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CIbstract

~

This study investigates the microbial quality of ready-to-eat (RTE) vegetable salads sold in Eke-Awka market,
Anambra State, Nigeria. Five salad samples were collected and analyzed for total bacterial and fungal counts
using Nutrient Agar (NA), Eosin Methylene Blue Agar (EMB), Mannitol Salt Agar (MSA), and Sabouraud Dex-
trose Agar (SDA). Bacterial isolates were identified through Gram staining and biochemical tests, while fungal
isolates were characterized using macroscopic and microscopic techniques. The results revealed significant
variations in microbial loads among the samples. Total bacterial counts ranged from 9.0x104 to 1.75%105
CFU/g on NA, with all samples recording TNTC (Too Numerous to Count) on EMB, 3.0x104 to 9.0%x104 CFU/g
on MSA. Fungal contamination was highest in Sample A (4.1x102 CFU/g) and lowest in Sample C (1.7%102
CFU/g). The predominant bacterial isolates included Staphylococcus spp., Escherichia coli, and Proteus spp.,
while fungal isolates identified were Aspergillus niger (60%) and Rhizopus spp. (40%). This study reveals the
potential risks of microbial contamination in non-refrigerated RTE vegetable salads, emphasizing the need for
improved hygiene practices during harvesting, processing, and vending to ensure consumer safety. Enhanced

public awareness and strict adherence to food safety regulations are recommended to mitigate these risks.
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Introduction

Salads have a rich and diverse history that spans thousands of
years; when people consumed raw vegetables, fruits and herbs
[1]. The early 20th century saw the emergence of pre-packaged
salads and salad dressings, increasing convenience and accessi-
bility [2]. Today, salads continue to adapt to changing tastes and
dietary needs, with plant-based and vegan options on the rise
with increased emphasis on sustainability and eco-friendliness
[3]. Salads are fresh vegetables which require minimal washing
and processing and cut into desired shapes and sizes with knives
and other shredding utensils and usually served alongside other
foods including rice [4]. These salads typically consist of a mix-
ture of raw or lightly cooked vegetables, fruits, and sometimes
proteins, packaged and sold as a complete meal [5]. However,
the increasing demand for ready-to-eat vegetable salads has
raised concerns about food safety and public health [6].
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The lack of refrigeration during storage, transportation, and dis-
plays of ready-to-eat vegetable salads creates an environment
conducive for bacterial growth, posing a significant risk to con-
sumer health. Vegetable salads can be contaminated with a wide
range of microorganisms, including pathogenic bacteria and
fungi, during preparation, handling, and storage. If not managed
properly, these microorganisms can multiply rapidly, leading to
foodborne illnesses [7]. The prevalence of these microbial con-
taminants can vary depending on factors such as: the type of
vegetables used, handling practices, temperature, hygiene prac-
tices during preparation and geographic location [8-10]. It is
essential to note that even if the vegetables appear fresh and vi-
sually appealing, they can still harbour microbial contaminants
and so, these factors should be kept in mind in order to minimize
the risk of microbial bacterial contamination [11-14].
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If ingested, they can cause foodborne illnesses, ranging from
mild gastroenteritis to life-threatening conditions. Microbi-
al adulteration can also occur during any of the steps in the
farm-to-consumer continuum (production, harvest, fresh-cut
processing, wholesale storage, transportation or retailing and
handling) and this contamination can arise from environmen-
tal, animal or human sources [15]. Raw vegetables regularly get
contaminated with pathogenic microorganisms during harvest-
ing, post harvesting handling, processing, and distribution pro-
cesses. This highlights the need for targeted interventions and
education programs to ensure food safety practices are imple-
mented across all levels of production [16, 13].

The lack of standardized guidelines for handling and storing
ready to eat vegetable salads also contributes to the risk of con-
tamination [17, 18]. Despite these potential health risks, there
is limited research on the types and prevalence of bacterial and
fungal isolates associated with non-refrigerated ready to eat
vegetable salads. This knowledge gap necessitates an investi-
gation into the microbial contaminants present in these foods
and explore their microbiological safety. This study investigates
the bacterial and fungal isolates associated with non-refrigerated
ready to eat vegetable-salads, with a focus on identifying the
types and prevalence of bacterial contaminants.

Materials and Methods

Sample Collection

Five ready-to-eat vegetable salad samples were obtained from
different street food vendors at Eke-Awka market in Anambra
State. The Samples were placed in clean plastic plates, labelled
and promptly transported to the microbiological laboratory for
laboratory analysis.

Sample Analysis

One gram (1g) of the vegetable salad samples were weighed and
aseptically introduced into 10ml of sterile peptone water, it was
properly shaken to homogenize the sample. A 10-fold serial di-
lution of each of the sample was carried out using peptone wa-
ter as the diluents. 1 ml of appropriate dilutions (10-3) of each
sample was pour plated in sterile plates of Nutrient agar (NA),
Eosin Methylene Blue (EMB), Mannitol Salt Agar (MSA), and
Sabouraud Dextrose Agar (SDA). The culture plates were incu-
bated at 37°C aerobically for 24-48hours. Plates were examined
after 24 hours of incubation, and colonies of organisms observed
were sub cultured on freshly prepared agar plates. Developing
colonies on all plates were counted to obtain total viable.

Characterization and Identification of the Isolates

The identification of the bacterial and fungal isolates was based
on both microscopic and macroscopic features [19]. The char-
acterization of the bacterial isolates was performed, by employ-
ing Gram staining reaction and biochemical tests, while the
fungal isolates were characterized through macroscopic exam-
ination and staining with lactophenol cotton blue, as described
by Bergey’s Manuel of Determinative Bacteriology, 9th edition
(1994).

Gram Reaction

Thin smear of the isolate was made on clean, non-greasy, dust-
free slides, air dried and heat fixed. The smear was flooded with
crystal violet and allowed to remain on the slide for 60 seconds.
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Thereafter, the crystal violet was washed off with gentle run-
ning water. Again, the slide was flooded with slide with Gram’s
iodine, allowed to remain for 60 seconds and washed off. The
slide was decolourized with acetone-alcohol mixture. The slide
was counter-stained with safranin for 60 seconds and rinsed with
tap water and allow to air dry. The slide was then viewed under
oil immersion lens microscope (x100). Purple colour indicated
Gram—positive organisms while red or pink colour indicated
Gram-negative organisms.

Sugar Fermentation Test

Each of the isolate was tested for its ability to ferment a specific
sugar. 1g of the sugar and 1g of peptone water were dissolved in
100ml of water. Sml of the solution were transferred into clean
test-tubes using sterile pipettes. The test-tubes containing pep-
tone water and sugar were added Durham’s tube which were
placed inversely and bromothymol blue as an indicator. These
were sterilized for 10minutes and allowed to cool before inocu-
lating the inocula. The test-tubes were incubated for 3days. The
production of acid and gas or acid only indicated utilization of
sugars. Acid production was indicated by change in colour of
the medium from green to yellow while gas production was ob-
served by presence of gas in the Durham’s tubes.

Simmons Citrate Test

A 24h old culture was inoculated into test tubes containing ster-
ile Simmons Citrate agar slant and then incubated for 24hours.
A positive test was indicated by a change from green to blue co-
lour on the surface of the Simmons Citrate agar slant. No colour
change indicated a negative reaction.

Catalase Test

Exactly 3ml of 3% solution of hydrogen peroxide (H202) was
transferred into a sterile test tube. Then, 3 loopful of a 24 hr pure
culture of the test bacteria were inoculated into the test tube. The
tube was observed for immediate bubbling indicative of a Posi-
tive, while no bubbling indicated a negative reaction.

Indole Test

A loopful of an 18-24 hr culture was used to inoculate the test
tube containing 3 ml of sterile tryptone water. Incubation was
done at 35-37 oC first for 24 hours and further for up to 48
hours. Test for indole was done by adding 0.5 ml of Kovac’s re-
agent, shaken gently and then examined for a ring of red colour
in the surface layer within 10 minutes, indicative of a positive
reaction. Absence of red colour indicated a negative reaction.

Methyl Red Test

Exactly 5 drops of methyl red indicator were added to an equal
volume of a 48hours culture of the isolate in Methyl Red—Voges
Proskauer (MR-VP) broth. The production of a bright red colour
indicates a positive test while yellow colour indicates a negative
test after vigorous shaking.

Voges Proskauer (Vp) Test

Exactly 2ml of the 18-24 hours culture of the test organism
growing on MR-VP broth was aseptically transferred into a ster-
ile test tube. Then 0.6ml of 5% a-naphthol was added, followed
by 0.2ml of 40% KOH (It was essential that these reagents were
added in this order). The tube was shaken gently to expose the
medium to atmospheric oxygen and then allowed to stand un-
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disturbed for 15-30 minutes. A positive test was indicated by the
presence of a red colour after 15-30 minutes, indicative of the
presence of diacetyl, the oxidation product of acetoin (Test was
always considered invalid after one hour because VP-negative
cultures may produce a copper-like colour, false positive), lack
of pink-red colour denoted a negative reaction.

Urease Test

A heavy inoculum from an 18- to 24-h pure culture was used to
streak the entire surface of the Christensen's Urea Agar slant.
Care was taken not to stub the butt of the slant, as it served as a
color control. The inoculated tubes were incubated with loosed
caps at a temperature of 35°C. The slants were observed for a
color change at various time intervals, including 6 hours, 24
hours, and every day for up to 6 days. Urease production is in-
dicated by the appearance of a bright pink (fuchsia) color on the
slant, which might extend into the butt of the slant.

Carbohydrate Test

In the carbohydrate utilization test, basal medium containing
single carbohydrates, bromo-cresol purple, bromo-thymol blue,
Rade’s blue or phenol red is added to the medium as pH indi-
cators. A small inverted tube called Durham’s tube is also im-
mersed into the medium to test for gas production. Phenol red
carbohydrate broth was dispersed into test tubes and sterilized.
The organisms were inoculated into the test tubes and incubated
for 18-24h at 35°C-37°C and observed for colour change from
red to yellow. Acid production is detected by colour change,
while gas displaces the media inside the tube producing visible
air bubble.

Phenol Oxidase Detection Test

Phenol oxidase detection test was conducted using Niger seed
agar (Guizotia abyssinica). Most isolates of Cryptococcus neo-
formans produces phenol oxidase. Cryptococcus neoformans is
the only specie that produces 3,4- dihydroxyl, phenyl, alanine
and an iron compound known as ferric citrate. Cryptococcus
neoformans oxidizes O-diphenol to melanin which produces a
brown to black color. The incubation of this process is done for
7days at 25°C, then observe for brown to black colonies.

Table 1: Total Bacterial Count (CFU/g)

Isolation and Characterization of the Fungi

This was done based on the description of the gross morpholog-
ical appearance of fungal colonies on the SDA culture medium
and the modified slide culture technique using lactophenol cot-
ton blue stain for the microscopic evaluation under X10 and X40
magnification of the microscope with reference to the Manual of
Fungal Atlases [20].

Germ Tube Tests

A yeast colony from the culture plate was inoculated into human
serum and incubated at 35-37°C for 2 hours. Sprouting tube-like
cells were observed under the microscope at a magnification of
x100.

Corn-Meal Agar Morphology Test

The test organisms were inoculated in the corn meal agar con-
taining 1% Tween 80 and trypan blue, and incubated at 30°C
for 48h. Microscopic morphological features on corn-meal agar
differentiate the genera Cryptococcus, Sacharomyces, Trichos-
porium, Candida and Geotricum.

Morphological Characterization

The morphological features of fungal colonies were evaluated
based on the criteria outlined in Atlas of Clinical Fungi. The
Fungi were characterized by their shape, spore characteristics,
color or pigmentation, and size.

Result

The total bacterial count (CFU/g) of the five ready-to-eat veg-
etable salad samples on three different media; Nutrient Agar
(NA), Eosin Methylene Blue Agar (EMB), and Mannitol Salt
Agar (MSA), is summarized in Table 1. Among the sam-
ples, Sample E exhibited the highest bacterial load across all
media, with a total count of 1.28x105CFU/g on NA, TNTC
(Too Numerous to Count) on EMB, and 9.0x104 CFU/g on
MSA. Sample B also recorded a high count on NA, reaching
1.75%x105 CFU/g, while its count on MSA was comparatively
lower at 4.6x104 CFU/g. Sample C recorded the lowest bacterial
load on MSA (3.0x104 CFU/g) but had a moderate count on NA
(9.9x104 CFU/g). Across all samples, bacterial counts on EMB
were consistently reported as TNTC.

SAMPLES | Total Bacterial Count (CFUg-1) on | Total Bacterial Count (CFUg-1) on | Total Bacterial Count
NA EMB (CFUg-1) on MSA
A 9.0x 104 TNTC 7.3 x 104
B 1.75 x 105 TNTC 4.6x 104
© 9.9x 104 TNTC 3.0x 104
D 9.7x 104 TNTC 6.0 x 104
E 1.28 x 105 TNTC 9.0 x 104

*  NA- Nutrient agar

e EMB- Eosin Methylene Blue agar
*  MSA- Mannitol Salt agar

e TNTC- Too numerous to count

Table 2 shows the morphological and biochemical identifications of the various bacterial isolates, isolated from the five samples
of ready-to-eat vegetable salads. The bacteria isolates were identified and confirmed as Staphylococcus spp., Escherichia coli, and

Proteus spp.
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Table 2: Morphological and Biochemical Identifications of the Various Bacterial Isolates.

Isolate Size Colour | Texture | Elevation | Form | Margin | Gram | Glu | Fru | Lac | Mal | Cit | Cat | Ind | MR | VP | Identity
A Moder- | Pale yellow Mucoid Flat Irregu- Lobate +cocci 4 4 i 4 - 4 - it + | Staphy-
ate lar lococcus

Spp.
B Large White Mucoid Raised Irregu- | Undulate -rod + + + 4 4 4 = - + | Proteus

lar Spp.
@ Large Pale pink Mucoid Flat Irregu- | Undulate -rod + + + + o + o + - | Escherich-

lar ia coli
Key

Glu- Glucose; Fru- Fructose; Lac- Lactose; Mal- Maltose; Cit- Citrate test; Cat- Catalase test; Ind- Indole test; MR- Methyl Red
test; VP- Voges Proskauer test

The total fungal count (CFU/g) and the number of fungal colonies observed on Sabouraud Dextrose Agar (SDA) for the five ready-
to-eat vegetable salad samples are presented in Table 2. Sample A exhibited the highest fungal contamination, with a total fungal
count of 4.1x102 CFU/g, while Sample C recorded the lowest fungal load among all the samples, with a total fungal count of
1.7x102 CFU/g.

Table 3: Total Fungal Count (CFU/g)

SAMPLES No. of Fungal colonies on SDA Total Fungal Count (CFUg-1) on SDA
A 41 4.1x102
B 26 2.6x102
C 17 1.7x102
D 24 2.4x102
IE 22 2.2x102
Key

SDA - Sabouraud dextrose agar
Table 4 shows the microscopic and macroscopic characteristics of fungal isolates on the ready-to-eat vegetable salad samples. This
table provides evidence for the occurrence of fungal isolates. The fungal isolates were identified and confirmed as Rhizopus spp.

and Aspergillus niger.

Table 4: Microscopic and Macroscopic Characteristics of Fungal Isolates from the Vegetable Salad Samples

Isolates Microscopic characteristics Macroscopic characteristics Probable Organism

1 round with flattened bases, black sporangia at | Cotton-candy like with initially white col- Rhizopus spp.

the tips of the sporangiophores are rounded | ony and turns grey to yellowish brown in

and produce numerous nonmotile multinucle- time

ate spores
2 Septate, hyaline hyphae and long, smooth con- | Dense, black colony with reverse colour Aspergillus niger
idiophores with large, spherical vesicles. of pale yellow. Cottony texture that be-
came granular as the colonies mature.

Table 5 shows the occurrence of the various fungal isolates on the ready-to-eat vegetable salad samples. The result showed that
Aspergillus niger have the highest occurrence of 60%, while Rhizopus spp. had a lower occurrence of 40%.

Table 5: Frequency and Proportions of the Identified Organisms

Organisms Proportions Frequency in percentage
Rhizopus spp. 04 40%
Aspergillus niger 0.6 60%
Discussion their microbiological quality and potential public health risks.

Vegetables and fruits, like other living organisms, possess a  Although the total viable count is not a legislative criterion for
natural microbial flora. However, additional contaminants may ready-to-eat salads, it serves as an important indicator of hy-
be introduced during harvesting, transportation, and processing gienic and sensory quality, providing valuable insights into the
for consumption (Ofor et al. 2022). This study evaluated the to-  overall microbiological status of the food. The findings from this
tal bacterial and fungal counts in ready-to-eat salads to assess study revealed variations in the total bacterial and fungal counts
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across five different vending points within Awka metropolis.
This variation in microbial load among street-vended vegetable
salads is expected, as each vending site has unique features and
activities that likely influence the bacterial contamination lev-
els of ready-to-eat (RTE) food items sold there. The open and
exposed nature of these vending sites further contributes to the
potential for microbial contamination.

The mean bacterial load of RTE vegetable samples showed vary-
ing levels of contamination, ranging from 9.0x104 to 1.75%105
CFU/g on nutrient agar (NA), 3.0x104 to 9.0 x104 CFU/g on
mannitol salt agar (MSA), and "too numerous to count" (TNTC)
on eosin methylene blue agar (EMB) (Table 1). These values are
higher than those reported by Ajiboye and Emmanuel (2021) for
RTE vegetables in Ilorin, but lower than the findings of Saka
et al. (2022) in their study on RTE vegetables sold in Yanka-
ba Market, Kano, and Adeyemi et al. (2019) for fresh vegetable
salads from vendors in Oyo metropolis. The high mean bacteri-
al load observed in this study may indicate improper handling
practices during harvesting, transportation, and retailing, as not-
ed by Mritunjay and Kumar (2017). However, despite the rela-
tively high bacterial counts, none of the RTE vegetable samples
showed visible signs of spoilage.

The bacterial strains isolated in this study were identified
through morphological and biochemical tests as Staphylococcus
spp., Escherichia coli (E. coli), and Proteus spp. Staphylococ-
cus spp. are abundant in water and soil, including canal envi-
ronments [21]. Previous studies, such as those by Kayombo and
Mayo (2018) and Ullah et al. (2012), have highlighted the use
of polluted river water or wastewater by urban farmers for irri-
gating vegetable crops, increasing the risk of microbial contam-
ination. Vegetables grown under such unsanitary conditions are
highly susceptible to contamination [22]. Staphylococcus spp.
have been linked to a wide range of infections in humans and
animals [23]. These bacteria can produce toxins in food, causing
foodborne illnesses like food poisoning [24]. Similarly, E. coli is
a frequent cause of foodborne disease outbreaks, often indicat-
ing fecal contamination and poor hygienic practices among food
handlers [25]. Certain E. coli strains can cause gastroenteritis
and diarrhea, particularly in children from developing coun-
tries [26, 27]. Proteus spp., as reported by Ulfat et al. (2022),
are widespread in the environment, including animals, soil, and
polluted water, and are part of the normal flora of the human gas-
trointestinal tract. Several studies have reported the prevalence
of pathogenic microbes in fruits and vegetables.

Moses et al. (2016) detected E. coli O157 in fruits and vegeta-
bles from farms in Akwa Ibom State, Nigeria, while Ehimemen
et al. (2019) isolated Staphylococcus aureus and E. coli from
produce sold in North-Western Nigeria. Wadamori et al. (2017)
identified Salmonella spp., E. coli O157:H7, Staphylococcus au-
reus, Campylobacter spp., and Listeria monocytogenes as com-
mon pathogens contaminating fresh produce. Similarly, Sabbithi
et al. (2014) reported Salmonella spp., Staphylococcus aureus,
and Yersinia at unacceptable levels in salads served with street
foods in Hyderabad. Interestingly, no Salmonella species were
isolated in this study, aligning with findings by Amaoh (2014).
According to European Regulation (EC) No 1441/2007, the ab-
sence of Salmonella species is an essential criterion for defining
the safety of ready-to-eat vegetables [28].
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Fungal contamination poses a significant safety challenge for
ready-to-eat (RTE) vegetables. The mean fungal counts for RTE
vegetable samples, as depicted in Table 3, revealed the highest
fungal load in Sample A (4.1 x 10> CFU/g) and the lowest in
Sample C (1.7 x 10> CFU/g). These findings indicate a lower
fungal count compared to the results reported by Adeyemi et
al. (2019), who observed higher fungal loads in RTE vegetable
salads sold in Oyo. The fungi identified in this study, including
Rhizopus spp. and Aspergillus niger, are consistent with previ-
ous findings from RTE foods in Gombe (Ibrahim et al., 2022),
RTE vegetable salads in Oyo and RTE vegetables sold in Kano
[29, 30]. Among the fungi identified, A. niger was the most fre-
quently isolated species, accounting for 60% of the total fungi
identified across all samples (Table 5) [31-35].

Conclusion

This study assessed the microbiological quality of ready-to-eat
(RTE) vegetable salads sold at five vending points in Awka me-
tropolis. The results revealed significant variations in bacterial
and fungal contamination levels, reflecting the impact of envi-
ronmental conditions and handling practices at these locations
[36-40]. This study shows the urgent need for improved hygiene
practices across the RTE vegetable supply chain, from cultiva-
tion to vending, to minimize microbial contamination and en-
sure consumer safety. Continuous monitoring, public awareness
campaigns, and adherence to food safety standards are essential
to safeguarding public health [41-44].
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