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The article deals with the role of enzyme preparations in improving the production technology of moulded meat
products of functional purpose. In the course of the study we determined pH in moulded products using papain and
Bioprotectiv B-SF-43 enzymes. Determination of pH in moulded enzyme-treated meat products is an important step in
their development because pH affects texture, flavour and product safety. Both papain and Bioprotectiv B-SF-43
enzymes can affect the acid-alkaline balance of meat, which in turn can affect the characteristics of the finished
product. After treating the samples with papain and Bioprotectiv B-SF-43 enzymes, comparative pH analyses are
carried out at different stages. Products treated with Bioprotectiv B-SF-43 are expected to have a more pronounced
decrease in pH compared to products treated with papain alone, due to the more active enzyme complex and possible
more intensive fermentation. Colour changes in moulded meat products using papain and Bioprotectiv B-SF-43
enzymes can be significant, although the effects on colour depend on enzyme concentration, exposure time and meat
type. Papain causes milder changes in colour, often resulting in lightening and reduced saturation. In contrast,
Bioprotectiv B-SF-43 can cause more pronounced changes due to its complex effects on proteins, carbohydrates and
fats, which can lead to lightening of the meat, but the colour of the meat can be maintained for a longer period of time
as a result of the antioxidant activity of the enzyme complex.

Keywords: enzymes, moulded meat products, nutritional value, texture, functional properties,
papain.

OYHKIIMOHAJIABIK MAKCATTAYBI ET OHIMJIEPIHIH TEXHOJIOTUACBIH
KETLUIAIPYJIE ®EPMEHTTEPII TAUJAJIAHY

A.5. BEUCEMBAEBA, 111 A. AB)KAHOBA, A.4. KATAIIIEBA,
O.K. ACEMBAEBA, A.H. K¥PMAHOJII

(AJIMaTBI TEXHOJIOTUSJIBIK YHUBEPCUTETI,
Kazakcran Pecny6amnkacel, 050012, Aamarsl K., Tose 6u keui., 100)
ABTOP-KOPPECTIOHICHTTIH 3NIeKTpoHABI nomTtack!: Sh.abzhanova@atu.kz*

Maxkanaoa yynKyuonanovl MaKkcammazol Kyublizan em oOHiMOepin OHOIPYy MexXHOI0ZUACHIH HCAKCapmyoazol
depmenmmix npenapammapoviy poi Kapacmulpsliaosl. 3epmmey Gapvicvinoa nanaun ycane Bioprotectiv B-SF-43
epmenmmepin Konoana omoipvin, Kanvinmanzan omimoepoezi PH anvikmanovl. Depmenmmepmen oHOenzeH
KyuivLizan em onimoepinoezi PH anvikmay o1apovty 0amybiHOavl Manbi30bl Kaoam 6oisin maovlniaowt, oiimkeni PH
mMazamuoly, KYPolasIMblHA, 0dMIHe JHcaHe Kayincizoizine acep emedi. Exi pepmenm — nanaun sncone Bioprotectiv B-
SF-43 — emmin KbiuKbii-Hezi3 0a1aHCbIHA dcep emyi MYMKIH, Oy 03 Ke3e2iHOe OailblH OHIMHIH HCYMBICBIHA Icep
emyi mymkin. Ynzinepdi nanaun pepmenmmepimen oHOecenHen Keitin cane Bioprotectiv B-SF-43 apmypni
ke3enoepoe PH canvicmuvipmansl manoayvin scypeizeodi. Bioprotectiv B-SF-43 onodenzen onimoep mex nanaunmen
oHOenzen onimoepmen canvicmoipeanoa PH-noiH aiikbln momenoeyine ue 601a0wl Oen Kyminyoe, oOyn pepmenmmep
KeweHiHIH Dencendinizine jHcone bIKMuman KapKultnovl awmsimyea oainanvicmol. Ilanaun scane Bioprotectiv B-SF-
43 hepmenmmepin Konoana omuipvin, Kyiuvlizan em oHiMOEPiniH myciniy 032epyi aumapaviKmail 6071ybl MyMKiH,
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OezeHMen mycKe acepi pepmenmmepoily KOHUESHMPAYUACLIHA, ONAPOLIH ICEP emy YAKbIMbIHA HcoHe em Hypine
oaitnanvicmot. Ilanaun em myciniy dHeymcax, o32epyin myosipaovl, Kebinece azapmyea xHcoHe KAHbIKMBLILIKHIbIH
memenoeyine akenedi. Kepicinwe, Bioprotectiv B-SF-43 akyvizoapza, kemipcynapza sxcone maiinapza Keuienoi acep
emymeH 6ailnanbiCmvl AHAZEPIALIM AHKBIH 032epicmepoi myosipybl MYMKIH, Oy emmi azapmyza aKeyi MyMKiH, Oipak
hepmenmmik KeuwreHHiH AHMUOKCUOAHMMBIK, DeNcendiNnici HamudiceciHOe em myci y3azvlpak cCaKmaiyvl MyMKiH.

Herisri ce3nep: ¢epmenTTep, milmingeareH et oHiMaepi, TaramMabIK KYHIbLIBIK, TeKCTypa,
(YHKIIHOHAIIBIK KACHETTEPi, ManmauH.

HUCITIOJIB3OBAHUE ®EPMEHTOB B COBEPIIEHCTBOBAHUU TEXHOJIOI'MHN
®OPMOBAHHBIX MACHBIX IPOAYKTOB ®YHKIIUOHAJIBHOI'O HASHAYEHUSA

A.5. BEUCEMBAEBA, I11.A. ABG)KAHOBA, A.4. KATAILIEBA,
O.K. ACEMBAEBA, A.H KYPMAHAJIN

(AJIMATHHCKHIA TEXHOJIOTHAYECKUIA YHHBEPCHTET,
Pecnyonuka Ka3zaxcran, 050012, r. Aamarsl, yJ. Tose 6u 100)
DnexTpoHHas ouTa aBTopa-koppecnonaenta: sh.abzhanova@atu.kz*

B cmamuve paccmampugaemca ponv (pepmenmHubIX RPEnapamos 6 yayyuieHuu mexHoa02uu npou3eoocmaea
dopmosannvix MACHBIX HPOOYKMOE (PYHKUUOHANbHO20 HA3HAUeHUA. B xode uccnedosanus onpedensanu pH ¢
dopmosannvix npodykmax c ucnonv3oeanuem hepmenmos nanaun u Bioprotectiv B-SF-43. Onpeoenenue pH ¢
dopmosannvix MACHBIX RPOOYKMAX, O00pPAOOMAHHLIX (hepmenmamu, AGNAEMCA BANCHLIM IMANOM HPU UX
paspabomke, nockonvky pH enusem na mexkcmypy, 6Kyc u 6ezonacnocms npooykmos. Ooa gpepmenma — nanaun u
Bioprotectiv B-SF-43 — mozym oxazvieams enusnue Ha KUCIOMHO-WEN0UHOU OANAHC MACA, YN0, 8 C8OI0 04epeoD,
Modcem RNOGIUAMbL HA XAPAKMEPUCMUKU 20m06020 npodykma. Ilocne obpadbomxu oo0pa3uos ¢hepmenmamu
nanaunom u Bioprotectiv B-SF-43 npoeooam cpasnumenwvnutii ananus pH na paznuunsix cmaousx. Oxcudaemcs,
umo npooykmel, oopaoomannsie Bioprotectiv B-SF-43, oyoym umemv oOonee eviparcennoe chudicenue pH no
CpasHeHuro ¢ RPOOyKmamu, 00padomaHHbIMU MOAbKO NARAUHOM, YN0 00YCN06/1eHO D0N1ee AKMUBHBIM KOMNIEKCOM
dhepmenmos u 603moxcnoil Gonee unmencusnou pepmenmayuein. Himenenue yeema 6 popmosanuvix MsacHbIX
npoOyKmax c ucnoiviosanuem pepmenmos nanaun u Bioprotectiv B-SF-43 moxcem ovimo 3nauumenvHoim, X0ms
appexmul Ha yeem 3asucam om KOHUEHMPAUUU pepMeHmoe8, speMeHu ux eozoeiicmeusn u muna maca. Ilanaun
evi3bigaem 0osee MAKUEe UIMEHEHUA 6 yeeme, Yacmo NPUEoOsa K 0CEemIAeHUI0 U CHUMNCEHUI0 HACblWeHHOcmu. B
omauuue om mozo, Bioprotectiv B-SF-43 mooicem evizvieame 0osiee 6blparyceHHble UMEHEHUSl, C8A3AHHLIE C
KOMRJIEKCHBIM 8030€elicmeuem HA 0eNKU, Y21e600bl U HCUPbl, YIMO MOIHCEem NPUGECU K 0CBENTIEHUI0 MACA, HO HPU
IMOM 6 pe3yibmame AHMUOKCUOAHIMHOU AKMUBGHOCHU (DePMEHMH 020 KOMNIIEKCA UGEM MACA MONCEM COXPAHAMbCA
Ha Donee OnumenvHwlil CPOK.

KiroueBbie cioBa: ¢epMeHTbl, (GOpMOBaHHbIe MsICHble HNPOAYKTHI, NHIIEBas LUEeHHOCTb,
TeKCTypPa, PYHKINOHAJbHBIE CBOIICTBA, MANaNH.

Introduction sources is important in the theoretical aspect,

The growth of production and consumption allows the identification of functionally important
of meat products in our country necessitates the elements and structures, and contributes to the
search for new ways to increase the technical and development of evolutionary insights. On the other
economic efficiency of production and improve the hand, due to the great variety of properties and the
quality of finished products. In the successful possibility of obtaining them in significant
solution of these problems a significant role quantities, proteolytic enzymes of microorganisms
belongs to the intensification of technological have found wide application in scientific research,
processes, the use of modern achievements of in various branches of national economy, in the
technical biochemistry and, in particular, the use of production of detergents and medicines, leather,
proteolytic enzyme preparations for processing microbiological, food and other industries [2,3].
meat [1]. Formed meat products of functional purpose

In recent years, knowledge of the properties are a promising direction in the food industry. The
and mechanism of action of proteolytic enzymes use of enzymes can improve textural
has significantly expanded. The study of characteristics, increase the bioavailability of
proteolytic enzymes of microorganisms is of proteins, and increase the shelf life of products due
particular importance. The search for and to the hydrolysis of proteins and lipids. This article
comparative study of new enzymes from different reviews the main types of enzymes used in meat
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processing, their mechanism of action and their
influence on the final quality of products [4,5].

Papain has a significant effect on the quality
parameters of sausage products, improving their
textural properties, homogeneity and juiciness.
Thanks to the proteolytic activity of papain, there
is a more uniform distribution of protein structures,
which contributes to the formation of a delicate
consistency and improves the binding ability of
minced meat [6,7].

The main mechanism of action of papain is
based on the presence of a catalytic triad: Cysteine
(Cys-25) - acts as a nucleophile, Histidine (His-
159) - activates cysteine, promoting thiolate (S-)
formation, Asparagic acid (Asp-158) - stabilises
the charge of histidine [8,9]

In addition, the use of papain helps to reduce
the stiffness of the finished product, increase its
plasticity and improve sensory characteristics such
as flavour and aroma. The effect of papain on
protein hydrolysis results in a softer and juicier
sausage, which makes it more attractive to
consumers. Improved moisture retention has also
been observed, which helps to increase the yield of
the finished product.

Bioprotectiv B-SF-43, on the other hand, is
a blend of enzymes designed to improve the texture
of meat as well as its biological value. This enzyme
complex promotes a more complete breakdown of
proteins and increased nutrient absorption. In
addition, Bioprotectiv.  B-SF-43  contains
antioxidants and can have a positive effect on
preserving freshness and reducing oxidative
processes in meat products [10,11].

Papain is a low specificity proteolytic
enzyme found in the Carica papaya. It is widely
present in the roots, stems, leaves and fruits of
papaya, with the highest content in the immature
latex. Papain is a thiol protease whose active centre
contains cysteine. It has the characteristics of high
enzymatic activity, good thermal stability and
safety. Therefore, it is widely used in food,
medical, feed, chemical, cosmetic, leather, textile
and other industries. Study of the effect of papain
and bioprotector B-SF-43 on the quality of meat
products.

Applications of papain: food industry. Meat
softener: It can break down collagen and muscle
fibres in meat, loosen the structure of meat and
make it easier for the human body to digest and
assimilate after eating.

Bioprotectiv  B-SF-43 is a bioprotective
starter culture used in the food industry,
particularly for its anti-Listeria properties. The
safety and efficacy of using Bioprotectiv B-SF-43
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in food products have been evaluated in several
studies. Listeria Inhibition: Bioprotectiv B-SF-43
has been shown to effectively reduce Listeria
populations in various food matrices. In cooked
ham, the application of SafePro B-SF-43
significantly reduced Listeria innocua, a surrogate
for Listeria monocytogenes, to below detectable
levels after 7 days of storage under modified
atmosphere packaging. Similarly, in a study
comparing different bioprotective starters, SafePro
B-SF-43 demonstrated a significant reduction in
Listeria counts, making it a preferred choice over
other strains. Food Safety: The use of Bioprotectiv
B-SF-43 does not adversely affect the pH levels of
food products, which is crucial for maintaining
both safety and organoleptic properties. This
ensures that the application of this bioprotective
starter does not compromise the quality of the
food product.

Materials and research methods

The following steps were carried out to
develop the technology of moulded functional
meat products using Bioprotectiv B-SF-43 and
papain:

1. Selection of raw materials. Beef and
chicken meat were used as raw materials, which
were treated with two different enzymes: papain
and Bioprotectiv B-SF-43.

2. Enzyme treatment. Meat was treated with
both papain and Bioprotectiv B-SF-43 at different
concentrations, depending on the desired effect
(papain - 0.1-0.5%, Bioprotectiv B-SF-43 - 0.05-
0.2%).

Methodology of pH determination in meat
products

The following methods are wused to
accurately determine the pH of meat products
treated with papain and Bioprotectiv B-SF-43:

1. Sample preparation:

For pH determination, meat samples treated
with different concentrations of enzymes (e.g.
papain 0.1%, 0.3%, 0.5% and Bioprotectiv B-SF-
43 at concentrations of 0.05%, 0.1%, 0.2%) are
taken. The meat samples are fermented for a
specified time (usually 1 to 4 hours at a specific
temperature).

2. Measurement of pH:

A pH meter with an electrochemical sensor
is used to measure pH. Prior to measurement, the
meat is ground to a paste-like state or extracted
using a solution (e.g. water or phosphate buffer).
The pH measurement is performed on the meat
extract.

It is recommended that pH measurements
are taken at different processing stages to assess
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how the acid-alkaline balance changes during the
application of the enzymes.

Results and discussion

Effect of papain and Bioprotectiv B-SF-43
on meat texture

The application of both enzymes
significantly improved the texture of meat, making
it softer and more tender. However, in comparison
with papain, Bioprotectiv B-SF-43 showed a more
pronounced effect in improving the texture of meat
products, which is due to the broader spectrum of
action of its enzyme mixture.

When Bioprotectiv B-SF-43 was used, the
meat retained a better texture after heat treatment,
which reduced the risk of excessive moisture loss
and improved the juiciness of the finished
products.

Both  additives improved  protein
digestibility by breaking down collagen and other

Table 1. Formed Meat pH [12]

proteins. However, Bioprotectiv B-SF-43 proved
to be a more effective enzyme in improving the
biological value of the products. This is due to its
composition, which includes additional enzymes
that contribute to a more complete breakdown of
proteins and increased concentration of amino
acids such as glutamic and asparagic acid.

The products treated with Bioprotectiv B-
SF-43 had a higher amino acid and vitamin content,
making them more nutritious and healthier.

The study determined pH in moulded
products using papain and Bioprotectiv B-SF-43
enzymes. Determining pH in moulded enzyme-
treated meat products is an important step in their
development because pH affects the texture,
flavour and safety of the products. Both enzymes,
papain and Bioprotectiv B-SF-43, can affect the
acid-alkaline balance of meat, which in turn can
affect the characteristics of the finished product.

Ne Name pH pH after 2 | pH after | pH after 5 | Normal
hours 24 hours days

1 Beef KZ 6,08 6,15 6,24 6,40

2 Beef LT 6,30 6,43 6,57 6,76

3 Moulded LT+R 6,15 6,31 6,32 6,34 4,8-6,2

4 | Moulded Biopr B-SF-43 6,01 6,10 6,29 6,57

5 Horse meat 6,03 6,05 6,48 6,36

6 Pork meat 6,10 6,10 6,43 6,30

After treating the samples with papain and
Bioprotectiv B-SF-43 enzymes, comparative pH
analyses are carried out at different stages.
Products treated with Bioprotectiv B-SF-43 are
expected to have a more pronounced decrease in
pH compared to products treated with papain
alone, due to the more active enzyme complex and
possible more intensive fermentation.

Measuring pH is an important aspect of
quality control of meat products treated with
enzymes such as papain and Bioprotectiv B-SF-43.
These enzymes can slightly alter the acid-alkaline
balance of meat, which affects the texture, flavour
and preservation of the products. Bioprotectiv B-

Table 2. Colour of meat [13]

SF-43 is expected to induce a greater pH reduction
compared to papain, which may be useful for
creating products with improved functional
properties.

Colour is one of the key indicators of meat
product quality as it affects consumer perception.
Changes in the colour of moulded meat products
can be related to various factors including
chemical, biochemical and enzymatic processes. It
is important to understand how the use of different
enzymes, such as papain and Bioprotectiv B-SF-
43, affects colour changes in meat products in order
to predict their visual performance and assess their
appeal to consumers.

Ne Name Luminosity L Yellow a Red b
Meat moulded
1 K 0,1 0,4 0,1
2 K+ Papain 0,1 0,6 0,1
4 K+ Biopr B- 0,1 0,3 0,1
SF-43

Due to its broader spectrum of enzymatic
activity (in contrast to papain, which mainly acts
on proteins) Bioprotectiv B-SF-43 can promote
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more intensive breakdown of meat components,
including lipids and carbohydrates. This may cause
more pronounced changes in the cell structure of
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the meat and in its pigment composition, resulting
in a change in colour.

When exposed to Bioprotectiv B-SF-43,
especially at high concentrations, there may be a
more marked reduction in red colour saturation,
due to the intense breakdown of proteins and other
biomolecules affecting pigment stability. Meat may
become paler, especially if myoglobin or haem
oxidation occurs during fermentation.

Bioprotectiv B-SF-43 can also have an effect
on oxidative processes in meat, resulting in
reduced lipid oxidation and improved colour
retention. Due to the antioxidant activity of the
enzyme complex, meat can retain a richer colour,
especially if additional antioxidants are included.

Colour changes in moulded meat products
using papain and Bioprotectiv B-SF-43 enzymes
can be significant, although the effects on colour
depend on enzyme concentration, exposure time
and meat type. Papain causes milder changes in
colour, often resulting in lightening and reduced
saturation. In contrast, Bioprotectiv B-SF-43 can
cause more pronounced changes due to its complex
action on proteins, carbohydrates and fats, which
can lead to lightening of the meat, but the colour of
the meat can be retained for a longer period of time
as a result of the antioxidant activity of the enzyme
complex.

Organoleptic properties: Both enzymes
improved the flavour -characteristics of the
products. Papain-treated products were milder, but
sometimes had a slight aftertaste characteristic of
the action of papain. In contrast, meat products
with Bioprotectiv B-SF-43 had no unpleasant
flavours and were characterised by a more
balanced taste and smell.

Bioprotectiv B-SF-43 also improved the
appearance of meat products, giving them a more
attractive texture and colour.

Treatment of meat with plant enzyme
preparations leads to significant destructive
changes, providing effective softening action, and
is consistent with the obtained estimates of
physicochemical and functional-technological
properties [14].

The use of enzyme preparations has a
positive effect on tenderness, juiciness, nutritional
value of raw materials, formation of the necessary
level of water-binding and water-holding capacity,
improves organoleptic parameters due to the
targeted effect of plant enzymes and enzyme
preparations on the components of muscle tissue
[15]. The use of chitinase enzyme in the meat
industry can improve the functional properties of
chopped semi-finished products, including
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mushrooms, by improving the inclusion of a
variety of fillings [16].

Application of papain at a concentration of
40 mg/L increased the level of soluble collagen and
its solubility in dried buffalo meat, which improved
the sensory properties and overall acceptability of
the product [17].

Conclusion

The development of moulded functional
meat products technology using Bioprotectiv B-
SF-43 and papain showed that both enzymes can
significantly improve the texture, nutritional and
functional properties of meat. However,
Bioprotectiv B-SF-43 proved to be the more
effective component with more pronounced
functional properties such as improved antioxidant
activity, increased biological value of the products
and improved texture.
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TY3JAJIFAH IPIMIUIKTEPAI OHAIPYIE IIBIFBIHIAPIBI AZAUTY ABIH
WHHOBALMSIJIBIK OIICTEPIL: 3)KAHA TEXHOJIOTUSIJIAP MEH TOCLIJEP

% P.5. MYXTAPXAHOBA 2 | B Il JUKEITHCBAEBA &

AU MATUBAEBA
A.B. HATHH ™ | AK. ZKAKCBI/IBIK

(AIMaThI TEXHOJIOTUSIJIBIK YHHUBEPCUTETI,
Kazakcran Pecnyosiukacol, 050012, Agmarsl K., ToJe 6u ke, 100)
ABTOP-KOPPECTIOHACHTTIH JIEKTPOHABIK morrrackl: matibaeva@bk.ru*

3epmmey my30bt IpiMuwikmepoi UHHOBAUUATILIK MEXHOIO0ZUANAPObl NAUOAnany apKvlivl OHOIpy Ke3iHoe
WbIZbIHOAPObL azaiimyza Gazeimmanzan. Kymovicmoly 6acmuvl MaKcamol — OHOIPICMIK YWUKI0I OKMAILIAHObLIPYObLY MUiMOL
a0icmepin a3ipney, convly iWiHOE A6MOMAMMAHObIPY, hepmenmmi npenapammapovt nANOANAHY, IHEPZUA MUIMOINTIZIH
apmmaolpy Heane Hneanama oHimoepoi Keuienoi onoey. Konoausicmazul scone Kenewiezi o6ap mexnoio2usivlk, wieminoepoi
manoay Kepcemkenoeil, asmomammaHnoblipblian 0ackapy Jcyienepi men 0anamansl auibimKbl OAKblIOAPLIH €H2i3y
onOdipicmik wwt2otHoapovt 15-20%-z2a azaiumyza, snepeun mymuinyoot 10-12%-2a memenoemyze scone onimoinixmi 5—7%-
2a apmmulpy2a MyMKIHOIK Oepedi. 3epmmey 2ul1blMu JHcaHe KOa10aHOanbl Manplza ue, cebedi o1 cym OHepKICioin
JHCANRBIPMY2a  APHATIZAH  IKOHOMUKAIBIK MYPEblOAH Hezli30enzeH wapanaposl YColHAObl. O3ipaenzen macinoep
penmadenvOinikmi apmmaulpvln, MynKiiikmi OHIMHIH CAnacvli JHcakcapmaosl, COHbIMEH Oipze Dacekeze Kadinemminikmi
Kyuieiimin, pecypcmapost ymovlmowl naiioanamnyza »coi auiadsl. Convimen Kamap, 3epmmeyoir; Homuoicenepi Ke3 KejzeH
ayKbIMOazbl KICINOPbIHOApOa Commi icKe acvlpuliybl MYMKIH, OYn JHcadObIKmMaposl Hcanapmyea, canamnsvl 0aKbliayobl
Jceminodipyze yHcane wblzbIHOApObl azaiimyza viknan emeodi. bByoan 6onex, myicolpbimoama cananvly mypaKkmoliblebli
apmmuipya 6a2blMman2an IKoA0ZUANBIK AcneKminepoi 0e Kammuobvl. ¥ColHbLI2AH MEXHON02UAAPObL eH2I3Y HAPLIKINAZbL
OHOIpywinepoin, RO3ULUACHIH HLI2AUMBIN, OHIMHIH KOJIICemiMOUTizin KeHellmeoi JHcane cananvly api Kapaii 0amybl MeH
WBIZLIHOAPObL KbICKAPNY2A KOCLIMULA CEPRiH Depeol.

Herisri ce3nep: Ty3aanraH ipiMmikTep, IbIFBIHAAPABLI a3aHTY, HHHOBAUMSAJIBIK TEXHOJIOTHUJIAP,

aBTOMATTaHABIPY, (pepMEHTTIK Mpenaparrap, 6ajamMmansl 6acTanKbl KyJIbTypaJjap, JHeprus THiMALTIri,
IIHMKI3aTTHI OHTAWJIAHABIPY, )KAaHAMA OHIMIepAi oHIey, OHIMIIIKTI apTTHIPY.
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