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Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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HYDROLYTIC REGULATION OF COMPONENT PROPERTIES

Abstract. The article provides an assessment of the dairy farming need in the Russian Federation and the
Republic of Belarus in calves feed. The main global trends aimed at providing young animals with high-quality food
means are considered.

Various variants of directed hydrolysis of calf milk replacer (CMR) protein components intended for feeding
young animals in the first months of life are analyzed.

The possibilities of reducing the soy proteins antigenic activity, which are widely used at present in the CMR
formulations for feeding young farm animals, are discussed.

The results of experimental work and patents are presented, which describe the most widely used approaches to
the production of enzymatic hydrolysates of proteins with desired properties, as well as the assessment of their
biological activity and immunochemical properties. The issues of using various enzyme preparations of bacterial,
fungal and animal origin for hydrolysis of colostrum proteins and plant sources of protein raw materials for the CMR
production are considered.

Key words: CMR, soy proteins, hydrolysis methods, anti-nutritional substances, antigenicity, immunoglobu-
lins, bacterial proteases.

Introduction. Optimization of the dairy herd development is largely determined by the cow’s
lactation duration, the availability of a forage base that provides balanced nutrition for animals of different
age categories. In particular, in order to increase the commercial milk production, an annual replenishment
of young animals in a dairy herd is required at the level of about 40 heads per 100 cows, and one calf
needs to be fed balanced nutritional components equivalent to 300-350 liters of milk. Based on this and
taking into account the total number of cows, the milk needs for feeding calves in the Russian Federation
is 1.3 million tons, and in the Republic of Belarus - 0.4 million tons [1,2].

The determining factors for effective calves rearing are their health state, as well as the weight and
age of the first calving, which largely depends on the colostrum and feeds quality in the first three months
of life [3].

Soy proteins characteristics for calf milk replacer (CMR). In order to increase the milk
marketability and the economy of agricultural production, calf milk replacers (CMR) are used for feeding
young animals. Their release is carried out using a variety of technologies [4], which have their own
advantages and disadvantages. The desire to improve the balance and nutritional value of CMR is the
subject of ongoing research in this area, especially in the search for new sources of raw materials and
biotechnological methods of their directed transformation. The development of research and theoretical
generalizations in the field of new competitive feed types for young agricultural animals is relevant,
including by obtaining products of higher quality, as well as the selection and implementation of optimal
for this dehydration technology methods, resource and energy conservation [5,6].
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In particular, to achieve the above goals and expand the range of functional properties, a promising
direction is the use of specially treated soybean seeds. When creating and optimizing the composition of
such specialized products, certain advantages can be achieved due to biotechnological transformation of
components based on their fermentation [7]. This is due to the fact that this process, as is known [8,9],
causes the proteins degradation with the formation of peptides with different molecular weights. This
approach can be rather effective method for modifying the CMR protein components in the desired
direction.

In addition, it should be borne in mind that a significant factor affecting the CMR protein components
quality are their antigenic properties, the level of which can also be regulated by enzymatic treatment [10].

Soybean antigenic proteins include glycinin and B-conglycinin. When feeding young agricultural
animals with diets containing soy protein, a small part of it is not digested and through the gaps between
the terminal epithelial cells falls into the lymph and blood. These molecules, possessing significant
antigenic activity, stimulate the immune system, leading to the occurrence of specific antigen-antibody
reactions and delayed hypersensitivity mediated by T-lymphoid cells. Therefore, at present, the goal of
research is to develop methods for reducing the soy proteins immunoreactivity. Several strategies have
been developed to prevent food allergies, including feed handling and plant breeding. These researches
indicate, inter alia, that certain types of immunomodulators, such as vitamin C and linoleic acid, can
specifically block the IgE-mediated anaphylaxis, which may provide new insights into effective soy
allergy prevention, and possibly other many food allergies [10].

In work [11], the antigenic soybean seeds activity subjected to heat treatment by boiling for 30 and
60 minutes was studied. It has been shown that heat treatment reduces the soy proteins ability to bind IgE,
which contributes to an increase in the end products safety.

In work [12], the content of glycine protein in industrial soy products, which is an immunodominant
soy allergen, was studied. Soy flour gave the highest protein antigenicity (32 mg/g of extracted protein),
and soy protein isolate and concentrate, respectively, 29 mg/g of extracted protein and 24 mg/g of
extracted protein. Among soybean consumer products, soy milk showed the greatest antigenicity, varying
from 7 to 23 mg/g of extracted protein, followed by pace (8 mg/g of extracted protein), soy infant formula
(3.4 mg/g of extracted protein) and soy "cheese products” (0.50 mg/g of extracted protein). In consumer
products such as Korean miso, soy sauce, soy nuts, "soy meat" hamburgers, textured soy protein,
antigenicity (detection limit = 0.45 ng) was not found [12].

It is significant that soy products subjected to severe heat treatment under high pressure (texturates)
and fermented soy products (soy sauce) show a minimum level of antigenicity.

In connection with the above, these studies confirm that the use of protein hydrolysis technologies is
of significant interest in the creation of new CMR types.

In general, the destruction of biopolymers by enzymes is one of the fundamental phenomena in
nature, freeing structural elements for the new biopolymer molecules synthesis. Hydrolysates are widely
used in food production, including as biologically active food additives, special food and feed products
and ingredients. Hydrolysis technologies make it possible to more efficiently use of waste products that
process agricultural raw materials.

In the patent literature for the soybean enzymatic hydrolysates production, various enzymes and
technological methods are proposed that provide products with the specified properties.

There is a known method for intensifying mass transfer processes for obtaining a protein hydrolyzate
from soy flour, which consists in preparing a suspension with a dry matter content of 6-12%, suspension
hydrolysis with a mushroom protease to a hydrolysis degree of 20-40% and subsequent hydrolysis with
papain to hydrolysis degree of 30- 45%. The total duration of the hydrolysis is 2.5-4 hours. The resulting
hydrolyzate is separated and dried to a moisture content of 9.4%, the product contains 65-68% crude
protein [13].

To obtain a protein hydrolyzate from soy flour, a method is proposed [14], processing flour from
cereals, legumes and oilseeds, or a mixture thereof for enzymatic treatment when obtaining protein
hydrolysates, including grinding the specified flour to a particle size of at least one dimension less than
50 microns, with provided that at least 50% of these particles are less than 25 microns in size.

The known method [15] of soy product obtaining, based on the hydrolysis of soybean raw materials
suspension by pectinase and cellulase for 5 hours. The resulting product contains 22% of sugars, while
their content in the starting material is 0,77%.

—— 4 ——
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The patent [16] describes the preparation of a milk replacer from vegetable protein and carbohydrate
sources using an enzyme having multiple carbohydrase activities.

To obtain protein-carbohydrate solutions, mixtures of enzyme preparations with both proteolytic and
cellulase or amylase activities are also used. Thus, the patent [17] proposes a method for obtaining soluble
(not forming colloidal masses) proteins fractions and carbohydrates by sequential hydrolysis of proteins
and carbohydrates.

According to the method [18], the components are extracted from a pre-barothermally treated raw
material with a developed surface area, which facilitates the enzyme's access to the attack sites. In the
described process, the initial substrate concentration during enzymatic hydrolysis can reach 25-30%,
which leads to the formation of more concentrated protein and carbohydrate nature products.

The characteristic methods described above, naturally, have their advantages and disadvantages. At
the same time, the variety of approaches in order to ensure effective soybean components
biotransformation by fermentation indicates that the achievement of truly optimal solutions in this area is
still ahead and requires further research.

In the literature, the regularities and properties of soy protein hydrolysates are investigated, aimed in
particular at reducing the soy proteins antigenic activity.

In a review article [8], the physicochemical, organoleptic, immunochemical (residual antigenicity)
characteristics of proteins enzymatic hydrolysates from various sources are given. It is argued that the
necessary decrease in the hydrolysate’s antigenicity used in the hypoallergenic food products composition
for medicinal purposes is achieved at values not higher than 107 relative to the original protein
antigenicity, which requires a membrane ultrafiltration stage.

In the work [19], enzymatic hydrolysis of defatted soy flour was carried out with three different
proteases (Flavourzyme 1000 L, Novozym FM 2.0 L, and Alcalase 2.4 L FG). The highest hydrolysis
degree (DH 39.5) was observed with the Flavourzyme enzyme. Soy flour hydrolysates have been used to
study the functional proteins properties (foaming and gel formation). Hydrolysis with Flavourzyme
enzyme showed the best foaming and gelling properties of soy proteins. It was also found that the
enzymes used degraded both conglycinin and soybean glycinin. During fermentation with Alcalase and
Novozym proteases, the highest concentration of the following free amino acids was observed in the
hydrolyzate - histidine (30%), leucine (24%) and tyrosine (19%), and during Flavourzyme hydrolysis -
arginine (22,1%), leucine (10,6%) and phenylalanine (12,9%) [20].

Of interest are studies aimed at studying the immunomodulatory protein hydrolysates properties.

In particular, in the study of soy protein hydrolysates with a degree of hydrolysis from 42% to 87%,
obtained using such enzymes as Alcalase, Flavourzyme, Trypsin, Papain, Protease A and Peptidase R, it
was shown that the maximum immunomodulatory activity is positively charged peptides [21]. Such
peptide mixtures are promising for use in specialized products with high immunomodulatory activity.

The research carried out in this direction is complemented by the joint work of specialists of the
Federal Research Center for Nutrition and Biotechnology and All-Russian Scientific Research Institute of
Dairy Industry on the soy protein isolate hydrolysis by the pancreatin enzyme in a protein/enzyme ratio of
50:1 and 20:1 (by mass proportion of dry matter). Fermentation was carried out at a temperature of
(50«1 °C) with constant stirring, the pH of the reaction medium was maintained in the range of 7,4-7,6 by
potassium and sodium hydroxide solutions titration in a ratio of 2:1 for 5 hours, and sampling for
chromatographic analysis was carried out after 1,3 and 5 hours. The enzyme was inactivated by heating
the mixture to 75 °C for 15 minutes. Then the mixture was centrifuged for clarification [21].

The obtained results served as the basis for the development of a soy protein hydrolysate pilot batch
in order to develop technological modes in semi-industrial conditions.

For hydrolysis, as well as in laboratory studies, a 5% solution of soy protein isolate was used. The
hydrolysis was carried out in a circulating mode using a setup equipped with a reservoir with a stirrer and
a thermal shirt, as well as a dispersant with a built-in centrifugal pump. The process was carried out by
dissolving soy protein isolate in water to obtain a solution of 5% concentration. The enzyme pancreatin
was added to the soy protein isolate solution in a protein/enzyme ratio of 50:1. Hydrolysis was carried out
at a temperature of (51£1 °C) for 3 hours, after which the enzyme was inactivated at a temperature of
(75%1 °C) in 20 minutes. The hydrolyzate was dried on a spray dryer Niro-Atomizer (Denmark) with a
capacity of 20 kg of evaporated moisture per hour at temperatures of incoming air in the range of
160-165 °C, leaving 80-85 °C.
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The resulting product is a finely dispersed powder of light cream color, with a mass fraction of
moisture of 9.5%, readily soluble in water, with a slight bitter-salty taste and a characteristic odor. The
osmolality of the reduced 1% hydrolysate solution was 32 mol/kg. In laboratory conditions, experiments
were carried out to reduce the bitterness and osmolality of the obtained hydrolyzate using a nanofiltration
unit, which made it possible to reduce the hydrolyzate osmolality to 26 mmol/kg and practically eliminate
the bitterness. The obtained results are confirmed by the data of exclusion chromatograms of the produced
hydrolyzate before and after nanofiltration (figure).

Optical density, at 280 nm, rel. units
Optical density, at 280 nm, rel. units

|

Trrt L I Ty T L3

Wolecular weizht, cd Molecular weight_ cd
a b

Soy protein hydrolyzate size exclusion chromatography
Size exclusion chromatography of soy protein enzymatic hydrolyzate before and after nanofiltration:
a -Enzymatic hydrolyzate of soy protein isolate-Supro (EHSPI-Supro) before nanofiltration;
b - Enzymatic hydrolyzate of soy protein isolate-Supro (EHSPI-Supro) after nanofiltration

Conclusion and deductions. It can be noted that the above review materials and the obtained
experimental data indicate the prospects for further technologies development and improvement for the
biotransformation of plant protein-containing raw materials based on their hydrolysis by enzymes and
bacterial starters in order to obtain products with improved functional properties, including those aimed at
reducing anti-nutritional factors. At the same time, for a specific application, it is required to expand the
range of use of protein-containing sources of plant raw materials, further search for the most effective
types of enzyme preparations and bacterial starters, development and optimization of resource-saving
technological parameters of raw material processing, as well as improving the objective finished products
testing depending on their final destination.
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TUJIPOJUTHYECKOE PETYJIMPOBAHUE CBOMCTB KOMIIOHEHTOB

AHHOTanus. B cTarbe npuBeneHa oleHka MOTPeOHOCTH MOJIOYHOTO KMBOTHOBO/ICTBA Poccuiickoit Denepariu
n PecrryOmukn Bemapyce B Kopmax aisl TenaT. PaccMOTpeHBI OCHOBHBIE MUPOBBIE TEHICHIIMH, HANpaBlICHHBIE Ha
o0ecrieueHre MOJIOTHAKA KAYeCTBEHHBIMU KOPMOBBIMH CPEICTBAMHU.

AHANIM3UPYIOTCS. Pa3JIMYHbIC BapUAHTHI HAMPABICHHOIO THIPOJIM3a OCIKOBBIX KOMIIOHEHTOB 3aMCHHUTEIICH
uenpHoro Mojoka (31IM), npeaHazHaueHHBIX 7S BBIMOHKYA MOJIOJHSIKA B TIEPBBIE MECSIIBI JKU3HU.

OnwcaHbl XapaKTepPHBIC CIOCOOBI (PEPMEHTAIIM KOMIIOHEHTOB COM, KOTOPBIC UMCIOT CBOU MPEHMYIIECTBA U
HEIOCTaTKUA. B TO ke BpeMs pa3HooOpasue MOAXOIOB B HENsIX obecrieueHus 3PQeKkTuBHON OHOTpaHCHOpMAIUU
KOMIIOHCHTOB COM ITyTeM UX (PEpMEHTAIMH CBUACTEIBCTBYET O TOM, YTO JOCTHKECHHUE JICHCTBUTEIFHO ONITUMAITBHBIX
pEIIeHNiA B 3TOH 007acTH elle Bepenu u TpeOyeT JalbHeHIINX UCCIeI0BaHNH.

OO6cyXIeHBl BOZMOXXHOCTH CHI)KCHHUS aHTUTEHHON aKTHBHOCTH COEBBIX OEJKOB, ITMPOKO HCITOJB3YIOUINXCS B
HacTosiee Bpems B penentypax 3LIM ass muTaHus MOJIOJHSIKA CENbCKOXO3SICTBEHHBIX KUBOTHBIX.

[IpuBenens! pe3yaspTaTel COBMECTHBIX paboT cnenmamnctoB @I'BYH «DUL] nutanus m OHOTEXHOJIOTHH» U
OT'AHY «BHUMMU» 1o npoBeneHnI0 THAPOIM3a U30JIsTa COCBbIX OENKOB (DepMEHTOM HaHKPEaTHH, MOJyYeHHBIE
pe3yabTaThl MOCIYXKHJIA OCHOBAHHEM JUIsI BBIPAOOTKM OIBITHOW MApTHH THAPOJM3aTa COEBOTO Oejika B IENIX
0Tpa6OTKI/I TEXHOJIOM'MYECKUX PEIKUMOB B MMOJYIIPOMBIIIJICHHBIX YCIIOBUAX.

[TpuBeneHs! pe3ynbTaThl 3KCIEPUMEHTOB B JIA00OPATOPHBIX YCIOBHSIX MO CHIKEHUIO TOPEYH M OCMOJISUIBHOCTH
TUIPOJIM3aTa U3 COCBBIX OCIKOB C HCIOJIh30BAaHHUEM HAHO(DHMIBTPAIIMOHHOW YCTAaHOBKH, YTO IO3BOJIJIO CHHU3UTHh
OCMOJISUIBHOCTD THIPOJM3aTa W MPAKTUYECKU JIMKBUAUPOBATH Topedb. Pe3ynbraThl MOATBEPKAECHBI JAHHBIMU
AKCKJIFO3UOHHBIX XPOMATOTPaMM BBIPA0OTaHHOTO THAPOJIHA3ATa JI0 U TTOCIIe HAHO(PUIIBTPAIIHH.

[IpuBeneHs! pe3yibTaThl SKCIIEPUMEHTAIBHBIX paboT M MATEHTOB, B KOTOPBHIX OMHKCAHBI Hamboliee MIMPOKO
HCTIOJIBh3yEMBbIE TIOIXOBI K MTOMYyYSHHIO (DepMEHTATHBHBIX THAPOIN3ATOB OEIKOB C 3aJJaHHBIMUA CBOWCTBAMH, a TAK)KE
OIIEHKA WX OWONIOTMYECKOW AaKTHBHOCTH W MMMYHOXMUMHYECKHX CBOWMCTB. s MOMydeHHs OEIKOBO-YTIIEBOIHBIX
pPacTBOpOB NMPUMEHEHBI pa3IMdHbIE CMeCH (PePMEHTHBIX IpenapaToB, oONagaromne Kak MPOTEONUTHIECKOH, TaK U
LEJUTIONIAa3HON WM aMIJIa3HOW aKTHBHOCTSAMH M IIOJyYeHHE DPACTBOPHMEIX (HE OOpPa30BBIBAIONINX KOJUIOMIHBIX
Macc) (pakiuuii 6eJIKOB U YrIIEBOJOB IyTEM MOCIEA0BATEILHOIO THPOIIH3a OCIKOB U YIIIEBOAOB.

[Ipeanoxensl pa3nuuHble CIIOCOOBI TMPHUIOTOBJICHHS 3aMEHHMTENS] MOJIOKa W3 PACTHTENBHOTO Oenka Hu
YTJIIEBOAHBIX HCTOYHUKOB C MCITOJIb30BAHUEM q)epMeHTa, HUMCHOIIIECTO MHOKECTBCHHBIC Kap60r1/mpa3ﬂme AKTHUBHOCTH.

[TpuBeneHbl pe3ysbTaThl HCCIIEIOBAHUM, KOTOPBIE MTOATBEPXKIAIOT, YTO CTaaus MeMOpaHHOH yibTpaduibTpa-
IUH  CHOCOOCTBYET CHI)KEHUIO OTHOCHTEIBHOW AHTHICHHOCTH THAPOJIHM3aTOB [0 MHHHMAIBHBIX 3HAYCHHIA,
HCTOJIB3YEMBIX B JAILHEHIIIEM B COCTABE THUITOAJIICPTCHHBIX MUIIEBBIX MPOYKTOB JICYCOHOTO HA3HAYCHUS

PaccMoTpeHBI BOIPOCH! UCTIONBE30BAHUS PA3IMYHBIX (DEPMEHTHEIX MPENapaToB OaKTePHaIbLHOTO, TPHOKOBOTO U
JKUBOTHOTO TPOUCXOKICHHS ISl TUAPOIH3a OSIKOB MOJIO3MBA M PACTUTENHHBIX HCTOYHUKOB OCIKOBOTO CHIPHS IS
npousBoacTea 3L[M.

Y CTaHOBIIEHO, YTO PACIIMPEHUE CIIEKTPa UCIOIB30BAHUS OEITOKCOAEPKAIINX NCTOYHUKOB PACTUTEIHFHOTO CHIPHS
TpebyeT najbHeiuii nouck Hanodosuee 3pPEeKTUBHBIX BUIOB (DEPMEHTHBIX MPENapaToB U OaKTepHAIbHBIX 3aKBACOK,
0oTpaboTKa U ONTUMH3ANHNS PECYpCOCOepETaOINX TEXHOIOTHIECKHUX TapaMeTpoB 00pabOTKH CHIPhSA, a TAKXKE COBEP-
IIEHCTBOBAHUA O6'I)€KTI/IBHOFO TCCTUPOBAHHNA I'OTOBBIX IPOAYKTOB B 3aBUCUMOCTH OT UX KOHCUHOI'O Ha3HAYCHMUSI.

KaroueBbie ciioBa: coeBble O€JKH; CHOCOOBI THIPOJHM3a; aHTHAIMMEHTAPHBIE BELIECTBA; aHTUI€HHOCTH;
UMMYHOIIIO0YMHBI; pepMEHTBI; OaKTepHaIbHbIE 3aKBACKH.
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