Mongolian Journal of Biological Sciences 2009 Vol. 7(1-2): 61-68

Isolation of Lactic Acid Bacteria with High Biological Activity from Local
Fermented Dairy Products

B. Munkhtsetseg, M. Margad-Erdene and B. Batjargal

Department of Biochemistry and Bioorganic Chemistry, Faculty of Biology, National University of Mongolia,
e-mail: batjargal@biology.num.edu.mn

Abstract

The thirty-two strains of lactic acid bacteria were isolated from the Mongolian traditional fermented
dairy products, among them 25 strains show antimicrobial activity against test microorganisms including
Escherichia coli, Staphylococcus aureus, Enterococcus faecalis, Pseudomonas aeruginosa. Protease
sensitivity assay demonstrated that the antimicrobial substances produced by isolates A23, T2 are
bacteriocins as their antibacterial activities were eliminated completely after treatment with protease.
Identification of bacteria is being carried out. Among the isolates 22 strains show protease enzyme
producing activity. The selected strains isolated from mare’s fermented milk (airag or kumis) and
yoghurt (tarag) show the specific protease activity from 7.9 pg/ml to 11.9 pg/ml. The strain T2, isolated
from yoghurt exhibited the highest proteolytic activity.
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Introduction

Fermented products are integral part of
Mongolian heritage developed over a long period,
which have great social, religious, cultural,
economic and medicinal importance. There
is a wide variety of fermented milk products
in Mongolia because of variations in the raw
materials, processing methods which come from
the habits and customs of the different regions
of country. The most common fermented milk
product of Mongolia is airag which traditionally
made from mare’s milk. Another kind of fermented
milk is tarag, which is prepared from cow, goat
and sheep milk. A third indigenous dairy product
is khoormog, which is prepared from camel milk
(Baldorj & Namsrai, 1980; Damdinsuren et al.,
2008). Fermented products have probiotic effects
as they contain live microorganisms. Lactic acid
bacteria (LAB) play in vital role for fermentation
of Mongolian traditional dairy products
(Damdinsuren et al., 2008; Batdorj et al., 2007).

LAB produce different antibacterial substances
including organic acids (lactic acid, acetic acid),
hydrogen peroxide and bacteriocins. These
substances are used as bioconservants for food
preservation and improve the test and quality of
dairy products (Kashket, 1987; Luquet & Corrieu,
2005). Bacteriocins are ribosomally synthesized
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substances of proteinaceous nature during growth
of lactic acid bacteria. These bacteriocins protect
host organisms by killing or inhibiting the growth
of other bacteria (Klaenhammer, 1993). Many
bacteriocinogenic lactic acid bacteria have been
found in the numerous fermented dairy products.
Over the past few years, studies concerning on
bacteriocins produced by LAB have received an
increasing interest and many new bacteriocins
were discovered recently (Nissen-Mayer & Nes,
1997; Ennahar at al., 1999; Luquet & Corrieu,
2005). It was revealed that bacteriocins not only
used as biopreservatives, but also used as medicine
during prevention of different diseases as an
alternatives of antibiotics (Twomey et al., 2000;
Ryan et al., 1998; Hillman, 2002). Sometimes
bioactive peptides can be released in proteolysis
by lactic acid bacterial enzymes.

Many industrially utilized dairy starter cultures
are proteolytic to some extent. Bioactive peptides
can, thus, be generated by the proteolytic activities
of the strains of starter and non-starter bacteria.
The single most effective way to increase the
concentration of bioactive peptides in fermented
dairy products is to ferment or co-ferment with
highly proteolytic strains of LAB. The choice of
strains influences the release of effective bioactive
peptides (Gobetti et al., 2004)

This study is part of continuing effort to
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explore the potentials of our indigenous microbial
flora in developing fermented milk products
with probiotic effect (Batdorj et al., 2006; 2007,
Budragchaa, et al., 2009). We isolated and
characterized the bioactive compound producing
lactic acid bacteria from Mongolian traditional
fermented dairy products.

Material and Methods

Totally 15 fermented dairy product samples
(13 kumis, 1 yoghurt and 4 khoormog samples)
were collected from nomads family of Umnugovi,
Zavkhan, Arkhangai, Tuv and Uvurkhangai
provinces in Mongolia, during the period of July
30 to August 5, 2009. The samples were collected
in sterilized tubes, kept in iceboxes and transported
to the laboratory. We carry out laboratory
experiments at the biochemical laboratories of
National University of Mongolia.

Bacterial strains and growth media. All LAB
were propagated in Non-fat skim milk (NFSM)
and Man, Rogosa, Sharpe (MRS) broth (Carl
Roth, Germany) and incubated at 37°C for 24
hours. The bacterial strains used as indicator
micro-organisms for the screening of bacteriocin
production and evaluation for antimicrobial
activities are Escherichia coli, Staphylococcus
aureus, Enterococcus faecalis, Pseudomonas
aeruginosa and they were cultivated in Nutrient
Agar medium (NA). The stock cultures were
maintained at -20°C in MRS broth containing
20% (v/v) glycerol. Before use, the strains
were propagated twice in the appropriate broth
overnight. Agar media were prepared by addition
of 1.5% (w/v) agar (Carl Roth,) to the medium;
overlay agar and agar well base contained 0.8%
(w/v) of agar.

Isolation of the LAB strains. All samples
(10%, v/v) were propagated twice in skim and
sterilized milk at 37°C for 1618 h before study.
After incubation, bacteriocin-producing strains
were isolated by direct plating method (Coventry
et al., 1997). Colonies producing zones of growth
inhibition in the indicator lawn were randomly
selected then inoculated in MRS broth for 24 h
at 37°C.

LAB pure cultures isolated from samples were
maintained as frozen stock culture stored at -20°C
in MRS broth with 20% glycerol.

Antimicrobial activity assay. The antimicrobial
activity of cell-free supernatant and partially

purified bacteriocin was determined by well
diffusion method as described by Batdorj et al.,
(2006).

Cell-free supernatant was obtained by
centrifugation at 3000 rpm for 15 min, adjusted
to pH 6.5 with 1 N NaOH. To investigate the
antibacterial activity spectra of LAB strains by
well diffusion assay, 100 ul culture of one of the
test bacteria, grown to the early stationary growth
phase in nutrient medium, was added to 20 ml of
soft nutrient agar (0,8%, w/v). Wells were made
in the lawn of hardened soft agars in Petri dishes.
Aliquots (100 pl) of supernatant of overnight
cultures (16—18 h) were poured in the wells. The
plates were left for 1 h at room temperature in
sterile conditions before incubating them to the
adequate temperature of growth of the test micro-
organism. A clear zone of inhibition of at least 1
mm in diameter was recorded as positive.

Effects of enzyme, pH and heat treatment. The
effect of various enzymes on bacteriocin activity
was determined as described by Noonpakdee et
al. (2003) with slight modification. Two hundred
microlitre cell-free supernatant was incubated
with 20 pl of protease K (Carl Roth, Germany)
at a final concentration of 0.1 mg/ml in 20 mmol/
L phosphate buffer pH 7. After 2 h of incubation
at 37°C, enzyme activity was stopped by heating
at 100°C for 5 min. Untreated samples were used
as controls. The residual bacteriocin activity was
determined by well diffusion method against
indicator strains. The pH sensitivity of the active
substances was estimated by adjusting the pH
of supernatant between 2 and 10 by using 5 N
NaOH or 5 N HCI. After 2 h of incubation at
room temperature, the pH was adjusted to 6.5,
and the residual activity was tested as described
earlier. To evaluate the heat stability of the active
substances, neutralized cell-free supernatant (5
ml) was incubated in boiling water at 100°C for
10, 20 and 30 min, and at 121°C in an autoclave
for 10, 15 and 20 min. In this latter case, time
of heating was measured after a 10-min period
necessary to increase the temperature up to 121°C.
The residual activity was then assayed against the
indicator strain.

Protease activity assay. Screening for
proteolytic activity for the 33 strains of isolated
lactic acid bacteria was done on MRS agar plates
supplemented with 10% NFSM. After 2 days
incubation at 37°C, the clear zone surrounded
by colony indicates the extracellular protease.
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The productivity of the colonies is measured in
these plates as a ratio of the halo formed by the
casein hydrolyzed to the diameter of the producer
bacteria (Marcela, 2001).

Quantification of the proteolytic activity.
Proteolytic activity was quantified to cell free
supernatants. All activity measurements were done
in triplicate. The method using casein as substrate
was performed according to Marcela (2001).
The method relies on the release of tyrosine- and
tryptophan-containing peptides that react with
Folin reagent. The enzyme activity was defined as
the amount of tyrosine released per min per ml of
the assay solution.

Morphological, physiological and bioche-
mical tests of LAB strains. Bacteriocin and
protease-producing strains were characterized and
identified on the basis of their morphological and
biochemical properties. Catalase reaction, oxidase
test and gram staining were determined after 24
h of incubation on MRS medium. Growth at 10,
45°C, pH 9.6 and in the presence of 4% and 6.5%
(w/v) sodium chloride was tested by incubating in
MRS (Carl Roth) liquid medium. Acid production
was tested in casein hydrolisate supplemented
with different carbohydrates.

Results

Isolation of bacteriocin-producing strain.
We have isolated thirty-three LAB strains from
13 samples of airag, 1 samples of yoghurt and 1
samples of hoormog and tested for their inhibitory
activities against indicator bacteria by well
diffusion method as described before.

All isolated strains were gram positive and
catalase negative, long or short chained rods and
coccus. Some physiological and biochemical
characteristics confirm that these bacteria belong
to Lactic Acid Bacteria (data not shown).

Thirteen isolates showed a significant growth
inhibition against indicator strains on NA medium
(Table 1). Four of the isolates inhibited the growth
of P aeruginosa, seven isolates inhibited FEnt.
faecalis, 10 isolates were active against E. coli,
and 5 isolates inhibited the growth of S. aureus
after neutralization of pH. We have chosen
the following LAB isolates, A2, A5, A8, Al3,
A18, A21, A23, A28, A31 and T2 for further
investigation.

Effects of enzymes, pH and heat treatment.
The effects of protease on the antibacterial activity

of cell free supernatants produced by isolates A2,
A5, A8, Al13, A18, A21, A23, A28, A31 and T2
are presented in Table 2. Protease sensitivity assay
demonstrated that the antimicrobial substances
produced by isolates A23 and T2 are bacteriocins
as their antibacterial activity was completely
eliminated after treatment with protease.

Inhibitory activity of isolate T2 did not
decrease by heating at 100°C and 121°C for 10 and
20 min. However, the inhibitory activity was not
completely inactivated during subsequent heat.
Contrary, isolate A23 lost total activity at 100°C
and 121°C for 30 min.

Screening for proteolytic activity. Thirty-
two strains of lactic acid bacteria isolated from
fermented milk products were screened for their
proteolytic activities using MRS agar medium
supplemented with 10% NFSM. Isolated colonies
were cultivated on this medium in spot, and
cultivated at 37°C for two days. Proteolytic strains
were easily recognized by their clear halo in the
medium plate, and the proteolytic activity was
measured by clear halo radius (Table 3).

It was observed that 22 strains of LAB from
total isolated strains show some proteolytic
activity. Titrable acidity was measured after 24
h cultivation in NFSM medium. Strains A12,
16, 17, 19, 20, 26 and 28 could not coagulate
skimmed milk, and their acidities were very
low. For the manufacturing of yoghurt and other
fermented milk products titrable acidity is one of
the important characteristics of a start culture.

Among the strains that showed the proteolytic
activity and sufficient titrable acidity, five
strains with highest activity were chosen for the
quantification of the proteases.

Specific protease activity of selected LAB
strains was determined by amethod, whichrelies on
the release of tyrosine- and tryptophan-containing
peptides that react with Folin reagent. Proteolytic
activity was studied in cell free supernatant.
Results of the measurement of protease activity
are shown in Table 4. It was observed that strain
T2, isolated from tarag exhibited the highest
activity which equal to 11.9 pg/ml. The selected
strains isolated from airag show specific activity
form 7.9 ug/ml to 10.5 pg/ml.

The proteolytic behavior of LAB on casein
varies according to the bacterial species and
environmental conditions (Giori et al., 1985).

Characteristics ~ of  isolated  strains.
Biochemical and physiological characteristics
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Table 1. Antimicrobial activity of isolated bacteria

Antimicrobial activity (Inhibition zone, mm)

Cell free supernatant Neutralized cell free supernatant
] ¢ | 3 ] 5|
S = Q S RS 3 S = Q = S
folate pH | S| S5 | £§| & |Sg| M [ F¥ 5T 2 |%E
S| 53| 85| & | €3 Ss| 28| 2 | §5
I | RS & 8§ & = 3 I | RES| & | &8
Al. 5 - - - - - 6.5 - - - -
A2. 5 2 1 - 2 - 6.5 - 1 -
A3. 4 1 1 - 1 - 6.5 - - - -
A4. 4.5 1 1 2 3 - 6.5 - - 1 1
AS. 4.5 3 4 2 5 - 6.5 1 - 1 1
A6. 4 - 4 3 3 - 6.5 - - - -
AT. 5 - 1 - 2 - 6.5 - - 1 -
AS. 4.5 2 4 2 4 - 6.5 - 3 1 -
A9. 5 2 4 2 2 - 6.5 - - - -
Al0. 5.5 - 1 - 2 - 6.5 - - - -
All 5 - - - - - 6.5 - - - -
Al2 5 - 2 - 1 - 6.5 - 1 - -
Al3 4.5 3 4 3 3 - 6.5 - 3 2 2
Al4. 4.5 3 4 2 2 1 6.5 - - 1
AlS. 4.5 2 - 2 1 1 6.5 - - - -
Alé6. 5 - - - - - 6.5 - - - -
Al7. 4.5 1 1 1 - - 6.5 - - - -
Al8 4 - 3 1 - 6.5 - 4 - -
Al19. 5 - 1 - - - 6.5 - - 1 -
A20. 5 - - - - - 6.5 - - - -
A21. 4.5 2 4 3 1 - 6.5 - 3 - 1
A22. 4.5 3 3 2 1 5 6.5 1 - - -
A23. 4.5 1 3 - 2 - 6.5 - 4 - -
A24. 4.5 3 5 3 2 - 6.5 - - - -
A25S. 5 2 3 1 3 2 6.5 - - - -
A26. 5.5 1 2 3 3 - 6.5 - - 1 -
A27. 4.5 - 3 4 2 1 6.5 - - - -
A28. 4 3 1 3 4 1 6.5 - - - -
A29. 4 - - 4 1 1 6.5 - - - -
A30. 4.5 1 - 2 2 1 6.5 - - - -
T1 5.5 3 2 2 4 - 6.5 - - 2 2
T2. 4 2 5 2 3 5 6.5 2 3
Table 2. Antimicrobial activity of selected isolates after treating with protease
Antimicrobial activity (Inhibition zone, mm)
Test organism E. faecalis E.coli
Isolat Neutralized cell After treatment Neutralized cell free After treatment
sotate free supernatant with protease supernatant with protease
A2 1 - 1 -
AS 2 2 2 2
A8 1 1 - -
Al3 - - - -
Al8 2 2 2 2
A21 3 3 3 3
A23 3 - 3 -
A28 1 2 2 2
A31 1 - - -
T2 3 - 2 -
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Table 3. Screening for the proteolytic activity and production of general acidity

Proteolytic activity

General acidity after

Strains determined on NFM agar  Milk coagulation rate, ~ 24h incubation in milk

medium after 24h °T)

Al. ++ Coagulated 76.0
A2. -+ Coagulated 95.0
A3. - Coagulated 80.0
A4. + Coagulated 81.0
AS. ++ Coagulated 82.0
A6. + Coagulated 100.0
AT. + Coagulated 100.0
AS. + Coagulated 47.5
A9. - Coagulated 95.0
A10. - Coagulated 145.0
All. + Coagulated 90.0
Al2. + Not coagulated 42.5
Al3. ++ Coagulated 97.5
Al4. - Coagulated 85.0
AlS. - Coagulated 80.2
Alo. ++ Coagulated 77.0
Al7. + Not coagulated 63.0
Al8. -+ Coagulated 72.5
Al9. + Not coagulated 65.0
A20. + Not coagulated 48.0
A21. + Coagulated 112.0
A22. - Coagulated 100.0
A23. - Coagulated 85.0
A24. - Coagulated 83.0
A25. + Coagulated 91.0
A26. + Not coagulated 47.5
A27. - Coagulated 93.0
A28. ++ Coagulated 76.5
A29. - Coagulated 91.5
A30. + Coagulated 100.0
Tl ++ Coagulated 79.0
T2. ++ Coagulated 87.0

- no halo; + halo radius is 1-3mm; ++ halo radius is 3-5mm; +++ halo radius > 5mm

were shown in Table 5. Growth of bacteria at
different temperatures, salt and methylente blue
tolerance, carbohydrate assimilation and NH,
production from arginine, were determined. All
of them were able to grow at 45°C, and in 2%
NaCl, 4% NaCl, and produce acids from different
carbohydrates. Carbohydrate fermentation profile

Table 4. Specific protease activities in the culture
supernatants of the strains

Specific protease activities

Ne Strains (ug/ml)
1 A2 10,5
2 A5 9,2
3 Al8 7.9
4 A28 10,2
5 T2 11,9

of selected LAB was different. On the basis of
biochemical and physiological characteristics, the
strains A8, A3 and A21 belong to Streptococcsus-
species. Strains A2, A5, A18, A23, A28 and
T2 belong to Lactobacillus-species. Both these
groups are very important for the production of
fermented dairy products, and therefore, further
studies are necessary to complete identification of
bacteria.

Discussion

Mongolia is relatively large country with
little population, but it has rich centuries-old
tradition of processing the dairy products. There
are enough sources of milk in Mongolia, however
the majority of milk production is taking place in
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Table 5.Biochemical and physiological characteristics of selected strains
o Starains
Characteristics
A2 A5 AR Al3 Al8 A2l A23 A28 Tl T2
Cell shape rods rods coccus coccus rods coccus rods rods rods rods
Growth at :
45°C + + + + + + + + + +
0,1% of methylene blue + + - + + + + + - +
0,005% of methylene N N ) n N N n . ) .
blue
2% Na Cl + + + + + + + + + +
4% Na Cl + + + + + + + + + +
6,5% Na Cl - - + + - + - - - -
NH, from arginine - - + - - + + - - -
Acid from:
L-Arabinose - - w + - + - + W
Dultcitol - - - - - - - -
D-Fructose + - - + - + + + - +
Inulin - - + - - - - + - -
Galactose - - + - - - - + - -
D-Glucose - - + + + + + + + +
D-Lactose + + + + + + + + + +
D-Maltose + + + + + + + + - -
Mannose - - - - - - - + - +
Mannitol - - - - - - - + - -
Raffinose + + + - + - + - + +
D-Ramnose + - - - + - + - +
D-sorbitol + + + + + + + + + +
Sorbose - - - - - - -
Sucrose + + - + + + + + + -
Trehalose - - - - - - - + - +

Symbols: + positive; - negative, w - weak

the rural areas, but only small part of milk and
dairy products are reach to the city consumers.
Nowadays, the majority of Mongolian population
is concentrated at urban areas, especially in the
capital city, Ulaanbaatar, hence there is increasing
need for dairy products.

One of major obstacles in sufficient supplying
of high quality dairy products is the lack of a
local source of start culture for fermented dairy
products. Currently the majority of start cultures
that are required for local dairy processing have
been imported from abroad. These start cultures
usually contain bacteriophages and cease to
ferment milk after two transfer. However, we
think that with our rich experience and long-
lasting tradition of processing the fermented dairy
products, it should be able to produce locally
our own dairy start cultures with high biological
activity by isolating good microorganisms.

Up to date most of the studies on Mongolian
dairy product’s microbiology have been
conducted only in systematic of microorganisms

(Damdinsuren et al., 2008; Koichi et al., 2008;
Watanabe et al., 2008). There is real necessity to
study the biological activity of lactic acid bacteria
and to develop technology for making probiotic
products.

Previously we have isolated bacteriocin
producing Entererococcus durans from Mongolian
airag, purified bacteriocins and characterized them
(Batdorj et al., 2006). It is tested and approved
that this bacteria shows a high influence against
the food-born pathogens and pathogenic bacteria.

Lactobacillus and Streptococcus species are
widely used for the production of different types
of fermented milk products (Leroy & De Vuyst,
2004; Luquet & Corrieu, 2005).

The present study revealed the inhibitory
activities of some strains of Lactobacillus and
Streptococcus isolated from Mongolian fermented
dairy products. Totally 32 LAB strains were
isolated from fermented dairy product samples
and 25 strains of them show antimicrobial activity
against test microorganisms. Protease sensitivity
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assay demonstrated that the antimicrobial
substances produced by isolates Lactocacillus
A23 and T2 strains are bacteriocins as their
antibacterial activities were completely eliminated
after treatment with protease. The bacteriocin
produced by T2 strain was heat resistant.

Lactobacillus A2, A5, A18, A28, T2 strains
show protease enzyme producing activity on
NFSM supplemented medium and show the
specific protease activity from 7.9 ug/ml to 11.9
ug/ml. The strain Lactobacillus T2, isolated from
yoghurt exhibited the highest proteolytic activity.
Proteolytic activity has been found to be essential
for dairy LAB to promote better growth on milk
and the development of the organoleptic properties
of the fermented milk products (Nieto-Arribas
et al., 2009). The result of this work shows that
Lactobacillus T2 strain reveals a great potential
for the production of probiotic products.

Acknowledgements

This work has been done within the framework
of the project “Isolation of lactic acid bacteria
with high biological activity issued from local
fermented dairy products”, supported by the
Asia Research Center in Mongolia and Korea
Foundation for Advanced Studies, Korea.

References

Baldorj, R. & Namsrai, Ts. 1980. Mongolian
Airag. State press, Ulaanbaatar. pp. 13-25. [in
Mongolian]

Batdorj, B., Dalgalarrondo, M., Choiset, Y.,
Pedroche, J., Metro, F., Prevost, H., Chobert,
J.-M. & Haertle, T. 2006. Purification and
characterization of two bacteriocins produced
by lactic acid bacteria isolated from Mongolian
airag. J. Appl. Microbiol., 101: 837-848.

Batdorj, B., Trinetta, V., Dalgalarrondo, M.,
Prevost, H., Dousset, X., Ivanova, 1., Chobert,
J.-M. & Haertle, T. 2007. Inhibition activity
on food-born pathogens by hydrogen peroxide
producing Lactobacillus delbrueckii subsp.
lactis T31, isolated from Mongolian yoghurt.
J. Appl. Microbiol., 103: 584 -593.

Budragchaa, D., Batjargal, B. & Sukhdolgor, J.
2009. Possibility to make a cheese by using
local Lactic acid bacteria strains isolated
from camel hoormog. Food Study-2009:
Proceedings of national scientific conference.

Ulaanbaatar. pp.104-108. [in Mongolian]

Coventry, M. J., Gordon, J. B., Wilcock, A.,
Harmark, K., Davidson, B. E., Hickey, M.
W., Hillier A. J. & Wan J. 1997. Detection of
bacteriocins of lactic acid bacteria isolated
from foods and comparison with pediocin and
nisin. J. Appl. Microbiol., 83: 248-258.

Damdinsuren, L., Batsukh, Ts. & Munkhtuya,
C. 2008. Mongolian traditional fermented
products. Proceedings of I Asian Symposium
“Lactic acid bacteria in Research and
Industry”. pp. 27-33.

Kashket, E. R. 1987. Bioenergetics of lactic acid
bacteria. Cytoplasmic pH and osmotolerance.
FEMS Microbiol. Rev., 46: 233-244.

Klaenhammer, T.R. (1993) Genetics of
bacteriocins produced by lactic acid bacteria.
FEMS Microbiol Rev., 12: 39-8.

Koichi, W., Junji F., Masae S., Dugersuren. J.,
Tumursuh. T & Demberel. S. 2008. Diversity
of lactic acid bacteria and yeasts in Airag and
Tarag, traditional fermented milk products of
Mongolia. World J. Microbiol. Biotechnol.,
24(8): 1313-1325.

Giori G. S., Valdez G. F., Holgado A. P. & Oliver
G. 1985. Effect of pH and temperature on the
proteolytic activity of lactic acid bacteria. J.
Dairy. Sci., 68: 2160-2164.

Gobetti, M., Minervini, F. & Rizzello C. G. 2004.
Angiotensin  [-converting-enzyme-inhibitory
and antimicrobial bioactive peptides. Int. J.
Dairy Technol., 57: 173—188.

Leroy, F. & De Vuyst, L. 2004. Lactic acid bacteria
as functional starter cultures for the food
fermentation industry. Food Sci. Technol., 15:
67-78.

Luquet, F. M. & Corrieu, G. 2005. Bacteries
Lactiques et Probiotiques. Lavoisier, Paris, pp.
113-194.

Marcela. F., 2001. Protein hydrolysis. In F. T.
John & L. R. Alicia (ed.): Food Microbiology
Protocols. Humana Press Inc., Totowa, New
Jersey, pp. 227-232.

Nieto-Arribas, P., Sesefia,S., Poveda, J.M.
Palop, L. & Cabezas, L. 2009. Genotypic and
technological characterization of Lactococcus
lactisisolatesinvolvedinprocessing ofartisanal
Manchego cheese. J. Appl. Microbiol., 107(5):
1505 — 1517.

Nissen-Meyer, J. & Nes, L. F. 1997. Ribosomally
synthesized antimicrobial peptides: their
function, structure, biogenesis, and mechanism



68 Munkhtsetseg et al. Isolation of lactic acid bacteria with high biological activity

of action. Arch. Microbiol., 167: 67.

Noonpakdee, W., Santivarangkna, C., Jumriangrit,
P., Sonomoto K. & Panyim, S. 2003. Isolation
of nisin-producing Lactococcus lactis
WNC20 strain from nham, a traditional Thai
fermented sausage. Int. J. Food Microbiol., 8:
137-145.

Ennahar, S., Sonomoto, K. & Ishizaki, A. 1999.
Class Ila bacteriocins from lactic acid bacteria:
antibacterial activity and food preservation. J.
Biosci. Bioeng., 87: 705-716.

Hillman, J. D. 2002. Genetically modified
Streptococcus mutans for the prevention of
dental caries. Anton. van Leeuwen., 82: 361-
366.

Ryan, M. P., Meaney, W. J., Ross, R. P. & Hill,
C. 1998. Evaluation of lacticin 3147 and a teat
seal containing this bacteriocin for inhibition of
mastitis pathogens. Appl. Environ. Microbiol.,
64: 2287-2290.

Twomey, D. P., Wheelock, A. L., Flynn, J.,
Meaney, W. J., Hill, C. & Ross, R. P. 2000.
Protection against Staphylococcus aureus
mastitis in dairy cows using a bismuth-based
teat seal containing the bacteriocin, lactacin
3147. J. Dairy Sci., 83: 1981-1988.

Watanabe, K., Fujimoto, J., Sasamoto, M.,
Dugersuren, J., Tumursukh., T.& Demberel.

S. 2008. Diversity of lactic acid bacteria and
yeasts in Airag and Tarag, traditional fermented
milk products of Mongolia. World J. Microbiol.
Biotechnol., 8(24): 1313-1325.

XypaaHryii

MOHTONBIH  yIaMIKITAIT —apraap OdITrICHH
ACTANIPH CYYH OYTISIIPXYYHIIC CYY XYWIMHH
OaxTepuitn 32 ecreBep suIraH aBcHaac 25 ©creBep
Hb Escherichia coli, Staphylococcus aureus,
Enterococcus faecalis, Pseudomonas aeruginosa
39p3T  TE€CT  MHUKPOOPTaHM3MBIH  ©COITHHT
JapaHryilax WIdPBX Y3YYDk 0OaiiB. Ilpoteasa
(hbepMeHTI M3APAT OalUIBIT MIAJraH Y33X3]1
A23, T2 ecreBpyynac sirapd Oyl MUKPOOBIH
3CpAr YHIWIdNTAIH OO0ANC Hb OaKTEPUOIIMHBI
TopJMiAH Ooamc 000X Hb TOTTOOTIUIO0. OHIEP
WIdBX  Oyxwid  ecreBpyyauidH  dusnonorw,
OMOXMMHUWH IIWHXX 4YaHap /33D YHAACIAH
aHruiana 3ydH TONOPXOMJIONTHIr XUMB. Snran
aBCaH eCTeBPYYII3C 22 Hb NpoTea3a (pepMeHTHHT
OCTOBPUIH MIMHIDHIY) HHUWIAMKYYIDK OaiiB.
Alipar, TaparHaac suIraH aBCaH ©CIreBpYYIUIH
NpoTea3blH ©BOPMOI WIPBX 7.9 MKr/mi-3ac
11.9 Mkr/mn Gaiina. Taparnaac suiran aBcan 12
©6CTeBOp XaMTHWH OHJIOp MPOTEONIUTHK HIIBX
Y3YYJDK OaifB.
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