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Annomayua. O01Ielt 4epToi 3epHOBBIX ABJISETCSA BRICOKOE CO/IEPKAHNUE HEKPAXMAIHUCTHIX MOJIHCa-
XapUJIOB, MPOSBIIAIONINE aHTUIIUTATEIbHBIA 3Q(EKT 3a CUET YBENNUEHUSI BSI3KOCTH KHIIEYHOTO COAEPHKH-
MOTO U CHIDKEHHUS aOCOpOIMM MUTATEIbHBIX HyTpUEeHTOB. K ToMy e y OpoiliepoB OTCYTCTBYIOT 3H[O-
TeHHBIE (PePMEHTHI, HEOOXOMMBIE IS ITepeBapUBaHNs HEKPaXMAaJIHCTHIX MOIMCAXapUa0B, TOITOMY -
(eKTHBHOCTH NEepeBapUBAaHUS KOPMa CHIDKACTCS JaXke TPH MOJHOIEHHOM panuoHe. B cBs3u ¢ aTHM Iie-
JbI0 MCCIIEAOBAHUI SBUIACh OLICHKA BIMAHUS MYJNbTHIH3UMHOM KOPMOBOH H00aBKM Ha MPOJYKTHUBHBIC
MOKa3aTely, IePeBapUMOCTb U XUMHUIECKUII COCTaB Tena LbIuIAT-0Opoitnepos. [Ipu ncnons3oBannu B pa-
IIHOHE LBIUIAT-0pOiIepoB MyIbTHIH3UMHON KOPMOBOH JT00ABKH IIPONCXOIUT yBEIHMUeHNE KO PHUIIHCH-
TOB NEPEBAPUMOCTH CBHIPOTO NPOTEHMHA, CHIPOH KJIETYAaTKH M 0€3a30THCTHIX 3KCTPAKTUBHBIX BEIIECTB 3a
cuéT BBICBOOOKIEHMS WHKAICYJIMPOBAaHHBIX HYTPUEHTOB paluoHa. VICIoyb30BaHUE MYJIBTUIH3UMHOMN
KOPMOBOH 100aBKH IO3BOJISET CHI)KATh 3aTPaThl KOpMa Ha 1 KT MPHPOCTA KUBOW MAacchl U B IIEJIOM IO-
BBIIIATh 3P (PEKTUBHOCTH BBIPAIIMBAHU, YTO OAYEPKUBAET NEPCIIEKTUBHOCTD MPUMEHEHHUS HCCIELyeMO-
IO TpernapaTa py BBIPAIlMBaHUH IBIILIAT-OpPOIIIEpOB.
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Abstract. A common feature of cereals is a high content of non-starchy polysaccharides, which ex-
hibit an anti-nutritional effect by increasing the viscosity of intestinal contents and reducing the absorption
of nutrients. In addition, broilers lack the endogenous enzymes necessary to digest non-starchy polysac-
charides, so the efficiency of feed digestion is reduced even at a full diet. In this regard, the aim of the research
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was to assess the effect of a multi-enzyme feed additive on productivity, digestibility and body chem-
ical composition of broiler chickens. When a multi-enzyme feed additive is used in broiler chicken diet,
the digestibility coefficients of crude protein, crude fiber and nitrogen-free extractives increase due to the
release of encapsulated dietary nutrients. The use of a multi-enzyme feed additive allows to reduce feed
costs per 1 kg of live weight gain and, in general, to increase the efficiency of growing, which emphasizes
the prospects of using the study drug when growing broiler chickens.

Keywords: broiler chickens, feeding, multi-enzyme preparations, productivity, non-starchy polysac-
charides
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BBenenue.

[NockonbKy LieHa KOPMOBBIX MHTPEIUEHTOB OINpE/eNsieT KOHEYHYI0 CTOMMOCTD MPOAYKIIMU HTH-
IIEBOJICTBA, SBISIOTCSA aKTyaIbHBIM BOIPOCHI ONTUMHU3AINHA KOPMIICHUS LBITIAT-0poiinepos (Babaei MJ et
al., 2021). TpaauioHHO OCHOBY parioHa (55-75 %) IBIIIAT-OPOHIEPOB COCTABIAIOT 36pHOBBIE KOpMa
(BHUTMUII, 2009). 3epHO pa3iauuHBIX 3JaKOBBIX KYJBTYp NPEJICTABISET COOOM CIIOXHYIO CTPYKTYpY U
KIIETOYHBIC CTEHKH, pasnuyaronuecs mo coctaBy u cBoiictBam (Tejeda JO and Kim WK, 2021). O6meit
YepTO 3€PHOBBIX SIBISETCS BBICOKOE COjiepKaHHe HekpaxMmanucThix nmosucaxapuao (HKIT) (Angel R
and Sorbara JO, 2014), npu 3TOM mNpeoOIaNAOIMUMU TOJIMMEPAMHU  SBIISIOTCS apaOWHOKCHIIaHBI, [3-
TJIIOKaH, mesutono3a 1 JurHuH (Slominski BA, 2011). HKII nposiBisitor aHTHIIUTaTENbHBIA 2 dekT 3a
CU€T yBEJIMUCHHUS BSI3KOCTH KHUIIEYHOTO COAEPIKUMOT0 U CHUKEHHsI aOCOPOLIUY MUTATEIbHBIX HyTPUEHTOB
(Tiwari UP et al., 2018). Y OpoitiepoB OTCYTCTBYIOT 3HJIOTCHHbIC ()ePMEHTHI, HEOOXOAMMBIE TSI TIepeBa-
pusanust HKII, nostomy 3¢dphexTHBHOCTS nepeBapuBaHUs KOPMA CHIDKAETCS akKe MPU MOJTHOLIEHHOM pa-
muone (Singh AK et al., 2019). Pazpymenne Marpukca KI€TOYHOM CTEHKH PACTEHHH IMyTEM THAPONIN3A
HEJIOCTYITHBIX YIJIEBOJOB MO3BOJISIET APYTUM DK30I€HHBIM U SHJIOTEHHBIM ()epMEHTAM MOIy4aTh JOCTYI K
oenkam u kpaxmaiy (Masey-O'Neill HV et al., 2014).

KombuHarpoBaHHOE MCHONIB30BAaHHE K30TE€HHBIX (PEPMEHTOB, TAKMX KaK aMmias3a, KCHiIaHa3a U
npoTeasa MoKa3alo aJauTHBHEIE 3 dekTr! y xnBoTHBIX (Amerah AM et al., 2017). Dx30oreHHsle mpoTeasa
¥ aMuiia3a 4acTo JOTOJHSIOTCS KCHJIAHA30#, KOTOphle HE TOJBKO YJIy4IIAIOT IepeBapuBaHue Oeika B
BEPXHUX OT/AENAaX >KeIyI0YHO-KHIIEYHOTO TpakTa OpOIIepOB, HO TakKe yBEIHMYUBAIOT IE€PEBApUBAHHE
MHKAIICYJIMPOBAaHHOTO B 3HAOCTepMe Kpaxmana (Singh AK et al., 2019).

Hecmotpst Ha oOuire NOCTYNHOW WH(pOpMAIMK O BIMSHUHM (pEpMEHTHBIX 100aBOK Ha OPraHW3M
usmAT-opoitnepo (Slominski BA, 2011; Kaczmarek SA et al., 2014; Giacobbo FCN et al., 2021), cy-
IECTBYET OIpaHMYEHHOE NOHMMAaHUE KOMIUIEKCHOIO AEHCTBUS ()EPMEHTOB pa3IMYHOM aKTMBHOCTH Ha
3¢ PEeKTUBHOCTH BRIPAIMBAHIS OpONHIEPOB.

Ieap uccaenoBaHmsl.

OLeHUTD BIMSIHUE MYJIbTHIH3UMHOW KOPMOBOH J00aBKM Ha MPOJYKTUBHBIC TOKA3aTeNH, IIepeBa-
PUMOCTh U XUMUYECKUH COCTAB TeJa IBITUIAT-OpOiIepoB

MarepuaJjibl 4 METOABI UCCJIET0OBAHMS.

O0bekT uccaenoBanus. L{pimsra-opoitnepsl kpocca Apbop Alikpec B Bo3pacte 7 cyTok (n=20).

OOcnyxuBaHUEC JKUBOTHBIX W OKCICPUMCHTAIbHBIC WCCICIOBAHNUS OBLTH BBITONHEHBE B
COOTBETCTBUU C MHCTPYKIIUSIMH M PEKOMCHIAIMSIMU POCCUHCKIX HOpMAaTHUBHBIX akToB (1987 r.; [Tpukas
Munzapapa CCCP Ne 755 ot 12.08 1977 «O wMepax Mo nmanpbHEHIIEeMy COBEPIICHCTBOBAHUIO
OpraHu3aIMOHHBIX (HOpM pabOThI ¢ UCTIOIB30BAHUEM DKCIIEPUMEHTAIBHBIX KUBOTHBIX») U «Guide for the
Carre and Use of Laboratory Animals» (National Academy Press, Washington, D.C., 1996). Ilpu
MIPOBEICHUH UCCIICAOBAHIIA OBUTH IPEANPUHSITE MEPBI, YTOOBI CBECTH K MUHUMYMY CTPaIaHHsI dKUBOTHBIX
Y YMEHBILIEHHS KOJIMYECTBA UCCIICAOBAHHBIX OMBITHBIX 00PA3IIOB.
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Cxema 3KkcniepuMenTa. DxcriepuMeHT Obut mpoBenéH B 2020 r. B ycmosusix BuBapus @HILL BCT
PAH, mMeronoMm rpymm-aHanoroB copMupoBaHsl 1Be rpymisl (n=10): KoHTpoibHAs W onbITHAsS. Lprms-
TaMm KOHTPOJIBHOW TPYIIIBI CKAPMITUBAIN OCHOBHOM palyoH, COpMUPOBAaHHBIH B COOTBETCTBHH C HOpMa-
vu BHUTHII (2015). LpimnisaraM onbITHOM TPYMITBI K OCHOBHOMY PAIIMOHY JT00ABIISIIN MYJIbTHIH3UMHYIO
kopMoByto nmobaBky (MO/I) Akcrpa XAP 102 TPT (OO0 «auzum», Poccus) B no3ze 0,5 Mr/kr kopma
(pexomeHmanms npomsBoauTeNs). B e€ coctaB BxomaT: 3HI0-1,4-Oceta-kcmnanasza (4000 en./r), anbda-
ammnasza (400 en./r), cyorunusun (8000 en./r) m nmpoxayueHtsl Bacillus subtilis, Trichoderma reesei n
Bacillus licheniformis. B coctaBe nmpeMuKca UCCIICyeMbIX TPy OTCYTCTBOBAJIA KOPMOBbIC aHTHOHOTH-
KU.

Bo Bpemsi mccienoBaHMil Bes NTHIIA HAaXOJWIach B WAEHTHYHBIX YCIIOBHSAX BBIPAIIMBAaHHUA U
KopMieHHs. OCHOBY PAallMOHA COCTaBJUIM KyKypy3a, MIICHULA U sSYMEHb. [IpOgoKUTeNbHOCTh DKCIIe-
puMeHTa — 42 CyTOK: TOATOTOBUTENBHBIN MEpUOJ — 7 CyTOK M YUETHBIN — 35.

B xome 6anaHCOBBIX (PH3MOIOTHYECKUX OIBITOB YCTAaHABIHUBAIH MEPEBAPUMOCTH IMHTATEIBHBIX
KOMITOHEHTOB paroHa 1o meroaukaM BHUTUII (Oucurnn B.U. n ap., 2009). Mcxons n3 pe3yiasTaToB
€XKeCyTOUYHOr0 y4éTa MacChl IOMETa, MPOM3BOIMIN PACUET MOTEPH BEILECTB C YCTAHOBICHHUEM YCBOCHHO-
r0 KOJINYECTBA KOpMA.

OGopynoBaHHMe W TexHHYeckHe cpeiacTBa. lccinenoBanus ObuIM TpOBEAEHHI Ha 0a3e HEHTpa
«HaHOTEeXHOJIOTHH B CEIBCKOM XO3SHCTBE» C HCIOJIB30BAaHUEM MaTepHaIbHO-TEXHHUECKHX cpelcTB LleH-
Tpa KOJUIEKTUBHOTO TOJB30BaHUs OuMonormyecknx cucreM u arporexuoyiormii PAH (LIKIT ®HI] BCT
PAH) (https://ckp-rf.ru/ckp/77384/). OnpeneneHue (GU3NKO-XMMHUECKOTO COCTaBa TOMETa, KOPMOB H
TKaHeH Tenma OpOIIEpOB BEHITOJHSIM B COOTBETCTBHH CO CTaHAAPTH3MpOBaHHBIM MeTtoaukamu: ['OCT
31640-2012, TOCT 32044.1.2012, TOCT 13496.15-97, TOCT 51479-99, T'OCT 23042-86, 'OCT 25011-81,
T'OCT P 53642-2009.

CratucTnyeckasi 00padorka. CTaTHCTUYCCKUI aHAJIN3 TAHHBIX BBITIOJIHEH C TIOMOIIBIO O(DUCHO-
ro mporpaMMHoro komiuiekca «Microsoft Office» ¢ mpumenennem mporpammel «Excel» («Microsofty,
CHIA) c obpabotkoii naHHBIX B «Statistica 12.0» («Stat Soft Inc.», CLLIA). [IpoBepka Ha HOpMaATBLHOCTB
pacmpeneneHys JaHHBIX ObLUIa IPOBEIeHa ¢ MOMOIIbI0 KpuTtepus cornacust Konmoroposa-CmupnoBa. s
OIIEHKH CTAaTUCTHYECKON 3HAYMMOCTH HMCIOJIB30BAIM MapaMeTpuueckuil t-kpurepuii CThIO/IEHTa HE3aBH-
CHUMBIX TPYIIIL

Pe3yabTaThl Hccile10BaHUIA.

B xopxe uccnenoBaHuil BeIABICHO, YTO mpuMeHeHre MOJl cTuMyIHpyeT NPUPOCT KUBOM MacCChl
Ha MPOTSHKCHUU BCETO 3KCIEPUMEHTAIBFHOIO Meproia. B OmMBITHOMN Ipynme K KOHIYy AKCIEpUMEHTa pas-
HUIIA 10 KUBOHM Macce ¢ TpymIoi KOHTpodis coctaBmia 12,86 % (P<0,05). ITpu 3ToM aGCOIOTHBIN cpe-
HECYTOUHBII IPUPOCT B ONBITHON Ipymie umen 3HadeHue 56,29+1,81 r npoTuB KOHTposIbHBIX 48,86+1,44 .
00 > pexTHBHOCTH TPHMEHEHHUS UCCIIelyeMOo 100aBKH CBUIETEIbCTBYET TaKKe CHIKEHHUE 3aTpaTr Kop-
Ma Ha 1 Kr mpupocTa >KMBOH Macchl, Tak B JIaHHOI Ipymiie mokasaresb ObUl CHWKeH Ha 7,3 % oTHOCH-
TEJBHO KOHTPOJIS.

Koahdpunment nepeBapuMocTH OTpakaeT KOJIMYECTBEHHOE COOTHOILIEHHE HYTPHEHTOB, ITOCTY-
NMBIINX B OPraHU3M NTHUIIBI BMecTe ¢ KopMoM. [1pu olieHKe K03 PUIMEHTOB NepeBapiMOCTH OT/ENBHBIX Be-
IIECTB KOpPMa yCTaHOBJICHO M3MCHECHHUE psifia TOoKas3aTeiaeld OTHOCUTEIBHO KOHTPOJBHBIX 3HaueHUi (puc. 1).
Tak, B OIBITHOH TpyIIe OBIIO BBISBICHO MOBBIIICHHE KOA(DMUIIMEHTOB MIEPEBAPHIMOCTH CHIPOTO IPOTEH-
Ha, CBHIPOM KIETYaTKH W 0e3a30THCTHIX SKCTpakTuBHBIX BemiecTB (BOB) ma 7,6 % (P<0,05), 16,9 %
(P<0,01) u 3,1 % (P<0,01) cOOTBETCTBEHHO OTHOCUTEJILHO TPYIIBI KOHTPOJIS.
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Puc. 1 — Pazunna ko3(p(puuneHToB nNepeBapuMOCTH OT/AeJbHbIX KOMIIOHEHTOB PallHOHA
IBIISATAMHA-0poiiiepaMy ONBITHONM rPyNIbI 10 CPABHEHHMIO C KOHTPOJIEM,
(Bo3pacT — 42 cyToK, n=10, ONBIT B YCJIOBUSIX BUBAPUS)

Figure 1 — Difference in digestibility coefficients of individual components of diet by broiler
chickens in the experimental group compared to control (age — 42 days, n=10,
experiment in a vivarium)

[Tpumeuanne: * — P<0,05 npu cpaBHEHNH KOHTPOJIBGHON M OITBITHBIX TPYIII

Note: * — P<0.05 comparing the control and experimental groups

Takum 00pa3oMm, IIpH HCITOJIB30BAHUH B PAIlMOHE HBITUIT-OpoiinepoB MO/ mpoucxoauT u3MeHe-
HHUE MaCCHI TeJla M yBETUICHUE KOAPPUIIMESHTOB TIEPEBAPUMOCTH CHIPOTO MPOTEHWHA, CHIPOH KIIETUYATKH H
B3B 3a cuét BRICBOOOKICHUS HHKAIICYIMPOBAaHHBIX HYTPHUEHTOB B PAIOHE.

AHanm3upyst XUMHYECKHIA COCTaB TeJla LBIUIAT-OpOiIepoB, YCTAHOBICHO yBEIMYCHUE COACPIKa-
HUS TPOTEWHA B onbITHOU rpymme Ha 3,03 % (P<0,05) B cpaBHeHnu ¢ koHTpoiem. [lpu 3Tom Ha ypoBHE

TEHJCHIUN TPOCIIEKHUBAIOCH YBEJIMYEHHE COJEPXKaHUS CYXOro BeIlecTBa M JKHpa B Tene OpoiyepoB
(Tabm. 1).

Tabnvma 1. XuMHYeCKHil cOCTaB Tejla NBILIAT-0poiiiepoB, % (Bo3pact — 42 cyTok, n=10,
ONBIT B YCJIOBUSIX BUBAPHSI)
Table 1. The chemical composition of body of broiler chickens, % (age — 42 days, n=10,
experiment in a vivarium)

I'pynna / Group
Hoxa3zarens / Index
KOHTpoJbHas / Control onbiTHas / Experimental
Cyxoe BemiectBo / Dry matter 26,7+0,49 28,9+0,86
IIpoteun / Protein 16,9+0,12 17,4+0,09*
Kup / Fat 7,9+0,75 9,4+0,80
3ona / Ash 2,5+0,08 2,3+0,02

[Mpumeuanne: * — P<0,05 npu cpaBHEHUH ¢ KOHTPOJIBHOM TPYMIIOi
Note: * — P<0.05 compared with the control group

OneHuBas coJiepKaHUe YHEPTUU B CYXOM BeIIeCTBE Tejla OpoiiIepoB, MOKHO OTMETHTD, yBEIHUYE-

HHUE TaHHOTO MOKa3aTesis B onbITHOHM rpymme Ha 1,49 % (P<0,05) mo OTHOIIEHUIO K KOHTPOJIBHBIM 3HaYe-
HUSIM.
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AHanm3upyst aOCONIOTHOE COJIepKaHe XMMHUYECKIX BEIIECTB B OTACIBHBIX OHOCyOCTpaTax oTMe-
TAM PSJT U3MEHEHUH M0 OTHOIICHWIO K KOHTPOJBbHOW rpymme (tadn. 2). Tak, comepkaHne MpOTEHHA B
MBIIIIAX B ONBITHOH Trpymie 0bu10 BhIme Ha 22,87 % (P<0,05) B cpaBHeHuE ¢ KOHTposieM. Takxke B MbI-
IIEYHON TKaHU OTIBITHOM I'PYMIIbI YCTAHOBIEHO YBEJIHMUEHHUE conepskanus xupa Ha 14,03 % (P<0,05).

Yposens npotenHa 651 Beiie Ha 13,3 % (P<0,05), yposens xupa — Ha 26,3 % (P<0,05) B xoxe
OpoIIEpOB OMBITHON TPYIIBI B CPABHEHUHN C KOHTPOJIEM.

Bo BHyTpeHHHMX OpraHax ONBITHOM TPYIIITBI HAONIONANOCH HE3HAUUTEIHFHOE YBEIHUCHHUE COMEp-
JKaHUS KHpa ¥ CHIDKEHHUE ITPOTEHHA.

Tabnuma 2 — Conep:kaHue XHMHUYECKHX BelIeCTB OT/AEJbHBIX TKAHEl H OPraHoB MO0 bIHOM
NTUIBL, T/T0J. (Bo3pacT — 42 cyTok, n=10, onbIT B yCJI0BUSIX BUBAPHS)
Table 2 — The content of chemicals in individual tissues and organs of the experimental bird,
g/bird (age — 42 days, n=10, experiment in a vivarium)

Iloxka3artensn / Index
KOHIIEHTPAIUs
I'pynna / Group cyxoe pe- npoTeunH / sKup / dHepris, nepruu, % /
ecTBo/ . Mk / .
Dry matter Protein Fat Energy, MJ Concentration of
energy, %
Msxkortb Tymu / Carcass muscle tissue
KonTtponwnas / Control 200,3+24,45 161,1+20,13 44,9+7,41 5,3+0,77 27,1£0,05
OnsitHas / Experimental 257,4£8,99* 197,9£6,49* 51,244,04* 6,8+0,26 26,3+0,18
Kowxa / Skin
Koutponsnas/ Control 74,1£11,88  21,8+2,89 51,6%9,90 2,6+0,46 34,5+0,69
OmnwitHas / Experimental 89,8+4,93  24,7+£3,09 * 65,244 91* 3,2+0,15 35,5+0,38
BuyTtpenHnue oprausl / Internal organs
Kontpomnwnast / Control 39,4+5,19 24,1+1,54 13,943,20 1,1+£0,21 28,6+0,35
OmnwitHas / Experimental 39,1+1,99 20,2+1,51 14,8+3,02 1,2+0,09 30,4+0,96

[Ipnmeuanne: * — P<0,05 npu cpaBHEHNHU ¢ KOHTPOJIBHOM IPYIIIOi
Note: * — P<0.05 compared with the control group

Takum oOpa3om, BBeaeHHE MD B pallMOH IBILIAT-OPOMICPOB CONMPOBOXKAACTCS YBEIUYCHHEM
YPOBHS MPOTEHHA B TeJie, MPOTEHHA U )KUpa — B MbIIIIeYHOM cyOcTpate. [Ipu sTom BBenenue MO/ compo-
BOJK/IaeTCsl OTJIOKEHHUEM ITPOTENHA U JKHpa B KOKe OpOiiIepoB.

OO0cyskneHne NoJIy4eHHbIX Pe3y/IbTaTOB.

B uccnenoBannn OCHOBY palMioHa COCTaBIIM KyKypy3a, HIIeHMIa U suMeHs. [lmennma comep-
KHUT OONBIIOE KOJIMYECTBO BBHICOKOMOJIEKYIISAPHBIX apabnHokcmiaHoB (7,3 % oT cyxoro BemiecTsa), sd-
MEHb — [-TJIFOKaHBI C BEICOKMM cooTHomreHneM P (1-3)-f (1-4) ceseit (Knudsen KEB, 2014). I1pu cos-
MECTHOM CKapMJIMBaHUM JaHHBIX KYJbTYp KHIIECYHOE COINECPIKHMOE NPHOOpeTaeT reaeodpasHoe COCTOs-
HHE, TEM CaMbIM CHIDKas YCBOSIEMOCTh M JOCTYITHOCTh NMUTaTeNbHBIX BemiecTB (Slominski BA, 2011). B
CBOIO O4Yepesb KyKypy3a COAEpKHUT | I/Kr pacTBOpMMOro apaOMHOKCWIIaHa M 51 T/KT HEepacTBOPHUMOTO
apaOWHOKCHIIaHa, SBISIONIECTOCS OCHOBHBIM KOMIIOHEHTOM KJIETO4YHOW cTeHku sHjocrepma (Taylor JRN
et al., 2013). DHporeHHble (EPMEHTHI, DKCKPETUpYyEMbIe OpoiiiepaMu, HE CHOCOOHBI JerpagupoBaTh
KJIETYaTKy, HE3HAUUTEIBHO PAcIaIalolIyIocs B JKeyAOUYHO-KHIIEYHOM TPAKTe, H BBEACHHE KOMOWHAIIMH
9K30TeHHBIX (PEPMEHTOB IIpeNoTBpaIlaeT ykasaHHble orpuiarensHble 3¢¢exTt (Knudsen KE, 2014;
Ward NE, 2021).
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Tak, B Xo7ie aHaIM3a B ONBITHON I'PYTITIE BBIBICHO YBENNIeHHE KO (UIIEHTOB epeBapiMOCTH
ceiporo npotenHa (P<0,05), ceipoii kineryarku (P<0,05) u BOB (P<0,05) nox aeiicteuem M3/I. Beposrt-
HO, JTaHHBIE H3MEHEHNs ONIOCPEI0BaHbI HECKOJIILKUMH MeXaHu3MaMu Aericteust MO/,

[TepBbiii MexaHU3M CBSA3aH C MPSAMBIM Bo3jaelicTBueM (pepmentoB MDJI Ha cybcrparsl. Hamuuue
HepacTBoprMbIX HKII B KoMIIOHEHTax palfioHa, onpenesseT MOBBIIIEHHE BI3KOCTH B TOHKOM KHIIEYHU-
ke. B pesyspTrare sHIOTeHHBIE MUIIEBApHUTENbHbBIE (DepPMEHTHI He CIIOCOOHBI K ITOJHOMY CyOCTpaTHOMY B3au-
MOJICHCTBHIO, U KaK UTOT HAOJIFOAeTCsl CHUKECHHUE TTePEeBAPUMOCTH MUTATENbHBIX KomnoHeHToB (Liu WC and
Kim IH, 2017). Kcunanaza npeaoTBpamiaer JaHHbIH 3(h(eKT, yBenuuuBas A0CTyn (HEpMEHTOB 3a CUET
pa3pylIeHUs] CHJIBHO PAa3BETBICHHBIX HEPACTBOPHUMBIX apaOMHOKCHIAHOB KJIETOUHOW cTeHku (Masey-
O'Neill HV et al., 2014). ITomrmo 3TOTO0, pe3yIbTaTOM JIEHCTBUS KCHIaHA3BI SBJISETCS MOSBICHHE KCHIIO-
OJIUTOCAaXapu0oB, KOTOPbIE (EPMEHTHPYIOTCS 0 JIETYUYHMX XMPHBIX KUCIOT B CIICHON KHIIKE, OKa3bIBas
BIIMSIHAE Ha TPOIECC MUIIEBApEHUs W aOCOpOIMIO B TOHKOM KHUIIEYHHKE 3a cU€T cuHTe3a mentuga Y Y
(Zhang L et al., 2014). Ox30oreHHas KcruiiaHasa, paspymas KISTOYHYIO CTEHKY 9HJIOCIepMa, YBEeIHNIHUBaeT
JOCTYI 3K30- W SHAOTEHHOW aMmiIa3bl K Kpaxmaly, yBeJIW4YHBas NEpeBapMMOCTb JAHHOTO cyOcTpaTa
(Rama Rao SV et al., 2021). IIpoTeasa ynydinaeT nepeBapuBaeMOCTh Oelika U BCaChIBAHUE aMUHOKHUCIIOT
(Angel CR et al., 2011). ITockoybKy 3€pHOBOI KpaxMaJj 3aKiIt0ouéH B OCJIIKOBBIH MaTPHKC, IPOTea3a TaKKe
OKa3bIBaeT KOCBEHHOE BIMSHIE Ha IIepeBapuMOocTh Kpaxmana (Svihus B et al., 2005).

Kpome storo, npimista-0poiinepsr B Bo3pacte 10 21 CyTOK UMEIOT CHIDKEHHYIO aKTHBHOCTH ITH-
meBapuTenbHBIX pepmentoB (Giacobbo FCN et al., 2021), Takum 0oOpa3oM, BBeZIeHHE IK30TEHHBIX (ep-
MEHTOB B PAallMOH B HAYAIbHBIA MEPHOA MOXKET KOMIICHCHPOBATh HHU3KYIO CEKPEIMIO DHIOTCHHBIX (ep-
MEHTOB, CHOCOOCTBYS TpOIlecCy NHIIEBAPEHHUS WM YBEIWYMBAs IOCTYIIHOCTh MHUTATEIBHBIX BEIECTB,
yiTydInas mokasaTenu pocrta s)xuBoTHBIX (Zhu HL et al., 2014). B uccnenoBanusx Zou ¢ koyueramu (2013)
YCTaHOBJICHO YBEJIMYCHHUE aKTUBHOCTH DHJIOTCHHBIX (DepMEHTOB (TPHUIICUH U XUMOTPHUIICHH) y 21- u 42-
JTHEBHBIX OpOHIIEpOB 10T BIUSHUE KOMIUIEKCA 3K30TeHHBIX (pepMeHTOB (B-MaHHaHa3a, G-TaTaKTO3uaa3a 1
KCHJIaHa3a+P-TioKkaHas3a). YUnuThBas TOT (akT, 4TO B HAIIMX HCCICAOBAHUSAX yYacTBOBAIH IIBITUIATA-
Opotinepsl ¢ 7 cyToK 110 42, MOXKHO MPEATIONIOKHUTE, YTO OAMH U3 BO3MOXKHBIX 3 QekToB BBeAeHUsI MOJ] —
BO3/ICUCTBUE HA AKTUBHOCTh HEIIOCPEICTBCHHO SHAOTCHHBIX (DEPMEHTOB.

BBogmmast nobaBka He BiIHsIIa HA MEPEBAPHMOCTH CHIPOTO JKHPA, UTO COTIIACYETCs C pe3yibTaTa-
MH Apyrux uccienosareneil (Romero et al., 2014; Amerah et al., 2017). IIpogykrsl ruapommza HKII
(epMeHTHPYIOTCS Pe3nAEHTHOH MHUKpPO(IOpOH B KOPOTKOLETOYEYHbIe KUpHBIE KHUCIOTH, MO/ BBICBO-
00XmaeT JyacTh Kpaxmaja 1 Oenka, TakuM 00pa3oM, YBEIMYMBAETCs MCIOJb30BaHue 3Hepruu (Kaczmarek
SA et al., 2014). UTo BIOCIIEICTBUN OTPaKAETCS OTIIOKEHUEM MTPOTECHHA M JKHMPa KaK B TeJle, TaK U B OT-
JenbHbBIX Onocyocrparax Opoitnepos (Fouad AM and El-Senousey HK, 2014).

VBenuuuBas JOCTYIMHOCTh MUTATEIbHBIX HYTPUEHTOB, MO/l cTUMyNIHpyeT akTHBHOCTh OMOXHMH-
YECKHX PeaKIuil B CTOPOHY aHa0ONIM3Ma, TeM CaMbIM CIIOCOOCTBYSI HApPAaIMBAHWUIO MBIIICYHOW MAaCCHI
(Attia YA et al., 2012).

Taxum o6pazom, MO/, komneHncupys orpunarensHsie 3¢ dexTsr HKII, cmocobcTByeT BEICBOOOXK-
JICHUIO MHKAICYJUPOBAaHHBIX HyTPHEHTOB, TEM CaMBIM 3aIlycKasl KacKaj peakiii, TPUBOIAIINX K ITOBBI-
IICHUIO METa0O0INYeCKOil SHepruu KopMa H, KakK CIeICTBUE, MPOIYKTUBHOCTH. UTO MOATBEPKAAETCS IKC-
NEePHUMEHTAIBHO YBEJIMYEHHEM KOHBEPCHH KOpPMa M MPUPOCTa KUBOW MacChl IBIUIAT-OPOMIICPOB OMBIT-
HOH TPYIIIBI IO CPABHEHHIO ¢ KOHTPOJIEM IIPU OJMHAKOBOM PAIMOHE M COACPKAHWU OOMEHHOH DHEPTHH.
B omnbiTHO# Tpymne HabIrOnaINCh OoJiee BHICOKHE 3HAYEHHsI a0COJIIOTHOTO CPEeTHECYTOYHOTO IPHPOCTA
(P<0,05) u cumxenue 3aTpaToB KopMa Ha 1 Kr mpupocTa.

3akJrouenmue.

Takum 00pa3oM, IPHU HMCIIOJIB30BAHUM B palldOHE HBITUIIT-OpoiepoB MO/] mpoucxoauT yBeiu-
yeHre Ko3(PPUIIMEHTOB NIEPEBAPUMOCTH CHIPOTO MIPOTEHHA, ChIpOH KieTdaTku U BOB 3a cu€T BRICBOOOXK-
JICHUSI WHKATCYyJIMPOBAHHBIX HYTPUEHTOB painuoHa. Mcnonb3oBanne M3O/] mo3BOMSIET CHUXKATH 3aTPaThI
KOpMa Ha 1 KT ImpUpoCTa KUBOW MacChl U B IIEJIOM TOBBIIATH dPPEKTHBHOCTh BHIPAIIUBAHUS, YTO TOBO-
PUT O MEPCIIEKTUBHOCTU IPUMEHEHUS HCCIIETyEeMbIX 100aBOK P BHIPALIMBAHUY IIBIIUIAT-OPOHIEPOB.



JKusomrnosoocmeo u kopmonpouszeoocmeo 2021 / Animal Husbandry and Fodder Production 2021,104(4)
154 TEOPUS U IPAKTUKA KOPMJUIEHUSI/THEORY AND PRACTICE OF FEEDING

CnHCOK MCTOYHUKOB

1. HayuHble OCHOBBI KOPMJICHHUS CEIbCKOXO3SHCTBEHHON NTUIBI: MoHOrpadus / B.W. ®ucnuus,
N.A. Eropos, T.M. Oxonenoa, III.A. Nwmanrynos. CeprueB Ilocan: Bcepoccuiickuii HaydHO-
HCCIIEIOBATEIBCKUI M TEXHOJIOTHUECKIM HHCTUTYT nTHIeBoacTBa, 2009. 352 c. [Nauchnye osnovy korm-
leniya sel'skokhozyaistvennoi ptitsy: monografiya. Fisinin VI, Egorov IA, Okolelova TM, Imangulov ShA. Ser-
giev Posad: Vserossiiskii nauchno-issledovatel'skii 1 tekhnologicheskii institut ptitsevodstva; 2009:352 p.
(In Russ)].

2. Amerah AM, Romero LF, Awati A, Ravindran V. Effect of exogenous xylanase, amylase, and
protease as single or combined activities on nutrient digestibility and growth performance of broilers fed
corn/soy diets. Poult Sci. 2017;96(4):807-816. doi: 10.3382/ps/pew297

3. Angel CR, Saylor W, Vieira SL, Ward N. Effects of a monocomponent protease on perfor-
mance and protein utilization in 7- to 22-day-old broiler chickens. Poult Sci. 2011;90(10):2281-2286.
doi: 10.3382/ps.2011-01482

4. Angel R, Sorbara JO. Why is it important to understand substrates if we are to optimize exoge-
nous enzyme efficacy? Poult Sci. 2014;93(9):2375-2379. doi: 10.3382/ps.2013-03869

5. Attia YA, El-Tahawy WS, Abd El-Hamid EAEH, Hassan SS, Nizza A, El-Kelaway MI. Ef-
fect of phytase with or without multienzyme supplementation on performance and nutrient di-
gestibility of young broiler chicks fed mash or crumble diets. Ital J] Anim Sci. 2012;11(3):e56.
doi: 10.4081/ijas.2012.e56

6. Babaei MJ, Fakhraei J, Mansoori Yarahmadi H, Gomarian M. Effect of different levels of bio-
plex manganese along with probiotics and multi-enzymes on performance and immune system indices of
broilers. Vet Med Sci. 2021;7(4):1379-1390. doi: 10.1002/vms3.479

7. Fouad AM, El-Senousey HK. Nutritional factors affecting abdominal fat deposition in poultry:
areview. Asian-Australas J] Anim Sci. 2014;27(7):1057-1068. doi: 10.5713/ajas.2013.13702

8. Giacobbo FCN, Eyng C, Nunes RV, de Souza C, Teixeira LV, Pilla R, Suchodolski JS,
Bortoluzzi C. Different enzymatic associations in diets of broiler chickens formulated with corn dried at
various temperatures. Poult Sci. 2021;100(5):101013. doi: 10.1016/1.psj.2021.01.035

9. Kaczmarek SA, Rogiewicz A, Mogielnicka M, Rutkowski A, Jones RO, Slominski BA. The ef-
fect of protease, amylase, and nonstarch polysaccharide-degrading enzyme supplementation on nutrient
utilization and growth performance of broiler chickens fed corn-soybean meal-based diets. Poult Sci.
2014;93(7):1745-1753. doi: 10.3382/ps.2013-03739

10. Knudsen KEB. Fiber and nonstarch polysaccharide content and variation in common crops
used in broiler diets. Poult Sci. 2014;93(9):2380-2393. doi: 10.3382/ps.2014-03902

11. Liu WC, Kim IH. Effects of dietary xylanase supplementation on performance and
functional digestive parameters in broilers fed wheat-based diets. Poult Sci. 2017;96(3):566-573.
doi: 10.3382/ps/pew258

12. Masey-O'Neill HV, Singh M, Cowieson AlJ. Effects of exogenous xylanase on performance,
nutrient digestibility, volatile fatty acid production and digestive tract thermal profiles of broilers fed on
wheat- or maize-based diet. Br Poult Sci. 2014;55(3):351-359. doi: 10.1080/00071668.2014.898836

13. Rama Rao SV, Raju MVLN, Nagalakshmi D, Prakash B, Paul SS. Effect of supplementation
of graded concentrations of xylanase and a-amylase on performance, slaughter variables, and energy di-
gestibility in broiler chickens fed corn-soybean meal-based diet. Journal of Applied Poultry Research.
2021;30(2):100139. doi: 10.1016/j.japr.2021.100139

14. Romero LF, Sands JS, Indrakumar SE, Plumstead PW, Dalsgaard S, Ravindran V. Contribu-
tion of protein, starch, and fat to the apparent ileal digestible energy of corn- and wheat-based broiler diets
in response to exogenous xylanase and amylase without or with protease. Poult Sci. 2014;93(10):2501-
2513. doi: 10.3382/ps.2013-03789

15. Singh AK, Tiwari UP, Berrocoso JD, Dersjant-Li Y, Awati A, Jha R. Effects of a combi-
nation of xylanase, amylase and protease, and probioics on major nutrients including amino acids and



JKusomrnosoocmeo u kopmonpouszeoocmeo 2021 / Animal Husbandry and Fodder Production 2021,104(4)
TEOPHUS U IIPAKTUKA KOPMJUIEHUSI/THEORY AND PRACTICE OF FEEDING 155

non-starch polysaccharides utilization in broilers fed different level of fibers. Poult Sci.
2019;98(11):5571-5581. doi: 10.3382/ps/pez310

16. Slominski BA. Recent advances in research on enzymes for poultry diets. Poult Sci.
2011;90(9):2013-2023. doi: 10.3382/ps.2011-01372

16. Svihus B, Uhlen AK, Harstad OM. Effect of starch granule structure, associated components
and processing on nutritive value of cereal starch: A review. Anim Feed Sci. Technol. 2005;122(3-4):303-
320. doi: 10.1016/j.anifeedsci.2005.02.025

17. Taylor JRN, Dlamini BC, Kruger J. 125th anniversary review: The science of the tropical
cereals sorghum, maize and rice in relation to lager beer brewing. J Inst Brew. 2013;119(1-2):1-14.
doi: 10.1002/jib.68

18. Tejeda JO, Kim WK. Role of dietary fiber in poultry nutrition. Animals (Basel).
2021;11(2):461. doi: 10.3390/ani11020461

19. Tiwari UP, Chen H, Kim SW, Jha R. Supplemental effect of xylanase and mannanase on nu-
trient digestibility and gut health of nursery pigs studied using both in vivo and in vitro models. Animal
Feed Science and Technology. 2018;245:77-90. doi: 10.1016/j.anifeedsci.2018.07.002

20. Ward NE. Debranching enzymes in corn/soybean meal-based poultry feeds: a review. Poult
Sci. 2021;100(2):765-775. doi: 10.1016/j.psj.2020.10.074

21. Zhang L, Xu J, Lei L, Jiang Y, Gao F, Zhou GH. Effects of xylanase supplementation on
growth performance, nutrient digestibility and non-starch polysaccharide degradation in different sections
of the gastrointestinal tract of broilers fed wheat-based diets. Asian-Australas J Anim Sci. 2014;27(6):855-
861. doi: 10.5713/ajas.2014.14006

22. Zhu HL, Hu LL, Hou YQ, Zhang J, Ding BY. The effects of enzyme supplementation on per-
formance and digestive parameters of broilers fed corn-soybean diets. Poult Sci. 2014;93(7):1704-1712.
doi: 10.3382/ps.2013-03626

23. Zou J, Zheng P, Zhang K, Ding X, Bai S. Effects of exogenous enzymes and dietary energy on
performance and digestive physiology of broilers. Journal of Animal Science and Biotechnology.
2013;4(1):14. doi: 10.1186/2049-1891-4-14

References

1. Fisinin VI, Egorov IA, Okolelova TM, Imangulov ShA. Scientific foundations of poultry feed-
ing: monograph. Sergiev Posad: All-Russian Research and Technological Institute of Poultry, 2009; 352 p.

2. Amerah AM, Romero LF, Awati A, Ravindran V. Effect of exogenous xylanase, amylase, and
protease as single or combined activities on nutrient digestibility and growth performance of broilers fed
corn/soy diets. Poult Sci. 2017;96(4):807-816. doi: 10.3382/ps/pew297

3. Angel CR, Saylor W, Vieira SL, Ward N. Effects of a monocomponent protease on perfor-
mance and protein utilization in 7- to 22-day-old broiler chickens. Poult Sci. 2011;90(10):2281-2286.
doi: 10.3382/ps.2011-01482

4. Angel R, Sorbara JO. Why is it important to understand substrates if we are to optimize exoge-
nous enzyme efficacy? Poult Sci. 2014;93(9):2375-2379. doi: 10.3382/ps.2013-03869

5. Attia YA, El-Tahawy WS, Abd El-Hamid EAEH, Hassan SS, Nizza A, El-Kelaway MI. Ef-
fect of phytase with or without multienzyme supplementation on performance and nutrient di-
gestibility of young broiler chicks fed mash or crumble diets. Ital J Anim Sci. 2012;11(3):e56.
doi: 10.4081/ijas.2012.e56

6. Babaei MJ, Fakhraei J, Mansoori Yarahmadi H, Gomarian M. Effect of different levels of bio-
plex manganese along with probiotics and multi-enzymes on performance and immune system indices of
broilers. Vet Med Sci. 2021;7(4):1379-1390. doi: 10.1002/vms3.479

7. Fouad AM, El-Senousey HK. Nutritional factors affecting abdominal fat deposition in poultry:
areview. Asian-Australas J Anim Sci. 2014;27(7):1057-1068. doi: 10.5713/ajas.2013.13702



JKusomrnosoocmeo u kopmonpouszeoocmeo 2021 / Animal Husbandry and Fodder Production 2021,104(4)
156 TEOPUS U IPAKTUKA KOPMJUIEHUSI/THEORY AND PRACTICE OF FEEDING

8. Giacobbo FCN, Eyng C, Nunes RV, de Souza C, Teixeira LV, Pilla R, Suchodolski JS,
Bortoluzzi C. Different enzymatic associations in diets of broiler chickens formulated with corn dried at
various temperatures. Poult Sci. 2021;100(5):101013. doi: 10.1016/].psj.2021.01.035

9. Kaczmarek SA, Rogiewicz A, Mogielnicka M, Rutkowski A, Jones RO, Slominski BA. The ef-
fect of protease, amylase, and nonstarch polysaccharide-degrading enzyme supplementation on nutrient
utilization and growth performance of broiler chickens fed corn-soybean meal-based diets. Poult Sci.
2014;93(7):1745-1753. doi: 10.3382/ps.2013-03739

10. Knudsen KEB. Fiber and nonstarch polysaccharide content and variation in common crops
used in broiler diets. Poult Sci. 2014;93(9):2380-2393. doi: 10.3382/ps.2014-03902

11. Liu WC, Kim IH. Effects of dietary xylanase supplementation on performance and
functional digestive parameters in broilers fed wheat-based diets. Poult Sci. 2017;96(3):566-573.
doi: 10.3382/ps/pew258

12. Masey-O'Neill HV, Singh M, Cowieson AJ. Effects of exogenous xylanase on performance,
nutrient digestibility, volatile fatty acid production and digestive tract thermal profiles of broilers fed on
wheat- or maize-based diet. Br Poult Sci. 2014;55(3):351-359. doi: 10.1080/00071668.2014.898836

13. Rama Rao SV, Raju MVLN, Nagalakshmi D, Prakash B, Paul SS. Effect of supplementation
of graded concentrations of xylanase and a-amylase on performance, slaughter variables, and energy di-
gestibility in broiler chickens fed corn-soybean meal-based diet. Journal of Applied Poultry Research.
2021;30(2):100139. doi: 10.1016/j.japr.2021.100139

14. Romero LF, Sands JS, Indrakumar SE, Plumstead PW, Dalsgaard S, Ravindran V. Contribu-
tion of protein, starch, and fat to the apparent ileal digestible energy of corn- and wheat-based broiler diets
in response to exogenous xylanase and amylase without or with protease. Poult Sci. 2014;93(10):2501-
2513. doi: 10.3382/ps.2013-03789

15. Singh AK, Tiwari UP, Berrocoso JD, Dersjant-Li Y, Awati A, Jha R. Effects of a combi-
nation of xylanase, amylase and protease, and probioics on major nutrients including amino acids and
non-starch polysaccharides utilization in broilers fed different level of fibers. Poult Sci.
2019;98(11):5571-5581. doi: 10.3382/ps/pez310

16. Slominski BA. Recent advances in research on enzymes for poultry diets. Poult Sci.
2011;90(9):2013-2023. doi: 10.3382/ps.2011-01372

16. Svihus B, Uhlen AK, Harstad OM. Effect of starch granule structure, associated components
and processing on nutritive value of cereal starch: A review. Anim Feed Sci. Technol. 2005;122(3-4):303-
320. doi: 10.1016/j.anifeedsci.2005.02.025

17. Taylor JRN, Dlamini BC, Kruger J. 125th anniversary review: The science of the tropical
cereals sorghum, maize and rice in relation to lager beer brewing. J Inst Brew. 2013;119(1-2):1-14.
doi: 10.1002/jib.68

18. Tejeda JO, Kim WK. Role of dietary fiber in poultry nutrition. Animals (Basel).
2021;11(2):461. doi: 10.3390/ani11020461

19. Tiwari UP, Chen H, Kim SW, Jha R. Supplemental effect of xylanase and mannanase on nu-
trient digestibility and gut health of nursery pigs studied using both in vivo and in vitro models. Animal
Feed Science and Technology. 2018;245:77-90. doi: 10.1016/j.anifeedsci.2018.07.002

20. Ward NE. Debranching enzymes in corn/soybean meal-based poultry feeds: a review. Poult
Sci. 2021;100(2):765-775. doi: 10.1016/j.psj.2020.10.074

21. Zhang L, Xu J, Lei L, Jiang Y, Gao F, Zhou GH. Effects of xylanase supplementation on
growth performance, nutrient digestibility and non-starch polysaccharide degradation in different sections
of the gastrointestinal tract of broilers fed wheat-based diets. Asian-Australas J Anim Sci. 2014;27(6):855-
861. doi: 10.5713/ajas.2014.14006

22.7Zhu HL, Hu LL, Hou YQ, Zhang J, Ding BY. The effects of enzyme supplementation on per-
formance and digestive parameters of broilers fed corn-soybean diets. Poult Sci. 2014;93(7):1704-1712.
doi: 10.3382/ps.2013-03626



JKusomrnosoocmeo u kopmonpouszeoocmeo 2021 / Animal Husbandry and Fodder Production 2021,104(4)
TEOPHUS U IIPAKTUKA KOPMJUIEHUSI/THEORY AND PRACTICE OF FEEDING 157

23. Zou J, Zheng P, Zhang K, Ding X, Bai S. Effects of exogenous enzymes and dietary energy on
performance and digestive physiology of broilers. Journal of Animal Science and Biotechnology.
2013;4(1):14. doi: 10.1186/2049-1891-4-14

HNudpopmanus 00 aBTopax:

Kcenns CepreeBHa Heuuraiijio, Hay4HbIi COTpyAHUK LeHTpa «HaHOTEXHONIOTHMH B CEIBCKOM
xo3siicTBe», DeaepanbHbId HAyYHBIH IIEHTP OMOJIOTUYECKUX CHCTEM M arpoTeXHOIOoruil Poccuiickoit aka-
nemuu Hayk, 460000, r. Openoypr, yu. 9 SuBaps a. 29.

Enena AnaronbeBHa CH30Ba, JOKTOP OHOJIOTHYCCKUX HAyK, pyKOBOJIUTENb IleHTpa «HaHoTex-
HOJIOTHH B CEJIbCKOM XO3siicTBe», DenepaibHbIil HAyYHBIH IIEHTP OUOJOTHYECKHX CHCTEM M arpOTEXHO-
noru#i Poccuiickoii akagemuu Hayk, 460000, r. Openoypr, yn. 9 fuBaps, 1. 29, ten.: 8-912-344-99-07.

Information about the authors:

Ksenia S Nechitailo, Researcher, Federal Research Centre of Biological Systems and Agrotech-
nologies of the Russian Academy of Sciences, 29, 9 Yanvarya St., Orenburg, 460000.

Elena A Sizova, Dr. Sci. (Biology), Head of the Center for Nanotechnology in Agriculture, Fed-
eral Research Centre of Biological Systems and Agrotechnologies of the Russian Academy of Sciences,
29, 9 Yanvarya St., Orenburg, 460000, tel.: 8-912-344-99-07.

Crartbs noctynwia B pexakiuio 10.11.2021; ogobpena nocne penensupoBanus 10.11.2021; npunsara
nmyonmukannu 13.12.2021.

The article was submitted 10.11.2021; approved after reviewing 10.11.2021; accepted for publication
13.12.2021.



