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Abstract:

Background: Lactic acid bacteria (LAB) from dairy sources are known to produce bacteriocins with promising
antimicrobial properties. The variations in their preservative effectiveness and stability under different environ-
mental conditions create a gap in knowledge. This study aimed to produce bacteriocin and determine their stability
properties of bacteriocin isolated from lactic acid bacteria indigenous to selected fermented diary (cheese and
*‘Nunu’) within Ilorin metropolis.

Methodology: Isolation and identification of bacteriocin-producing lactic acid bacteria (LAB) from fermented dairy
products and bacteriocin purification, were carried out by standard methods. Bacteriocin stability tests were
performed and characterized by heat resistance, sensitivity to pH and proteolytic enzyme by the method described
by Gautam and Sharma. Bio-preservation efficacy of bacteriocin was evaluated through microbial load determina-
tion of the food products after treatment with purified bacteriocin, with and without refrigeration. Molecular
identification of the bacteriocin-producing LAB was determined by 16S rRNA sequencing.

Results: Four LAB were isolated from the food products and phenotypically identified as Lactobacillus spp and
Streptococcus spp. The bacteriocin-producing LAB were identified by 16s RNA sequencing as Lactobacillus
fermentum strain TSGB1241, Lactococcus fermentum strain DMF18, Lactococcus lactis subsp cremoris and
Pediococcus pentosaceus SL4. The antibacterial activity of bacteriocin produced by the LAB was affected by an
increase temperature and maximum activity was recorded at acidic pH (2.0-4.0), which indicates its potential use
in acidic food. The antibacterial activity was completely lost during treatment with proteolytic enzyme (pepsin). The
preservative test showed the potential of refrigerated bacteriocin to reduce microbial load that may contaminate
stored food products.

Conclusion: Bacteriocin produced from cheese and ‘Nunu’ offer bio-preservative efficacy and provide stability to
intrinsic and extrinsic factors that can affect food spoilage. This bacteriocin offers natural and safe and effective
preservation to foods products.
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Résumeé:

Contexte: Les bactéries lactiques (BAL) d'origine laitiere sont connues pour produire des bactériocines aux
propriétés antimicrobiennes prometteuses. Les variations de leur efficacité et de leur stabilité en tant que
conservateurs dans différentes conditions environnementales créent un manque de connaissances. Cette étude
visait a produire des bactériocines et a déterminer leurs propriétés de stabilité. Ces bactériocines ont été isolées de
bactéries lactiques indigénes de certains produits laitiers fermentés (fromage et «Nunu») de la métropole d'Ilorin.
Méthodologie: L'isolement et I'identification des bactéries lactiques (BAL) productrices de bactériocines a partir de
produits laitiers fermentés, ainsi que la purification des bactériocines, ont été réalisés selon des méthodes
standard. Des tests de stabilité des bactériocines ont été effectués et caractérisés par leur thermorésistance, leur
sensibilité au pH et leur activité enzymatique protéolytique, selon la méthode décrite par Gautam et Sharma.
L'efficacité de la bactériocine en tant que biopréservatrice a été évaluée par la détermination de la charge
microbienne des produits alimentaires aprés traitement avec la bactériocine purifiée, avec et sans réfrigération.
L'identification moléculaire des BAL productrices de bactériocines a été déterminée par séquencage de I’ARNr 16S.
Résultats: Quatre bactéries lactiques (BAL) ont été isolées des produits alimentaires et identifiées phénotypi-
guement comme appartenant aux genres Lactobacillus et Streptococcus. Les BAL productrices de bactériocine ont
été identifiées par séquencage de I'ARN 16S comme étant Lactobacillus fermentum souche TSGB1241, Lactococcus
fermentum souche DMF18, Lactococcus lactis subsp. cremoris et Pediococcus pentosaceus SL4. L'activité
antibactérienne de la bactériocine produite par les BAL était influencée par I'augmentation de la température et une
activité maximale a été observée a pH acide (2,0-4,0), ce qui indique son potentiel d’utilisation dans les aliments
acides. L'activité antibactérienne était totalement abolie lors d’un traitement a la pepsine. Le test de conservation a
démontré le potentiel de la bactériocine réfrigérée pour réduire la charge microbienne susceptible de contaminer
les produits alimentaires stockés.

Conclusion: La bactériocine produite a partir de fromage et de «Nunu» présente une efficacité de biopréservation
et assure une stabilité face aux facteurs intrinséques et extrinseques susceptibles d’altérer les aliments. Cette
bactériocine offre une conservation naturelle, slire et efficace des produits alimentaires.

Mots-clés: Produits laitiers fermentés; Bactéries lactiques; Conservateurs; Stabilité; Bactériocine

Introduction: ces between microbial and mammalian mem-
branes including lipid composition, membrane
Antimicrobial peptides (AMPs) are imp- potential, polarity, and organization and contri-
ortant component that serve as one of the ear- bute to this selectivity and influence the diver-
liest defense mechanisms against invading pat- se mechanisms of action observed among AMP
hogens (1). These peptides exhibit strong pot- classes (4). Also, several AMPs demonstrate
ential as antimicrobial against a wide range of diverse antimicrobial and immunological activi-
microorganisms, which make them a promising ties, suggesting their importance as tools in
option for the development of novel therapeu- biomedical applications.
tic agents. In contrast to most conventional Beyond their direct antimicrobial eff-
antibiotics, AMPs commonly act by disrupting ects, AMPs can modulate immune responses,
microbial cell membranes, forming transmem- which further enhances their therapeutic poten-
brane pores, and in some cases enhancing host tial. These peptides offer multiple advantages
immune responses through immunomodulatory over traditional antibiotics, including broad-
functions (2). spectrum activity, low propensity for resistance
Among AMPs, bacteriocin are the most development, synergistic effects with existing
studied group. Their preservative potentials as antibiotics, and the ability to neutralize endo-
antimicrobial largely depends on their ability to toxins and regulate immune function (5). AMPs
associate with and destabilize bacterial cell can also interfere with various intracellular pro-
membranes or cell walls. Typically, AMPs poss- cesses such as cell wall synthesis, protein pro-
ess an overall positive charge and a high pro- duction, and nucleic acid replication (6) as well
portion of hydrophobic amino acids, which ena- as inhibit formation of bacterial biofilms (7).
bles selective attraction to the negatively char- Additionally, their immunomodulatory roles
ged surfaces of bacterial membranes. Once allow them to regulate inflammation and miti-
bound, AMPs disrupt membrane integrity thro- gate septic responses during infection.
ugh non-enzymatic mechanisms (3). Lactic acid bacteria (LAB) are group of
A major advantage of AMPs is their sel- Gram-positive, non-spore-forming rods, cocci,
ective toxicity, as effective antimicrobial pepti- and cocco-bacilli, that produces lactic acid as a
des must exhibit minimal harm to host mam- major product while making use of carbohydra-
malian cells. Structural and functional differen- tes during fermentation process. LAB are lar-
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gely employed for the processing of many fer-
mented food products and beverages. It is well
known that LAB, which contribute more to the
properties of foods, mediate the fermentation
process and may also exhibit antibacterial acti-
vity against clinical pathogens. These bacteria
not only produce lactic acid as an end product
of carbohydrate catabolism but can also pro-
duce organic substances that contribute to the
flavor and aroma; aiding unique organoleptic
characteristics to the products (8). LAB exo-
polysaccharide (EPS) is economically important
because it can impart functional effect to foods
and confer beneficial health effects to the
consumer.

Lactic acid bacteria are normal, physio-
logical flora of the mouth, intestines and fe-
male genital tract. The Lactobacillus genus is
one of the most important genera in the group
of LAB. Lactobacillus strains are Gram-positive,
catalase-negative, non-spore-forming and non-
motile bacilli (9). Traditional and molecular
techniques have successfully been used to divi-
de bacteria belonging to the LAB family into
the following genera; Lactobacillus, Streptoco-
ccus, Lactococcus, Enterococcus, Melissococ-
cus, Tetragenococcus, Vagococcus, Trichococ-
cus, Carnobacterium, Desemzia, Leuconostoc,
Weisella and Pediococcus (10). Gram-positive
bacteria belonging to the phylum Actinobacte-
ria, such as the genera Aerococcus, Microbac-
terium, Propionibacterium and Bifidobacterium
also produce lactic acid.

The antibacterial peptides/bacteriocin
produced by Bacillus safensis strain MK-12 iso-
lated from waste dump soil have been charac-
terized and optimized by Sajid et al., (11).
These bacterial isolates were screened for anta-
gonistic activity against a set of American Type
Culture Collections (ATCC) and local multi-
drug-resistant human pathogenic bacterial str-
ains and discovered that the soil were reservoir
of these strains exhibiting antibacterial activi-
ties and could be a promising source of anti-
microbial compounds to tackle against resis-
tant bacteria in future. Therefore, this study
aimed to identify bacteriocin from locally selec-
ted fermented diary (‘Nunu’ and cheese) and
evaluate their stability and bio-preservative ef-
ficacies against some selected drug-resistant
pathogens and food spoilage bacteria.

Materials and method:

Study setting:

The study is conducted in the Depart-
ment of Microbiology, Faculty of Life Sciences,
University of Ilorin, Ilorin, Nigeria. The study
area is located at approximately latitude 8.479
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9° N and longitude 4.5418° E within the Uni-
versity.

Collection and isolation of Lactic Acid Bacteria
from selected dairy samples:

Fermented dairy products (‘Nunu’ and
cheese) were purchased at the University
kiosk, in the early hour of the day, transported
in ice-bag and preserved in the refrigerator
before microbial analysis. Samples were serial-
ly diluted in sterile distilled water up to 10->
folds, and 0.5ml from 103 and 10-3dilution
factors were plated on MRS agar using the
pour plating method. The plates were then inc-
ubated anaerobically in air-tight anaerobic jar
at 379C for 48 hours. Colonies were randomly
picked and sub-cultured on MRS agar and incu-
bated anaerobically to obtain pure culture.

Preliminary screening for the identification of
the lactic acid bacteria:

The isolated lactic acid bacteria were
screened by their microscopic, morphological
and biochemical features carried out according
to the descriptions in the Bergey’s Manual of
Determinative Bacteriology (12).

Tests organisms:

The test bacteria used to evaluate the
microbial effects of the LAB include Klebsiella
pneumoniae, methicillin-resistant Staphylococ-
cus aureus, Escherichia coli ATC 25922, methi-
cillin-sensitive Staphylococcus aureus 25923,
Salmonella Typhi, Enterococcus faecalis, Bacil-
lus megaterium, Serratia marcescens, Citro-
bacter freundii and Staphylococcus aureus
ATCC 25913, which were obtained from the
Department of Microbiology, University of Ilo-
rin, Nigeria.

Stability tests for LAB producing bacteriocin:

Bacteriocin from the LAB was purified
by precipitation of the bacteria supernatants in
ammonium sulphate followed by dialysis to re-
move excess salt. The stability test of the bac-
teriocin for heat resistance, sensitivity to pH
and proteolytic enzymes was performed accor-
ding to the method described by Gautam and
Sharma (13).

Heat resistance:

Aliquots (5ml) of partially purified bac-
teriocin were heated at 50°C, 759C, 100°C in a
water bath and at 121°C in an autoclave for 15
minutes. The treated samples were tested for
antibacterial activity against the indicator bac-
terial strains.

pH sensitivity:
Two and a half (2.5ml) ml aliquots of
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the partially purified bacteriocin was taken in a
sample bottle and the pH of the contents were
adjusted to pH 2, 4, 7 and 9 separately, using
either diluted NaOH or HCI (1M NaOH solu-
tion). After allowing the samples to stand at
room temperature for 2 hours, the antimicro-
bial activity was assayed according to Fugaban
et al., (14).

Sensitivity to proteolytic enzymes:

The LAB supernatant fluid was treated
for 1 hour at 37°C in Pepsin (Sigma) at final
concentration of 1 mg/ml. The mixtures were
heated in boiling water for 3 minutes to dena-
ture the enzymes, before testing the bacterio-
cin activity.

Bio-preservation potential bacteriocin for food
products

Enumeration and isolation of microorganisms
at different preservation method:

The microbial loads of the food pro-
ducts (meat and cheese) obtained fresh from
the University of Ilorin kiosk were evaluated by
four different forms of treatment at 24 hours
interval; (i) samples of food products were trea
ted with 5% bacteriocin (obtained by diluting 5
ml of the purified bacteriocin in 100 ml of
distilled water); (ii) samples were treated with
5% bacteriocin and refrigerated; (iii) samples
of the food products were refrigerated only;
and (iv) samples of food products had no form
of treatment. Enumeration and isolation of the
microbial load were carried out at an interval
of 24 hours.

Determination of microbial load:

The microbial load of the food products
at 24 hours interval on every stage and treat-
ment was carried out by the serial dilution of
the food samples from 10! to 106 using 1ml of
meat and cheese samples for the various treat-
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ment and 200ul of samples plated unto nut-
rient agar plates and incubated at 37°C for 24
hours. The numbers of colonies in duplicate
were counted using a digital colony counter to
determine the mean (£SD) microbial loads in
the sample. The microbial loads of bacteriocin-
treated samples were compared with non-
treated control samples.

Characterization of bacterial isolates by 16S
rRNA sequencing:

Further characterization of the isolates
by molecular techniques for better taxonomical
data was done using 16s rRNA amplification
and Sanger’s sequencing, followed by bioinfor-
matic analysis and phylogenetic tree construc-
tion. Using the sequence alignment generated,
the phylogenetic tree was constructed using
the neighbor joining method while maximum
composite likelihood method was used to com-
pute evolutionary distance with the bioinforma-
tics software Mega X (15).

Data analysis:

Results were analyzed by analysis of
variance (ANOVA) followed by Dunnett’s t-test.
The Statistical Package for the Social Sciences
(SPSS, version 26.0) was used to determine
the mean and standard deviation of the micro-
bial loads for each sample and probability was
accepted at p< 0.05 significance.

Results:

Isolation and identification of lactic acid bacte-
ria (LAB):

A total of four LAB were isolated based
on their morphological characteristics from the
*‘Nunu’ and cheese samples. They were Gram-
positive, rod and cocci shaped. The microsco-
pic, morphological and biochemical features of
the LAB isolates are presented in Table 1.



Bacteriocin-producing Lactic Acid Bacteria of dairy origin

Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 350-360

Table 1: Microscopic morphology and biochemical characteristics of isolated Lactic Acid Bacteria
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TSI = triple sugar iron test (1- gas production, 2- H,S production, 3- glucose-sucrose and lactose), +/+ = Acid and Gas producer; +/- = Acid producer only; -/- = No Acid and Gas produced; A= Acid producer only; - =Negative
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Fig 1: Antibacterial activity of heat-treated partially purified bacteriocins against resistant pathogenic bacteria

Stability testing of bacteriocin-producing LAB:

Effect of heat treatment on bacteriocin:

The results showed that bacteriocins
produced by the LAB (M1, Mz, M3 and M4) exhi-
bited heat stability at different temperature
with the highest at 50°C, and also exhibited
potent antimicrobial activity against Serratia
marcescens. However, it was observed that
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there was a reduction in the antimicrobial acti-
vity as the temperature increased (Fig 1).

Effect of pH treatment on bacteriocin:

Results show that bacteriocins produc-
ed by LAB are more potent at low pH with little
or no activity as the pH increased. High anti-
bacterial activity was recorded at pH 2 and pH
4 with no antibacterial activity at pH 9 (Fig 2).
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Fig 2: Antibacterial activity of partially purified bacteriocins at different pH against resistant pathogenic bacteria

Sensitivity profile of bacteriocin-producing LAB
to proteolytic enzyme (pepsin):

As a result of protein nature of bacteri-
ocin, all purified bacteriocin obtained was fully
inactivated (fully sensitive) by proteolytic en-
zyme, pepsin, hence all the test bacteria were
not inhibited (Table 2).

Preservative effect of bacteriocin produced by
LAB on cheese and meat:

There was a fairly reduction in micro-
bial load of the food samples subjected to the
treatment A (bacteriocin) when compared to
other treatment regimen. Treatment B (bacte-
riocin and refrigeration) showed the lowest
microbial load. There was an increase in micro-
bial load in the food products subjected to the
treatment of refrigeration only (Treatment C).
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The food samples in group D (no treatment)
had the highest in microbial load as presented
in Table 3

Molecular identification of bacteriocin-produc-
ing LAB:

Plate 1 shows the amplified 16s rRNA
and DNA molecular ladder, and Fig 1 shows the
phylogenetic tree of the isolates. The results
from the molecular characterization of the bac-
teriocin-producing LAB (M, My, M3 and M4) are
shown in Table 4.

The four isolates were identified as La-
ctobacillus fermentum strain TSGB1241 for My,
Lactobacillus fermentum strainDMF18 for M,
Lactococcus lactis subsp. cremoris C4 DNA for
M3 and Pediococcus pentosaceus SL4 for Ma.
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Table 2: Sensitivity of bacteriocin-producing LAB to pepsin

Test isolate Treated isolated lactic acid bacteria
M1 M2 M3 M4

Salmonella Typhi Sensitive Sensitive Sensitive Sensitive
Citrobacter freundii Sensitive Sensitive Sensitive Sensitive
Methicillin resistant Staphylococcus aureus Sensitive Sensitive Sensitive Sensitive
Escherichia coli ATCC 25922 Sensitive Sensitive Sensitive

Bacillus megaterium Sensitive Sensitive Sensitive Sensitive
Enterococcus faecalis Sensitive Sensitive Sensitive Sensitive
Serratia marcescens Sensitive Sensitive Sensitive Sensitive
Klebsiella pneumoniae Sensitive Sensitive Sensitive Sensitive
MSSA ATCC 25923 Sensitive Sensitive Sensitive Sensitive

M 1 2 3 4

M=Molecular DNA ladder; 1,2,3,4 = LAB isolates

Plate 1: Gel electrophoresis picture of amplified 16 sRNA of isolated lactic acid bacteria strains with DNA ladder

(1} Lactobacillus fermentum strain TSGB1241

0.05
(5]
0.049

503 (3} Lactococcus lactis subsp. cremoris C4 DMNA

o 2} Lactobacillus fermentum strain DMF18
5]
0.09 ‘
o U(D4} Pediococcus pentosaceus SL4
[ ——

0o.0z20

Fig 1: Phylogenetic relationship of identified lactic acid bacteria with those on NCBI
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Table 3: Evaluation of microbial loads of food products from preservative effect of LAB bacteriocin on cheese and meat samples

Exposure Mean (£SD) microbial load (x107 CFU/ml) in meat after treatment Mean (£SD) microbial load (x107 CFU/ml) in cheese after treatment
time
(hours) A B C D A B (o} D
24 15+1.41° 40+0.00° 135.5+£2.12¢ 140.5+2.12 32+0.71° 15+1.41b¢ 50+7.07° 30+0.00
48 30+2.822 16+2.832 120.5+2.12¢ 4+1.41 40+7.07¢ 3.5+£2.12° 30+14.142 25+4.24
72 20+7.072 50+2.83¢ 80.5+7.78P 250.5+28.99 25+2.83P 20.5+3.54¢ 8+5.66° 80+8.49
96 31+0.002 43+1.41° 50+0.002 125.5+0.71 20+0.00% 12.5+0.713b%¢ 11+1.41° 115+0.00
110 30+7.072 17£1.41° 84.5+13.44° TNTC 10+4.24° 8+4,242b 16.5+0.712 TNTC

A = Treatment with bacteriocin only; B = Bacteriocin and refrigeration; C = Refrigeration only; D = Without bacteriocin and refrigeration; TNTC = Too numerous to count
Note: Alphabets in the superscript are statistically different at 0.05 probability level

Table 4: Molecular identification of lactic acid bacteria (M1, M2, M3 and Ma)

Organism name Maximum score E-value Identity (%) Accession number
Lactobacillus fermentum strain TSGB1241 1646 0.0 95.75 MN255729.1
Lactobacillus fermentum strain DMF18 1105 0.0 92.08 MH782089.1
Lactococcus lactis subsp. cremoris C4 DNA 728 0.0 81.38 AP018499.1
Pediococcus pentosaceus SL4 710 0.0 83.82 CP006854.1
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Discussion:

The use of antimicrobial peptide produ-
ced by lactic acid bacteria for bio-preservation
is a relatively new concept to eliminate or con-
trol the spread of pathogenic or spoilage bac-
teria in food (16). This study has successfully
isolated bacteriocin-producing LAB from lactic
acid bacteria isolated from dairy products with
potential for bio-preservation. Lactobacillus and
Streptococcus represent the genera of bacte-
ria capable of producing bacteriocin. The mor-
phological and biochemical features of the LAB
demonstrated in this study are in line with the
previous study by Soltan et al., (9) who also
identified these genera of bacteria capable of
producing bacteriocin.

Heat stability suggested that bacterio-
cins produced by LAB in this study are able to
tolerate different heat treatment (temperatu-
re). This is similar to the observation made by
Wu et al., (17) who purified and characterize
bacteriocin produced by a strain of Lacticasei-
bacillus rhamnosus ZFM216 and also observed
stability of the bacteriocin at different tempe-
rature (17). However, the observation that
antibacterial activity reduced with increase in
temperature may be attributed to the fact that
high temperature partially affects some comp-
onents of bacteriocin. Bacteriocin are proteina-
ceous in nature and protein are denatured by
high temperature. The antimicrobial activity of
the bacterial isolates studied were observed to
have maximum activity at acidic pH (2.0-4.0)
and a reduction in antibacterial activity at pH 7
and no activity at pH 9. This result suggests
that such bacteriocins could be used in acidic
food products like fruit juices and food pro-
ducts that has neutral pH. This result is in con-
sonance with the findings of Singh et al., (8),
whose study showed maximum bactericocin
activity at pH 2-6. High antimicrobial activity
was detected at low pH in this study, as also
shown by Araujo et al., (19), but contrast the
study of Abanoz and Kundholu (20), who rep-
orted in a study that bacteriocin activity are
maintained over a wide range of temperature.

Also, the bacteriocin treated with pro-
teolytic enzyme (pepsin) lost antibacterial pot-
ential, implying that proteolytic enzyme was
able to degrade the bacteriocin. Soltani et al.,
(21) reported similarly that bacteriocin from
Gram-positive and Gram-negative bacteria have
tendency of degrading bacteriocin (21). This
indicates that bacteriocins are proteins. The
food products (cheese and meat) treated with
bacteriocin had a reduced microbial load when
compared to the food products that were refri-
gerated alone. This is because food spoilage
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organism such as mesophilic bacteria can be
inhibited by refrigeration.

The molecular analysis of the LAB iso-
lated from the food products revealed M1 to be
Lactobacillus fermentum strain TSGB 1241, M2
to be Lactococcus fermentum strain DMF 18,
M2 to be Lactococcus lactis subsp. cremoris
and M4 to be Pediococcus pentosaceus SL4.
The four LAB strains isolated were identified
using 16S rRNA sequencing followed by BLAST
analyzing. Sanger sequencing by 16S rRNA is a
good option due to the possession of proper
gene size and availability of a large number of
sequences in databases for comparison. The
phylogenetic tree of the characterized bacterio-
cin producing LAB constructed revealed the
closest identity to those in the GenBank thro-
ugh neighbour-joining method (22).

Conclusion:

This study identified bacteriocins from
four LAB which exhibited stability and preser-
vative potential against resistant bacterial pat-
hogens in meat and cheese. it is recommended
that bacteriocin-producing LAB be considered
as alternative to combat resistant pathogenic
bacteria in addition being used as natural, safe
and effective bio-preservatives.
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