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ABSTRACT
Objectives: This study was focused on examining the antimicrobial properties of bacteriocin like
compound extracted from Lactic acid bacteria (LAB) isolates from curd, farm soil, and Gundruk

samples.

Methods: A total of 30 samples of farm soil (10), curd (10) and Gundruk (10) were collected from a
Kathmandu district and identified strains of LAB. Dot plate technique was used for screening of
bacteriocin, then bacteriocin was extracted from precipitation method. Antimicrobial activity was
done from cell-free suspension by Agar well diffusion method.

Results: In this study, 86% of LAB were isolated and identified as Streptococcus species (46.67%),
Lactobacillus species (23.33%) and Pediococcus species (16.67%). Out of the 26 isolates, 7
(23.33%) produced bacteriocin. The antibacterial activity demonstrated inhibition zones ranging

isolates

from 7-16 mm for farm soil isolates, 10-20 mm for curd isolates, and 7-18 mm for Gundruk isolates.
From mixed extraction of bacteriocin (1:1 of Pediococcus spp and Streptococcus spp), antibacterial
activity was shown to all test bacteria except S. aureus ATCC 43300.

Conclusion: This study concluded that LAB isolates from Gundruk exhibited the highest antibacterial
activity (18-21 mm), compared to farm soil and curd isolates, highlighting their potential as a more

effective natural antimicrobial source.
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INTRODUCTION

Lactic acid bacteria (LAB) are Gram-positive bacteria
that produce lactic acid from various sugars through
the fermentation process, which covers a wide range
of health benefits (Leska, 2023). LAB is facultative
anaerobic, which means that they can grow in both
oxygen-rich and oxygen-poor environments, allowing
them to adapt to different niches (Ganzle, 2015). LAB
has a significant and extensive impact on the field of
food technology. They are naturally found in fermented
food and have been identified in soil, water, manure,
and sewage. So, LAB are considered an important
group of probiotic bacteria (Ekundayo, 2014).

LAB are present in the environment (soil), contributing
to microbial diversity and the overall health of the
soil ecosystem. Soils are dynamic environments

with fluctuating moisture, temperature, and nutrient

availability. Although LAB in soil may not be as
extensively studied as fermented foods or the human
microbiome, their importance in maintaining soil
health and their contribution to ecological balance
2021). It is
found in yogurt (Lactobacillus bulgaricus, Streptococcus

are increasingly recognized (Wu et al.,

thermophilus), sauerkraut, kimchi, pickle (Lactobacillus
brevis), cheese, raw vegetables, soil, plant materials, and
honey. They are also found in milk and milk Products.
They are also gut flora, which is present in the human
intestine and maintains gut health (Zhong et al., 2022).

Certain strains of LAB are classified as probiotic
bacteria having beneficial effects on the human
digestive system. Probiotics contribute to a healthy
balance of microorganisms in the gut, aid digestion,
and have potential immunomodulatory and anti-
inflammatory effects (Ganzle, 2015). LAB produces
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different compounds like organic acids, hydrogen
peroxide, diacetyl, carbon dioxide, etc. to kill other
microorganisms. Bacteriocins are also produced
by LAB, which have specialized peptides having
antimicrobial activity and able to specifically target
similar bacterial strains or harmful bacteria (Zotta,
2017). The growing global threat of antibiotic resistance
has demanded a renewed focus on research into novel
antibacterial agents. Isolation and characterization of
LAB for the production of antibiotics has proven to be

an important attempt in the research.

Many of LAB are still poorly understood, and their
potential to produce antibiotics is unknown. These
LABs can produce antibiotics that help fight harmful
bacteria. (Doo et al., 2024). The study of comprehensive
and systematic analysis of soil bacteria with the
potential to produce antibiotics was done advanced
microbiological and molecular techniques (Shabana et
al.,, 2013). There are several studies in LAB which were
isolated from different samples like milk, milk products,
LAB

produced secondary metabolites known as bacteriocin

fermentation products, soil etc. However,

having antibacterial activity against pathogenic
bacteria were less studied. So, the main aim of study
was to extract bacteriocin like compound from Lactic
Acid Bacteria (LAB) isolates from curd, farm soil and
Gundruk samples and perform its antimicrobial activity
against highly resistance bacteria. Furthermore, this
study has done comparative study of LABs producing

bacteriocin from different sources.

METHODS

Study design, area, site, and duration

A descriptive cross-sectional study was conducted
and a total of 30 samples were collected from the
Kathmandu district, including 10 samples each from
farm soil, curd, and Gundruk. This study was done from
December 2023 to April 2024.

Sample collection and processing

The Convenience sampling method was used for
the sample collection. The samples were collected in
sterile zip-lock bags to prevent moisture loss during
transportation, and then the samples were transported
to the Microbiology laboratory of Padmakanya
Multiple Campus.

Isolation of Lactic Acid Bacteria
LAB were isolated on MRS (de Man Rogosa Sharpe)

agar containing 1% (w/v) CaCOs. One gram of each
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sample was suspended in 9 ml of sterile phosphate
buffer and serially diluted (107! to 107°), and 1 ml of
each dilution was spread on the agar plates. The plates
were then incubated at 37°C for 48 hrs (Kazemipor et al.,
2012).

Characterization of Lactic Acid Bacteria

From the pure culture of obtained LAB, the morphology
of the colony was studied. They were characterized
by using various techniques such as Gram staining,
oxidase test, catalase test, motility test, spore staining,
and fermentation test, as stated in Bergey’s manual of

determinative bacteriology.

Sub-culture of test bacteria

Test bacteria, including Pseudomonas aeruginosa,
Staphylococcus aureus, Klebsiella pneumoniae, Escherichia
coli, Bacillus spp, as well as E. coli ATCC 25922 and S.
aureus ATCC 43300, were obtained from the Central
Department of Microbiology, Kritipur, Kathmandu
and sub-cultured on Nutrient agar. The bacteria were
confirmed by Gram staining and biochemical tests and
pure cultures were used to evaluate the antibacterial

activity of LAB.

Screening of potential Lactic Acid Bacteria for
bacteriocin like compound

After characterization, isolated LAB were screened
for antibacterial activity using the dot plate technique
on Mueller-Hinton agar. Test bacteria Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella
pneumoniae and Bacillus species were lawn cultured
on the MHA agar, and isolates of Lactobacillus species,
Streptococcus species and Pediococcus species were point
inoculated. Plates was incubated at 37°C for 24 hrs,
after which the zone of inhibition were measured (Ma
etal., 2019).

Extraction of Bacteriocin like compound

Pure LAB cultures with inhibitory activity were grown
in MRS broth (pH 7) at 37°C for 48 hrs. Cultures were
centrifuged at 10,000 rpm for 20 min at 4°C to obtain a
cell-free supernatant, then neutralized to pH 7 using 1
M NaOH. Bacteriocin was then eluted from Whatman
filter paper in potassium phosphate buffer and collected
in sterile test tubes (Yang et al., 1992).

Determination of antibacterial activity of Bacteriocin
like compound by agar well diffusion method

To determine antimicrobial activity, test bacteria were
grown in nutrient broth for 4 hrs at 37°C and adjusted

to 0.5 McFarland standard. Bacterial suspensions were



swabbed onto Mueller-Hinton agar, and 6 mm wells
were made. A 70 pl solution of bacteriocin from soil,
curd, and Gundruk, along with sterile water (negative
control) and ciprofloxacin (positive control) were
added to the wells and allowed to diffuse for 15 min.
Plates were incubated at 37°C for 24-48 hrs, after which

the zones of inhibition were measured (Zhennai, 2000).

Quality control in the laboratory
Quality was also monitored for each laboratory

equipment’s throughout the study period. Standard
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culture of E. coli (ATCC 25922) and S. aureus (ATCC
43300) were used for the interpretation of result in

antimicrobial activity.

Data Analysis

All the data was obtained from this study was entered
into Microsoft Excel 2016 and analyzed by percentage
calculation.

RESULTS
In this study, among 30 samples (farm soil, curd and
Gundruk), 26 (86.67%) isolates were identified as LAB.

B Growth of LAB

H No growth

Figure 1: Growth of LAB among total samples

Types of Lactic Acid Bacteria isolated among total
samples

Among 26 (86.67%) LAB isolates, 14 (46.67%)

Streptococcus spp were identified followed by 7(23.33%)
Lactobacillus spp and 5 (16.67%) Pediococcus spp from
farm soil, curd, and Gundruk samples.

Table 1: Types of Lactic Acid Bacteria isolated among the total samples

Lactobacillus spp

Pediococcus spp

Samples Number of samples Streptococcus spp N (%) Total N (%)
N (%) N (%)
Farm Soil 10 4(13.33) 4(13.33) 2 (6.67) 10(33.33)
Curd 10 3 (10.0) 5 (16.67) 0 8(26.67)
Gundruk 10 0 5 (16.67) 3 (10.00) 8(26.67)
Total 30 7(23.33) 14(46.67) 5(16.67) 26(86.67)

N = Number, % = Percentage

Carbohydrate Fermentation test of Lactic Acid
Bacteria

In carbohydrates fermentation test, LAB isolates from

farm soil, curd and Gundruk showed fermentation to
different sugars including glucose, lactose, sucrose
and fructose.
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Table 2: Fermentation test of different carbohydrates by Lactic Acid Bacteria isolates of farm soil samples

Carbohydrates Lactobacillus species (4) Streptococcus species (4) Pediococcus species (2)
Glucose + + -
Lactose + +
Sucrose +
Fructose + +

+ = Fermenter, - =Non-fermenter

Table 3: Fermentation test of different carbohydrates by Lactic Acid Bacteria isolates of curd samples

Carbohydrates Lactobacillus species (3) Streptococcus species (5)
Glucose + +
Lactose + +
Sucrose +
Fructose + +

+ = Fermenter, - = Non-fermenter

Table 4: Fermentation test of different carbohydrates by Lactic Acid Bacteria isolates of Gundruk samples

Carbohydrates Streptococcus species (5) Pediococcus species(3)
Glucose + +
Lactose +
Sucrose
Fructose +

+ = Fermenter, - = Non-fermenter

Screening of potential Lactic Acid Bacteria for  against test bacteria in which 7 LAB isolates were
bacteriocin like compound positive against all test bacteria.

A total of 26 LAB isolates were screening for bacteriocin

Table 5: Screening of potential Lactic Acid Bacteria for bacteriocin like compound

Test bacteria Farm soil isolates Curd isolates Gundruk isolates
S1 S2 S3 C1 C2 G1 G2
Gram positive bacteria
S. aureus ATCC 43300 6mm 5mm 10mm 10mm 8mm 5mm -
S. aureus 7mm 8mm 15mm 8mm 10mm 8mm
Bacillus spp - 6mm 12mm 8mm
Gram negative bacteria
E. coli ATCC 25922 6mm 6mm 9mm - 12mm 8mm 7mm
E. coli 10mm 7mm 11mm 10mm - 7mm 10mm
K. pneumoniae - 9mm 9mm 6mm 9mm 5mm
P. aeruginosa 4mm 6mm 9mm

- =no zone of inhibition, S1 = Lactobacillus spp, S2 = Streptococcus spp, S3 = Pediococcus spp C1= Lactobacillus spp, C2
= Streptococcus spp, G1 = Streptococcus spp, G2 = Pediococcus spp

Antibacterial activity of bacteriocin like compound  farm soil, curd and Gundruk showed different zone of

against test bacteria inhibition ranged from 7mm to 20mm against all test
In this study, bacteriocin like compound extracted from  bacteria.

Table 6: Antibacterial activity of bacteriocin like compound against test bacteria

Test bacteria Soil isolates Curd isolates Gundruk isolates
(81) (52) (83) (€1) (€2) (G1) (G2)

Gram positive bacteria

S. aureus ATCC 43300 -

S. aureus - - - - - - 7mm
Bacillus spp - - - 15mm 13mm 18mm 15mm

Gram negative bacteria
E. coli ATCC 25922 7mm - 11mm 12Zmm 10mm 13mm 12mm

E. coli 13mm 16mm 9mm 20mm 16mm 17mm 15mm
P. aeruginosa - - -
K. pneumoniae -

= No zone of inhibition, S1 = Lactobacillus spp, S2 = Streptococcus spp, S3=Pediococcus spp, Cl= Lactobacillus spp,

C2=Streptococcus spp, G1= Streptococcus spp and G2= Pediococcus spp.
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Antibacterial activity of mixed bacteriocin like
compound against test bacteria
In this study, mixed bacteriocin like compound (1:1)
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from farm soil (S1, S2 & S3), curd (C1 &C2) and Gundruk
(G1 & G2) showed antibacterial activity against all test
bacteria except S. aureus ATCC 43300.

Table 7: Antibacterial activity of mixed bacteriocin like compound against test bacteria

Test Bacteria Farm Soil (S1, S2 & S3)

Curd (C1 &C2) Gundruk (G1 & G2)

Gram positive bacteria
S. aureus ATCC 43300

S. aureus 10mm
Bacillus spp 10mm 20mm 18mm

Gram negative bacteria
E. coli ATCC 25922 11mm 19mm 21mm
E. coli 15mm 20mm 19mm
P. aeruginosa 17mm 18mm
K. pneumoniae 11mm 10mm 15mm

- =No zone of inhibition, S1 = Lactobacillus spp, S2 = Streptococcus spp, S3 = Pediococcus spp, C1 = Lactobacillus spp, C2

= Streptococcus spp, G1 = Streptococcus spp and G2 = Pediococcus spp

(A) (B)
Screening of Lactic Acid Bacteria for bacteriocin
extraction against (A) Escherichia coli ATCC 252922
and (B) Pseudomonas aeruginosa by dot plate method in
MHA plate

DISCUSSION

In the present study, 26 (86.67 %) isolates were identified
as LAB in which three LAB isolates were capable of
producing bacteriocin from Gundruk, farm soil, and
curd. By comparing the morphological, physiological
and biochemical tests, the isolates were identified as 14
(46.67%) Streptococcus spp, 7(23.33%) Lactobacillus spp
(23.33%) and 5 (16.67%) Pediococcus spp In the study
of Diop et al., (2007), 12 strains of LAB that produce
bacteriocin were isolated in fermented foods. Ekundayo
(2014) isolated 17 isolates of LAB in which 11 isolates
were identified as Lactobacillus spp The result of the
present study is in accordance with the report of Galvez
et al.,, (2007) who revealed that members of LAB could
be detected in a variety of habitats including fermented
foods.

The isolates of LAB were screened against Gram
positive bacteria (S. aureus, S. aureus ATCC 43300 and
Bacillus species) and Gram negative bacteria (E. coli

(© (D)
Antibacterial activity of mixed bacteriocin extraction
(1:1) from Lactic Acid Bacteria against Pseudomonas
aeruginosa (C) and Klebsiella pneumonia (D) in MHA
plate

ATCC 25922, E. coli, P. aeruginosa and K. pneumoniae) by
using dot plate technique on MHA plate. In this study,
dot plate technique showed the zone of inhibition ranges
from 5mm to 15mm against test bacteria. Among 7
LAB isolates, antibacterial activity showed against E.
coli, K. pneumoniae and S. aureus but did not show any
antibacterial property against P. aeruginosa and Bacillus
species. Similarly, Boguta, et al., (2014) screened 296
strains of Lactobacillus and Pediococcus.

From farm soil samples, bacteriocin like compound
extracted from S1, S2 and S3 samples showed
antibacterial activity against Gram negative bacteria
E. coli ATCC 25922 by 7mm and 11mm and E. coli- by
13mm, 6mm and 9mm of zone of inhibition respectively.
Similarly, bacteriocin like compound extracted from C1
and C2 showed inhibitory action against Gram positive
bacteria Bacillus species by 15mm and 13mm of zone
of inhibition respectively and Gram negative bacteria
Escherichia coli ATCC 25922 by 12mm and 10mm of zone
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of inhibition respectively and Escherichia coli by 20mm
and 16mm of zone of inhibition respectively. From
Gundruk samples, G1 and G2 showed antibacterial
activity against Gram positive bacteria S. gureus and
Bacillus species by 7mm and 15mm of zone of inhibition
respectively and Gram negative bacteria Escherichia coli
and Escherichia coli ATCC 25922 by 17mm and 15mm
of zone of inhibition respectively. Similarly, Collins,
et al., (1983) reported that the antibacterial activity of
LAB strains against S. aureus and P. fragi. Elayaraja,
et al., (2014) showed bacteriocin as inhibition activity
against pathogens and concluded that LAB showed

antimicrobial activities of wide range.

Further, bacteriocin like compound extracted from LAB
isolates of farm soil (51, S2 and S3), curd (C1 and C2)
and Gundruk (G1 and G2) were mixed (1:1) to analyze the
inhibitory activity. The bacteriocin extracted from farm
soil was able to inhibit E. coli ATCC 25922 (11mm), E.
coli (15mm), K. pneumoniae (11mm) and Bacillus species
(10mm) with respect to the diameter of inhibition zone.
The bacteriocin extracted from curd was able to inhibit
E. coli ATCC 25922 (19mm), E. coli (20mm), P. aeruginosa
(17mm), K. pneumoniae (10mm) and Bacillus species
(20mm) with respect to the diameter of inhibition zone.
The bacteriocin extracted from Gundruk was able to
inhibit S. aureus (10mm), E. coli ATCC 25922 (11mm),
E. coli (15mm), P. aeruginosa (18mm), K. pneumoniae
(11mm), and Bacillus species (10mm) with respect to
the diameter of the inhibition zone. However, the
bacteriocin like compound extracted from LAB isolates
of Gundruk, curd and farm soil samples in mixed ratio
showed the higher zone of inhibition. Bacteriocins
like compound extracted from these isolates exhibited
varying antibacterial activity, in which bacteriocins like
compound extracted from Gundruk samples showed

the strongest effects.

Combining bacteriocins like compound from different
sources in a mixed ratio (1:1:1) increased their
antibacterial spectrum, affecting the highest number of
test bacteria. However, bacteriocin extracted from all
samples did not showed zone of inhibition to S. aureus
ATCC 43300. Similar result was reported by Sharma
et al., (2021), the antimicrobial activity of bacteriocin
like compound against Bacillus spp, Shigella spp and
E. coli and but didn’'t show inhibition to Salmonella
spp, S. aureus and K. pneumoniae. Perez, et al., (2014)
concluded that bacteriocins like compound also use
as a next generation antibiotics for inhibiting the multi
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drug resistant bacteria. However, this study showed
antibacterial activity of bacteriocin like compound in
limitation number of samples. So, further study can be
done in different potential species for the development

of novel antibiotic.

CONCLUSION

Diverse species of lactic acid bacteria were isolated from
farm soil, curd and Gundruk samples however, very few
species were able to produce bacteriocin. Bacteriocin
extracted from them showed different zone of inhibition
to all test bacteria. Overall, this study highlight LAB
producing natural antimicrobial agents. So, in this
today’s world, research on antimicrobial activity of
bacteriocin like compound extracted from LAB become

a great importance for next generation antibiotics.

ACKNOWLEDGEMENTS

We would also like to acknowledge Assist. Prof.
Bindra Devi Shakya (coordinator) and Assoc. Prof. Dr.
Neena Karmacharya (Assistant Campus Chief) and
department of science, Padma kanya Multiple Campus
for providing the platform to conduct this project work
and supporting us with all the materials required to

conduct these experiments.

CONFLICT OF INTEREST

The author declares that there is no conflict of interest.

REFERENCES

Bergey, D. H., Holt, ]. G.,, & Krieg, N. R. (1994).
Bergey’s manual of determinative bacteriology (9th
ed.). Williams & Wilkins.

Boguta, A. M., Bringel, F., Martinussen, J., & Jensen,
P. R. (2014). Screening of lactic acid bacteria
for their potential as microbial cell factories
for bioconversion of lignocellulosic feedstocks.
Microbial Cell Factories, 13(1), 97. https://doi.
org/10.1186/512934-014-0097-0

Clinical and Laboratory Standards Institute. (2020).
Performance standards for antimicrobial susceptibility
testing (30th ed., CLSI supplement M100). CLSI.

Collins, T. D. L., Wood, D. S., & Beveridge, T. J. (1983).
Characteristics of the inhibition of Brochothrix
thermosphacta by Lactobacillus brevis. Journal of
Food Protection, 46(5), 403-407. https://doi.
org/10.4315/0362-028X-46.5.403

Diop, M. B., Dauphin, R. D., Tine, E., Ngom, V., Destain,
J., & Thonart, P. (2007). Bacteriocin producers



from traditional food products. Biotechnology,

Agronomy, Society and Environment, 11(4), 275-281.

Doo, H., Kwak, J., Keum, G. B,, Ryu, S., Choi, Y., Kang,
J., Kim, H., Chae, Y., Kim, S., Kim, H. B., & Lee, J.-
H. (2024). Lactic acid bacteria in Asian fermented
foods and their beneficial roles in human health.
Food Science and Biotechnology, 33(9), 2021-2033.
https:/ /doi.org/10.1007 /s10068-024-01634-9

Ekundayo, F. O. (2014). Isolation and identification of lactic
acid bacteria from rhizosphere soils of three fruit trees,
fish and ogi (Bachelor’s thesis). Federal University
of Technology.

Elayaraja, S., Annamalai, N., Mayavu, P, &
(2014).

purification and characterization of bacteriocin

Balasubramanian, T. Production,
from Lactobacillus murinus AUO06 and its broad
antibacterial spectrum. Asian Pacific Journal of
Tropical Biomedicine, 4(1), 305-311. https://doi.
org/10.12980/ APJTB.4.2014C537

Gianzle, M. G. (2015). Lactic metabolism revisited:
Metabolism of lactic acid bacteria in food
and food spoilage.
Opinion in Food Science, 2, 106-117. https://doi.
org/10.1016/j.cofs.2015.03.001

fermentations Current

Kazemipour, M., Radzi, C. W. J. W. M., Begum, K., &
Yaze, I. (2012). Screening of antibacterial activity
of lactic acid bacteria isolated from fermented
vegetables against food-borne
Archives des Sciences, 65(6), 192-201.

pathogens.

Leska, A.

properties of lactic acid bacteria intended to be

(2023). Characterization and protective

used in probiotic preparation for honeybees (Apis
mellifera L.): An in vitro study. Animals, 13(6),
1059. https:/ /doi.org/10.3390/ani13061059

Liasi, B., Azmi, S. A., Hassan, T. 1., Shuhaimi, M. D.,
Rosfarizan, M., & Ariff, A. B. (2009). Antimicrobial
activity and antibiotic sensitivity of three isolates
of lactic acid bacteria from fermented fish product.
Malaysian Journal of Microbiology, 5(1), 33-37.

Ma, J., Hong, Y., Deng, L., Yi, L., & Zeng, K. (2019).

Screening and characterization of lactic acid
with activity
Penicillium  digitatum on  citrus.  Biological
Control, 138, 104044. https://doi.org/10.1016/].
biocontrol.2019.104044

bacteria antifungal against

Sigdel et al., 2025, TUIM 12(1): 1-8

Perez, R. H., Zendo, T., & Sonomoto, K. (2014). Novel
bacteriocins from lactic acid bacteria (LAB):
Various structures and applications. Microbial
Cell Factories, 13(Suppl. 1), S3. https://doi.
org/10.1186/1475-2859-13-51-53

Bhattarai, R., Gautam, N., Nawaz, A. M., & Das, K. L.
S. (2016). Isolation and identification of dominant
lactic acid bacteria from dahi: An indigenous
dairy product of Nepal Himalayas. Journal of
Microbiology, Biotechnology and Food Sciences,
5(4), 358-363. https:/ /doi.org/10.15414/
jmbfs.2016.5.4.358-363

Shabana, M., Fariha, H. & Tarig, M. (2013).
Characterization of lactic acid bacteria isolated
from indigenous dahi samples for potential source
of starter culture. African Journal of Biotechnology,
12(33), 5226-5231. https://doi.org/10.5897/
AJB09.1172

Sharma, P., Chaudhary, J., Ghimire, R., Sharma, D., &
Khadka, R. (2021). Antimicrobial activity of lactic
acid bacteria isolated from traditional fermented
food. Tribhuvan University Journal of Microbiology,
8(1), 110-116.

Tamang, J. P, Tamang, B., Schillinger, U., Franz,
C. M. A. P, Gores, M., & Holzapfel, W. H.
(2005). Identification of predominant lactic acid
bacteria isolated from traditionally fermented

vegetable products of the Eastern Himalayas.

International ~ Journal —of Food Microbiology,
105(3),  347-356.  https://doi.org/10.1016/].
ijfoodmicro.2005.04.024

Wu, J, Xin, Y., Kong, J., & Guo, T. (2021). Genetic
tools for the development of recombinant lactic
acid bacteria. Microbial Cell Factories, 20(1), 118.
https:/ /doi.org/10.1186/512934-021-01607-1

Yang, R., Johnson, M. C,, & Ray, B. (1992). Novel method
to extract large amounts of bacteriocins from
lactic acid bacteria. Applied and Environmental
Microbiology, 58(10), 3355-3359. https://doi.
org/10.1128 /aem.58.10.3355-3359.1992

Zhennai, Y. (2000). Antimicrobial

extracellular  polysaccharides produced by lactic

compounds and

acid bacteria: Structures and properties (Doctoral
dissertation). University of Helsinki. ISBN 951-
45-9146-1

TUJM VOL. 12, NO. 1, 2025



Sigdel et al. 2025, TUIM 12(1): 1-8

Zhong, Y., Fu, D., Deng, Z., Tang, W., Mao, J., Zhu, T, Zotta, T., Parente, E., & Ricciardi, A. (2017). Aerobic

Zhang, Y., Liu, J., & Wang, H. (2022). Lactic acid metabolism in the genus Lactobacillus: Impact
bacteria mixture isolated from wild pig alleviated on stress response and potential applications in
gutinflammation of mice challenged by Escherichia the food industry. Journal of Applied Microbiology,
coli. Frontiers in Immunology, 13, 822754. https:// 122(4),  857-869.  https://doi.org/10.1111/
doi.org/10.3389/ fimmu.2022.822754 jam.13399

TUJM VOL. 12, NO. 1, 2025 8





