have
different effects on human health while some can be beneficial to
man. None of the previous studies was able to characterize the
different bacteria in water, soil and vegetables within the Kubanni
irrigation site prior to harvest.

MATERIALS AND METHODOLOGY

The study Area

As seen in Figure 1, the Kubanni Drainage Basin lies between
Latitudes 11° 2' 0" and 11° 12' 0" North and Longitudes 7° 34' 0"
and 7° 48' 0" East. Its overall area was around 21 km?. Rainfall is
80 mm per hour on average, with an annual total of 1100 mm. Most
rainfall occurs as a result of convection (Mangaji et al., 2020). The
majority of the vegetation is grassland, with a few isolated trees of
both local and alien species, such as shea butter, Upaca
togonensis, Isoberlinia indica, Isoberlinia doka, and Isoberlinia
tomentosa (Abdulkadir et al., 2024).
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Figure 1: Zaria and its Environ Showing the Study Area
Source: Adapted from the administrative map of Kaduna state.

Sampling Technique

Soil Sampling

Twenty five (25) farmlands were selected as sampling points. A
Randomized Complete Block Design (RCBD) approach was
employed. In agricultural experiments, it is the norm to group
similar experimental units into blocks or replicates. It is employed
to account for spatial effects in the field and control variation in an
experiment. Slope, color, texture, management, and cropping
pattern variations were observed through a visual survey of the
field. After the fields were divided into uniform sections, ten
samples were taken at random using a soil auger at a depth of 20
cm. This is a result of plants' shallow root systems, which are only
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20 cm deep. After carefully mixing all ten samples in a single
bucket, they were spread out on a sanitized sheet. The sample was
cleared of pebbles, gravel, roots, and surface litter. Four portions
of the sample were taken, and one was placed in a plastic bag. The
bags were appropriately labeled including date, crop kind, and
location (Abdulkareem et al., 2012). The samples were sent right
away for processing and examination to Ahmadu Bello University's
microbiology lab in Zaria.

Vegetable Sampling

A random sampling technique was employed to gather vegetable
samples. A number of units were created out of the farmlands. Ten
units were chosen at random to be sampled. Ten samples overall
were taken from each farmland, with one sample taken from each
unit. A total of 250 vegetable samples were gathered and
homogenized to create 25 composite samples using a suitable
sampling technique because there are five different vegetable
varieties chosen for examination in this study. Five vegetables
were chosen since they are the most widely consumed in the
research area. They consist of cabbage, tomatoes, onions,
spinach, and lettuce.

Water Sampling

Water for irrigation was collected nearer to each of the chosen
farms. Twenty-five water samples were purposefully taken for
analysis because there are twenty-five farmlands in the research.
The water samples were taken 5 cm below the water's surface
because it is the depth at which irrigation water is extracted from
the river (Yakubu et al. 2017).

Microbial Analysis

To assess the level of bacterial pollutants in irrigation water, soil
and vegetables within the study area; Aerobic Colony Count (ACC)
method was used for isolation and enumeration of total bacteria
from the samples. To characterize the bacteria into gram positive
or negative, gram staining was performed. To confirm the type of
bacteria identified from each sample, a biochemical test was
conducted and seven tests were performed which include Indole,
Methyl red (MR), Vogus Proskau (VP), Urease, Catalse, and Triple
Sugar Iron (TSI) as done by Danjuma, (2017) and lyevhobu et al.,
(2023).

Data Analysis

Descriptive and inferential statistics were both employed in this
research. Some of the data were analyzed using Microsoft Excel
tables and charts, while SPSS software version 20.0 was used to
perform ANOVA and Peason's Correlation coefficient.

RESULTS

Bacteriological Quality of Vegetables, Soil and Water

To assess the bacteriological quality of all the samples, Aerobic
Colony Count (ACC) analysis was conducted. The result for
vegetable, soil and water are contained in Table 1. It shows that all
the vegetable samples analyzed contain some amount of bacteria.
Spinach, cabbage, lettuce, onion and tomatoes recorded 5.1 x 108,
5.7 x 108, 5.2 x 106, 4.8 x 105, and 4.6 x 108 respectively. The ACC
results for all the vegetables are above the WHO standard of 102.
The two main sources of pre-harvest contamination of vegetables
considered in this study include irrigation water and soil. The ACC
resultin Table 1 shows that total viable count for the Kubanni River
is 4.7 x 108, this is far beyond the WHO standard of <500. Soil had
ACC value higher (6.1 x 108) than what was observed in irrigation
water.
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Table 1: Aerobic Colony Count and the WHO limits
Vegetable  No of Mean STD WHO

Type Samples total Limit
bacteria (CFUIg)
count
(CFUlg)

Spinach 25 51x106  £1.07 102

Cabbage 25 57x106 113 102

Lettuce 25 52x106  +094  10?

Onion 25 48x108 099 102

Tomatoes 25 46x106 073  10?

SOURCES OF BACTERIA CONTAMINANTS

Soil 25 6.1x106  £1.08 N/A

Water 25 47x108  £1.23 <1000

Source: Laboratory Analysis, 2024

Difference between Bacteria contaminants in Vegetables and
their Sources

To test the statistical difference between ACC in vegetables and
sources of contaminants which include irrigation water and soil, T-
test was used. According to the T-test results shown in Table 2,
there is a significant difference between the level of bacteria in
spinach and soil (0.000248) but not between bacteria in spinach
and irrigation water (0.074). There is a significant difference (0.003)
between the bacteria in cabbage and irrigation water, but not with
soil bacteria (0.091). There is no significant difference between
bacteria in lettuce and irrigation water (0.068) but there is with soil
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(0.002). The level of bacteria in onion does not significantly differ
from that of irrigation water (0.37) but does significantly differ from
that of soil (0.0001). Furthermore, tomatoes show a significant
difference (0.0002) with soil but not with irrigation water (0.401).

Table 2: T-test for total bacteria count
Vegetable Water Soil
Type
Spinach 0.074 0.000248*

Cabbage 0.002529*  0.09146

Lettuce 0.067921  0.002226*
Onion 0.36767 0.000133*
Tomatoes  0.401294  0.000228*

Source: Author’s Analysis 2024 P<0.05, *= there is a significant
difference

Relationship between Bacteria Contaminants and their
Sources

To assess the relationship between bacteria contaminants in
vegetables and their sources (soil and water), Pearson’s
Correlation Coefficient analysis was performed as shown in Table
3. It shows that bacteria from all vegetables and that of soils are
positively related except for lettuce and tomatoes which are
negatively correlated. It also shows a positive relationship between
bacteria in irrigation water and all the selected vegetables except
onion and tomatoes which shows a negative correlation.

Table 3: Correlation Analysis between Vegetables and Sources of contaminants

spinach cabbage Lettuce Onion Tomatoes Soil Water
Spinach 1
Cabbage 0.035818* 1
Lettuce 0.175779 0.048479 1
Onion 0.111914 0.112603 -0.38926 1
Tomatoes -0.42415 -0.09375 -0.25043 0.088256 1
Soil 0.326225 0.194104 -0.08971 0.096717 -0.30122 1
Water 0.38767 0.053386* 0.124755 -0.10645 -0.33897 0.055938* 1

Source: Author's Analysis, 2024 *Correlation is significant at 0.05 level (2 tailed)

Characterization of Bacteria in Vegetables, Soil and Water
The two main classes of bacteria which include the gram positive
and gram negative bacteria were isolated and characterized using
gram staining and biochemical test as shown in Table 4 and 5. The
biochemical test conducted include Indole, methyl red (MR), Vogus
Proskau (VP), urease, catalse, and Triple Sugar Iron (TSI). This
enables us to identify the bacteria type in the samples. Table 4
shows the morphological and biochemical characteristics of gram
positive bacteria observed in the study. Gram stain was conducted
using Manitol Salt Agar (MSA) for the morphological features, it is
one of the medium which allows gram positive bacteria to grow and
prevent others from growing.

Table 4: Gram Positive Bacteria
Gram Ind M V Citr Catal Ure Possible
Reacto ole R P ate ase ase  Organis
n/Cell m
Morphol

ogy
+rod - oo+ H- - - Bacillus
- -

+cocci - + 0+ - + + Staphylo
coccus

+cocci - + o+ - - - Enteroco
ccus

+ rod H- o+ - - - - Clostridiu
m

+cocci - + - - - - Micrococ
cus

TSI= Triple Sugar Iron, VP= Voges Proskau, MR= Methyl Red

Table 5 shows the morphological and biochemical behaviours
observed from bacteria culture under EMB and SSA media after
gram staining. Both EMB and SSA culture shows that all the gram
negative bacteria had a rod shape appearance and clustered cell
arrangement (see Plate Ill).
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Table 5: Gram Negative Bacteria

Gram Indole MR VP Citrate TSI Urease Possible
Reaction/Cell Organism
Morphology

Slant Butt H.S

-rod - + - +- R Y + - Salmonella
-rod - + - - Y Y +- - Citrobacter
-rod - +- - - R Y - +/- Serratia
-rod - H- o+t Y Y - + Klebsiella
-rod +- + +- - R Y - + Yersinia
-rod + + - 4 R Y + + Proteaus
-rod + + - - Y Y - - E. coli
-rod - - - +/- R R - +/- Pseudomonas
-rod +/- + - - R Y - - Shigella
-rod + + +- /- Y R - - Aeromonas
H2S= Hydrogen Sulfide test, R= Red, Y= Yellow
Prevalence of Gram Positive Bacteria in Vegetables (52%) followed by staphylococcus 6 (24%), clostridium 5 (20%)
The prevalence of gram positive bacteria isolated in vegetables and micrococcus 1 (4%). Lettuce also had bacillus as the most
within the study area is shown in Figure 2. The gram positive prevalence 14 (56%) followed by staphylococcus 5 (20%),
bacteria isolated include bacillus, staphylococcus, enterococcus, clostridium 4 (16%) and micrococcus 2 (8%). Bacillus had highest
clostridium and micrococcus. It also shows that bacillus is the most prevalence rate 11 (44%) in onion followed by staphylococcus 9
prevalence among all the vegetable samples which recorded 57 (36%), clostridium 3 (12%) and micrococcus 2 (8%). In the same
(45%). way, Tomatoes had bacillus as the most prevalent 8 (32%),
followed by staphylococcus 7 (28%), clostridium 4 (16%) and
i 0,
Prevalence Rate micrococcus 6 (24%).
60 14
50
20 12
30 10 B Bacillus
20 3
18 . : : : : : M Prevalence M Staphilococcus
. Rate 6 .
F ¥ oY L& nterococus
’bé\\ FER 4
&L S 2 H Clostridium
&S 0
N < .
138 B Micrococus
Figure 2: Gram positive Bacteria in Vegetables c_f'é
Distribution of Gram Positive Bacteria in each of the Selected

Vegetables Figure 3: Distribution of Bacteria in Vegetables

Figure 3 show that bacillus is the most prevalent bacteria in spinach

with 11 (44%). This is followed by staphylococcus with 8 (32%). Distribution of Gram Positive Bacteria in Soil and Water
Enterococcus represents 6 (24%). It is free from other gram Based on the results in Figure 4, irrigation water hosts larger
positive bacteria. For Cabbage, bacillus is the most prevalence 13 proportion of bacillus and staphylococcus (36%) than soil (32%).

Enterococcus was not isolated in both water and soil. Clostridium
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is absent in soil but present in water. Micrococcus is present in both spinach (10) representing 40% among all the gram negative
soil and water. bacteria isolated in spinach under EMB medium and it is the most
prevalent bacteria. This is followed by klebsiella with 9 (36%),
serratia is next with 5 (20%) and lastly salmonella with only 1 (4%).
Serratia is the most prevalent bacteria in cabbage with 9 (36%), it
is followed by citrobacter and klebsiella which recorded 8 (32%)
each. In lettuce, citrobacter is the most prevalent bacteria with 9
(36%) followed by serratia with 7 (28%), salmonella had 5 (20%)
and klebsiella recorded 4 (16%). Onion had citrobacter and

10

OoON B O

m Soil klebsiella as the most prevalent with 9 (36%) each followed by
= m Water proteaus 4 (16%), serratia 2 (8%) and the least is Yersinia with only
o o 5 & 1 (4%). Tomatoes had salmonella as the most prevalent with 6
é>\\° & &S (24%) followed by E. coli 5 (20%), klebsiella and proteaus had 4
R &L F ° (16%) each, Yersinia 3 (12%), citrobacter 2 (8%) and serratia 1
& & & (4%).
‘O@Q <
10
Figure 4: Sources of Gram Positive Bacteria g B Salmonella
Prevalence of Gram Negative Bacteria using EMB H Citrobacter
Figure 5 contains result for biochemical test using Eusine Methyline 6 )
Blue (EMB) media. The EMB is a selective culture medium for gram i Serratia
negative bacteria. The gram negative bacteria identified in all the 4 Klebsiell
samples include salmonella, citrobacter, serratia, klebsiella, ® Klebsiella
yersinia, proteaus, and E. coli. Citrobacter recorded 38 (30.4%) of 2 B Yersinia
all bacteria isolated in EMB media from vegetables within the
Kubanni irrigation site. Klebsiella species are the second most 0 M Proteaus
prevalent gram negative bacteria representing 27.2%. The third E col
. coli

most prevalence bacterial contaminant in the selected vegetable is
Serratia species. It recorded 24 positive cases equivalent to 19.2%.
Salmonella represents 12 (9.6%) of all bacteria isolates in

vegetables. Proteus Waf observed only in onion af‘d tomatoes W't.h Figure 6: Distribution of gram negative bacteria in Vegetables from
a prevalence rate of 16%, other vegetables contain no proteaus in EMB

them. E. coli is only found in tomatoes from 5 samples equivalent
to 4% of all the bacteria identified in the selected vegetables.

Yersinia had the lowest positive cases in the study area (3.2%). Sources of Gram Negative Bacteria from EMB

As indicated in Figure 7, the two sources of contaminants analysed
shows that soil contains no salmonella while irrigation water

recorded 8% of all gram negative bacteria cultured using EMB
Preva Ie nce Rate media. Both soils and water contains Citrobacter species with 24%
and 8% prevalence rate indicating the possible sources of the
organism. Serratia was observed only in soil at 16% prevalence
40 rate. Both soil and irrigation water within the study region host
35 1 Klebsiella species with 40% and 16% prevalence rate each. This is
gg : an indication that the organism originated from both soil and water.
20 - 10 -
15 1 B Prevalence
0 Rate ®
5 1 ]
0 - T 1
&85 o oo © 9= 4 - :
T EETEa S = Soil
525285 8w 2 1 W
(] v O B Water
£EAEss 0 L
v O . >
P L@ S
Figure 5: Gram Negative Bacteria from EMB ooe’ R & < &
’b\@ (,)Q/ *Q/
Distribution of Gram Negative Bacteria in the Selected o

Vegetables using EMB

As indicated in Figure 6, Citrobacter had the highest population in Figure 7: Distribution of Gram Negative Bacteria in soil and Water

under EMB
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Gram Negative Bacteria in Vegetables using SSA

To further assess the presence of other harmful gram negative
bacteria in all vegetable samples in the study area, Salmonella
Shigella Agar (SSA) medium was used. The result is shown in
Figure 4. The SSA medium is a differential selective media used
for the isolation of gram negative bacteria such as salmonella,
shigella and others within the gram negative group. This medium
is used because some bacteria like salmonella and shigella may
fail to grow on EMB medium. As shown in Figure 8, Salmonella
species is the most prevalence bacteria with 28% in the SSA
medium. Klebsiella species is the second most prevalence bacteria
representing 20% of all the gram negative bacteria identified using
SSA medium. Proteaus is the third most prevalent representing
16.4% of all gram negative bacteria under SSA culture. The fourth
most prevalent is Citrobacter species which represents 15% of all
the gram negative bacteria in vegetable samples. Shigella
represents 10% of bacteria identified in vegetable samples under
SSA medium making it the 5" most prevalent. Population of
Serratia species under SSA culture stood at 6% among all the gram
negative bacteria. It is ranked 6% most prevalent. Yersinia species
under SSA represents 3% of all the gram negative bacteria and is
the 7% most prevalent.  Aeromonas species is the least
contaminant identified in vegetables within the study area. It
represents 1.6% prevalence rate among all bacteria contaminants
in samples analysed for this study.

Prevalence Rate

M Prevalence
Rate

Figure 8: Prevalence of Bacteria from SSA

Distribution of Gram Negative Bacteria in Vegetables from
SSA

Figure 9 shows the distribution of bacteria from SSA media in each
of the chosen vegetable. Unlike the result for EMB test, the SSA
shows that Salmonella species are present in all the vegetable
samples in different proportions. In spinach, salmonella is the most
prevalence with 8 (32%) followed by shigella 7 (28%), klebsiella
and Yersinia 3 (12%) each, and the lowest is citrobacter 2 (8%). In
cabbage, salmonella and proteus are the two most prevalence with
8 (32%) each followed by citrobacter 5 (20%), and the least is
klebsiella 4 (16%). Lettuce had salmonella as the most prevalence
with 9 (36%) followed by klebsiella 8 (32%), citrobacter and
proteaus each having 4 (16%). The most prevalence bacteria in

https://dx.doi.org/10.4314/swj.v19i4.15

onion is proteaus with 8 (32%) followed by serratia 5 (20%),
citrobacter 4 (16%), salmonella and klebsiella each having 3(12%)
and the least is Aeromonas 2(8%). Onion is the only vegetable that
contains Aeromonas species. Tomatoes had salmonella and
klebsiella as the most prevalence with 7 (28%) each followed by
shigella 5 (20%), citrobacter 4 (16%), the least are Yersinia and
proteaus each having 1(4%). Only spinach and tomatoes are
affected with shigella while other vegetables are free from
contamination with Shigella species.

10 -
MW Salmonella
8 -
i1 H Citrobacter
6 _H
‘r M Serratia
4 -
M Klebsiella
2 -
M Yersinia
0 n T T
M Proteaus
X < 2 Q> S
'@Ibg \O‘O'Z’% *’é& o{\\o '8“00 higell
R ¢ ,\o@ Shigella

Figure 9: Gram Negative Bacteria in Vegetables from SSA

Gram Negative Bacteria from SSA Culture of Soil and Water
Samples

As indicated in Figure 10, Salmonella had soil with 0 (0%), irrigation
water 4 (16%); citrobacter: soil 4 (16%), water 5 (20%); Serratia:
soil 2 (8%), water 4 (16%); Klebsiella: soil 7 (28%), water 2 (8%);
Yersinia: soil 7 (28%), water 0 (0%); Proteus: soil 5 (20%), water 7
(28%); Shigella: soil 0 (0%), water 3 (%) and Aeromonas 0 (0%) for
both soil and water.

7 —
6 -
5 -
4 -
; | = Soil
1 - m Water
0 T T T T T T T ”I
N SRR IR NG
F XL L
& LS K o &
L& F & TS
P& N

Figure 10: Distribution of Gram Negative Bacteria from SSA

DISCUSSION

In this study, the quality of irrigated vegetables prior to harvest, soil
and irrigation water were analyzed. This is followed by
characterization of the isolates. The ACC result shows that
cabbage recorded highest level of total bacteria count while
tomatoes are the least affected by bacteria within the study region.
Comparing the result with the findings of Nang et al. (2021), they
also observed higher level of bacteria in cabbage than other
vegetables cultivated along Vea River in Ghana. This could be due
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to layering of leaves in cabbage which host larger number of
bacteria contaminants than all other vegetables considered in this
study. It could also be the case for lettuce; the order of
contamination by bacteria based on the result for ACC in Table 1
is cabbage > Lettuce > spinach > onion > Tomatoes. The level of
bacteria contaminants observed in this study is far beyond the
WHO threshold. This concur with the findings of Vinod et al. (2017)
who reported that the level of bacteria contaminants from irrigation
water in the Saharanpur province, India is by far beyond the Indian
standard for irrigation water quality. Mohammed et al., 2020) also
observed higher level of bacteria beyond the WHO/FAO limits in
Shika Dam, Zaria, Nigeria. Desta and Diriba (2016) reported that
irrigated vegetables were contaminated with bacteria from the
Awetu River in Ethiopia. Wastewater used for irrigation from nearby
River is suspected to be possible source of bacteria contaminants
in vegetables. This could also be the case for vegetables within the
Kubanni irrigation field as liquid waste generated within the
Kubanni river basin are channeled down the main River which is
utilized for irrigation in the study area (see Plate V and VI). The
ACC result shows that soil contains highest amount of total viable
bacteria than irrigation water within the study area. It may be
attributed to intensive use of organic manure by irrigation farmers.
Higher level of bacteria observed in vegetables within the Kubanni
irrigation site means that consumption of such produce without
proper cleaning will pose greater risk.

Based on the result of the correlation analysis, we can conclude
that the sources of bacteria observed in spinach and cabbage are
from both soil and irrigation water. The source of bacteria in lettuce
is irrigation water and other sources but not soil while those
observed in onion is from soil and other sources but not irrigation
water. However, the sources of bacteria observed in tomatoes are
neither from soil nor irrigation water. Other sources of bacteria
include air and intruding animals. The result also shows the
relationship between bacteria from one vegetable and others that
were selected in this study. This is because a mixture of different
vegetables in the same farmlands is observed in the study area
which increases the chance for cross contamination.

Some of the gram positive bacteria isolated in this study exhibit rod
shape morphology while some had cocci (spherical) cell
morphology (see Plate | and II). The Gram stain is retained by the
thick peptidoglycan coating found in the cell walls of gram-positive
bacteria. Gram-positive bacteria identified include Bacillus,
Staphylococcus, Enterococcus, Clostridium and micrococcus.
Numerous illnesses, such as infections of the skin and soft tissues,
lung infections, and gastrointestinal infections, can be caused by
gram-positive bacteria. They may also create poisons within them
or cause food poisoning (Traore et al., 2022).

The EMB and SSA medium were used to culture gram negative
bacteria because some salmonella and Shigella species may not
be able to grow under EMB culture. This will help to ensure a
broader characterization of the bacteria in different samples under
this study.

Gram-negative bacteria are resistant to the Gram stain because
they have an outer membrane made of lipopolysaccharides and a
thin layer of peptidoglycan in their cell walls. The gram negative
bacteria isolated include salmonella, citrobacter, serratia,
klebsiella, Yersinia, proteaus, Escherichia coli (E. coli),
pseudomonas, shigella, and aeromonas. Gram-negative bacteria
are understood to cause many health challenges such as food
poisoning, diarrhea, respiratory infections (like pneumonia or

bronchitis), urinary tract infections, bloodstream infections (like
sepsis), meningitis, and sexually transmitted infections like
gonorrhea and chlamydia (Mohammed et al., 2019).

The biochemical test using MSA medium shows that bacillus is the
most prevalence among all the vegetable samples. This is against
the findings of Iyevhobu et al. (2023) who reported that
staphylococcus is the most prevalent bacteria contaminants in
vegetables. This could be due to favourable environmental
conditions in the Kubanni irrigation site which enable bacillus to
grow and thrive. Some of these requirements include a
temperature between 25°C to 37 °C though some species may
require lower or higher temperature but majority of them are within
that range. They also require abundant moisture which is available
within the Kubanni due to regular supply of irrigation water (Ameh
and Kawo, 2017). Continuous use of organic manure from
municipal dumpsites including that of human and animal waste
(see Plate 1V) also provide enough nutrients for bacillus. Bacillus
species are heterotrophic and hence require abundant organic
nutrients to grow. The ability of bacillus to form endospores which
makes them highly resistance to hash environmental conditions
such as heat, radiation and chemicals could be another reason for
higher number of isolates in vegetables within the Kubanni
irrigation area.

Some Bacillus species are beneficial while some are harmful but
overall, they play important role in an ecosystem as they are used
in pharmaceutical, agricultural and food processing industries
(Sisay, 2017). The beneficial ones are used to produce antibiotics
and insecticides. Some pathogenic bacillus includes Bacillus
anthracis which causes anthrax and Bacillus cereus which causes
food poisoning (Ulfata et al., 2024). Regular testing, improved
agricultural practices, proper cleaning and disinfecting of
vegetables are necessary steps to prevent bacillus infection
through vegetable consumption within the study area.
Staphylococcus is ranked the second most prevalent bacteria
observed in this study which were found in 35 samples
representing 28% of all the gram positive bacteria in vegetables.
Favourable environmental conditions are the reasons for higher
population of staphylococcus observed in the study area.
Temperature requirement is between 25-40°C. They also require
adequate moisture to grow and are abundant through regular
supply of irrigation water (Ogundele et al., 2017).

A wide range of infections can be caused by staphylococcus which
include respiratory infection like pneumonia, skin infection like boils
and abscencess and infection of the borne also known as
osteomyelitis (Nang et al., 2021). Effective hand hygiene, cleaning
and proper cooking of vegetables can help to reduce infection
caused by staphylococcus bacteria within the study area.
Enterococcus had the lowest prevalence rate among all the gram
positive bacteria identified in vegetable samples with only 6 (5%).
This is because it was only isolated in spinach, the optimum
temperature requirement for Enterococcus species is between 35-
37°C (Mohammed et al., 2020). Because the study area is a flood
plain, temperature may be lower since the time of data collection
for this study was during the Hammatan cold between December
to February. Enterococcus can cause many health challenges such
as urinary tract infections, meningitis, skin and soft tissue infections
and gastrointestinal problems. Proper farming practices like
irrigation management, vegetable testing and washing can help to
reduce enterococcus contamination.

Clostridium had (16) 13% prevalence rate among all the gram
positive bacteria. Population of clostridium is low compared to
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bacillus because they require high moisture (80%) to grow and are
anaerobic (Khaled et al., 2016). The selected vegetables are not
cultivated under waterlogged condition and hence, fewer clostridia
were observed. Clostridium also forms endospores which makes
them highly resistance to environmental conditions like heat,
chemicals and radiation.

Some clostridium bacteria are beneficial like Clostridium butyricum
which produces butyric acid. It is a compound which enhances gut
health. Pathogenic clostridium includes clostridium tetani which
causes tetanus and Clostridium perfringens which causes food
poisoning (Daniel et al., 2020). Washing of equipment and
improved sanitation can reduce the spread of Clostridium species
in vegetables.

Micrococcus species represents (11) 9% of all gram positive
bacteria identified in vegetables. The population of Micrococcus is
low compared to bacillus and staphylococcus. This is because
farmers may not be able to supply excess moisture required by
micrococcus (60-80%) due to competition for irrigation water within
the Kubanni irrigation site. Most farmers irrigate their crops once in
every week. They are typically not harmful but may infect people
with compromised immune systems (Honorine et al., 2022). They
play vital role in an ecosystem in terms of organic matter
decomposition and enzyme production. They are used in
industries such as pharmaceutical for antibiotic production,
cosmetic, food production and biotechnology (Joep, 2017).

The two sources of contamination analysed in this study are soil
and irrigation water. Knowledge about the sources of bacterial
contamination is crucial for effective management of risk and
infections caused by the organism. The presence of bacillus in
irrigation water and soil is an indication of possible transmission to
vegetable samples within the study area. The presence of
staphylococcus in irrigation water and soil also suggests that the
bacteria in vegetables originated from there. Both soil and water
samples were found to contain zero Enterococcus species which
means the bacteria observed in vegetables is from another source
other than soil and water. Other sources of contaminants include
air and excreta from intruding animals (Karshima, 2020).
Clostridium was identified only in irrigation water but absence in
soil samples. This means that water is suspected to be the possible
source of most of the clostridium species observed in vegetables
within the study area. The presence of micrococcus in both soils
and water suggest that the organism was transferred to vegetables
in the Kubanni irrigation site.

Since both soil and irrigation water was contaminated with different
bacteria, it can be reduced through effective waste management,
regular environmental monitoring and decontamination of the
sources using chemicals.

Higher level of Citrobacter in Vegetables isolated from the EMB
culture could be due to favourable environmental conditions within
the study area. The optimum temperature required by Citrobacter
species is between 30-35 °C. They can survive both anaerobic and
aerobic conditions. They need a moderate moisture level usually
between 60-80%. Some species of Citrobacter can cause
infections in humans, particularly in people with compromised
immune systems. Few examples include Citrobacter freundii which
causes urinary fract infections (UTls). The symptoms include
burning during urination, frequent urinary and abdominal pain.
Another example is Citrobacter braakii which causes UTls,
pneumonia, cerebral disorder, arthritis, and abdominal pain
(Bagudo et al., 2014). Improved hygiene and proper cleaning and
cooking of vegetables are some of the easy ways to reduce

citrobacter infection within the study area.

Klebsiella have almost a similar environmental requirement with
Citrobacter species which enables them thrive better in the
Kubanni irrigation area. They can cause infections in humans,
particularly in people with compromised immune systems. Some
few species of Klebsiella include Klebsiella pneumonia, Klebsiella
oxytoca and Klebsiella variicola. Their health effects include
Pneumonia UTls, Bloodstream infection, Meningitis, Wound
infections and infections along surgical sites (Herman et al., 2015).
Serratia species were observed in vegetables within the study
area. Examples include Serratia marcescens, Serratia
liquefaciens, Serratia rubidaea, and Serratia fonticola. Their major
health effects include UTls, bloodstream infections, pneumonia,
meningitis, wound infections and eye infections (Getaneh et al.,
2018). Proper hand hygiene, cleaning and cooking of vegetables
are important steps to reduce infections caused by Serratia
species.

Salmonella species isolated in vegetable samples under the EMB
culture represents 12 (9.6%) of all bacteria isolates in vegetables.
It is the fourth most prevalence bacteria isolated in vegetables
within the study area. The result is above the level observed by
Raufu et al. (2014) who reported a prevalence rate of 6.3% in
vegetables cultivated in Maiduguri, Nigeria. Bagudo et al. (2014)
also reported a higher prevalence rate of Salmonella species
(19.5%) in vegetables cultivated around abattoir area in Sokoto.
Infection with salmonella can be severe and life threatening in
some people like elderly, young children, pregnant women and
people with a weak immune system. Many species of salmonella
exist. For example Salmonella typhi which causes typhoid fever,
Salmonella paratyphi causes paratyphoid fever and so on. Some
symptoms of salmonella infections include fever, headache,
diarrhoea, vomiting and abdominal cramps. Proper handling and
adequate cooking of vegetables, hygiene and sanitation, water
purification are some of the few ways to reduce infection caused
by salmonella bacteria (Kayla et al., 2017).

Proteus is the fifth most prevalence bacterial contaminant of
vegetable within the study area. Some common examples of
Proteus species include Proteus mirabilis, Proteus vulgaris and
Proteus hauseri. Infections caused by Proteus include Urinary tract
infections (UTIs), bloodstream infections, meningitis, pneumonia,
wound infections and surgical site infections (Gadafi et al., 2020).
Improved hygiene, appropriate cleaning and cooking of vegetables
can reduce infections caused by Proteus bacteria in the study area.
Presence of E. coli in vegetable as shown in Figure 5 is an
indication of faecal contamination within the study area. E. coli is
a common cause of foodborne illness, and outbreaks have been
associated with contaminated food and water. They can also
produce toxins, such as Shiga toxin, which can cause severe
illness (Kayla et al., 2017).

Low population of Yersinia species (3.2%) could be due to high
temperature in the study area. The optimum temperature
requirement for Yersinia is between 25-28 °C and temperature can
sometimes go as high as 38 °C in the study area. Yersinia species
in vegetable was only observed in tomatoes and onion (Desta et
al., 2016). Other vegetables are free from Yersinia contamination.
Some species of Yersinia can cause infections in humans.
Examples include Yersinia pestis, Yersinia enterocolitica and
Yersinia pseudotuberculosis. They can cause a wide range of
infections such as Bubonic plague, pneumonic plague,
Gastroenteritis and bloodstream infections (Herman et al., 2015).
Infections caused by Yersinia can be prevented through proper
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hand hygiene, sanitation, cleaning and cooking of vegetables
within the study area.

Salmonella was detected only in irrigation water samples under the
EMB culture. However, this will be confirmed with further analysis
using Salmonella Shigella Agar (SSA) medium. The source of
salmonella contaminants in irrigation water could be from liquid
wastes especially sewage that are drained into the River from
nearby communities.

The source of citrobacter could be from both soil and water
contains as indicated in Figure 7. Serratia is absent in water and
therefore the source of contamination with serratia species could
be soil and other environmental components but not from irrigation
water. Both soil and irrigation water within the study region host
klebsiella species with 40% and 16% prevalence rate each. This is
an indication that the organism originated from both soil and water.
Yersinia species were not isolated in both soil and irrigation water
using the EMB media. Yersinia is a genus of gram-negative, rod-
shaped bacteria that are commonly found in the environment and
in the gastrointestinal tracts of animals (Danjuma, 2017) . This
means the organism is from a different environmental component
other than soil and water used for irrigation. The source of proteaus
could be irrigation water but not soil as it recorded zero per cent
rate. The source of E coli could be irrigation water used for irrigation
but not soil due to total absence of the organism in all the soil
samples cultured using EMB media. Pseudomonas is present in
both soil and irrigation water whereas shigella and aeromonas
were only present in water but absent in soils.

The level of Salmonella species isolated from the SSA culture in
Figure 8 suggests that the bacteria are a serious health threat to
consumers of fresh vegetables cultivated within the study area.
Common sickness associated with salmonella is typhoid fever
caused by Salmonella typhi. Consumers of vegetables within the
study area have higher risk of typhoid fever and other related iliness
associated with salmonella infection. The level of salmonella
contamination in this study is higher than what was reported by
Raufu et al. (2014) who observed a prevalence rate of 6.3% in
Maiduguri, Nigeria.

The spread of salmonella species cut across all the selected
vegetables in this study as shown in the result in Figure 9. This is
because the SSA medium allows effective growth of salmonella
species than the EMB. However, it shows that lettuce had the
highest number of Salmonella species than all the selected
vegetables. This is similar with the work of Mamdouh et al. (2019)
who also observed higher level of salmonella in lettuce than other
vegetables in their study of bacterial contamination of vegetables
in Qalubia, Giza and Sharkia, along River Nile, Egypt. This is an
indication that lettuce harbours more salmonella than other
vegetables possibly due to open layers of the leaves unlike
cabbage where the leaves are well compacted with little space in
between them.

Result in Table 10 shows that salmonella is only present in
irrigation water but absent in soil. This suggests that the source of
salmonella in vegetables is mainly from irrigation water but not soil.
According to Bagudo et al. (2014) abattoir effluents are major
sources of salmonella in wastewater used for irrigation. Discharge
from the Zango abattoir alongside with municipal liquid waste that
is released into the Kubanni River could be the source of
salmonella which are transferred to vegetables cultivated in the
study area (see Plate V). The source of Citrobacter species is from
both soil and irrigation water as shown in Table 10. Both soil and
irrigation water could be the source of Serratia species. It also

shows that both soil and irrigation water are sources of
contamination caused by Klebsiella but soil accommodates higher
population (28%) than water (8%). The source of contamination by
Yersinia species is mainly soil (28%) as no amount of the organism
was isolated in water. The source of preteaus is from both soil and
water as shown in Table 10. Shigella is only found in irrigation water
but absence in soils within the study area which implies that water
is the main source of the organism. Shigella is a genus of Gram-
negative, rod-shaped bacteria that causes shigellosis, a type of
bacterial causing dysentery. Other species of Shigella include
Shigella flexneri, Shigella boydii and Shigella sonnei. They are
highly infectious and can cause severe diarrhea, fever, and
abdominal pain. They can be found in contaminated food, water,
and feces. The source of Aeromonas could be from irrigation water
as it was identified in water sample from the EMB culture though
absent from the SSA media. According to Raufu et al. (2014),
organic manure from human and animal waste as well as solid
dumpsites from nearby communities that are used as fertilizer are
the main sources of bacterial contaminants in irrigated vegetables.
Within the Kubanni irrigation area, many heaps of organic manure
are taken to irrigation farmlands (see plate IV).

Conclusion

Vegetables within the Kubanni irrigation area are not safe without
adequate washing or cleaning because all the vegetables were
contaminated with bacteria above the WHO limits. The main
causes of bacterial contamination of vegetables in the research
area include wastewater used for irrigation, organic manure from
municipal landfills, human and animal waste.

Recommendations

1. The amount of liquid waste that is channeled into the Kubanni
River particularly from abattoir and residential areas should be
minimized in order to ensure production of bacteria free vegetables
within the study area.

2. Alternative fertilizers should be used since it is believed that the
main ways that microbes contaminate vegetables in the study area
are through organic manure from municipal dumps, human waste,
and animal waste.

3. Raising farmers' knowledge of safe agricultural methods can
help reduce the threat of bacterial vegetable contamination in the
research region.

4. Consumers should avoid eating fresh vegetables that has not
been washed or cooked.

REFERENCES

Abdulkadir J., Jibrin A., Mukhtar I. and Abdulkareem J. H. (2024).
Assessment of Heavy Metal Contamination of
IrrigatedVegetables Grown along the Kubanni Irrigation
Site inZaria, Nigeria. Journal of Agricultural & Env. Sci.
Research. 5(1):

Abdulkareem J. H., Abdullahi A. A., Audu M. (2012). An
Assessment of Physico-Chemical Properties of Soils In
Selected Vegetable Farms Around Sokoto Metropolis.
Nig. J. Soil & Env. Res. 10(1): 84 - 88

Akio U., Yukiya I., Isao Y., Hidetoshi O. (2018). Isolation and
Characterization of Bacteria from Soil Contaminated
with Diesel Oil, and the Possible use of these in
Autochthonous Bio-augmentation. Hokkaido University,
Kita-ku, Sapporo, Japan. 060-0810

Amani H. and Aljahani D. (2020). Microbiological and

Assessment of bacterial contamination of irrigated vegetables cultivated
along the KUBANNI irrigation site in Zaria, Nigeria

1020


https://dx.doi.org/10.4314/swj.v19i4.15
http://www.scienceworldjournal.org/

Science World Journal Vol. 19(No 4) 2024
www.scienceworldjournal.org
ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)

Published by Faculty of Science, Kaduna State University

physicochemical quality of vegetable pickles. Journal of
the Saudi Society of Agricultural Sciences. 19(1): 415-
421
Ameh, AA. and Kawo, A.H. (2017). Enumeration, Isolation and
Identification of Bacteria and Fungi from Soil
Contaminated with Petroleum Products Using Layer
Chicken Droppings as an Amendment. Bayero Journal of
Pure and Applied Sciences, 10(1):219 - 225

Bagudo A. 1.1 ¥, Tambuwal F. M.2 , Faleke O. 0.3, Egwu O. 0.3
and Aliero A. A.1 (2014). Prevalence of salmonella
serotypes in Sokoto abattoir effluents and vegetables
cultivated around the abattoir. Microbiology Research
International. 2(2): 13-17

Daniel W., Natalie B., Channah R., Renata I., Erika M., Sherry R.,
Erika G and Martin W. (2020). Complex Interactions
Between Weather, and Microbial and Physicochemical
Water Quality Impact the Likelihood of Detecting
Foodborne Pathogens in Agricultural Water. Frontiers in
microbiology. 11(134)

Danjuma F. Y. (2017). Physicochemical and Microbiological
Quality of Water Drawn from Lined and Unlined Wells in
Zaria, Nigeria. An M. Sc.Thesis in Microbiology,
Ahmadu Bello University, Zaria.

Desta W. and Diriba M. (2016). Bacteriological Contaminants of
Some Fresh Vegetables Irrigated with Awetu River in
Jimma Town, Southwestern Ethiopia. Hindawi
Publishing Corporation Advances in Biology

Emad M. H., Waleed H. A., Ibrahim A. G. and Mahmoud F. S.
(2015). Effect of Gypsum Application and Irrigation
Intervals on Clay Saline-Sodic Soil Characterization,
Rice Water Use Efficiency, Growth, and Yield. Journal
of Agricultural Science. 7(12)

Gadafi I. B., Denis D. Y.,2 Vera G. A., and Priscilla A. (2020).
Microbial Contamination, an Increasing Threat to the
Consumption of Fresh Fruits and Vegetables in Today’s
World. Hindawi International Journal of Microbiology.
3(2)

Getaneh A., Mohammed A. M. and Siraj M. (2018). Bacterial
Contamination of Vegetables Sold in Arba Minch Town,
Southern Ethiopia. BMC Rearch notes. 1(2)

Hassan F., Faisal M., Qamar Z., Dure N. |., Roeya R., Farheen A,
Sadia S., Nasir M., Arif N., Munawar I. (2021).
Evaluation of Physicochemical Properties and Metallic
Contents in Vegetables Irrigated with Water from
Different Sources. Pol. J. Environ. Stud. 30(2): 1943-
1947

Herman K. M., Hall A. J., and Gould L. H. (2015). Outbreaks
attributed to fresh leafy vegetables, United States,
1973-2012. Epidemiol Infect. 143(14): 3011-21.

Honorine N. T., Joseline A., Simeon K., Steve J. T., Auberlin M. T.,
Frigerald F. T., Franck W., and Emile T. (2022).
Physicochemical, Bacteriological and Parasitological
Quality of Water Used to Wash Vegetables in Dschang,
West Cameroon: Health Risk Assessment. Journal of
Health and Environmental Research. 8(1): 1-8.

lyevhobu K. O., Omolumen L. O., Isaac O. B., Aliemhe C. A., Ken
I. B and Oseni D. I. (2023). Bacterial and Parasitic Load
of Salad Vegetables (Cabbage and Lettuce) Sold in a
Market in Southern Nigeria. Scholarly journal for Food
and Nutrition. 2(3):

Joep D. (2017).The microbial and chemical safety risks of leafy

https://dx.doi.org/10.4314/swj.v19i4.15

vegetables and how to prevent these on the farm. Msc
Thesis submitted to Department of Food Technology.
Karshima S. N. (2020). Parasites of importance for human health
on edible fruits and vegetables in Nigeria: a systematic
review and meta-analysis of published data. Pathogens
and global health. 1(1):47-55

Kayla M., Fan W., John S., Sophia J. and Keith W. (2017).
Challenges in the Microbiological Food Safety of Fresh
Produce: Limitations of post-harvest washing and the
need for alternative interventions. Food Quality and
Safety. 1(4): 289-301

Khaled S. B. (2016). Assessment of Microbial Contamination of
Vegetable Crop and Soil Profile in Arid Regions under
Controlled Application of Domestic Wastewater of the
Radish plant. Saudi Journal of Biological Sciences.
23(1), 83-92

Mamdouh S. A, Abou-Arab A.AK., Abou Donia M.A. , Lamyaa E.,
Ahmed A. R. and Mohamed E. T. (2019). Bacterial
Contamination of Vegetables Irrigated with Wastewater.
Current Science International. 8(4): 776-788

Mangaji S. R., Mukhtar 1., Iguisi E. O., Isma’il M., and Salisu A.
(2020). Analysis of Flood Vulnerability in Unplanned
Settlements along the Bank of River Kubanni, Zaria,
Nigeria. African Scholar Journal of Env. Design &
Construction Mgt. (JECM-4). 18(4)

Mohammed |I. J., Joel U. E, and Abdulwahab D. K. (2020).
Microbiological, Physicochemical and Heavy Metals
Assessments of Soils and Selected Vegetables Grown
on Rumde-Doubeli Irrigated Farmland in Yola Nigeria.
Tanzania Journal of Science. 46(3): 684-699

Mohammed S.S.D., Wartu J.R. and Akpami J. N. (2019).
Bacteriological Quality Assessment of Ice Cream Sold
in Selected Eateries Within Kaduna Metropolis. Science
World Journal. 14(1):

Mohammed, A., Musa, Y.M. and Naziru, H. (2020). Determination
of Physicochemical and Bacteriological Quality of Water
for Irrigation Purpose: A Case Study of Shika Dam,
Zaria, Kaduna State, Nigeria. Nigerian Research
Journal of Engineering and Environmental Sciences.
5(1), 198-204

Nang B., Ebenezer E. Y., Samuel K. A. and Prince A. (2021).
Irrigation Water Quality and its Impact on the
Physicochemical and Microbiological Contamination of
Vegetables Produced from Market Gardening: a case of
the Vea Irrigation Dam, U.E.R., Ghana. Journal of water
and health. 19(2)

Ogundele O. A, Elna M. B., Legesse K. D. and Mike V. (2017).
Irrigation water as a potential pre-harvest source of
bacterial contamination of vegetables.

Ould B. A., Ahmed I. M., and Moritani S. (2010). Investigation of
the effect of Saline Water Irrigation and Manure
Application on the Available Water Content, Soil Salinity
and Growth of Wheat. Agricultural Water Management.
97(2): 165-170

Raufu I. A, Zongur L., Lawan F. A, Bello H.S, Adamu MS, Ameh J.
A and Ambali AG (2014). Prevalence and antimicrobial
profiles of Salmonella serovars from vegetables in
Maiduguri, North eastern Nigeria. Sokoto Journal of
Veterinary Sciences. 12 (1):

Sisay A. (2017). Microbial Risk Assessment of Vegetables Irrigated
with Akaki River Water in Addis Ababa. Environmental

Assessment of bacterial contamination of irrigated vegetables cultivated
along the KUBANNI irrigation site in Zaria, Nigeria

1021


https://dx.doi.org/10.4314/swj.v19i4.15
http://www.scienceworldjournal.org/

Science World Journal Vol. 19(No 4) 2024
www.scienceworldjournal.org

ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)
Published by Faculty of Science, Kaduna State University

https://dx.doi.org/10.4314/swj.v19i4.15

Health Research Unit, Ethiopian Public Health Institute,
Gulele Patriot Street, Addis Ababa, Ethiopia.

Traoré S., Samaké F., Hamadoun B. A., Williams E. C, Essilfie G.,
Acheampong M. and Samaké S. (2022). Microbial and
Chemical Contamination of Vegetables in Urban and
Peri-Urban Areas of Sub-Sahara Africa. Intech open.
2(4):

Ulfata M., Abada Z., AlicN. M., Sarwarb S., Jabeenb K. and Abrard
(2024). Screening, biochemical characterization and
antibiotics resistance/susceptibility of bacteria isolated
from native soil and water samples. Brazillian Journal of
Biology. 84 (1):

Vincent N. A., Veronica J. U., Charles A. O., Stellal. S. and Joseph
B. A. (2012). Water Quality Assessment: Surface Water
Sources used for Drinking and Irrigation in Zaria,

Appendix 1

Nigeria are a Public Health hazard. Environ Monit
Assess. 7(8), 32-37

Vinod K., Sachin S., Chauhan R. K., Roushan K. T. and Jogendra
S. (2017). Heavy Metals and Microbial Contamination of
Certain Leafy Vegetables Grown in Abattoir Effluent
Disposal Province of Saharanpur (Uttar Pradesh), India.
Archives of Agriculture and Environmental Science. 2
(1), 36-43

Yakubu S., Adeniyi S.A. and Folorunsho J.O (2017). Assessment
of Irrigation Water Quality Sourced from River Galma in
Zaria, Nigeria. KIU Journal of Social Sciences. 3(2):
193-199

PlateIII: Gram Negative

Assessment of bacterial contamination of irrigated vegetables cultivated
along the KUBANNI irrigation site in Zaria, Nigeria


https://dx.doi.org/10.4314/swj.v19i4.15
http://www.scienceworldjournal.org/

