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Some enzymatic properties of lactic acid bacteria isolated from dairy products

This article presents data on the study of physiological and biochemical properties, antagonistic and
enzymatic activity of lactic acid bacteria isolated from dairy products. 9 types of lactic acid bacteria were
studied: Lactobacillus bulgaricus GM — 08, Lactobacillus bulgaricus KZh — 01, Lactobacillus bulgaricus GS
— 03, Lactococcus cremoris — 6, Lactococcus cremoris — 17, Lactococcus cremoris — 26, Lactococcus lactis —
1, Lactococcus lactis — 15, Lactococcus lactis — 23. These strains were found to have resistance to 2% and
4%-vertical NaCl concentrations, bile and phenol. In addition, the antagonistic activity of Gram-positive and
Gram-negative microorganisms in relation to test cultures of Staphylococcus aureus, Salmonella dublin,
Escherichia coli, Bacillus subtilis, Sarcina flava was studied. All studied lactic acid bacteria showed activity
in Test cultures with different inhibition zones. The Lactococcus lactis — 23 strains showed high activity for
all cultures, with an inhibition zone of 17-25 mm. Further, 5 strains were selected from these strains and their
aroma-forming properties, the formation of diacetyl and ammonia from arginine, hemolytic and lecithinase
activity were studied. Compositions were compiled from these strains to make yeast. The compatibility of
strains of lactic acid bacteria was checked with each strain individually and with the duration of milk clotting
according to organoleptic indicators compared to the duration of milk clotting. Thus, the most active clot
formation was obtained by the Lactococcus lactis — 23 strain of the selected combinations.

Keywords: microorganisms, strain, antagonistic activity, enzymatic activity, aroma formation, acid formation,
yeast, Lactococcus sgemogis, Lactobacillus bulgaricus.

Introduction

There is a need for compact and efficient processing of raw materials produced in agriculture for special
food purposes in order to maximize the use of the capabilities of Biotechnology in many countries as well as
in Kazakhstan. To achieve the goals such tasks were implemented as the importance of metabolites of
microorganisms with a wide range of areas of influence on the body and prevention of various diseases is
growing in the preparation and implementation of lactic acid products.

Currently, the production of new types of lactic acid products with the maximum use of probiotics and
biologically active microorganisms has become the main directions of Biotechnology Science [1, 2].

One of the priority areas in agricultural production is the effective and rational use of the gene pool of
microorganisms. In this context, research on the extraction of new strains of microorganisms and the
preservation of existing and used strains of microorganisms in the practice of agricultural biotechnology and
the creation of biopreparations based on them in the agro-industrial complex is interesting.

A special place in the gene pool of microorganisms is occupied by prokaryotes including lactic acid
bacteria [3].

The ability of lactic acid bacteria to form antibiotic substances and to have a bactericidal, bacteriostatic
effect on other microflora is widely used in agricultural biotechnology.
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When sorting industrial strains of lactic acid bacteria, many of their biological properties are taken into
account. Previously, we studied antagonistic activity; pH range capable of increasing strains; resistance to
bile, phenol, increased concentration of NaCl, antibiotic resistance; adhesive activity [4, 5].

Experimental

New strains of lactic acid bacteria were isolated from home-made dairy products: kefir, kumys, shubat,
cow's and camel's milk. For inoculation and long-term storage of newly extracted lactic acid bacteria, the
following nutrient media were used:

1. MRS nutrient medium: yeast autolysate — 5 ml, peptone — 10 g, glucose — 20 g, ammonium citric acid
— 2 g, sodium acetic acid — 5 g, MgSO.4 x 7H20 — 200 g, MnSO4 x H20 — 50 mg, K:PO4 — 2 g, twin-1 ml,
agar — agar — 20 g, water — 1000 mL, pH medium - 6.2-6.6.

2. Hydrolyzed milk nutrient medium according to Bogdanov: 1 L of boiled, cooled, sterilized milk
without fat, the pH medium was 7.4 — 7.6; pancreatin — 1 g, chloroform — 5 ml. The container is tightly
closed and placed on the thermostat at 40°C, 72 hours. The resulting hydrolyzes were filtered, the pH medi-
um was set to 7.0-7.2, decontaminated for 10 minutes in 1 atmosphere [6].

3. Hydrolyzed milk containing agar-agar. To prepare agar medium, 2 times water and 2% agar-agar
were added to hydrolyzed milk.

4. Wort-Agar: toxic wort — 500 ml, agar-agar — 20 g, water — 1000 ml, ph medium — 6.5-6.7 should be.
It is disinfected at 116°C for 30 minutes.

5. The common diagnostic media used by everyone are: ammonia formation medium from arginine, 2%
and 4%-vertical NaCl milk hydrolyzate.

Physiological and biochemical properties of lactic acid bacteria resistance to table salt, bile, phenol,
ability to form flavoring substances from the composition, acid formation energy, milk clotting time, ammo-
nia formation properties from arginine, diacetyl formation abilities were evaluated according to the generally
accepted methods.

By titration with 0.1 N NaOH, the toxicity was checked and measured in Turner degrees.

Pre-decontaminated milk is added at a certain temperature, one of the strains under study, or yeast
grown for 18 hours. The milk is simply mixed and kept in the thermostat at a temperature typical of this
strain until thick. Later, the paste is left at room temperature for about 1-2 hours, setting the duration of its
appearance. Then it was placed to the refrigerator from +3 till +5°C. A day later, during the tasting, an
assessment of its taste, smell and consistency, thickening time was made.

The ability of cultures to form flavoring substances from their composition was determined by a quali-
tative reaction. The property of acetoin formation is established by an alkaline sample. To do this, two drops
of the studied cultures are applied to a white porcelain plate, then 40% Kon and 0.04% creatine solutions are
added and mixed well. The time is set by tracing until the pink color appears within 20-25 minutes. The vol-
ume of formed flavoring substances was measured based on the speed and intensity of color formation.

The ability to form diacetyl was determined by the method of A.G. Grinevich. The test cultures were
sprayed on a nutrient agar medium (composition: hydrolyzed milk — 1000 mL, potassium citric acid — 10 g,
glucose — 10 g, agar — 25 g, ph medium — 6.8-7.0). Cultures sprinkled with milk hydrolyzate with beveled
Agar were kept in a thermostat for 24 hours at a temperature of 30°C, after which a mixture of the following
reagents was added: 5 mL of 20%-vertical hydrochloric acid hydroxyl amine and 1 mL of 10%-vertical
chlorine nickel. All reagents were prepared before the experiment. The prepared test tubes were placed in a
horizontal position on the thermostat for about 2-4 hours.The diacetyl reaction was determined by the for-
mation of red colored crystals of nickel dimethylglioxima. The amount of formed diacetyl was indicated ac-
cording to the degree of speed of the dye [7-9].

The antagonistic activity of lactic acid bacteria has been studied due to the diffusion of Agar. Gram-
negative bacteria are Escherichia coli, Salmonella dublin, Gram-positive bacteria are Bacillus subtilis,
Staphylococcus aureus, Sarcina flava were used as test cultures [10].

Results and Discussion

This paper examines the enzymatic activity of lactic acid bacteria; aroma formation, diacetyl and
ammonia formation from arginine, proteolytic, hemolytic and lecithinase activity.

The formation of aroma is the result of the vital activity of a special group of lactic acid bacteria, which
is in addition to lactic acid, form diacetyl, acetoin, volatile acids, carbon dioxide, alcohols and esters. Among
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these compounds, diacetyl plays a leading role in the formation of aromas. Aromatic lactic acid bacteria are a
necessary component of primary yeast for the production of a number of dairy products.

The ability of lactic acid bacteria to proteolysis is widely used in cheese making based on the processes
of fermentation of milk components: lactose, protein and fat. In addition, the quality of cheese is greatly
influenced by the proteolytic processes present in it, which lead to the formation of flavoring compounds
(peptides, free aminoacids, amides, etc.) [8].

In this regard, we studied the properties of lactic acid bacteria, a selection of the most active and
compatible strains was carried out.

Previously, we studied some physiological and biochemical properties and antagonistic activity of the
studied strains of lactic acid bacteria (Table 1, 2).

Table 1
Physiological and biochemical properties of lactic acid bacteria
Types of strains Stability to NaCl Bile resistance Resistance to
2% 4% 30% 40% Phenol
Lactobacillus bulgaricus GM — 08 + - + - -
Lactobacillus bulgaricus KZh — 01 + - + - -
Lactobacillus bulgaricus GS — 03 + +- + + +-
Lactococcus cremoris - 6 + - +- - -
Lactococcus cremoris - 17 +- - + +- -
Lactococcus cremoris — 26 + - + + +-
Lactococcus lactis — 1 + - + - -
Lactococcus lactis— 15 + +- + +-
Lactococcus lactis — 23 + + + + +
Note: "+ "— the presence of growth; " - "- the absence of growth; "+ - " - weak growth
Table 2
Antagonistic activity of lactic acid bacteria
Types of = o~ = & & & — 0 Q
microorganisms s s s S S S - | \
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Staphylococcus aureus 19 21 11 13 13 15 13 11 23
Salmonella dublin 21 13 11 7 0 19 0 7 19
Escherichia coli 19 17 21 3 0 17 0 11 17
Bacillus subtilis 21 13 19 9 9 21 13 9 25
Sarcina flava 17 19 17 7 3 19 0 0 21
Note: numbers — test-areas of inhibition of the growth of microorganisms (mm)

As a result of the study, the following active strains were selected to determine enzymatic activity based
on these physiological and biochemical properties: Lactobacillus bulgaricus — strain 3, Lactococcus lactis —
strain 1, Lactococcus cremoris — strain 1.

From Table 2, it can be seen that the study significantly inhibited the growth of Lactococcus cremoris —
26, Bacillus subtilis, Sarcina flava, Salmonella dublin, and less inhibited the growth of Staphylococcus
aureus and Escherichia coli. Strains of Lactococcus cremoris — 17, Lactococcus lactis — 1 showed little ac-
tivity on all test cultures (3-13 mm). The Lactococcus lactis — 23 strain has a high inhibition zone for all cul-
tures (17-25 mm). In addition, the activity range of strains of Lactobacillus bulgaricus GM - 08,
Lactobacillus bulgaricus KZh-01, and Lactobacillus bulgaricus GS — 03 was around 11-21 mm.
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Further, 5 strains selected from these lactic acid bacteria are examined for flavoring properties, the
formation of diacetyl and ammonia from arginine, hemolytic and lecithinase activity, and the indicators are

given in Table 3.

Table 3
Enzymatic activity of lactic acid bacteria
Strains
Enzymatic properties Lactobapillus Lactoba_cillus Lactobagillus Lactococcus Lactococcus
bulgaricus bulgaricus bulgaricus lactis — 23 cremoris — 26
GM -08 GS-03 KZh -01
Diacetyl formation + + + + +
Aroma formation +- + + + +
Ammonia formation
- - - +- + -
from arginine
Hemolytic activity + - - + -
Lecithinase activity - -
Proteolytic activity + + - + -

As a result of the study, it was found that all strains of aromatic substances, diacetyl and two strains of
Lactobacillus bulgaricus CJ — 01 and Lactococcus lactis — 23 form ammonia from arginine; hemolytic
activity was shown by Lactobacillus bulgaricus GM — 08 and Lactococcus lactis — 23; no single strain
showed lecithinase activity.

Hemolysis can be of three types: B — hemolysis (a transparent, colorless area is formed around the
colonies, the width of which depends on the hemolytic activity of the microorganism); B—hemolysis (a
greenish area is formed around the colonies due to the formation of methemoglobin from the hemoglobin of
partially lysed red blood cells) and y-hemolysis (near the colony there is a narrow cloudy area of partial
hemolysis, and then a transparent area of full hemolysis) [11, 12].

To make yeast, it is necessary to study the compatibility of strains. For this, compositions of different
strains were selected:

Option 1: Lactobacillus bulgaricus GM-08 + Lactobacillus bulgaricus KZh-01 + Lactobacillus bulgar-
icus GS-03;

Option 2: Lactococcus cremoris — 26+ Lactococcus lactis — 23;

Option 3: each strain is separate, it is part of the above compositions.

The compatibility of strains of lactic acid bacteria is checked with each strain individually and with the
duration of milk clotting according to organoleptic indicators compared to the duration of milk clotting.
When yeast is selected, strains with similar acid formation activity are combined.

Combinations are selected that coagulate milk at the level of the most active strain or even faster, as
well as with a good sour-milk taste and aroma [9].

As a result, the following indicators were obtained:

1t composition: sour milk taste, pleasant, aromatic, without external taste, dense in consistency, milky
in color, smooth throughout the mass.

2" composition: the taste is delicious, without external taste, fragrant, the consistency is compacting,
with small grains.

34 composition:

3.1. Lactobacillus bulgaricus GM-08 — the taste is pleasant, aromatic, without external taste, the con-
sistency is dense, the color is milky, smooth throughout the mass;

3.2. Lactobacillus bulgaricus GS-03 — the taste is sour-milky, pleasant, the consistency is dense, the
color is milky, with small grains;

3.4. Lactococcus lactis-23 — the taste is sour milk and pleasant, the consistency is viscous, the color is
caramelized;

3.5. Lactococcus cremoris — 26 is fermented milk with a bitter taste, dense in consistency with small
granules, milky in color.

As follows from Table 4, as a result of the study, it was found that the selected combinations have a
high activity of acid formation and clot formation at the level of the most active Lactococcus lactis —
23 stam (Table 4).
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Table 4
Acid formation and clotting activity of lactic acid bacteria

Types of strains

Properties

garicus GM - 08
Lactobacillus bul-
garicus GS - 03
garicus KZh - 01
Lactococcus
cremoris — 26
Lactococcus lactis—
23
1 composition
2 composition

o | Lactobacillus bul-
| Lactobacillus bul-

Formation of clots
(hours)
Acid formation °T 230 280 265 200

o
(6]
[{e]
o
(6]

5

[
o

N
[e0]
o

280 220

Conclusion

Worldwide, the use of dairy and sour milk products has increased significantly in recent years. These
are often used for the treatment of various diseases, for therapeutic purposes. This is primarily due to the fact
that enzymatic processes in milk, which have long been known, occur with the help of microorganisms,
which are characteristic for a long time. Modern technology has its own specifics for this purpose, using
dairy microorganisms. This makes it possible to carry out fermentation work which has its own specifics un-
der certain agreed conditions. As a result, it opened the way for the preparation of fermented milk products
with very high nutritional quality, physical and chemical, sanitary and healing properties. And lactic acid
bacteria significantly affect the absorption of such food in the body [13].

The physiological, biochemical properties of isolated lactic acid bacteria, including acid-forming, an-
tagonistic activity and enzymatic activity were studied. Lactic acid bacteria were not the same in that they
showed antagonistic activity to the test cultures tested, depending on the cultivation conditions. When grown
in the environment of MRS, their suppression of cultures of lactococci and lactobacilli was of the highest

degree. In particular, the Lactococcus lactis — 23 strain showed test culture with a inhibition zone of 17-
25 mm.
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I'.b. Anmanosa, K.I. Kyano6aii, P. zumoBa, I'.O. Keybacosa, JI.C. KoxamxapoBa

CyT eHiMaepiHeH 00/IiHIN AJBIHFAH CYTKBIIIKbLIbI 0aKTePUAIAPbIHBIH
Kei0ip ¢epMeHTATUBTI KacueTrTepi

Makanazna cyT eHiMzepiHEeH OOJiHII albIHFAaH CYT KBIIKBUIIB OaKTepHsIapablH (GHU3HOJIOTHSUIBIK KoHE OHo-
XUMHSUIBIK KACHETTEepi, aHTarOHUCTIK JKoHEe (PepMEHTATHBTIK OCJICEHALTIKTEep] 3epTTEIreH MaliMeTTep Kepce-
TinreH. 3eprreyre 9 TYpii CYT KbIIIKBLIEI OakTepusiiapsl anbiHabl. Omap: Lactobacillus bulgaricus TM — 08,
Lactobacillus bulgaricus KXX — 01, Lactobacillus bulgaricus TC — 03, Lactococcus cremoris — 6,
Lactococcus cremoris — 17, Lactococcus cremoris — 26, Lactococcus lactis — 1, Lactococcus lactis — 15,
Lactococcus lactis — 23. Ocsr mramaapasie 2% sxaHe 4%-161k NaCl KOHUeHTpanuschiHa, 6TKe XKoHe (e-
HOJFa Te3iMAuliri aHpIKTangel. COHBIMEH Karap, TPaMOH JKOHE TpaMTepic MHKPOOPraHW3MACPIiH
Staphylococcus aureus, Salmonella dublin, Escherichia coli, Bacillus subtilis, Sarcina flava eciuzicinin cei-
HaMara KaThICThl AHTATOHUCTIK OCICEHALTIrI 3epTTENIi. 3epTTeNil OThIPFaH OapibIK CYT KBIIIKBUIIBI OaKTe-
PHSUTapBIHBIH ChIHAMa-OCIHALIEp] TeXeNy aiMarblHAa SpTYpi Meumepae OeiceHAUTK TaHBITTEL COHBIH
iminge Lactococcus lactis — 23 mrrambl Gapiisik eciHiie KOFapbl OEJICEHIUIIK KOPCETTI, TEXKeTy aliMarhl
17-25 mM. Apbl Kapaif ochl IITaMAapAbIH IOIiHEH 5 MTaMM TaHJIAJbII, OJIapJbIH XOII HiC Ty3y KacherTepi,
ApTUHMHHEH TUAleTHJI MEH aMMHAKTBIH TY3UTyi, TEeMOJUTHKAIBIK JKOHE JICLIMTHHA3IBIK OCJICeHIUIr 3epT-
TeJl. ALBITKBI XKacay YIIiH OCBI IITaMIapJaH KOMIIO3ULHUSIAp KypacTeIpbuiabl. CYT KBILIKBIIEI OaKTepus-
Japbl MTaMAAPBIHBIH YHIECIMIUTITT CYTTIH YIO Y3aKTHIFBIMEH CaJBICTBIpFaHAa opOip IITaMMEH jKeKe-KeKe
JKOHE OPTaHOJICNITUKAIIBIK KOPCETKIITep OOWBIHIIA CYTTIiH YIO Y3aKTHIFBIMEH Tekcepinni. Ocpulaiima, TaH-
JaFaH KOMOMHALMSUIAP IBbIH ilTiHEH eH OerceH i yitbiTKpl Ty3yre Lactococcuslactis — 23 mrramsr ue GoJIpL.

Kinm ce30ep: MUKpOOpraHU3MJEp, IITAMM, aHTATOHUCTIK OCJICCHINIK, (GepMEHTATHBTIK OCICCHIITIK, XOII
uic Ty3y, KbIIIKBUI TY3Y, alIBITKEL, Lactococcus cremoris, Lactobacillus bulgaricus.

I'.b. Anmanosa, XX.W1. Kyan6aii, P. Usumosa, I'.O. Keybacona, JI.C. Koxxamkaposa

HexoTopsbie pepMeHTATHBHBIE CBOMCTBA MOJIOYHOKHUCJIBIX OaKTepHid,
BbI/ICJICHHBIX U3 MOJIOYHBIX IPOAYKTOB

B craTpe mpezncraBieHsl JaHHBIE 00 M3y4eHHH (HU3NOIOTHIECKUX U OHOXUMHUYECKAX CBOICTB, aHTarOHUCTH-
4gecKoil 1 hepMEeHTATHBHONW aKTHBHOCTH MOJIOYHOKHCIBIX OaKTEPHii, BEIICISEMBIX 3 MOJOYHBIX MIPOAYKTOB.
Jnst iccnieqoBanust ObUIM B3ATHI 9 pasIMuHBIX MOJIOYHOKHCIBIX Oaktepuii: Lactobacillus bulgaricus TM-08,
Lactobacillus bulgaricus KXK-01, Lactobacillus bulgaricus I'C—03, Lactococcus cremoris — 6, Lactococcus
cremoris — 17, Lactococcus cremoris — 26, Lactococcus lactis — 1, Lactococcus lactis — 15, Lactococcus
lactis — 23. YcraHoBi€HO, YTO 3TH IITaMMBbl YCTOWYMBBEI KO 2 U 4%-Hoi koHuentpanusam NaCl, sxemuu u
(denomy. Kpome Toro, m3yueHa aHTaroHMCTHYECKas aKTHBHOCTH T'PaMIIOJIOKUTENBHBIX M TPaMOTPHIATEIb-
HBIX MHKPOOPraHM3MOB B OTHOIIEHHWH TecTOBBIX KymbTyp Staphylococcus aureus, Salmonella dublin,
Escherichia coli, Bacillus subtilis, Sarcina flava. Bce uccrnenyembie MOTOYHOKHCIBIE OAKTEPUH MTPOSIBIISLIH
aKTHBHOCTH B PAa3NIMYHBIX KOJMYECTBAX B 30HE HHTHOMPOBAHUA TeCT-KyabTyp. Cpenu HUX wimamm 23 ToKa-
3aJ1 BBICOKYIO aKTHBHOCTh Ha BCEX KYJbTypax, 30Ha pocta 17-25 mMm. B manpHeiieM u3 3THX IITAMMOB ObI-
JI0 BBIOpaHO 5, M3y4YeHBI UX apOMaTHYeCKHe CBOWMCTBa, 00pa3oBaHKe TUAIlETHIIAa 1 aMMHaKa U3 aprMHHUHA, Te-
MOJINTHYECKAs ¥ JICHUTHHA3Hasi aKTHBHOCTD, a Tak)Ke ObLIM COCTaBJICHbI KOMITO3UIMY JUTS U3TOTOBJICHHS 3a-
kBacok. CodeTaeMoCTh LITAMMOB MOJIOYHOKHCIBIX OakTepuil ObUta MpOBepeHa MO MPOJIODKHTEIBHOCTH
CBEPTBHIBAHHSA MOJIOKA IO CPaBHCHHUIO C MPOIOJDKUTEIIBHOCTBIO CBEPTHIBAHWA MOJIOKA KaXXIbIM LITaMMOM B
OTJENHPHOCTH U MO OPTaHOJENTHYECKIM ITOKa3aressiM. TakuM 00pa3oM, U3 BEIOpaHHBIX KOMOWHALINI HanOo-
Jiee akTHBHBIM 00pa3oBaHueM 3akBacku oOnanan mrramm Lactococcus lactis — 23.

Kriouegvie c106a: MEKPOOPTAHU3MBI, IITAMM, aHTATOHUCTHYECKAsi aKTHBHOCTD, ()epMEHTATHBHAs aKTHBHOC-
Th, apoMaTo00pa3oBaHue, KHCIOTOOOpa3oBanue, 3akBacka, Lactococcus cremoris, Lactobacillus bulgaricus.
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