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ABSTRACT

ARTICLE HISTORY

Objective: The purpose of this research is to detect the antibacterial properties of lactic acid bacteria (LAB) against pathogenic bacteria.
Materials and Methods: Isolation and determination of Lactobacillus spp. Testing of the antibacterial activity of LAB was conducted using filtrate and nonfiltrate forms. The lactic acid bacterial
isolates were confirmed to be identified through Gram staining, cell shape, catalase testing, and
motility testing.
Results: The results of the analysis of the LAB inhibition zone using filtrate and nonfiltrate forms
against the bacteria Bacillus cereus were included in the very strong category. The results of the
analysis of the LAB inhibitory zone using filtrate and nonfiltrate forms and the agar well method
against Staphylococcus aureus bacteria were classified into the very strong category. The results of
the LAB inhibitory zone analysis using filtrate and nonfiltrate forms with the well method against
Escherichia coli bacteria are included in the very strong category, whereas the results from the
LAB inhibitory zone analysis using the filtrate and nonfiltrate forms with the agar diffusion method
(disks) are included in the strong category.
Conclusion: Based on the results, LAB isolated from Sumba mare’s milk displayed antibacterial
activity in the strong and very strong categories against pathogenic bacteria such as B. cereus, S.
aureus, and E. coli.
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Introduction
Lactic acid bacteria (LAB) have characteristics of Grampositive bacteria, are nonsporulating, and are tolerant of
anaerobes. LAB are fermentative bacteria that produce
antimicrobial compounds such as lactic acid [1,2]. LAB
are divided into two groups: those that produce lactic acid
as the main product of glucose fermentation are called
homofermenters, and those that produce the same molar
amount of lactate, carbon dioxide, and ethanol from hexose
are called heterofermentative [3,4]. The LAB are known to
improve immune-mediated health complications such as
allergies, atopic dermatitis, rhinitis, oral tolerance, cancer,
and inflammatory diseases [5]. Another study showed that
consumption of LAB-fermented food products can reduce
cholesterol and the risk of cardiovascular disease [6]. In
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addition, increased consumption of LAB-fermented foods
can be applied to prevent diarrhea, reduce lactose intolerance, produce conjugated linoleic acid, decompose phytic
acid (an inhibitor of mineral absorption in the intestine),
and increase intestinal microbial balance [5,7].
Several applied studies have been carried out to determine the function of various LAB properties, including
antibacterial activity with a broad spectrum [4,8–10].
This function is due to the antimicrobial property that
can inhibit the growth of other microorganisms and is
promising as an alternative antibiotic for certain bacteria
[2,8,11–13]. Research on LAB candidates for antibiotic
studies was further developed after the emergence of antibiotic resistance problems [14–16], mainly because bacteria are responsible for numerous foodborne diseases such
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as Bacillus cereus, Staphylococcus aureus, and Escherichia
coli. Product metabolites of LAB are important in inhibiting microbial growth. The mode of action of LAB is a
synergistic collaboration between lactic acid and several
other metabolites (hydrogen peroxide, diacetyl, reuterin,
and bacteriocins) that produce bactericidal action against
pathogenic bacteria.
Based on its habitat, LAB can isolate natural ingredients
such as plants and fruits [17], wine [1], and milk [2,18,19].
Recent research explains the presence of LAB isolated
from Sumba mare’s milk [20,21]. Sumba horses have specifications in terms of maintenance patterns. Sumba horses
are kept in the vast savanna and are released to find their
food according to their taste. This impacts the types of feed
obtained in nature, which are very diverse and may cause
variations in the LAB present in the milk content. From the
perspective of public health, LAB can be used as an alternative treatment to treat foodborne diseases, primarily when
associated with the issue of antimicrobial resistance. The
purpose of this research is to detect the antibacterial property of LAB against pathogenic bacteria. The pathogenic
bacteria that were challenged to detect the antimicrobial
function of LAB were B. cereus, S. aureus, and E. coli.

Materials and Methods

This research was conducted from August to September
2018 at the Animal Disease and Veterinary Public Health,
Faculty of Veterinary Medicine, Universitas Nusa Cendana.
The stages of this study include extracting isolates of LAB
from Sumba mare’s milk and identifying the antimicrobial activity of LAB extracted from the mare’s milk against
pathogenic bacteria B. cereus, S. aureus, and E. coli.
The research materials used were LAB isolated from
Sumba mare’s milk, De Man, Rogosa, and Sharpe (MRS)
agar, MRS broth, Mueller Hinton agar media, sulfide indole
motility media, aquades, violet crystal solution, iodine
solution, 96% alcohol, safranin, physiological NaCl, 70%
alcohol, hydrogen peroxide, chloramphenicol antibiotic
disks, blank disks, McFarland standards, bacterial cultures
of B. aureus, S. aureus, and E. coli, antibiotics, oil immersion,
filter paper, cotton wool, masks, gloves, and label paper.
Method analysis

The main focus of this study was to measure the inhibitory diameter of LAB on the growth of bacteria that cause
important pathogens (B. aureus, S. aureus, and E. coli).
Isolation and determination of Lactobacillus spp. were
carried out in accordance with LVS ISO 15214: 1998
guidelines using MRS media (Tween, OXOID, UK). Media
preparation procedures are guided by the LVS CEN ISO/
TS 111331:2009 guide. Similarly, the sample dilution technique is carried out according to ISO 6887-5:2010 using a
http://bdvets.org/javar/

salt–peptone solution. The diameter of the inhibition zone
was measured after incubation of LAB for 72 h at 37°C on
MRS agar media [22,23]. Confirmation of lactic acid bacterial isolates was identified through testing of Gram-stain,
cell shape, catalase testing, and motility testing [24].
According to Pro-Lab Diagnostics, the detection of
antimicrobial activity against pathogenic bacteria was
conducted. A volume of 1 ml of active LAB suspension of
Sumba mare’s milk from MRS broth was taken using a
micropipette and then poured into a test tube. The test
tube containing LAB was centrifuged at 3,000 rpm for 30
min to separate the liquid from the filtrate. Next, the separated solution was filtered using a 0.45-µm millipore membrane. The testing of the effectiveness of the filtrate of LAB
against pathogenic bacteria was based on several research
studies [25,22]. The testing of the antimicrobial activity
of LAB bacteria using filtrate and nonfiltrate forms was
carried out based on previous research. This test was conducted using the disk diffusion method and the agar well
method. The pathogenic bacteria were B. cereus, S. aureus,
and E. coli. LAB from Sumba mare’s milk was used as an
antimicrobial. Also, a positive control using an antibiotic
(chloramphenicol), and a negative control used disk blank
to validate the test procedure. An antimicrobial activity
test was carried out with three repetitions. The results
obtained from the literature were regarding the four categories of inhibition of active compounds in bacteria. The
diameter of the inhibition zone was classified as weak (5
mm), moderate (5–10 mm), strong (10–20 mm), and very
strong (20–30 mm) [21,26].

Results and Discussion

The bacteria cultures were observed at 48 h, with the
following inhibitory zone results; 29.63 mm in pathogenic bacteria B. cereus, 32.03 mm in pathogenic bacteria S. aureus, and 31.23 mm in pathogenic bacteria E. coli.
Inhibitory zones for antibiotics that formed within 48 h
were included in the sensitive category. This is consistent
with accepted standards for the diameter of a bacterial
inhibitory zone, which state that chloramphenicol is resistant if the diameter of the bacterial growth inhibition produced is smaller than 20 mm, or sensitive if the resulting
inhibitory diameter is greater than 21 mm [27,28].
The results of the antibacterial activity test for LAB
bacteria against B. cereus using filtrate form and the agar
diffusion method were observed at 48 h, with an average
inhibition zone of 20.5 mm, while nonfiltrate forms did
not form inhibitory zones. Furthermore, the testing of
the antibacterial activity of LAB in filtrate form was carried out using wells that were observed at 48 h with an
average inhibition zone of 24.7 mm, while the nonfiltrate
form had an inhibition zone of 20.4 mm. The results of the
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inhibition zone associated with LAB using filtrate and nonfiltrate forms against the bacteria B. cereus are included in
the very strong category [26].
The antibacterial activity of LAB against S. aureus bacteria in the filtrate form using the agar diffusion method
(disks) was observed at 48 h with an average inhibition
zone of 24.9 mm, whereas the nonfiltrate test using agar
diffusion (disks) had an average inhibition zone of 13.76
mm. The testing of the antibacterial activity of LAB in
the filtrate form was carried out using a well and was
observed at 48 h with an average inhibition zone of 31.10
mm, while the nonfiltrate had an average inhibition zone
of 21.85 mm. Given these results, the LAB inhibitory
zone for filtrate and nonfiltrate forms with the agar well
method against S. aureus bacteria is included in the very
strong category, whereas the nonfiltrate LAB inhibitory
zone using the agar diffusion method (disks) is included
in the strong category.
The results of the antibacterial activity of LAB against
E. coli suspension using the agar diffusion method (disks)
were observed at 48 h with an average inhibition zone
of 13.3 mm, while nonfiltrate was 11.65 mm. Testing the
antibacterial activity of LAB in Sumba mare’s milk isolates using well agar was observed at 48 h with an average inhibition zone of 22.3 mm, while nonfiltrate was 22.1
mm. Based on the LAB inhibitory zone results obtained by
the filtrate and nonfiltrate forms, using the well method
against E. coli bacteria is included in the very strong category, whereas the LAB inhibitory zone obtained by the
filtrate and nonfiltrate forms using agar diffusion method
(disks) is included in the strong category.
The identification of the antibacterial activity of LAB,
isolated from Sumba mare’s milk, was conducted in vitro
against pathogenic bacteria (B. cereus, S. aureus, and E.
coli) (Fig. 1). After incubation for 24–48 h, the test results
showed an inhibition zone marked by the appearance of a
clear zone around the LAB against the pathogenic bacteria
B. cereus, S. aureus, and E. coli.
The results from this research show that the inhibition
zone associated with LAB using filtrate and nonfiltrate
forms against B. cereus, S. aureus, and E. coli is included in
the very strong category. Several previous studies mentioned that LAB had an antimicrobial ability because it
produced a variety of antimicrobial compounds [29]. Some
important compounds, including organic acids, diacetyl,
hydrogen peroxide, bacteriocin, and reuterin, have antimicrobial power with a variety of characteristics, such as
specific or nonspecific molecular weights. Each of these
compounds has a different antimicrobial object-level [4].
As one of the metabolites of the LAB process, organic
acids have a level of antimicrobial activity within a broader
spectrum than other compounds. This broad-spectrum
is known to be a result of a synergistic collaboration
http://bdvets.org/javar/

between lactic acid and acetic acid that produces a bactericidal for pathogenic bacteria such as Salmonella typhimurium [3,9,12]. Moreover, the effect of lactic acid causes
a change in pH level, which leads to low acidity. This adds
to the antimicrobial properties of organic acids, including bacteria, fungi, and yeast [4]. Hydrogen peroxide is
another compound produced by LAB. This compound is
produced when there is nicotinamide adenine dinucleotide oxidase and superoxide dismutase activity. LAB will
produce catalase if heme is not available. In contrast,
when the catalase is not produced by LAB, there will
be an accumulation of antimicrobial peroxide through
a strongly produced oxidation effect [30]. The strength
of the peroxide is further strengthened when additional
lactoperoxidase and thiocyanate are found in natural

Figure 1. Inhibitory zone diameter of LAB taken from Sumba
mare’s milk isolates against B. cereus, E. coli, and S. aureus. AB:
Chloramphenicol; CF: LAB in the form of disk filtrate; CNF: nonlactic acid filtrate bacteria; SNF: Non-LAB wells filtrate; SF: LAB
filtrate wells.

 Sanam et al. / J. Adv. Vet. Anim. Res., 9(1): 53–58, March 2022

55

products, especially milk [31–33]. Peroxidase is known to
have the ability to inhibit the growth of Lactococcus and
Gram-negative Pseudomonas ssp, which are often associated with an incidence of foodborne diseases [15,16].
In addition, LAB produces 5-carboxylic acid pyrrolidone. This compound is known to have the ability to
kill bacteria such as B. subtilis and Enterobacter cloacae.
However, this compound is only produced by Lactobacillus
casei ssp. casei and L. casei ssp. Pseudoplantarum [34].
Diacetyl compounds are produced by LAB in the process
of transformation of citrate through pyruvate. Diacetyl
produces a characteristic odor of butter and can reduce
the pH level [15,35]. Other studies explain that diacetyl has been shown to be effective in inhibiting pathogenic bacteria, such as the genera Salmonella, Yersinia,
Escherichia, Aeromonas, and Bacillus [4,6,36].
One of the compounds produced by LAB is bacteriocin.
Bacteriocin is a protein compound excreted by bacteria
that inhibits bacterial growth by destroying the bacterial cells, causing development disruption [37]. Another
antimicrobial compound that LAB produces is Reuterin,
which has the ability to bind to a group of SH enzymes,
such as ribonucleotide reductase [38]. It is known as a
compound produced during anaerobic conditions by L.
reuteri, L. brevis, L. buchneri, L. collinoides, and L. corniformis [15]. Reuterin antibacterial compounds in LAB are
known to have the ability to inhibit the growth of a number of enterobacteria such as Salmonella sp and Shigella
sp, genus Clostridium, Staphylococcus [39], Listeria [40],
and yeast of the genus Candida [41].
The antibacterial properties of LAB promote the frequent use of these natural ingredients as biopreservation
for food [19,41–43]. The results of this study further confirm that the antimicrobial nature of LAB can be utilized
for several functions, including as an alternative antibiotic
[2,13], especially to overcome the problem of antibiotic
resistance [16,44], anti-fungus [41,45], food bio-preservatives [46], and to help increase the absorption of calcium
and magnesium [17]. Further research needs to examine
the characteristics of DNA sequencing in LAB in order to
be able to specifically identify the species of LAB isolated
from mare’s milk.

Conclusion

Based on the test results, LAB isolates taken from Sumba
mare’s milk contain compounds that are in the strong and
very strong categories of antimicrobial activity against B.
cereus, S. aureus, and E. coli.
http://bdvets.org/javar/

List of Abbreviations
LAB, Lactic acid bacteria; DNA, Deoxyribonucleic acid;
MRS, De Man, Rogosa, and Sharpe; ISO, The International
Organization for Standardization.

Acknowledgments

The authors are very grateful to the Directorate of Higher
Education, Ministry of Education, Culture, Research and
Technology of the Republic of Indonesia as the funder
of this study. A research grant was obtained from the
Directorate of Higher Education, the Republic of Indonesia
with research contract ID 49/UN15.19/LT/2019.

Conflict of interests

The authors declare no conflict of interests.

Authors’ contribution

MS, AD, and NKR participated in the design of the research,
acquisition, data analysis, drafting the paper, and critical
revision of the paper.

REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]
[7]

[8]
[9]

König H, Fröhlich J. Lactic acid bacteria. In: Biology of microorganisms on Grapes, in must and in wine, pp 3–41, 2017; https://doi.
org/10.1007/978-3-319-60021-5_1
Abushelaibi A, Al-Mahadin S, El-Tarabily K, Shah NP, Ayyash M.
Characterization of potential probiotic lactic acid bacteria isolated
from camel milk. LWT-Food Sci Technol 2017; 79:316–25; https://
doi.org/10.1016/j.lwt.2017.01.041
Dhundale V, Hemke V, Desai, Dhundale P. Evaluation and exploration of lactic acid bacteria for preservation and extending the shelf
life of fruit. Int J Fruit Sci 2018; 18(4):355–68; https://doi.org/10.
1080/15538362.2018.1435331
Stoyanova LG, Ustyugova EA, Netrusov AI. Antibacterial metabolites of lactic acid bacteria: their diversity and properties. Appl
Biochem Microbiol 2012; 48(3):229–43; https://doi.org/10.1134/
S0003683812030143
Mathur H, Tom PB, Paul DC. Health benefits of lactic acid bacteria (LAB) fermentates. Nutrients 2020; 12(6):1679; https://doi.
org/10.3390/nu12061679
Bron PA, Michiel K. Lactic acid bacteria for delivery of endogenous or engineered therapeutic molecules. Front Microbiol 2018;
9:1821; https://doi.org/10.3389/fmicb.2018.01821
Erdogan FS, Ozarslan S, Guzel-Seydim ZB, Taş TK. The effect of
kefir produced from natural kefir grains on the intestinal microbial populations and antioxidant capacities of Balb/c mice.
Food Res Int 2019; 115:408–13; https://doi.org/10.1016/j.
foodres.2018.10.080
Evivie SE, Huo GC, Igene JO, Bian X. Some current applications, limitations and future perspectives of lactic acid bacteria as probiotics. Food Nutr Res 2017; 61(1):1318034; https://doi.org/10.1080
/16546628.2017.1318034
Suryani, Dharma A, Manjang Y, Arief S, Munaf E, Nasir N.
Antimicrobial and antifungal activity of lactic acid bacteria isolated
from coconut milk fermentation. Res J Pharm Biol Chem Sci 2014;
5(6):1587–95.

 Sanam et al. / J. Adv. Vet. Anim. Res., 9(1): 53–58, March 2022

56

[10]
[11]
[12]
[13]
[14]
[15]
[16]

[17]
[18]
[19]
[20]
[21]

[22]
[23]
[24]
[25]
[26]

[27]

Field D, Ross RP, Hill C. Developing bacteriocins of lactic acid bacteria into next generation biopreservatives. Curr Opin Food Sci 2018;
20:1–6; https://doi.org/10.1016/j.cofs.2018.02.004
Ebringer L, Ferenčík M, Krajčovič J. Beneficial health effects of
milk and fermented dairy products—review. Folia Microbiol 2008;
53(5):378–94; https://doi.org/10.1007/s12223-008-0059-1
Volzing K, Borrero J, Sadowsky MJ, Kaznessis YN. Antimicrobial
peptides targeting Gram-negative pathogens, produced and delivered by lactic acid bacteria. ACS Synth Biol 2013; 2(11):643–50;
https://doi.org/10.1021/sb4000367
Lee JS, Chung MJ, Seo JG. In vitro evaluation of antimicrobial activity of lactic acid bacteria against Clostridium difficile. Toxicol Res
2013; 29(2):99–106; https://doi.org/10.5487/TR.2013.29.2.099
Fečkaninová A, Koščová J, Mudroňová D, Popelka P, Toropilová
J. The use of probiotic bacteria against Aeromonas infections in
salmonid aquaculture. Aquaculture 2017; 469:1–8; https://doi.
org/10.1016/j.aquaculture.2016.11.042
Šušković J, Kos B, Beganović J, Pavunc AL, Habjanič K, Matoć S.
Antimicrobial activity—the most important property of probiotic
and starter lactic acid bacteria. Food Technol Biotechnol 2010;
48(3):296–307.
Sandi NA, Salasia SIO. Alternative antibiotics source from symbiont
of lactid acid bacteria inside stomach of honeybees (Apis mellifera
and Apis dorsata) against multiresistant antibiotics pathogenic
bacteria. Res J Microbiol 2016; 11(2–3):93–100; https://doi.
org/10.3923/jm.2016.93.100
Khaneghah AM, Fakhri Y. Probiotics and prebiotics as functional
foods: state of the art. Curr Nutr Food Sci 2019; 15(1):20–30;
https://doi.org/10.2174/1573401314666180416120241
Bluma A, Ciprovica I. Diversity of lactic acid bacteria in raw milk.
Res Rural Dev 2015; 1:157–161.
Perin LM, Nero LA. Antagonistic lactic acid bacteria isolated
from goat milk and identification of a novel nisin variant
Lactococcus lactis. BMC Microbiol 2014; 14(1):1–21; https://doi.
org/10.1186/1471-2180-14-36
Detha A, Beribe E, Datta F. Karakteristik bakteri asam laktat yang
diisolasi dari susu kuda sumba. J Kaji Vet 2019; 7(1):85–92;
https://doi.org/10.35508/jkv.v7i1.1058
Detha A, Datta FU, Beribe E, Foeh N, Ndaong N. Efektivitas bakteri
asam laktat yang diisolasi dari susu kuda sumba terhadap kualitas silase jerami padi (effectiveness of lactic acid bacteria isolated
from sumba horse milk on silase quality). J Kaji Vet 2018; 6(1):31–
7; https://doi.org/10.35508/jkv.v6i1.1053
Hamidah MN, Rianingsih L, Romadhon R. Aktivitas antibakteri isolat bakteri asam laktat dari peda dengan jenis ikan berbeda terhadap E. coli dan S. aureus. J Ilmu Teknol Perik 2019; 1(2):1.
Kakelar HM, Barzegari A, Hanifian S, Barar J, Omidi Y. Isolation and
molecular identification of Lactobacillus with probiotic potential
from abomasums driven rennet. Food Chem 2019; 272:709–14;
https://doi.org/10.1016/j.foodchem.2018.08.081
Fachrial E, Harmileni H. Isolasi dan aktivitas anti mikroba bakteri asam laktat dari fermentasi nira kelapa sawit. Biolink 2018;
5(1):51–8; https://doi.org/10.31289/biolink.v5i1.1707
Yang E, Fan L, Yan J, Jiang Y, Doucette C, Fillmore S, et al. Influence
of culture media, pH and temperature on growth and bacteriocin
production of bacteriocinogenic lactic acid bacteria. Amb Express
2018; 8(1):1–14; https://doi.org/10.1186/s13568-018-0536-0
Morales G, Sierra P, Mancilla A, Paredes A, Loyola LA, Gallardo
O, et al. Secondary metabolites from four medicinal plants from
northern Chile: antimicrobial activity and biotoxicity against
Artemia salina. Bol la Soc Chil Quim 2003; 48(2):13–8; https://
doi.org/10.4067/S0717-97072003000200002
Howe RA, Andrews JM. BSAC standardized disc susceptibility
testing method (version 11). J Antimicrob Chemother 2012;
67(12):2783–84; https://doi.org/10.1093/jac/dks391

http://bdvets.org/javar/

[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]

[36]
[37]
[38]
[39]
[40]

[41]

[42]

[43]

Andrews JM, Howe RA. BSAC standardized disc susceptibility testing method (version 10). J Antimicrob Chemother 2011; 12:2726–
57; https://doi.org/10.1093/jac/dkr359
Atanasova J, Moncheva P, Ivanova I. Article; food biotechnology
proteolytic and antimicrobial activity of lactic acid bacteria grown
in goat milk. Biotechnol Biotechnol Equip 2014; 28(6):1073–8;
https://doi.org/10.1080/13102818.2014.971487
Reis JA, Paula AT, Casarotti SN, Penna ALB. Lactic acid bacteria antimicrobial compounds: characteristics and applications.
Food Eng Rev 2012; 4(2):124–40; https://doi.org/10.1007/
s12393-012-9051-2
Detha A, Sudarwanto M, Latif H, Datta F, Rahayu P. Fractionation
and identification antimicrobial activity of Sumba mare milk protein against causative agent of subclinical mastitis. Glob Vet 2013;
11(5):674–80.
Detha A, Saputra A, Ola A. Antimicrobial activity of whey mare’s
milk against Salmonella enteritidis. J Phys Conf Ser 2019; 1146;
https://doi.org/10.1088/1742-6596/1146/1/012027
Detha AIR, Datta FU. Antimicrobial activity of traditional wines
(Sopi and Moke) against Salmonella sp. and Escherichia coli. J
Adv Vet Anim Res 2016; 3(3):282–5; https://doi.org/10.5455/
javar.2016.c166
Wu W, Li H. Metabolites of lactic acid bacteria. In: Lactic acid bacteria
in foodborne hazards reduction, Springer, The Gateway, Singapore,
pp 87–113, 2018. https://doi.org/10.1007/978-981-13-1559-6_4
Mukisa IM, Byaruhanga YB, Muyanja CM, Langsrud T, Narvhus JA.
Production of organic flavor compounds by dominant lactic acid
bacteria and yeasts from Obushera, a traditional sorghum malt fermented beverage. Food Sci Nutr 2017; 5(3):702–12; https://doi.
org/10.1002/fsn3.450
Shi Ce, Susanne K. Susceptibility of dairy associated molds
towards microbial metabolites with focus on the response to diacetyl. Food Control 2021; 121:107573; https://doi.org/10.1016/j.
foodcont.2020.107573
Urnemi U, Syukur S, Purwati E, Ibrahim S, Jamsari J. Potensi bakteri
asam laktat sebagai kandidat probiotik antimikroba patogen asal
fermentasi kakao varietas criollo. J Ris Teknol Ind 2016; 6(12):67;
https://doi.org/10.26578/jrti.v6i12.1519
Hernández-Aquino S, Miranda-Romero LA, Fujikawa H, de Jesús
Maldonado-Simán E, Alarcón-Zuñiga B. Antibacterial activity of
lactic acid bacteria to improve shelf life of raw meat. Biocontrol Sci
2019; 24(4):185–92; https://doi.org/10.4265/bio.24.185
Lee ES, Song EJ, Nam YD, Lee SY. Probiotics in human health and
disease: from nutribiotics to pharmabiotics. J Microbiol 2018;
56(11):773–82; https://doi.org/10.1007/s12275-018-8293-y
Ortiz-Rivera Y, Sánchez-Vega R, Gutiérrez-Méndez N, León-Félix
J, Acosta-Muñiz C, Sepulveda DR. Production of reuterin in a fermented milk product by Lactobacillus reuteri: inhibition of pathogens, spoilage microorganisms, and lactic acid bacteria. J Dairy Sci
2017; 100(6):4258–68; https://doi.org/10.3168/jds.2016-11534
Vimont A, Fernandez B, Ahmed G, Fortin HP, Fliss I. Quantitative
antifungal activity of reuterin against food isolates of yeasts
and moulds and its potential application in yogurt. Int J Food
Microbiol 2019; 289(41):182–8. https://doi.org/10.1016/j.
ijfoodmicro.2018.09.005
Kaktcham PM, Piame LT, Sileu GMS, Kouam EMF, Temgoua JB,
Ngoufack FZ, et al. Bacteriocinogenic Lactococcus lactis subsp.
lactis 3MT isolated from freshwater Nile Tilapia: isolation, safety
traits, bacteriocin characterisation, and application for biopreservation in fish pâté. Arch Microbiol 2019; 201(9):1249–58; https://
doi.org/10.1007/s00203-019-01690-4
Tenea GN, Suárez J. Probiotic potential and technological properties of bacteriocinogenic Lactococcus lactis subsp. lactis
UTNGt28 from a native Amazonian fruit as a yogurt starter culture. Microorganisms 2020; 8(5):733; https://doi.org/10.3390/
microorganisms8050733

 Sanam et al. / J. Adv. Vet. Anim. Res., 9(1): 53–58, March 2022

57

[44]
[45]

Borrero J, Chen Y, Dunny GM, Kaznessis YN. Modified lactic acid
bacteria detect and inhibit multiresistant enterococci. ACS Synth
Biol 2015; 4(3):299–306; https://doi.org/10.1021/sb500090b
Guo J, Mauch A, Galle S, Murphy P, Arendt EK, Coffey A. Inhibition
of growth of Trichophyton tonsurans by Lactobacillus reuteri. J Appl Microbiol 2011; 111(2):474–83; https://doi.
org/10.1111/j.1365-2672.2011.05032.x

http://bdvets.org/javar/

[46]

Cheong EYL, Sandhu A, Jayabalan J, Le TTK, Nhiep NN, Ho HTM, et
al. Isolation of lactic acid bacteria with antifungal activity against
the common cheese spoilage mould Penicillium commune and their
potential as biopreservatives in cheese. Food Control 2014; 46:91–
6; https://doi.org/10.1016/j.foodcont.2014.05.011

 Sanam et al. / J. Adv. Vet. Anim. Res., 9(1): 53–58, March 2022

58

