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ASSESSMENT AND PROSPECTS OF PROBIOTIC
POTENTIAL IN FUNCTIONAL MEAT-BASED
NUTRITION PRODUCTS

Probiotic food products represent one of the most rapidly growing
categories in the functional nutrition market. While probiotic strains
have been successfully applied in the dairy, cereal, bakery, and juice
industries, their use in the production of fermented meat products remains
limited. The main challenge lies in the specific characteristics of the meat
matrix: although the absence of heat treatment favors probiotic survival,
factors such as high salt content, low pH, and reduced water activity can
significantly impair the viability of microorganisms.

This article reviews current scientific approaches to the development
of meat products with probiotic properties. The probiotic potential of
various lactic acid bacteria strains used in meat processing technologies
is analyzed. The prospects for incorporating probiotic cultures into both
traditional and innovative meat products are discussed, with the aim of
enhancing their biological value and functional orientation. Particular
attention is given to issues of microbiological safety, maintenance of
probiotic viability, and the potential health benefits of such products.

Keywords: probiotics, meat products, functional nutrition, lactic
acid bacteria, fermentation, biological value, microbiota.

Introduction

Probiotic food products represent one of the most rapidly evolving categories
within the functional food sector. Currently, probiotic microorganisms are
successfully applied in the production of dairy products, cereal-based foods,
bakery goods, and fruit and vegetable juices [1].
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Despite their strong traditional background and potential as carriers of
probiotic microorganisms, fermented meat products remain underrepresented
among functional foods compared to other food matrices.

The commercial application of probiotic strains in fermented meat products
still faces several technological challenges. On the one hand, meat matrices
offer certain advantages for maintaining probiotic viability, as the production
process typically excludes thermal treatment. On the other hand, unfavorable
environmental factors — such as high salt concentration, reduced pH, and low
water activity — ca inhibit the growth and survival of probiotic microorganisms.

Another complicating factor is the presence of native microbiota in raw
meat, which may compete with the introduced probiotic strains and affect the
microbial composition of the final product [2].

One promising solution is the use of microorganisms adapted to the
meat environment that demonstrate both technological stability and distinct
probiotic properties. These bacteria can be isolated from traditional fermented
meat products or derived from existing commercial starter cultures used in
meat processing. An alternative strategy involves incorporating strains with
documented probiotic effects into starter cultures specifically adapted to meat
matrix conditions.

Starter cultures are defined as single or mixed microbial preparations applied
at known concentrations to initiate and conduct fermentation in meat products.
The use of such cultures offers a number of advantages over spontaneous
fermentation, including improved process control, reduced ripening time,
inhibition of pathogenic microorganisms, and enhanced reproducibility of
product quality across production batches [3].

However, selecting an effective starter culture for functional meat product
development remains a complex task, requiring a thorough evaluation of the
biotechnological properties of the candidate strains.

Microorganisms used as starter cultures include bacteria, yeasts, and molds.
Among them, lactic acid bacteria (LAB) are the most widely employed group
in the fermentation of both meat and dairy products [4].

Despite increasing scientific interest and potential benefits, probiotic meat
products remain a relatively novel and underexplored field. The primary challenge
is achieving a balance between technological requirements (including safety,
stability, and sensory attributes) and the preservation of probiotic functionality.

This review thus explores the key technological opportunities,
biotechnological constraints, quality characteristics, and potential risks
associated with the development and consumption of probiotic meat products
within the framework of functional nutrition.
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The aim of this review is to systematize current scientific knowledge
regarding the probiotic potential of meat products and to analyze the prospects
for their integration into the functional food sector. Particular attention is paid to
identifying priority biotechnological and applied research directions in this field.

Materials and methods

The methodology of this study was based on principles commonly applied in
systematic reviews. To assess the probiotic potential of fermented meat products,
a literature search was conducted for publications from 2018 to 2025 using the
databases PubMed, ScienceDirect, Google Scholar, and the Cochrane Library.
The following keywords were used: probiotic meat products, fermented meat,
LAB in meat, functional foods.

Peer-reviewed articles describing laboratory, clinical, and industrial studies
were included, provided they contained data on the application of probiotic
cultures in meat products, their viability, and their impact on quality and
functional properties.

Initial screening was performed based on titles and abstracts, followed by
full-text analysis. As a result, 30 publications were selected that reflect current
scientific approaches to the use of probiotics in the meat industry and their
potential within the context of functional nutrition.

Results and discussion

Probiotics are live microorganisms that, when administered in adequate
amounts, confer health benefits on the host — a definition supported by
international expert organizations. Within fermented food products, probiotic
microorganisms can exert a wide range of physiologically significant effects,
including the normalization of gut microbiota, modulation of the immune
response, and prevention of various chronic diseases [5].

In this context, probiotics are classified as functional food components
capable of providing additional health benefits beyond the basic nutritional
value of the product. According to analytical forecasts, the global market for
functional foods is showing a steady growth trend, with an expected compound
annual growth rate (CAGR) of 8.5 % from 2022 to 2030. This is largely driven
by increasing consumer interest in healthy lifestyles and preventive nutrition.
Fermented meat products are considered a promising and emerging segment of
probiotic food, demonstrating consistent growth since 2018 and showing potential
for expansion within the functional food and beverage category (Fig. 1) [6].
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Figure 1 — Growth of the global market for functional foods
and functional meat products [6]

One of the key and consistent areas of application for starter cultures in
the meat industry is ensuring product preservation, which is accompanied by
recognized technological advantages, including microbiota stabilization, improved
safety, and the development of characteristic organoleptic properties. Depending
on technological requirements and consumer preferences, different strains are
used in various products.

Lactic acid bacteria of the genera Lactobacillus, Pediococcus, Leuconostoc,
Lactococcus, and Enterococcus are widely employed as starter cultures in the
production of fermented meat products. Their primary role lies in reducing
pH through the production of lactic and acetic acids during glycolysis, which
contributes to color stabilization, suppression of pathogenic microflora, and
development of the characteristic flavor of fermented meat [7].

Some strains, such as Lactobacillus plantarum and Lactobacillus acidophilus,
are capable of producing bioactive peptides during fermentation and ripening,
thereby enhancing the functional value of the product. As a result, the color
intensity of the meat product improves, the growth of pathogenic microorganisms
is inhibited, and a typical aroma and flavor of dry-cured meat is developed. At
the same time, lactic acid bacteria contribute to acidification of the environment,
providing additional potential probiotic effects [8].

Lactic acid fermentation has a significant impact on the development of the
product’s flavor profile through the production of organic acids and the activation
of proteolysis and lipolysis processes. These processes lead to the release of
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flavor-forming compounds, including fatty acids, peptides, amino acids, and
aldehydes [9].

Studies by Tukel O. and Sengun I. demonstrated that the use of probiotic
cultures in the production of fermented salami contributes to improved sensory
characteristics such as flavor and color. Additionally, these cultures positively
affect texture by enhancing proteolysis, increasing water-holding capacity, and
reducing toughness during ripening [10].

According to the research of Lahiri D. et al., the use of starter cultures
promoted standardization of the technological process and prevention of
manufacturing defects. A major advantage was the enhancement of microbiological
safety in fermented meat products, which was attributed to the production of several
antimicrobial metabolites, including lactic, acetic, propionic, and benzoic acids,
hydrogen peroxide, and bacteriocins — proteinaceous compounds with strong
bactericidal properties (Fig. 2) [11].

Small Peptides Microcins and Bacteriocin

Unmodified
Peptide

Modified
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Blocks
the Central
Dogma

Pore formation by bacterfocing
Ribosome mediated bacterfocin production

Colicins production

Figure 2 — Mechanism of action of bacteriocins in inhibiting
the growth of other microorganisms [11]

Numerous studies have demonstrated the antagonistic properties of various
strains of lactic acid bacteria (LAB) against pathogenic microorganisms.
According to the study by Di Gioia et al., in vitro experiments confirmed
the antagonistic activity of Lactiplantibacillus plantarum and Lactobacillus
delbrueckii against Clostridium perfringens and other Clostridium species [12].
Wang et al. reported that bioactive peptides produced by LAB — particularly
Lactiplantibacillus plantarum and Lactobacillus acidophilus — exhibit pronounced
antimicrobial properties capable of inhibiting the growth of both spoilage
microorganisms and pathogens, including Listeria monocytogenes, Staphylococcus
aureus, and Salmonella spp. [13].
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It is important to emphasize that the competitiveness of starter cultures against
the natural microbiota of raw meat, as well as their ability to perform targeted
metabolic functions, depends on their growth rate and resistance to specific
conditions of fermented meat products. These include an anaerobic environment,
NaCl concentration, ingredient composition, fermentation and ripening temperatures,
and low pH levels [14].

Technological components such as salt and thickeners can influence
bacteriocin synthesis and the probiotic functionality of certain Lactobacillus strains.
Additionally, spices may affect the growth dynamics of starter cultures.According
to Verluyten J., garlic enhances bacteriocin production, pepper stimulates lactic
acid synthesis, whereas nutmeg reduces bacteriocin output. However, the addition
of garlic in the production of Turkish sucuk did not significantly affect the survival
of S. typhimurium [15].

Studies by Sirini et al. demonstrated high viability of starter and probiotic
cultures during the fermentation and ripening of fermented meat products when
using the probiotic strain Lactiplantibacillus plantarum BFL in the production of
dry-fermented sausages. It was established that this strain maintained stable viability
throughout the drying phase and exhibited pronounced biocontrol properties [16].

Multiple studies confirm that the consumption of fermented meat products
containing probiotic cultures may positively affect health. The use of probiotics is
associated with various beneficial effects on the human body, including alleviation of
lactose intolerance symptoms, stimulation of immune function, improved digestion
and intestinal transit, reduced frequency of diarrhea, decreased risk of colorectal
cancer, and lowered cholesterol levels [17].

In studies by Manassi et al., daily consumption of 30-50 g of probiotic salami
containing strains such as Lactobacillus acidophilus LAFTI® L10, Lactobacillus
rhamnosus HNOO1, or Lactobacillus paracasei LTH 2579 contributed to a reduction
in Listeria monocytogenes levels in feces, decreased inflammatory markers (e.g.,
C-reactive protein and tumor necrosis factor-a), and stimulated immune response [ 18].

According to Holck, A., Lacticaseibacillus acidophilus, widely used as a
probiotic, can enhance the nutritional and health-promoting value of fermented
meat products due to its beneficial effects on gut health [ 19]. Despite the challenges
associated with maintaining probiotic viability during fermentation and ripening,
studies by Leeuwendaal, N. showed that L. acidophilus exhibited strong resistance
to the acidic environment typical of fermented meat matrices. Preserving its
activity throughout the production process is critical to achieving the intended
functional effects [19].

In research by Schirone, M., strains of L. crispatus, L. amylovorus,
L. johnsonii, L. gasseri, and L. acidophilus were also shown to be highly effective
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in fermentation, resistant to bile and gastric juice, which minimized their negative
impact on intestinal microbiota.

Although lactic acid bacteria (LAB) remain the predominant probiotic
microorganisms in the food industry, yeasts have also demonstrated promising
functional properties. Yeasts are capable of synthesizing biologically active
metabolites with potential nutraceutical and therapeutic value, contributing to
the regulation of gut microbiota, exerting antioxidant activity, and participating
in the biocontrol of pathogenic microorganisms and toxins. Moreover, yeasts are
rarely associated with foodborne infections, which increases their safety for use in
functional foods [20].

Studies indicate the probiotic potential of non-Saccharomyces and non-
Kluyveromyces yeast species isolated from fermented food products. In particular,
Debaryomyces hansenii and Yarrowia lipolytica, found in dry-fermented sausages,
have shown promising functional properties [ 18]. It is worth noting that the functional
properties of D. hansenii may vary depending on the specific strain.

These findings support the notion that probiotic-enriched fermented meat
possesses potential functional properties. Furthermore, the synergistic application
of probiotic and traditional starter cultures in the production of fermented meat
products can ensure not only microbiological safety but also high nutritional value
and appealing sensory characteristics of the final product.

Conclusions

Scientific and technological research, along with the development of new
probiotic starter cultures adapted to the specific conditions of meat fermentation,
open up promising opportunities for the creation of innovative functional meat
products that meet the growing demand for healthy and safe nutrition.

The obtained data confirm that microorganisms included in starter cultures
are capable of suppressing or reducing the growth of pathogenic bacteria through
the production of specific metabolites and competitive exclusion. This allows for a
reduction in the use of chemical additives such as nitrites and nitrates.

The inclusion of probiotic cultures in the formulations of fermented meat
products represents a promising direction in the field of functional nutrition.
Lactic acid bacteria possessing antimicrobial properties and resistance to adverse
conditions of the meat matrix are capable of shaping the desired organoleptic
characteristics of the product. Strains such as Lactobacillus plantarum,
L. acidophilus, L. gasseri, among others, exhibit antimicrobial activity, tolerance
to technological stress, and probiotic potential.

The use of yeast cultures with biocontrol and nutraceutical potential also
remains a promising area of development.
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Contemporary studies confirm that the application of probiotics not only
improves the quality and microbiological safety of meat products but also
enhances their biological value. However, despite the positive results of individual
inoculations, further comprehensive research is required to identify dominant
microorganisms in probiotic mixtures and to assess their interactions within
fermented meat products.
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12 TopaliFbIPOB YHHUBEPCHUTETI,

Kazakcran Pecmry0mmkackr, [TaBmonap k.
11.06.25 x. 6acnara TyCTi.

18.06.25 k. Ty3eTyIepiMeH TYCTi.

25.06.25 x. 6achII mbFapyra KaObUIIaH b

OYHKIIMOHAJIJIbI TAFAMJAP ASICBIHIA
ET OHIMJEPIHIH IPOBHOTUKAJIBIK MYMKIHAIKTEPI
MEH JAMY HEPCIHETUBAJIAPBI

TIpoduomuxansix azvlk-myaikmep — KapKbiHObl OAMbIN KeJle HCAMKaH
canammapoviy 6ipi. TIpobuomuxanseiy wmammoap cym, 0dHOI-0aKbl,
Hayoalxana JHcaHe WbIPbIH OHEePKICIOiHOe cammi KOIOAHbLIbIN Keedi,
anauoa onapovly KHceminodipiiemin em OHIMOepi MexXHON02UACLIHOA
KOJIOAaHBLIYbl Wwekmeyni Kylde Kanvin omulp. Byn swcaz0aiioviy Hezisei
cebebi — em mampuyacvinbly epexuienikmepine OAUIAHLICMbL:
npobuomuxmepoiy mipi KaayblHa HCobliyMeH eHOeyOiH 00amayvl oy
acep emce Oe, OHIMHIH MY3 MOIUEPIHIK dcoeapbl bonybl, pH Oeneetlinin
memeHOizi HcIHe blA2ANObLIbIK OelCeHOLNIZIHIH a30blebl MUKPOA&3ANAPObIH
emiputeyOiciH memeHoemyi MyMKiH.

Maxkanada npobuomukanvix Kacuemmepi Oap em eHiMoepiH a3ipaeyee
KamuiCmul KA3ipei blibiMu maciioep Kapacmuipvliaowvl. Em enimoepi
MEeXHONIOUACHIHOA KOJIOAHBLIAMbBIH JPMYPAL CYM KbIUKbLIObL OAKmepus.
WmMamMmOapviHbly NPOOUOMUKANLIK dheyemine maioay Hypeizinoi.
Jlocmypii sicone UHHOBAYUANBIK em OHIMOEPIHIH KYPAMBIHA NPOOUOMUKATIbIK
0aKbII0APObl eHei3y aApKblibl 01APObIH OUON02UANBIK KYHOLLIbIEY
MeH (YHKYUOHANObIK OASbIMMBLIbIEbIH APMMbLPY NepCneKmueanapul
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mangslianosl. Mukpoobuonocuanvlk Kayincizoik, npoouomuxmepoiy
mipi KALyblH KaMMAMACyl3 emy, COHOaU-aK MYHOAU 6HIMOepoiy aoam
OEHCAaYIbIZbIHA 2CePi MaCenenepine epeKuie Ha3ap ayoapbliobl.

Kinmmi ceszoep: npobuomukmep, em eHimoepi, yHKYUOHAIObIK
MAMAKmMany, Cym KblKsliobl bakmepusnap, pepmenmayus, OUOIOUATBIK

KYHObBLIbIK, MUKPOOUOMA.

*M. M. Hlapanamosa’, K. C. Hcaesa®
12TopalirbIpOB YHUBEPCUTET,
Pecny6nmka Kazaxcran, 1. [TaBmomap.
Ioctynuno B penakumio 11.06.25.
Ioctynuio ¢ ucnpasnenusimu 18.06.25.
IIpunsTo B neuars 25.06.25.

OHEHKA U INEPCIIEKTHUBBI IPOBUOTHYECKOI'O
HOTEHIIUAJIA MSAACHBIX U3JIEJIUI B KOHTEKCTE
®YHKIINOHAJBHOT O INTAHUSA

Tpobuomuueckue npooyKmsl NUMAHUs AGIAIOMCA OOHOU U3 HAuboee
OUHAMUYHO passusarowuxca kamezopuil. [Ipobuomuueckue wmammbol
VCHEeWHO NPUMEHAIOMCS 8 MOJOYHOU, 3ePHOBOI, X1eDONneKapHol u
COKOBOU NPOMBIUIEHHOCU, OOHAKO UX UCNONb30BAHUE 8 MEXHOL02UU
CO3PesarWUX MACHBIX U30enUll 0cmaémcs ocpanuyenuvim. OCHOBHbLM
npensamcmeuem Aenaemcs CneyuQura MACHOU MAMpuybl: HeCMOMps Ha
omcymcmeue mepmuyeckol 00pabomxu, 61a20NpUAMHOL 07151 BLIHCUBAHUS
nPOOUOMUKOS, 8bICOKOE CcOOepiHcanue conu, huskui pH u manas eoonas
AKMUBHOCTD MOSYIN CHUNCAMb HCUSHECNOCOOHOCHD MUKDOOP2AHUIMOG.

B cmamve paccmampusaromesn coepementvle HayuHble NOOX0Ob
K paspabomre MACHBIX U30eautl ¢ nPpOOUOMULECKUMU C8OUCTNEAMIU.
Illposedén ananuz npobuomuueckoeco NOMEeHYuaia pasiuyHbvlx
WMAMMO8 MOJIOYHOKUCALIX OaKmeputl, NPUMEHAEMbIX 8 MEeXHOL02UU
MACHBIX npodykmos. Obcyxcoaromes nepcnekmugsbl uHmezpayul
NPOOUOMUYECKUX KYIbMYP 8 COCMAG MPAOUYUOHHBIX U UHHOBAYUOHHBIX
MACHBIX U30eTUll 8 YeasiX NOBbIUEHUs UX OUON02UYEeCKOU YEeHHOCU U
yHryuonanbHoU HanpasnenHocmu. Ocoboe BHUMAaHUe YOeleHO ACHeKmam
MUKPOOUOTO2UHECKOT 6e30NACHOCU, COXPAHEHUI) HCUSHECNOCOOHOCIU
NPOBUOMUKO8, A MAKIHCE GIUAHUIO MAKUX RPOOYKMO8 HA 300P08bE Yel06eKA.

Knrouesvle crosa: npobuomuku, Machvle uz0enus, (pYHKYUOHATbHOE
numatue, MOJIOYHOKUCTble bakmepuu, gepmenmayus, 6UOIOSUYECKASL
YeHHOCMb, MUKPOOUOmA.
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Tepyre 25.06.2025 x. xidepinmi. bacyra 30.06.2025 k. KO KOUBLUTABL.
DnekTpoH/bI Oacna
2,57 Mb RAM
[aptTer 6acma Tabarsr 10,13.
Tapanemver 300 nana. baracer kemiciM OOHBIHTIIA.
Kommerotepne 6erreren A. K. TemuprananHosa
Koppexropnap: A. P. Omaposa, JI. A. Koxac
Tamnceipeic Ne 4428

Cnano B Habop 25.06.2025 1. [Toamucano B meyats 30.06.2025 .
DIEKTPOHHOE U3/1aHue

2,57 Mb RAM
Ven. . 1. 10,13, Tupax 300 ok3. Llena noroBopHast.
Kommnsrotepnas Bepctka A. K. Temupranunosa
Koppextopsr: A. P. Omaposa, /1. A. Koxkac
3aka3 Ne 4428
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