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SCIENTIFIC FOUNDATIONS FOR DEVELOPING
FUNCTIONAL DAIRY PRODUCT STARTER CULTURES
IN PAVLODAR REGION

The article examines the study of microorganisms isolated from
traditional fermented dairy products with the aim of developing starter
cultures for the production of functional dairy products specific to
the Pavlodar region. The research focused on the physiological and
biochemical properties, antibiotic resistance, antagonistic activity,
and biocompatibility of lactic acid bacteria, including Lactobacillus
gallinarum, Streptococcus thermophilus, Lactococcus lactis subsp. lactis,
and Lactobacillus fermentum. These strains were selected for further study
due to their high metabolic activity, ability to efficiently produce lactic
acid, antagonistic activity against pathogenic microflora, and resistance
to unfavorable production conditions.

The methodology involved the isolation of pure cultures using
various nutrient media, biochemical analyses, and the evaluation of
the technological potential of the isolated strains. The selected strains
demonstrate potential for the creation of direct-inoculation starter cultures
capable of improving the quality and safety of fermented products, as well
as meeting the growing demand for functional food products.

The article discusses the prospects of utilizing these starter cultures
to produce probiotic-rich products, such as yogurt, kefir, and others, with
high nutritional value. The results lay the groundwork for the industrial
implementation of technologies aimed at producing high-quality fermented
dairy products that support consumer health and contribute to the
development of the regional dairy industry.

Keywords: milk, fermentation of milk, microorganisms, lactobacilli,
mesophilic lactic acid streptococci, thermophilic lactic acid streptococci,
acidophilic lactic acid sticks.
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Introduction

Sourdough cultures are pure cultures or mixtures of lactic acid bacteria used
in biotechnological processes to initiate milk fermentation. Starter cultures can
be liquid, frozen, or dry. Dry starter cultures are freeze-dried biomass containing
one or more types of microorganisms, each performing a specific role in the
fermentation process [ 1]. Starter cultures can be traditional, used for products like
yogurt, kefir, ryazhenka, sour cream, cottage cheese, and matsoni, or probiotic,
designed to produce functional products with a high concentration of beneficial
probiotic microorganisms [2].

Objective of the Study: To develop starter cultures for the production of
fermented dairy products specific to the Pavlodar region, based on scientific and
practical foundations.

To achieve this goal, the following interrelated research tasks are proposed:

Study the composition and properties of traditional dairy products produced
in the Pavlodar region.

Investigate the processes of obtaining, as well as the composition and
properties of the microflora of traditional fermented dairy products, along with
the technological aspects and prospects for production development in the region.

Develop an organizational research scheme and determine experimental
objects and materials.

Analyze the cultural, morphological, physiological, and biochemical
properties, antibiotic resistance, antagonistic activity, and biocompatibility of
microorganisms isolated from traditional dairy products.

Develop a symbiotic starter culture based on lactobacilli isolated from local
fermented dairy products to enhance fermentation quality.

Conduct market research and develop a strategy for product promotion and
pricing for fermented dairy products.

Create a business plan for establishing a laboratory and perform economic
calculations for sourdough culture production [3].

Materials and Methods

Microorganisms and Sources

This research primarily focused on microorganisms isolated from traditional
fermented milk beverages. The studied microorganisms included a wide variety
of lactic acid bacteria, such as Lactobacillus delbrueckii subsp. bulgaricus,
Lactobacillus acidophilus, Streptococcus thermophilus, Lactococcus lactis
subsp. lactis, Lactococcus lactis subsp. lactis biovar diacetilactis, Lactobacillus
paracasei, Lactobacillus fermentum, and Lactobacillus gallinarum [4]. These
microorganisms were chosen for their historical importance and industrial
relevance in fermented dairy product production.
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Isolation of Pure Cultures

The isolation process for pure cultures of lactic acid bacteria was conducted in
several well-defined stages to ensure the reliability and reproducibility of results.
These stages included:

1 Selection of Sources. Traditional fermented milk beverages and
spontaneously fermented dairy products from various regions were carefully
selected as sources of lactic acid bacteria. Additionally, intestinal contents from
calves and infants were used as sources for isolating Lactobacillus acidophilus.

2 Sample Collection and Preparation. Samples were collected in sterile
containers under aseptic conditions to avoid contamination. Each sample was
labeled with specific information, including the source, location, and collection
date.

3 Enrichment of Lactic Acid Microflora. The samples were inoculated into
a liquid nutrient medium specifically designed to favor the growth of lactic acid
bacteria. This enrichment step allowed the selective proliferation of the target
microorganisms.

4 Isolation of Pure Cultures. The enriched cultures were streaked onto solid
nutrient media, such as MRS agar, to isolate individual colonies. Distinct colonies
were selected based on morphological characteristics and transferred to fresh solid
media to obtain pure cultures.

5 Reinoculation in Sterile Milk. Pure cultures were reinoculated into sterile
milk to confirm their ability to grow and produce lactic acid. This step also allowed
the evaluation of their fermentation capabilities and their potential application in
dairy product production.

6 Characterization of Biological Properties. The isolated strains were
subjected to comprehensive biochemical and physiological tests to characterize
their metabolic activities, acid tolerance, enzymatic properties, and other biological
traits. These properties were analyzed to determine their potential for industrial
applications, such as probiotic formulations or starter culture development.

Regional Variations in Microbial Sources

Thermophilic lactic acid streptococci and Lactobacillus delbrueckii subsp.
bulgaricus were predominantly isolated from spontaneously fermented dairy
products originating from southern regions, which are known for their traditional
fermentation practices. In contrast, Lactobacillus acidophilus was isolated from
the gastrointestinal tract of calves and infants, highlighting its adaptability to
diverse environments [5].

Materials, Reagents, and Reference Strains

A wide range of materials and reagents were employed throughout the study.
The research utilized several reference strains for comparative analysis, including:
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- Escherichia coli B-6954

- Bacillus fastidiosus B-5651

- Pseudomonas fluorescens B-3502

- Pseudomonas aeruginosa ATCC 9027

- Leuconostoc mesenteroides B-8404

- Candida albicans ATCC 885-653

- Staphylococcus aureus ATCC 25923

Additionally, specific sugars (e.g., lactose, glucose, and sucrose) and chemical
reagents were used for metabolic characterization and growth studies.

Analytical Techniques

To assess the metabolic and enzymatic properties of the isolates, various
analytical techniques were employed. These included:

- pH measurement and titratable acidity for fermentation profiling.

- Gas chromatography for volatile compound analysis.

- Enzymatic assays for determining proteolytic and lipolytic activity.

- Molecular identification using 16S rRNA gene sequencing for precise
taxonomic placement of the strains.

This comprehensive approach ensured a detailed understanding of the isolated
strains, enabling their evaluation for potential industrial applications. The study
also provided insights into the microbiota of traditional fermented dairy products
and their contribution to product quality and flavor.

Results and Discussion

To isolate mesophilic lactic acid streptococci, | g of sample was ground in a
sterile mortar and diluted 1:10 in saline solution. This suspension was inoculated in
sterile milk (10 cm? in 0.25-0.5 cm? aliquots). For cultures derived from fermented
milk products, one drop of the product was inoculated directly into sterile milk.
Incubation was conducted at 25-30 °C until coagulation occurred [1].

Isolation of thermophilic lactic acid bacteria followed a similar protocol,
with cultures incubated at 4043 °C for streptococci and Lactobacillus bulgaricus
and at 37 °C for Lactobacillus acidophilus, with a 48-hour incubation period [7].

Strains intended for production applications must meet specific criteria:
thermophilic streptococci should not grow in milk containing penicillin (0.01 U/
cm?®) and should thrive in hydrolyzed milk with up to 2 % NaCl and 0.1% methylene
blue. Strains of Lactobacillus acidophilus must demonstrate resistance to 0.4 %
phenol, 20 % bile, and a medium pH of 8.3, with significant antibiotic activity
against spoilage flora, Staphylococcus, Proteus, and Escherichia coli. Strains of
Lactobacillus bulgaricus should produce acetaldehyde, a desirable flavor compound.

Selected production-worthy lactic acid bacteria strains may be stored frozen
at minus 18 to minus 25 °C for 4-6 months or in a freeze-dried state in sealed
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ampoules. In this form, they can be stored at 3—5 °C or minus 18 to minus 25 °C
for up to ten years or more. Each concentrate must contain 150-300 billion
cells per gram with a moisture content not exceeding 3.5 %, and the presence of
extraneous, non-pathogenic microflora should not exceed 10 cells per gram [8].

The isolation of microorganisms from traditional fermented milk beverages
such as ayran and koumiss was performed by inoculating 1 ml of the beverage in
nutrient media, followed by incubation at 37 °C in a CO:-enriched environment
for 1-5 days. Primary isolation was achieved using a variety of media, including
skimmed milk, MRS broth, heart-brain infusion, milk agar with 3 % agar, fish-
peptone agar, and MRS agar [9].

Conclusion

The conducted studies of the physiological and biochemical properties,
antibiotic resistance, antagonistic activity, and biocompatibility of microorganisms
isolated from national fermented milk beverages have provided a solid foundation
for selecting promising strains of lactic acid bacteria. The research highlighted
the unique characteristics and potential applications of these microorganisms,
which were carefully evaluated for their suitability in the dairy industry.

Among the tested strains, Lactobacillus gallinarum, Streptococcus
thermophilus, Lactococcus lactis subsp. lactis, and Lactobacillus fermentum
demonstrated exceptional properties that make them suitable candidates for further
study and application. These strains were chosen based on their high metabolic
activity, ability to produce lactic acid efficiently, and capacity to survive and
function under industrial fermentation conditions. Additionally, they exhibited
strong resistance to antibiotics, which is crucial for maintaining the safety and
stability of fermented products in diverse environments.

The selected strains also displayed notable antagonistic activity, effectively
inhibiting the growth of pathogenic and spoilage microorganisms. This
characteristic is particularly important for enhancing the safety and shelf life of
dairy products, making these strains valuable for producing high-quality fermented
milk beverages. Furthermore, the biocompatibility of these microorganisms
ensures their safe interaction with other starter cultures and their ability to integrate
seamlessly into existing production processes.

The potential applications of Lactobacillus gallinarum, Streptococcus
thermophilus, Lactococcus lactis subsp. lactis, and Lactobacillus fermentum
extend beyond traditional fermentation practices. These strains hold promise
for the development of functional food products enriched with probiotics,
which are known for their health benefits, including improving gut microbiota
balance, enhancing immune response, and preventing gastrointestinal disorders.
Their utilization could contribute to the creation of dairy products with added
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value, catering to the growing consumer demand for nutritious and health-
promoting foods.

Investigations into their genetic and molecular profiles may further
enhance our understanding of their functional capabilities and allow for targeted
improvements. Ultimately, the use of these strains in direct application starter
cultures can significantly improve the quality, safety, and health benefits of
fermented dairy products, paving the way for innovative advancements in the
dairy industry [10].
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AcTtaHa XaJpIKapaiblK yHHBepcHuTeTi, Kasakcran Pecmy0nmkacel, AcTaHa K.
04.11.24 . 6acnara TYCTI.

29.11.24 x. Ty3eTynepiMeH TYCTI.

27.12.24 x. 6achII mIBIFapyFa KaObUIIAH/IbL.

IMABJIOJAP OHIPIHAE ®YHKIIUOHAJIJIBI CYT
OHIMJEPIHE APHAJIFAH AIIBITKBIJIAPJIbI
I3IPJIEYAIH FbIUIBIMHA HET'I3JIEPI

Maxkanaoa Ilasnooap enipine moHn yHKYUOHAIObI Cym OHIMOepiH
oHOIpyee apHanean awblmKbl MoOeHuemmepin d3ipaey MaKkcamvlnoda
docmypni pepmenmmenzern cym OHimOepiHeH OONIHIN ANbIH2AH
MUKpOOp2anuzmoepoi 3epmme)y Homudicenepi Kapacmulpbliaodsl. 3epmmey
Lactobacillus gallinarum, Streptococcus thermophilus, Lactococcus lactis
subsp. lactis swcone Lactobacillus fermentum cusakmol CymKblUUKbLIObL
bakmepusAnapobly, QUUOIOSUANBIK HCOHE DUOXUMUSNBIK Kacuemmepine,
anmubuomukmepee mo3siMoinicine, anmacoHucmik OenceHOiniciHe
JHCOHE DUOCHINBICLIMObLIbI2bIHA He2i30endi. Byn wmammoap ocozapul
MemaboauKanvlk, bencenoinizi, cym KblUKbLIbIH MUiMOi eHOIpY Kabiiemi,
namozeHOiKk MUKpoghiopaza Kapcvl aHmMAa2oHUCMIK OenceHOiniel scone
6HOIpicmik dcaz0atinapaa me3imoiniei cebenmi mayOaIbIn AbIHObL.

Ooicmeme opmypii KOpekmix opmanapobvl KOJIOAHY apKblLibl maza
0aKwvLI0apovl 06N any, OUOXUMUALLIK MALOAYLAD HCYP2i3Y HCOHE
ANbIH2AH WMAMMOAPObIY MEXHOA0UTBIK dlleyemin 06a2anayobl KaMmulobl.
Tanoanean wmammoap hepmenmmenzen oHiMOepOiH canacevl MeH
Kayincizoiein apmmuipyaa, COHOAl-aK YYHKYUOHANObl Ma2am oHIMOepite
Oe2eH CYpaHbiCmbl KaHa2ammaHovlpy2a Kabitemmi mikeiell eHei3iiemin
AUBIMKLLIAPObL dcaAcay2a dneyemmi.

Maxkanada ocvl awbimKbLIAPObL HO2aPbl MA2AMObIK KYHObLIbIZbL OAD
tlozypm, aupat sxcone 6acka 0a npobuomuxmepee 6atl oHiMOepoi oHOipyoe
navioanamy nepcneKmusanlapbl maikslianaosi. 3epmmey Homudicenepi
cananvl (hepmenmmenzer Cym oHiMOepin OHOIpy2e JHcoHe auMaKmolk Cym
OHepKACIOiH damblmyaa 6azblmmaneai MeXHOI02UANAPObl OHEPKACINKe
eneizyee Hezi3 bona anaowi.
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Kinmmi ce3dep: cym, cymmi awwvimy, mukpoopeanusmoep,
AaKkmodayunnanrap, me3oQuiboi cym KolWKblibl CIMPenmoKOKKmMapbol,
mepmopunbOi cym KblUKbLIbI CIPEnmoKoKKmapwl, ayuoopuiboi cym
KbIUWKbLIbL MAAKUANADYL.

K. A. Aoamdacanosa

MesxayHapoaHslid yHUBepcuTeT Actansl, PecyOmmka Kasaxcran, r. Acrana.
Ioctynuno B penakuuio 04.11.24.

Ioctynuino ¢ ucnpasnenusimu 29.11.24.

IIpunsTo B neuars 27.12.24.

HAYYHBIE OCHOBBI PABPABOTKHA 3AKBACOYHBIX KYJIBTYP
JJIA @YHKIONOHAJBHBIX MOJIOYHBIX TIPOAYKTOB B
IHABJIOJAPCKOM PETHOHE

B cmamve paccmampusaromes ucciedosanus MUKpooOpeaHu3mos,
BbIOCNEHHBIX U3 MPAOUYUOHHBIX DePMEHMUPOBAHHBIX MOLOUHBIX
HPOOYKIMO8, € Yenblo paspadomKu 3aK8ACOUHbIX KYIbIYP O NPOU3800Cmed
DYHKYUOHATLHBIX KUCTOMONOUHBIX NPOOYKmog 6 Ilasnooapckom pezuore.
B pabome usyuenvt guzuonocuueckue u duoxumuieckue cgoucmaea,
YCMOU4UB0Cmy K AHMUOUOMUKAM, AHMALOHUCTNUYECKAs AKMUBHOCMb U
OUOCoBMECMUMOCb MOJIOYHOKUCTLIX bakmeputll, makux kak Lactobacillus
gallinarum, Streptococcus thermophilus, Lactococcus lactis subsp. lactis u
Lactobacillus fermentum. Omu wmammul 611U 8b10paHbL 07151 OdIbHEUUIE20
usyuenus 61a200aps ux blCOKOU Memaboauieckol aKmueHoCmi,
cnocobnocmu 3¢ hekmugHo npooyyupo8ames MOAOUHYIO KUCIOMY,
AHMALOHUCTUYECKOU AKMUSHOCHU 8 ONHOWEHUU NATO2EHHOU MUKDOGDIOPYL
U YCmou8ocmu K HeOIa2onPUAMHbIM YCIOBUAM NPOU3BOOCHEA.

Memooonoeus exawuana evioeienue YUCMBIX KYAbMYp
€ UCNONBL30BAHUEM PAZTUYHBIX HUTNATENIbHBIX Cped, NpogedeHue
OUOXUMUYECKUX AHANU308, A MAKHCE OYEHKY MEeXHON02UYeCKUX
NepCneKmus UCHOIb306AHUS GbIOEICHHbIX WMAMMO8. Bbuliu vlieieHbl
wmammsl, obraoarwue NOMEHYUaIom 0ai Co30aHUsl 3aK8ACOK
NPSAMO20 BHECEHUs, CNOCOOHBIX YIYUUWUMb KA4eCmeo U 6€30NACHOCb
hepmeHmuposanHbix NPOOYKMO8, a MAKIce YOOSLemMEOPUNb PACHYILYULL
CNPOC HA QYHKYUOHATIbHBIE NULYesble NPOOYKMbI.

B cmamve obcyscoaromes nepcnexmusbl npumeHeHuss OaHHbIX
3aK8ACOUHBIX KYIbMYP O CO30AHUSL NPOOYKMOS8 C NPOOUOMUYeCKUMU
ceolicmeamu, Makux Kax to2ypmul, Kepup u opyaue, 061a0arujue 8blcOKOU
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numamenbHoll yeHHocmvio. Pezynbmamer ucciedosanuii 3akiaovleaiom
OCHOBY 0J151 NPOMBIULIEHHO20 BHEOPEHUsSL MEXHOL02UL N0 NPOU3BOOCMBY
KaueCmEeHHbIX KUCIOMOLOYHBIX NPOOYKIMOS, CNOCOOHBIX NOOOEPICUBATND
300posbe nompebumenei U cnocobcmeo8ams pa3euUMuIo pecUOHANIbHOU
MONOUHOU NPOMBIUUTIEHHOCTIU.

Kniouesvie cnosa: monoko, pepmenmayust MOI0KA, MUKPOOP2AHUIMDL,
AAKMOOayuniel, Me30QuUIbHble MOLIOUYHOKUCIbIE CMPENMOKOKKU,
mepmouavbHble MOLOYHOKUCTLIE CIMPENMOKOKKY, ayudopuibHble
MONOUHOKUCTIbIE NATIOUKU.
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