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The use of starter cultures with high metabolic activity is regarded as an effective biotechnological approach
for the controlled modification of the structure and functional properties of meat raw materials. During fermentation,
microorganisms interact with the protein—lipid matrix of muscle tissue, promoting proteolysis, structural
disorganization of muscle fibers, improvement of textural characteristics, and enhancement of microbiological
stability. Of particular scientific and practical interest is the application of autochthonous lactic acid bacteria isolated
from traditional fermented dairy products, as their use enables preservation of the authentic flavor profile and targeted
improvement of the sensory attributes of meat products. The aim of this study was to investigate the effect of a salting
mixture enriched with lactic acid bacteria isolated from the traditional fermented dairy product «irkit» on the
structural, physicochemical, and sensory characteristics of mutton. The study object was neck muscle lamb obtained
from animals under one year of age. Salting was performed using 5% sodium chloride with the addition of a starter
culture (10%) applied by injection and surface rubbing_for 36 hours at a temperature of +4 °C; the control sample was
not subjected to salting or fermentation. The results demonstrated that LAB-enriched salting systems led to a decrease
in muscle tissue pH to 5.72-5.87 and an increase in water activity, indicating intensification of fermentation processes
and restructuring of the meat protein matrix. The most pronounced microstructural changes were observed with the
injection method, manifested by disorganization of the myofibrillar framework and expansion of inter-fiber spaces.
Surface rubbing provided a more controlled structural modification, accompanied by maximal water-holding capacity
and a reduction in the fat fraction. Sensory evaluation revealed a decrease in the intensity of the characteristic
“mutton” odor and the formation of meat-dairy and dairy aroma notes in samples treated with the starter culture.

Keywords: mutton, salting mixture, autochthonous lactic acid bacteria, meat fermentation,
muscle tissue microstructure.

MOJIUPUKAIIAA MBIIIEYHOM CTPYTKPYbI BAPAHUHBI NOJ JEWNCTBUEM
MOCOJIOYHOM CMECH, OBOT' AIIEHHON MOJIOYHOKHUCJIBIMA BAKTEPUSIMHA
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Hcnonvzosanue cmapmoguix Kyivmyp ¢ 6bICOKOI MeMAOOIULECKON AKMUGHOCIbIO PACCMAMPUBAECMCA KAK
Ihhexmuensvlit OGuomexHonocudeCKUll NHOOX00 K YNPAGNAEMOU MOOUPUKAUUU CMPYKmMyposl U (DYHKUUOHATbHBIX
ceoiicme maAcHozo coipba. B npouecce pepmenmayuu mukpoopzanuzmol 6030eiicmeyion Ha 6enK080-1URUOHBLI
MAMPUKC MbIMEYHOU MKAHU, CROCOOCMEYA NPOMEO U3y, CIMPYKMYPHOU 0e30P2aHU3AUUU MbIULEYHbIX 6010KOH U
VAYHUEHUI0 MEKCIMYPHBIX XAPAKMEPUCMUK MACA, G MAKyNce NOGLIUEHUI0 €20 MUKPOOUON02UUecKoil
cmaodunvhocmu. Ocodvlii HAYYHBLL U NPAKMUYECKUN UHHIEPEC NPeOCMmAasnAent NPUMEHEHUe aA6MOXMOHHbBIX
MONIOYHOKUCTBIX OaKmepuil, GblOeNEeHHbIX U3 MPAOUYUOHHBIX KUCIOMOJIOYHBIX NPOOYKMIOE8, NOCKONALKY UX
UCNOIb306AHUE NO360/AEM COXPAHAMbL AYMEHMUYHDBLL GKYCO60ll npoPuib U YeleHANnPAGIeHHO YayYuiams
opzanonenmuuecKue ceolicmea MAcHuIX uzoenuil. Llenvio nacmoawiezo uccnedo8anus A6AA10CH U3yueHue eaUAHUA
nOCONOUHON cMecu, 0002au4éHHON MONOYHOKUCALIMU  OAKMEPUAMU, 6bIOEJICHHbIMU U3 MPAOUUUOHHO20
KUCTIOMOJI04H020 NPOOYKMA UPKUMA, HA CMPYKMYPHble, (UIUKO-XUMUUECKUE U CEHCOPHble XAPAKMEPUCMUKU
oapanunsl. O0beKmMOM UCC1e008AHUA CTIYHCUNA OAPAHUHA WIETIHOU YACIMU HCUGOMHDIX 8 603pachie 00 00H020 2004.
Iloconounyr obpabomky npoeoounu ¢ ucnonvioeanuem 5 % noeapennoit conu c enecenuem 3axeacku (10 %)
Memoodamu wnpuyesanuss U HOBEPXHOCMHO20 Hamupanus 6 meuenuu 36 uacoe npu memnepamype +4 °C;
KOHmMpOnuHblil 00pazey He nooeepzanca Rnocoay u pepmenmayuu. Ycmanoeneno, umo npumenenue LAB-
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0002aEHHBIX NOCOSIOYHBIX cucmem npugooum K cHudycenuro PH mvtmeunoii mxanu 0o 5,72-5,87 u ysenuuenuro
AKMU@HOCMU 600bl, YIMO OMPAdCAEM UHMEHCUDUKAYUIO hepMEHMAYUOHHBIX RPOUECCO8 U REPECMPOIIKY 0eIK060Il
mampuybl maca. Haubonee svipasicennvle MukpocmpykmypHole U3MeHEeHUs GblAGIeHbl NPU WINPUHEE0YHOM CROCO0e
6HECEHUA 3AK6ACKU U RNPOAGNANUCL 6 O0€30P2AHU3AUUU MUOPUOPUNNAPHO20 KapKaca U pacuiupenuu
MeHCc8ON0KORRBIX npocmpancmg. Iloeepxnocmuoe namupanue obecneuusano 0o1ee  KOHMPOIUPYEMYIO
Moougpukayuio CmpyKkmyposl HpU MAKCUMATLHOU 61420Y0EPHCUBAIOULEl CROCOOHOCHU U CHUJMCEHUU MHCUPOBOIL
¢paxkuyuu. Cencopuulii ananu3 noOKA3an CHUM3CeHUe UHMEHCUBHOCHMU XAPAKMEPHO20 «Dapanvezo» 3anaxa u
dopmupoeanue MaACOMONOUHBIX U MOSIOUHBIX OMMEHKOE APOMAMA 8 00PA3UAX C 3AKBACKOIL.

KuaroueBble cioBa: 0apaHWHA, MOCOJOYHASI CMeCh, ABTOXTOHHBIE MOJIOYHOKHC/IbIE OaKTepHu,
(epmeHTaUA MSIca, MUKPOCTPYKTYPa MbIIIEYHO# TKAHMH.

CYTKbIIIKbLI BAKTEPUSLJTAPBIMEH BAWBITBLIIFAH TY3/1bIK KOCITACBIHBIH
O9CEPIHEH KOM ETIHIH BYJIBIIIBIKET K¥PbIJIBIMBIHBIH MO/U®UKALIUACHI

M.M. IITAPAITATOBA, K.C. HCAEBA

(«TopaiirsipoB yuusepcuteti» KEAK, Kazakcran Pecnyoankacer, 140000, ITaBioaap K, Jlomos keueci 64)
ABTOP-KOPPECTIOHACHTTIH MEKTPOHIBIK momracsl: madina_szd@mail.ru

Memabonukanvlk 0encenoinizi ncozapvl cmapmepnik Kylabmypaiapobl RAUOAIAHY €m WIUKI3AMbIHbIY
KYPOUIBIMObBIK JiCOHE (DYHKYUOHANOBIK KAcUuemmepiH 0acKapoulilamvlH mypoe MOOUPUKAUUARAyovly; muimoi
Ouomexnonozuanply, macini peminde Kapacmoipoviiaovl. Pepmenmayua npoyeci 6apviColHOaA MUKPOOPZAHUIMOED
OynuiviKemininiyy,  aKyvl3-1unuomi  Mampukcine acep emin, MUOPUOPUNIAPABIK HCIHE CAPKONAAZMATBIK,
aKysi30apovly NPOMeOaU3in, OYynuIbIKem MmanuiblKmapolHoly, KYPblablMObIK 0€30P2AHU3AUUACHIH KAMMAMACHI3
emeoi, Hamudicecinoe emmity, MeKCMYpPANbIK CURAMMAMANAPbL HCAKCAPBIN, MUKPOOUOIOUANBIK MYPAKHIbLIbIZb
apmaowvl. Epexwe 2vinvimu jicone npakmukanvlk Kbl3bl2YUiblablK 02CMYpPai KblUiKbll cym OHIimOepinen 00/inin
QAIbIHEAH A6MOXHIOHObL CYMKbIUKDBLT 0AKMEPUANAPbIH KONOAHY2A OAbIMMAI2AH, OlIMKEHI 071apObIH RAOAIAHBLTY b
OHIMHIY AYMEHMUKAIbIK 0IMOIK OeliHeCiH caKkmayza dHcoHe em OHIMOEpiHiH Op2aHOIenmMUKANbIK Kacuemmepin
Makcammosl mypoe ypcaxcapmyea MymKiHOIK 0epedi. Ocbl 3epmmeyodin;, makcamol 03Cmypai KbluiKoll Cym oHimi —
«ipkimmeny 001IHIN ANbINZAN CYMKbIUWKBLT OAKMEPUAIAPLIMEH 0alblmbli2an my30blK KOCRACLIHbIY KOU emiHiH
KYPOUIbIMObIK, (UIUKA-XUMUATIBIK JHCIHE CEHCOPIbIK CURAMMAMANAPLIHA JICEPin 3epmmey 0071bln maodvliabl.
3epmmey Hblcanbl peminode Oip Heacka Oeilinzi Mandan anblHan MOUbIH 001iciHiY Kol emi natidananslnovl. Tyzoay
onoeyi 5 % ac mysvin scane 10 % awvimibl Konoany apKoliibl winpuymik enzizy jHcone 6emkeilnik xeazy adicmepimen
+4 °C memnepamypaoa 36 cazam iwinde ocypeizindi; oGaxwvinay yazici myzoayza dicone hepmenmayusnza
yuwvipamulamaowl. 3epmmey namuoicenepi LAB-nen daiivimuinzan my30uik scyitenepin Koa0any oynuivikem mininin
PH xepcemxiwin 5,72-5,87 apanvizvina oeiiin memendemin, cy denceHOiniziniy apmysviHa dKe1eminin Kepcemmi, Oy
hepmenmayuanvix npouecmepoiy; KapKblHOAHYBIH JHCIOHe emmiH AKybl30blK MAMPUUACLIHbIH KAliMA KYpbliayblH
AUKbIHOAUObl. MUKpOKYpPbLIbIMObIK, 032epicmepoiil, ey alKblH KOPIHICI auiblmKbIHbIH, WNRPUYMIK eHZi3y 20iciH0e
oankanvin, MUOPUOPUNNAPILIK KYPOLIBIMbIHBIY 0€30P2AHU3AUUACKL MEH MATWbIKAPAIbIK KeHiCmiKmepoin
J2ar0vimen cunammanowl. An 6emxeiiniK y#eagy a0ici KypoliablMHbLY HEZYPablmM 0acKapbliamsli MOOUPUKAUUACLIH
Kammamacsl3 emin, oli2an ycmay KaOlemiHiH MHCo2apbliayblMeH JcoHe Mail (PaKuusacblHblY MOMeHOeyiMeH
epexkuenendi. CeHcOpblK manoay Hamuicenepi auiblmibl KOJIOAHBLIZAH Yiciiepoe Koul emine mMaH uicmiH
KApPKbIHOBLIBIZLIHBLY, MOMEHOEN, em-CymMmIK JHeaHne CymmiK Xout uic peHKmepiniy KanvlnmacKanvli Kopcemmi.

Herisri ce3mep: Ko#l eTi, TY3ABIK KOCHAachl, aBTOXTOHAbI CYTKBIIIKBLI OakTepusjiap, er
(epmenTanMsACHI, OYTIIBIKETIHIHIH MUKPOKYPBLIBIMBI.

Introduction

Mutton occupies an important position in
global meat production and traditional dietary
systems, particularly in regions with well-
developed sheep farming. It is considered a
valuable type of meat raw material with high

nutritional and biological value and serves as a
source of high-quality complete protein, providing
essential amino acids in physiologically optimal
proportions, as well as B-group vitamins and
mineral elements. One hundred grams of lamb
contains approximately 18 g of highly digestible
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protein, predominantly represented by myofibrillar
and connective tissue fractions, which determines
its significance in the human diet [1].

The quality of lamb and its perception by
consumers are largely determined by the structure
of muscle tissue. The spatial organization of
myofibrils, the degree of sarcomere contraction,
the condition of connective tissue, and the nature of
interprotein  interactions directly affect the
tenderness, juiciness, and textural properties of
meat products [2]. Lamb, especially that obtained
from adult animals, is characterized by an
increased content of connective tissue and
thermally stable collagen, which reduces its
tenderness and necessitates the application of
technological approaches aimed at targeted
modification of meat structure and sensory
characteristics. It has been established that lamb
tenderness is determined by muscle fiber thickness,
connective tissue content, and fat level, while a
reduction in muscle fiber diameter is associated
with improved textural and sensory properties of
meat.

Meat aging is traditionally regarded as one
of the key technological processes ensuring the
improvement of textural properties through the
activation of endogenous proteolytic systems.
During post-mortem storage, calpains and
cathepsins are activated, leading to partial
degradation of myofibrillar proteins, weakening of
the muscle framework, and an increase in meat
tenderness [3-5]. However, conventional aging
methods are characterized by long processing
times, limited controllability of proteolytic
reactions, and increased microbiological risks,
which necessitates the development of alternative,
biologically  oriented, and technologically
controllable approaches to modifying meat
structure [6].

Meat salting represents an important
technological stage that exerts a complex effect on
the structural and functional properties of muscle
tissue. Sodium chloride promotes the extraction of
myofibrillar proteins, alters their hydration,
enhances water-holding capacity, and creates
favorable conditions for meat aging. The use of
curing mixtures allows not only uniform salt
distribution but also targeted modification of meat
structure through the incorporation of functional
components [7].

Of particular interest is the application of
curing mixtures enriched with lactic acid bacteria
(LAB), which possess pronounced biological and
technological potential. LAB are capable of
fermenting available carbohydrates with the

production of organic acids, resulting in a
controlled decrease in pH, activation of proteolytic
processes within muscle tissue, and the formation
of a favorable microbiological environment [8,9].
In fermented meat products, representatives of the
genera  Lactobacillus and  Staphylococcus,
particularly Lactobacillus sakei, play a key role in
ensuring microbiological stability through the
production of lactic and acetic acids and the
reduction of pH to values around 5. Acidic
conditions promote the coagulation of muscle
proteins and changes in their water-holding
capacity, thereby influencing the texture of the
final product and inhibiting the growth of
pathogenic and spoilage microorganisms [10]. Due
to their pronounced antimicrobial activity and their
ability to create unfavorable conditions for
undesirable microflora, LAB have recently been
increasingly considered not only as technological
agents of fermentation but also as promising tools
for the biopreservation of meat products [11,12]. In
the context of growing consumer concern
regarding food additive safety and the desire to
reduce the use of synthetic preservatives, lactic
acid bacteria and their metabolites — including
organic acids and bac-teriocins — are regarded as
effective natural anti-microbial agents capable of
inhibiting pathogenic and spoilage micro-
organisms, thereby contributing to improved
microbiological stability and extended shelf life of
meat products

In addition to structural characteristics, a
major factor limiting the consumer acceptance of
mutton is its characteristic odor. The flavor and
aroma profile of mutton is associated with the
presence of a complex mixture of volatile
compounds, among which branched-chain fatty
acids, as well as aldehydes, phenols, and ketones,
play a predominant role. Branched-chain fatty
acids, including 4-methyloctanoic and 4-
methylnonanoic acids, are considered the principal
contributors to the characteristic “sheepy” odor of
mutton [13]. Alterations in the microenvironment
of muscle tissue, particularly pH reduction induced
by lactic acid bacteria (LAB), may influence the
biotransformation of these compounds and,
consequently, the intensity of the characteristic
lamb odor.

In this context, the application of curing
systems enriched with LAB is of particular interest
as a biologically oriented alternative to the use of
isolated proteolytic enzymes. Unlike commercial
enzyme preparations, LAB provide a complex
biochemical impact that includes controlled pH
reduction, suppression of undesirable microflora,
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and targeted biotransformation of protein and lipid
substrates [14]. This multifactorial mechanism of
action may contribute to the development of a more
balanced aromatic profile and to the attenuation of
the specific lamb odor. In contrast, the use of
exogenous enzymes, often associated with rapid
and intensive proteolysis, may be characterized by
limited controllability and less predictable changes
in volatile compounds. This highlights the
relevance of investigating LAB-enriched curing
systems from the perspective of simultaneous
control over both structural and aromatic properties
of meat raw materials [15].

Recent studies have demonstrated that LAB
strains isolated from traditional fermented dairy
products exhibit pronounced antagonistic activity,
high resistance to stress factors inherent to the meat
environment, and probiotic potential [16,17].
Historical evidence supporting the effectiveness of
such approaches can be found in traditional Kazakh
cuisine, where fermented dairy products rich in
autochthonous microflora — such as «ayran, kurt,
kumys» and others — have long been used not only
as dietary components but also in meat processing
and preservation technologies. The immersion of
meat raw materials in fermented dairy media
functioned as a natural biopreservation mechanism,
promoting the development of LAB that inhibited
the growth of pathogenic microflora while ensuring
product stability —without deterioration of
organoleptic properties [18].

Thus, the use of authentic starter cultures
isolated from traditional fermented dairy products
in mutton curing technology can be considered a
promising direction in sustainable biotechnology,
combining enhanced microbiological safety,
controlled modification of muscle tissue structure,
and reduction of the intensity of characteristic
mutton odor. Despite the growing interest in
biologically active curing systems, the effects of
LAB-enriched curing mixtures on structural
changes in mutton muscle tissue remain
insufficiently investigated.

Therefore, the aim of the present study was
to investigate changes in the muscle structure of
mutton under the action of a curing mixture
enriched with lactic acid bacteria and to evaluate

their effects on the structural, physicochemical, and
sensory characteristics of meat raw material.

Materials and research methods

Object of the Study. Mutton obtained from
animals aged up to one year and sampled 24 h post
mortem was used as the object of the study. For
experimental purposes, defect-free neck muscle
tissue was selected, with the longissimus cervicis
muscle used as the model muscle. Prior to the
experiments, the meat raw material was stored
under refrigerated conditions at 4 °C.

Source and Preparation of Lactic Acid
Bacteria. Lactic acid bacteria (LAB) were isolated
from the traditional fermented dairy product «irkit»
(atype of ayran or katyk). The isolated strains were
identified to the genus and species levels using
classical microbiological methods. The selected
strains were characterized based on their ability to
grow in a meat-based medium and their tolerance
to acidic conditions.

For salting, a starter culture mixture was
prepared, including LAB at a concentration of 107-
108 CFU/ g, which was 10% of the mass of the
brine system, as well as sodium chloride (NaCl) at
a concentration of 5%.

Microbiological research methods. Micro-
biological studies included standard methods of
isolation and identification of microorganisms using
nutrient media and subsequent identification of
bacteria in accordance with GOST 10444.11-2013.
Bacteria of the genus Lactobacillus included
microaerophilic, gram-positive, rod-shaped, im-
mobile, non-spore-forming and catalase-negative
microorganisms.

The process of isolating pure crops included
three stages:1) obtaining a cumulative culture; 2)
isolation of pure culture; 3) control of its purity.

To isolate pure cultures, tenfold dilutions of
the cumulative culture were carried out in sterile
saline solution. A drop of the appropriate dilution
(1073 or 10*) was applied to the surface of a dense
GMF-AGAR nutrient medium (TU 9385-058-
39484474-2009) in Petri dishes. Incubation was
carried out in a thermostat at a temperature of 36.7
+ 1 °C for 48 hours. The grown colonies were
analyzed according to morphological and cultural
characte-ristics. Cell viability was determined
according to GOST 32901-2014.
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Table 1. Meat processing technology and experimental scheme

[ Starter Culture Preparation j

Irkit

Isolation of lactic acid bacteria (102

CFU/g)

Activation in milk

37°C, 16-18 hours

[ Mutton Samples ]

I

Control Sample 1
NaCl 5%

Sample 2

Sample 3
NaCl 5% + Injection| [NaCl 5% + Rubbing
LAB LAB

v

F Fermentation 4°C, 36 hours J

Sample mincing

!

[ Sample Analysis ]

« Physico-chemical parameters (moisture, protein, fat, satt,'pH..)

« Microstructural analysis (SEM)

« Organoleptic evaluation

Mutton without the addition of NaCl and starter
culture with lactic acid bacteria was used as a control
sample. This approach made it possible to evaluate the
contribution of biologically active starter culture to
changes in the structural, physico-chemical and
sensory characteristics of meat compared with
traditional salt salting. Two methods of applying a
salting system enriched with lactic acid bacteria were
used in the work: syringe injection and surface
rubbing. The syringe method provided a more uniform
distribution of salt and microorganisms in the thickness
of the muscle tissue, contributing to the intensification
of fermentation processes and structural changes.
Surface rubbing imitated traditional salting methods
and had a predominant effect on the surface layers of
meat. A comparative analysis of these options made it
possible to evaluate the effect of the method of
applying the salting system on the structural and
organoleptic parameters of mutton.

The processed meat raw materials were kept at
atemperature of 4 ° C for 36 hours under conditions.

Physico-chemical analysis of meat samples.
The mass fraction of moisture, protein, fat, and table

salt was determined using an «Infralume» infrared
analyzer. Before analysis, the meat samples were
crushed and thoroughly mixed until a homogeneous
mass was obtained. The measurements were carried
out in accordance with generally accepted methods of
analysis of meat raw materials and meat productsthat
meet the requirements for storing chilled meat.

Determination of the active acidity (pH) of
meat. The active acidity was determined by the
potentiometric method in accordance with GOST
9793-2016. A 10 g meat sample was homogenized
with 90 ml of distilled water (1:10 ratio). The pH meter
was calibrated using standard buffer solutions with pH
4.00, 7.00 and 9.18. Measurements were carried out at
a temperature of 20 + 1 °C after stabilization of the
electrode readings.

Determination of water activity (Aw). The water
activity was determined using an HD-6 device in
accordance with GOST 31747-2012. Pieces of meat
weighing 50 g were selected for analysis, which were
previously homogenized to a homogeneous state using
a sterile homogenizer. The prepared sample was
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placed in the measuring chamber of the device,
ensuring tight filling without the formation of air gaps.

Microstructural analysis.  Microstructural

analysis was performed by scanning electron
microscopy (SEM) on a JEOL JSM-6 microscope at
an accelerating voltage of 7-8 kV, magnification of
%100, x200 and %500, and a chamber pressure of 39-
40 Pa. Representative micrographs were obtained for
each sample, which were used for comparative
analysis of the state of myofibrils and connective
tissue. Experimental studies were conducted in the
laboratories of the Scientific Research Institute of
Agroinnovations and Biotechnologies of the
Toraighyrov University, as well as in the Laboratory of
Physico-chemical analysis of food products named
after Doctor of technical sciences, Professor K. Zh.
Amirkhanov Shakarim University.

Results and discussion

During the microbiological analysis of the
fermented milk product «irkity, the approximate
identification of lactic acid bacteria strains was isolated
and determined, their cultural and morphological
characteristics were determined.

As a result of studying the morphological
properties of the grown colonies, it was found that the
studied bacterial insulators are immobile, do not form
spores and are characterized by a positive gram color,
which indicates that they belong to typical
representatives of the Lactobacillaceae family (Single
oval cocci, diplococci, cell size 0.8-1.0 microns).

The morphological and cultural properties of

lactobacilli were used to identify them. According to
the Bergey determinant, the isolated lactic acid bacteria
were classified as Lacticaseibacillus and Lactococcus.

For fermentation of skimmed milk in order to
obtain a starter culture, strains of lactic acid bacteria
L. casei LC-01 belonging to the genus Lactobacillus
were used.

The starter culture was pre-activated in
skimmed milk at 37 °C for 24 hours until a titer of 108
CFU/ml was reached.

During fermentation of raw materials, the titer
of cells of lactic acid microorganisms was: 107
CFU/ml; strain. After introducing a starter culture
(bacteria of the genus Lactobacillus) into the raw

10

material and then keeping it in a thermostat (at t — 37 °
C), it was found that the casein protein coagulated and
formed a dense clot and whey.

The resulting starter culture based on skimmed
milk with a consortium of lactic acid bacteria isolated
from the traditional irkit product demonstrated
favorable organoleptic characteristics and a high titer
of viable cells (at least 10®* CFU/ml). During the
thermostating process, an optimal level of acidity was
achieved, corres-ponding to a pH value of 4.35-4.18,
which indicates the active metabolic activity of
microorganisms and the suitability of this starter
culture for effective use as a starter culture during
fermentation and salting of mutton meat products.

After biotechnological treatment of mutton
using lactic acid bacteria-based starter cultures, four
samples were examined: control (without the addition
of NaCl and starter culture), sample 1 (NaCl 5%),
sample 2 (NaCl 5%+ starter culture syringe method),
sample 3 (NaCl )5%+ starter culture rubbing method)
Each sample was ground in a meat grinder after
fermentation.

The results of the study show that the method of
processing and salting significantly affects the
physico-chemical characteristics of mutton. In the
experimental samples, compared with the control,
changes in the mass fraction of moisture, protein, fat
and salt were observed, reflecting the restructuring of
the structure of muscle tissue under the influence of
technological factors.

An increase in the mass fraction of moisture in
the S2 (syringe) and S3 (rubbing) samples indicates an
improvement in the water retention capacity of meat,
probably due to salt exposure and loosening of
myofibrillary proteins. The maximum moisture
content in S3 (68.73%) may be due to the uniform
distribution of salt during rubbing and lower water
losses compared to liquid salting.

The protein growth in S1 and S3 is explained by
the concentration effect and a change in the protein
matrix, which helps to retain moisture and reduce
exudation, which confirms the literature data on the
positive effect of salt and mechanical treatments on the
functional properties of proteins [7].
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Table 2. Results of studies of physico-chemical parameters

Sampels Protein (%) (%) Moisture (%) Fat (%) Salt (%)
Control 14,18 52,50% 29,12% 0,93
S1 (NaCl5%) 16,28 56.35 21.45 4,17
S2 (NaCl5% +syringe LAB) 14,75 61,95 18,61 3,47
S3(NaCl5% +rubbing LAB) 16,48 68,73 10,68 2,69

A decrease in fat in all experimental samples,
especially in O3 (10.68%), is associated with a
redistribution of lipids and an increase in the
proportion of bound moisture, which reflects a
weakening of the structural bonds of fatty inclusions.

An increase in the salt content confirms the
effectiveness of the salting methods: the highest value
in S1 (4.17%) is associated with the use of a 5%
solution, while S2 and S3 show differences in the
mechanisms of salt penetration and its distribution.

Thus, the method of salting and processing
comprehensively affects the physico-chemical
properties of mutton, determining its functional
characteristics, structural features of muscle tissue

Table 3. Results of pH and Aw studies of the research samples

and potential sensory qualities. The (S3) grating
method seems to be the most promising, as it provides
an optimal combination of high moisture retention,
moderate salt content and fat reduction, which helps
preserve the elastic fiber structure, reduce shrinkage
and increase juiciness, which is especially important
in the development of fermented and functional meat
products.

Active acidity (pH) is an important indicator of
biochemical and microbiological processes in meat
raw materials, as it determines the state of muscle
proteins, enzyme activity and microbiological
stability of the product.

Indicator Control S1(NaCl 5%) S2 (NaClI5% +syringe | S3(NaCl5% + rubbing
LAB LAB)

pH (GOST 9793-2016) 6.23 5.88 5.72 5.87

Active water (Aw) (TOCT 0.55 0.86 0.93 0.90

31862-2012.)

The obtained results indicate a pronounced
effect of salting treatments on the acidity of mutton
muscle tissue. In the control sample, the pH value was
6.23, corresponding to the initial state of meat without
salting or fermentative intervention. In the
experimental samples (Samples 1-3), a significant
decrease in pH was observed, reaching a range of
5.88-5.72, which indicates the intensification of acid-
forming processes. The most pronounced pH
reduction was recorded in the sample treated by
injection with a LAB-enriched curing mixture (pH
5.72), reflecting high metabolic activity of lactic acid
bacteria and intensive production of organic acids.
Lower pH values compared with the surface-rubbed
sample (pH 5.87) suggest a more uniform distribution
of microorganisms within the muscle tissue and a
higher intensity of fermentation processes.”

Water activity (Aw) is a key factor determining
microbiological stability and the intensity of
fermentation processes in meat raw materials. In the
control sample, the Aw value was 0.55, indicating
limited moisture availability and low biochemical
activity.
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During salting only with salt (5% NaCl), water
activity increased to 0.86 due to osmotic
redistribution of moisture within the muscle tissue.
The use of a LAB-enriched curing system resulted in
a further increase in Aw, most pronounced under
injection treatment (0.93), indicating more uniform
hydration of the muscle tissue and favorable
conditions for LAB metabolic activity. In the surface-
rubbed variant, the Aw value was slightly lower
(0.90), which can be attributed to limited moisture
diffusion into the deeper tissue layers.

Thus, the method of applying the LAB-
enriched salting system c affects the moisture
distribution in mutton and, in combination with a
decrease in pH, determines the direction and
controllability of fermentation processes.

The results of microstructural analysis of
samples. Scanning electron microscopy revealed
pronounced differences in the microstructure of
mutton muscle tissue, depending on the method of
salting after 36 hours of exposure (Fig. 2). In the
control sample (a), which was not salted, the muscle
fibers retain a relatively ordered and dense structure.
Myofibrils are oriented mainly in parallel, the inter-
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fiber spaces are poorly expressed, and signs of
destruction of connective tissue elements are minimal.
This morphology corresponds to the initial state of the
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muscle tissue and is consistent with higher pH values
and low water activity, indicating a limited flow of
enzymatic and diffusion processes.
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Figure 1. Microstructure of mutton samples after 36 hours of fermentation: a - control sample, b — Sample 1 (NaCl 5%), c — Sample
2 (NaClI5% +syringe LAB), d — Sample 3 (NaCI5% + rubbing LAB)

In the sample treated only with salt (NaCl 5%)
(b), the initial signs of structural disor-ganization are
observed: partial stratification of muscle fibers,
increased interfibrillary gaps and the appearance of
microcracks. These changes may be related to the
osmotic effect of salt, extraction of myofibrillary
proteins, and changes in their degree of hydration.
However, in general, the muscular framework remains
relatively intact, which indicates a limited degree of
structural modification with traditional salt salting.

The most pronounced structural changes were
recorded in a sample with a syringe injection of a salty
mixture enriched with LAB (c). Micrographs show
significant destruction of the integrity of the
myofibrillary ~ framework, pronounced fiber
stratification, expansion of the inter-fiber spaces and
disruption of the connective tissue structure. These
changes indicate an intensive course of fermentation
processes due to the uniform distribution of LAB in the
thickness of muscle tissue, an active decrease in pH
and an increase in proteolytic transformations. This
microstructure correlates with the lowest pH values
and high water activity recorded for this variant.

In a sample with surface rubbing with a salt
mixture enriched with LAB(d), structural changes are
also pronounced, but they are less intense compared to
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the syringe method. There is a partial destruction of
muscle fibers and deformation of connective tissue
elements mainly in the surface layers, while the
structure is relatively preserved in the deep zones. This
indicates a limited diffusion of microorganisms and
their metabolic products deep into the tissue, which is
consistent with the intermediate values of pH and
water activity.

In general, the results of microstructural
analysis confirm that the use of a salting mixture
enriched with lactic acid bacteria contributes to a
deeper and more manageable modification of the
muscle structure of mutton compared with traditional
salt brining. The method of applying the starter culture
is a critically important factor: syringe injection
ensures the maost uniform distribution of LAB and the
maximum degree of structural transformation, while
surface rubbing has a more local effect. The identified
microstructural changes may be directly related to an
improvement in the textural properties and a decrease
in the intensity of the specific odor of mutton due to
controlled enzymatic processes.

Also, the use of salting systems enriched with
lactic acid bacteria has a direct effect on the formation
of the aromatic profile of mutton during fermentation.
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The control sample retained the intense characteristic
"mutton™ odor typical of fresh meat, while the
traditional salt ambassador provided only partial
attenuation. The use of starter cultures based on lactic
acid bacteria isolated from the fermented milk product
irkit led to more pronounced sensory changes,
manifested in the formation of meat and dairy and
dairy flavor shades, depending on the method of
application of the salt mixture. These changes indicate
the active participation of lactic acid microflora in the
biotransformation of meat flavor-forming com-
pounds, probably associated with a decrease in pH and
changes in the microenvironment of muscle tissue,
which helps to mask the specific smell of mutton.

Discussion

The data obtained demonstrate that the method
of meat processing significantly affects the
microstructure, physico-chemical and functional
properties of mutton. The control sample, which was
not exposed to salt or starter culture, maintained a
dense and orderly myofibrillary network with minimal
changes in the inter-fiber spaces. This indicates a stable
structural organization of muscle tissue in the absence
of technological intervention, however, low water
activity (Aw = 0.55) and high pH (6.23) limit
biochemical activity and the development of
enzymatic processes, which makes the control sample
a base for comparative analysis.

The use of 5% NaCl (Sample 1) caused a
moderate expansion of the inter-fiber spaces and
partial disorganization of the protein matrix, which
is confirmed by an increase in the mass fraction of
moisture (56.35%), protein (16.28%) and water
activity (Aw = 0.86). Such changes indicate the ion-
osmotic effect of salt, leading to hydration of
myofibrillary proteins and an increase in the
moisture-retaining capacity of meat. At the same
time, a decrease in pH to 5.88 and a moderate
increase in salt content confirm the effectiveness of
dry salt for controlling fermentation and
microbiological processes.

Mechanical application of the salt mixture by
syringing (Sample 2) led to the most pronounced
microstructural changes: multiple microcracks,
expansion of the inter-fiber spaces, and initial signs of
disorganization of the endomysium were observed.
This was accompanied by a maximum moisture
content by mass (61.95%), high water activity (Aw =
0.93), and a decrease in pH to 5.72. The data obtained
indicate the combined effect of mechanical and salt
action, which creates optimal conditions for the
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intensification of proteolysis and fermentation, but
requires increased microbiological control.

The most balanced manifestation of the
technological effect turned out to be a sample with
rubbing of a salt mixture, including salt and starter
culture (Sample 3). In this case, partial disorganization
of the myofibrillary structure and moderate expansion
of the inter-fiber spaces were observed, but without
destruction of the structure characteristic of syringing.
The moisture retention capacity was maximal
(68.73%), the water activity reached 0.90, and the pH
decreased to 5.87, which provided favorable
conditions for fermentation with controlled
microbiological growth. The moderate reduction in
muscle pH observed in this study may promote the
establishment of a beneficial lactic acid microbiota and
enhance the microbiological stability of meat products.
At the same time, there was a decrease in the fat
fraction (10.68%) and the preservation of the elastic
fiber structure, which forms optimal sensory and
textural characteristics of fermented mutton.

Thus, the results confirm the high efficiency of
the combined use of salt and lactic acid bacteria
isolated from the traditional fermented milk product
«rkit» to modify the structure and functional
properties of meat. Microstructural and physico-
chemical changes in the starter culture samples
indicate a targeted softening of muscle and
connective tissue, an increase in moisture retention
and the formation of a specific acid regime, which
positively affects the organoleptic properties,
microbiological stability and potential shelf life of the
product. These data substantiate the prospects of
using authentic starter cultures to develop new
functional meat products with unique taste qualities
and high nutritional value.

In a broader technological context, the obtained
results are consistent with modern approaches to the
biopreservation of meat products, which rely on the
use of lactic acid bacteria and their metabolites to
enhance the microbiological stability of raw materials.
The optimal pH values and the establishment of an
active lactic acid microbiota may limit the growth of
undesirable microorganisms and thereby potentially
contribute to extending the shelf life of meat products.
In this regard, the use of autochthonous LAB isolated
from traditional fermented dairy products is of interest
not only as a tool for improving the structural and
sensory properties of mutton but also as a promising
approach for the development of natural
biopreservation technologies in meat processing.
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Conclusion

The conducted research has confirmed that
the method of processing mutton significantly
affects the microstructure, physico-chemical and
functional characteristics of meat. The control
sample without salt and starter culture retained a
dense, ordered myofibrillary network with low
water activity and high pH, which limits proteolytic
and microbiological activity.

The addition of 5% NaCl caused a moderate
expansion of the inter-fiber spaces and hydration of
the protein matrix, increasing moisture retention,
lowering the pH and improving the functional
properties of meat. Mechanical application of the
salt mixture by syringing enhanced these effects,
creating conditions for intensive proteolysis and
fermentation, but was accompanied by more
pronounced microstructural changes.

The sample with a mixture of salt and starter
culture was characterized by the most balanced
indicators: an optimal combination of moisture
retention, a decrease in fat fraction, partial
disorganization of the myofibrillary network and a
controlled decrease in pH was observed. These
changes improve the organoleptic properties, texture,
and microbiological stability of meat, creating
favorable conditions for fermentation and storage.

The use of lactic acid microorganisms isolated
from the traditional fermented milk product «irkit»
has confirmed their high efficiency as a natural starter
culture for the fermentation of mutton. The use of
these cultures makes it possible to preserve the
authentic taste profile of the product, while
simultaneously improving the textural and functional
characteristics of meat, as well as increasing its
biological value and microbiological safety. The high
adaptation of autochthonous lactic acid bacteria to
osmotic stress, including the presence of table salt,
ensures their stable activity in the composition of salt
mixtures and promotes a gentle, controlled effect on
the structure of muscle tissue, which makes this
approach promising from the point of view of
sustainable and traditionally oriented biotechno-
logies for processing meat raw materials.

The results obtained confirm the prospects of
introducing traditional authentic starter cultures into
mutton processing technology, opening up
opportunities for the development of new functional
and fermented meat products with high consumer
value and extended shelf life.

14

REFERENCES

1. Della Malva, A.; Santillo, A.; Priolo, A.; Marino,
R.; Ciliberti, M.G.; Sevi, A.; Albenzio, M. Effect of
hazelnut skin by-product supplementation in lambs’ diets:
Implications on plasma and muscle proteomes and first
insights on the underlying mechanisms. J. Proteom. 2023,
271,104757.

2. Ding, W., Lu, Y., Xu, B., Chen, P., Li, A., Jian,
F., Yu, G., & Huang, S. (2024). Meat of Sheep: Insights
into Mutton Evaluation, Nutritive Value, Influential
Factors, and Interventions. Agriculture, 14(7), 1060.
https://doi.org/10.3390/agriculture1407106031

3. Listyarini, K.; Sumantri, C.; Rahayu, S.; Islam,
M.A.; Akter, S.H.; Uddin, M.J.; Gunawan, A. Hepatic
Transcriptome Analysis Reveals Genes, Poly-morphisms,
and Molecules Related to Lamb Tenderness. Animals
2023, 13, 674.

4. Kaur L, Hui SX, Morton JD, Kaur R, Chian FM,
Boland M. Endogenous Proteolytic Systems and Meat
Tenderness: Influence of Post-Mortem Storage and
Processing. Food Sci Anim Resour. 2021 Jul;41(4):589-
607. doi: 10.5851/kosfa. 2021.e27. Epub 2021 Jul 1.
PMID: 34291209; PMCID: PMC8277181

5. Chéret R, Delbarre-Ladrat C, de Lamballerie-
Anton M, Verrez-Bagnis V. Calpain and cathepsin
activities in post mortem fish and meat muscles. Food
Chem. 2007; 101:1474-1479. doi: 10.1016/j.foodchem.
2006.04.023

6. Chauhan, N.; Singh, J.; Chandra, S.;
Chaudhary, V.; Kumar, V. Non-thermal techniques:
Application in food industries: A review. J. Pharmacogn.
Phytochem. 2018, 7, 1507-1518.

7. Toldra, F., Flores, M., & Sanz, Y. (2016). Dry-
cured ham flavour: Enzymatic generation and process
influence. Food Chemistry, 190, 291-300. https://
doi.org/10.1016/j.foodchem.2015.05.051

8. Laranjo, M., Potes, M. E., & Elias, M. (2019).
Role of starter cultures on the safety of fermented meat
products. Frontiers in Microbiology, 10, 853. https:
//doi.org/10.3389/fmich.2019.00853

9. Zhang, Y., Liu, Y., Wang, Y., Liu, J., & Li, X.
(2020). Effect of lactic acid bacteria fermentation on
proteolysis, texture and flavor development of dry-cured
meat products. Meat Science, 167, 108164. https://
doi.org/10.1016/j.meatsci.2020.108164

10. Kaveh, S., Hashemi, S. M., Abedi, E., Amiri, M.
J., & Conte, F. (2023). Bio-preservation of meat and
fermented meat products by lactic acid bacteria strains and
their antibacterial metabolites. Sustainability, 15(3), 2406.
https://doi.org/10.3390/su15032406

11. Barcenilla, C.; Ducic, M.; Lopez, M.; Prieto,
M.; Alvarez-Ordonez, A. Application of Lactic Acid
Bacteria for the Biopreservation of Meat Products: A
Systematic Review. Meat Sci. 2022, 183, 108661.

12. Mediani, A., Hamezah, H. S., Jam, F. A,
Mahadi, N. F., Chan, S. X. Y., Rohani, E. R., & Abas, F.
(2022). A comprehensive review of drying meat products
and the associated effects and changes. Frontiers in
nutrition, 9, 1057366.

13. Zhao, Y.; Zhang, Y.; Khas, E.; Bai, C.; Cao, Q.;
Ao, C. Transcriptome analysis reveals candidate genes of the


https://doi.org/10.3390/agriculture1407106031
https://doi.org/10.3389/fmicb.2019.00853
https://doi.org/10.3389/fmicb.2019.00853
https://doi.org/10.3390/su15032406

AJIMATBI TEXHOJIOTUSIBIK YHUBEPCHTETiHIH Xabapubichl. 2026. Nel.,

synthesis of branched-chain fatty acids related to mutton
flavor in the lamb liver using Allium mongolicum Regel
extract. J. Anim. Sci. 2022, 100, skac256

14. Zhou, Y., Zhang, L., Wang, Y., & Li, B. (2022).
Contribution of lactic acid bacteria to flavor formation in
fermented meat products: A review. Food Chemistry, 370,
131292. https://doi.org/10.1016/j. foodchem.2021.131292

15. Pejkovski, Z., & Silovska Nikolova, A. (2023).
Usage of starter cultures as inhibitors of microbiological
hazards in fermented meat products. KNOWLEDGE —
International Journal, 58(3), 433-437.

16. Génzle M. G. Lactic metabolism revisited:
metabolism of lactic acid bacteria in food fermentations
and food spoilage //Current Opinion in Food Science. —
2015.-T.2.—P. 106-117.

17. Pejkovski, Z., & Silovska Nikolova, A. (2023).
USAGE OF STARTER CULTURES AS INHIBITORS
OF MICROBIOLOGICAL HAZARDS IN
FERMENTED MEAT PRODUCTS.KNOWLEDGE -
International Journal, 58(3), 433-437. Retrieved from
https://ikm.mk/ ojs/index.php/kij/article/view/6129

18. MycaraxxunoBa A. A., /1. Karpan, CunsBckuit
0. A., KA3AKbI AC: [9CTYPI MEH JIoM.
KA3AXCKAA KYXHA: BKYC U TPAJULIMU.
KAZAKH CUISINE: TASTE AND TRADITIONS.
Hyp-Cynran 2019 — 28 6.

REFERENCES

1. Della Malva, A.; Santillo, A.; Priolo, A,;
Marino, R.; Ciliberti, M.G.; Sevi, A.; Albenzio, M. Effect
of hazelnut skin by-product supplementation in lambs’
diets: Implications on plasma and muscle proteomes and
first insights on the underlying mechanisms. J. Proteom.
2023, 271, 104757.

2.Ding, W., Lu, Y., Xu, B., Chen, P., Li, A., Jian,
F., Yu, G., & Huang, S. (2024). Meat of Sheep: Insights
into Mutton Evaluation, Nutritive Value, Influential
Factors, and Interventions. Agriculture, 14(7), 1060.
https://doi.org/10. 3390/agriculture1407106031

3. Listyarini, K.; Sumantri, C.; Rahayu, S.; Islam,
M.A.; Akter, S.H.; Uddin, M.J.; Gunawan, A. Hepatic
Transcriptome  Analysis Reveals Genes, Poly-
morphisms, and Molecules Related to Lamb Tenderness.
Animals 2023, 13, 674.

4. Kaur L, Hui SX, Morton JD, Kaur R, Chian FM,
Boland M. Endogenous Proteolytic Systems and Meat
Tenderness: Influence of Post-Mortem Storage and
Processing. Food Sci Anim Resour. 2021 Jul;41(4):589-607.
doi: 10.5851/kosfa. 2021.e27. Epub 2021 Jul 1. PMID:
34291209; PMCID: PMC8277181

5. Chéret R, Delbarre-Ladrat C, de Lamballerie-
Anton M, Verrez-Bagnis V. Calpain and cathepsin activities
in post mortem fish and meat muscles. Food Chem. 2007;
101:1474-1479. doi: 10.1016/j.foodchem. 2006.04.023

6. Chauhan, N.; Singh, J.; Chandra, S.; Chaudhary,
V.; Kumar, V. Non-thermal techniques: Application in

15

food industries: A review. J. Pharmacogn. Phytochem.
2018, 7, 1507-1518.

7. Toldra, F., Flores, M., & Sanz, Y. (2016). Dry-
cured ham flavour: Enzymatic generation and process
influence. Food Chemistry, 190, 291-300.https://doi.
0rg/10.1016/j.foodchem.2015.05.051

8. Laranjo, M., Potes, M. E., & Elias, M. (2019).
Role of starter cultures on the safety of fermented meat
products. Frontiers in Microbiology, 10, 853.https://doi.
0rg/10.3389/ fmich.2019.00853

9. Zhang, Y., Liu, Y., Wang, Y., Liu, J., & Li, X.
(2020). Effect of lactic acid bacteria fermentation on
proteolysis, texture and flavor development of dry-cured
meat products. Meat Science, 167, 108164.https://doi.
0rg/10.1016/j.meatsci.2020.108164

10. Kaveh, S., Hashemi, S. M., Abedi, E., Amiri,
M. J., & Conte, F. (2023). Bio-preservation of meat and
fermented meat products by lactic acid bacteria strains and
their antibacterial metabolites. Sustainability, 15(3),
2406.https://doi.org/10.3390/su15032406

11. Barcenilla, C.; Ducic, M.; Lépez, M.; Prieto,
M.; Alvarez-Ordénez, A. Application of Lactic Acid
Bacteria for the Biopreservation of Meat Products: A
Systematic Review. Meat Sci. 2022, 183, 108661.

12. Mediani, A., Hamezah, H. S., Jam, F. A,,
Mahadi, N. F., Chan, S. X. Y., Rohani, E. R,, ... & Abas, F.
(2022). A comprehensive review of drying meat products
and the associated effects and changes. Frontiers in
nutrition, 9, 1057366.

13. Zhao, Y.; Zhang, Y.; Khas, E.; Bai, C.; Cao, Q.;
Ao, C. Transcriptome analysis reveals candidate genes of
the synthesis of branched-chain fatty acids related to
mutton flavor in the lamb liver using Allium mongolicum
Regel extract. J. Anim. Sci. 2022, 100, skac256

14.Zhou, Y., Zhang, L., Wang, Y., & Li, B. (2022).
Contribution of lactic acid bacteria to flavor formation in
fermented meat products: A review. Food Chemistry, 370,
131292 .https://doi.org/10.1016/j.food chem.2021.131292

15. Pejkovski, Z., & Silovska Nikolova, A. (2023).
Usage of starter cultures as inhibitors of microbiological
hazards in fermented meat products. KNOWLEDGE —
International Journal, 58(3), 433-437.

16. Génzle M. G. Lactic metabolism revisited:
metabolism of lactic acid bacteria in food fermentations
and food spoilage //Current Opinion in Food Science. —
2015.-T.2.-P. 106-117.

17. Pejkovski, Z., & Silovska Nikolova, A. (2023).
USAGE OF STARTER CULTURES AS INHIBITORS
OF MICROBIOLOGICAL HAZARDS IN FER-
MENTED MEAT PRODUCTS. KNOW-LEDGE -
International Journal, 58(3), 433-437. Retrieved from
https://ikm.mk/ojs/ index.php/kij/article /view/6129

18. Musagazhinova A. A., Katran D., Sinyavskij
Yu. A. Qazaqy as: dasturi men dam [Kazakh cuisine: taste
and traditions]. — Nur-Sultan, 2019. — 28 p. (in Kazakh).


https://doi.org/10.1016/j.%20foodchem.2021.131292
https://ikm.mk/%20ojs/index.php/kij/article/view/6129
https://doi.org/10
https://ikm.mk/ojs/%20index.php/kij/article

