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Abstract: Diarrhoeal diseases remain a major public health problem and are among the
leading causes of morbidity and mortality in children, particularly in developing countries.
Among the bacterial pathogens associated with childhood diarrhoea, Escherichia coli is
frequently 1implicated, with diarrhoeagenic strains contributing significantly to
gastrointestinal infections. Although the infection can be treated with antibiotics however
the emergence of multi antibiotic-resistant E. coli has complicated treatment therefore the
need for alternative antibacterial therapies. This study therefore evaluates cheese whey for
antibacterial activity against diarrhoeagenic E. coli isolated from stool samples of
diarrhoeic children in the bid of searching for alternative therapies for treating bacterial
diarrhoea caused by E. coli. The influence of types of coagulants in whey production on its
antibacterial properties was also studied. A total of 55 stool samples was collected from
diarrhoeal children at selected primary health centers and government hospitals in Owo,
Ondo State, Nigeria. The collected stools were analyzed using standard microbiological,
biochemical and molecular techniques to identify the types of bacteria present. The
antibiogram profile of the isolated E. coli was determined using standard microbiological
assays. The antibacterial activity of commercially prepared whey (CPW) was compared
with that of the laboratory prepared whey (LPW) against the isolated E. coli using agar well
diffusion assay. So also the effect of types of coagulants used in the production of whey on
its antibacterial activity using standard methods. E. coli was isolated in 47.3% of the stool
samples examined. Other bacterial species isolated are Staphylococcus aureus (21.8%),
Pseudomonas aeruginosa (16.4%), and Salmonella enterica (14.6%). The antibiogram
profile of the isolated E. coli revealed high levels of multi-antibiotic resistance (MAR)
index (0.4-1.0) among the isolates to pefloxacin, amoxicillin, augmentin and streptomycin
but were susceptible to ciprofloxacin. CPW demonstrated antibacterial activity against
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some of the isolated E. coli whereas LPW exhibited broader and stronger antibacterial
activity on all the test E. coli isolates except one. The inhibition mediated by LPW was
superior to that mediated by ciprofloxacin on 7 (26.9%) of the E. coli isolates and was at
per with the inhibition mediated by ciprofloxacin on most of the E. coli isolates. Whey
prepared using Calotropis procera as coagulant showed the highest growth inhibitory
activity compared with whey prepared using lime and alum. The findings demonstrate that
cheese whey possesses antibacterial properties against the isolated diarrhoeagenic E. coli,
with efficacy influenced by coagulant type. Therefore, cheese whey can be explored in the
development of a more effective antibacterial drug that can be exploited in the management
of diarrhoea caused by E. coli especially in the absence of ciprofloxacin which is the most
effective antibiotic against the isolated diarrhoeagenic E. coli.

Keywords: Diarrhoeagenic Escherichia coli, Antibiogram profile, Cheese whey,
Antibacterial activity.

INTRODUCTION

Diarrhoeal diseases still constitute one of the most important public health concerns
around the globe, especially among infants and toddlers in less developed nations (Behera
& Mishra, 2022). Even though there have been substantial developments made regarding
the provision of health services, sanitation, and prevention measures, diarrhoea still
contributes to the ill health and deaths of many children around the world. According to the
World Health Organization (WHO) (2024), diarrhoeal diseases are one of the top
contributors to deaths in children below five years old. The impact of this illness is
particularly high in low-and-middle income nations due to factors such as poor sanitation,
contaminated water, lack of hygiene, malnutrition, and lack of access to health care services
which can facilitate the spread of enteric pathogens (Taviani & Pedro, 2022).

Some microorganisms like bacteria, viruses, and protozoans can cause diarrhoea.
Out of these microbes, the bacteria known as Escherichia coli (E. coli) is highly regarded
due to its common presence and the potential to cause different gastrointestinal infections.
While some strains of the E. coli bacteria occur naturally as nonpathogenic symbionts in
the intestines of both human beings and animals, other strains of the same bacteria have the
potential to cause disease due to their virulence. Such bacteria are classified under
diarrhoeagenic Escherichia coli (DEC) and are recognized as the important etiological
agents of diarrhoea worldwide (Makarova, 2023).

Diarrhoeagenic E. coli includes various types like enteropathogenic E. coli (EPEC),
enterohaemorrhagic E. coli (EHEC), enterotoxigenic E. coli (ETEC), enteroaggregative E.
coli (EAEC), enteroinvasive E. coli (EIEC), and diffusely adherent E. coli (DAEC)
(Makarova, 2023). Various virulence genes are found in each type of E. coli, which help
them adhere, colonize, produce toxins, invade tissues, and develop the disease. Common
virulence genes that include eacA, hlyA, bfpA, aggR, and aaiC are usually considered
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molecular markers in identifying pathogenic E. coli (Kumawat & Sharma, 2025). Their
existence is normally associated with the virulence capabilities of the organism and their
ability to cause diarrhoea.

Antibiotic therapy is common in the management of bacterial diarrhoea, which is
usually accompanied by supportive treatment where necessary (Dereje et al., 2023).
Unfortunately, the efficiency of antibiotic therapy has been hampered by the growing issue
of antimicrobial resistance. The improper prescription and use of antibiotics by patients, the
extensive use of antibiotics on animals for meat production purposes, and poor patient
compliance with the prescribed treatment plans have all led to resistant pathogens
becoming more common. Enteric bacteria, such as diarrhoeagenic E. coli, have thus
become resistant to various antibiotics, making treatment more difficult and multiplying the
risk of complications and mortality (Biswas et al., 2024). This issue which has evolved
into a global public health problem therefore necessitates new solutions for the control of
bacterial infections (Zulfkar et al., 2025). In searching for new therapies naturally occurring
antimicrobials isolated from plants, microorganisms, and food sources have attracted a lot
of research interest because of their low toxicity, wide availability, and low resistance
induction capability. Among these alternatives, one particular source of naturally occurring
antimicrobials is dairy products which has emerged as a promising source of bioactive
compounds with antimicrobial properties (El Alami et al., 2025).

Cheese Whey is the byproduct of cheese and casein production that remains after
the selective coagulation of casein (Eugter et al., 2012). Whey is yellowish green in color
and contains water, lactose, whey proteins, minerals, vitamins, and different types of
bioactive compounds. It contains key health-promoting proteins and peptides—such as
immunoglobulins, bovine serum albumin, a-lactalbumin, and B-lactoglobulin—that act as
antimicrobial, antioxidant, and immune-modulating agents in the body (Vildan et.al., 2023).
The amount of whey is about 85%-90% of milk and comprises almost 50% of the total
nutritional value of milk. For a long time, whey has been regarded as a waste product in
the dairy industry, leading to environmental contamination owing to its high organic matter
content. However a variety of researches show that whey has a variety of functional
characteristics, such as antioxidant, immuno-modulating, anti-inflammatory, probiotic, and
antimicrobial effects (Adebolu & Olorunfemi, 2016; Ashraf et al., 2025). The antimicrobial
properties of whey are mainly due to the presence of various bioactive substances, such as
lactoferrin, lactoperoxidase, immunoglobulins, bacteriocins, hydrogen peroxide, organic
acids, and antimicrobial peptides generated by lactic acid bacteria (Luparelli ef al., 2025).
These substances may inhibit various pathogens by means of different mechanisms, such as
membrane destruction, nutritional depletion, inhibition of metabolism, and formation of
inhibitory metabolites (Malos et al., 2025). Although there are studies indicating that whey
can be used for antimicrobial purposes (Adebolu & Olorunfemi, 2016), yet there is scant
literature regarding the antibacterial activity of whey prepared using different coagulants on
diarrhoea-producing E. coli. Therefore, the aim of this study was to investigate the
antibiotic susceptibility pattern of the isolated diarrhoeagenic strains of Escherichia coli in
this study, assess the antibacterial properties of cheese whey prepared using traditional
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technology and control laboratory procedures using different coagulants against the
pathogen. In addition, the roles played by the different metabolites produced by lactobacilli
isolated from the whey samples on the antibacterial activity of whey on the test bacteria
was evaluated. The findings of this research are expected to help develop better alternatives
for the treatment of bacterial diarrhoea exploring cheese whey which is normally discarded
as a waste product.

METHODOLOGY
Collection of stool samples, isolation and identification of bacteria present

Prior to the commencement of this study, Ethical Clearance Certificate
(OSREC/16/07/2025/1047) was collected from the appropriate health authority at the
Ministry of Health, Akure, Ondo State, Nigeria. Stool samples (n = 55) was then collected
from the patients that reported to the selected hospitals and primary health centres in Owo,
Ondo State with the complaints of diarrhoea and fever and who gave their consent to
participate in the study. Each stool sample was serially diluted and 1ml was taken from the
10 dilution and cultured on Nutrient Agar plate under sterile conditions. It was then
incubated at 37°C for 18-24 hours. After incubation, the plate was observed for bacterial
growth. Colonies were picked with sterile inoculating loop and subcultured on Eosin
Methylene Blue (EMB) Agar and MacConkey Agar (MAC). Colonies with a green metallic
sheen was picked on EMB and pink, round, medium-sized colonies was picked on MCA,
for Gram’s staining and biochemical tests to confirm E.coli (Cheesbrough, 2006: Tille,
2017). All the other colonies were also subjected to both Gram’s staining and biochemical
tests for their identification. Molecular classification of the isolated E. coli was carried out
using PCR by amplifying specific genes associated with virulence and pathogenicity. The
following genes; eacA, bfpA and hlyA were amplified in three of the isolates using
standard protocols.

Antibiotic Susceptibility Test

Mueller Hinton Agar (MHA) was prepared and poured into sterile Petri dishes. It
was allowed to solidify and dry. The standardized E. coli inoculum using McFarland
method was swabbed uniformly on the MHA plate. Standard antibiotic discs was placed on
the swabbed plates and the plates were incubated at 37°C for 18 hours. The diameter of
inhibition zones was measured. The results were interpreted using to CLSI guidelines
(2024).

Source of Commercially produced cheese whey

The commercially produced whey (CPW) used in this study was sourced from
Fulani women who produce cheese in Owo town, Ondo State, Nigeria. The whey was
collected into sterile containers and transported to the laboratory for growth inhibitory
activity on the isolated E. coli and other tests such as pH determination and titratable
acidity assay.
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Production of Cheese whey in the Laboratory using different coagulants

Fresh raw milk from a healthy cow was bought from cattle sellers in Owo, Ondo
State, Nigeria and was divided into three portions (A, B, C). Each portion of the milk was
poured into three different clean pots and heated until warm (45°C). Into the first portion of
the milk (A), undiluted juice of Calotropis procera leaves was gradually added and stirred
gently. Lime juice was gradually added to the second portion (B) of the warm milk while
Alum water was gradually added to the third portion (C) of the warm milk. As the milk was
gently stirrred, curds (cheese) begin to form leaving the liquid part which is the whey. The
curds were carefully separated from the liquid using clean cheese cloth. The liquid part was
used for the study.

Evaluation of the Antibacterial activity of commercially prepared whey (CPW) and
laboratory prepared whey (LPW) on the isolated E. coli

Mueller Hinton Agar (MHA) was prepared, poured into Petridish plates and
standardized E. coli inoculum using McFarland method was swabbed on the surface of the
agar. For the evaluation of the antibacterial activity of freshly prepared CPW on the
isolated E. coli, three 6 mm diameter wells were punched on different locations on the agar.
The first well (A) was filled with 0.5mL of the whey sample, the second well (B) was filled
with 0.5mL amoxicillin and the last well (C) was filled with 0.5mL ciprofloxacin. Both
amoxicillin and ciprofloxacin served as control. For the comparative antibacterial activity
of freshly prepared CPW and LPW, three 6mm diameter wells were bored on another MHA
agar and 0.5mL CPW was introduced into well 1, 0.5mL LPW was introduced into well 2
and Ciprofloxacin into the third well. All the plates were incubated at 37°C for 24h and the
zones of inhibition were measured using a transparent ruler. For the effect of fermentation
duration and temperature of holding on the antibacterial activity of CPW on the isolated E.
coli, two 6mm diameter wells were bored into another MHA plate and the different whey
samples were added into the wells as follows: Well 1, 24h fermented whey at 4°C and well
2, 24h fermented whey at 36°C. The plates were incubated as earlier described and zones of
inhibition measured. This was repeated daily for 7 days using the fermented whey held at
the two temperatures. All assays were carried out in triplicates.

Evaluation of the Bio-metabolites in Whey for Antibacterial activity

For this assay, the types of bacteria in whey was first isolated and identified from
72h fermented whey using standard microbiological tests including culturing whey on
Man, Rogosa and Sharpe agar (MRS) for growth of Lactic Acid Bacteria (LAB). The
isolated LAB was maintained in MRS broth and incubated for 24 hours at 37°C and then
centrifuged at 5000rpm for 10mins. The cell free supernatant (CFS) was collected and
filtered using 0.22um membrane to sterilize it. To assess the antibacterial activity of the
CFS, the procedure of El Ahmadi et al. (2025) was used. In the procedure, the CFS was
divided into four tubes and treated as follows:

« Tube I: To get bacteriocin — catalase and NaOH were added
* Tube 2: To get Hydrogen peroxide — Trypsin and NaOH were added
» Tube 3: To get Organic acid — Trypsin and catalase were added
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* Tube 4: To block the Hydrogen peroxide, Organic acid and Bacteriocin — catalase,
NaOH and Trypsin were added. After this, E. coli inoculum was swabbed on MHA
plates. Four 6 mm diameter wells were punched in the agar, each well was filled with
0.5ml of the content of each tube and the plate was incubated at 37°C for 18 hours.
Zones of inhibition was looked out for and measured accordingly. All assays were
carried out in triplicates. Data are presented as mean + standard deviation, analysed by
one-way ANOVA with Duncan's Multiple Range Test (p < 0.05) in IBM SPSS Statistics
v23.

RESULTS

Types and Frequency of Occurrence of Bacteria Isolated from Stool Samples of
Diarrhoeic Children

Four different types of bacterial species were isolated from the stool samples
worked on. These are Escherichia coli, Staphylococcus aureus, Salmonella enterica and
Pseudomonas aeruginosa. The percentage frequency of occurrence is shown in Table 1.
Escherichia coli was the most frequently encountered bacterial species. It was isolated in
26 (47.3% ) of the total stool samples examined. Staphylococcus aureus was isolated in 12
of the stool samples representing 21.8% occurrence, Pseudomonas aeruginosa in 9 of the
stool samples with 16.4% occurrence while the lowest occurrence was observed with
Salmonella enterica in only 8 of the isolates representing 14.6% occurrence of the total
isolates.

Molecular Identity of the E. coli Isolated from the Stool Samples

The following virulence genes; eacA, bfpA and hlyA were successfully amplified in
the test organisms. Virulence genes eacA and bfpA were observed in all the isolates tested
and hlyA gene in 2 of the isolates. The molecular identity of the E. coli isolated evaluated is
shown in Plates 1a — c. Plate 1 (a) shows the amplification of the virulence gene, eaeA,
which had an estimated band size of 917 base pairs. The gel indicated the successful
amplification of the eaecA gene for all the selected isolates. Plate 1 (b) displays the
amplification of the virulence gene, hlyA, which had an estimated band size of 199 base
pairs in which successful amplification was achieved only for samples 1 and 3.

Antibiogram Profile of the isolated E. coli from the Stool Samples

Table 2 shows the antibiogram profile of the isolated E. coli from stool samples of
diarrhoeic children against ten commonly used antibiotics. The result showed that the
isolates had different degrees of susceptibility, intermediate and resistance to the tested
antibiotics. The isolates were highly susceptible to Ciprofloxacin (CPX) with several
isolates showing diameters of zones of inhibition higher than the susceptibility cut-off of >
21.0 mm (CSLI, 2025). This shows that ciprofloxacin was the most effective antibiotic
against the E. coli isolates tested. Isolates PHG1, SLH2, PHS2, GHO2, PHI2, PHI4,
PHY2i, GHO3, PHJ2, SLH2a and PHK9 were highly sensitive. Some of the isolates
displayed intermediate susceptibility or resistance to antibiotics such as Gentamicin (CN),
Tarivid (OFX), Sparfloxacin (SP), Septrin (SXT) and Pefloxacin (PEF).
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Table 1: Frequency of Occurrence of the Isolated Bacteria from the Stool of Diarrhoeic Children

Bacterial Species Total No. of Samples No. Positive % Positive
Escherichia coli 55 26 473
Staphylococcus aureus 55 12 21.8
Salmonella enterica 55 8 14.6
Pseudomonas aeruginosa 55 9 16.4
(a) (b) (c)
Mk1 2 3 buff Mk1 2 3 buff Mk 1 2 3 buff

eaeA 917b

hiyA 199bp bfpA 326bp

Plate 1: Agarose Gel Electrophoresis of the PCR products of virulence genes (eae, hlyA, bfpA) Amplified from Selected E. coli
isolates (Band sizes approximately 917bp, 199bp,326bp respectively).
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Bacterial
Diameter of Zone of Inhibition (mm)
Code
A B C D E F G H 1 J

$=15 S>18 S>18 $>24 S>18 $>19 $>15 S>16 $>21 $>16

1-13-14 1-14-17 I-13-17 1-0 1-14-17 1-16-18 I-12-14 I-13-15 1-17-20 I-11-15

R<12 R<13 R<12 R=<23 R<13 R<15 R<11 R<12 R<16 R<10
PHGI1 15.8+0.4° 13.0+1.0° 15.7+0.6 16.7+£1.2° 14.0+0.0° 17.7£0.6° 14.3£0.6° 15.7+0.6¢ 22.3+0.1* 18.3+0.6*
SLH2 15.2+0.9* 10.7£1.2¢ 12.7£2.5¢ 17.0+1.0° 12.0+0.0° 16.7£2.1* 14.0+0.0* 16.3+0.6* 21.7£1.5¢ 19.0+1.0°
PHS2 13.0£2.7° 7.3+6.4° 12.7£3.1° 13.3£3.1° 12.0+1.7¢ 14.0£2.0° 3.3+5.8° 15.7£2.5¢ 23.0+3.5° 8.7+8.1%
GHO2 16.3+£0.6° 14.0+0.0* 14.0+0.0° 17.3+3.2° 13.0+£0.0° 13.0+£3.0° 7.0£6.1° 16.3£1.5° 22.7£2.5° 17.0+0.0*
PHI1 13.2+1.0* 16.7£1.5* 13.3£1.2¢ 15.0£1.0* 15.7+1.2° 16.0+2.0° 8.7£7.6° 14.0+2.0¢ 21.0£2.0¢ 15.3£1.2%
SDH7 13.4+0.8° 10.3+9.5° 15.3+1.5° 16.3+0.6 13.3+1.5° 17.0£1.0° 0.0+0.0° 14.0+1.7¢ 12.0+0.0° 16.3+0.6
PHI2 14.0+0.0* 4.3+7.5° 14.7£1.2¢ 16.7+£3.1° 11.0+£2.7° 16.0+£0.0° 10.3+9.2° 14.7+2.9* 23.0£1.0° 10.7+1.2°
PHI4 9.0+1.7* 7.3£6.9* 11.0£1.0° 7.74£5.8° 7.7£6.4* 10.7+£1.2° 10.7+£1.2° 7.7+6.4° 22.0+0.1¢ 3.3+5.8¢
PHK1 4.9+4.1° 3.3+5.8° 12.0+2.7° 6.7+5.8° 3.3+5.8° 3.3+5.8° 3.3+5.8° 11.0£0.0° 15.3+0.4° 7.3+6.4°
PHK2 4.3+7.5° 0.040.0° 11.3£1.2* 6.7+5.8° 10.7+1.2° 11.342.3¢ 3.345.8¢ 11.3£1.2° 23.3+0.5° 0.0+0.0°
PHK3 10.9+1.0° 4.0+£6.9° 10.0+£0.0° 8.0+6.9* 4.7+8.1° 11.3£2.3° 10.0+0.0° 13.3+1.5° 11.0£1.7¢ 3.3+5.8°
PHK4 11.2+1.0* 3.34+5.8° 4.7+6.8° 11.3£2.1* 6.7+5.8° 7.3+6.1* 11.3+1.2* 12.7£1.2° 11.3£1.2° 6.7+5.8°
PHS1 12.9+2.8* 13.3£3.1¢ 11.3£1.5* 3.345.8° 8.7+7.6° 4.7+8.1° 0.040.0* 14.0+3.6° 16.0+4.6* 9.748.1*
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PHY2i

GHO3

PHIJ2

PHKS

PHK6

PHG2

SDH8

PHI6

SLH2a

PHK7

PHS3

PHKS8

PHK9

0.0+0.0°

16.3+0.6*

13.2+1.0°

4.3£7.5°

10.9+1.0°

15.8+0.4°

13.4+0.8°

14.0+0.0°

15.2+0.9°

4.9+4.1°

13.0£2.7°

11.2+1.0°

4.9+4.1°

0.0+0.0°

14.0+0.0*

16.7+1.5°

0.0£0.0°

4.0£6.9°

13.0£1.0°

10.3+9.5*

4.3+7.5°

10.7+1.2°

3.345.8°

7.3+6.4*

3.345.8°

3.3+5.8°

0.0+0.0*

14.0+0.0°

13.3+1.2°

11.3+£1.2°

10.0£0.0°

15.7£0.6*

15.3+1.5°

14.7£1.2°

12.7+2.5°

12.0£2.7°

12.7£3.1°

4.746.8°

12.0+2.7*

0.0+0.0°

17.3+£3.2*

15.0+1.0°

6.7+£5.8°

8.0+6.9*

16.7£1.2*

16.3+0.6"

16.7£3.1*

17.0+1.0°

6.7+5.8°

13.3£3.1*

11.3+2.1*

6.7+5.8°

0.0+0.0¢

13.0+0.0°

15.7x1.2°

10.7+1.2*

4.748.1°

14.0+£0.0°

13.3+1.5¢

11.0£2.7°

12.0+0.0°

3.3+5.8°

12.0£1.7°

6.7+5.8°

3.3+5.8°
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0.0+0.0°

13.0£3.0°

16.0+2.0°

11.3+2.3°

11.342.3¢

17.7+0.6°

17.0+1.0°

16.0+0.0°

16.7+£2.1°

3.3+5.8°

14.0£2.0°

7.3+6.1°

3.3+5.8°

0.0£0.0°

7.0£6.1°

8.7£7.6"

3.3+5.8°

10.0+0.0°

14.3£0.6°

0.0+0.0°

10.3+9.2*

14.0+0.0*

3.3+5.8¢

3.3+5.8°

11.3£1.2°

3.3+5.8°

0.0+0.0°

16.3+1.5°

14.0£2.0°

11.3£1.2°

13.3£1.5*

15.7+0.6*

14.0£1.7°

14.7£2.9*

16.3+0.6"

11.0+0.0°

15.7+2.5°

12.7£1.2°

11.0+0.0°

22.0+0.0*

22.7+0.0°

23.0+1.0°

23.3+0.0°

11.0+1.7*

22.3£0.6*

12.0+0.0°

23.0+1.0°

22.7+1.5¢

17.3+0.4*

14.0+3.5°

11.3£1.2°

23.3+0.0°

0.0+0.0°

17.0+0.0*

15.3+1.2°

0.0+0.0°

3.3+5.8°

18.3£0.6*

16.3+0.6°

10.7+1.2°

19.0+1.0*

7.3+£6.4°

8.7+8.1°

6.7+5.8°

7.3+6.4¢
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Values are expressed as Mean + Standard deviation with the mean values having different superscript across the rows are statistically

significant at p < 0.05.

KEY: A - Gentamicin 30pg, B - Amoxicillin 30pg, C - Chloramphenicol 30pg, D - Pefloxacin 30pg, E - Augmentin 10pg, F - Sparfloxacin 10pg, G -
Streptomycin 30ug, H - Tarivid 10ug, I - Ciprofloxacin 30ug, J - Septrin 30ug, PHG — Primary Health Centre, GRA Ijebu-Owo, SLH — St Louis Hospital,
Owo, PHE — Primary Health Center, Ehinogbe, PHI — Primary Health, Igboroko nla, PHY — Primary Health Center, Iyere, PHO — Primary Health,
Oghaluwa, PHS — Primary Health Center, Isaipen, GHO — General Hospital Owo, PHJ — Primary Health Center, Iljebu Owo, SDH — St Davids Hospital,
Owo, PHK — Primary Health Center, Oke Mapo, Owo
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The rates of antibiotic resistance and susceptibility of the isolated E. coli to the
tested antibiotics are shown in Table 3. The results showed that the isolates displayed
varying resistance patterns. The highest resistance rate was observed against Pefloxacin
(PEF) in which all the isolates (100.0%) are resistant. Resistance was also high against
Amoxicillin (AM), Augmentin (AU) and Streptomycin (S) with 84.6% resistance each.
High resistance rate of 61.5% was observed against Chloramphenicol (CH), Sparfloxacin
(SP) and Septrin (SXT) while the resistance rate of 46.2% was observed against
Gentamicin (CN). The resistance rate for Tarivid (OFX) and Ciprofloxacin (CPX) was
relatively low at 34.6% each. The multiple antibiotic resistance index (MARI) of the test E.
coli isolates ranged from 0.4 to 1.0 (Table 4).

Growth Inhibitory Activity of the Commercially Purchased Whey Against E. coli

Table 5 shows the growth inhibitory activity of CPW against the isolated E. coli
using Amoxicillin and Ciprofloxacin as positive controls. The growth of most of the
isolates was not inhibited by CPW except isolates PHJ1 and PHY?2i which were highly
susceptible to CPW than the growth inhibition mediated by Amoxicillin but not as high as
the inhibition mediated by Ciprofloxacin.

Table 3: Antibiotic Resistance and Susceptibility Rate of the isolated E. coli

Antibiotics No. Resistant No. Intermediate No. Susceptible
Resistant (%) Intermediate (%) Susceptible (%)
A 12 46.2 8 30.8 6 23.1
B 23 84.6 1 15.4 2 7.7
C 16 61.5 10 38.5 0 0
D 26 100.0 0 0.0 0 0
E 22 84.6 4 15.4 0 0
F 15 61.5 10 38.5 0 0
G 22 84.6 4 15.4 0 0
H 9 34.6 13 50.0 4 15.4
I 9 34.6 1 3.8 0 61.5
J 16 61.5 2 7.7 8 30.8

KEY: A: Gentamicin 30pg, B: Amoxicillin 30pg, C: Chloramphenicol 30pg, D: Pefloxacin 30pg, E:
Augmentin 10pg, F: Sparfloxacin 10pg, G: Streptomycin 30pg, H: Tarivid 10pg, I: Ciprofloxacin
30ug, J: Septrin 30pug

Copyright © 2026 by the authors
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Table 4. MARI Profile of the isolated E. coli from the stool of Diarrhoeic Children

Number of Antibiotics Names of the Antibiotics MAR Index
Isolate codes
Resistant to

PHG1 4 AM, PEF, SP, CPX 0.40
SLH2 5 AM, PEF, AU, SP, CPX 0.50
PHS2 7 AM, PEF, AU, SP, S, CPX, SXT 0.70
GHO?2 5 PEF, AU, SP, S, CPX 0.50
PHJ1 4 PEF, SP, S, CPX 0.40
SDH7 5 AM, PEF, SP, S, CPX 0.50
PHI2 6 AM, PEF, AU, SP, S, CPX 0.60
PHI4 10 CN, AM, CH, PEF, AU, SP, S, OFX, CPX, SXT  1.00
PHK1 10 CN, AM, CH, PEF, AU, SP, S, OFX, CPX, SXT  1.00
PHK?2 10 CN, AM, CH, PEF, AU, SP, S, OFX, CPX, SXT  1.00
PHK3 9 CN, AM, CH, PEF, AU, SP, S, CPX, SXT 0.90
PHK4 8 CN, AM, CH, PEF, AU, SP, CPX, SXT 0.80
PHS1 7 CH, PEF, AU, SP, S, CPX, SXT 0.70
PHY?2i 10 CN, AM, CH, PEF, AU, SP, S, OFX, CPX, SXT  1.00
GHO3 5 PEF, AU, SP, S, CPX 0.50

Copyright © 2026 by the authors
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Number of Antibiotics Names of the Antibiotics MAR Index
Isolate codes
Resistant to

PHJ2 4 PEF, SP, S, CPX 0.40
PHKS5 10 CN, AM, CH, PEF, AU, SP, S, OFX, CPX, SXT  1.00
PHKG6 9 CN, AM, CH, PEF, AU, SP, S, CPX, SXT 0.90
PHG?2 4 AM, PEF, SP, CPX 0.40
SDHS 5 AM, PEF, SP, S, CPX 0.50
PHI6 6 AM, PEF, AU, SP, S, CPX 0.60
SLH2a 5 AM, PEF, AU, SP, CPX 0.50
PHK?7 10 CN, AM, CH, PEF, AU, SP, S, OFX, CPX, SXT  1.00
PHS3 7 AM, PEF, AU, SP, S, CPX, SXT 0.70
PHKS 8 CN, AM, CH, PEF, AU, SP, CPX, STX 0.80
PHKO 10 CN, AM, CH, PEF, AU, SP, S, OFX, CPX, SXT, 1.00
SXT

KEY: A: Gentamicin 30pg, B: Amoxicillin 30pg, C: Chloramphenicol 30pg, D: Pefloxacin 30ug, E: Augmentin 10pg, F: Sparfloxacin 10pg, G:
Streptomycin 30pg, H: Tarivid 10pg, I: Ciprofloxacin 30pg, J: Septrin 30pg; MAR: Multiple Antibiotic Resistance

Copyright © 2026 by the authors
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Table 5: Growth Inhibitory Activity of Freshly Prepared CPW on the Isolated E. coli

Bacterial Codes

Diameter zone of inhibition (mm)

WHEY AM (Amoxicillin) CIP (Ciprofloxacin)
PHSI1 20.0 +£0.0* 19.5+0.0* 26.0 £0.0°
PHG1 0.0 +0.0° 0.0+0.0° 18.0 +0.0*
PHK3 0.0+0.0° 0.0+0.0° 21.0£0.0°
PHI1 15.0 £ 0.0* 0.0 +0.0° 18.0+0.0*
PHK1 0.0 +0.0* 0.0 +0.0° 22.0+0.0°
PHI4 0.0 +0.0° 0.0 +0.0° 21.0£0.0*
PHK4 0.0+ 0.0° 19.5+0.5° 34.0+0.0°
SDH7 0.0 +0.0° 0.0+0.0° 15.0+0.7*
GHO2 0.0 +0.0° 0.0+0.0° 18.0 £ 0.0*
PHI2 0.0 +0.0* 26.0+0.7° 26.0 £ 0.0°
SLH2 0.0 +0.0° 30.2+£0.3° 288+ 1.1°
PHK2 0.0 +0.0° 17.3£2.5° 37.0£0.0°
PHS2 15.5+£0.7° 35.5+0.5° 34.0+0.0°
PHY?2i 20.0 +£0.0° 0.0+0.0° 20.0 £ 0.0*
GHO3 0.0 +0.0* 19.0 £ 0.0° 34.5£0.0°

Copyright © 2026 by the authors
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Bacterial Codes Diameter zone of inhibition (mm)
WHEY AM (Amoxicillin) CIP (Ciprofloxacin)
PHI2 15.0£0.0° 0.0 +0.0° 26.0 £ 0.0°
PHKS 0.0+0.0° 17.3+2.5* 37.0+0.0°
PHK6 0.0 £ 0.0? 0.0 +0.0° 21.0+0.0°
PHG2 0.0 +0.0* 0.0 £0.0° 22.0+0.0*
SDHS 0.0 +£0.0° 0.0 £0.0a 20.0 £0.0°
PHI6 0.0+0.0° 26.0+£0.7° 26.0 £0.0°
SLH2a 0.0+0.0° 30.2+0.3° 28.8 £ 1.1°
PHK?7 0.0+0.0° 0.0 +0.0° 24.0 +£0.0°
PHS3 15.5+0.7* 355+ 0.5* 34.0 +0.0*
PHKS 0.0 +£0.0° 19.5+£0.5° 34.0+0.0°
PHK9 0.0+0.0° 17.3+2.5* 37.0+£0.0°

Values are expressed as Mean + Standard deviation with the mean values having different superscript across the rows are statistically
significant at p < 0.05.

KEY: PHG — Primary Health Centre, GRA Ijebu-Owo, SLH — St Louis Hospital, Owo, PHE — Primary Health Center, Ehinogbe, PHI — Primary Health,
Igboroko nla, PHY — Primary Health Center, Iyere, PHO — Primary Health, Oghaluwa, PHS — Primary Health Center, Isaipen, GHO — General Hospital
Owo, PHJ — Primary Health Center, Ijebu Owo, SDH — St Davids Hospital, Owo, PHK — Primary Health Center, Oke Mapo, Owo.
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Comparative Growth Inhibitory Activity of Freshly Prepared CPW and LPW on the
isolated E. coli

Comparative growth inhibitory activity of freshly prepared CPW and LPW using C.
procera juice as coagulant against the isolated E. coli is presented in Table 6. The result
showed significant differences in antibacterial activity between the two whey preparations.
CPW showed lower antibacterial activity against the E. coli isolates and the inhibition was
observed only in a few isolates such as PHS1, PHJ1, PHS2, PHY2i, PHJ2 and PHS3. The
inhibition zones ranged from 15.00 = 0.00 mm to 20.00 + 0.00 mm. On the other hand,
LPW exhibited appreciable higher antibacterial activity against all the test isolates with
inhibitory zones which ranged from 12.00 = 0.00 mm to 26.00 = 0.00 mm. The highest
inhibition activity was obtained against the isolates PHK6, PHK8 and PHK9 with inhibition
zones of 26.0 = 0.0 mm each, while the lowest inhibition zone was against isolate PHS1
(12.0 = 0.0 mm). Several number of isolates which were not inhibited by CPW, recorded
marked susceptibility to LPW. The inhibition mediated by LPW was superior to that
mediated by ciprofloxacin on 7 (26.9%) of the E. coli isolates and was at per with the
inhibition mediated by ciprofloxacin on most of the E. coli isolates.

Growth Inhibitory Activity of Laboratory Prepared Whey (LPW) Using Different
Coagulants against Isolated E. coli

The antibacterial activity of the different whey samples on the test bacteria was
observed to be different depending on the type of the coagulant used. Whey prepared with
C. procera as coagulant (A) showed significant antibacterial activity against all the test
isolates with inhibition zones ranging from 12.00 + 0.00 mm to 26.00 £+ 0.00 mm. Similarly,
whey prepared with lime as coagulant (B) exhibited good antibacterial activity against the
test isolates with inhibition zones ranging from 15.00 = 0.00 mm to 25.00 = 0.00 mm.
However, whey prepared with alum as coagulant (C) showed relatively lower antibacterial
activity against the isolates with inhibition zones of 8.00 £ 0.00 mm to 18.00 = 0.00 mm.
Table 7 shows the growth inhibitory activity of LPW prepared with different coagulants
against the isolated E. coli.

Copyright © 2026 by the authors
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Table 6: Comparative Inhibitory Activity of Freshly Prepared CPW and LPW on the Isolated E. coli

Bacterial Codes

Diameter zone of inhibition (mm)

CPW LPW Ciprofloxacin
PHSI1 20.0 £ 0.0* 12.0 £0.0* 26.0 £0.0°
PHGI1 0.0+0.0° 18.0 £ 0.0° 18.0£0.0°
PHK3 0.0+ 0.0° 20.0 £0.0° 21.0+0.0°
PHJ1 15.0+0.0° 22.0+0.0° 18.0 £ 0.0°
PHK1 0.0+0.0° 20.0 £0.0* 22.0£0.0*
PHI4 0.0+0.0° 22.0+0.0° 22.0 £0.0*
PHK4 0.0+0.0° 23.0+0.0° 34.0+0.0¢
SDH7 0.0+ 0.0° 22.0+0.0° 15.0+£0.7*
GHO2 0.0+ 0.0 24.0 £0.0° 18.0 £0.0*
PHI2 0.0+0.0 21.0£0.0° 26.0 £ 0.0°
SLH2 0.0+0.0 23.0£0.0° 28.8+1.1°
PHK2 0.0+ 0.0 22.0+0.0° 37.0+0.0°
PHS2 15.5+0.7% 20.0 £0.0° 34.0+0.0°
PHY2i 20.0 £ 0.0* 20.0 £0.0° 20.0 £ 0.0?

Copyright © 2026 by the authors
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Bacterial Codes

Diameter zone of inhibition (mm)

CPW LPW Ciprofloxacin
GHO3 0.0+ 0.0° 22.0+0.0° 34.5+0.0¢
PHJ2 15.0 £ 0.0* 24.0+0.0* 26.0 =0.0*
PHKS 0.0+0.0 23.0+£0.0° 37.0 +£0.0°
PHK6 0.0+ 0.0 26.0 £ 0.0° 21.0+£0.0°
PHG2 0.0+0.0° 25.0+0.0° 22.0+0.0°
SDH8 0.0 £0.0° 22.0+0.0° 20.0 £ 0.0*
PHI6 0.0+ 0.0° 24.0+0.0* 26.0 +0.0°
SLH2a 0.0£0.0° 25.0+0.0* 28.8+1.1*
PHK7 0.0+0.0 24.0 +£0.0° 24.0 £0.0°
PHS3 15.5+0.7% 22.0+0.0° 34.0+£0.0°
PHKS 0.0 £0.0° 26.0 £ 0.0° 34.0£0.0°
PHK9 0.0+ 0.0° 26.0 +£0.0° 37.0+£0.0°

Values are expressed as Mean + Standard deviation (n = 3). Values with different superscript across the rows are significantly different at p <

0.05

KEY: PHG — Primary Health Centre, GRA Ijebu-Owo, SLH — St Louis Hospital, Owo, PHE — Primary Health Center, Ehinogbe, PHI — Primary Health,
Igboroko nla, PHY — Primary Health Center, Iyere, PHO — Primary Health, Oghaluwa, PHS — Primary Health Center, Isaipen, GHO — General Hospital
Owo, PHJ — Primary Health Center, [jebu Owo, SDH — St Davids Hospital, Owo, PHK — Primary Health Center, Oke Mapo, Owo.
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Bacterial Codes

Diameter zone of inhibition (mm)

A B C
PHSI1 12.0+0.0? 22.0+0.0° 14.0+0.0°
PHG1 18.0+0.0° 20.0+0.0° 12.0+0.0°
PHK3 20.0+0.0° 20.0+0.0° 13.04£0.0¢
PHI1 22.0+0.0° 22.0+0.0° 12.0+0.0°
PHK1 20.0+0.0° 23.0+0.0° 11.0+0.0°
PHI4 22.0£0.0° 24.0+0.0° 12.0+0.0°
PHKA4 23.0+0.0° 20.0+0.0° 16.5+0.7¢
SDH7 22.0+0.0° 21.0+0.0° 10.0+0.0°
GHO2 24.0+0.0° 23.3+0.4° 18.0+0.0°
PHI2 21.0+0.0° 24.0+0.0° 12.0+0.0?
SLH2 23.0+0.0° 24.0+0.0° 13.0+0.0?
PHK2 22.040.0° 20.0+0.0° 14.0+0.0°
PHS2 20.0+0.0° 15.0+0.0° 14.0+0.0°
GHO3 22.0+0.0° 18.0+0.0° 10.0+0.0°
PHIJ2 24.0+0.0° 22.0+0.0° 12.0+0.0¢
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Diameter zone of inhibition (mm)

Bacterial Codes

A B C

PHKS 23.0+0.0° 20.0+0.0° 10.0+0.0°
PHKG6 26.0+0.0° 22.0+0.0° 14.0+0.0°
PHG2 25.0+0.0° 20.0+0.0° 14.0+0.0°
SDHS 22.0+0.0° 21.0+0.0° 13.0+0.0?
PHK?7 24.0+0.0? 22.0+0.0° 12.0+0.0°
PHS3 22.0+0.0° 20.0+0.0° 12.0+0.0°
PHKS 26.0+0.0° 25.0+0.0° 12.0+0.0°
PHKO9 26.0+0.0° 22.0+0.0° 8.1+0.1°
PHY?2i 20.0+0.0° 20.0+0.0° 10.0+0.0?
PHI6 24.0+0.0° 22.0+0.0° 12.0+0.0?
SLH2a 25.0+0.0° 23.0+0.0° 8.0£0.0°

Mean + standard deviation (n=3). Values with different superscript across the rows are significantly different at p < 0.05
Key: A= Whey of cheese using Calotropis procera as Coagulant
B= Whey of cheese using Lime as Coagulant

C= Whey of cheese using Alum as Coagulant
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Effect of fermentation duration and temperature of holding on the antibacterial
activity of CPW and LPW on the isolated E. coli

It was observed that the fermentation duration of the prepared whey samples and
temperature of holding affected the antibacterial activity of the samples. The growth
inhibition of the test bacteria by the whey samples increased as fermentation duration
increases to peak by 48h of fermentation on most (12; 46.2%) of the isolates. The
inhibition then begins to wane by day 72h until the 144h of fermentation (Table 8). The
growth inhibition mediated by the whey held at 36°C was slightly higher than the inhibition
mediated by whey held at 4°C on some of the isolates.

Comparative Antibacterial Activity of Bio-metabolites in Whey against the isolated
E. coli

The relative role of the bio-metabolites present in whey for antibacterial activity
against the isolated E. coli is presented in Table 9. The result showed that the bacteriocin
cell free supernatant (A) exerted the highest antibacterial activity on 7 (26.9%) of the
isolates with inhibition zones ranging from 10.00 £ 0.00 mm to 28.00 + 0.00 mm. The
maximum inhibition zone was observed on isolate PHK9 (28.00 = 0.00 mm) followed by
PHI6 (26.00 + 0.00 mm) and PHI4 (25.00 + 0.00 mm). Similarly, the cell-free supernatant
containing hydrogen peroxide (B) exerted the highest antibacterial activity on 9 (34.6%) of
isolates with zones of inhibition ranging from 10.00 + 0.00 mm to 27.50 = 0.00 mm. The
highest inhibition zone was observed on isolate PHS3 (27.50 + 0.00 mm) followed by
PHK9 (27.00 + 0.00 mm), PHI4 (25.00 = 0.10 mm) and PHI6 (24.00 £ 0.00 mm). The
cell-free supernatant containing containing organic acid (C) exhibited less antibacterial
activity against the isolates, with inhibition zones ranging from 8.00 + 0.00 mm to 20.00 +
0.00 mm while the cell free supernatant in which the organic acid, bacteriocin and
hydrogen peroxide were blocked exerted the least effect on a few of the isolates. Overall,
the metabolite that exerted its highest effect on most of the E. coli isolates was hydrogen
peroxide followed by the bacteriocin produced by the isolated Lactobacillus sp. from the
whey sample. However, organic acid also play significant role because its neutralisation
resulted in least inhibition of the isolates in spite of the presence of Bacteriocin and
hydrogen peroxide in the cell free supernatant.

Copyright © 2026 by the authors
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Table 8: Effects of fermentation duration and temperature of holding on the growth

inhibitory activity of CPW on the isolated E. coli

Bacterial code Temp. Fermentation duration (d)/ Diameter zone of inhibition (mm)
(‘0
0 24 48 72 96 120 144
PHS] 4 ND 20.0 £ 20.0 = 0.0+ 0.0+ 0.0+ 120+
0.0* 0.0? 0.0* 0.0* 0.0? 0.0?
36 20.0 + 20.0 + 20.0 + 0.0+ 0.0 + 0.0 + 0.0+
0.0* 0.0? 0.0? 0.0* 0.0? 0.0? 0.0?
4 ND 0.0 + 0.0+ 0.0 + 0.0 + 0.0 + 0.0+
PHGI 0.0° 0.0 0.0? 0.0° 0.0° 0.0
36 0.0+ 0.0 + 0.0+ 0.0 + 0.0 + 0.0 + 0.0+
0.0* 0.0* 0.0? 0.0* 0.0* 0.0° 0.0?
4 ND 0.0+ 0.0+ 0.0 £ 0.0+ 0.0+ 11.0+
PHKS 0.0* 0.0? 0.0* 0.0* 0.0? 0.0?
36 0.0+ 0.0+ 0.0+ 0.0+ 0.0+ 0.0+ 0.0+
0.0* 0.0? 0.0? 0.0* 0.0? 0.0? 0.0?
PHI1 4 ND 10.0 £ 12.5+ 0.0+ 0.0+ 0.0+ 11.0 +
0.0* 3.5% 0.0* 0.0* 0.0? 0.0?
36 15.0=+ 15.0+ 15.0+ 0.0 + 0.0 + 0.0 + 10.0 +
0.0* 0.0° 0.0° 0.0* 0.0* 0.0? 0.0?
PHK1 4 ND 20.0 £ 20.0 + 120+ 13.0+ 14.0 + 0.0+
0.0° 0.0? 0.0* 0.0° 0.0° 0.0?
36 0.0+ 10.0 £ 20.0 = 12.0+ 10.0 £ 16.0 + 0.0+
0.0* 14.1° 0.0? 0.0* 0.0* 0.0? 0.0?
PHI4 4 ND 0.0+ 0.0+ 16.0 + 14.0 + 11.5+ 10.0 +
0.0* 0.0* 0.0° 0.0* 0.3¢ 0.0?
36 0.0+ 0.0 + 0.0+ 14.0 + 15.0+ 13.0+ 0.0+
0.0? 0.0° 0.0 1.0° 0.0° 0.0° 0.0°
4 ND 0.0+ 0.0+ 24.7 + 233 + 24.0 12.0 +
PHE4 0.0* 0.0? 1.17 0.4° 0.0? 0.0?
36 0.0 £ 0.0+ 0.0+ 26.0 + 245+ 24.0 10.0 £
0.0* 0.0a 0.0? 0.0° 0.7° 0.0? 0.0°
4 ND 0.0+ 0.0+ 14.0 + 13.0+ 15.0+ 0.0+
SDHT 0.0? 0.0* 0.0° 0.0* 0.0? 0.0?
36 0.0 + 0.0 + 0.0+ 10.0 + 14.0 + 13.0+ 9.0+
0.0* 0.0* 0.0* 0.0* 0.0* 0.0° 0.0?
4 ND 0.0+ 0.0+ 13.0+ 14.0 + 14.0 + 12.0 +
GHO2 0.0* 0.0° 0.0° 0.0a 0.0° 0.0?
36 0.0 + 0.0+ 0.0+ 11.0 £ 14.0 + 14.0 + 0.0+
0.0* 0.0* 0.0? 0.7¢ 0.0* 0.0? 0.0?
PHD 4 ND 0.0+ 0.0+ 14.0 £ 12.0 £ 18.0 16.0 £
0.0* 0.0? 0.0* 0.0* 0.0? 0.0?
36 0.0+ 0.0 + 0.0+ 15.0+ 12.0+ 16.0 + 15.0+
0.0* 0.0* 0.0* 0.0* 0.0* 0.0? 0.0?
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36

36

36

36

36

36

36

36

36

36

36

ND

0.0+
0.0
ND

0.0=+
0.0*
ND

155+
0.7¢
ND

20.0+
0.0°
ND

0.0+
0.0
ND

15.0+
0.0*
ND

0.0+
0.0
ND

0.0+
0.0
ND

0.0=+
0.0*
ND

0.0+
0.0
ND

0.0=+
0.0*
ND
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0.0+
0.0
0.0+
0.0°
20.0 +
0.0°
20.0 +
0.0°
15.0+
0.0°
17.5+
3.5°
250+
0.0°
20.0 +
0.0°
14.0 +
0.0
16.0 +
0.0°
20.0 +
0.0
220+
0.0°
26.0 +
0.0¢
22.0+
0.0°
23.0+
0.0°
28.0 +
0.0
16.0 +
0.0°
15.0+
0.0°
18.0 +
0.0°
10.0 +
0.0
24.0 +
0.0a*
22.0+
0.0°
22.0+
0.0°

0.0+
0.0
0.0+
0.0
20.0 +
0.0°
20.0 +
0.0
17.5+
0.0
17.5+
3.5°
250+
0.0°
20.0 +
0.0
18.0 +
0.0*
150+
0.0
16.0 +
0.0°
20.0 +
0.0
22.0 £
0.0
24.0 +
0.0
24.0 +
0.0°
26.0 +
0.0
20.0 +
0.0°
18.0 +
0.0°
19.0 +
0.0°
17.0 £
0.0a
18.0 +
0.0
20.0 +
0.0
14.0 +
0.0°

0.0+
0.0*
0.0+
0.0*
14.0 +
0.0°
12.0 +
0.0?
0.0+
0.0*
0.0+
0.0*
14.0 +
0.0°
12.0 +
0.0?
16.0 +
0.0°
14.0 +
0.0*
12.0 +
0.0°
14.0 +
0.0*
14.0 +
0.0?
14.0 +
0.0*
17.0 +
0.0*
16.0 +
0.0*
14.0 +
0.0°
15.0+
0.0?
16.0 +
0.0*
18.0 +
0.0*
18.0 +
0.0°
17.0 +
0.0?
9.0+
0.0*

0.0+
0.0?
0.0+
0.0?
15.0 £
0.0?
14.0 +
0.0?
0.0+
0.0
0.0+
0.0?
14.0 +
0.0?
15.0 £
0.0?
15.0+
0.0
150+
0.0?
13.0 £
0.0?
12.0 £
0.0?
17.0
0.0°
15.0+
0.0?
11.0 +
0.0?
9.0+
0.0?
10.0 £
0.0?
10.0 £
0.0°
150+
0.0?
17.0 £
0.0°
16.0 £
0.0°
17.0
0.0?
0.0+
0.0

0.0 £
0.0°
0.0+
0.0°
15.0 £
0.0°
14.0 +
0.0°
0.0+
0.0°
0.0+
0.0
14.0 +
0.0°
15.0 +
0.0°
12.0 +
0.0°
13.0+
0.0°
15.0 +
0.0°
14.0 +
0.0°
14.0 +
0.0°
16.0 +
0.0°
12.0 +
0.0
10.0 +
0.0°
9.0+
0.0°
10.0 +
0.0°
13.0+
0.0°
15.0 +
0.0°
17.0 +
0.0°
15.0 £
0.0°
10.0 +
0.0*

0.0+
0.0°
0.0+
0.0°
13.0 +
0.0°
12.0 +
0.0°
0.0+
0.0
0.0+
0.0°
15.0 +
0.0°
12.0 +
0.0°
12.0 £
0.0*
9.0+
0.0°
14.0 +
0.0°
12.0 +
0.0°
13.0
0.0°
14.0 +
0.0°
12.0 +
0.0°
10.0 +
0.0°
9.0+
0.0°
0.0+
0.0°
9.0+
0.0°
12.0 +
0.0°
18.0 £
0.0°
17.0 +
0.0°
0.0+
0.0*
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PHK7

PHS3

PHKS

PHK9
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36

36

36

36

36

0.0+
0.0
ND

0.0+
0.0*
ND

15.5+
0.7¢
ND

0.0+
0.0
ND

0.0=+
0.0*

19.0 £
0.0°
23.0+
0.0°
25.0
0.0?
26.0 +
0.0¢
27.0 +
0.0
22.0+
0.0°
27.0 +
0.0?
24.0 +
0.0?
28.0 +
0.0°

150+
0.0?
20.0 +
0.0?
24.0 +
0.0°
25.0+
0.0°
28.0
0.0?
24.0 +
0.0°
26.0 +
0.0°
25.0+
0.0°
25.0+
0.0?

10.0 £+
0.0
20.0 +
0.0
22.0+
0.0*
10.0 £
0.0°
0.0+
0.0
15.0+
0.0
13.0+
0.0
18.0
0.0°
16.0 =
0.0

0.0+
0.0°
220+
0.0
22.0+
0.0°
9.0+
0.0°
10.0 +
0.0°
14.0 +
0.0
14.0 +
0.0
15.0+
0.0°
14.0 +
0.0

9.0+
0.0°
12.0 +
0.0°
10.0 +
0.0°
9.0+
0.0°
10.0 +
0.0°
13.0 +
0.0
14.0 +
0.0°
12.0 +
0.0°
14.0 +
0.0°

9.0+
0.0°
14.0 +
0.0°
12.0 +
0.0°
9.0+
0.0°
10.0 +
0.0
14.0 +
0.0°
11.0+
0.0°
12.0 +
0.0°
11.0+
0.0°

Values are expressed as Mean + Standard deviation with the mean values having different

superscript across the row are statistically significant at p < 0.05.

KEY: PHG - Primary Health Centre, GRA Ijebu-Owo, SLH — St Louis Hospital, Owo, PHE —
Primary Health Center, Ehinogbe, PHI — Primary Health, Igboroko nla, PHY — Primary Health
Center, Iyere, PHO — Primary Health, Oghaluwa, PHS — Primary Health Center, Isaipen, GHO —
General Hospital Owo, PHJ — Primary Health Center, Iljebu Owo, SDH — St Davids Hospital, Owo,
PHK — Primary Health Center, Oke Mapo, Owo, ND — Not done.
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S/No Bacterial Codes A B C D

1. PHI2 15.5+0.0° 13.5+0.0* 8.0+0.0* 8.0+0.0?

2. PHK1 14.0+0.0° 14.0+0.0¢ 12.0+0.0° 12.0+0.0°
3. PHK7 12.0+0.0° 10.0+0.0* 8.0+0.0° 8.0+0.0°

4. PHKS 21.5+0.0* 22.5+0.0° 8.0+0.0° 8.0+£0.0°

5. PHI6 26.0+0.0* 24.0+0.0° 20.0+0.0° 20.0+0.0°
6. PHK6 16.0+0.0° 17.5+0.0° 12.0+0.0° 12.0+0.0¢
7. PHS3 12.5+0.0° 27.5+0.0° 14.0+0.0° 10.0+0.0°
8. PHGI1 15.0+0.0° 15.0+0.0° 10.0+0.0° 10.0+0.0°
9. PHSI1 15.0+0.0° 16.0+0.0° 10.0+0.0* 10.0+0.0*
10. PHI4 25.0+0.0* 25.0+0.1° 20.0+0.0° 20.0+0.0°
11. PHKS 22.0+0.1* 24.0+0.0° 10.0+0.0° 10.0+0.0*
12. PHK9 28.0+0.0° 27.0+0.0° 12.0+0.0° 10.0+0.0°
13. SDH8 14.0+0.1° 12.0+0.0° 10.0+0.0° 10.0+0.0°
14. SDH7 14.0+0.0* 14.0+0.0° 14.0+0.0* 14.0+0.0°
15. GHO2 10.0+0.0* 14.0+0.0° 15.0+0.0° 10.0+0.0°
16. PHI1 10.0+0.0° 15.0+0.0¢ 10.0+0.0° 10.0+0.0¢
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S/No Bacterial Codes A B C D
17. PHK3 12.0+0.0° 12.0+0.0° 12.0£0.0¢ 12.0+0.0°
18. SLH2 14.0+0.0* 15.0+0.0* 12.0+0.1° 12.0+0.0*
19. PHY2i 12.0+0.0* 12.0+0.0° 12.0+0.0° 12.0+0.0*
20. PHS2 15.0+0.1° 14.0+0.0° 12.0+0.0° 10.0+0.0¢
21. PHK4 10.0+0.0° 10.0+0.0° 10.0+0.0° 10.0+0.0°
22. GHO3 12.0+0.0° 12.0+0.0° 10.0+0.0° 10.0+0.0°
23. SLH2a 18.0+0.1* 20.0+0.1* 10.0+0.0° 10.0+0.0*
24. PHJ2 10.0+0.0* 10.0+0.0¢ 10.0+0.0* 10.0+0.0*
25. PHG2 16.0+0.1* 18.0+0.1° 10.0+0.0° 10.0£0.0°
26. PHK2 20.0+0.0° 18.0+0.0° 10.0+0.0° 10.0+0.0°

Mean + standard deviation (n=3). Values with different superscript across the rows are significantly different at p < 0.05

Key: A = Bacteriocin , B = Hydrogen Peroxide, C = Organic acid, D = All metabolites ( Bacteriocin + Hydrogen peroxide + organic acid )

blocked
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Comparative Changes in pH of Commercially Prepared Whey and Laboratory
Prepared Whey

Table 10 shows the pH changes of CPW and LPW stored at room temperature
(36°C) and refrigeration temperature (4°C) for 7 days. The result showed a gradual
decrease of pH values during the storage period under both storage conditions. Room
temperature storage of whey resulted in slow decrease of the pH from day 1 (6.49) to day 6
(5.73) and slight increase on day 7 (5.84). The pH drop was more pronounced at room
temperature than at refrigeration temperature. The pH values were relatively higher at
refrigeration temperature during storage and decreased gradually from 6.38 to 6.02 on day 2
to day 6 and slightly increased to 6.07 on day 7. at day 1 at refrigeration temperatures no
value was recorded.

Comparative Changes in Total Titratable acidity of Commercially Prepared Whey
and Laboratory Prepared Whey

The comparative changes in the total titratable acidity (TTA) of CPW and LPW
stored at room temperature (36°C) and refrigeration temperature (4°C) during a period of 7
days is shown in Table 11. The highest TTA value at room temperature was at day 1
(25.20%) and rapidly decreased to 2.43% by day 2. After that, the TTA increased gradually
from 2.88% on day 3 to 3.42% on day 5 and then decreased to 2.62% on day 6 and 1.04%
on day 7. The TTA values were generally lower during the early storage period under
refrigeration temperature from 1.26% to 1.62% between days 2 and 5. The TTA increased
to 2.62% on day 6 and further increased to 3.42% on day 7. For refrigeration temperature,
no value was detected for day 1.

Table 10: Comparative Changes in pH of CPW and LPW Stored at Two Different
Temperatures for 7 Days

Room Temperature (36°C)  Refrigeration Temperature (4°C)
Duration (Day)

CPW LPW CPW LPW
1 6.49. 6.42 ND ND
2 6.23 6.17 6.38 6.36
3 6.00 6.20 6.28 6.20
4 5.80 5.96 6.15 6.15
5 5.75 5.80 6.04 6.13
6 5.73 5.77 6.02 6.00
7 5.84 5.75 6.07 6.03
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Table 11: Comparative Changes in Total Titratable Acidity (TTA) (%) of CPW and LPW
Stored at Two Different Temperature for 7 Days

Duration
CPW LPW
(Day)
Room Temperature Refrigeration Temperature Room Temperature Refrigeration Temperature
36°C) 4°0) 36°C) 4°C)
1 25.20 ND 0.06 ND
2 2.43 1.49 0.05 0.04
3 2.88 1.26 0.03 0.03
4 3.20 1.40 0.02 0.03
5 3.42 1.62 0.03 0.05
6 2.62 2.62 0.06 0.02
7 1.04 342 0.04 0.02
DISCUSSION

Diarrhoeal diseases are still a major cause of morbidity and mortality in children,
particularly in developing countries, where poor sanitation and lack of clean water favour
the faecal-oral transmission of enteric pathogens. Diarrhoeagenic E. coli is among the most
important bacterial causes of diarrhoea due to its virulence potential and increasing
resistance to commonly used antibiotics. The development of antibiotic resistance in enteric
bacteria has led to the search for alternative antibacterials from natural sources. Cheese
whey is a by-product of cheese production and contains a variety of bioactive compounds
with known antimicrobial properties (Adebolu and Olorunfemi, 2016). The present study
was conducted to determine the antibiotic profile of bacterial isolates from diarrhoeic
children and the antibacterial activities of commercial and laboratory prepared cheese whey
on diarrhoeagenic E. coli.

The predominance of E. coli isolated in this study agrees with earlier studies that
E.coli is the most frequently encountered bacteria in cases of bacterial diarrhoea (Adebolu
and Babafemi, 2008; Okebugwu et al. 2017; Olayinka et al., 2024). The high prevalence of
E. coli could be attributed to poor environmental sanitation and poor personal hygiene
practices that boost the transmission of enteric pathogens other than contaminated water
and food. Isolation of the bacterial agents, Staphylococcus aureus, Pseudomonas
aeruginosa and Salmonella enterica also indicates the possible involvement of several
bacterial agents in childhood diarrhoeal infections.

The isolation of S. aureus in the present study corroborates the findings of Viana et
al. (2025) who isolated S. aureus from the stool samples of diarrhoeic patients and

Copyright © 2026 by the authors
27



Journal of Contemporary Academic Research and Methodologies (JCARM)
Volume 1 | Issue 8 | 2026

attributed the presence of the organism to poor hygienic condition and food contamination.
The presence of Pseudomonas aeruginosa was in agreement with the report of Fakhkhari et
al. (2022) who reported P. aeruginosa as opportunistic enteric pathogen in diarrhoeic stool
samples.

The low prevalence of Salmonella enterica in the present study is in agreement with
the results of Tilahun et al. (2025) who reported lower prevalence of Salmonella species
than E. coli in diarrhoeic children.

In this study, the successful amplification of eacA gene in some of the E.coli
showed the presence of intimin adhesion factor which is important in attachment and
colonisation of intestinal epithelial cells, suggesting that the isolates have virulence
properties of classical enteropathogenic E. coli. This result is consistent with the report of
Zelelie et al. (2023) who reported high prevalence of eaeA gene in diarrhoeagenic E. coli
isolates from children with diarrhoea. Similar observations were also reported by
Manhique-Coutinho et al. (2022) who detected eaeA gene in pathogenic isolates of E. coli
from children with diarrhoea.

The amplification of hlyA gene in only one of the evaluated E.coli isolates suggests
the presence of the haemolysin associated virulence determinant. The pathogenicity of
Enterohaemorrhagic E. coli is associated with the hlyA gene which produces toxins and
kills host cells. This finding is in agreement with the report of Dela et al. (2022) who
reported that the distribution of hlyA gene was not uniform in the isolates of diarrhoeagenic
E. coli. Hasan et al. (2022) also showed the presence of hlyA gene in some strains of
pathogenic E. coli.

The amplification of bfpA gene in all the evaluated E.coli isolates indicates the
presence of virulence factors of bundle forming pilus which are associated with bacterial
adherence and colonisation. This finding is in accordance with the findings of Jaaz &
Kadham (2026) who reported bfpA gene as an important virulence marker in isolates of
enteropathogenic and diarrheagenic E. coli.

The absence of the aggR and aaiC genes which are normally found in
enteroaggregative E. coli according to Del Carpio ef al. (2025) in any of the evaluated
E.coli isolates in this study suggests that the isolates were not related to the
enteraggregative E. coli strain. Similar results was reported by Das et al. (2022) in which
not all the diarrhoeagenic E. coli isolated in their study harboured the virulence genes aggR
and aaiC.

The antibiogram profile of the bacterial isolates obtained in this study revealed
variable susceptibility and resistance to the antibiotics tested, indicating the increasing
challenge of antimicrobial resistance among enteric pathogens associated with diarrhoeal
infections. The present study showed that the E. coli isolates were highly resistant to
Amoxicillin, Augmentin, Streptomycin, Chloramphenicol and Pefloxacin. This may be due
to indiscriminate use, self-medication and misuse of antibiotics in the community.
Moreover, the complete resistance of the isolate PHY?2i to nearly all the antibiotics except
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Ciprofloxacin shows the emergence of multidrug resistant strains among the diarrhoeagenic
bacteria. This finding is in accordance with Hetsa ef al. (2026), which documented high
levels of resistance among strains of E. coli to common antibiotics like Amoxicillin and
Augmentin. Earlier, Medugu et al. (2022) reported that there has been an increased
incidence of multidrug resistance among enteric bacterial isolates from Nigeria.

In this study, CPW was observed to exert growth inhibitory activity on only some of
the isolated E.coli strains. Although the growth inhibition was inferior to that mediated by
Ciprofloxacin but it was superior to that mediated by most of the other conventional
antibiotics including amoxicillin. The inhibition observed can be due to the presence of
antimicrobial metabolites, such as organic acids, hydrogen peroxide and bacteriocin-like
substances, which are naturally present in whey. The antibacterial activity of CPW against
E. coli was however observed to be influenced by the type of coagulants used in whey
production. Whey produced using C. procera exerted the highest growth inhibition of the
test bacteria. Apart from the naturally occurring whey metabolites, the increased
antibacterial activity could be due to the antimicrobial phytochemicals of C. procera.
Murshed et al. (2025) reported the antimicrobial activity of the extracts of C. procera
against enteric pathogens. Sakr et al. (2026) also reported similar results and they found
that the plant-based coagulants could improve the antimicrobial activity of the dairy
products.

The comparative antibacterial activity of CPW and LPW showed that the inhibitory
activity of LPW was significantly higher against the isolated E. coli. On the other hand,
LPW was observed to have significant inhibitory activity against all the E. coli isolates
including seven that recorded lower susceptibility to Ciprofloxacin. The low inhibitory
activity observed with CPW suggests that processing conditions may have effect on the
concentration of active antimicrobial metabolites.

The difference in antibacterial activity of the whey prepared with different
coagulants indicates that the type of coagulant used is a major factor affecting the
antimicrobial activity of the whey. Whey prepared from C. procera exhibited the highest
inhibitory activity foll by lime prepared whey while alum prepared whey showed least
antibacterial activity. The higher activity of whey obtained from C. procera may be due to
the presence of antimicrobial compounds in the latex of the plant such as flavonoids,
tannins, alkaloids and saponins. The good performance of lime prepared whey may be
related to the acidic conditions during cheese production which may favour the production
of antimicrobial metabolites. Whey prepared with alum however showed lower activity
indicating less production or preservation of antimicrobial compounds. This is in agreement
with the observation of Sangchi et al. (2026) who reported that plant-based coagulants have
higher antimicrobial properties than chemical coagulants in fermented dairy products.
Similar results were reported by Onelli ef al. (2026) where natural coagulants were superior
to inorganic coagulants in improving the antimicrobial quality of cheese whey.

The observed decrease in pH of CPW in storage at room than at refrigeration
temperatures suggests that biochemical and microbial activities continue in whey during
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storage. The greater decrease in pH at room temperature than at refrigeration temperature is
indicative of a greater fermentation activity and rapid accumulation of acidic metabolites at
room temperature. The slight increase of pH on day 7 may be due to the consumption of
metabolic process or degradation of acid materials during the long-term storage. This is in
agreement with the observation of El-Garhi et al. (2025) who reported progressive
acidification of whey on storage due to microbial fermentation and production of organic
acids. Similar results were obtained by Ma et al. (2025) who also reported that storage
temperature is an important factor affecting pH stability and biochemical modifications in
whey products.

The variations in total titratable acidity (TTA) also confirm that active biochemical
reactions take place during storage. High initial TTA at room temperature and oscillations
during the storage period suggest a dynamic microbial metabolism and variations in the
acid production. The slow but steady increase of TTA with increase of storage days during
refrigeration period may be indication of slow but continuous accumulation of acids at low
temperature. This result is similar with the report of Anwar et al. (2025) who reported that
condition of fermentation and storage have great influence on development of acidity in
dairy products. Xu et al. (2025) obtained similar results, during long storage, variation in
acidity of whey products was caused by microbial and enzymatic activities.

This study findings showed that bio-metabolites in whey played significant role in
its antibacterial activity against the isolated E. coli. Following neutralisation and treatment
with catalase, the cell-free supernatant of the bacteriocin displayed potent antibacterial
activity with the largest inhibition zones in isolates PHK9, PHI6 and PHI4. This suggests
that bacteriocin-like substances were important in the inhibition of the isolates. This result
agrees with the findings of Chen et al. (2025) who reported that bacteriocins produced by
lactic acid bacteria have strong antibacterial activity against enteric pathogens. The cell-free
supernatant of the hydrogen peroxide also effect showed significant antibacterial activity
against the isolates indicating the contribution of hydrogen peroxide to the inhibitory effect
of whey. The isolates PHS3, PHK9, PHI4 and PHI6 showed the highest inhibition zones.
This is in agreement with the report of Amenu & Bacha (2025) who reported that hydrogen
peroxide produced during fermentation contributes significantly to the antimicrobial
activity of fermented dairy products. The neutralised cell-free supernatant which showed
comparatively lower antibacterial activity suggests that acidic metabolites also played a role
in bacterial inhibition. The lower inhibitory activity after neutralisation suggests that
organic acid which had been neutralised play a great role because despite the fact the both
the bacteriocins and hydrogen peroxide were still present in the cell free supernatant, the
growth inhibition was very low against the isolates. Therefore the growth inhibition
mediated by whey in this study is attributed to the synergistic action of organic acids,
bacteriocins and peroxide.

CONCLUSION

This study investigated the antibiotic profile of E. coli isolated from diarrhoeic
children and assess the antibacterial activities of commercial and laboratory prepared
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cheese whey against the isolated E. coli. The isolated E. coli isolates were confirmed to be
pathogenic by molecular analysis. The successful amplification of virulence genes such as
eaeA, hlyA and bfpA suggests the pathogenic potential of the isolates and their ability to
cause intestinal infections.

The isolated E. coli varied in its susceptibility and resistance to the antibiotics
tested in the antibiotic susceptibility test. Ciprofloxacin was effective against most of the
isolated bacterial species while high resistance was observed against Amoxicillin,
Augmentin, Streptomycin and Chloramphenicol, indicating the increasing threat of
antibiotic resistance among enteric pathogens. Some of the isolates also exhibited multiple
drug resistance which makes treatment of childhood diarrhoea difficult.

Commercially produced whey was found to inhibit only a few the E. coli isolates.
On the other hand, the Laboratory prepared whey (LPW) showed a significant antibacterial
activity on all the isolated E. coli. Whey that resulted using C. procera or lime as coagulant
exerted higher antibacterial activity on the test organisms than whey got from using alum as
coagulant of fresh milk. This indicates that the coagulant used in cheese making is relevant
for the antibacterial potential of the resulting whey. Furthermore, the concerted efforts of
bacteriocins, hydrogen peroxide and acidic metabolites are responsible for the inhibitory
effects of whey on the isolated E. coli.

In conclusion, the present study indicates that the laboratory prepared cheese whey,
especially the whey prepared with C. procera or lime as coagulants, has potential
antibacterial properties against diarrhoeagenic Escherichia coli. Thus, the present study
highlights the possible use of whey as a natural antimicrobial agent as an alternative or
complementary measure in management of diarrhoeal infections caused by common enteric
bacteria.
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