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Abstract

Soy milk is an excellent food beverage and at the same time harbors pathogenic bacteria due its nutritional contents.
Staphylococcus aureus as one of the pathogens produces enterotoxins that cause food poisoning which are of public health
importance. The study aimed at determining the molecular identification of enterotoxigenic genes from Staphylococcus aureus
isolates of soy milk sold in Enugu Metropolis. The isolates were identified and characterized using standard microbiological and
molecular methods. A total of fifty (50) soy milk samples were collected within Enugu metropolis. The average total viable
counts ranged from 4.1x10? cfu/ml to 1.0x10? cfu/ml. Out of fifty (50) soy milk samples collected, 42 (84%) were Staphylococcus
aureus while 8 (16%) were negative. Out of 42 (84%) positive samples, 30 (60%) were coagulase -positive Staphylococcus
aureus and 12 (24%) were coagulase-negative Staphylococcus aureus. Polymerase chain reaction (PCR) revealed the presence
of Staphylococcus aureus using 16STRNA gene at 1500bp and classical enterotoxin genes (SEA-SEE) respectively in all the
three isolates examined. It was observed that the isolate A had 94.14% pairwise similarity with Staphylococcus strain KKP3462,
isolate B had 92.32% similarity with Staphylococcus strain 2288 and isolate C had 94.8% similarity with Staphylococcus strain
IDS-GIS36. The phylogenetic relatedness revealed that the isolates are related genotypically. Although the soy milk samples had
low bacterial counts, the presence of enterotoxigenic Staphylococcus aureus highlights potential public health risks. These
findings emphasize the need for continuous monitoring, strict hygienic practices and effective quality control measures in soy
milk production to ensure consumer safety.
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1. Introduction

Soy milk is a type of plant-based milk made from dried soy
beans that have been processed [37]. This is a white creamy
emulsion obtained from soy beans. It looks similar to chilled
dairy milk and is used as food for both people and animals
[26]. Soy beans are frequently added to food products for both
children and adults to boost nutritional content. Examples in-
clude dawadawa, akara, moi-moi, allele, soy-ogi and mostly
commonly, as soy milk [5]. The production of soy milk has
been on an increase to serve as an alternative to animal pro-
teins. This has led to its production under undesirable condi-
tions. In Nigeria, soy milk is sold in various packaging mate-
rials in public spaces by housewives as a source of income [1].
Household processes and handling are often carried out with
minimal attention to quality control and poor adherence to
strict hygiene [34].

Producing soy milk under unhygienic environment in-
creases microbial contamination. Because milk is a good
growth medium for microorganisms, this poses a potential
health risk to consumers [3]. Soy milk consumption may en-
danger human health when harmful microorganisms are not
effectively managed during its production, storage, and distri-
bution. [18, 27]. These microorganisms have been linked to
the incidence and prevalence of diseases such as typhoid fever,
dysentery, and other foodborne illnesses among soy milk con-
sumers. [4]. Locally produced or improperly stored soy milk
often contains bacteria like Escherichia coli, Staphylococcus
aureus, Bacillus subtilis, Klebsiella pneumoniae, Salmonella
typhi, Streptococcus species and Pseudomonas aeruginosa
[18]. Contaminants from poor hygiene can trigger food borne
illnesses, and spoilage often shows up as a slimy texture on
the curd.

Staphylococcus species are members of the Staphylococca-
ceae family and are characterized as Gram-positive, faculta-
tive anaerobes with a chemoorganotrophic mode of nutrition.
They are cocci capable of both respiratory and fermentative
metabolism and grow optimally at 37°C [36]. Additionally,
they are non-motile, non-spore-forming, catalase-positive
bacteria that occur as either commensals or pathogens in hu-
mans and animals [36]. Staphylococcus aureus is capable of
causing a wide range of illnesses, including food poisoning,
pneumonia, skin infections, enterotoxemia, septicemia, and
toxic shock syndrome (TSS) [30, 32].

Staphylococcal food poisoning (SFP) is a mild form of food
intoxication that occurs following the consumption of food
contaminated with staphylococcal enterotoxins (SEs). As little
as 1-20 pg of these toxins is sufficient to produce symptoms
in human [25]. Symptoms of staphylococcal food poisoning
(SFP) typically develop within 1-6 hours after consuming con-
taminated food, depending on the individual’s susceptibility
and the amount of toxin ingested [30]. The symptoms include
nausea, abdominal cramps, diarrhea, general discomfort,
weakness, and the characteristic occurrence of projectile vom-
iting [30]. Clinical symptoms of SEP typically resolve within
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24-48 hours.

Staphylococcal enterotoxins are superantigenic proteins
with relatively low molecular weights ranging from 26,900 to
29,600 Da. They exert their effects by simultaneously binding
to major histocompatibility complex (MHC) class II mole-
cules on antigen-presenting cells and T-cell receptors, bypass-
ing the need for specific antigen recognition. This interaction
leads to widespread immune activation and can cause Sys-
temic manifestations, including high fever, vomiting, diarrhea,
as well as liver and kidney dysfunction. [20]. Staphylococcus
aureus enterotoxins are classified into two main categories:
classical enterotoxins (SEA-SEE) and non-classical en-
teroStoxins (SEG-SEI and SEK-SEV) [14, 15]. Approxi-
mately 95% of staphylococcal food poisoning (SFP) out-
breaks worldwide are attributed to classical staphylococcal
enterotoxins (SEs) [10, 19]. However, molecular studies indi-
cate that non-classical enterotoxins may also contribute sig-
nificantly to food poisoning, while the limited availability of
sensitive detection methods for confirming their involvement
in outbreaks may have resulted in an underestimation of their
actual prevalence [11]. All these enterotoxins apart being su-
perantigens, only few of them (SEA to SEI, SER, SES and
SET) have been proved to be emetic [15]. The International
Nomenclature Committee for Staphylococcal Superantigens
proposed that only staphylococcal superantigens capable of
inducing vomiting after oral administration in a primate ex-
perimental model should be classified as staphylococcal en-
terotoxins [36].

Multiplex polymerase chain reaction (MPCR) and enzyme-
linked immunosorbent assay (ELISA) are commonly used for
the simultaneous detection of Staphylococcus aureus entero-
toxin genes. However, these techniques are often time-con-
suming and expensive. Several studies have been conducted
worldwide on the molecular detection of staphylococcal en-
terotoxins in soy milk and milk products such as: in Egypt [12,
30]; in Bangladesh [16] and (Enugu [2] but there is limited
data in Enugu metropolis discussing the molecular identifica-
tion of Staphylococcal enterotoxins. Therefore, this study was
conducted to evaluate the molecular detection of enterotoxin-
producing genes in Staphylococcus aureus isolates obtained
from soy milk sold within Enugu metropolis.

2. Materials and Methods

2.1. Study Area

The study was carried out within Enugu Metropolis. Enugu
metropolis comprises three Local Government Areas: Enugu
North, Enugu South, and Enugu East/West. It is situated in
southeastern Nigeria, at the base of the Udi Plateau, between
latitudes 6°27'N and 7°28'N and longitudes 7°30'E and 8°19'E.
The markets selected for this study were chosen due to the
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high population density of residents within the area. The re-
search was conducted in the Department of Applied Microbi-
ology and Brewing, Enugu State University of Science and
Technology, Enugu State, Nigeria. The university is located at
latitude 6.4946°N and longitude 7.4960°E.

2.2. Collection of Samples

A total of fifty (50) soy milk samples were randomly ob-
tained from various commercial markets within Enugu me-
tropolis. To maintain sample quality and prevent contamina-
tion, the samples were aseptically collected into sterile 100 mL
bottles/containers following strict hygienic procedures. The
collected samples were transported to the Applied Microbiol-
ogy Laboratory, Enugu State University of Science and Tech-
nology, Enugu State, for subsequent bacteriological analysis.

2.3. Inoculation of Sample

The method of [23] was employed for the study. The soy
milk samples were pre-enriched using buffered peptone water
at a ratio of 9: 1 (9 mL of peptone water to 1 mL of soy milk
sample), and the resulting mixtures were incubated at 37°C for
24 hours [33]. Following the enrichment of the soy milk sam-
ples, ten-fold serial dilutions were prepared by transferring 1
mL of each sample into 9 mL of sterile distilled water in test
tubes. All samples were processed similarly and cultured aer-
obically on nutrient agar and mannitol salt agar at 37°C for
18-24 hours [31].

2.4. Sub-Culturing of Isolates

The inoculated plates were examined and different colonies
were noted using physical and morphological characteristics.
The inoculated plates were sub- cultured to obtain a pure cul-
ture. The pure cultures obtained were inoculated into nutrient
agar slant thereafter kept in refrigerator at 4°C for future use

[8].

3. Identification and Characterization of
Isolates

3.1. Biochemical Characterization of the
Isolates

The method of [35] was adopted in this analysis. Catalase,
oxidase, methyl red, coagulase, indole and carbohydrate fer-
mentation tests were carried out [8].

3.2. Indole Test

Sterile test tubes containing 5 ml of tryptophan broth were
inoculated aseptically with 0.1 ml of the inoculum which

matched 0.5 McFarland standard (10 cfu/ml) and were incu-
bated at 37 °C for 24 h. After 24 h incubation, 0.5 ml of ko-
vac’s reagent was added and allowed to stand for 5 minutes.
Formation of pink or red color ring on the test tubes (within
10 seconds) indicated positive result. Negative result indicated
absence of pink or red color ring.

3.3. Citrate Test

About 2.45 g of Simon citrate agar was added into test tubes,
sterilized and slanted. A total of 0.1 ml of the inoculum was
inoculated and incubated at 37 °C for 24 h. After incubation,
positive result indicated blue color change with visible growth
while negative result showed no color change and no visible
growth.

3.4. Catalase Test

A loop full of the inoculum was dropped on a clean glass
slide. A drop of 3% hydrogen peroxide (H,0;) was dropped
on the inoculum and these were mixed together. Presence of
effervescence indicated catalase positive whereas absence of
effervescence indicated negative.

3.5. Coagulase Test

About 10 pl of physiological saline was added on a clean
slide. A small portion of the isolated colony was collected with
an inoculating loop and was dropped on the saline, then emul-
sified to obtain a thick suspension. A drop of a human plasma
was added to the suspension on the slide and were mixed gen-
tly. A clumping was observed within 10 seconds. Clumping
indicated a positive result. Absence of clumping indicated a
negative result.

3.6. Oxidase Test

This was done using filter paper. A piece of filter paper was
moistened with few drops of oxidase reagent. A sterile wire
loop was used to pick a colony of the organism from the agar
plate and was smeared onto the moistened filter paper. It was
observed for a color change within 10 - 30 seconds. Dark pur-
ple or blue color developed within 10 seconds indicated a pos-
itive result while no color change indicated a negative result.

3.7. Carbohydrate Fermentation Test

A 10 ml of peptone water was introduced into 5 sterile test
tubes respectively. Three (3) drops of methyl red was added
into each of the test tubes, then Durham’s tubes were inserted
in an inverted position into each of the tubes and sealed with
foil before sterilization at 121 °C for 10 minutes. One gram (1
g) of respective carbohydrates: glucose, lactose, fructose,
maltose and mannitol, were added into 100 ml of sterile distill
water and sterilized using membrane filter. A total of 1 ml of
each of sterile sugar was added into each of the sterilized test


http://www.sciencepg.com/journal/ijfet

International Journal of Food Engineering and Technology

http://www.sciencepg.com/journal/ijfet

tubes that contained the peptone water. Thereafter, 0.1 ml of
the inoculum was inoculated into each of the tubes respec-
tively. They were then incubated at 37°C for 24 h. Yellow
color indicated positive result while trapped air bubble in the
Durham’s tube indicated gas production.

4. Molecular Characterization of Isolates

The method of [28] was adopted for the molecular charac-
terization of Staphylococcus and the Staphylococcal entero-
toxin genes.

4.1. DNA Extraction

A total of 2 mL of bacterial cells broth was added to ZR
Bashing TM lysis tube, followed by the addition of 750 pL of
lysis solution. The tube was secured in a bead fitted with a 2
mL tube holder assembly and the solution was processed at
maximum speed for more than 5 minutes. Subsequently, the
mixture was centrifuged in a microcentrifuge at a speed of
12,000 x g for 1 minute. A 400 pL of the supernatant was
transferred to a Zymo-Spin TM IV Spin Filter (orange top) in
a collection tube and centrifuged at 7,000 x g for 1 minute.
Following this, 1,200 pL of Bacterial DNA Binding Buffer
was added to the filtrate in the collection tube. Then, 800 puL
of the resulting mixture was transferred to a Zymo-Spin TM
IIC column in a collection tube and centrifuged at 10,000 x g
for 1 minute. The flow-through from the collection tube was
discarded and the process was repeated. Thereafter, 200 puL of
DNA Pre-Wash Buffer was added to the Zymo-Spin TM IIC
column in a new collection tube and centrifuged at 10,000 x g
for 1 minute. Also, 500 uL of Bacterial DNA Wash Buffer
was added to the Zymo-Spin TM IIC column and centrifuged
at 10,000 x g for 1 minute. Finally, the filtrate was to transfer
the Zymo-Spin TM IIC column in a clean 1.5 mL microcen-
trifuge tube and 100 uL (minimum 35 uL) of DNA Elution
Buffer was added directly to the column matrix. Centrifuga-
tion at 10,000 x g for 30 seconds was performed to elute the
DNA [28].

4.2. Detection of Classical Staphylococcus
Aureus Enterotoxin Gene

4.2.1. PCR Gene Amplification

The PCR mix is made up of 12.5 uL of Taq 2X Master Mix
from New England Biolabs (M0270); 1 uL each of 10 uM
forward and reverse primer; 2 uL. of DNA template and then
made up with 8.5 pL Nuclease free water [31]. The primer
sequence of the target gene and amplicon size, include SEA:
102 bp (F: GGTTATCAATGTGCGGGTG & R: CGGCACT
TTTTTCTCTTCGG), SEB: 478 bp (F: GTATGGTGGTG-
TAACTGAGC & R: CCAAATAGTGACGAGTTAGG),
SEC: 45 bp (F: AGATGAAGTAGTTGATGTGTATGG & R:
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CACACTTTTAGAATCAACCG), SED: 278 bp (F: CCAA-
TAATAGGAGAAAATAAAAG & R: ATTGGTATTTTTT
TTCGTTC), and SEE: 209 bp (F: AGGTTTTTTCACAGGT
CATCC & R: CTTTTTTTTCTTCGGTCAATC) [6].

Cycling conditions are as follows: initial denaturation at
94°C for Smins, followed by 36 cycles of denaturation at 94°C
for 30sec, annealing at 55°C for 30secs and elongation at 72°C
for 45sec. Followed by a final elongation step at 72°C for 7
minutes and hold temperature at 10°C forever [28].

4.2.2. Electrophoresis for PCR Amplicons

Agarose Gel Preparation

A total of 1g of agarose for DNA and 2 g for PCR was
measured. The agarose powder was then mixed with 100 mL
of 1xTBE in a microwavable flask. The mixture was heated in
the microwave for 1-3 minutes until the agarose completely
dissolved, taking care not to over boil it to avoid evaporation
of the buffer. Afterward, the agarose solution was allowed to
cool down to approximately 50°C, which took about 5 minutes.
Next, 10puL of EZ- vision DNA stain was added to the solution
to facilitate the visualization of DNA under ultraviolet (UV)
light. The prepared agarose was then poured into a gel tray
with the well comb in place. To solidify the gel, it was left at
room temperature for 20-30 minutes [28].

Samples Loading and Running of Agarose Gel

The loading buffer was added to each of the DNA sample
and PCR product. Once the agarose gel had solidified, it was
placed into the gel box (electrophoresis unit) and the gel box
was filled with 1x TBE solution to cover the gel. A molecular
weight ladder was then carefully loaded into the first lane of
the gel, followed by the cautious loading of the samples into
the additional wells. The gel was run at a voltage of 80-150 V
for approximately 1-1.5 hours. After the run, the power was
turned off, the electrodes were disconnected from the power
source and the gel was gently removed from the gel box. Fi-
nally, the DNA fragments and PCR products were visualized
under a UV transilluminator to observe their presence and dis-
tribution within the gel [28].

5. Statistical Analysis

Statistical analysis was conducted using STATA version
14.2 (StataCorp LP, College Station, TX, USA). Categorical
data were analyzed using the Chi-square test or Fisher’s exact
test where applicable. A p-value < 0.05 was considered statis-
tically significant. Genetic diversity was assessed using the
Simpson’s diversity index (DI) [24].

6. Results

Total Viable bacterial count of the soy milk samples from
different market locations

The total viable bacterial count of the soy milk samples
were determined from different locations. It was observed that
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samples from Abakpa had the highest values while Ugwuogo had the lowest values. This is shown in Table 1.

Table 1. Total viable bacterial count of the soy milk samples from different market locations.

Market Locations Number of samples collected (N = 50) Total Viable Bacterial Counts *Mean + SD (CFU/ml)
ENUGU NORTH

Ogbete Market 10 2.3 +£0.2x10?
New Market 6 1.6 £0.1x102
Old Artizan 4 1.1 £0.1x10?
ENUGU SOUTH

Old Keyatta 9 3.1 +£0.2x10?
New Keyatta 6 41.9 £0.1x102
ENUGU EAST

Abakpa Market 12 4.1 +£0.2x102
Ugwuogo Market 3 f1.0+£0.1x102

* Means with different superscripts are significantly different at p < 0.05

Prevalence of Staphylococcus aureus in soy milk samples from different market locations

The prevalence of Staphylococcus aureus was determined from different market locations. It was observed that 42 (84.0%) of Staphylococcus
aureus were isolated while 8 (16.0%) were negative for Staphylococcus aureus. This result is shown in Table 2.

Table 2. Prevalence of Staphylococcus in Soymilk Samples from Different Market Locations.

Market Location t1\i1(1)lrrlnber of Samples per Loca- Ilil;:llt)::lg’f;ti(;fnPositive Sam- ll:lll;;n:::l((;’f:ﬁ(:)anegative Sam-
ENUGU NORTH

Ogbete Market 10 9 (90.0) 1 (10.0)
New Market 6 6 (100.0) 0(0.0)
Old Artizan 4 3(75.0) 1(25.0)
ENUGU SOUTH

Old Keyatta 9 7(77.8) 2(22.2)
New Keyatta 6 4 (66.7) 2(33.3)
ENUGU EAST

Abakpa Market 12 11 (91.7) 1(8.3)
Ugwuogo Market 3 2 (66.7) 1(33.3)
GRAND TOTAL 50 42 (84.0) 8 (16.0)

Percentage distribution of coagulase-positive Staphylococcus aureus and coagulase negative Staphylococcus aureus among Staphylococcus-
positive samples

Percentage distribution of coagulase-positive Staphylococcus aureus and coagulase Negative Staphylococcus aureus among Staphylococcus-
positive samples were determined. It was found out that 30 (60%) were coagulase-positive Staphylococcus aureus and 12 (24%) were coagulase
negative Staphylococcus aureus. This is shown in Table 3.
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Table 3. Percentage distribution of coagulase positive Staphylococcus aureus and coagulase negative Staphylococcus aureus among Staphy-
lococcus-positive Samples.

Number (%) of S. aureus Posi-
tive Samples

Number (%) of Coagulase-Posi-
tive S. aureus

Number (%) of Coagulase-Nega-

Market Location .
tive S. aureus

ENUGU NORTH

Ogbete Market 9 (18.0) 7 (14.0) 2 (4.0)
New Market 6 (12.0) 5(10.0) 1(2.0)
Old Artizan 3 (6.0) 2 (4.0) 1(2.0)
ENUGU SOUTH

Old Keyatta 7 (14.0) 7 (14.0) 0(0.0)
New Keyatta 4 (8.0) 0(0.0) 4 (8.0)
ENUGU EAST

Abakpa Market 11 (22.0) 8 (16.0) 3 (6.0)
Ugwuogo Market 2 (4.0) 1(2.0) 1(2.0)
TOTAL 42 (84.0) 30 (60.0) 12 (24.0)

Morphological and Biochemical Characteristics of Staphylococcus aureus from soy milk
The morphological and biochemical characterization of Staphylococcus aureus from soy milk samples were determined. This is shown in Table
4.

Table 4. Morphological and Biochemical Characterization of Staphylococcus aureus from Soy Milk Samples.

Colonial Features Sugar Fermentation

Gram Re-

action Cat Ct Coa Ind Inference
On NA On MSA Glu Fru Mal Man La
Colony appears creamy Colony appears g(?lden Positive Staphylococcus
yellow, slightly raised, yellow, raised moist ..
. . . cocci in +ve +ve +ve  -ve AAAAA aureus strongly
moist with smooth edge, with smooth edge and
clusters suspected

tiny and beta-hemolytic

distinct

Amplification of 16SRNA gene of Staphylococcus aureus at 1.5 kbp
16S rRNA gene of Staphylococcus aureus was determined. It was observed that the three isolates were identified as Staphylococcus aureus
with 1.5 kbp. This is shown in Figure 1.
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Figure 1. Gel Image Showing the Amplification of 16S rRNA Gene at 1500 bp. Lane M is 1kb DNA Ladder:

Where A: represent Staphylococcus aureus Strain KKP 3462
B: represent Staphylococcus aureus Strain 2288

C: represent Staphylococcus aureus Strain 1dS-GIS36

Molecular detection of classical Staphylococcus aureus Enterotoxins from soy milk samples

The molecular detection of classical Staphylococcus aureus enterotoxins from soy milk sample were determined. It was ob-
served that the three isolates contained the classical enterotoxins. These are shown in Figures 2-6.

SE A gene at 102bp

il R

Figure 2. Gel Electrophoresis Showing the Amplification of SE A Gene at 102 bp. Lane M is a 50 bp DNA Ladder that was used to estimate
the size of the amplification, lane NT is a negative Template as control.
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M A B C NT

1350bp——

916bp —

500bp — E B gene at 478bp

200bp —

50bp —

Figure 3. Gel Electrophoresis Showing the Amplification of SE B Gene at 478bp. Lane M is a 50bp DNA Ladder that was used to estimate the
size of the amplification, lane NT is a negative Template as control.

SE C gene at 451bp

50bp

Figure 4. Gel Electrophoresis Showing the Amplification of SE C Gene at 451bp. Lane M is a 50bp DNA Ladder that was used to estimate the
size of the amplification, lane NT is a negative Template as control.
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M A B C NT

1350bp

916bp

500bp

E D gene at 278bp
200

Figure 5. Gel Electrophoresis Showing the Amplification of SE D Gene at 278bp. Lane M is a 50bp DNA Ladder that was used to estimate the
size of the amplification, lane NT is a negative Template as control.

M A B C NT

SE E gene at 209bp

Figure 6. Gel Electrophoresis Showing the Amplification of SE E Gene at 209bp. Lane M is a 50bp DNA Ladder that was used to estimate the
size of the amplification, lane NT is a negative Template as control.
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Nucleotide Sequence of Staphylococcus aureus from soy milk samples

The nucleotide sequences of Staphylococcus aureus from soy milk samples were determined. These are shown in nucleotide
sequences 1, 2, 3. It was observed that the isolate A had 94.14% pairwise similarity with Staphylococcus strain KKP3462, isolate
B had 92.32% similarity with Staphylococcus strain 2288 and isolate C had 94.8% similarity with Staphylococcus strain IDS-
GIS36.

>A has 94.14% pairwise similarity with Staphylococcus aureus strain KKP 3462 which has NCBI accession number
MZ853764.1

AGGTTTACATATGTTGACATGGCTCAGGTGCGCTTGAAGCTCCCCTTTATAGTGTTAGCGGCGCCCGGGTGAG
TAACACGTGCCATAACCTACCTATAAGACTGGGATAACTTCGGGAAACCGGAGCTAATACCGGATAATATTTTG
AACCGCATGGTTCAAAAGTGAAAGACGGTCTTGCTGTCACTTATAGATGGATCCGCGCTGCATTAGCTAGTTGG
TAAGGTAACGGCTTACCAAGGCAACGATGCATAGCCGACCTGAGAGGGTGATCGGCCACACTGGAACTGAGAC
ACGGTCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGCGAAAGCCTGACGGAGCAACGCC
GCGTGAGTGATGAAGGTCTTCGGATCGTAAAACTCTGTTATTAGGGAAGAACATATGTGTAAGTAACTGTGCAC
ATCTTGACGGTACCTAATCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAG
CGTTATCCGGAATTATTGGGCGTAAAGCGCGCGTAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCACGGCTCAA
CCGTGCAGGGTCATTGGAAACTGGAAAACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGTGAA
ATGCGCAGAGATATGGAGGAACACCAGTGCCGAAGGCGACTTTCTGGTCTGTAACTGACGCTGATGTGCGAAGC
GTCGGGATCAACAGGATTAGATACCCTGTAGTCAACGCCGTACACTATGAGTGCTAGTGTTACGGGAGCTTCCC
GCCCCTTAGTGCTGCAGCTAGCGCATTCAGCATTCCGCCTGGGGAGTACGATCTGCAGTTGAAACTCACACGCA
CTGACGAGGCACCCGCACTATGCGTGAGCATGTAGATCAGTCCGAGCACGCTAGACTACTAATGCTGAAGTCGT
TCGACACTTAGAAATAGAGCCTTCGCCTCAGGGGACAAGGAATCGGGATGCATGACTGCGACACGTCCGAGTCT
GCATACCTAGTATTCGAACAGAGCATCTAGCTCAGTGCCTACATACTTCGACCTCTAACT

Nucleotide Sequence 1: Nucleotide sequence of Staphylococcus aureus strain KKP 3462 from Soy Milk Isolate

>B has 92.32% pairwise similarity with Staphylococcus aureus strain 2288 which has NCBI accession number CP026646.1

CAACGTCACTCTACGGATGACATGGCTCAGGTGCGCTGGAACACCCCTTTATAGTGTTAGCGGCGCCCGCGTG
CGTAACACGTGCCACTTATACCTATAAGACTGGGATAACTTCGGGAAACCGGAGCTAATACCGGATAATATTTT
GAACCGCATGGTTCAAAAGTGAAAGACGGTCTTGCTGTCACTTATAGATGGATCCGCGCTGCATTAGCTAGTTG
GTAAGGTAACGGCTTACCAAGGCAACGATGCATAGCCGACCTGAGAGGGTGATCGGCCACACTGGAACTGAGA
CACGGTCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGCGAAAGCCTGACGGAGCAACGC
CGCGTGAGTGATGAAGGTCTTCGGATCGTAAAACTCTGTTATTAGGGAAGAACATATGTGTAAGTAACTGTGCA
CATCTTGACGGTACCTAATCAGAGAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAG
CGTTATCCGGAATTATTGCGCGTAAAGCGCGCGTAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCACGGCTCAAC
CGTGGAGGGTCATTGGAAACTGGAAAACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGTGAAA
TGCGCAGAGATATGGAGGAACACCAGTGCCGAAGGCGACTTTCTGGTCTGTAACTGACGCTGATGTGCGAGAGC
GTGGGGATCTAACAGGATTAGATACCCTGCTAGTCCACGACGGTACACGATGAGTGCTAGGTGTTAGGGGGTTT
CCGGCCCCTTAGTGCTGCAGCTAACGCATTCAAGCATCTCCGTCTTGGGGGAGTACGATCTGCAAGGTTTGCAAC
TCAAAGGCAATTGGACGGGGCACCCCGCACTATGCGGTGGAGCATGTGAATTCAGTCTCCGAAGCAGCGCGAA
GCACCATTACTAATGGTATGACATTCTTTTGACTACTCTATGAGCATACGAGGCTTTCCCCTTCAGGGGACAGTG
ACATGGTGGATGCAATGACTGGTCGTCAGGCTCGAGTCGTAGTTATGCTTGGGTAGTCCGCAAACGAGGCGCAT
CCTTCAGGCTAGTTGCCATATTCAAGCTTGCATGCTTACGTTGAACGT

Nucleotide Sequence 2: Nucleotide sequence of Staphylococcus aureus strain 2288 from Soy Milk Isolate

>C has 94.8% pairwise similarity with Staphylococcus aureus strain 1dS-GIS36 which has NCBI accession number
MN784467.1

GGGTTATGTGTGTGTCTGGCTCAGGTGCGGTGGGACACCCCTTTATAGTTTGACCGGCTCGGGTGCGTGGGAC
CTCCCCCTTAAAAGTATAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAATATTTTGAACCGCA
TGGTTCAATAGTGAAAGACGGTTTCGGCTGTCACTTATAGATGGACCCGCGCCGTATTAGCTAGTTGGTAAGGT
AACGGCTTACCAAGGCGACGATACGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGAACTGAGACACGGTC
CAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGCGAAAGCCTGACGGAGCAACGCCGCGTGA
GTGATGAAGGTCTTCGGATCGTAAAACTCTGTTGTTAGGGAAGAACAAATTTGTTAGTAACTGAACAGTCTTGA
CGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGTAATACGTAGGTGGCAAGCGTTATCCG
GGAATTATTGGCGTAAAGCGCGCGTAGGCGATTTCTTAGTCTGATGTGAAGCCCACGCCTCAACCGTGAGGTCA
TTGAACTGGGAACTTGACTGCAGAGAGAGAGTGTATTCATGTGTAGCGTGAAATGCGCAGAGATATGAGACACA
AGTGGCGAAGCGCTCCTTCTGTCTGTACTGACGCTGAATGGCGAAGCGTGGGGATCAACAGATTAGATACCTGT
AGTCCACGCCGTAAACGATGAGTGCTACTGTAAGGGGGAC

Nucleotide Sequence 3: Nucleotide sequence of Staphylococcus aureus strain 1dS-GIS36 from Soy Milk Isolate
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7. Phylogenetic Relatedness of the Staphylococcus Aureus Isolates

The Phylogenetic relatedness of the Staphylococcus aureus isolated were determined. It was observed that the isolates were

genotypically related. This is shown in Figure 7.
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Figure 7. Phylogenetic Relatedness of the Isolates.

8. Discussion

Soy milk is a widely consumed plant-based beverage val-
ued for its nutritional benefits and affordability; However, its
high moisture content and nutrient-rich composition make it
highly vulnerable to microbial contamination. Inadequate hy-
gienic practices during processing and handling can lead to the
presence of pathogenic microorganisms such as Staphylococ-
cus aureus, which poses significant public health risks due to
its ability to produce enterotoxins capable of causing food-
borne illnesses. The total viable bacterial counts recorded for
the soy milk samples in Enugu North were as follows; Ogbete
market (2.3x10%cfu/ml), New market (1.6x10%cfu/ml), Old ar-
tisan market (1.1x10%cfu/ml); in Enugu South we had Old
Keyatta market (3.1x10%cfu/ml), New Keyatta (1.9x10%cfu/ml)
while in Enugu East we had; Abakpa (4.1x10%cfu/ml) and Ug-
wuogo Market (1.0x10%cfu/ml) (Table 1). There were statisti-
cally significant difference in the total viable bacterial counts
of soy milk samples obtained from various sampling locations
(f=181.83. p<0.001). This outcome indicated relatively low
microbial loads, suggesting that the products were prepared
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under fairly hygienic conditions except in Abakpa where we
noticed a slight increase in bacterial growth from the samples.
These values are within acceptable limits for ready-to-drink
beverages and are considerably lower than those reported in
several previous studies. [13] reported higher bacterial counts
in soymilk sold in Awka, Nigeria, with values reaching up to
8.2x10% cfu/ml, which was attributed to poor sanitary prac-
tices and post-processing contamination. Furthermore, [18]
recorded extremely high bacterial loads 5.3x103 cfu/ml in tra-
ditionally processed soymilk in Calabar, Nigeria. Overall, the
lower bacterial counts observed suggest improved hygiene
and processing methods; however, continuous monitoring and
strict sanitary practices are necessary to prevent microbial
contamination and ensure consumer safety.

The present study revealed that out of fifty (50) soy milk
samples, 42 (84%) were Staphylococcus aureus and 8 (16%)
were negative (Table 2). The predominance of Staphylococcus
aureus over other bacterial isolates like E. coli, Coliform and
Salmonella spp, suggests possible contamination from han-
dlers, equipment, or the environment, as these organisms are
common skin and nasal flora [2]. [16], also isolated Staphylo-
coccus aureus from raw milk sold in different markets of


http://www.sciencepg.com/journal/ijfet

International Journal of Food Engineering and Technology

http://www.sciencepg.com/journal/ijfet

Bangladesh. [18] also identified Staphylococcus aureus as
dominant isolate, attributing its presence to poor hygiene dur-
ing processing.

The present study showed that out of 42 (84%), 30 (60%)
were coagulase-positive Staphylococcus aureus and 12 (24%)
were coagulase-negative Staphylococcus aureus (Table 3).
This result is in line with work of [2] who identified coagu-
lase-positive Staphylococcus aureus. The presence of these
bacteria could be as a result of post- processing contamination
from handlers or poor hygiene.

The agarose gel electrophoresis result shows clear amplifi-
cation of the 16S rRNA gene at approximately 1500 bp for all
isolates (lanes A, B and C) (Figure 1), confirming the success-
ful molecular identification of Staphylococcus aureus from
soy milk samples. The presence of distinct bands at the ex-
pected size agrees with standard reports that the bacterial 16S
rRNA gene is about 1.5 kb and is widely used for species-level
identification [9]. Similar findings were reported by [18], who
demonstrated that 16S rRNA PCR reliably confirms S. aureus
isolates from food sources.

Comparable studies by [16] recorded positive PCR ampli-
fication of S. aureus from soymilk and other dairy products,
indicating frequent contamination. Furthermore,[6] identified
S. aureus from mastitic milk validating PCR as a sensitive and
specific method. The molecular results supported the cultural
and biochemical identification, confirming the presence of S.
aureus in the soy milk samples and highlighting potential pub-
lic health risks associated with poor hygienic handling.

The PCR amplification results revealed the presence of
staphylococcal enterotoxin genes SEA (102 bp), SEB (478 bp),
SEC (451 bp), SED (278 bp) and SEE (209 bp) in the Staphy-
lococcus aureus isolates from soy milk (Figures 2-6). The clear
bands observed in lanes A-C and absence of amplification in
the negative control confirm the specificity of the primers and
reliability of the PCR assay. These findings indicated that the
isolates possess multiple enterotoxin genes, suggesting a high
pathogenic potential and possible risk of food poisoning if con-
sumed. Similar detection of enterotoxin genes in S. aureus from
food samples was reported by [21], who identified SEA and
SEB toxins associated with foodborne outbreaks. Comparable
studies by [19] and [7] also reported frequent occurrence of
SEA, SEB and SEC genes in dairy and ready-to-eat foods. In
Nigeria, [13] detected multiple enterotoxin genes in S. aureus
isolated from soymilk and other street-vended foods. [30] de-
tected SEA (180 bp) and SED (317 bp). Collectively, these find-
ings are consistent with previous studies and emphasize the
public health significance of monitoring enterotoxigenic S. au-
reus in plant-based beverages.

The DNA sequence analysis revealed high pairwise simi-
larities of 94.14%, 92.32% and 94.8% for isolates A, B and C,
respectively, with reference Staphylococcus aureus strains de-
posited in the NCBI database (Nucleotide sequences 1, 2 and
3)). These similarity values confirm the molecular identity of
the isolates as S. aureus and demonstrate the reliability of 16S
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rRNA gene sequencing for bacterial identification. Compara-
ble levels of sequence similarity have been reported by [17]
and [9], who emphasized the effectiveness of 16S rRNA se-
quencing in differentiating closely related bacterial species.
Similar molecular confirmation of S. aureus from food sam-
ples was also reported by [19], supporting the accuracy of the
present findings.

The present study showed the phylogenetic relatedness of
the isolates (Figure 7). This helps in classifying and trancing
the evolutionary relationships of the bacteria as well as tranc-
ing their transmission pathways and virulence profiles. [22]
Identified the genetic relationship between the isolates sug-
gesting that organism can move from location to another ei-
ther by human activities or otherwise. This study is in line with
the work of [29] whose phylogenetic analysis revealed a high
degree of genetic similarity between the isolated strains of
Staphylococcus aureus.

9. Conclusion

This study demonstrates that soy milk sold within the study
area contained relatively low microbial loads, suggesting im-
proved hygienic practices during processing and handling.
However, the isolation and molecular confirmation of Staphy-
lococcus aureus, alongside the detection of multiple enterotoxin
genes, indicate a significant public health risk. The presence of
enterotoxigenic strains confirms the pathogenic potential of the
isolates and highlights the limitations of relying solely on mi-
crobial counts to assess food safety. These findings underscore
the systemic toxicity of S. aureus enterotoxins and emphasize
the need for strict sanitary practices, effective heat treatment
and continuous monitoring of soy milk to prevent foodborne ill-
ness and ensure consumer safety.
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