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Vegetables contain vital ingredients such as minerals, phytochemicals, vitamins, and fibers, which play significant roles in
human health. Consumption of fresh vegetables causes human infections and outbreaks while serving as a reservoir of several
pathogens. (e study evaluated the microbiological quality of raw vegetables consumed in and around Fiche town, Central
Ethiopia. For the experimental study, a total of 100 samples of 5 different raw vegetables from two local markets were selected
based on their commonalities for overall microbial quality in terms of aerobic mesophilic count, total coliform count,
Enterobacteriaceae count, Staphylococci count, and yeast and mold levels. (e highest count was aerobic mesophilic bacteria
(5.7 log CFU/g) followed by Enterobacteriaceae (4.7 log CFU/g), while yeasts and molds count the least. (e maximal count for
aerobic mesophilic bacteria was enumerated in cabbage (6.4 log CFU/g) while the minimum was in green pepper samples (4.7
log CFU/g). Among 100 vegetable samples analyzed, 11% were contaminated by S. aureus which is highly prevalent in cabbage
(20%), followed by lettuce (15%). In the present study, 15.0% of vegetable samples were positive for Salmonella and detected in
all vegetable types.

1. Introduction

(e consumption of vegetables has enormously increased
because of their nutritive values in daily dietary intake.
Vegetables are important sources of many minerals and
vitamins too. (e Australian dietary guidelines recommend
that an adult human should eat at least five kinds of veg-
etables every day [1]. Demand for the consumption of
vegetables is on the rise since the fresh production of
vegetables provides biologically active compounds such as
phenolics, anthocyanins, and antioxidants that aid in better
health [2] and have a prominent role to play in the pre-
vention of heart diseases, cancer, diabetes, obesity, and
micronutrient deficiencies (zinc, iron, etc.) mainly in de-
veloping countries [3]. In addition, there are broad product
development opportunities because vegetables are a handy

snack food and are easily carried. Currently, farmers and
local public markets are the chief retailers of raw vegetables
[4].

But, the consumption of fresh vegetables causes human
infections and outbreaks while serving as a reservoir of
several pathogens [5–8] Moreover, Halablab et al. [9] in-
dicated that there is increased consumer demand for fresh,
natural, and organically cultivated products, devoid of mi-
croorganisms. (is necessitates to handle the product with
care before it reaches the consumers. Enteric pathogens such
as Escherichia coli and Salmonella are among the greatest
concerns during food-related outbreaks. Several cases of
typhoid fever outbreaks have been associated with eating
contaminated vegetables grown in or fertilized with con-
taminated soil or sewage [4]. It has been indicated that
various bacterial pathogens, including Salmonella, Shigella,
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Campylobacter, E. coli O157 :H7, Listeria monocytogenes,
and Staphylococcus aureus, are the contaminants for most
vegetables [8, 10–13].

(e presence of aerobic mesophilic bacteria found in
food is one of the microbiological indicators for food quality
[14]. While indicating the existence of favorable conditions
for the multiplication, coliform bacteria have long been used
as indicator organisms that reflect the general microbio-
logical condition of foods and water. It is a potential public
health risk [15, 16]. Staphylococcus aureus induces food
poisoning through its enterotoxins that are frequently re-
sponsible for food-borne illness outbreaks [4].

In different parts of Ethiopia, vegetables are being widely
cultivated traditionally by rural farmers for several decades.
(e farmers provide vegetables to the local market. But the
absence of well-ventilated storage, lack of pre and post-
harvesting practice at marketplaces, and inappropriate
transportation techniques have been major constraints of
market quality [17]. In these conditions, potential physical
damages and contamination of vegetables with animals and
human feces become undoubtedly possible before con-
sumption [10]. Vegetables can also be contaminated during
transportation, selling, storage, and after purchase by con-
sumers [14]. Fresh vegetables can be contaminated at any
point in the production and market chain, posing a potential
food safety problem because they are likely to be consumed
raw [18, 19]. In addition, prevention mechanism failure may
lead to a large economic loss following an outbreak [20].
(us, it is rational to assess the safety of these vegetables in
consideration to the consumers’ safety.

2. Materials and Methods

2.1. Study Design, Study Population, and Data Source.
Based on cross-sectional study design, 120 vegetable culti-
vators and sellers were selected on sites fromwhich vegetable
samples were also purchased to get reliable information. (e
samples were collected from Komando and Fitche sites.
(ese different sites were selected to represent the whole
vegetables sold in Fitche town. (e study periods were
covered from January 2020 to October 2020. Primary data
were generated from the survey, and standard laboratory
experiments were used to analyze vegetable samples col-
lected from markets and shops in Fitche town.

2.2. Data Collection. Vegetable cultivators and sellers were
surveyed using a systematic random sampling method. A
survey was conducted using structured questionnaires from
randomly selected vegetable cultivators, sellers, and con-
sumers from which the vegetable samples were purchased.

2.3. SampleCollection. A total of 100 fresh vegetable samples
were collected from two different sites of Fiche town. Taking
samples from different places allowed products that are
commonly available to consumers to be sampled which
makes the results of this study more representative. Based on
their commonalities, tomato (Solanum copersicum), cabbage
(Brassica oleracea), green pepper (Capsicum annuum),

lettuce (Lactuca sativa), and carrot (Daucus carota) were
selected to be tested. (e samples comprised of 20 each of
selected commodities and were collected using sterile plastic
bags.(e samples were sent for analysis within 6 hours of the
collection.

2.4. Sample Preparation. Packaging bags were aseptically
opened using a sterile stainless steel knife, and 25 g portions
were weighted and shaken in 225ml of sterile 0.1% (w/v)
buffered peptone water for three minutes letting the samples
homogenized [21]. Total coliform count, aerobic mesophilic
count, Enterobacteriaceae count, Staphylococci count, yeast,
and mold were enumerated from the homogenate of the
samples prepared.

2.5. Total Aerobic Mesophilic Count. (e total viable aerobic
mesophilic count was determined by plate count using the
standard plate count agar (PCA) medium. Serial dilutions of
the samples were made in 0.1% buffered peptone water;
0.1ml from each dilution (10−1 to 10−7) was pipetted and
spread plated on a standard presolidified plate count agar
medium and incubated at 32°C for 72 hours. After incu-
bation, plates with colonies from 30 to 300 were counted
[21].

2.6. Total Coliform Count. A 0.1ml of homogenate from
10−1–10−5 dilution was pipetted and spread on violet red bile
agar (VRBA). Total coliforms of all vegetable samples were
counted on VRBA after incubating plates at 35°C for 18–24
hours. Red to pink colonies, surrounded by precipitated bile,
were counted as coliforms [22].

2.7. Enterobacteriaceae Count. To count the members of
Enterobacteriaceae, 0.1ml of 10−1–10−5 serial dilution of the
vegetable samples were spread plated on MacConkey agar
and incubated at 32°C for 24 hours. All purple colonies were
counted as members of Enterobacteriaceae [22].

2.8. Staphylococci Count. For Staphylococci, the count was
determined by mannitol salt agar (MSA). MSA was surface
plated with 0.1ml of the homogenate from 10−1–10−5 and
incubated at 32°C for 36 hours. (en, golden yellow color
colonies were aseptically picked and purified. A coagulase
test was conducted to identify Staphylococcus aureus [23].

2.9. Yeast and Mold Counts. (e count of yeasts and molds
was determined by direct plate count using potato dextrose
agar (PDA) supplemented with 0.1 g chloramphenicol.
About 0.1ml of the homogenate from 10−1 dilution was
spread plated on PDA that contains chloramphenicol. (e
plates were incubated at 25–28°C for 3–5 days. After in-
cubation, yeasts and molds were counted separately. Smooth
(nonhairy) colonies without an extension at the periphery
(margin) were considered and counted as yeasts. Hairy
colonies with extension at the periphery were counted as
molds [22].
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3. Results

3.1. Sociodemographic Information. A total of 120 cultivars,
sellers, retailers, and consumers were interviewed in which
majority (90%) were from urban areas. A significant number
(60%) of the respondents were consumers. Regarding ed-
ucational status, majority (65%) of them were beyond
secondary education. Regarding religion status, 93.3%, 5.8%,
and 0.8% of the respondents were Orthodox, Protestant, and
Muslim, respectively (Table 1).

3.2. General Sanitary Conditions. Regarding diseases caused
by consuming contaminated vegetables, 85% of the re-
spondents have such information. Majority (65%) had
health problems due to the consumption of contaminated
vegetables. Concerning how fresh vegetables reach the
market, 45%, 25%, 20%, and 10% were transported using a
car, back of humans, cart, and horse/donkey, respectively.
Majority (53%) of vegetables were transported to the market
using sac. Regarding the arrangement of vegetables in the
market, 56% were well organized without close contact.
Moreover, 57.5% of vegetable sellers have used shade to
protect vegetables from physical damage due to strong
sunlight and others (Table 2). Regarding time, taking fresh
vegetables left with sellers/retailers, on the one hand, 40% of
them responded in about 3 days before totally sold to the
consumer. On the other hand, 50% of them did not add
food-grade chemicals such as vinegar to raw-consumed
vegetables. Moreover, only 45% of the consumers used a
refrigerator to store fresh vegetables (Table 2).

3.3. Consumption Habit. Regarding the consumption habit
of consumers, majority preferred to consume vegetables as
raw, specifically green pepper, carrot, and lettuce. However,
tomato and cabbage were preferred to be consumed after
cooking (Figure 1).

3.4. Microbiological Count of Raw Vegetables. Table 3 shows
that the highest count was aerobic mesophilic bacteria
(5.7log CFU/g) followed by Enterobacteriaceae (4.7 log
CFU/g). But, the least was yeasts and mold count (2.3 log
CFU/g and 2.0 log CFU/g), respectively. (e maximal count
for aerobic mesophilic bacteria was enumerated in cabbage
(6.4 log CFU/g) while the minimum was in green pepper
samples (4.7 log CFU/g). Similarly, the maximum Enter-
obacteriaceae and Staphylococci count were recorded in
cabbage (5.7 log CFU/g and log 5.3 CFU/g) while the
minimum was in carrot samples (4.2 log CFU/g and 3.3 log
CFU/g), respectively (Table 3). (ere was a statistically
significant difference (P< 0.05) among the mean counts of
all the microbial groups in the vegetable samples.

(e aerobic mesophilic count of cabbage and carrot in
both Komando and Fitche sites was higher (>6 log CFU/g).
Similarly, the Enterobacteriaceae count of cabbage and
lettuce is higher in both sites (>5 log CFU/g). (e Staph-
ylococci count was the lowest in tomato (<3 log CFU/g) in
both sites (Figures 2 and 3).

Accordingly, the aerobic mesophilic count of tomato
samples was between 5 and 6.9 log CFU/g. Similarly, all
(100%) of cabbage samples had Enterobacteriaceae counts
between 5 and 6.9 log CFU/g. Over 40% of vegetable samples
had coliforms ≥ 4 log CFU/g. However, in all the vegetable
samples, Staphylococci count was between 2 and 2.9 log
CFU/g. (e yeasts and molds were mostly between 1 and 2.9
log CFU/g range in which some were below the detectable
level (Table 4).

3.5. Frequency of Isolation of Pathogens. Among 100 vege-
table samples analyzed, 11%were contaminated by S. aureus.
S. aureus isolates were highly prevalent in cabbage (20%)
followed by lettuce (15%). On the contrary, only 1 (5%)
S. aureus was isolated from green pepper samples. In carrot
samples, S. aureus was not detected (Table 5). (e present
study showed that 15.0% of vegetable samples were positive
for Salmonella and could be detected in all vegetable types
(Table 5). A high prevalence (25%) of Salmonella was iso-
lated from lettuce samples followed by tomato and cabbage
(20% from each sample). (e least (5%) were detected from
each green pepper and carrot sample (Table 5). Shigella was
not detected in any of the vegetable types.

4. Discussion

Microorganisms such as bacteria, fungi, and viruses are
ubiquitous that may reside on vegetables to survive [24],
suggesting the sanitary and hygienic quality of the post-
harvesting practice, water, transportation, storage, and
processing of the production [25–27]. Consumption of raw
or partly cooked vegetables is a common practice among the
population of the study sites. (e present assessment of
vegetable samples analyzed for microbiological quality in-
dicated high counts including aerobic mesophilic bacteria,
Enterobacteriaceae, coliforms, and Staphylococci. However,
the yeast and mold counts showed relatively low counts.

(e present study showed that AMB count values were
between 3.4 log CFU/g (green pepper) and 7.4 log CFU/g
(cabbage). On the contrary, Khiyami et al. [28] reported that
AMB counts were between 5 log CFU/g and 5.7 log CFU/g.
Other vegetables such as leaf lettuces, spinach, and carrot
were also reportedly positive (3.6 log10 CFU/g) for AMB
[20]. Mritunjay and Kumar [29] reported that most of these
microorganisms managed to grow in the storage tempera-
ture. (erefore, high counts of AMB are an indication of
exposure to contaminants because of the existence of fa-
vorable conditions [30]. Furthermore, domesticated food
animals, flies, and rodents might be a source of contami-
nation through direct contact at vegetable farms [31]. Foods
containing aerobic mesophilic bacteria are considered as
good (<4 log10CFU/g), average (4.0–6.7log10CFU/g), poor
(6.7–7.7 log10CFU/g), and spoiled food (>7.7log10CFU/g)
[32]. Based on these criteria, only 10% of green peppers were
regarded as good, whereas tomato, carrot, and lettuce were
average. But 15% of cabbage samples can be rated as poor of
microbial quality regarding aerobic mesophilic bacteria. (e
samples with the highest Enterobacteriaceae counts were
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cabbage (6.3 CFU/g) and the lowest from tomato (2.8 log
CFU/g). A study conducted by Guchi and Ashenafi [33] at
Addis Ababa and a study from Morocco [34] reported a
higher Enterobacteriaceae count (>4 log CFU/g) in lettuce
and green pepper. Abadias et al. [35] recorded almost 79% of
contamination in the samples with Enterobacteriaceae
counts (<5 log CFU/g). However, our study showed only
65% of Enterobacteriaceae count with < 5 log CFU/g. Co-
liforms were also detected from 2.1 log CFU/g (tomato) to

5.9 log CFU/g (cabbage). In Zambia [36], coliforms ranged
between 2.2 and 5.9 log CFU/g. A study from Saudi Arabia
[28] reported that the coliform counts of salad were from 4.3
to 4.9 log CFU/g. Aycicek et al. [32] also found coliforms
from 3.0 to 6.9 log10CFU/g. Total coliform presence may
indicate contamination of vegetables from irrigation water,
animal waste, sewage, soil, and feces [37]. Based on the
findings of this study, higher counts of Enterobacteriaceae
and coliform in cabbage and other vegetable samples are

Table 1: Sociodemographic characteristics of vegetable cultivars, sellers, retailers, and consumers in Fitche town, Central Ethiopia, 2020.

Characteristics Frequency Percent
Address
Urban 108 90
Rural 12 10

Academic status
Illiterate 0 0
Elementary education 42 35
Secondary education and above 78 65

Religion
Muslim 1 0.8
Orthodox 112 93.3
Protestant 7 5.8
Others 0 0

Respondent type
Cultivar 6 5
Seller 15 12.5
Retailer 27 22.5
Consumer/Buyer 72 60

Number of respondents (N� 120).

Table 2: General awareness and sanitary conditions of vegetable cultivars, sellers, retailers, and consumers in Fitche town, Central Ethiopia,
2020.

Characteristics Response Frequency Percent

Information about contaminated vegetables can cause diseases to humans Yes 102 85
No 18 15

Health problems occurred due to consuming contaminated vegetables Yes 78 65
No 42 35

Transportation of fresh vegetables to reach the market

Humans 30 25
Donkey/Horse 12 10

Cart 24 20
Car 54 45

Transporting containers
Sac 64 53

Plastic bags 18 15
Boxes 36 30

Organization of vegetables in the market without close contact Yes 67 56
No 53 44

Using shade to protect vegetables from physical and solar damage Yes 69 57.5
No 51 42.5

Time takes fresh vegetables left with seller/retailer before totally sold to the consumer

<1 day 36 30
1 day 21 17.5
2 days 9 7.5
3 days 48 40
>3 days 6 5

Addition of food-grade chemicals such as vinegar for raw consumed vegetables Yes 60 50
No 60 50

Using a refrigerator to store fresh vegetables Yes 54 45
No 66 55

Number of respondents (N� 120).
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attributed to poor hygiene practices of vegetables during
harvesting. Furthermore, the impact of animal manure,
unclean storerooms, unsuitable marketplaces, animal
transportation, and wastewater irrigation should never be
underestimated.

A high count of Staphylococci (4–6.9 log CFU/g) was
recorded in cabbage and low (2.0–3.9 log CFU/g) in green
pepper and tomato samples. Staphylococcus counts between
4.0 and 6.0 log CFU/g [33] were reported in about 80%
samples of green pepper and lettuce. Eni et al. [38] showed
that S. aureus is frequent contamination from vegetables. It
has been reported that the production of enterotoxin occurs
when the counts of Staphylococcus aureus reach 6 log CFU/g
[39]. Staphylococcus aureus might occur on the vegetables’
surface through contact from unwashed hands during
choosing of vegetables to buy [40]. (e observed mean
counts of yeasts and molds were ≤2.9 log CFU/g in the
current study of all of the vegetable samples (100%).
Moreover, this study indicated that 55% of vegetable samples

showed yeast and mold counts below the detectable level.
Similar to our results, Dugassa et al. [4] showed that the
counts of yeasts and molds in carrot and tomato were
undetectable. Mritunjay and Kumar [29] recorded that yeast
and mold counts range from 0.3 to 5.5 log cfu/g. Abadias
et al. [35] and Tournas [41] obtained similar results with
samples of fresh and minimally processed vegetables. In
contrast to the present study, Seow et al. [42] isolated more
yeast and mold counts from tomatoes as compared to the
bacterial count. Some molds can produce mycotoxins and
allergens, and large numbers of conidia may induce health
instability [41, 43].

(e presence of S. aureus in vegetables is dangerous to
consumers. For instance, Salmonella spp. is associated with
humans’ gastrointestinal disorders, fever, abdominal cramp,
vomiting, and diarrhea due to food poisoning [44]. Vege-
tables may get contaminated through improper handling
[45] and from other environmental factors. A study con-
ducted in Arba Minch Town, southern Ethiopia also
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Figure 1: Frequently consumed vegetables in Fitche town, Central Ethiopia, 2020.

Table 3: Microbial counts (log CFU/g) of selected vegetables collected from markets in Fiche town, Central Ethiopia, 2020.

Vegetable types
Microbial groups log ∗CFU/g (mean± standard error)

AMB† EB‡ Coliforms Staph§ Yeast Mold
Tomato 5.7± 0.3 3.7± 0.5 2.8± 0.5 2.5± 0.2 2.3± 0.3 2.2± 0.4
Cabbage 6.4± 0.6 5.7± 0.3 5.1± 0.5 5.3± 0.4 2.4± 0.3 2.2± 0.3
Green pepper 4.7± 0.6 4.7± 0.5 3.4± 0.5 3.7± 0.2 2.1± 0.3 1.7± 0.3
Carrot 6.2± 0.7 4.2± 0.5 3.5± 0.4 3.3± 0.4 2.2± 0.2 1.8± 0.3
Lettuce 5.3± 0.7 5.2± 0.8 4.3± 0.7 4.0± 0.5 2.5± 0.3 2.0± 0.3
Mean (N� 100) 5.7± 0.6 4.7± 0.5 3.8± 0.5 3.8± 0.3 2.3± 0.3 2.0± 0.3
†Aerobic mesophilic bacteria, ‡Enterobacteriaceae, §Staphylococci, and ∗ a colony forming unit.
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reported that less hygienically handled vegetables which are
usually consumed in raw served to transmit various infec-
tious diseases [27, 44]. (erefore, cleaning using disinfec-
tants should be practiced to make the vegetables fit for
consumption in raw form.

In the present study, 25% of lettuce samples were found
contaminated with Salmonella spp. [57] reported from
Jimma city that 20.7% of the samples were positive for
Salmonella. Another study conducted in the same city by
Dugassa et al. (give year of publication) revealed that 16.7%
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Figure 2: Microbiological count of raw vegetables collected from Komando site, Fitche town, Central Ethiopia, 2020.
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of the lettuce samples have been contaminated with Sal-
monella spp. Rajkowski and Fan [45] reported that Sal-
monella spp. was prevalent particularly from lettuce samples.
Folded foliar surfaces of lettuce leaves may have contributed
by making a conducive surface for bacterial growth
[32, 49, 50]. Kumar [51] and Singh et al. [52] found that
vegetables generally harbor Salmonella spp. Singh et al. [52]
also indicated that stagnant water used for sprinkling and
cleaning vegetables might be the most important way of
contaminating vegetables with Salmonella spp.(is report is
in confirmation with the finding from theMiddle East which
detected 6.7% of the raw vegetables from the postharvest,
washing areas of Bekaa Valley, Lebanon, and Beirut [53]. In
addition, producing vegetables by using manure, using
contaminated water for irrigation might have significantly
contributed to the contamination [38]. (e presence of
Salmonella, above the recommended limit, could pose a

serious threat to the health of consumers and is regarded
unacceptable for consumption [54]. To control the con-
tamination of vegetables by microbial pathogens, different
techniques such as disinfection [55, 56], modified atmo-
spheric conditions, refrigeration, and innovative technolo-
gies need to be exploited before consumption [6] because
thorough washing was not reportedly sufficient to reduce
pathogen levels to safer limits in leafy vegetable types studied
[57].

5. Conclusion

In the current study, out of five vegetable types analyzed,
cabbage samples were contaminated with high microbial
load followed by carrot. Prevalence of Salmonella and
Staphylococcus aureus in cabbage than the other vegetable
samples indicate the poor sanitary condition and improper

Table 4: Frequency distribution of tested microbes of selected vegetables sold in Fitche town, Central Ethiopia, 2020.

Microbial groups Sample type
∗ Log CFU/g (%)

<2 2–2.9 3–3.9 4–4.9 5–5.9 6–6.9 7–7.9

AMB†

Tomato — — — 17 (85) 3 (15)
Cabbage 2 (10) 4 (20) 11 (55) 3 (15)

Green pepper — — 2 (10) 13 (65) 5 (25) — —
Carrot — — — 2 (10) 4 (20) 14 (70) —
Lettuce — — — 4 (20) 13 (65) 3 (15) —

EB‡

Tomato — 1 (5) 15 (75) 4 (20) — — —
Cabbage — — — — 17 (85) 3 (15) —

Green pepper — — 3 (15) 11 (55) 6 (30) — —
Carrot — — 9 (45) 10 (50) 1 (5) — —
Lettuce — — — 8 (40) 7 (35) 5 (25) —

Coliforms

Tomato — 12 (60) 8 (40) — — — —
Cabbage — — — 6 (30) 14 (70) — —

Green pepper — 4 (20) 15 (75) 1 (5) — — —
Carrot — 2 (10) 16 (80) 2 (10) — — —
Lettuce — — 3 (30) 13 (65) 4 (20) — —

Staph§

Tomato — 20 (100) — — — — —
Cabbage — — — 3 (15) 16 (80) 1 (5) —

Green pepper — — 20 (100) — — — —
Carrot — 2 (10) 16 (80) 2 (10) — — —
Lettuce — — 8 (40) 12 (60) — — —

Yeasts

Tomato 4 (20) 16 (80) — — — — —
Cabbage 1 (5) 18 (90) 1 (5) — — — —

Green pepper 5 (25) 15 (75) — — — — —
Carrot 4 (20) 16 (80) — — — — —
Lettuce — 20 (100) — — — — —

Mold Tomato 4 (20) 16 (80) — — — — —
Cabbage 4 (20) 16 (80) — — — — —

†Aerobic mesophilic bacteria, ‡Enterobacteriaceae, §Staphylococci, and ∗ a colony forming unit.

Table 5: Frequency of isolation of S. aureus, Salmonella spp, and Shigella spp of some vegetables sold in Fitche town, Central Ethiopia, 2020.

Vegetable types Sample size (100) No. of S. Aureus (%) No. of Salmonella spp. (%)
Tomato 20 10.0 20.0
Cabbage 20 20.0 20.0
Green pepper 20 5.0 5.0
Carrot 20 0.0 5.0
Lettuce 20 15.0 25.0
Total 100 11.0 15.0
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handling at both harvesting and marketing. Detection of
pathogens from vegetables necessitates the adoption of best
agricultural and handling practices by farmers, and good
hygienic practices of food vendors, processors, and con-
sumers are required to minimize the risks of transmission of
pathogens. (e possible causes of preharvesting and post-
harvesting contamination of vegetables might be due to their
production on contaminated soil and washing of the veg-
etable with wastewater. (e results of the present study,
especially the identification of microorganisms, are also
useful to the clinicians for treating the patients with the right
kind of medicines. Farmers should be informed about the
sources of microbial contamination. Furthermore, the
government may have a close observation of the pre and
postharvesting activities of vegetable producers and sellers to
minimize the risk of diseases. Fresh vegetables should be
protected from contamination by humans, animals, and
other wastes which may constitute a hazard to the health of
the consumer through fresh produces. Moreover, it is rec-
ommended to avoid consuming raw vegetables without
adding food-grade chemicals (antimicrobial agents) which
reduce microbial load.
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and A. C. Başustaoğlu, “Assessment of the bacterial con-
tamination on hands of hospital food handlers,” Food Control,
vol. 15, no. 4, pp. 253–259, 2004.

[15] M. Chaturvedi, V. Kumar, D. Singh, and S. Kumar, “As-
sessment of microbial load of some common vegetables
among two different socioeconomic groups,” International
Food Research Journal, vol. 20, no. 5, p. 2927, 2013.

[16] V. Lievin, I. Peiffer, S. Hudault et al., “Bifidobacterium strains
from resident infant human gastrointestinal microflora exert
antimicrobial activity,” Gut, vol. 47, no. 5, pp. 646–652, 2000.

[17] J. N. Ssemanda, M. W. Reij, G. van Middendorp et al.,
“Foodborne pathogens and their risk exposure factors asso-
ciated with farm vegetables in Rwanda,” Food Control, vol. 89,
pp. 86–96, 2018.

[18] G. I. Balali, D. D. Yar, V. G. Afua Dela, and P. Adjei-Kusi,
“Microbial contamination, an increasing threat to the con-
sumption of fresh fruits and vegetables in today’s world,”
International Journal of Microbiology, vol. 2020, Article ID
3029295, 13 pages, 2020.

8 Journal of Environmental and Public Health



[19] A. N. Olaimat and R. A. Holley, “Factors influencing the
microbial safety of fresh produce: a review,” Food Microbi-
ology, vol. 32, no. 1, pp. 1–19, 2012.

[20] S. Kemal Buyukunal, G. Issa, F. Aksu, and A. Vural, “Mi-
crobiological quality of fresh vegetables and fruits collected
from supermarkets in Istanbul, Turkey,” Journal of Food and
Nutrition Sciences, vol. 3, no. 4, pp. 152–159, 2015.

[21] S. Shalini, Study on Microbiological Aspects of Fresh Fruit and
Vegetables (Including Green Leafy Vegetables) in and Around
National Capital Region (NCR), Bhaskaracharya College of
Applied Sciences, Dwarka, India, 2010.

[22] J. F. Spencer and A. L. R. de Spencer, Food Microbiology
Protocols, Vol. 14, Springer Science & Business Media, Berlin,
Germany, 2001.

[23] M. Acco, F. S. Ferreira, J. A. P. Henriques, and E. C. Tondo,
“Identification of multiple strains of Staphylococcus aureus
colonizing nasal mucosa of food handlers,” Food Microbiol-
ogy, vol. 20, no. 5, pp. 489–493, 2003.

[24] J. O. Orji, C. Orinya, E. Okonkwo et al., “(e microbial
contamination of ready-to-eat vended fruits in abakpa main
market, abakaliki, ebonyi state, Nigeria,” Journal of Phar-
maceutical and Biological Sciences, vol. 11, pp. 71–80, 2016.

[25] B. Keraita, R. Abaidoo, I. Beernaerts et al., “Safe re-use
practices in wastewater-irrigated urban vegetable farming in
Ghana,” Journal of Agriculture, Food Systems, and Community
Development, vol. 2, no. 4, pp. 147–158, 2012.

[26] B. Ray and A. Bhunia, “Important facts in foodborne dis-
eases,” Fundamental Food Microbiology, CRC Press, Boca
Raton, FL, USA, 2007.

[27] A. N. Tong(i, P. Kittirath, S. D. Abiola, and L. N. Doan Duy,
“Evaluation of street food safety and hygiene practices of food
vendors in can tho city of vietnam,” Current Research in
Nutrition and Food Science Journal, vol. 9, no. 1, pp. 158–171,
2021.

[28] M. Khiyami, A. F. Noura, B. Busaeed, and H. Sher, “Food
borne pathogen contamination in minimally processed veg-
etable salads in Riyadh, Saudi Arabia,” Journal of Medicinal
Plants Research, vol. 5, no. 3, pp. 444–451, 2011.

[29] S. K. Mritunjay and V. Kumar, “A study on prevalence of
microbial contamination on the surface of raw salad vege-
tables,” 3 Biotech, vol. 7, no. 1, p. 13, 2017.

[30] G. J. Tortora, B. R. Funke, and C. Case, Microbiology: An
Introduction, Benjamin-Cummings, Redwood City, CA, USA,
1995.

[31] T. Bintsis, “Microbial pollution and food safety,” AIMS Mi-
crobiology, vol. 4, no. 3, pp. 377–396, 2018.

[32] H. Aycicek, U. Oguz, and K. Karci, “Determination of total
aerobic and indicator bacteria on some raw eaten vegetables
from wholesalers in Ankara, Turkey,” International Journal of
Hygiene and Environmental Health, vol. 209, no. 2, pp. 197–
201, 2006.

[33] B. Guchi and M. Ashenafi, “Microbial load, prevalence and
antibiograms of Salmonella and Shigella in lettuce and green
peppers,” Ethiopian Journal of Health Sciences, vol. 20, no. 1,
pp. 41–48, 2010.

[34] K. Ibenyassine, R. A. Mhand, Y. Karamoko, B. Anajjar,
M. M. Chouibani, and M. Ennaji, “Bacterial pathogens re-
covered from vegetables irrigated by wastewater in Morocco,”
Journal of Environmental Health, vol. 69, no. 10, pp. 47–51,
2007.

[35] M. Abadias, J. Usall, M. Anguera, C. Solsona, and I. Viñas,
“Microbiological quality of fresh, minimally-processed fruit
and vegetables, and sprouts from retail establishments,”

International Journal of Food Microbiology, vol. 123, no. 1-2,
pp. 121–129, 2008.

[36] K. Nguz, J. Shindano, S. Samapundo, and A. Huyghebaert,
“Microbiological evaluation of fresh-cut organic vegetables
produced in Zambia,” Food Control, vol. 16, no. 7,
pp. 623–628, 2005.

[37] A. J. Hamilton, F. Stagnitti, R. Premier, A.-M. Boland, and
G. Hale, “Quantitative microbial risk assessment models for
consumption of raw vegetables irrigated with reclaimed
water,” Applied and Environmental Microbiology, vol. 72,
no. 5, pp. 3284–3290, 2006.

[38] A. O. Eni, I. A. Oluwawemitan, and O. U. Solomon, “Mi-
crobial quality of fruits and vegetables sold in Sango Ota,
Nigeria,” African Journal of Food Science, vol. 4, no. 5,
pp. 291–296, 2010.

[39] J. Schelin, N.Wallin-Carlquist, M.(orup Cohn, R. Lindqvist,
and G. C. Barker, “(e formation ofStaphylococcus aur-
eusenterotoxin in food environments and advances in risk
assessment,” Virulence, vol. 2, no. 6, pp. 580–592, 2011.

[40] O. Iyoha and F. Agoreyo, “Bacterial contamination of ready to
eat fruits sold in and around Ugbowo campus of University of
Benin (Uniben), Edo State, Nigeria,” British Journal of
Medicine and Medical Research, vol. 7, no. 2, pp. 155–160,
2015.

[41] V. H. Tournas, “Moulds and yeasts in fresh and minimally
processed vegetables, and sprouts,” International Journal of
Food Microbiology, vol. 99, no. 1, pp. 71–77, 2005.
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