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INFLUENCE OF PAPAIN FERMENT AND BIOPROTECTIVE B-SF-43 ON PH AND FATTY
ACIDITY OF MEAT PRODUCTS

Abstract: This article deals with the influence of plant components on the acid-base balance and fatty
acid composition of various meat products. Studies of pH of meat, sausages and meat semi-finished products
with the addition of plant extracts have been carried out. In the study the changes of meat pH depending on
storage time (1, 3, 24 and 120 hours) were determined for four experimental groups: control (K), with the
addition of P (K+P), B (K+B) and B-SF-43 (K+B-SF-43). In the first 24 hours, no significant differences were
observed between the groups and pH varied between 5.8 and 6.2. However, by the 120th hour, a significant
increase in pH was recorded in all samples, indicating biochemical changes such as protein degradation and
ammonia accumulation. The most pronounced increase in pH was observed in groups K+B and K+B-SF-43,
which may be due to the application of specific additives or bacteria. The control group (K) showed the lowest
pH value at all stages of the study, which may indicate a slow decomposition process. The results obtained
confirm the influence of different treatments on the dynamics of meat pH and its quality during storage. Fatty
acids were analysed by chromatography to reveal changes in lipid composition with the use of additives. The
obtained results demonstrate the promising application of plant components to improve the nutritional value of
meat products.

Key words: papain, enzymatic treatment, bioprotective cultures, pH of meat products, fatty acid
composition, antioxidant properties.

Introduction

Modern meat processing requires innovative approaches to improve product quality and
reduce process costs. One promising area is the use of enzyme preparations that help modify the
structure of muscle tissue. Particular attention is paid to plant proteases, such as papain, which have
high activity and safety. Ensuring high quality meat products is an important task for the food industry.
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During storage, processing and cooking, meat can lose its juiciness, become tough and difficult to
digest. This problem is especially acute when using second-rate or lean meat with a high content of
connective tissue. One solution to this problem is the use of enzymatic preparations that help
improve the texture of meat by breaking down proteins. Papain, one of the most studied and effective
plant proteases, can significantly enhance the consumer qualities of meat products [1-6]. Meat and
meat products are essential components of the human diet across cultures due to their high content
of complete proteins, B vitamins, iron, and other vital micronutrients. However, key quality
characteristics such as tenderness, juiciness, flavor, and digestibility may vary considerably
depending on the animal’s breed, age, slaughter and storage conditions, as well as the processing
technology used. In particular, excessive toughness — often associated with meat from older animals
or less valuable anatomical parts — is a major reason for consumer rejection.

In light of current demands for the development of competitive, functional, and cost-effective
meat products, there is increasing interest in biotechnological methods aimed at improving meat
guality. One such method is enzymatic treatment, which enables targeted modification of meat
proteins without chemical additives or prolonged thermal processing [7]. Due to the high content of
complete proteins and biologically active substances, meat performs not only an energy but also a
plastic function in the body, participating in the construction of cells, tissues and enzymatic systems.
The modern food industry offers a wide range of meat products: from fresh chilled meat to a variety
of semi-finished products, sausages and culinary products. Understanding the chemical
composition, structural and organoleptic characteristics of meat, as well as its technological
properties is necessary for both producers and consumers [8]. Meat is a multi-component biological
structure, which includes muscle, connective, fat and, to a lesser extent, bone tissue. It is a source
of key nutrients necessary for the body's vital functions [9].

The protein content of meat varies from 16 to 22% depending on the type and quality of raw
materials. Meat proteins are highly valuable because they include all essential amino acids in an
optimal ratio. The main types of proteins are: myofibrillar (actin, myosin) — responsible for muscle
contractions; sarcoplasmic - enzymes that regulate metabolic processes in tissues; stromal (collagen
and elastin) — provide strength to connective tissue and affect the toughness of meat.

The fat content of meat ranges from 2% in lean varieties (e.g. chicken breast, veal) to more
than 30% in fatty varieties (pork, lamb). Fat improves the taste of meat, makes it juicy and increases
its energy value. It consists of saturated and unsaturated fatty acids, and also contains fat-soluble
vitamins — A, D and E [10].

The amount of carbohydrates in meat is minimal — less than 1%. They are mainly
represented by glycogen, which affects postmortem changes in tissues and the formation of taste
during cooking.

The moisture content of meat is from 55 to 75%, and this value is inversely proportional to
the fat content: the higher the fat content, the less water. Water plays an important role in the
formation of texture, juiciness and technological characteristics of the meat product.

The mineral composition of meat includes vital elements: iron, phosphorus, zinc, potassium,
magnesium and selenium. Heme iron, which is easily absorbed by the body, is especially valuable.
Meat is also rich in B vitamins (B1, B2, B6, B12), which are involved in metabolism, the functioning
of the nervous system and hematopoiesis processes [11].

Modern technologies of meat products production are aimed at improving their nutritional
and biological value, as well as increasing shelf life. In this context, special attention is paid to the
use of enzymes and bioprotective cultures capable of influencing the physical and chemical
characteristics of meat raw materials. Among such substances, the enzyme papain and bioprotective
culture B-SF-43 are widely used.

Among proteolytic enzymes used in the food industry, papain — a plant-derived enzyme
obtained from the latex of unripe papaya fruits (Carica papaya) — holds a prominent position. Due to
its proteolytic activity on muscle and connective tissues, papain has been widely applied for meat
tenderization and in the production of semi-finished meat products, sausages, pates, and dietary
foods. Its natural origin, proven effectiveness, and technological versatility make papain a subject of
both scientific and practical interest.

Papain is a proteolytic enzyme of plant origin isolated from the fruit of papaya (Carica
papaya). It is highly specific to proteins and is used in the food industry to improve the texture of
meat, accelerate its maturation and enhance protein digestibility.
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Bioprotective cultures are strains of lactic acid bacteria and other microorganisms used to
improve food safety through competitive inhibition of pathogenic and undesirable microflora. B-SF-
43 culture is among such bioprotective agents capable of extending the shelf life of meat products
without the use of chemical preservatives.

Studies show that the introduction of B-SF-43 helps to stabilise the pH of meat products
through the production of lactic acid and other metabolites that inhibit the growth of putrefactive
microorganisms. In addition, the action of this culture can influence the fatty acid composition of the
meat product through enzymatic transformations of lipids, in particular the hydrolysis of triglycerides
and the formation of free fatty acids.

Combined use of papain and bioprotective culture B-SF-43 can have a complex effect on
raw meat. Papain, breaking down proteins, promotes the formation of amino acids, which can serve
as a substrate for lactic acid bacteria. As a result, an accelerated pH reduction is possible, which
favourably affects the microbiological safety of the product.

In terms of lipid composition, the enzymatic activity of papain may indirectly affect lipids
through the release of lipolytic enzymes from muscle tissues, whereas B-SF-43 promotes lipid
bioconversion as a result of its metabolic activity. This may result in alterations in the ratio of
saturated to unsaturated fatty acids, which affects the nutritional value and flavour characteristics of
the meat product.

Modern approaches to improving the quality of meat products involve both enzymatic and
microbiological methods. However, most studies to date have considered these strategies in
isolation. This study is the first to investigate the combined application of papain enzyme and a
bioprotective culture (Lactobacillus sakei and Pediococcus pentosaceus) in the processing of
various types of meat matrices. In addition, the impact of this combined treatment on the Omega-
6/0Omega-3 polyunsaturated fatty acid ratio has been analyzed for the first time, which is essential
for assessing the nutritional and biological value of meat products.

Materials and methods

Samples of various types of meat products were used in the study, including moulded meat,
minced meat, and sausages. The experimental groups were treated with papain enzyme and a
selected bioprotective culture, both individually and in combination. A control group without additives
was also included.

Papain treatment was carried out at a concentration of 0.02% and 0.05% relative to the
weight of meat raw material. The enzyme was applied in the form of an aqueous solution, with a
treatment duration of 4 hours at 4 + 1 °C.

The pH level was determined according to GOST 31479-2012 using a combined-electrode
pH meter (Mettler Toledo FiveEasy Plus). Measurements were taken at room temperature from
homogenized samples (10 g of sample in 100 mL of distilled water).

Fatty acid composition was determined by gas chromatography using an Agilent 6890N
chromatograph equipped with a flame ionization detector and a capillary column (DB-23, 60 m x
0.25 mm, film thickness 0.25 uym). Fatty acid methyl esters (FAMES) were prepared according to ISO
12966-2:2017. The injector and detector temperatures were maintained at 250 °C; the column
temperature was programmed from 130 °C to 220 °C at a rate of 4 °C/min.

Statistical analysis of the results was performed using OriginPro 2022 software. Data were
expressed as mean * standard deviation. Differences between groups were considered statistically
significant at p <0.05 (Student’s t-test or ANOVA as appropriate).

Results and discussion

The results of the study showed that treatment of meat products with the enzyme papain
leads to a significant decrease in pH, which is associated with the breakdown of proteins and the
formation of low molecular weight peptides and amino acids. The introduction of the bioprotective
culture B-SF-43 stabilised the acid-base balance due to the metabolic activity of lactic acid bacteria,
which promotes the production of organic acids. The time intervals of 1, 3, 24, and 120 hours were
selected to monitor the pH dynamics based on the expected kinetics of enzymatic and microbial
activity in the meat matrix. The 1-hour point allowed assessment of the initial impact of papain and
bioprotective cultures, while the 3-hour interval captured short-term shifts. The 24-hour time point
reflected daily changes, and 120 hours (5 days) represented a critical threshold for evaluating
product stability during extended refrigerated storage. All measurements were performed at a
storage temperature of +4 £ 1 °C, in accordance with standard cold chain conditions for chilled meat
products.
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Figure 1 shows the dynamics of meat pH as a function of time (1, 3, 24 and 120 hours). Four
groups are represented: K (control), K+P (K+papain), K+B (K+ bacillus lichenoformis and K+B-SF-
43 (K+bioprotective culture B-SF-43).

Meat pH determination
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Figure 1 — Changes in pH during storage

At the first three measurement points (1, 3, 24 hours), pH values are approximately the same
in all groups and vary between 5.8 and 6.2. By the 120th hour, a significant increase in pH is
observed in all groups, indicating that biochemical changes are taking place in the meat (e.g. protein
degradation, ammonia accumulation).At the initial points (1, 3, 24 h), differences between groups
are minimal. At the 120th hour, the most pronounced difference is observed, with the K+B and K+B-
SF-43 groups showing the greatest increase in pH. The pH of the meat increases at a later stage of
storage, which may indicate microbial development and changes in protein composition. Group K+B-
SF-43 shows the highest pH value at the 120th hour, which may be due to the use of certain additives
or bacteria. Group K (control) has the lowest pH at all stages, which may indicate slower
decomposition processes. Studies conducted on pork and beef stored at +3 °C have demonstrated
that prolonged storage leads to an increase in ammonia content, which is directly associated with a
rise in pH levels. It has also been established that the development of off-odors and sensory
deterioration in meat occurs in parallel with the accumulation of ammonia and the increase in pH
values [12]. Aksu and Kaya (2020) established that during the storage of meat emulsions, proteolytic
processes occur, leading to the formation of ammonium compounds that contribute to an increase
in pH [13].

The observed modifications in the fatty acid composition may be associated with the
proteolytic activity of papain. As a cysteine protease, papain is known to disrupt muscle proteins and
structural cell membranes, potentially facilitating the release of bound lipids and associated fatty
acids. This enzymatic disruption can lead to increased accessibility of membrane phospholipids and
neutral lipids to endogenous or microbial lipases, thereby altering the lipid profile of the product.

Similar observations have been reported by Zhang et al. [14], who demonstrated that
proteolytic treatment of meat products could enhance lipid hydrolysis through structural
destabilization. Moreover, papain may indirectly influence lipid metabolism by altering the muscle
microenvironment, pH, and water activity, which can affect lipase activity and the oxidative stability
of unsaturated fatty acids.

Figure 2 shows the data on fatty acid content (Omega-6, Omega-3) and their ratio (Omega-
6/0Omega-3) in different meat groups.

The highest Omega-6 content is observed in the ‘Meat K KZ' and ‘Meat K+P LT’ groups. In
the ‘Meat K LT’ group, the Omega-6 content is also high, but inferior to the above samples. In the
‘Meat K+P KZ' group, the level of Omega-6 is the lowest. In all groups the content of Omega-3 is
significantly lower than Omega-6. In the ‘Meat KLT’ and ‘Meat K+P LT’ groups, the Omega-3 content
is minimal. In the ‘Meat K KZ’ group, the Omega-3 level is relatively higher than in the others. The
highest ratio (exceeding 20) was recorded in the ‘Meat K LT’ group, indicating a significant
predominance of Omega-6 over Omega-3. In the other groups this ratio is significantly lower and
varies between 2 and 6. Thus, the greatest imbalance between Omega-6 and Omega-3 is observed
in the ‘Meat K LT’ group, while the other groups show more balanced ratios.

ISSN 2788-7995 (Print) [IIokopiM yHHBEpCUTETiHIH Xabapubichl. TexHukanbIk FeutbiMaap Ne 3(19) 2025 314
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 3(19) 2025



20,00 I
15,00
10,00

5,00 - z

= =

0,00 - = =
Meat K LT Meat K KZ Meat K+P LT Meat K +P KZ

Omega 6 Omega 3 omega 6/ omega 3

Figure 2 — Fatty acid composition of meat

In the Meat K LT group, the Omega-6/0Omega-3 ratio exceeded 20, which significantly
deviates from the recommended nutritional balance. This pronounced imbalance may be attributed
to the intrinsic fatty acid profile of the raw meat, which likely originated from animals not fed omega-
3-enriched diets (e.g., flaxseed, marine oils). Additionally, the absence of any lipid-corrective
treatment in this control group contributed to the natural predominance of linoleic acid (C18:2n-6)
over alpha-linolenic acid (C18:3n-3).
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Figure 3 — Chemical composition of meat

The introduction of various additives, including enzyme and bioprotective components (in
particular B-SF-43), does not have a significant effect on the main indicators of the chemical
composition of the products (Figure 3). All samples maintain similar levels of: moisture (about 70-
75%), protein (about 18-20%), fat (within 6-8%), Salt (CI- and Na*) — at minimum levels, collagen,
saturated fatty acids, carbohydrates — within 1-3%.

Slight fluctuations are observed in fat content and moisture content, but statistically significant
differences are not observed (given the overlap of confidence intervals).

The addition of bioprotector B-SF-43 (yellow column) does not lead to a deterioration in the
food or nutritional value of the product, which indicates its safety and technological feasibility of use.

Conclusion

This study demonstrated that the incorporation of enzyme and bioprotective components into
meat formulations can influence various quality parameters without compromising the nutritional
value of the product. In particular, the bioprotective agent B-SF-43 was found to have no adverse
effect on the basic chemical composition of meat products, maintaining stable values for moisture
(70-75%), protein (18-20%), fat (6-8%), salt, carbohydrates, and saturated fatty acids within
technologically acceptable ranges. These findings are consistent with previously reported results
(Lee et al., 2021; Ahmed et al., 2020), which emphasize the compatibility of bioprotective cultures
with the preservation of nutritional properties in meat matrices.

The absence of significant differences between the control and treated samples, as confirmed
by overlapping confidence intervals, underscores the technological safety of B-SF-43. Additionally,
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the unchanged levels of myofibrillar and stromal proteins align with literature stating that
bioprotective agents do not interfere with muscle protein integrity (Zhang et al., 2019; Lépez-
Caballero et al., 2022). Preservation of essential macro- and micronutrients further confirms the
potential of B-SF-43 for application in functional meat products.

A notable observation is the shift in pH during storage. While no initial differences were
detected within the first 24 hours, a significant increase in pH was recorded after 120 hours,
particularly in the K+B and K+B-SF-43 groups. This pH shift may be associated with metabolic by-
products of microbial or enzymatic activity, a phenomenon also described in works by Oliveira et al.
(2018) and Bhat et al. (2021), suggesting that enzymatic treatments may accelerate proteolytic
activity, influencing nitrogen compound release and acid-base balance.

Taken together, these results suggest that B-SF-43 is an effective bioprotective tool that does
not compromise the nutritional, organoleptic, or technological quality of meat products. Moreover, its
incorporation can be considered a promising strategy for microbiological stability improvement
without reliance on synthetic preservatives. Future investigations should focus on evaluating the
impact of B-SF-43 on sensory attributes, storage time, and microbial dynamics, as well as
establishing optimal dosage and application strategies for diverse meat product categories.
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NANAUH ®EPMEHTI MEH B-SF-43 BUOMPOTEKTOPbIHbIH ET ©HIMAEPIHIH PH XXOHE MAN
KbIWKbINAbIFbIHA 9CEPI

byn makanada ecimOik KOMMOHEHMMEPIHIH KbIWKbI-He2i3 banaHCcbiHa XXeHe apmyprii em eHiMOepPIHIH
mali KbIUWKbIbIHbIH KypaMbiHa acepi Kapacmbipbiniadbl. ©ciMAiK CbifbIHObIIAPbI KOCbIIFaH €m, WYXbIK XXOHEe
eHOenzeH em PH b6olibiHwa 3epmmeyrnep xypeai3indi. Sepmmey mepm aKcriepuMeHmmik mor ywiH cakmay
yakbimbiHa (1, 3, 24 xoHe 120 caram) 6alinaHbicmbl Msica PH e3z2epyiH aHbikmadsbl: 6akbinay (K), P (K+P), B
(K+B) xeHe B-SF-43 (K+B-SF-43). Anrawkbl 24 caramma monmap apacbkiHOa almapribikmad
atibipmawbinibikmap 6alkanvadsl, PH 5,8-6,2 apanbirbiHOa e3zepdi. Anatida, 120-wbkl caramma 6apsibiK
yreinepde PH-HbIH alimapribikmad xofapbiiaybl mipkesnodi, 6y 6enokmapObiH biOblpaybl XOHe aMMUaKmbiH
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JKUHasybl CUsikmbl buoxumusinbik e3zepicmepdi kepcemedi. PH-HbIH eH alKkbiH ecyi K+B xoHe K+B-SF-43
monmapsbiHOa batikanadbl, 6y apHalbl KocranapObl Hemece bakmepusinapdbl KondaHymeH 6alnaHbicmbi
6onybl MyMmkiH. bakbinay mobbi (K) 3epmmey0diH bapibik ke3eHOepiHOe eH memeHai pH MaHiH kepcemmi, byn
basty bIdbipay npoueciH kepcemyi MyMKiH. Homuxxenep spmypni eHOeynepdiH msica PH QuHamukacbiHa XoHe
cakmay canacbiHa acepiH pacmaliobl. Xpomamozpagusi adicimeH mali KbiwKbindapbiHa manday xacasobl,
byn Kocrnanapde! KondaHy ke3iHOe nunudmep KypambiHOarbl e32epicmepdi aHbiKmayra MyMKiHOIK 6epOi.
Hamuxenep em eHimOepiHiH maramObiK KyHObIMbIFbIH Xakcapmy yWiH eciMOiK KOMIOHEHMMepIH KondaHy
riepcriekmugachiH kepcemeoi.

Tytlin ce3dep: nanauH, pepmeHmamuemi eHOey, buoripomekmuemi dakblidap, em eHimoepiHiH pH,
mal KbIWKbIMbIHBIH KypaMbl, aHmuoKkcuGaHmMmbIK kKacuemmepi.

A.B. beicembaeBa, LLI.A. AbxaHoBa*, A.)K. Boxb6aHoB, A.Y. ban6ekoBa, A.)KeHicoBa
ANMaTUHCKNIA TEXHOMNOMMYECKUA YHUBEPCUTET,
050012, Pecnybnuka KasaxctaH, ropog Anmatsl, ynuua Tone 6u, 100
"e-mail: sh.abzhanova@atu.kz

BINMUAHUE NANAMHOBOIO ®EPMEHTA U BUONPOTEKTOPA B-SF-43 HA PH U XKUPHYIO
KUCNOTHOCTb MACHbIX MPOAOYKTOB

B QaHHOU cmambe paccMampueaemcsi 67usiHUe pacmumesibHbIX KOMIOHEHMO8 Ha KUCIOMHO-
wennoy4Hou banaHc U XXUPHOKUCIOMHbIU COCMas passfiuyHbIX MSCHbIX npodykmos. [posedeHsbi uccriedosaHust
pH wmsca, konbacHbix usdenud u MACHbIX nosygabpukamos ¢ dobasreHueM pacmumeribHbIX 3KCMpPakKkmos.
B uccnedosaHuu riposedeHo onpedeneHue udmMeHeHuUs pH Msica 8 3agucumocmu om 8pemMeHuU xpaHeHus (1,
3, 24 u 120 yacos) dnsi Yembipex aKcriepuMeHmarbHbIX epynn: kKoHmposbHoU (K), ¢ dobasneHuem P (K+P),
B (K+B) u B-SF-43 (K+B-SF-43). B nepsbie 24 vyaca 3Ha4YumesbHbIX pasnuqull Mexoy epyrnnamu He
Habmodanocb, pH eapbuposancs e npedenax 5,8-6,2. OdHako Kk 120-my wyacy 3aghukcupo8aHo
cyujecmeeHHoe rnosbiwieHue pH 6o scex obpa3syax, Ymo ceudemeriscmeyem o0 BUOXUMUYECKUX USMEHEHUSIX,
makux Kak pa3srnoxeHue 6esikog U HakorisieHue ammuaka. Haubonee ebipaxkeHHbIl pocm pH ommeyveH 8
epynnax K+B u K+B-SF-43, umo moxem 6bimb C853aHO C MpUMEHeHUeM creyuguyeckux 0obasok umnu
b6akmepul. KoHmponbHasi epynna (K) nokasana Haubornee Hu3koe 3HavYeHue pH Ha ecex amanax
uccriedosaHus, 4mo MOXXxem yKa3bieamb Ha 3aMeOIeHHbIU Npouecc pasioxeHus. [NonyyeHHsle pesynbmambl
noémeepxdarom enusiHuUe passuvyHbix 0bpabomok Ha QuHamMuKy pH msica u e2o ka4ecmeo npu XpaHeHuU.
BbironHeH aHanu3 XUpHbIX KUCIIOM MemodoM xpomMamozpaghuu, Ymo ro360/usio 8bIsi8UMb U3MEHEHUS 8
nunuéHom cocmaee npu  ucrionb3ogaHuu dobaesok. [lonydyeHHble pe3yribmambl OeMOHCMPUPYMm
repcrnekKmueHoOCMb MPUMEHEHUST pacmumesibHbIX KOMIMOHEHMO8 Onsl yrydYWweHuss nuujesol UeHHocmu
MSICHbIX POOYKMO8.

Knroyeenie crnioega: nanauH, hepmeHmamuesHas obpabomka, 6uornpomekmueHsie Kynbmypsbl, pH
MSICHbIX MPOOYKIMO8, XUPHOKUCIIOMHbIU cocmas, aHmuokcudaHmHble ceolicmea.
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ENRICHMENT OF A FUNCTIONAL BEVERAGE USING ALHAGI PLANT EXTRACT

Annotation: The article discusses the potential use of camel thorn (Alhagi) as a functional ingredient
for beverage enrichment. Camel thorn, with its rich composition of bioactive compounds such as flavonoids,
polyphenols, and minerals, possesses antioxidant, anti-inflammatory, and immunomodulatory properties.

The extraction of bioactive substances using supercritical CO extraction allows for the production of
high-quality extracts without the use of toxic solvents. Optimizing extraction conditions enhances the
bioavailability of active components. The development of functional drinks with camel thorn extract represents
an innovative step in healthy nutrition and preventive medicine, offering natural and effective means to improve
health.

Moreover, the incorporation of camel thorn extract into beverages can enhance not only their nutritional
value but also their sensory characteristics, such as taste and aroma. The presence of essential minerals,
amino acids, and vitamins further contributes to its potential as a functional ingredient. Studies indicate that
camel thorn extract may support digestive health, regulate blood sugar levels, and promote cardiovascular
well-being. Future research should focus on optimizing formulations, ensuring stability, and evaluating long-
term health benefits to fully harness its potential in the functional food industry.
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