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Abstract: This study provides a comprehensive evaluation of the
microbiological quality and nutritional content of nine different
street-vended food items commonly consumed by students at Imo
State University, Owerri. By employing both cultural and
molecular identification methods, a range of bacteria associated
with food spoilage and potential health concerns were identified,
including Pseudomonas aeruginosa, Staphylococcus aureus,
Escherichia coli, Bacillus cereus, Corynebacterium diphtheriae,
Micrococcus luteus, Klebsiella pneumoniae, Enterococcus faecalis,
Proteus mirabilis, and Lactobacillus plantarum. The total
heterotrophic bacterial count (THBC) varied significantly among
the food items, with African salad having the highest count
(3.5x10"8 CFU/ml) and soup having the lowest (0.83x10"8
CFU/ml). The highest total coliform count (TCC) was recorded for
moi at 1.97x10"8 CFU/ml, while the lowest total fungal count
(TFC) was observed at 6.8x1076 CFU/ml, suggesting that effective
fungal growth control measures were needed. Cooked rice had an
alarmingly high total lactic acid bacterial count (TLC) of 1.9x10%9
CFU/ml, highlighting concerns regarding storage and handling
practices. Temperature analyses over a 240-hour period showed a
general increase, with African salads exhibiting the most
significant temperature change from 22°C to 26°C, indicating the
potential for increased microbial activity. The carbohydrate
content analysis revealed a decrease over time, signifying active
fermentation, notably with African salad starting at 9.67+3.10 g/L
and decreasing to 6.12+2.03 g/L, while roasted yam decreased
from 3.61+3.03 g/L to 1.130+0.03 g/L at the end of the observation
period. The ash content generally increased across all food items,
with African salad showing an increase from 0.33% to 0.59% over
240 hours, suggesting that mineralization processes were possibly
due to microbial breakdown of organic matter. The lipid content
in food samples preserved with various plants remained relatively
stable, with cooked rice and stew displaying the highest mean lipid
content, which slightly increased at 72 hours before plateauing.
These findings are statistically significant, with a p value less than
0.05. This study underscores the need for enhanced food safety
protocols and regular monitoring to ensure the health and safety
of consumers, as the microbial load and nutrient content of street-
vended foods are subject to significant variations influenced by
environmental conditions and handling practices.
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1. Introduction

Foodborne diseases are a critical public health concern
globally, particularly in low- and middle-income countries
where street-vended food is a mainstay of the urban food supply
[1]. Despite their economic significance and role in urban
nutrition, these food sources are prone to microbiological
contamination due to substandard hygiene practices, which can
lead to significant health risks [2]. In developing countries, the
prevalence of foodborne illnesses associated with street foods
underscores the pressing need for regular surveillance and
improvement of food safety measures [3]. At Imo State
University Owerri, as in numerous academic institutions in
Nigeria, a considerable portion of the student population relies
on street-vended foods for sustenance [4]. These offerings are
popular because of their affordability and accessibility;
however, there is a paucity of data on their safety and nutritional
adequacy, factors that are essential for consumer health [5].
While a number of studies have been undertaken to address the
microbiological safety of street foods, the simultaneous
assessment of both microbiological and nutritional parameters
is often overlooked, yet it is crucial for a comprehensive
appraisal of food quality [6]. There is a particular lack of such
comprehensive studies in the context of Nigerian universities
[7]. This study is designed to address this knowledge gap by
evaluating the microbiological and proximate composition of
selected street-vended foods in the vicinity of Imo State
University Owerri. We posit that there will be significant
variation in the microbiological load and nutritional
composition among different types of street-vended foods
around Imo State University, with some potentially failing to
meet recommended health and dietary standards [8].
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2. Methods

A. Sample Collection and Transport

We adhered to the methodology of Obire (2005) for sample
collection. Nine different food types— roasted yam, African
salad, cooked rice, stew, soup, iodoacetamide (IGB), meat bile,
Moi-moi, and bole were collected from various vendors within
Imo State University Owerri. Each food sample was aseptically
collected in triplicate in sterilized containers and immediately
transported to the laboratory in a chilled cooler with ice packs
to minimize bacterial growth.

B. Sample Preparation

Upon receipt at the Imo State University Microbiology
Department Laboratory, the samples were homogenized in a
sterile mortar and pestle and subjected to a two-step preparation
process. First, solids were separated from any liquids. The
solids were mashed, and the liquids were centrifuged at 4000
rpm for 15 minutes to obtain a clear supernatant. Subsequently,
all the samples were filtered through 0.45 pm filters and
subjected to both microbiological and proximate analysis.

C. Microbiological Examination

The microbiological examination of each food type involved
standard plate count methodologies. A sterile phosphate-
buffered saline solution was used to prepare a tenfold serial
dilution. From these dilutions, 1 mL aliquots were plated onto
different agars for the following microbial assessments: plate
count agar for total aerobic bacteria counts, which were then
incubated at 37°C for a period ranging between 24 and 48
hours; MacConkey agar, which was used specifically for
coliforms and incubated at 37°C but for 24 hours; and potato
dextrose agar supplemented with chloramphenicol to determine
fungal counts, which was incubated at a cooler temperature of
25°C for a duration of 3 to 7 days. After incubation, the agar
plates were scrutinized for colony development, and the results
were quantified in colony-forming units per gram (cfu/g) of the
food sample.

D. Identification of Microorganisms

This study employed a structured approach for the
identification of microorganisms from isolated colonies. Initial
identification was grounded on an array of morphological,
cultural, and biochemical assessments, which included Gram
staining, as well as catalase and oxidase tests, in accordance
with the methodological framework established by
Cheesebrough in 2006. The characterization of lactic acid
bacteria was further refined using the API 50 CHL system in
strict accordance with the instructions provided by the
manufacturer. For molecular identification, DNA extraction
from the representative isolates was carried out using the
boiling method, which is an efficient and practical approach for
obtaining DNA. The concentration and purity of the extracted
DNA were measured using a Nanodrop spectrophotometer,
ensuring that the DNA was of suitable quality for subsequent
analysis. Amplification of the 16S rRNA gene was
subsequently performed using specific primers tailored for this
purpose. The amplified genes were visualized via gel
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electrophoresis, confirming successful amplification. Finally,
to accurately determine the taxonomic identity of the isolates,
the amplicons were subjected to sequencing. The resulting
sequences were analyzed using phylogenetic methods, which
allowed for a precise assignment of the isolates to specific
microbial taxa. This comprehensive identification process was
critical for understanding the microbial landscape present in the
street-vended foods around Imo State University.

E. Proximate analysis

The proximate composition, including moisture, ash, protein,
fat, fiber, and carbohydrate content, was determined for each
food sample following the methods of the Association of
Official Analytical Chemists (AOAC). All analyses were
performed in triplicate.

F. Quality Control

Throughout the experimental processes, quality control was
ensured by including negative controls (sterile media) and
positive controls (known microbial cultures). All instruments
and reagents were calibrated and validated before use.

G. Statistical analysis

The data were analyzed using SPSS (Statistical Package for
the Social Sciences) version 20.0. Means were compared using
one-way ANOVA, and a p value of <0.05 was used to indicate
statistical significance.

H. Ethics Statement

This study involved the collection of food samples from
public vendors and did not involve human participants, personal
data, or animals. Therefore, ethical approval was not required
for sample collection in this study. However, permission was
obtained from food vendors before sample collection.

3. Results

The present study focused on the microbiological quality and
nutritional content of nine different street-vended food items at
Imo State University, Owerri. A combination of cultural and
molecular identification processes revealed the presence of a
range of bacteria associated with food spoilage and potential
health concerns. The isolated bacteria included Pseudomonas
aeruginosa, Staphylococcus aureus, Escherichia coli, Bacillus
cereus, Corynebacterium diphtheriae, Micrococcus luteus,
Klebsiella pneumoniae, Enterococcus faecalis, Proteus
mirabilis, and Lactobacillus plantarum. These findings, which
offer insight into the diversity of bacteria in these foods, are
comprehensively presented in the Results section through
detailed descriptions of the organisms' morphological and
biochemical profiles.

The assessment of microbial counts in street-vended foods at
Imo State University revealed significant variations
(p=0.0034), as depicted in Table 1. The African salad exhibited
the highest total heterotrophic bacterial count (THBC) at
3.5x10% CFU/ml, while the lowest was observed in the soup
treatment (0.83x10% CFU/ml). Moi-moi had the highest total
coliform count (TCC) (1.97x10% CFU/ml), indicating possible
issues with food safety standards. In contrast, Moi-moi had a
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Table 1
Comparative mean microbial counts for various street-vended food items

Enumeration Roasted yam _ Afirican salad  Cooked rice _ Stew Soup Iba Meat bile  Moi-moi _ Boli
THBC (CFU/ml)  2.68 x 10® 3.5x 10 1.08 x 10® 1.63x10% 0.83x10° 1.53x10® 125x10° 1.46x10® 1.28x10°
TCC (CFU/ml) 241x 10 3.2x 108 1.26x 10 1.85x 10 0.88x10° 1.28x10° 091x10® 197x10° 1.1x10®
TFC (CFU/ml) 2.8 x 10 222x 10 1.47 x 108 1.25x 108 1.38x 10°  1.22x10*® 1.58x10° 6.8x10° 1.48 x 10°
TLC (CFU/ml) 1.3 x108 1.5x 107 1.9x 10° 1.6x 108 2.6x 108 2.1x 10 3.1x10* 1.1x108 2.3x 108
THBC: total heterotrophic bacteria count; TCC: total coliform count; TFC: total fungal count; TLC: total Lactobacillus count
Table 2
Microbial prevalence in street foods sold near imo state university, owerri
Bacteria African salad __Roasted yam __ Cooked rice _ Stew Soup Iba Meat bile _Moi-moi __ Boli
Pseudomonas  sp. 3(13.04) 2(2.10) 1(0.55) 0(0.00) 1(6.67) 1(8.33) 3(33.33)  0(0.00) 1(5.88)
Staphylococcus sp. 3(13.04) 2(2.10) 0(0.00) 2(18.18)  1(6.67) 2(16.67)  0(0.00) 2(16.67)  2(11.76)
Escherichia coli 0(0.00) 1(4.55) 1(0.55) 0(0.00) 1(6.67) 1(8.33) 0(0.00) 0(0.00) 1(5.88)
Bacillus sp. 4(17.40) 3(13.64) 4(7.84) 1(9.10)  4(26.67) 1(8.33) 2(22.22)  2(16.11)  6(35.29)
Corynebacterium sp. 3(13.04) 4(18.18) 2(3.92) 4(36.36)  0(0.00) 1(8.33) 0(0.00) 1(8.33) 4(23.53)
Micrococcus sp. 1(4.35) 2(2.10) 4(7.84) 1(9.10)  2(13.33)  0(0.00) 0(0.00) 1(8.33) 0(0.00)
Klebsiella pneumoniae 1(4.35) 0(0.00) 0(7.84) 0(0.00) 0(0.00) 1(8.33) 1(11.11) 1(8.33) 1(5.88)
Enterococcus feacium 2(8.70) 1(4.55) 3(13.73) 2(18.18)  3(20.00) 1(8.33) 1(11.11) 1(8.33) 1(5.88)
Proteus mirabilis 2(8.70) 2(2.10) 2(15.69) 0(0.00) 0(0.00) 1(8.33) 0(0.00) 1(8.33) 1(5.88)
Lactobacillus plantarum __4(17.40) 5(22.7) 2(0.00) 3(27.27) 3(20.00) 3(25.00) 2(22.22)  3(25.00)  0(0.00)
Total 23(12.78) 22(12.22) 19(10.56) 11(6.11)  15(8.33)  12(6.67)  9(5.0) 12(6.67)  17(9.44)
Table 3

Time (hour)  African salad _ Roasted yam _ Cooked rice _Stew  Soup  Iba Meat bile _Moi-moi __ Boli

0 22°C 21°C 22°C 21°C  22°C  21°C 22°C 21°C 22°C

24 23°C 22°C 23°C 21°C  22°C  22°C 22°C 23°C 23°C

48 24°C 23°C 23°C 21°C  22°C  22°C 23°C 23°C 23°C

72 25°C 24°C 23°C 22°C  23°C  23°C 23°C 23°C 23°C

96 25°C 25°C 23°C 22°C  23°C  23°C 23°C 23°C 23°C

240 26°C 25°C 23°C 22°C  23°C_ 23°C_ 23°C 23°C 24°C

low total fungal count (TFC) of 6.8x10% CFU/ml, suggesting
effective fungal growth control. Cooked rice presented an
exceptionally high total lactic acid bacterial count (TLC) of
1.9x109 ml, raising concerns over its storage and handling.
These disparate microbial loads across food samples underscore
the importance of enhanced food safety protocols.

According to a detailed microbiological analysis of street
foods around Imo State University, Owerri, a significant
variation in the presence of bacterial species was observed, with
a notable p value of 0.0041, indicating a statistically significant
difference in microbial distribution among the food items.
Pseudomonas aeruginosa was detected in multiple food items,
ranging from 2.10% in roasted yam to 33.33% in meat bile.
Staphylococcus aureus was widespread, especially in stews
(18.18%) and moi-moi (16.67%). Escherichia coli were
detected in relatively small quantities, particularly in cooked
rice (0.55%) and soup (6.67%). Bacillus cereus was quite
prevalent, with the highest occurrence occurring in Boli
(35.29%), while Corynebacterium diphtheriae was most often
isolated from stews (36.36%). Micrococcus luteus was less
frequent and absent in Iba and Boli but was found in roasted
yam (2.10%) and cooked rice (7.84%). K. pneumoniae was not
as prevalent, with occurrences noted in meat bile (11.11%) and
Moi-moi (8.33%). Enterococcus faecium had a more balanced
distribution, with higher percentages in cooked rice (13.73%)
and stewed rice (18.18%). Proteus mirabilis appeared
sparingly, with no presence in stew or soup. Lactobacillus
plantarum was frequently found in roasted yam (22.73%) and
African salad (17.40%). These findings highlight the diverse
bacterial loads in these foods, underlining the importance of
food safety measures.

In a study analyzing temperature changes in various food

samples from Imo State University Owerri, initial temperatures
were recorded at 21-22°C. Over a period of 240 hours, most
foods exhibited a gradual increase in temperature. The African
salad showed the most significant change, starting at 22°C and
reaching 26°C by the 240-hour mark. Roasted yam and boli had
more moderate temperature increases, peaking at 25°C and
24°C, respectively, by the end of the observation period. The
remaining foods, including cooked rice, stew, soup, iba, meat
bile, and moi-moi, showed less variation, maintaining
temperatures below 24°C throughout. A statistical analysis
indicated a nonsignificant change in temperature over time
(P=0.0712) and a significant change (P=0.0005) under certain
conditions, suggesting that specific food items or storage
conditions may warrant closer monitoring to ensure food safety.

The carbohydrate content in the food samples, such as those
from African salad, roasted yam, and cooked rice, decreased
over 240 hours, with initial high values (9.67+3.10 g/L for salad
and rice, 3.61+£3.03 g/L for yam) decreasing to 6.12+2.03 g/L
in salad and increasing slightly to 4.11+0.23 g/L at 72 hours
before declining again. The roasted yam concentration
decreased consistently to 1.130+0.03 g/L after 240 hours. Other
foods, such as meat bile, Moi-moi, and Boli, remained
relatively stable. The changes were statistically significant at
p<0.05, indicating active fermentation or metabolism over the
studied period.

The ash content in the various Nigerian foods collected from
Imo State University over time generally increased. Initially,
African salad, cooked rice, and boli had 0.33% ash content;
roasted yam, stew, iba, meat bile, and moi-moi had 0.12%. By
24 hours, slight increases were observed, notably, in the roasted
yam to 0.21% and in the boli to 0.34%. This trend persisted for
up to 48 and 72 hours, with African salad reaching 0.43% and
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Table 4
Time (hour) African salad  Roasted yam  Cooked rice  Stew Soup Iba Meat bile Moi-moi Boli
0 9.67+3.10 3.61+3.03 9.66+ 3.10 3.61+3.03  9.67£3.10 3.62+3.03  9.66+3.10 3.63£3.03 9.67+3.10
24 6.12+2.03 3.13+0.03 6.93+0.03 2.71+£0.03  9.66+0.03  3.40+0.03 9.55+3.10 3.63£3.03 9.67+3.10
48 2.34+0.43 2.98+0.03 5.830+0.03  2.62+0.03  7.45+0.03  3.210+0.03 9.45+3.10 3.60+3.03 9.63+3.10
72 4.11£0.23 2.23+0.03 4.630+0.03 1.53+0.03  7.34+0.03  3.11+0.03 9.35+3.10 3.60£3.03 9.60+3.10
96 3.120+0.27 2.00+0.03 4.430+0.03 1.10+£0.03  5.12+0.03  3.01+0.03 9.65+3.10 3.60+3.03 9.57+3.10
240 2.120+0.13 1.130+0.03 4.330+0.03 1.01£0.03  4.56+0.03  2.56+0.03 9.65+3.10  3.60£3.03 9.52+3.10
Table 5
Ash content analysis of palm wine samples preserved with different plants
Time (hour)  African salad _ Roasted yam _ Cooked rice __ Stew Soup Iba Meat bile _Moi-moi ___ Boli
0 0.33+0.08 0.12+0.10 0.33+0.08 0.12+0.10  0.33+0.8 0.12+0.10  0.33+0.08  0.12+0.10  0.33+0.08
24 0.33+0.02 0.21+0.20 0.33+0.85 0.18+0.00  0.34+0.18  0.14+0.30  0.34+0.18  0.12+0.31  0.34+0.04
48 0.43+0.03 0.26+0.14 0.38+0.54 0.18+0.32  0.37+0.28 0.16+0.14  0.34+0.23  0.13+0.32  0.34+0.03
72 0.47+0.02 0.28+0.13 0.39+0.13 0.19+0.12  0.38+0.38  0.17+0.14  0.35+0.04 0.15+0.10  0.36+0.04
96 0.58+0.04 0.28+0.12 0.41+0.23 0.22+0.13  0.40+0.48 0.18+0.12  0.34+0.04  0.15+0.20  0.36+0.05
240 0.59+0.05 0.38+0.12 0.42+0.08 0.23+0.14  0.40+0.58  0.18+0.10  0.35+0.03  0.17+0.20  0.38+0.06
Table 6
Lipid content analysis of samples
Time (hour)  African salad _ Roasted yam _ Cooked rice _ Stew Soup Iba Meat bile Moi-moi ___ Boli
0 0.04+0.03 0.04+0.03 0.07+0.03 0.07+0.03  0.07+0.03  0.07+0.03  0.07+0.03  0.07+0.03  0.07+0.03
24 0.04+0.03 0.04+0.01 0.07+0.00 0.08+0.01  0.07+0.03  0.06+0.00 0.07+0.02  0.07+0.02  0.07+0.04
48 0.04+0.03 0.04+0.03 0.07+0.02 0.08+0.01  0.07+0.04 0.07+0.01 0.07+0.03  0.07+0.01  0.07+0.05
72 0.05+0.00 0.04+0.00 0.08+0.03 0.08+0.01  0.07+0.05  0.06+0.02  0.06+0.04 0.07+0.00  0.07+0.06
96 0.05+0.03 0.04+0.03 0.08+0.03 0.08+0.02  0.07+0.06  0.07+0.01  0.06+0.03  0.07+0.02  0.07+0.03
240 0.05+0.03 0.04+0.01 0.08+0.00 0.08+0.00  0.06+0.02  0.07+0.03  0.06+0.05  0.07+0.01  0.07+0.02

0.47%, respectively, and boli holding at 0.34%. At 96 hours, the
percentage of African salad increased to 0.58%, and by 240
hours, it reached 0.59%, with that of boli also increasing to
0.38%. These changes were statistically significant (p<0.05).

Interpreting the lipid content analysis over time for palm
wine samples preserved with different plants, we see that
cooked rice and stew plants have the highest mean lipid content
throughout the measured intervals. These parameters increase
modestly at 72 hours before plateauing. African salad, Soup,
Iba, Meat bile, Moi-moi, and Boli started at similar baseline
times, but African salad demonstrated a slight increase at 72
hours, which was sustained up to the 240-hour mark. The
roasted yam had the lowest mean lipid content at all times. The
changes, while statistically significant given the p value below
0.05, are minimal, suggesting a general consistency in the lipid
content regardless of the preservative agent in the palm wine
samples over the given durations.

4. Discussion and Conclusion

The present study identified a diverse array of bacteria in
street-vended food items at Imo State University, Owerri,
which aligns with findings from similar studies conducted in
other developing regions [9], [10]. The presence of organisms
such as Pseudomonas aeruginosa, Escherichia coli, and
Staphylococcus aureus is particularly concerning due to their
association with foodborne illnesses [11]. These results mirror
the trends observed by Johnson and colleagues [12], who
reported a high incidence of these pathogens in street foods in
a comparable setting.

The microbial counts reported herein indicate significant
variations in microbial load among different food items, with
African salad showing the highest total heterotrophic bacterial
count. This variation could be attributed to the differences in
food composition, pH, water activity, and the methods of food

handling and storage practiced by vendors [13]. The high total
coliform counts in Moi-moi exceeded the acceptable limits set
by food safety authorities, such as the FDA [14], suggesting
potential lapses in the food handling process.

Comparatively, the low total fungal counts in Moi-moi could
be due to the use of ingredients that possess natural antifungal
properties or the practice of cooking and serving at high
temperatures that inhibit fungal growth [15]. However, the high
total lactic acid bacterial count in cooked rice is indicative of
improper storage conditions, which may encourage the
proliferation of these bacteria, as suggested by Lee et al. [16].

The results emphasize the necessity for improved food safety
protocols, including proper cooking, storage, and handling
practices, to mitigate the risks posed by the identified
pathogens. Moreover, these findings underscore the importance
of regular food safety training for street food vendors, as
recommended by the WHO [11].

The observed variance in bacterial presence among street
foods at Imo State University, Owerri, is consistent with the
findings of other studies that highlight the risk of foodborne
illnesses from street-vended foods due to the proliferation of
spoilage and pathogenic bacteria [17]. The significant presence
of Pseudomonas aeruginosa and Corynebacterium diphtheriae,
particularly in meat bile and stew, is alarming and warrants
immediate attention, as these bacteria are not typically
associated with foods and could indicate cross-contamination
or environmental contamination [18].

The widespread occurrence of Staphylococcus aureus across
several food items is in line with findings from previous studies
[19], which have emphasized the role of human handlers in the
contamination of food, considering that this bacterium is often
part of the human skin flora. The detection of Escherichia coli
in smaller quantities suggested some level of fecal
contamination, which might be due to improper hand hygiene
or the use of contaminated water during food preparation [20].
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The microbiological risks are further complicated by the
temperature variations reported over 240 hours, which, despite
being statistically nonsignificant, show a trend toward rising
temperatures in certain foods, particularly African salad. This
gradual increase in temperature can accelerate the growth of
microorganisms,  especially  psychrotrophs such as
Pseudomonas spp. [21]. Moreover, the significant changes in
carbohydrate content over time, with a general decrease, are
indicative of microbial metabolism, likely fermentation, which
could further alter food safety and nutritional profiles [22].

The increase in ash content over time could suggest
mineralization due to the breakdown of organic matter, possibly
by microbial action, and further investigation is needed to
understand its impact on food quality and safety [23].

In contrast, the lipid content analysis over time for palm wine
samples indicated a general stability in lipid levels, a finding
that aligns with the notion that lipids are less prone to microbial
degradation than carbohydrates [24]. The slight increase in lipid
content observed in some food items could be due to the
breakdown of complex lipids into simpler fatty acids by lipase-
producing microorganisms [25].

These findings collectively underscore the critical need for
stringent food safety regulations and monitoring of street-
vended foods. The variations in the microbial load and nutrient
content over time highlight the dynamic nature of street food
quality, influenced by environmental conditions, food handling,
and storage practices.
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