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ABSTRACT

The use of metabolites from lactic acid bacteria to improve fermentation, safety and shelf-life of dairy products
is gaining increasing attention. This study evaluated the fermentative and antibacterial potential of lactic acid
bacteria isolated from cheese whey for the production of pineapple-enriched fermented milk. Lactic acid
bacteria were isolated from wara-derived cheese whey and identified using standard morphological and
biochemical tests. The isolates were used as starter cultures in powdered milk enriched with pineapple juice
and incubated for four hours under laboratory conditions. The physicochemical and sensory properties of the
fermented milk samples were determined, while crude bacteriocin extracts from the isolates were screened for
antibacterial activity against selected foodborne pathogens using the agar well diffusion method. The isolates
were identified as Lactobacillus sp. 1 and Lactobacillus sp. 2. The fermented milk samples had moisture
content ranging from 72.28 to 72.42%, ash content from 0.99 to 1.09%, carbohydrate from 22.26 to 22.56%,
lipid from 0.09 to 0.12%, crude protein from 3.92 to 4.21%, and calorific value from 445.86 to 447.13 kJ/100 g.
Titratable acidity ranged from 7.21 to 7.25 mg/ml. The sensory acceptability scores ranged from 66.40 to
84.80%, with the combined starter culture sample showing higher acceptability. Crude bacteriocin from the
isolates inhibited selected pathogens, with zones of inhibition recorded against Escherichia coli,
Staphylococcus aureus and Bacillus subtilis. The findings show that cheese whey-derived lactic acid bacteria
possess promising fermentative and bacteriocinogenic activity and may serve as starter and bioprotective
cultures in pineapple-enriched fermented milk production.

Keywords: Lactic acid bacteria; Lactobacillus; cheese whey; pineapple-enriched fermented milk; bacteriocin;
biopreservation.

INTRODUCTION and nono include Escherichia coli, Listeria
_ _ monocytogenes, Bacillus cereus, and Salmonella
Dairy manufacture continues to be a large-scale spp. Pathogenic microorganisms are typically

problem for food safety due to the continual  4q5nciated with the use of unpasteurized milk,
presence of pathogenic microorganisms in the  jna4equate personal hygiene during milk-handling,
manufacturing process. Pathogenic |5k of adherence to temperature and time control
microorganisms cause foodborne diseases, and during milk processing (Fayyaz et al., 2022;
diarrhoeal diseases cause public health concerns, Focardi, 2022; Sessou et al., 2023). In addition,
food insecurity and decreased economic growth. antibiotic therapy for foodborne infections is
This problem is found all around the world, contributing to resistance, during the past several
including Nigeria (Anyogu et al., 2021; Uzeh and years, in areas where antibiotics were
Imafidon 2022; Chukwu et al., 2023). In Nigeria indiscriminately administered to livestock as a
specifically, common contaminants identified in result of their veterinary uses (Yakubu et al., 2020;

traditional fermented dairy products such as wara Adeiza et al.. 2022: Yusuf et al.. 2023 Aworh et al.
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2024). Consequently, the effectiveness of antibiotic
therapy is limited and contributes to prolonging
recovery from foodborne infection (Yakubu et al.,
2020; Adeiza et al., 2022; Yusuf et al., 2023; Aworh
etal.,2024).

To enhance both the nutritional safety and quality of
fermented foods, Lactic Acid Bacteria offer a
sustainable and non-antibiotic alternative (lbrahim
etal.,2021; Noguerol et al., 2021; Sidhu and Nehra,
2021; Sharma et al., 2022; Ahansaz et al., 2023).
They are considered to be generally regarded as
safe (GRAS) and produce antimicrobial agents like
organic acid, hydrogen peroxide and bacteriocins
that can inhibit unwanted micro-organisms from
growing in food systems (lbrahim et al., 2021,
Noguerol et al., 2021; Sidhu and Nehra, 2021;
Sharma et al., 2022; Ahansaz et al., 2023). Several
strains of lactic acid bacteria also possess probiotic
properties which may promote gut health and aid in
immune function (Noguerol et al., 2021; Sharma et
al., 2022; Ahansaz et al., 2023). The ability of lactic
acid bacteria to enhance the fermentation of dairy
products while at the same time providing a
protective effect against foodborne illness, makes
these bacteria important in the production of dairy
products and in the development of functional foods
(lbrahim et al., 2021; Sidhu and Nehra, 2021;
Ahansaz et al., 2023).

Fermented dairy drinks can be made more
appealing to the senses, nutritious, and better
functional products by adding pulp from tropical
fruits such as pineapple (Byresh et al., 2022;
Terzoglu et al., 2022; Bakar et al., 2024,
Priyashantha et al., 2025). The addition of
pineapple gives foods a pleasant taste and smell,
like fiber, and nutrients with antioxidant properties
(Byresh et al., 2022; Terzoglu et al., 2022; Bakar et
al.., 2024; Priyashantha et al., 2025). Additionally,
adding pineapple to yogurt will increase diversity
and approval of consumers toward fermented dairy
products (Byresh et al., 2022; Bakar et al., 2024,
Priyashantha et al., 2025). This provides an area
worth studying especially where tropical fruit and
dairy products are both local resources (Bakar et
al., 2024; Priyashantha et al., 2025).

The under-utilization of cheese whey generated
during the production of Wara in Nigeria is due to a
lack of awareness about the many ways it can be
used as an economical source of viable lactic acid
bacteria for technological use (Ajibola et al., 2021;
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Melia et al., 2022; Oyedokun et al., 2023).
Additionally, although Wara can provide direct
employment and household income, the way
cheese whey is treated is that it is usually discarded
or under-utilised as a by-product of Wara
production (Ajibola et al., 2021; Oyedokun et al.,
2023). As such, incorporating cheese whey into the
process of producing local fermented milks and
other fermented milk products would benefit local
communities by providing new sources of starter
cultures with practical uses and commercial
potential for producing safe, high-quality dairy
products by using indigenous methods; reducing
waste from cheese whey and creating new
opportunities for local employment. In conclusion,
further carry outinvestigation into the potential uses
of cheese whey as a source of bacteria is needed
(Ajibola et al., 2021; Melia et al., 2022; Oyedokun et
al., 2023).

Many studies have been conducted on the use of
probiotic lactic acid bacteria in fruit-enhanced
fermented milk beverages (Shukla, 2012; Baba et
al., 2016; Barat and Ozcan, 2017; Islam et al.,
2021). However, few studies have investigated the
potential for utilising lactic acid bacteria recovered
from Nigerian cheese whey as both starter and
protective cultures for the production of pineapple-
enhanced fermented milk (Sangoyomi et al., 2010;
Ayeni et al., 2011; Ajibola et al., 2021; Oyedokun et
al., 2023). In contrast to previous work, this study
will focus on identifying locally sourced cheese
whey as a low-cost reservoir of lactic acid bacteria
that might be used as an ingredient in local dairy
products (Ayenietal.,2011; Oyedokun et al., 2023).
This research is significant because if large
amounts of cheese whey are produced during the
making of wara, they typically are underutilised and
contain many valuable microorganisms with
potential for use in making food (Sangoyomi et al.,
2010; Garcia et al., 2020; Ajibola et al., 2021).
Hence, this research offers regionally applicable
proof regarding the fermentative and anti-bacterial
abilities of lactic acid bacteria obtained from cheese
whey in aiding the safe production of fruit-enhanced
fermented milk products (Osuntoki and Korie,
2010; Ajibola et al., 2021; Melia et al., 2022). The
goal of this research was to assess the fermentative
and anti-bacterial capabilities of cheese whey-
derived lactic acid bacteria in relation to the
production of pineapple-flavoured fermented milk.
The aim of this study was to evaluate the
fermentative and antibacterial potentials of lactic
acid bacteria isolated from cheese whey for the
production of pineapple-enriched fermented milk.
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Materials and Methods

Sample collection

The samples of cheese whey were collected into
pre sterilized sample bottles from retailers at Ipata
market in llorin, Kwara State, aseptically
transported to the lab onice pack, and used within 4
hours of collection. Pineapple juice (Ananas
comosus) was bought in Frootify, llorin. Powdered
milk was locally sourced from a local vendor for the
fermentation experiment (Ana Claudia et al., 2019).
The test Foodborne pathogenic bacteria used were
Escherichia coli, Staphylococcus aureus, Bacillus
subtilis, Salmonella enterica and Pseudomonas
aeruginosa obtained from the culture collection of
Department of Microbiology, Kwara State of
University, Nigeria.

Isolation of Lactic Acid Bacteria from Cheese
Whey

The cheese whey samples were subjected to a ten-
fold serial dilution, 0.1 ml of appropriate dilution was
plated into a molten de Mann Ragusa Sharpe Agar
(MRSA) using pour plate method. The plates were
incubated at 37 degree celsius for 24 hours. Distinct
colonies were sub-cultured repeatedly to obtain
pure culture. The isolates were maintained on agar
slants for further research (Fawole and Oso, 2007;
Misganaw and Teketay, 2016).

Characterization and ldentification of the LAB

Isolated

The LAB isolates were subjected to Gram's
reaction (Oladeji and Odelade, 2016), motility test
and biochemical tests for identification. Isolates
were screened for their ability to produce indole,
oxidase, catalase, and urease production following
standard methods described and used by previous
authors (Aborisade et al., 2024). The LAB isolates
were also subjected to sugar fermentation test to
determine their ability to utilize standard sugar to
produce acid with or without gas (Aborisade et al.,
2024).

Confirmation Tests on the Biochemical
Characteristics of the Test Bacteria

The test Foodborne pathogenic bacteria were
subjected to Gram's reaction (Oladeji and Odelade,
2016), motility test and biochemical tests for
identification. Isolates were screened for their
ability to produce indole, oxidase, catalase, and
urease, production and others following standard
methods described and used by previous authors
(Aborisade et al., 2024). The isolates were also
subjected to sugar fermentation test to determine
their ability to utilize standard sugar to produce acid
with or without gas (Aborisade et al., 2024).
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Production of Fruit-enriched Fermented Milk
using Lactic Acid Bacteria Isolated Inoculum
Preparation

Overnight (18-hours old) cultures of isolates were
inoculated into MRS broth and incubated at 37
degree celsius for 24 hours to obtain actively
growing cells. The cultures were adjusted to 0.5
McFarland standard using normal saline and used
as single and mixed culture inocula (Barat and
Ozcan, 2018).

Fermentation Procedure

In sterile fermentation flasks, powdered milk (80 g)
was prepared using 200 mL of sterile distilled water
and heated for 10 minutes at 70 °C in a water bath
shaker. After completion of heating, flasks were
allowed to cool to 40 °C before being inoculated.
Flask A received an inoculation of 5 mL of
standardised inoculum from isolate A. Flask B
received the same 5 mL of standardised inoculum
from isolates A and B to test the effect of both
starting cultures together. Flask C was the control
(uninoculated). The inoculated flasks were allowed
to incubate at 28 °C for four hours without shaking
(Barat and Ozcan, 2018). In this study, isolate B
could not be tested as a sole pure starter culture,
therefore the contribution of isolate B to
fermentation processes could not be fully
evaluated. Future studies need to incorporate each
isolate separately (isolate A, isolate B), together
(combined), and no-inoculation (uninoculated
control) to provide better insight and comparison.

Fortification of Fermented Milk with Fruit Juices
Pasteurization of the juice was carried out at 70 °C
at 10 minutes, after which the juice was cooled and
filtered with a sterile muslin cloth in order to
eliminate pulp. The fermented milk was inoculated
by adding 10% (v/v) of the purified juice and then
the LAB cultures were added. A control sample that
was free of juice was also made.

Proximate Analysis of Fermented Products
Moisture Content

Precisely 5 ml of fermented milk samples were
added to pre-weighed aluminium dishes and keptin
an oven preset at 80 °C for 2 hours, the dishes were
cooled in desiccators and re-weighed until constant
weight. The moisture was obtained in percentages
of weight loss against starting sample weight
(Nemo and Bacha, 2020).

Ash Content

Samples (20 ml) were burnt to ash in pre-weighed
platinum crucibles at 550 °C. The residual ash
weight was used as the ash content calculated as a
percentage of the original sample weight (Nemo
and Bacha, 2020).
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Crude Fat Content

Soxhlet extraction of 15 ml of samples was carried
using petroleum ether for 6 hours. The solvent
evaporated in a rotary evaporator. The amount of
lipid was presented as a percentage of dry matter
(Nemo and Bacha, 2020).

Crude Protein Content

Samples were (1 g) digested using K,SO,, CuSO,
and concentrated H,SO, by Kjeldahl digestion
technique and subsequently distilled using NaOH
and titrated with HCL. The total nitrogen was
determined and expressed as crude protein
multiplied by 6.38 N factor of milk (Nemo and
Bacha, 2020).

Carbohydrate and Total Energy

Carbohydrate was determined using sum of other
parameters and difference from 100 percent: 100 -
sum of moisture, ash, fat, fibre and crude protein.
Energy was estimated as (protein x 16.7) + (lipid x
37.7) + (Carbohydrate x 16.7) (Nemo and Bacha,
2020).

Total Titratable Acidity

Exactly 25 ml of sample was titrated with 0.01 M
NaOH using phenolphthalein as indicator.
Titratable acidity was calculated based on NaOH
volume used (Nemo and Bacha, 2020).

Sensory Evaluation

Sensory evaluation was conducted after ethical
approval was obtained from the Department of
Microbiology, Kwara State University. The panel
members were informed about the purpose of the
study, the nature of the samples, and their right to
withdraw from the evaluation at any stage. Only
individuals who gave consent participated in the
sensory assessment. The samples were served
under hygienic conditions in coded containers to
preventbias.

A sensory evaluation was conducted using five
trained assessors. The assessors evaluated the
fermented milk samples for appearance, aroma,
texture, aftertaste and overall acceptability using a
five-point hedonic scale, where 1 represented
“dislike extremely” and 5 represented ‘“like
extremely”. The samples were chilled before
serving and presented in coded containers. Water
was provided to the assessors for mouth rinsing
between samples. The sensory scores were
recorded and expressed as mean = standard
deviation (Nemo and Bacha, 2020).

Bacteriocinogenic Assay of Crude Bacteriocin

Extraction and Partial Purification of Crude
Bacteriocin
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The LAB cultures were inoculated into 1 liter of MRS
broth at 30 degree celsius and incubated for 72
hours. The culture obtained was filtered after
centrifugation at 1000 rpm for 5 minutes, cell-free
supernatants obtained were adjusted to a pH of 6.5.
Ammonium sulfate was added to it to precipitate
protein, centrifuged at 1000 rpm for 5 minutes, and
dialysed using 0.1M phosphate bufferat pH 7.0. The
resulting liquid obtained was taken as the crude
bacteriocin, these were placed at -20 ° C until used
(Ahmadetal., 2017).

Bacteriocinogenic Screening on Test Bacteria
The partially purified bacteriocins (100 uL) were
added to 6 cm diameter wells on Mueller-Hinton
agar pre impregnated with standardized
suspensions of the test pathogens (E. coli, S.
aureus and B. subtilis and not S. enterica and P.
aeruginosa) (adjusted to 0.5 McFarland standard).
The plates were pre-incubated at 4 degree celsius
temperature condition for easy penetration of the
bacteriocins into the agar matrices and
subsequently incubated at 37 ° C for 24 hours. Zone
of growth inhibition was measured in mm (Ahmad et
al.,2017).

Statistical Analysis

Data obtained from proximate composition,
titratable acidity, and sensory evaluation were
recorded in triplicate where applicable and
expressed as mean + standard deviation. The data
was analysed using one-way analysis of variance.
Differences between means were considered
statistically significant at p < 0.05. Where significant
differences occurred, a post-hoc test should be
used to identify the sample pairs responsible for the
difference. The analysis was carried out using
Microsoft Excel 2016.

Results and Discussion

Colonial Morphology and Biochemical
Characteristics of Lactic Acid Bacteria Isolated
from Cheese Whey

Two species of Lactobacillus were obtained from
the cheese whey and identified as Lactobacillus sp.
1 and Lactobacillus sp. 2. The two isolates were
Gram positive, rod shaped, non-motile bacteria,
negative to oxidase, citrate, and indole production
but Lactobacillus sp 2 was positive to urease
production (Table 1). The characteristics were in
tandem with previous submission on the
identification features of Lactobacillus species
(Mokoena et al., 2021). The proficiency of
Lactobacillus species in dairy whey has been
noticed many times naturally in milk and milk
environments, their species contribute greatly to
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spontaneous acidic fermentation in dairy and other
products (He et al., 2022). The Lactobacillus
species have fermentative potency with sugar
production, an attribute that is highly pivotal to food
fermentation especially in the dairy industry and

Isolated from Cheese Whey
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other food processing industries (Benitez et al.,
2021).

Table 1: Morphological and Biochemical
Characteristics of the Lactic Acid Bacteria
Isolated from Cheese Whey

Biochemica
Isolate ] L 1
Morphological Characteristics Characteri
stics
Shape Colour Catalase Citr Urea Indo Coagulas Oxida
ate se le e se
IASOIate Rod White i ] ] o ]
i}solate Rod Cream + ) n ) ) i

Keys: + = Positive; - = Negative; [solate A = Lactobacillus sp. 1; Isolate B = Lactobacillus

sp. 2

Colonial Morphology and Biochemical
Characteristics of the Test Foodborne
Pathogens

The morphology and biochemical characteristics
of the test bacteria are presented in Table 2. The
observed characteristics were in consent with
early submissions on these organisms. They are
most often in association with food and are
frequently isolated from food and food
environments, especially under conditions of

inferior hygiene (Kivanc and Yapici, 2018).
Escherichia coli and S. aureus are among the
frequently reported isolates in Foodborne disease.
They are major agents in spoilage and Foodborne
infections and have been recovered from milk
obtained from informal markets in Africa (EImonir
etal., 2018). Their survival in processed food could
be attributed to low hygiene quality and insufficient
heat during the processing and distribution line
(Machado etal., 2017).

Characteristics Organism 1 Organism 2 Organism 3 Organism 4 Organism 5
Shape Rod Rod Cocci Rod Rod
Colour / Pigment - - + - +
Gram Reaction — - + + —

Motility + + - + +

Oxidase - - — — +

Catalase + + + + +

Citrate — + + + +
Coagulase - - + Variable —

Indole Test + — — —

Urease - — + — —

Methyl Red (MR) + + + — -

Voges Proskauer (VP) - - + + —

Glucose Fermentation -+ + + + +

Lactose Fermentation + - + Variable —

Sucrose Fermentation + — + + +

Gas Production + — — — —
Hydrogen Sulphide n B 3 3

(H=S)

Probable Organisms Esc'herzchla Salmqnella Staphylococcus aureus Bacz.l Z.u § Pseudgmonas

coli enterica subtilis aeruginosa

Table 2: Colonial Morphology and Biochemical Characteristics of Tested Food borne Pathogens
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Physicochemical Composition of Fermented
Milk Products

The physicochemical composition of the samples
showed slight variations, with moisture content
ranging from 72.28 to 72.71% and ash content
ranging from 0.99 to 1.09%, which are within the
expected range for fermented dairy beverages
(Managa et al., 2021; Paula et al., 2021). The
fermented samples recorded higher carbohydrate
and protein contents than the control, with Sample
B having the highest protein value of 4.21%. This
increase may be linked to the proteolytic activity of
lactic acid bacteria, which can release soluble
nitrogen compounds and improve the nutritional
quality of fermented milk (Hamad et al., 2019;
Nasution et al., 2025). However, this differs from
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some studies where protein reduction was
reported with increased buttermilk inclusion
(Pereira et al., 2021). The higher lipid content of
the control sample may explain its higher calorific
value. Titratable acidity was also higher in the
fermented samples, with values of 7.21 to 7.25
mg/ml compared with 5.04 mg/ml in the control.
This increase may be due to the conversion of
available sugars into lactic acid by lactic acid
bacteria during fermentation (Hamad et al., 2019;
Managa et al., 2021; Nasution et al., 2025). This
agrees with previous findings on pineapple-
enriched yoghurt, where fruit addition and lactic
acid bacteria fermentation contributed to
increased acidity (Islam et al., 2021).

Table 3: Physicochemical Composition of Fermented Powdered Milk

Sample Moisture Ash (%) Carbohyd Lipid Crude Calorific Titratab
(%) rate (%) (%) protein value le acidity

(%) (kJ/100 g) (mg/ml)
Sample A | 72.42+0.08 | 0.99+0.02 | 22.56+0.10 | 0.09+0.01 | 3.92+0.05 | 445.86+0.90 | 7.25+0.02
Sample B | 72.28+0.07 | 1.09+0.03 | 22.26+0.09 | 0.12+0.01 | 421+0.06 | 447.13+1.10 | 7.21+0.01
Control 72.71£0.09 | 0.99+0.02 | 1590+0.12 | 741 £0.15 | 2.96+0.04 | 594.80+1.50 | 5.04+0.02

Values are presented as mean + standard
deviation of triplicate determinations

Keys: Sample A = Milk fermented with
Lactobacillus sp.1 only (Single Starter Culture);
Sample B = Milk fermented with Lactobacillus
sp.1 and 2 (Combined Starter Culture); Ctrl =
Control (Uninoculated Milk)

Organoleptic Properties of the Fermented
Milk

The sensory result showed that Sample B
performed better than Sample A across all the
evaluated sensory attributes, with a total
acceptability score of 84.80% compared with
66.40% for Sample A. This suggests that the
combined lactic acid bacteria culture improved the
sensory quality of the pineapple-enriched
fermented milk, possibly through better aroma,
texture and flavour development during
fermentation (Pereira et al., 2021; Buvaneswaran
et al., 2023). This finding agrees with previous
studies that reported high acceptability scores for
pineapple-enriched fermented dairy products

(Pandey et al., 2019; Pereira et al., 2021; Nag and
Goyal, 2023). However, it contrasts with Hamad et
al. (2019), where the control sample was preferred,
possibly because pineapple acidity affected
coagulation and sensory quality. Since only five
assessors were used in the present study, the
sensory findings should be considered preliminary
and should be confirmed using a larger sensory
panelin future studies (Molero and Brifiez, 2018).

The control sample, an uninoculated milk sample,
was not included in the organoleptic evaluation
because it was not representative of the lactic acid
bacteria (LAB) fermented fruit mix product we were
evaluating. The sensory evaluation was restricted
to Samples A and B which were both actual
products created throughout the course of this
project.
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Table 4: Organoleptic Properties of the Fermented Milk Samples

Sample | Appearance | Aroma Texture Aftertaste | Overall Total acceptability
acceptability score (%)

Sample | 3.40+0.55 | 3.20=+ 340+ 320+ 3.40 £ 0.55 66.40

A 0.45 0.55 0.45

Sample | 4.20+0.45 | 4.40=+ 420+ 4.20 + 4.20+0.45 84.80

B 0.55 0.45 0.45

Values are presented as mean = standard
deviation based on the scores of five assessors

Keys: Sample A = Milk fermented with
Lactobacillus sp. 1 only; Sample B = Milk
fermented with Lactobacillus sp. 1 and fruit blend

Note: Since the uninoculated control was not a
fermented product or had LAB starter cultures
added, organoleptic evaluation was not
conducted. The sensory evaluation was only
designed to compare the acceptability of the LAB
fermented milk samples, so only Samples Aand B
were organoleptically evaluated.

Antimicrobial Activity of Bacteriocin
Produced by LAB Isolates

The crude bacteria of strain B produced a
bacteriocin that inhibited the growth of Escherichia
coli and Staphylococcus aureus, while the crude
bacteria of strain A produced a bacteriocin that
inhibited the growth of the same organisms plus
Bacillus subtilis (Kanagaraj et al., 2012; Yang et
al., 2012; Afrin et al., 2021). The results of these
studies suggest that lactic acid bacteria from the
cheese whey can produce bacteriocins that
possess antibacterial activity against some
pathogenic microorganisms that are important
causes of foodborne disease and potentially have
the potential to be used as biopreservatives in
fermented milk with pineapple (Kanagaraj et al.,
2012; Yang et al., 2012; Silva et al., 2018; Volpane
etal., 2021). The mode of action of bacteriocins is

hypothesized to involve the disruption of the
structural integrity of bacterial cell membranes
through pore formation, increased membrane
permeability, and the loss of proton motive force
(Ibrahim et al., 2021; Imade et al., 2021; Sidhu and
Nehra, 2021). The differences in biochemical
activity of isolate A as opposed to isolate B could
be attributed to differences in bacteriocin
production between the two isolates, to
differences in their target cell wall structure, or
differences in their membrane permeability
(Ibrahim et al., 2021; Imade et al., 2021). This
supports the findings of previous studies showing
that bacteriocins produced by lactic acid bacteria
from cheese and fermented dairy products are
inhibitory to Staphylococcus aureus, Bacillus
subtilis, Escherichia coli and certain strains that
have resistance to antibiotics (Kanagaraj et al.,
2012; Afrin et al., 2021; Bashir and Ali, 2021;
Imade and Omonigho, 2021; Thuy et al., 2024).
However, resistance to these bacteriocins has
been reported among some Gram-negative
bacteria such as Escherichia coli., suggesting that
the bacteriocin activity is influenced by both the
strain of bacteria and the type of crude extract
used (Afrin et al., 2021). In general, these findings
support the idea that bacteriocin-producing LAB
could be used as bioprotective cultures in dairy
product formulation and processing, particularly
when there is a need for improved microbial safety
and shelf-life of the finished product (Silva et al.,
2018;Ahansazetal., 2023; Kotsaki et al., 2025).
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Figure 1: Zones of Inhibition Exhibited by Bacteriocins from Lactic Acid Bacteria Isolates Against
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Plate 1: Clear zones of inhibition indicated by arrowheads, confirming antimicrobial activity of certain
lactic acid bacteria isolates against test pathogens. The plates with no arrow heads indicate no zone of
inhibition.
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Conclusion

This study evaluated the fermentative and
antibacterial activities of lactic acid bacteria
isolated from cheese whey. The findings showed
that the isolates were able to ferment milk and
contribute to acidity development in the
fermented product. The crude bacteriocin
produced by the isolates also showed
antibacterial activity against selected foodborne
pathogens, including Escherichia coli,
Staphylococcus aureus and Bacillus subtilis. The
observed zones of inhibition suggest that the
isolates possess bioprotective potential and may
help improve the microbial safety of fermented
dairy products. Overall, the study confirms that
cheese whey-derived lactic acid bacteria have
promising dual functions as starter cultures and
antibacterial agents in pineapple-enriched
fermented milk production. However, further
validation is required before industrial application.
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Recommendation

Further studies should be carried out to identify
the isolates using molecular techniques such as
16S rRNA gene sequencing. The bacteriocins
produced by the isolates should also be purified
and characterised to determine their stability,
safety and spectrum of antibacterial activity.
Future studies should test each isolate separately
and in combination to better understand their
individual and combined fermentative effects.
Larger sensory panels, shelf-life studies,
probiotic screening and safety assessment are
also recommended to confirm the suitability of the
isolates for possible use in the dairy industry.
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