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ABSTRACT:  

Escherichia coli plays a significant role in various diseases, contributing to substantial morbidity and 

mortality among children and adults. Its enterotoxins are key virulence factors, highlighting the need 

for understanding its pathogenic mechanisms and developing effective prevention and treatment 

strategies. This study investigated the enterotoxigenicity potentials of Escherichia coli (E. coli) strains 

isolated from ready-to-eat powdered soybean samples in Nnewi South, Anambra State. Two hundred 

soybean samples were collected and screened for E. coli using microbiological techniques. Five E. coli 

strains (SEC470, V266, SUS9EC, O157:H7 SS52, and O157:H7 Sakai) were isolated and evaluated for 

heat-stable enterotoxin production using the intragastric method in suckling mice. The study revealed 

significant differences (p ≤ 0.05) in gut/body ratio (G/B) and fluid accumulation ratio (FAR) among the 

isolates. Notably, ECSEC470, ECOHSS52, and ECOH Sakai showed significant (p ≤ 0.05) production 

of heat-stable enterotoxins, with G/B ratio and FAR values ≥ 0.065 and ≥ 0.070, respectively. 

ECOHSS52 recorded the highest values, indicating potent enterotoxin production. The study highlights 

the presence of enterotoxigenic E. coli strains in soybean samples, posing a potential health risk to 

consumers. These findings emphasize the need for proper handling and processing of soybean products 

to prevent contamination and ensure food safety. 

 

INTRODUCTION 

The consumption of ready-to-eat foods has surged in 

popularity due to convenience, but this trend has 

raised concerns regarding food safety [1]. One such 

food that has gained recognition is powdered 

soybean, which is utilized in various culinary 

applications and is rich in protein and nutrients. 

However, improper handling, inadequate cooking, 

and improper storage can lead to contamination by 

pathogenic microorganisms, including E. coli. Prior 

studies have indicated that soybean products can 

serve as a vehicle for E. coli transmission, especially 

when produced under unsanitary conditions [2].  

Escherichia coli (E. coli), a bacterium belonging to 

the Enterobacteriaceae family, is well-known as a 

predominant commensal organism that resides in the 

gastrointestinal tracts of warm-blooded animals and 

people. In its commensal role, E. coli plays a 
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beneficial part in digestive processes and contributes 

to the overall health of its hosts, with a relationship 

that is generally non-pathogenic [3]. Among the 

pathogenic strains, enterotoxigenic E. coli (ETEC) 

is recognized as a predominant cause of diarrhoea, 

particularly in developing countries and among 

travelers [4]. ETEC produces enterotoxins that 

irritate the intestinal lining, ultimately leading to 

fluid secretion and diarrhoea. The public health 

implications of ETEC infections are particularly 

acute due to their association with foodborne 

illnesses, especially from contaminated food 

products [5]. 

Soybean powder is made from soybeans (Glycine 

max), a legume native to East Asia known for its 

edible seeds rich in phytic acid, minerals, and B 

vitamins. A major byproduct is soybean oil, which is 

used in culinary and industrial applications. 

Soybeans are also a key protein source for livestock, 

contributing to the human food supply [6]. Soybean 

milk offers health benefits, including reducing 

cholesterol levels and lowering cardiovascular 

disease risk [7]. 

The production process includes cleaning, cracking, 

grinding, oil extraction, and impurity removal [8]. 

However, powdered soybeans may carry food safety 

risks, particularly from contamination with 

Escherichia coli (E. coli), which can survive in 

powdered products and form biofilms resistant to 

environmental stressors [9, 10]. 

The enterotoxigenicity of E. coli strains isolated 

from food sources is a critical aspect of 

understanding the potential health risks associated 

with consuming these products. The assessment of 

different E. coli strains regarding their enterotoxin 

production is essential not only for public health 

surveillance but also for regulatory purposes to 

ensure food safety [11]. Various serotypes of E. coli 

possess different virulence factors, and the 

identification of enterotoxigenic strains from ready-

to-eat powdered soybean can provide insights into 

the prevalence and potential outbreak sources of 

food-borne illnesses. 

 

 

MATERIALS AND METHODS 

Isolation and Characterization of Escherichia 

coli from the Soybean Samples: Ready-to-eat 

soybean samples were randomly collected from 

different locations in Nnewi South, Anambra State, 

Nigeria. This was carried out using the modified 

method of [12]. One gram (1.0 g) of each sample 

was first measured and dissolved in 10 ml of sterile 

distilled water. One milliliter of the aliquot was 

aseptically plated on Eosin Methylene Blue agar 

(EMBA/Biotech) using the pour plate technique. All 

the plates in triplicate were incubated inverted at 

44.5±2°C for 24 h for E. coli. The isolates were sub-

cultured on nutrient agar (Biotech), incubated in an 

inverted position at 37˚C for 24 h. The isolates were 

characterized and identified using their colonial and 

morphological descriptions [12], biochemical 

reactions [12, 13] and molecular characterization 

[14, 15, 16]. The colonial description aimed to 

identify the colors of the isolates on agar media 

plates, as well as their sizes, edges, consistencies, 

and optical properties.The objective of the colonial 

description was to determine the isolates' colors on 

agar medium plates in addition to their sizes, edges, 

consistencies, and optical characteristics. 

Preparation of the test Isolates: This was carried 

out using the method of [17, 18, 19, 20]. Broth 

cultures of the isolates were centrifuged at 3000 rpm 

for 10 minutes. The sediments were diluted with 

sterile phosphate buffer saline (PBS) and adjusted to 

1.50 ×108 cells/ml using 0.5 McFarland matching 

standard prepared by mixing 0.5 ml of 1.175% 

BaCl2.2H2O and 99.5 ml of 1% concentrated 

H2SO4. 

Suckling Mice Test for Enterotoxigenicity: This 

process was carried out using the approach that 

Asiton et al. [21] outlined. Shortly before to the 

experiment, six groups of five nursing mice each 

were created by separating the one- to three-day-

olds from their mothers. The mice were 

intragastrically inoculated with 0.1 ml of the 

prepared cells using syringes without needles. All 

the inoculated mice were kept at room temperature 

(30±2°C) for 4 h, after which they were killed with 

chloroform. The gut (intestine) was surgically 

removed from the body, and each was weighed 
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separately. The fluid accumulation (FA) ratio 

(weight of entire intestine/ total body weight-weight 

of intestine) of each animal was calculated. The 

gut/body ratio was also calculated. 

Statistical Analysis: The results of the data 

generated were expressed in Tables. The 

significance of the study was determined using 

Analysis of variance (ANOVA) at a 95% confidence 

level. Pairwise comparison was carried out in an 

Excel sheet using Student “t” test [22] 

RESULTS 

The results of the study showed that the quality of 

nucleic acids (DNA) extracted from the isolates was 

pure as the ratios of the absorbances A260/A280 

were within the stipulated range 1.80-1.90 (Table 1). 

The results of the sequencing of 16s rRNA using 

universal primer (16s) revealed the presence of 

Escherichia coli strain SEC 470 (ECSEC470) 

(isolate X1), Escherichia coli strain V266 (ECV266) 

(isolate X2), Escherichia coli strain SUS9EC 

(ECSUS9EC) (isolate X3), Escherichia coli 

0157:H7 strain SS52 (ECO157:H7SS52) 

(isolateY1) and Escherichia coli 0157:H7 strain 

Sakai (ECO157:H7Sakai) (isolate Y2) (Table 2). 

Table 1: Quality of nucleic acid (DNA) used for the study 

Sample Concentration of Nucleic acid (ng/µL) A260 A280 260/280 

X1 109.80 0.2438 0.1340 1.82 

X2 119.70 0.3459 0.1880 1.84 

X3 128.40 0.3571 0.1920 1.86 

YI 117.10 0.3312 0.1820 1.82 

Y2 108.50 0.2239 0.1239 1.85 

 

Table 2: Molecular identities of the isolates 

Isolate Max 

score 

Total 

score 

Query 

Cover 

Gap Identity Accession 

Number 

Description 

X1 1297 1297 100% 0% 96% CP007594.1 Escherichia coli strain SEC470 Complete 

genome 

X2 1290 1290 100% 0% 99% LC056477.1 Escherichia coli strain V266 Complete 

genome 

X3 1190 1190 100% 0% 99% KF991482.1 Escherichia coli strain SUS9EC Partial 

genome 

Y1 2856 2967 100% 0% 100% CO010304.1 Escherichia coli 0157:H7 strain SS52 

Complete genome 

Y2 2844 2844 100% 0% 100% CP011428.1 Escherichia coli 0157:H7 strain Sakai 

Complete genome 

 

The enterotoxigenicity among the isolates using the 

suckling albino mice is displayed in Table 4.When 

the gut/body weight (G/B) ratio is greater than 0.065 

and above, the isolate is significant for enterotoxin. 

Also, when the fluid accumulation is greater than 

0.070 and above, what was isolated is significant for 

enterotoxin. The present study showed that 

ECSEC470, ECOHSS2 and EC0H Sakai were 
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significant (P<0.05) for enterotoxin after 4 h (Table 

5). ECV266 showed a slight positive result after 4 h 

of exposure of the mice to the organism. 

ECSUS9EC and control were non-significant 

(P>0.05) to enterotoxins after 4 h exposure (Table 

4). It was observed that all the SOR-negative strains 

isolated from the soybean samples were 

significantly to heat-stable than enterotoxin when 

compared to SOR-positive strains. Additionally, 

ECOHSS2 was significantly (P<0.05) the most heat-

stable enterotoxin-producing strain compared to 

other heat-stable enterotoxin-producing strains 

encountered in this study. 

Table 3: Enterotoxigenicity study of the isolates 

Parameter ECSEC470 ECV266 EC SUS9EC ECOHSS2 ECOH Sakai Control 

BW(g) 1.815 1.840 1.820 1.830 1.820 1.850 

GW (g) 0.118 0.117 0.102 0.123 0.119 0.101 

FAR 0.070 0.068 0.059 0.072 0.070 0.058 

G/B 0.065 0.064 0.056 0.067 0.065 0.055 

Inference + +/- - + + - 

BW: Body Weight; GW: Gut Weight; FAR: Fluid 

Accumulation Ratio; G/B: Gut weight/Body weight; 

FAR GW/BW-GW: FAR is positive when the value 

is ≥ 0.070, G/B is positive when the value is ≥ 0.065. 

ECSEC470-Escherichia coli strain SEC470; 

ECV266- Escherichia coli strain V266 

ECSUS9EC- Escherichia coli strain SUS9EC; 

ECOHSS52- Escherichia coli 0157:H7strain SS52, 

ECOH Sakai- Escherichia coli 0157:H7 strain Sakai 

Discussion 

The characteristics and identities of the isolates 

from roasted meat samples in this study are in line 

with the report of [23], who worked on 

biochemical characterization for E. coli. The presence 

of Escherichia coli SEC470, Escherichia coli V266, 

Escherichia coli SUS9EC, Escherichia coli O157:H7 

SS52 and Escherichia coli O157:H7 Sakai from the 

studied soyabean samples supported the occurrence 

of Escherichia coli in the samples. Traditionally, 

the laboratory detection of Escherichia coli has 

relied on non-selective and/or selective 

enrichment and subsequent culture on selective 

media. The debut of molecular techniques provides 

a more sensitive and rapid technique for detecting 

these organisms. Escherichia coli strains were 

initially identified using primers derived from the 

nucleotide sequences flanking the gene encoding the 

universal stress protein (usp A) and were found to be 

highly specific for E. coli strains. No amplification 

was observed from any of the non-E. coli Gram-

negative bacteria were tested. Chen and Griffiths [24] 

reported the detection of usp A from E. coli isolated 

from food samples. 

The enterotoxigenicity study was ascertained using 

the fluid accumulation ratio (FAR) and gut-body 

weight ratio (G/B). The presence of enterotoxin 

among the studied organisms reported the findings 

of many researchers [21, 25, 26]. The enterotoxin 

produced by these organisms shows that the 

organisms have the potential to produce heat-

stable enterotoxin [27]. The heat-stable enterotoxin 

is not destroyed by heating at 100°C for 30 minutes, 

and it activates guanylate cyclase, causing the 

increased production of cyclic guanosine 

monophosphate (cGMP) and subsequent 

hypersecretion [27]. Also, for organisms to 

produce heat-stable enterotoxin intragastrically 

in suckling mice signifies that the heat-stable 

enterotoxin is truly type 1 (ST-1) [27]. The inability 

of ECV266 and ECSUS9EC to produce toxins after 

4h exposure could be attributed to the difference in 

the stability of the toxin in solution [21] or the length 

of time of exposure. It could also be that the 

mechanisms other than the production of 
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enterotoxin are responsible for their pathogenic 

activity, although the isolates are from food samples 

which were contaminated either by environmental 

factors [21]. 

CONCLUSION 

This study has confirmed the presence of various 

Escherichia coli strains, including SEC470, V266, 

SUS9EC, O157: H7 SS52, and O157:H7 Sakai, in 

soybean samples. Notably, these strains produced 

heat-stable enterotoxins in infected rats, with 

ECO157:H7 SS52 exhibiting the highest 

enterotoxin production. These findings highlight the 

potential health risk associated with consuming 

contaminated soybean products and underscore the 

importance of proper food safety measures. 
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