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2 yepBHs 2023 poky y Kuesi npoiimioB Haiibi-
JblIUK B YKpaiHi popyM B ranysi 36epiraHHs, nepe-
pO6KH, JOTICTUKY 1 TpelauHry 3epHa - V MixkHapo-
AHum Grain Storage Forum ELEVATOR 2023, opra-
HizoBaHmid kommaHielo «[IpoArpo I'pym», Acomiatiero
eneBaropiB Ykpaiau Ta Crinkoro «bopomaomenn Ykpa-
{HWU», AKHH CTaB YEpProOBOI MAaCIUTAOHOIO IOIIEI0 POKY
Ha BITYM3HAHOMY arpapHOMy PHHKY U1 (aXiBIiB 3ep-
HOBUPOOHHIITBA | CYMDKHHX TaTy3eid.

[MonepenHiii ¢opyMm 3a mHiACYyMKaMH MHHYJIOTO
POKy HpOWIIOB JIMIIE KiJbKa MICALIB TOMY 1 CTaB mep-
MM B movarky po3s’s3anoi PP moBHomacimTaGHOT
BilfHM MpOTH YKpaiHu. 3704YMHHE BTOPTHEHHS 3arOCTPH-
JIO iICHYIOY1 1 MOCTaBMJIO TEpe] BITYN3HSIHUM arpapHUM,
30KpeMa 3epHOBHM pPHWHKOM, HOBI NPOOJIeMH, HE BCi 3
SIKMX 1 HE Y TIOBHOMY 00CS31 BIAIIOCST OOTOBOPHUTH Y JIFO-
ToMy. Toxx HOBHH (OpPYyM cTaB CBOTO POy HPOJOBXKEH-
HSM TMOYATHX AHUCKYCiH, aje yxe y OuIbIl IMIHMPOKii ay-
UTODII 1 3 ypaXyBaHHSIM HOBUX peajiil ChOTOJCHHS.

[Mepi HiX OTOJIOCHTH HPO TOYATOK POOOTH, Ipe-
3uAeHT Acouianii eneBartopiB Ykpainu Oner Kiumenko
MOKYBAB 3aXHUCHUKAM bBaTbKIBIIMHH 1 3a3HAYUB, IO
YKpaiHChbKi 3€pPHOBHKH, MONPHU BCi TPYIHOLI BiliHH, HE
JIMLIE TiJHO TPUMAIOTh arpapHUil (POHT JepkKaBu, a i
MPOJIOBXKYIOTh POOUTH CBili Baromuii BHECOK y 3abe3re-
YEeHHsI TIPOAOBOJIBYOI Oe3eku cBitTy. PazoM 3 ThM, Benu-
Ka KUTBKICTh 3eMeJb, 10 BUHMIILIA 3 00POOITKY, TPYIHOILI
pecypcHoOro 3abe3neueHHs] arpoBUpOOHUITBA i mpodie-
MU EKCIIOPTY BUMYILIYIOTH BCl JJAHKH 3€pPHOBOTO JIAHIIIO-
ra 3MIIIyBaTH aKICHTH W ITyKaTH HOBI MOXKJIMBOCTI 3a/1-
JIs HiaBUIIEHHs e()EKTUBHOCTI Y CBOIX 30HAX IISUIBHOCTI.

> o 15 b
Acouiauin
EneBatopiB YkpaiHu L R

PobGora ¢opymy nouanacst 3 BuKoHaHHs1 J{epxkas-
Horo ['iMHy 1 BIIaHyBaHHs XBHJIMHOIO MOBYaHHS I1aM’sTi
BOTHIB-TepOiB 1 yCiX yKpaiHLiB, 3aru0nux y BiiiHi. Bink-
puB (opyM mepunii 3acTYIMHUK MiHICTpa arpapHOi MoJIi-
THKU 1 mpojoBosbcTBa Tapac Bucompkuit. V cBoemy
3BEPHEHHI JI0 YYaCHUKIB BiH 3a3HAUYMB, 10 TAaKe MINPOKE
MPEJCTaBHUIITBO CHEIIaNiCTiB Tamy3ed 30epiraHHs, me-
pepoOKH 3epHa, TPEHANHTY 1 JIOTICTUKH 3aTHE HE JIHIIC
00roBOpUTH HasBHI TpoOieMH i 3ampoIoHYyBaTH X pi-

IMEHHA, 4 W BU3HAYATH HUIAXU NMOJAJIBIIOIO PO3BUTKY

ramysi.
[
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«3abe3neynBIy BiAMOBIIHNNA OayaHc 0OCSTIB BH-
POOHHIITBA i EKCHIOPTY SIK CAMOTO 3€pHA, TaK 1 MPOIYKTiB
Horo mepepoOKy — Big OOpoIIHA 10 KPOXMAJIO, TIIOTEHY,
OinKiB — Bce 1€ JacTh MOXJIMBICTH Tally3i TiHO MpoOiTH
el CKIIQJHWIA BOEHHUH "acy, - miakpecauB Tapac Buco-
LIbKUH.

[Micnst 3acTymHMKa MiHICTpa CIOBO B3SB IIPE3H-
JeHT YKpaiHcbkoi arpapHoi koHdenepanii Jleonin Kosa-
YEHKO, SIKHH OKPECIIMB KIIIOYOBI BUKIMKHU Ta MEPCIICKTH-
BY, 3 IKUMH CTUKA€THCS YKPATHCHKUH arpoceKkTop.
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Iepmra >k manens Gopymy, IpUCBIICHA 0OTOBO-
peHHIO cnenn(iku poOOTH 3epHOBOTO PHHKY B yMOBaxX
BiiHH, pO3IOYanacs MiaJoroM 3 BIACHUKOM i TOJIOBOIO
HarsmoBoi pamu ['pynu xommaniit «IIpomereit» Pagae-
nem ['opostHOM. Jl0 cKitamy rpymm, sKa BOJOMIE ONHIEO 3
HaAWOUIBII PO3ray’KEHHX MEpex eJeBaTopiB B YKpaiHi,
BXOJATH Pi3HI MiJPO3ILIH, SIKi 3aiMalOThCs SIK BUPOOHH-
LUTBOM 3€pHa, Tak 1 Horo 30epiraHHsM, TPaHCIOPTHUM
MEPEeBE3CHHIM Ta eKCIOpTOM. BiliHa 3aBiana CyTTEBOrO
yaapy o 0i3Hecy Ipynu — JI0Ci B OKyTalii 3aIuIatTbCs
YOTUPH €JIeBaTOPH KOMIIaHIl i JacTHHA 0OpOOIIOBaHUX
3eMelb, IIe 3Ha4YHA YacTHHA NOTpedye po3MiHyBaHHA i
CYHEHHs HacJIiJKiB 00HOBUX JIii.

B mux ymoBax, sK 3a3HaYHB BJIACHHK KOMIIAHIii,
BEChb MEHE/PKMEHT BUMYLICHUH HiSTH K KPH30BUii, aOu
30eperty i ybe3nedyuTn poOOUMiA KOJEKTUB, 1 BOJHOYAC
MIPOJIOBXYBAaTH BUPOOHWUY AisIbHICTE. Y «lIpomeres»,
SIK ¥ IHIIHX BUPOOHWYHX 1 3epHOTPEHIMHTOBUX KOMIIa-
Hill, BXE € JOCBiI poOOTH y TepIHid pik BiHU, ane KO-
JKHUI HOBHH JIeHb NMPHHOCHTH HOBI BHKIIUKHU 1 MMOTpeOye
HOBHUX pillIeHb, SIKI JOBOJHUTHCSI ONEPATUBHO YXBaJIOBA-
TH, BUXOJSYM 3 KOMIUIEKCY HOTOYHUX peaiiii. Came Ta-
KUH OnepaTuBHHUN aHaii3 1 BIATYK pa3oM 3 HEOOXiTHUM
IUTaHyBaHHSAM Ha KOPOTKOCTPOKOBHH i OinbIe mepiox €
3aMOpyKOI0 BIDKMBAHHSA 1 PO3BHUTKY HiANIPHEMCTB Tairys3i
B IIEW HAJCKJIAaJHUI Jac.

[Ipo KOHKpeTHI MPOOIEMH 1 BHKINUKH IJIS 3€PHO-
BOro Oi3Hecy WIIIOCS B MEpIIii MUCKYyCIHHIN cecii, Mo-
JIepaTopoM sIKOI CTaB KEPIBHUK €JIEBATOPHOTO HATPSIMKY
rpymn SOLAGRO Cepriii lllep6anb. 3okpema, mocoi 3
0coOmBHUX J0pydeHb MiHiCTepCTBa 3aKOPAOHHUX CHpaB
VYxpainu Onbra TpodiMiesa po3nosina npo podoTy op-
TaHiB JepKaBHOI BJIAJW MO 30iJBIICHHIO MOMJIUBOCTEH
JUISl €KCIIOPTY YKPaiHCHKOTO 3epHa. 3aCTYIHUK TUPEKTO-
pa demapTamMeHTy KomepiiiHoi podotn AT «Ykp3zamiz-
HutsDy Banepiit TkadoB moBiqOMHB TIPO HOBAITiT EepKaB-
HOTO TIePEeBi3HMKA I BIACHUKIB 36pHOBHX BaHTaxiB. B
00TOBOpEHHI TaKOX B3sUM ydacTh aupekTop «Y3TK
TPEWI» Irop BoBueHKo i HOro 3aCTYNHHK 3 BUPOOHH-
yux ruTaHb AHApii [lymikap, BiacHUK i reHepalbHUNA

5

nupektop Interprojekt Gmbh Isan KyHs, cniBBIacHuK i
qupektop «Arpo Innacrpian Komnani» Oner Manum.
Oxpemo Takox BucTynuB Ilano 'omoBeHko, Ke-
pytounii maptaep Convex International — oxsoro 3 mpo-
BIOHUX MOCTa4YaJIbHUKIB OOJaAHAHHS 1 TEXHOJIOTIM st
ramy3eil mepepoOku i 30epiranHsa 3epHa B YkpaiHi. [lan
[TaBno mHaromocwmB Ha HeoOXimHOCTI OymyBaTH HOBI Ta
BinOyMOBYBaTH CTapi 3epHO30epirainpHi i 3epHOTEpEpO-
OHI KOMIUIEKCH 3a HaWKpaIlluMHU iHHOBAI[iHUMH TpaK-
THKaMH, sKi Hagae xommanigs ConveX. JIOMOBHUB HOTO
Buctyn benmkxamin PympmMaHH — agBoOKaT HiMEIBKOi
topuanynoi kommanii AdvoCtrl, 3asHaunBiny, mo Hime-
LbKHIA Oi3HEC TOTOBUIT IHBECTYBAaTH B YKPAiHCHKI BUPOO-
HUYi JIAHIIOKKY HABITh 10 3aBEPILECHHS BiliHHL.

VY npyriii nuckyciiiHiit cecii, siKy MojaepyBaB To-
noBa Crinku 6oporHOMeniB Ponion PubunHCchKHH, crii-
KepH TOBOPHIIN MPO peatii i MOKIMBOCTI 3epHOIIEpepoO-
Kd B YKpaiHi. 3 ogHOTO 00Ky, 301IbIICHAS BUPOOHHUIITBA
MPOJYKTIB MepepoOKn 37aTHE 3MEHIINTH HaBaHTAXEHHS
Ha JIOTICTUYHY MEpEKy 1 30UTBIIUTH PHOYTKOBICTH 3€p-
HOBOI Tajy3i, OJHAK 3 iHIIOTr0, MOTPiOHO TBEPE30 OIliHFO-
BaTH peaiii — CKOPOYEHHsSI BHYTPILIHBOTO CIIOKUBAHHS 1
CYBOpi1 BUMOTH JI0 SIKOCTI, & TAKOX BEJIMKY KOHKYPEHIIIIO
Ha 30BHIIIHIX pHHKaX. 30Kpema, Ha [[bOMY HaroJolryBa-
JIM TeHepalbHUH TupekTop Kommauii «bronep Ykpaina»
Awnppiii 1lapan, crniBnacauk HD-group i GFSGROUP
bopuc lllocronanos.

ITepen mowatkoMm npyroi maHeni Qopymy, IpHc-
BSAYCHOI TPEHIAM IHHOBAI[IfHOTO PO3BUTKY 3epHO30epi-
TaHHS 1 3€pPHOIIEPEpOOKH BHUCTYNUB KEPIBHUK TPYIH 3
PO3BUTKY MPOXYKTUBHOCTI Ta JOCTyIy a0 puHKiB IIpo-
rpamu USAID 3 arpapHOro Ta citbchKOTO po3BUTKY Al'-
PO Bnanmucnas Kapmenxo. Is IIporpama, 3acHoBaHa
aMEepUKaHCHKUM YPSIIOM, IiJ] 9ac BiHU B YKpaiHi Hagae
YUMaJy MIATPUMKY MIKpO-, MaJIFIM Ta CEpeIHIM arporij-

IpUEMCTBAM HIIIAXOM BI/I}IiJ’[eHHH T'PaHTIB Ha PO3BUTOK
I "ﬁ —
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4yu criB(iHAHCYBaHHS BHPOOHWYMX IpoekTiB. [Iporpa-
MOIO BXKC pealli3oBaHO JIECATKHU MPOEKTIB 3 HAaTaHHS (e-
pMepaM 1 TOCHOAAapCTBaM B IOCTPAKAAIMX pPerioHaX
HaciHHS KyKypyJA3W W COHSIIHMKA, TOOPHUB AJs X BHPO-
IIyBaHHs, MOJIEPHI3allil eIeBaTopiB, 301IBIICHHS 00CATY
BHPOOHHUIITBA 1 aCOPTUMEHTY MEepPepOOHUX ITiIPHUEMCTB
tomo. KepiBHHUK rpynu po3moBiB, IO OTPUMATH JOHOP-
CBKY JOIOMOTY LIJIKOM PEaJIbHO 1 IOSICHMB, SIK MOYKHA
B3aTH y4acTh y npomnonoBanux USAID AI'PO mpoek-
Tax.

B xoji camoi maHesni mpo iHHOBAIiiHI MPOIYKTH,
TEXHOJIOTI1, pe3yJIbTaTH IX MPAaKTHYHOTO 3aCTOCYBaHHS B
PI3HUX HampsMKax 30epiraHHs i mepepoOKH 3epHa po3-
noBinn renaupexrop kommadii TORNUM Omnexkcanap
Xomon, nupekTop 3 MpoxaxiB B YKpaiHi kommanii Bon-
fanti Bomogumup Kocoros, aupexrop kommanii «Coxam
Vkpainay Muxaitmo KocroxHo, AHpeKTop KOMIIaHii
Greco Group IBan KopyxeHko, reHepadbHHN IHPEKTOP
kommaHii «I[IpomaBromaruka Binaums»y Muxaitmo [Man-
uyyK, kKepyroumii maptaep Convex International Gmbh
[MaBno I'onosenko, renepansuuii aupexkrop TEFF FOpiit
®dapeHIoK, CHeHialicT 3 IPOaaXy 00IaTHAHHS I KOHT-
poJIIO AIKOCTI arponpoaykiii kommnanii SocTrade Mukuta
Maroselp.

Kpim Toro B pamkax ¢popyMy BUCTYIWIIU CIIiBBJIa-
CHUK KoMmmaHii «AxtuBnpoekt» borman [lomepeunwmid,
SIKAH TIPOJIEMOHCTPYBAaB M€PeBaru BUKOPHCTaHHS J0/aT-
KOBOI peaJIbHOCTI B IPOEKTYBaHHI i OyiBHULTBI MiANpH-
€MCTB 31 30epiranHs i mepepoOKu arpapHOi IPOIYKIIii, Ta
KOHCYJIbTAaHT-METOAMCT Tpynu KommaHii «Ab-LlenTp»
Hanist JIuctopa, koTpa AetaqbHO 3yNMHHWIIACS Ha pillleH-
HSX JUI aBTOMATH3Allii MPOIECiB B 3€pHOBIH Ta OOpoIII-
HOMEIIBHIN Tray3six.

[TapanensHO 3 poOoTOIO (hOPYMy IparmroBaia BH-
cTaBKa 00JIaqHAHHS 1 TEXHOIOTIH Ul 36PHOBOTO

y sKii cBoi ekcnosuuii npeacraBuwin 42 kommnauii. B
TOMY YHCJIi TIPAaLlOBAJIM J[BAa BUCTABKOBHX MaiJaHYMKU
i BITKPUTUM HEOOM.

OTrxe, B miacymky, npodins V Mixknapoanoro
Grain Storage Forum ELEVATOR 2023 urisigas
Tak: 2 TeMaTH4Hi maHeni, 4 JUCKyCIHHMX cecii, 2 mpak-
TUYHI ceMiHapH, OiNbIIe NecsATKa Mpe3eHTalild i BHpoO-
HUYUX KerciB, 6mm3pko 30 crikepis, moHan 40 yqacHUKIB
BUCTaBKM, YHCJEHHI 3allMTaHHSA i BIAMOBIAI BiJ MOHAaL
700 BimBigyBadiB i rocTei, i 3BiCHO, TICHE CIIJIKYyBaHHS
Ha TONAX (OpyMy W BHCTaBKH, O34 BCTaHOBJICHUX
JIIOBUX KOHTAKTIB 1 TOCATHYTHX JIOMOBJICHOCTEH.

Grain Storage Forum ELEVATOR Bxe craB
TPaIUIIfHUM 1 — TOJIOBHE — OYIKYBaHHUM 3aXOJIOM Ha
3epHOBOMY PHHKY YKpaiHH, IPOBE/ICHHS SIKOTO HE Iepe-
pBaJM Hi MaHAEMIs KOpOHaBipycy, Hi po3B’si3aHa Kpai-
HOIO-arpecopoM BiiiHa. ToMy Hema CyMHIBIB, 10 HacTy-
ITHOTO POKY IPOBITHI KOMITAHII 1 CIIeIiaiCTH rary3i 3HO-
By 3YCTpIHYThCS Ha YeproBoMy (oOpyMi i MPOIOBKAThH
aKTyajbHI 00roBopeHHH i Auckycii. | Oymemo Bci cromi-
BaTHCS, 10 HACTYIHHUN (OPYM IPOUIE BXKE B TEPEMOXK-
Hill i MupHi# Ykpaini!

Haocranok opranizatopu V MixknapoaHnoro
Grain Storage Forum ELEVATOR 2023 Bucnosmto-
I0Th MOASKY 3a JIOIIOMOTY Y HOTO NpOBE/ICHHI TeHepab-
HOMy napTHepy — kommnanii Convex International, exc-
KJIIO3MBHUM TapTHepaMm — kommadisim TEFF Group #
ADVANTAGE AUSTRIA, odiuiliHuM mapTtHepam —

kommanisM SOJAM Ukraine, BUHLER, Greco
Group, TORNUM, SocTrade, Bonfanti, «IIpomaBTo-
MaTtuka BiHHMUSI», a TakoXX MOHAA TPHOM JECSITKaM
crieliayibHUX NapTHepiB, 30kpema kommanism: OLIS,
Ventalab, UKRTRAIN VanAarsen, CIIIJIKA ABTO-
MATU3ATOPIB BIBHECY, APIS company,
FIREWOOD, PRISMA electric, AI'POJIOT'ICTUKA,
FOSS, TEXHOTECT, STIF, KMZ INDASTRIES,
FRANZ RUBERG, EDS PLUS, 3EPHOBUI [IM, 3S
company, AmntapekC, LUBNYMASH, HLR, PHG,
Prisma energy group, Jlaiinep ber Vkpaima, DELTA
engeneering, TOB «MAKCIEKOBYl», Axtuellpoek,
3ABOJ] KOB3APEHKA, FRONTIER-LOGISTIC.PL,
CKS Ilentp Kapkacnoro byniBaumnrta, Farmet, MK
MERCHANTS, BDW FEDMILLSYSTEM.

Oxpema mojsika opuauaHoMy taptHepy Winner,
6esnexoBomy mnaptaepy SHERIFF ta aBTOMOOiLIBHOMY
naptHepy EVO MOTORS.

Jlo 3ycTpiui Ha HacTYynHOMY (hopymi!

KonTtakTn: +38 096 899 4272, +38 067 243 3803

proagro-inform@ukr.net, grain-forum-elevator.com
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3 3 o 9 numnus 2023 poky Ha 6a3i Onecbkoro Ha-
[IOHAJIBHOTO TEXHOJOTIYHOTO YHIBEPCHUTETY 3a MiITPUMKH
€pporeiicbkoi (ezeparlii BUpOOHHUKIB KOpMiB, €Bporieiich-
koi (enmepanii xapuoBoi Hayku 1 TexHoJoOrii, Acomiamii
«Coro3 kopMoBHpOOHHUKIB Ykpainu» npoiria VIII-i cecii
MDKHAPOJTHOI IIKOJIM KOPMIB «MucTenrso Baoc-
KOHAJICHHSI TEXHOJIOTiH, Oe3MeKkn Ta SKOCTI KOMOIKOPMIBY.
B po6oti MIIIK 6ynu nepepsu, mos’s3ani y 2020 pomi i3
emigemiero COVID Tta y 2022 porii i3-3a moyaTky nmoBHOMa-
cmrabHoi BiiHM. Y 2023 poni HaykoBoro panoto ISF, e
3Ba)Kal04W Ha BOEHHHUH CTaH, Ta MPOXaHHSI BUPOOHUIHHKIB,
OyJI0 TIPUITHATE PIillIeHHS TOHOBJICHHS pOOOTH IIIKOJIH 1 MPOo-
TATOM IT’SITH JHIB HABYAHHS PO3TVISIATNCS HAralbHi MATAH-
Hsi, OyJIO 3aMiSIHO YOTHPH TUCKYCIiiHI cecii, BUCOKompode-
CiOHaNbHI yYacHUKH 1 CHIKepH, YOTHPU MaiicTep Kiacu Ta
OJIVH JIA0OPATOPHUH MPAKTHKYM.

IIpuBiTaB yuacHukiB MiXkKHapOJHOI KON KOPMIB
2023 ta 3BepHYBCS 3 BCTyImHHM ciioBoM [IpesunenT Onechb-
KOT0 HaI[iOHAJIILHOTO TEXHOJOTIYHOTO YHIBEpPCHUTETYy I.T.H.,
npodecop Borman €ropos. Pobora mkoan movanacst 3 BH-
koHaHHs1 JlepxaBHoro ['iMHY 1 BHIaHYBaHHS XBHJIMHOIO
MOBYaHHs mam’sATi BoiHiB-TepoiB 3CVY 1 ycix ykpaiHILiB,
3aru0nux y BilfHi.

B nepmmii 1eHp TUCKYCiiHOT cecii OyB mpucBsde-
HUI TpeHaaM i npobiemMu BUPOOHHIITBA 1 pearizalii KomOi-
KOpMIB, BiJi TpOEKTyBaHHS 10 pobotwm3arii! TexHomorii,
MPOEKTYBAHHS, aBTOMATU30BaHE YMPAaBIiHHSA Ta poOOTH3a-
1isi BAPOOHUITBY» OyJM 3pO0JIeHI KOHIENTYalbHi BHCTYIH
HAYKOBIIIB, BiT‘I”I'/ISHHHI/IX i 3aKOPJIOHHUX BUPOOHHYHHUKIB 3

MIKHAPOJTHA IIIKOJIA KOPMIB 2023

-

DOI https://doi.org/10.15673/gpmf.v23i2.2606

HAMpsMy Oprasi3aiii TeXHOJIOTii BHUPOOHUITBA KOMOiKOp-
MiB.

Honosigs bormana €roposa, I.T.H., akajaeMmika
HAAH VYkpainu, 3acimyeHoro Iisiua HayKd 1 TeXHIKH YK-
painm, naypeara JlepxaBroi Ilpemii Ykpainu B ramysi Hay-
ku i TexHiku, akagemika HAAH VYkpainu, npod. xadenpu
Texnonorii 3epHa i komOikopmiB OHTY Oyna mpucssiueHa
CY4aCHMM TpEHJAaM 1 IpoOneMH PO3BUTKY BUPOOHMIITBA i
peaiizaiiii KoMOIKOpMiB.

IIpo 0coOAMBOCTI MPOEKTYBaHHS MiINPUEMCTB 3i
30epiraHHs i mepepoOKH 3epHa Ta BUPOOHHUIITBA KOMOIKOP-
MiB, peaji3aiii NPOEKTHUX pillleHb Ha MiANPHEMCTBAX Ta
MIATOTOBKH KaJpiB PO3MOBIB TeHEPAIBHUN ITUPEKTOP
Interprojekt Gmbh (Himewunna) IBan Ky#b.

http://grain-feed.ontu.edu.ua
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[MuranHsM aBTOMaTH3alii Ta AJIBTEPHATHBHUM
EHEepPreTHYHUM 3a0e3NeUeHHsIM MANPUEMCTB 31 30epi-
raHHs 1 IepepoOKH 3epHa Ta BUPOOHUITBA KOMOIKOpMIB
Oyna mpucesiueHa aonoBias Bramuciasa [suyk (TOB
«IIpomaBToMaTuka BiHHHUII).

Hamnpsimky poGoTu3aii BHpOOHHUIITB, OCHOBHHM
TpeHsaM, nmpobiemMaM Ta MPUKJIagaM YCHIIIHUX PillieHb y
il cdepi Ha TpuKIaa po3podok kadeapu ABTomMaTH3a-
Lil TEXHOJOTIYHUX NPOLECIB Ta POOOTOTEXHIYHHUX CHC-
teM OHTY, a takox nmaGopatopii MeXaTpoHIKH i pobo-
ToTexHIKH «Mironafty Oyia mpencTaBieHa AOMOBIAL Ta
npoBeaeno TpeHinr KocrsatuaoMm I'abyeBum (Qeedo
Robotics Itd.) 3 oBomomiHHS ymIpaBISHHS CIPaBKHIMU
po0OTaMu, 3aCTOCYBaHHIM «MEXaHIYHOI PyKH» B J1a00-
paropii MIRONAFT FablLab. HapuanbHO-HAyKOBOTO
IHCTUTYTY ABTOMaTH3allii, KOMIT FOTEPHUX CHCTEM 1 TeX-
HoJoriit «Inpycrpis 4.0» OHTY.

B pamxkax nmpyroi mauckycininoi cecii «Jlimigauit
00MiH Ta apxiTeKTypa €HepreTHYHOI IIHHOCTI KOMOIKO-
pMmiB 1 xapuyoBux mpoxaykTiB. Ceprudikariis, AKicTe Ta
MiKpOOiOIOTiYHUH KOHTPOIIbY YIACHUKH O3HAHOMMIIUCS

3 Cy4aCHHMH YSIBICHHSMH IPO )KUPOBE Xap4yBaHHS JIIO-
JIMHYU 1 TBapHMHH, BIUIMBY >KHPHOKHCIIOTHOTO CKJIaly pa-
LIOHIB OOMIHHI NPOIIECH 1 OpraHi3M B LIJIOMY, apXiTeK-
TYPOIO €HEPreTUYHOI IIIHHOCTI KOMOIKOPMIB 1 Xap4OBUX
MPOAYKTIB, PO SIKi PO3MOBIB Yy CBO ITOMOBIII 1.010J.H.,
npodecop kadenpu Texnomorii 3epHa i KOMOIKOPMIiB
OHTY Amnaroumniii JIeBULIBKUHA.

J’KBaBe 0OroBOpEHHS BUKIHMKAIH TpEACTaBICHI
pe3ynapTaTH JOCHIHKEHb BIUIMBY pAaliOHIB 3 BHKOpPHC-
TaHHSAM PI3HUX KUPIB 1 OE3KUPOBOTO HA MPOLECH HAKO-
MMYEHHS B BHYTPILIHIX OpraHax TBapHH NPOAYKTIB OKH-
CHEHHs, BUKOPUCTAHHSI KOPMOBHX 1 Xap4oBUX HT0OABOK
UL HOpMaJtizailii 0OMiHy KHPIB, IIUISIXU yIOCKOHAJICHHS
€HEepreTUYHOro 3a0e3MeYeHHS pelenTiB KOMOIKOPMIB.

\ 7 TN |

Jokrop 6ion. Hayk, mpodecop eBOIOIIIHOI Oi-
osiorii Ta exoJorii yHiBepcutery ['masro (Benukobpura-
uist) Peter SURAI y cBoiii 10moBii 03HAHOMUB y4acHH-
KiB 3 BITareHaMu, IX POJUIIO Y PEryJslii iMyHOKOMITETEH-
THOCTI Ta pO3pOOKaMH MPAaKTUYHUX MiIXOJIIB J0 IMyHO-
MOJIYJISILI 1 HIIBUIEHHSIM e()eKTHBHOCTI 3aCTOCYBaHHS B
CKJIaJli KOMOIKOpMIB.

He3MiHHUM HayKOBHM 1 TEXHIYHHM IapTHEPOM
Mi>kHapOHOI IKOJM KOpMiB € Kommanis SocTrade. au-
pekrop Onekcannp Ilnese Ta komanmga SocTrade npen-
cTaBWJIa OOJaJHAHHS IS aHaJi3y KOPMOBOi CHPOBHHH 1
KoMOikopMiB. B pamkax HaBuanus Pyciana Jxadapona,
cnemianict JJKL] SocTrade, mpoBena TpeHIiHT 3 BUKOpPHC-
TaHHA OOJALHAHHS IS IIBUAKOTO 1 HALIWHOTO BW3HA-
YEeHHsS MIKOTOKCHHIB Y CKJaJi KOpPMOBOI CHPOBHHHU Ta
KOMOIKOpMIiB, Ta TPOBETa KOMIJICKCHE BU3HAYCHHS KO-
CTI KOpMIiB Ta KOpPMOBOi CHpOBHMHM 3a Jomnomoroio IY-
anaunizaropis Perten/PerkinElmer.




Grain Products and Mixed Fodder’s, Vol.23, 1.2 (90) / 2023

Onekcii CTOIKO 03HAHOMHUB YYaCHHUKIB 3 po0O-
TOI0 mpunaay i 3actocyBanHsM [U-Dyp'e cniekrpockorii
JUIl CKPUHIHIOBOTO aHalli3y >KHPHOKUCIOTHOTO CKJIaIy
Ta IHIIMX TOKa3HWKIB oJiiii Ta xwupiB. [Ipo ocobmuBocTi
BHU3HAYCHHS KIFOYOBHX IOKA3HHUKIB SKOCTI KOPMIB Ta
KOPMOBOi CHPOBHMHH 3a JorioMororo oonmaananas OPSIS
Liquidline posmosie ximik-meTomuct SocTrade HOpiit
l'onosau.

o
BaaneEs

Tperiii nenp VI -i cecii MixkHapoaHoi mikonu
KOpMIB B paMmKax IUCKyciiiHOi maHeni «HoBi kopmoBi
npenapatu. Ceprudikaiiis, AKiCTh Ta MIKPOOIOIOTTYHHIA
KOHTPOJIb» TPOJOBXKUBCS BHUBYCHHSIM OJIHOTO 3 HaMBII-
JUBOBIIIHMX 3aCO0IB yIpaBiHHA €()eKTUBHOIO MPOIYKTH-
BHICTIO KOMOIKOpMIB, a caMe (pepMEHTOM JIiMa30k0, PO
0 JTOTIOBIB Ta PO3TJISIHYB BiJI€OBi3yali3alilo MeXaHi3My
il mii k.0.H, 3aCTYIHHK IHPEKTOpa 3 HAYKOBOI poOOTH
TOB «biokonrakty, I1IT «KpoHoc-Arpo».

3MICTOBHY 1 SICKpaBy JOIOBIJIb ITPO MEPCIIEKTH-
BHI BUIM O17TKOBO1 Ta >KUPOBMICHOT CHPOBHHH 3 JTUUHHOK
KOMaX, SIKI CKOPO 3'SIBJISIThCS Ha YKPATHCHKHX KOPMOBHX

pUHKax YKpaiHu, MpencTaBuB A-p 0ioi. Hayk, mpodecop,
akagemik HAAH VYkpainu Cepriii MensHuuyk (nemnap-
TaMEHT HayKoBuX nociimpkerb MXII). Byno po3risaHyTo
0COOIMBOCTI BHPOIIYBaHHS JHYUHOK KOMAax, PEryIrio-
BaHHSA XIMIYHOTO CKJIaIy B 3aJI&KHOCTI Bix cyOcTparty
JUT BUPOIIYBAaHHS, OCOOJMBOCTI MEpepoOKH i BHKOpPHC-
TaHHS B CKJIaJi KOMOIKOPMIiB.

Ormsan cucteM ceptudikaiii y cBiTi, 3arajibHi
BHMOTH TMPUEMCTB 3 BUPOOHHIITBA KOPMIB i KOPMO-
BUX KOMIIOHEHTIB po3risiHyB ['puropii Masyp, pagHux
reHepainbHoOro aupexropa Technik BG Gmbh (Himeuuwn-
Ha (DE)).

NURNBERG TRAINING CENTER 8BS

OCHOBHIi BUMOTrM: BXiQHWIA KOHTPONb

PROFESSIONAL NEWS

« BXIHII KOHTPONb NPOROAMTECA 3T ¥ NIAHOM

© KOHTPONIG

Ska

€ CYNPOSCKYBITUCH MOEHNM

HOMONSKTOM KO KyMEHTHE

Oco0suBy yBary Ha IMiANPHEMCTBAX 3 BUPOOHH-
TBa KOMOIKOPMIB NPUALIAIOTH SKOCTI CUPOBHHH, MIK-
pobiosioriuHiii Oe3reni Ta HAasSBHOCTI MIKOTOKCHHIB Y
KOpMOBIi#i cupoBuHU i KomOikopmax. TersHa Bemmuko,
K.T.H., TOIeHT Kadenpu bioximii, Mikpobiomorii Ta di3i-
omorii xapuyBanHi OHTY Hamanma XxapakTepUCTHKY MiK-
pobioTH, Ta mpoBena 1adb0paTOPHUI PAKTUKYM 3 OI[IHKH
MIKpOOIOJIOTiYHOI KOHTaMiHaIii KOPMOBOI CHPOBHHH i
KOMOIKOpMIB B Jabopartopii MikpoOiosorii HaB4aiIbHO-
HAYKOBOTO TEXHOJIOTIYHOTO IHCTHTYTy Xap4OBOi MPOMHU-
ciosocti iM. K.A. boromaza OHTY.

http://grain-feed.ontu.edu.ua
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.
B ocraHHiil AeHb MPAKTHYHOTO HABYAHHS MHTAHHSI
OyJM MpHU3HAYEHI BUPOOHUIITBY TPaHyJIbOBAHUX KOMOIKOp-
MiB, TEXHOJOTii, 00JlaHaHHIO Ta Po3BUTKY IT-cepmicy B
IUSUTBHOCTI  3€pHONEPEPOOHUX 1 KOMOIKOPMOBHX MiATPH-
emcTB. CydwacHUM cucTeMaM ynpaeiiHHA Ta SMART-
00JIaJHAHHIO /IS KOMOIKOPMOBHX 1 3epHOINEPEpOOHUX TTijI-
npueMcTB Oyla mpucBsdyeHa jnomoBiap Cepris ApTIOmKiHa
(TOB "OcHoBa", rpyma Kommasiii "3epHOBa CTOIHIS"),
Takok OyJi0o TMpOBEAGHO MalcTep-kiac B Jaboparopil
CmapTt-o0sialHaHHS 3E€PHOBHX 1 KOMOIKOPMOBHX BHPOO-
aunTs OHTY.

u R !. i -
IIpo ocobmuBoCTi 1MGPOBUX TEXHOJOTIH ympaB-
JIHHS €JIEKTPOTPUBOAMH Ha HOBITHHOMY OOJiagHaHHI (ip-
mu «EATON» (cBiTOBHMiI TEXHOJOTIYHHMN Jijgep y ramysi
piteHs eeKTHBHOTO KEPYBAaHHs €HEPTi€i0) Ta MPaKTHIHO-
My HABUAHHIO Ha Cy4YacHili MiKpONpPOLIECOpHill amapaTypi
BUPOOHMITBA SIEMENS st IHTENCKTYaIbHOrO KepyBaHHS
€JIEKTPOMEXaHIYHIUMU CHUCTeMaMH Ta ii mporpamMHoOro 3ades-
neueHHs B jaboparopii S-ImxuHipuHr o3naifomus Ilerpo
Ocanmuyk, I.T.H, 3aB. kapenpu EjekrpoMexaHikKd Ta Mexa-
Tponiku OHTYVY.

L

Kosiaexenuit npoest «1CK Groupy, «XOPOJILCBKIH M3»,
«JTYBHHMAI ta «EJIMAII»

EICcK

IIpo KOMIUIEKCHI pillleHHS, MOYUHAIOYM Bif imel
JI0 TIOCTaBKM KOMOIKOPMOBOTO 3aBOAY pO3MOBIB JIMHTPO
Hynko, wmeHemkep rpynu kommanii ICK — Group,
GranTech™. B cpoiii m0mOBiAi BiH PO3MISHYB HHUTaHHS
MHUCTEITBA I'PaHyJIIOBaHHSI KOMOIKOPMIB i pOCIMHHOI CHPO-
BUHH, XapaKTCPUCTHKY OOJIaJHAHHS, MiHI-yCTAaHOBOK Ta
ABTOMATHYHMAX CHCTEM YIPABIiHHSA JUIT KOMOIKOPMOBOI
npomuciosocTi, ski Bumyckae ICK Group, GranTech™.,
CHIUJIBHI KOMIUIEKCHI MPOEKTH 3 XopojbckuM M3, JlyOHu-
Mai, Enmari, BUpOOHHITBO 1 3aCTOCYBaHHS TBEpJAOro 0io-
nanusa. byno 3a3zHadeHo, 1m0 3a 30 pokiB pobOTU KOMIaHisA
BIpoBaamia moHas 460 MpoekTiB B pi3HUX ramys3sx B 20
KpaiHax cBiTy, 3 HUX roHaz 100 11 KoMOiKOPMOBOT raiysi.

HaBuaHHS 711 yYaCHHKIB 3aBEpUIMIIOCH MaicTep-
KJIacoM B Jlabopartopii ceHcopHoro anamizy OHTY, ne
npoitnuia perycraiist OfecbkuX BUH Ta Bpy4YeHHs cepTudi-
KaTiB. Tako)X MPUEMHHUM CIOPIPU30M JJIsl YIACHUKIB OyIH
exckypcis «Kpuminanpaa Ozecay» Ta BiIBiyBaHHs BHCTABH
y OpecbkoMy akaJeMidYHOMY TeaTpi MY3M4HOI KOMenil iM.
Muxaiina BoggHoro.

® -

Cecis 3aBepuimiacs KpyriuM CTOJIOM, Ae Oyiu Imi-
JIBEJICH] MiJICYMKH POOOTH Ta MPUHUHATI PE30JIOLT IS 110-
Janbioi podoTH toBineiHoi 10-1 cecii MixknapomaHoi Illko-
m Kopwmis 2024.

3a geB’sATh pokiB poOoTH MiKHAPOAHOI KON
KOpMIB MpOWILIH HaBuaHHs 215 y4acHUKIB, 312U eK3aMeH
i orpumanu ceptudikatu 211 crenianicTiB Ta MpaniBHUKIB 3
74 mignpueMcTB Hawoi ramysi 30epiranus, nepepoOku 3ep-
Ha Ta BUTOTOBJICHHSI KOMOIKOpMIB.

JsKyeMo BCiM 3a JIOTIOMOTY B OpTraHi3amii, IpoBe-
neHHi Ta yvacri! Pazom BigOynyemo Haimry aep:kaBy, pazoM
nporBiTaTumMemo!

B. €ropos, A.1.H., npod., A. Makapuncbka, A.T.H. 01
http://isf.ontu.edu.ua/ 20.06.2023
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SUBSTANTIATION OF THE UNIVERSAL ADAPTIVE TECHNOLOGICAL
SYSTEM OF COMPLEX LABORATORIES FOR QUALITY AND SAFETY
ASSESSING OF GRAIN AND OIL CROPS

Abstract

The materials of the article provide data on the export of domestic grain, oil crops and their processing products, the com-
modity structure of the export of domestic agricultural products and a dozen export countries during the operation of the grain cor-
ridor from March 2022 to August 2023. The main requirements for modern laboratories and their functions are listed. The compo-
nents of a comprehensive analytical approach to assessing the quality and safety of grains and oilseeds according to modern interna-
tional requirements are presented. It has been established that, in addition to the technical and economic component, the activities of
complex laboratories are affected by a large number of technological limitations, among which an important place is occupied by the
problems of quality control of test results. Today, the functioning of native laboratories that assess the quality and safety of grains
and oilseeds has some of shortcomings that may affect the effectiveness of testing activities. In particular, there is a lack of a unified
approach to addressing systemic requirements, a large number of regulators, conflicting requirements, and limited international
harmonization. The requirements of industry regulations and contract specifications pose challenges for laboratories. All of this
emphasizes need to develop a universal adaptive technological system for quality control of integrated laboratories for assessing the
quality and safety of grains and oilseeds. The main components of quality management of laboratories for quality assessment of
grains and oilseeds are considered and analyzed. It was found that only 11% of accredited domestic laboratories can comprehen-
sively meet the current demand for conformity assessment services for agricultural raw materials. Based on the analysis, a roadmap
of quality management components of laboratories for quality assessment of grains and oilseeds was developed. The development of
such guidelines will help to meet diverse requirements and systematically demonstrate competence in line with current needs. Pro-
cesses such as analytical method validation, measurement uncertainty assessment, metrological traceability, and accreditation sup-
port require significant financial investments. The creation and implementation of a universal adaptive technological system will
help to rationalize the use of resources, thanks to logistical advantages, efficiency, reliability of results, and vertical management
system. The creation and implementation of a universal adaptive technological system will help to rationalize the use of resources,
thanks to logistical advantages, efficiency, reliability of results, and vertical management system.

Key words: testing laboratories, quality, safety, quality management, grain and oil crops.

Introduction eration of the grain corridor [1] are presented in Fig. 2.

:

GRAIN, PROCESSING GRAIN: TECHNOLOGY AND QUALITY

Ukraine is an agrarian country with great poten-
tial for international trade engagement. According to the
Ukrainian Grain Association [1], even during the war
period, from March 2022 to August 2023, more than 33
million tons of corn grain, 18 million tons of wheat grain,
and 3 million tons each of barley, soybean, sunflower
seeds, and rapeseed were exported (Fig. 1). The com-
modity structure of exports of domestic agricultural
products and a dozen exporting countries during the op-
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Data analysis of Fig. 1 and Fig. 2 once again confirms
the high quality, demand and interest of the world in our
agricultural products.

However, in order to achieve the maximum lev-
el of competitiveness in the global market, a prerequisite
is to ensure the appropriate level of quality and safety of
exported agricultural raw materials and products, which
is confirmed in production and research laboratories.

53,763,947

18,458 402

a) Export volume, million tons
Fig. 1. The structure of exports of domestic grain, oil crops and products of their processing
from March 2022 to August 2023 [1]
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c) Export geography, tons

Fig. 2. Export indicators of domestic agricul-
tural products from March 2022 to August 2023 [1]

Turkey
Italy

MNetherlands

Egypt
Bangladesh

Modern laboratories at grain processing enter-
prises must meet the following requirements:

- confidentiality and impartiality;

- standardization;

- competence;

- controlled quality.

The main functions of modern laboratories in
the grain processing industry are:

- sampling and transportation of samples;

- assessment of quality and safety indicators of
grains and oilseeds;

- research and development activities.

© “3epHOBi NpoayKTH 1 KOMOiKOpME™, 2023

Corn; 43,

Modern laboratory activities aimed at assessing
the quality and safety of grains and oilseeds are based on
a large number of national and international require-
ments, industry regulations, and are controlled by a wide
range of regulators. This is primarily due to the fact that
meeting even the minimum list of contractual require-
ments according to The Grain and Feed Trade Associa-
tion (GAFTA) [2] and The Federation of Qils, Seeds and
Fats Associations (FOSFA) [3] requires a systematic,
interdisciplinary approach and significant resource poten-
tial (Fig. 3).

Consistency of approaches to data analysis and
interpretation is a guarantee of confidence in the results
of laboratory tests. Therefore, in addition to the indica-
tors themselves, it is important to carefully consider the
methodological and technical components of their defini-
tion.

Formulation of the problem

The current activity of domestic laboratories for
assessing the quality and safety of grain and oil crops has
a number of shortcomings that can affect the effective-
ness of testing activities [4]. In particular, there is a lack
of a unified approach to solving system requirements, a
large number of regulators, conflicting requirements and
limited international harmonization. The situation is
complicated by the requirements of industry regulations
and the challenges posed by contract specification la-
boratories [4]. All this emphasizes the need to create a
universal adaptive technological system of quality con-
trol of complex laboratories. The development of such
guidelines will allow us to meet the various requirements
and systematically demonstrate competence according to
current needs. Processes such as validation of analytical
methods, assessment of measurement uncertainty, metro-
logical traceability and accreditation support require sig-
nificant financial investment.

The goal is to substantiate the development of a
universal adaptive technological system of integrated
laboratories for assessing the quality and safety of grain
and oil crops.

To achieve the goal, the following tasks were
solved:

- to analyze the existing certified laboratories for
assessing the quality and safety of grain and oilseed
crops for compliance with modern international require-
ments for comprehensive analysis of the quality and safe-
ty of grain and oilseed crops;

- to analyze the main sources of international re-
quirements for the activity of laboratories for assessing
the quality and safety of grain and oil crops;

- to create a "road map" of the quality manage-
ment components of laboratories for the assessment of
the quality of grain and oil crops for the formation of
directions for further research.

Objects of research - domestic laboratories that
assess the quality and safety of grains and oilseeds, sub-
ject of research - compliance of the system of ensuring
the functioning of integrated laboratories for assessing
the quality and safety of grains and oilseeds with modern
international requirements.
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Research results and
discussion

We analyzed 313 testing
laboratories that assess the quality
and safety of grains and oilseeds
and are accredited by NAAU [4].
According to the results of the
study of the areas of accreditation

of these laboratories, only 33 offer

Dioxins
Toxic substances
Complex 2
. Surfactants
analytical
approach
-

a comprehensive approach to the
assessment of these parameters,
by modern international require-
ments.

In this regard, it is almost
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Microbiological indicators - =
Phytopathological indicators
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Y dd
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Fig. 3. Components of a comprehensive analytical approach to assessing the
quality and safety of grains and oilseeds, according to modern

international requirements

Research materials and methods

The research materials were:

- 313 areas of accreditation of conformity as-
sessment organizations, according to the list of the
National Accreditation Agency of Ukraine (NAAU),
which carry out activities about quality and safety indica-
tors of grains and oilseeds, for the first half of 2023;

- national and international regulatory docu-
ments governing laboratory activities to assess the quali-
ty and safety of grains and oilseeds.

Standard analytical and statistical processing
methods were used to analyze regulatory and technical
documentation for compliance.

Fingerprints
Molecular genetic indicators
GMO content

export product within one institu-
tion. This situation leads to the
need to involve additional service
providers and the long transporta-
tion of the sample, which is likely
to negatively affect its perfor-
mance.

While the functioning of
complex laboratories is subject to
comprehensive state regulation
both in terms of quality assurance and safety of their ac-
tivities, the requirements for the implementation of la-
boratory activities are based on a wide range of interna-
tional regulations aimed at building confidence in the
competence of the conformity assessment body and the
results it provides. Among the most important ones are
ISO 9001 [5]; ISO/IEC 17025 [6], 1ISO 22000 [7], ISO
31000 [8], EA Regulations [9] and ILAC [10]. Addition-
ally, there are a large number of industry-specific regula-
tions that establish rules for the implementation of spe-
cific areas of research.

Providing comprehensive testing services poses
serious challenges for laboratories. One of the fundamen-
tal problems in the provision of interdisciplinary analyti-
cal services is the sustainable functioning of the quality

Management of the environment and oceupational safety ]

management sys-
tem. The imple-

mentation of la-

Personnel management ]

boratory activities
by modern quality

f . management
Equipment management ] models (Fig. 4)
//—— ) and  systematic
Management of reagents and consumables ] proof of the labor-
atory's compe-

Quality management system \

of complex laboratories

Information management ]

tence at the inter-
national level that

¥ Management of research methods ]

guarantees inter-
national trust and

effective trade

Management of analyzed samples ]

cooperation.
An  ap-

\.

Risk and opportunity management ]

propriate  quality
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Fig. 4. Roadmap of quality management components of laboratories for

quality assessment of grains and oilseeds
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ness, and reproducibility of test results. However, the
current quality management of testing laboratories has
some shortcomings. Among them, the most influential
are four:

1. Lack of a single global system of standards.

Internationally, there is no single system of
standards for quality management of testing laboratories.
Countries and regions may have their own national
standards, which require additional efforts from laborato-
ries to meet the requirements of various regulations.

2. A large number of regulators.

Testing laboratories operating in an international
context are often faced with a large number of regula-
tions, standards and requirements from different coun-
tries. This can lead to difficulties in implementing and
following all the necessary procedures and protocols, as
well as require significant costs for preparing and updat-
ing laboratory equipment and infrastructure.

3. Contradictory requirements.

Different countries and industry associations
may have different requirements for procedures, method-
ologies and documentation. This can create inconsisten-
cies and ambiguity, especially when testing is conducted
in an international environment. Such discrepancies can
lead to unpredictable results and make it difficult to co-
operate between different laboratories and countries.

4. Limited harmonization of international stand-
ards.

Implementing a single global system of stand-
ards for quality management in testing laboratories is
challenging because different organizations and countries
have different approaches and priorities. This leads to
limited harmonization and insufficient interoperability
between different standards, which affects the overall
quality and comparability of test results.

In addition, the requirements for quality man-
agement of testing laboratories are constantly improving
and changing. For example, the change of DSTU
ISO/IEC 17025:2017 to DSTU EN ISO/IEC 17025:2019
and the implementation of HACCP requirements at the
national level.

In Ukraine, accreditation for compliance with
the requirements of certain management systems, such as
17025, Good Manufacturing Practice (GMP+), and Ver-
band Lebensmittel ohne Gentechnik (VLOG), is a volun-
tary procedure. However, international trade is impossi-
ble without proving the competence of the testing labora-
tory. Therefore, the provision of comprehensive con-
formity assessment services for agricultural raw materials

should be based on modern requirements, including re-
quirements for quality systems.

Conclusions and prospects for further research

The analysis of the conformity of laboratories
for assessing the quality and safety of grains and oilseeds
by modern international requirements showed that only
11% of accredited domestic laboratories in Ukraine can
comprehensively meet the current demand for conformity
assessment services for agricultural raw materials.

Quality and safety assurance is a key element in
creating value for Ukrainian agricultural raw materials
for foreign consumers. Harmonization of the approaches
used in the analysis and interpretation of their results
helps to increase confidence in the results of laboratory
tests. Due to the fact that the safety and quality indicators
of grains and oilseeds have a wide range of parameters
that are subject to assessment and regulation at the na-
tional and international levels, meeting all these require-
ments is possible only with a comprehensive analytical
approach. Only comprehensive laboratories are able to
perform a sufficiently wide range of analyzes and allow
the consumer to receive all the necessary services in one
institution. Due to their versatility, comprehensive labor-
atories can perform the entire range of tests and flexibly
adapt to changing requirements and tasks. The creation
and implementation of a universal adaptive technological
system will help to rationalize the use of resources,
thanks to logistical advantages, efficiency, reliability of
results, and a vertical management system..

However, due to the complexity and intercon-
nectedness of analytical procedures performed within
complex laboratories, establishing an effective and func-
tional quality management system for analytical results is
a challenge. A large number of regulatory requirements
and regulators, contradictory approaches and insufficient
international harmonization, along with regular review
and improvement of industry technologies, form the cur-
rent context for laboratory activities.

Given this, it is important to work to overcome
limitations and continuously improve management pro-
cesses for the successful operation of integrated laborato-
ries for quality and safety assessment of grains and
oilseeds. The development of a universal technological
concept for quality management of testing laboratories is
of great relevance and importance for ensuring the relia-
bility and credibility of test results at the international
level.
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OBI'PYHTYBAHHS YHIBEPCAJIBHOI AﬂAHTpBHOi TEXHOJIOI'TYHOI
CUCTEMH KOMILTEKCHUX JTABOPATOPIH 3 OUIHKH SIKOCTI TA
BE3IEYHOCTI 3EPHOBHUX TA OJIIMHUX KYJbTYP

Anomauin

B mamepianax cmammi nagedeno oami ekcnopmy GIMUUSHAHUX 3ePHOBUX, ONIIHUX KYIbMYp mMa NPpOOYKmie ix
nepepooKu, moeapHoi CmMpyKmypu eKCnopmy GiMuUHAHOI a2ponpooyKyii ma Oecamka Kpain 3 eKkcnopmy nio uac po-
bomu 3epHo6o2o kopuoopy 3 bepesus 2022 no cepnenwv 2023 poky. Ilepeniueni ocHO8HI gumocu 00 cyuacHux r1abopamo-
pit ma it pynxyii. [lpedcmagneno KoOMnoHeHmMu KOMNIEKCHO20 AHATIMUYHO20 NI0X00Y 00 OYIHKU AKOCMI ma 6e3neuHo-
CMi 3epHOBUX MA ONIUHUX KYIbIMYD, 32I0H0 3 CYYACHUMU MINCHAPOOHUMU 8UuMo2amu. Bemarnoeneno, wo okpim mexHixo-
EeKOHOMIYHOI CKIA0080I, HA OIANbHICIb KOMWIEKCHUX 1a00pamopill 8NIueac 8eauKd KilbKiCmb MexXHOI0IYHUX obme-
JICEHb, Cceped AKUX BadCause micye nocioaioms npoodaemu KOHmpomo Akocmi pesyromamié sunpodysans. Cbo2ooui,
cman QYHKYII08AHHS GIMYUZHAHUX 1aO0Pamopitl, sKi 30illCHIOIOMb OYIHKY AKOCMI ma 6e3neuHoCcmi 3epHO8UX Ma OJlili-
HUX KYIbMYp, MA€ pAO HeOONIKI8, W0 MOXCYMb GNIUHYIMU HA Pe3YTbmamueHicms eunpobysanvhoi oisisuocmi. 30Kkpe-
M@, MOJNCHA UOLIUMU MAKL YaKkmopu sik 8IOCYMHICMb €0UHO20 NIOX00Y 00 GUPIULEHHS CUCMEMHUX 8UMO2, BENUKY Killb- I:l
Kicmb pezyisimopise, Cynepeuiusicmos GUMo2 ma 00MerHcena MiscHapoona capmonizayis. Cumyayiio yCcKiaoHioioms 8u-
MO2U 2any3e6Ux HOPMAMUGHUX OOKYMEHMIE Ma GUKIUKU, AKI CAGISAMbCA heped 1adopamopiamu 4epe3 KOHMpPaKmHui
cneyudbixayii. Yce ye niokpecuioe HeobXiOHicmb po3poOKU YHIBEPCANbHOI A0aNMUEHOI MEXHOIOSIYHOI CUCmeMU KOHM-
POTIO SAKOCTI KOMNJLEKCHUX 1a00pamopiil 3 OYiHKY AKOCMI ma 0e3neyHoCmi 3epHO8UX ma OniuHuX Kynvmyp. Pozenanymi
ma NPOAHANI308aHI OCHOBHI CKIAO08I MEHEONCMEHMY AKOCMI 1A60pamopill 3 OYIHKU SIKOCMI 3ePHOBUX MA ONIUHUX K)-
avmyp. Bemanoeneno, wo auwe 11% axpedumosanux 8imyusHAHUX 1a60pamopitl 30amHi KOMIIEKCHO 3A008IIbHUMU
CYUACHUL NONUM HA NOCIY2U OYIHKU 8IONOBIOHOCMI CilbCbK020Cnodapcykoi cuposunu. Ha ocnogi npogedenozo ananizy
PO3PO0OIEHO QOPOCHIO KAPMY CKAADOBUX MEHEOICMEHMY AKOCMI 1ab0pamopiil 3 OYiHKU AKOCMI 3ePHOBUX MA ONIUHUX
Kynomyp. Po3pobka makux pexomenoayiii 003601ums 3a00601bHUMU PIZHOMAHIMHI UMOU MA CUCMEMAMUYHO 0eMOH-
cmpyeéamu KOMNemeHmHiCmy 3 ypaxyeanHam akmyansHux nompe6. Ilpoyecu, maki Ax éanioayis aHanimuiyHux memo-
0i8, OYiHKA HeB8U3HAUEHOCMI GUMIPIOBAHDL, 3a0e3NeUeH s MempOoa02iYHOI NPOCENCYBAHOCME A NIOMPUMKA AKpeOu-
mayii, nompebyioms 3sHauHuUX Qinancoux exiaoensb. CmeopeHHs ma 6NPOSAONCEHHS YHIBEPCAbHOI adanmusHoi mex-
HOJI02IYHOI cucmemu 0OnoModice PayioHANbHO GUMPAYAMYU PECYPCU, 3A6OAKU NOICMUYHUM Nepeeazam, OnepamuHoc-
mi, HAOTUHOCMI Pe3yTbMmamie ma GePMUKAIbHIU cucmemi YnpaeiiHHs.

Kirouosi cioBa: BunpoOyBajibHi J1aboparTopii, fIKicTb, 0e3NeYHiCTh, MEHEIKMEHT SIKOCTi, 3¢pHOBi Ta
OJ1iliHI KyJIbTYpH.
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OAT GUM STRUCTURE, PROPERTIES, PRODUCTION,
APPLICATION IN THE FOOD INDUSTRY

Abstract

Oat gum (B-glucan, glycan) belongs to the group of soluble dietary fibers. Due to their important functional properties, cere-
al p-glucans are used to reduce the level of cholesterol in the blood, alleviate the symptoms of diabetes, lower blood pressure, and
prevent cardiovascular and oncological diseases. Sources of f-glucans are yeast, mushrooms, bacteria, barley, oats. The use of sec-
ondary resources of barley and oat processing as a Source of f-glucans has both economic and environmental significance. Cereal
PB-glucans consist of f-D-glucose monomers connected by (1,3)- and (1,4)-glycosidic bonds. f-Glucan dissolves well in cold water
and is insoluble in ethyl alcohol. It is able to form very viscous solutions at low concentrations. The viscosity of solutions depends on
the concentration and molecular weight of f-glucan. The rheological properties of aqueous gum solutions do not depend on the pH
of the medium. The presence of NaCl in concentrations of more than 0.5% leads to a decrease in the viscosity of solutions, and the
addition of sucrose in the amount of 20-45% increases the viscosity. The technological features of obtaining -glucans are related to
the method of their extraction from natural sources. Extraction of oat gum from oat bran or rolled oats involves alkaline treatment of
flour at 50-70 °C and pH 8.0-10.5, removal of starch and proteins, precipitation of oat gum with alcohol and separation by centrifu-
gation. Solubility, degree of extraction, and yield of f-glucan from oats depend on particle size, pretreatment of grain raw materials,
and extraction conditions (temperature, pH, extractants). f-Glucan is isolated from the extract by dialysis, ultrafiltration or alcohol
precipitation. When using dialysis, highly viscous B-glucan is obtained, but with a lower yield; ultrafiltration and alcohol precipita-
tion allow a higher yield of f-glucan with lower viscosity. Oat gum can be introduced into a wide range of food products to provide
new functional properties and improve nutritional quality, including wheat bread, bakery products, cookies, pasta, soft drinks, as a
fat substitute in dairy and meat products. It performs the technological functions of a thickener, gelling agent, stabilizer or coating in
food systems.

Keywords: p-glucan, glycan, functional ingredient, functional food products.

Introduction content ranging from 0.5-1% and 1.4-2.6%, respectively.

Recently, there has been a growing interest in Sorghum, rice and millet contain less B-glucan.
functional foods, which are obtained by adding physio- Oats are the most widely available source of cere-
logically functional ingredients to their composition. al B-glucan. The content of B-glucan in grain is largely
Such ingredients include dietary fibre, which has a posi- influenced by the genotypic characteristics of the oat
tive effect on physiological and biochemical processes in variety and its growing conditions [5]. Hulled oats con-
the human body [1]. tain more B-glucan than filmy oats. High temperatures

Oat gum (B-glucan, glycan) performs the techno- and excessive irrigation during grain cultivation cause a
logical functions of thickener, gelling agent, stabiliser or decrease in the content of B-glucan in grain.
coating in food systems. Due to its important functional B-Glucans predominate among the cell wall com-
properties, cereal B-glucans are used to lower blood cho- ponents of cereals.
lesterol levels, alleviate the symptoms of diabetes melli-
tus, lower blood pressure, and prevent cardiovascular and Structure
oncological diseases. [2]. According to experts, from B-D-Glucans are a group of structurally diverse
2023 to 2029, the global oat gum market will grow stead- carbohydrate polymers composed of B-D-glucopyranose
ily, with an increase of approximately 6.5% over this residues. To date, five common natural structures of B-D-
period [3]. glucans are known [6]:

The purpose of this review is to summarize the - cellulose or (1-4)-p-D-glucan, the most
data from the current scientific literature on the structure common polysaccharide in nature, which is
and physicochemical properties of oat gum, technologi- formed in higher plants, seaweeds, some
cal aspects of its production and use in food production. invertebrates and microorganisms;

- unbranched (1-3), (1-4)-p-D-glucans from

Literary review lichens and higher plants, in which both

Sources types of bonds are distributed randomly

B-Glucan is present in various natural sources: ce- along the chain;
real grains (oats, barley), yeast (in particular Sacchromy- - (1-3)-p-D-glucans produced by fungi and
ces cerevisiae), and some molds [4]. However, the main microorganisms;
sources of this valuable functional ingredient are cereals. - (1-6)-p-D-glucans from lichens and some
Among cereals, oats and barley have the highest B-glucan fungi;
content: 2-11% in barley and 2-7.5% in oats. For wheat - branched (1-3), (1-6)-B-D-glucans from
and rye, pB-glucan is a less common component, with a fungi and algae.
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Fig. 1. Structure of cereal p-D-glucan [6]

Oats and barley contain unique metabolites - hy-
drocolloidal polysaccharides with mixed bonds - (1-3),
(1-4)-B-D-glucans. Their primary structure is a linear
chain of glucopyranose monomers linked by single B-(1-
3)- and consecutive B-(1-4)-glycosidic bonds (Fig. 1).
The structure of B-D-glucans determines their solubility
in water.

Physical and chemical properties

B-Glucan is highly soluble in cold water and in-
soluble in ethyl alcohol. It is capable of forming very
viscous solutions at low concentrations. The viscosity of
the solutions depends on the concentration and molecular
weight of B-glucan. At low concentrations (less than
0.2%), a p-glucan solution behaves as a Newtonian fluid,
i.e., an increase in the shear rate does not affect the vis-
cosity. However, at higher concentrations (more than
0.2%), B-glucan molecules with a high molecular weight
form viscous and pseudoplastic solutions. The pseudo-
plastic behavior increases with increasing concentration
and molecular weight. B-Glucans with high molecular
weight form viscous and pseudoplastic solutions, while
B-glucans with low molecular weight can form soft gels
at higher concentrations. An increase in the concentration
of the dissolved polymer usually leads to an increase in
viscosity, as does an increase in the molecular weight of
the dissolved substance [7].

The rheological properties of aqueous solutions of
oat gum do not depend on the pH of the medium. The
presence of NaCl in concentrations of more than 0.5 %
leads to a decrease in the viscosity of solutions, and the
addition of sucrose in the amount of 20-45 % increases
the viscosity, while a higher concentration of sucrose
negatively affects the rheological properties [8].

Production

Oat gum is produced from oat or other cereal
grains containing B-glucan. In the process of production,
the grain endosperm is subjected to extraction, followed
by fermentation and purification of oat gum from raw
material residues.

The extraction of oat gum from oat bran or flat-
tened oats involves several stages: alkaline treatment of
flour at a temperature of +50-70°C and pH 8.0-10.5,
starch removal, isoelectric precipitation of proteins, pre-
cipitation of oat gum with alcohol and separation by cen-
trifugation [9]. The content of oat gum varies in the range
of 3.0-6.3 % for oat bran and 1.8-5.2 % for flattened oats,
while the content of B-glucan in the gum varies in the
range of 70-89 % and 50-68 %, respectively. Oat gum
extracted at a temperature of +50-55°C and pH 9.2-10.5
is characterized by little or no starch contamination.

The solubility, degree of extraction and yield of -
glucan from oats depend on the particle size, pretreat-

17

ment of the grain raw material and extrac-
tion conditions (temperature, pH, extract-
ants).

To increase the yield of B-glucan,
dry fractionation methods are used, includ-
ing sequential grinding using a roller and
hammer mill with oat groats sieved or
classified in the air. Furthermore, the yield
of B-glucan is increased by heating the oats at 12% mois-
ture for 20 minutes. Fine grinding leads to a decrease in
the yield of B-glucan, but with an increase in particle
size, the degree of its extraction decreases. The distribu-
tion of B-glucan in cereals varies, and therefore the re-
spective fractions may differ in its content.

Other cereal components may limit the extraction
of B-glucan. Enzymatic processing of raw materials with
subsequent inactivation of enzymes allows to obtain a
product with a higher B-glucan content and solution vis-
cosity, but its yield is reduced [10, 11].

The enzymatic conversion of oat flour starch and
bran to maltooligosaccharides is carried out with the par-
ticipation of thermostable a-amylase at a temperature of
+95°C for 10-60 minutes. After that, a-amylase is inacti-
vated by passing the mixture through a jet ejector at
+140°C. The soluble B-glucan fibers and maltooligosac-
charides are extracted by centrifugation [12].

Protein degradation under the influence of proteo-
Iytic enzymes added before heating leads to an increase
in B-glucan vyield, although it has been found that this
reduces both the molecular weight and viscosity of barley
and oat B-glucans. Trypsin, which does not have [-
glucanase activity, unlike other proteases, is used as a
proteolytic enzyme [13].

To enrich cereal B-glucans, acidic or alkaline con-
ditions can be used in combination with elevated temper-
ature, dry fractionation, enzymes and extractants. Using a
slightly alkaline solution with a pH of 7.0-8.0 at +55°C,
87 % of B-glucan is extracted from barley flour with a
purity of 89 %. The extraction of B-glucan is more effi-
cient at +55°C than at +40°C, and increasing the pH has
no effect. In another method, to obtain a highly concen-
trated B-glucan solution, milled barley is treated in 70 %
ethanol, washed in 96 % ethanol or extracted with hex-
ane, and then treated with hot water and thermostable a-
amylase.

From untreated or enzyme-treated oat bran, PB-
glucan can be extracted with aqueous sodium carbonate
at +40 °C and pH 10.0, after which B-glucan is separated
from the extract by dialysis, ultrafiltration or alcohol pre-
cipitation. These methods make it possible to obtain
products from oats with a B-glucan content of 60-65%,
but the viscosity and molecular weight vary depending
on the processing conditions. Dialysis produces a highly
viscous B-glucan, but with a lower yield; ultrafiltration
and alcohol precipitation allow for a higher yield of B-
glucan with a lower viscosity [14].

Application in the food industry

Cereal B-glucans can be added to a wide range of
food products to impart new functional properties and
improve nutritional quality.

One of the most common foods enriched with [3-
glucan is bakery products and other wheat flour-based

http://grain-feed.ontu.edu.ua

GRAIN, PROCESSING GRAIN: TECHNOLOGY AND QUALITY




. W

3epHoBi npoaykTH i KoMGikopmu, VoI.23, 1.2 (90) / 2023

products. However, $-glucan added to wheat bread in the
amount of 2.5 to 5.0% significantly reduces the volume
and height of the bread. B-Glucans with a high molecular
weight undergo degradation during bread baking, which
leads to the greatest loss of dough and bread quality. In
contrast, low-molecular-weight p-glucans do not degrade
during baking. Freezing and thawing bakery products
reduces the solubility of oat B-glucans and weakens the
hypoglycaemic effect. Adding B-glucan to biscuits in-
creases their elasticity and water content. Oat B-glucan
has been successfully added to Asian noodles, which
allows reducing the use of rice flour by 50%, while main-
taining the quality of the noodles, their taste and without
culinary losses during cooking. The addition of B-glucans
to pasta leads to an increase in the water absorption in-
dex, water solubility index, and viscosity of products
[15].

Cereal B-glucans have been successfully incorpo-
rated into some dairy products. It has been found that f3-
glucan from oats is better than barley at supporting the
viability and stability of probiotics, and increases the
content of lactic and propionic acid in yoghurt. A probi-
otic low-fat dairy product enriched with -glucan resem-
bles yoghurt. Recently, there has been a growing interest
in the development of dairy desserts with good nutrition-
al and rheological properties, in particular, using carra-
geenan and oat gum [16].

B-Glucan is used as a fat substitute in cheeses.
The resulting cheeses have a lower hardness, desirable
taste and melt duration, and similar elasticity and cohe-
sion. However, when using cereal f-glucans as fat substi-
tutes in cheese, difficulties arise in creating a product
with unchanged sensory properties.

B-Glucans are used as fat substitutes in meat
products. Sausages with a fat content of 12% and 0.3%
B-glucan met the requirements, but with 0.8% B-glucan
in the sausages, tasters did not rate them positively. Re-
placing 50 to 90 % of the fat in hamburger beef with ce-
real B-glucans did not reduce the product yield, main-
tained a high moisture content, and slightly reduced the
size of the product.

Soft drinks prepared with the addition of 0.3-0.7%
barley B-glucan did not differ in color intensity from
drinks in which pectin was added. Beverages containing
0.7 % B-glucan were more acidic than those with 0.3 %
pectin. At the same time, the viscosity of the drinks in-
creased. With an increase in the concentration of [-
glucan, the beverages became lighter and flocs formed,
while the organoleptic properties of beverages with pec-
tin did not change [14]. When studying the effect of hy-
drocolloids - oat gum, guar gum and carboxymethyl cel-
lulose - on the sensory perception of sweetness and aro-
ma, it was found that the sweetness of drinks was best
perceived in oat gum solutions and the weakest in guar
gum solutions. The effect of thickener composition on
sweetness perception was greater than that of viscosity.
The reduction of sweetness by hydrocolloids was weaker
for aspartame than for fructose or sucrose [17].

Oat gum is authorized for use in Ukraine and Eu-
rope. There is no daily allowable intake, although its me-
tabolism and toxicity have not been determined. Taking
into account the possible harm of oat gum, a daily intake
dose has been established that should not exceed 20
mg/kg body weight.

Conclusions and prospects for further research
Oat gum (B-glucan) is a valuable physiologically
functional ingredient used to lower blood cholesterol
levels, alleviate the symptoms of diabetes mellitus, lower
blood pressure, and prevent cardiovascular and oncologi-
cal diseases. The data of modern scientific literature on
the structure and physicochemical properties of oat gum,
as well as the technological aspects of its production and
use in food production, are summarized. Further research
aimed at fortification of soft drinks with cereal B-glucans
as a convenient basis for the creation of functional food
products is promising. The development of products en-
riched with cereal B-glucan will help to provide the popu-
lation with food products with a sufficient amount of
dietary fiber.
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BIBCAHA KAME/Ib: BYJIOBA, BMJACTUBOCTI, OTPUMAHHA,
3ACTOCYBAHHS B XAPUOBIHI ITPOMUCJIOBOCTI

Anomauin

Bigcsana kameob (f-enioKkan, 2iikam) HALeHcumsb 00 pPYnu POIYUHHUX XAPYOGUX B0JIOKOH. 3a80sKU 8ANCIUBUM
DYHKYIOHATLHUM 6IACIMUBOCAM 3€PHO8I [-2NIOKAHU 3ACMOCO8YIOMYb 011 SHUICEHHS PIGHS X0JIeCMepUHy 6 Kposi, 0cia-
ONeHHA CUMNMOMIE YYKP0B020 Oiabemy, SHUNICEeHHS apmepianbHo20 MUCKY, NPOQINaKMUKY cepyeso-CyOUHHUX i OHKO-
JIO2TYHUX 3aX60pI06aHb. [dcepenamu f-enokanie € Opiowcoxci, epubu, baxmepii, Auminb, ogec. Buxopucmanus emopun-
HUX pecypcie nepepodienHs AYMeHIo ma isca AK 0dicepena f-enioKanie Mac Ak eKOHOMIuHe, MakK i eKoI02iuHe 3HAUeHHS.
3eprosi f-emokanu ckraoaiomvcsi 3 monomepis f-D-emokosu, 36’ sizanux (1,3)- i (1,4)-enikosuonumu 36 ’szxkamu. f-
Iniokan 006pe po3uuHAEMbCA 8 XON0OHIU 800 U He POZYUHAEMbCA 8 emuno8omy cnupmi. Bin 30amuuti ymeoproeamu
Oyoice 8 A3KI POUUHU 3a HU3LKUX KOHYeHmpayii. B saskicms posuunie 3anexcums 8i0 KOHYeHmMpayii ma MoneKyispHol
macu f-enrokany. Peonociuni enacmusocmi 600Hux posuunie kamedi ne 3anexcamsv 6i0 pH cepedosuwa. Hasguicmo I:l
NaCl y xonyenmpayisax 6invw ax 0,5 % npu3eo0umsv 00 3HUNCEHHSL 8 SA3KOCMI PO3YUHIB, A 000A8AHHA CAXAPO3U 8 Kilb-
xocmi 20-45 % niosuwgye 6 sizkicmo. Texnono2iuni 0coOAU80Cmi OMPUMAHHS [f-2NIOKAHIE N08 S3aHi 31 cnOCco6OM ix 00-
bysanns 3 npupoonux oxcepein. Excmpazyeanns 6iecanoi kameoi 3 GI6CAHUX BUCIGOK abO NIIOWEHO20 GI6Ca 6KNI0UAE
aygicHe 0bpobnenns bopowna sa memnepamypu +50-70 °C ma pH 8,0-10,5, sudanenns kpoxmanio i Oinkis, ocaoicenns
BIBCAHOL KameOi cnupmom I GI0OKpemlen st yenmpugyeysannim. Posuunnicms, cmynine excmpazyeanns ma euxio 3
8igca [-enokamny 3anexncams 6i0 po3mipy YaCmMuHOK, NONepeoHb020 00pOONEHHS 3epHOB0T CUPOBUHU Ui YMO8 eKcmpagzy-
sannst (memnepamypu, pH, excmpacenmis). p-I'noxan eudinsgioms 3 excmpaxmy Oianizom, yiempagitempayicio abo
cnupmosum ocaodicenusam. Ilpu 3acmocysanui 0ianizy ompumyoms 6UCOKOG A3KULL f-20KAH, NPOMe 3 HUICHUM BUXO-
oom; yrempaginempayis 1l 0CAONCEHHS CRUPMOM OArOMb 3MO2Y OMPUMAMU SUWULL GUXIO B-2TIOKAHY 3 HUJICYOIO
8 ’sskicmio. Biecana kamedv mooice Oymu 66e0eHa 8 WUPOKUL CREKMP Xap4o8Uux nPOOYKmie 01l HAOAHHS HOBUX (PYHKYI-
OHANLHUX 61ACMUBOCMEN | NOKPAWEHHS SAIKOCMI XAPYYBAHHS, 30KpeMa 8 NUeHUYHUL Xai0, X1i6006yi0uni 6upobu, nedu-
60, MaKapoHHi 6upodU, 0e3aNK020NbHI HANOI, AK 3AMIHHUKU JHCUPY — 6 MONOYHI Ut M AcHi npodykmu. Bona euxouye 6
Xapyosux cucmemax mexnHono2iuni Qyukyii 3azycHuxa, 2eneymaoprosaya, cmadinizamopa abo noKpumms.

Kirouosi ciioBa: B-riokaH, riaikal, pyHKkuioHaabHUIl iHrpeaieHT, yHKIIOHAIBHI Xap4yoBi POAYKTH
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THERMrOGRAVIMETRIC STUDY OF MOISTURE BOND
FORMS IN SEMI-FINISHED BISCUIT WITH
THE ADDITION OF CRICKET FLOUR

Abstract

Thermal analysis methods, primarily thermogravimetric analysis (TGA), play an important role in the study of phase tran-
sitions and degradation of active food components and auxiliary substances during heating or cooling. The most important areas of
application of TGA in the food industry include the analysis of patterns of changes in the mass of the studied system during its heat-
ing or cooling due to the presence of phase transitions of the first kind and chemical reactions. In this work, a study of the change in
mass of biscuit products during heating was carried out. The effect of replacing wheat flour with cricket flour in the amount of 5.0%
on the structure of the resulting biscuit product compared to the control was determined. This study showed a change in the distribu-
tion of forms of connection of system water with dry substances of the system and, as a result, an expansion of the range of tempera-
tures at which water evaporation from this sample took place. However, with a further increase in the amount of cricket flour in the
recipe, which has an increased protein content, an increase in the part of the system water associated with the proteins of this raw
material was observed. As a result, the range of temperatures at which water evaporation occurred from biscuit products with crick-
et flour in the amount of 10.0% and 15.0% decreased. It was noted in the work that the most acceptable functional and technological
property of biscuit products is a wider range of forms of connection of system water with dry substances of such food products, since
the presence of different forms of connection of water significantly determines the organoleptic indicators of finished products, terms
and conditions its storage. The results obtained by the method of thermogravimetric analysis showed that, from the point of view of
expanding the spectrum of forms of connection of system water with dry substances of the studied samples, the sample with the re-

placement of wheat flour with flour from crickets in the3 amount of 5.0% should be considered more acceptable.
Key words. derivatives, whipped flour semi-finished product, thermogravimetric analysis, biscuit product, crickets

flour.

Statement of the problem in a general form.

The quality of ZBN in the storage process is en-
sured by the quantitative ratio of free and binding mois-
ture, as well as the distribution of binding water between
the biopolymers of the semi-finished product. In the pro-
cess of storage, proteins and starch, which make up the
basis of biopolymeric compounds in ZBN, undergo cer-
tain physico-chemical, biochemical and colloidal chang-
es, as they lose a certain amount of moisture, as a result
of which there is a loss of taste and aromatic indicators,
and also the elasticity of the soft ZBN decreases

One of the indicators of the quality of whipped
flour semi-finished products is freshness, the preserva-
tion of which depends on the speed of the aging process.
On the one hand, staleness is caused by the loss of water
during storage, and on the other hand, it is the result of
complex physicochemical, colloidal, and biochemical
processes associated with changes in the properties of the
main biopolymers of flour (starch and protein), which
form the structure of the product [4].

It is known [6] that physical, chemical, and
structural-mechanical changes occur in the product dur-
ing storage, which change the structure of the pulp of the
product due to retrogradation of starch and crystallization
of sugar. Starch grains of flour swell during the kneading
of the dough, in the process of baking, the starch is pas-
teurized, absorbing water. During the storage of products,
starch grains begin to retrograde, restoring hydrogen
bonds between chains of oligosaccharide residues. Starch
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becomes denser, loses previously bound water, pulp be-
gins to crumble and the product becomes stale. The long-
er the moisture is retained in the product, the longer it
remains soft.

Thus, the products undergo significant changes
during storage, which leads to deterioration of quality,
spoilage and staleness. Therefore, when adding new,
innovative ingredients to ZBN, especially those with a
high protein content, an important task is the effect of a
certain concentration on the quality of the finished prod-
uct.

Analysis of recent research and publications.

In view of previous studies on determining the
optimal amount of flour from crickets in the recipe of a
semi-finished biscuit, it is proposed to introduce an inno-
vative product into the biscuit to improve its quality and
increase its nutritional and biological value [1].

As far as we know, only a few authors have in-
vestigated the effect of replacing wheat flour with cricket
flour on dough rheology and functional-technological
properties of products [5, 6, 7]. It is believed that the
properties of wheat flour are of great importance for de-
termining technological indicators and are useful tools
for predicting process efficiency and product quality [8].
The rheological properties of the dough can be evaluated
using a wide range of approaches. The study of rheologi-
cal properties allows you to establish the duration of
kneading, determine the amount of water that should be
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added to the flour in order to obtain the dough of the de-
sired consistency. Others simulate rounding and shaping
in the baking process and make it possible to determine
the tensile strength of the dough, its strength, that is, the
indicators necessary to predict the quality of a certain
group of products [9].

Having analyzed the literary sources, we note
that a small number of authors investigated the thermo-
gravimetric study of moisture forms in biscuit semi-
finished products. For example, the author T.O. Lisovska
and co-authors [12] in their works determined the influ-
ence of corn flour in the process on the quality of semi-
finished biscuit using the thermogravimetric meth-
od.From the analysis of the data specified in this work, it
was determined that the loss of moisture in the control
sample was 16.0%, while the amount of moisture in the
test samples decreased by 10.0%.

The method of thermogravimetry was used to
determine the traditional and new model cupcakes, which
included innovative natural ingredients (powder of linden
flowers, powder of flower pollen, pumpkin oil). Accord-
ing to the results of research, it was noted that due to the
content of hydrophilic compounds and moisture-retaining
substances in the composition of natural ingredients, the
content of firmly binding moisture increased by 15.9-
17.4% and this caused a slowdown in its loss in cakes

[4].

Forming the goals of the article

The purpose of the work was to study the pro-
cesses, thermogravimetric research of the forms of mois-
ture bonds in the whipped flour semi-finished product
with the addition of cricket flour

The object of the research was biscuit products
with the addition of flour from crickets.

Thermogravimetric studies of the forms of mois-
ture binding in ZBN during intermittent heating were
carried out using a thermal analyzer "DerivatographQ-
1500" (Hungary). This device is able to accurately meas-
ure all quantitative changes in the sample, which are as-
sociated with a decrease or increase in the mass of the
product due to the redistribution of moisture during
thermal exposure [10].
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In the experimental samples, changes in temper-
ature (T), mass changes (TG), rate of mass change
(DTG), and heat of combustion (DTA) were simultane-
ously recorded as a function of time using a four-channel
recording device. Derivatograms were used to determine
the mass loss of the sample at the corresponding tem-
perature Am.

Thermogravimetric measurements were per-
formed in a ceramic crucible under a quartz cap on a Q-
1500D derivatograph in dynamic mode with a sample
weight of 2 g. A1203 fired to 1500°C was used as a
standard. The sample was heated to 500°C at a heating
rate of 2.5°C/min. Determination of the form of binding
of water at all stages of introducing the component into
the formulation was carried out on the basis of the analy-
sis of temperature (T-curve), change in mass (TG) and its
derivatives (DTG-curve) and enthalpy (DTA-curve). We
studied moisture bonds after baking the semi-finished
product.

Presentation of the main research material

Biscuit products were made according to the an-
alogue of the round biscuit recipe [3], which included the
following components: high-grade wheat flour, granulat-
ed sugar, egg yolks, egg whites, citric acid. Cricket flour
was added by replacing wheat flour with cricket flour .

CLEAN PRODUCTS: TECHNOLOGY AND QUALITY

Accordingly: model sample Nel contains 5.0% cricket [ ]

flour, sample Ne2 contains 10.0% cricket flour, sample
Ne3 contains 15.0% cricket flour.

After the manufacture of biscuit semi-finished
products with the addition of flour from crickets, the ex-
perimental data obtained at the same time were studied
by the methods of differential thermal and thermogravi-
metric analysis.

Measurements by the specified methods were
carried out simultaneously on each of the studied sam-
ples, i.e., the temperature and mass of the studied sample
were simultaneously recorded over time, as well as the
difference in temperature and mass between the reference
sample and the studied one. For clarity, the experimental
data obtained by the methods of differential thermal (a)
and thermogravimetric (b) analysis are shown on sepa-
rate graphs.

Am/At min, K&/x2 1.5

" \f "
5, c -1

3000

0 1000 2000
b

Fig. 1. Results obtained by the methods of differential thermal (a) and thermogravimetric (b)
analysis for the control biscuit sample: kinetics of temperature (1) and mass (3) of the sample,
kinetics of the difference in temperature (2) and mass (4) between the standard and the sample
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Fig. 2. Results obtained by differential thermal (a) and thermogravimetric (b) analysis methods for a biscuit
product with a 5% concentration of cricket flour in wheat flour: temperature (1) and mass (3) kinetics of the
sample, temperature difference kinetics (2) and masses (4) between the standard and the sample
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Fig. 3. Results obtained by differential thermal (a) and thermogravimetric (b) analysis methods for a biscuit
product with a 10% concentration of cricket flour in wheat flour: temperature (1) and mass (3) kinetics of the
sample, temperature difference kinetics (2) and masses (4) between the standard and the sample
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Fig. 4. Results obtained by differential thermal (a) and thermogravimetric (b) analysis methods for a biscuit
product with a 15% concentration of cricket flour in wheat flour: temperature (1) and mass (3) kinetics of the
sample, temperature difference kinetics (2) and masses (4) between the standard and the sample
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The kinetics of temperature and mass, as well as
the kinetics of the difference in temperature and mass
between the reference and the tested samples have the
same character (Figs. 1-4).

The entire process of heating with a constant
flow of heat to the test sample and the standard can be
divided into areas separated in Fig. 1-4 by points marked
with the letters A, B, C, and D. The positions of the se-
lected points on the dependences reflecting the results
obtained by the methods of differential of thermal (a) and
thermogravimetric (b) analysis, synchronized according
to the determined values of moments of heating duration.

The section from the beginning of heating with a
constant flow of heat supplied to the reference and test
samples to point A corresponds to the heating of the dry
substances of the test sample and the system water it con-
tains (line 1 in fig. 1a, 2a, 3a, 4a). At the same time, there
is practically no loss of mass, which is proved by the
horizontal section on the kinetics of the mass of the sam-
ple (line 3 in Fig. 1b, 2b, 3b, 4b) from the beginning of
the measurements to point A. By system water here is
meant the water of the system, which is connected with
its dry substances in various forms of connection: physi-
co-chemical and chemically bound water [2].

Starting from point A, significant evaporation of
the system water of the tested sample begins, which is
accompanied by an increase in the temperature difference
(line 2 in Fig. 1a, 2a, 3a, 4a) between the sample and the
standard. This is evidenced, firstly, by the presence of an
inflection point in the kinetics of the sample mass (name-
ly point B on line 3), and secondly, by the presence of a
minimum in the kinetics of the mass difference between
the tested sample and the standard (line 4 in Fig. 1b, 2b,
3b , 4b).Thirdly, intense evaporation of system water is
accompanied by heat absorption, which is evidenced by
an increase in the temperature difference between the
tested sample and the standard (line 2), with a slight in-
crease in temperature (around point B on line 1).

In the section from point B to point C, the inten-
sity of evaporation of the system water of the studied
sample decreases. The kinetics of the temperature differ-
ence between the sample and the standard approaches
zero (line 2). The angle of inclination of mass kinetics
(line 3) to the abscissa axis decreases, while the kinetics
of the mass difference between the studied sample ap-
proaches zero.

Starting from point C to point D, the sample is
heated. The loss of mass in this area does not exceed
3...4%.

When point D is reached, the position of which
corresponds to the temperature of the tested samples
+200...220°C, the destruction of the components (includ-
ing polysaccharides) begins.

The differences between the results shown in
Fig. 1-4, obtained for different samples, lie in the posi-
tion of selected points A, B, C, and D relative to tempera-
ture. It should be noted that for such products as biscuit
products, more information is provided by temperatures
lower than the destruction temperature of the components
of this product, i.e. temperatures lower than +200°C. It is
in the temperature range from +40..50°C to
+140...150°C that the main information about the system
water of such systems is found.

23

Based on this, it should be noted that the begin-
ning of significant evaporation (point A) in the control
sample and in samples in which a part of wheat flour was
replaced by flour from crickets corresponds to a tempera-
ture of +40°C (point A on line 1 of Fig. la , 2a, 3a,
4a).As for the maximum intensity of evaporation (point
B), for the control sample of the biscuit product, the posi-
tion of this point corresponds to +93°C (point B on line 1
of Fig. 1a). For a biscuit product with a concentration of
cricket flour of 5.0% in wheat flour, the position of point
B corresponds to a temperature of +98°C (point B on line
1 of Fig. 2a), and for a biscuit product with a concentra-
tion of cricket flour of 10.0% and 15.0% — 91°C (points
B on line 1 from Fig. 3a, 4a).

The temperature at which the end point of inten-
sive evaporation of system water (point C) is reached for
different samples also differs in value. Thus, for the con-
trol biscuit product, significant evaporation of system
water ends at a sample temperature of +130°C (point C
on line 1 of Fig. 1a). For a biscuit product with a concen-
tration of cricket flour of 5.0% in wheat flour, the posi-
tion of point C corresponds to a temperature of +148°C
(point C on line 1 of Fig. 2a). For a biscuit product with a
concentration of cricket flour of 10.0%, significant evap-
oration of system water ends at a temperature of +112°C
(point C on line 1 of Fig. 3a, 4a), and for a product with a
concentration of cricket flour of 15.0% — +102°C (point
C on line 1 of Fig. 4a).

It should be assumed that for the reference sam-
ple, relative to which the temperature difference and the
mass difference for the tested samples were found during
the measurement, there are no phase transitions of the 1st
kind, which is the initial condition of the applied research
methods. Based on this, it is obvious that the area under
the kinetics of the temperature difference and the kinetics
of the mass difference between the standard and the sam-
ple under study in the range between points A and C is
proportional to the amount of system water for which the
I-type transition takes place in the temperature range
corresponding to these points.

The area under the specified sections of the ki-
netics of temperature difference and mass difference be-
tween the reference sample and the studied samples was
calculated according to the data shown in Fig. 5. The
value of the mass difference between the standard and
the test sample is normalized to the initial total mass of
the test sample.

Calculation of the area under the kinetics of the
temperature difference (S4) and the area under the kinet-
ics of the mass difference (S..) between the standard and
the tested samples, in the range between points A and C,
was carried out, respectively, according to the expres-
sions:

-1 (A 4q +HAED

Sar = E?:Eni Topr — T2 ++ @
-1 {ﬂm: +ﬂmi}

Sam = E?ﬁnl{fnl — T + 2

where n; and n; are the time coordinates of
points A and C.

The calculation results are given for each of the
studied samples in Table 1.
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Fig. 5. The kinetics of the temperature difference and the kinetics of the mass difference between the standard
and the tested samples of biscuit products: 1 — control; 2 — a sample with a concentration of flour from crickets
of 5.0%; 3 —a sample with a concentration of flour from crickets of 10.0%; 4 — a sample with a concentration of
cricket flour of 15.0%

Table 1 - Area under the kinetics of the temperature
difference (S4) and area under the Kinetics of the
mass difference (Sam) between the standard and the
tested samples

Sample Sy 1073, Sum10%,
°Cxc (Kr/KT)XC

Control 2.709 1.276
With a concentration 2.619 1.246
of cricket flour 5%
With a concentration 2.762 1.256
of cricket flour 10%
With a concentration 2.811 1.320
of cricket flour 15%

From the given calculation results, it can be seen
that the areas under the kinetics of the temperature dif-
ference (S4) and the areas under the kinetics of the mass
difference (Sn) between the standard and the tested
samples differ by no more than 5...8%. Obviously, such a
deviation can be neglected, since these calculated areas
(S4 and S,,,) are proportional to the amount of water re-
tained by the tested samples, so the samples have the
same moisture content. That is, the amount of systemic
moisture retained by the studied samples is the same.

Given the fact that the amount of water in the
studied samples is the same, the differences within the
ranges of increase and decrease in the intensity of evapo-
ration of system water are explained by redistribution
according to the forms of its connection with dry sub-
stances of these systems.

Thus, replacing 5.0% of wheat flour in the reci-
pe of the control biscuit product with flour from crickets
helps to shift the maximum intensity of evaporation from
+93°C to +98°C. At the same time, the end of significant
evaporation of system water is completed for such a
sample at a temperature of +148°C, while for the refer-
ence product this point occurs at a temperature of
+130°C.

With a further increase in the amount of intro-
duced flour from crickets in the amount of 10.0 and

© “3epHoBi NpoAyKTH 1 KOMOiKOpME™~, 2023
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15.0%, the point corresponding to the maximum intensity
of the system water shifts to a lower temperature and is
equal to +91°C. At the same time, the end of significant
evaporation of system water for samples with a concen-
tration of cricket flour of 10.0 and 15.0% also occurs at
lower temperatures compared to the control sample, the
values of which are equal to +102°C and +112°C, respec-
tively.

Conclusion

Obviously, it was established that the replace-
ment of wheat flour with flour from crickets in the
amount of 5.0% helps to change the interaction of the
components of the resulting biscuit product compared to
the control. This entails a change in the distribution of
forms of connection of system water with dry substances
of such a system and, as a result, an expansion of the
range of temperatures at which evaporation of water from
this sample occurs. However, obviously, with the further
increase in the amount of cricket flour, which is a pro-
tein-rich raw material, the amount of part of the system
water connected with the proteins of this raw material
increases. As a result, the range of temperatures at which
water evaporates from biscuit products with cricket flour
in the amount of 10.0 and 15.0% is reduced.

It should be noted that a wider range of forms of
connection of system water with dry substances of such
food products [11] is considered a more acceptable func-
tional and technological property of products containing
wheat flour, since the presence of different forms of wa-
ter connection significantly determines organoleptic indi-
cators of finished products, terms and conditions of their
storage.

Thus, the studies carried out by the methods of
differential thermal and thermogravimetric analysis indi-
cate that, from the point of view of expanding the spec-
trum of forms of connection of system water with dry
substances of the studied samples, it should be consid-
ered more acceptable to replace flour with wheat flour
from crickets in the amount of 5.0%.
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TEPMOI'PABIMETPUYHE JOCJIKEHHA ®@OPM 3B’A3KIB BOJIOT'H
Y 3bUBHOMY BOPOHIHAHOMY HAHIBO®ABPUKATI 3 TOJABAHHAM
BOPOIIHA I3 IIBIPKYHIB

Anomauisn

Memoou mepmiunozo ananizy, nacamneped mepmozpasimempuunuil ananiz (TGA), sidiepac éaxciugy ponv y 00CHiONCEHHI
hazosux nepexodie i decpadayii AKMUBHUX XAPHOBUX KOMHOHEHMIE, OONOMINICHUX PeHO8UH NpU HASPi6anHi abo oxonodcenni. Hati-
saocaueiwi cgpepu 3acmocysanns TGA y xapuo6iti npomMuciogocmi 6KIIOHAIOMb AHALI3 3AKOHOMIPHOCMEN 3MIHU MACU O0CAIOHCY8a-
HOI' cucmemu nio uac it HazpieanHs abo 0X0J00ICEHHs uepe3 HAAGHICMb (ha308ux nepexodis I pooy ma ximiunux peakyiti. Y oamiil
pobomi Oy10 npoedeHo OCHIOHCEHHS 3MIHU Macy OICKGIMHUX 6upodie nio uyac Hazpieanus. Becmanoseneno eniaue 3aminu 60pouwiHa
nuleHuuHo20 6opowHOM i3 Y8ipKyHie y Kinbkocmi 5,0% Ha 83acMo0il0 CKIAO0BUX OMPUMYBANHO20 OICKEIMHO20 8UPOOY NOPIGHAHO i3
KOHmpoem. [lane 00CniodxHcenHs noKaszaio, 3MiHy y po3nooileHHi Qpopm 36 3Ky CUCEMHOT 600U 13 CYXUMU PEYOBUHAMU CUCEMU I,
AK HACTIOOK, pO3WUpenHs 0ianasony memnepamyp, 3a AKux 6i00y6aiocs 8Unapo8ysanis 00U i3 ybo2o 3paska. OOHaK, npu nooalb-
womy 30ibUeHHs Y peyenmypi Kilbkocmi OOpOwHa i3 YGIpKYHIE, sIKe MAE nidsuujeHull emicm OUIKY, cnocmepieanoct 30L1bueHH s
YACMUHU CUCMEMHOL 800U, WO N0 A3aHa i3 OIKamu yici cuposunu. Kk HACiOOK, 0ianason memnepamyp, 3a SKux 8i06ynocs euna-
Po8yearHs 600u i3 OiCkImHUx upoobis i3 6opowiHom i3 ysipkyHis y kinekocmi 10,0% ma 15,0% — smenwysaecs. ¥ pobomi 6yno 6io-
MIYEeHO, Wo Haubibw NPUTHAMHOIO QYHKYIOHANbHO-MEXHONO02IYHOI0 6IACMUBICMIO 8UPOODI8, AKI MiCMamb nuleHuYHe 60POUHO €
wupoKull 0ianazon opm 38 3Ky CUCMEMHOL 600U 3 CYXUMU PeHOBUHAMU MAKOI Xapuo6oi npoOyKYil, OCKINbKU HASBHICMb PI3HUX
hopm 36 ’A3KY 800U CYMMEBUM YUHOM BUSHAUAE OP2AHOIENMUYHI HOKAZHUKU 20MOB0T NPOOYKYIT, mepMiHu ma ymoeu ii 30epicanHsi.
Pezynomamu ompumani Memooom mepmocpagiMempuyHo2o aHaizy noKa3au, wo 0wl NPUUHAMHUM, 3 MOYKU 30PY POSULUPEHHS
cnekmpy (opm 38 3Ky CUCMEMHOL 800U I3 CYXUMU PEUOBUHAMU OOCTIONCYBAHUX 3PA3KIE, CIO 88AXCAMU 3PA30K 13 3AMIHOI OOPOUL-
Ha nueHuyHo20 OOPowHOM i3 Y8ipKyHig y Kinbkocmi 5,0%.

Knro4oBi cjioBa. 1epuBoTHIpamMu, 30UBHUI GopolIHAHUI HamiBdadpukaT, TepMorpaBiMeTpuyHmii aHai3, OicKBiT-
HMii BUPi0, 60poIIHO i3 HBIpKYHiB.
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Abstract

Since the beginning of the 21st century, there has been an increase in the share of small enterprises in the grain in-
dustry, the number of which is increasing even today. At most of such enterprises, it is impossible to apply the existing long-
term full grain processing technologies, there is a reduction in the number of basic technological operations, often not suffi-
ciently substantiated, which affects the quality of the end products, which do not always meet all the basic norms of the regu-
lations applicable to end products. Considering the modern technological solutions offered by leading manufacturers for the
production of flaked products and quick-cooking products, it is possible to note the equipment of the Buhler company, which
allows to monitor production control and, accordingly, achieve greater production efficiency. To date, the Buhler company
offers the batch steamer MBDA for the steaming stage, which is recommended to be combined with the BCFB flaking ma-
chine. This technological equipment in combination gives high quality and reliability of the equipment itself, allows to imple-
ment energy-saving technologies at enterprises and obtain controlled production of quality products. Today, in addition to
traditional grain, such crops as lentils, chickpeas, beans, wheat-spelt, spelt, naked varieties of oats and barley are processed
in part or in small batches at the enterprises of the industry. Lentil is a promising leguminous crop for the grain industry. In
the world, it is widely grown as a food and fodder crop. Among leguminous crops, lentils occupy an intermediate place in
terms of protein content, with a protein content of 25-36%, while the share of carbohydrates is 45-55%, fat - 3-4%. The first
variety of «Linzay edible lentils was registered in 2005. After that, the following varieties were registered only in 2017-2018:
«Antoninay (2017), «Darinkay (2017), «YeSMaksymumy (2017), «Blondie» (2018), «Harry» (2018), «SNIM 18» (2018),
Chrysolite (2018), which indicates an understanding of the potential of this culture both for the domestic market and for in-
creasing the export potential of our country. The last to enter the register were «Serpanoky» (2020) and «RED» (2021) varie-

ties, which indicates the continued work of breeders to expand the varietal base of this crop in Ukraine.
Key words: traditional crops, cereal products, groats industry, flakes, flaked groats, technological equipment,

Buhler equipment, Shule equipment, new crops, lentils.

Introduction

In recent years, the consumption of cereal prod-
ucts has been increasing in Ukraine. Rice, buckwheat and
oat groats and cereal products made from them are in
wide demand among the population. There is a increas-
ing demand for instant cereals and flakes, the interest in
which is primarily related to the possibility of quick
preparation of these products and better nutritional and
taste properties compared to traditional groats. The total
potential of grain enterprises operating in our country is
estimated at approximately 600,000 tons of groats and
groats products per year, while the actual amount of
groats produced in Ukraine was 356-397,000 tons per
year [1,2,3].

In the modern world, the development and im-
plementation of new technological solutions is taking
place, which replace old and less efficient, energy-
intensive long technological processes, the rapid spread
of which took place in the second half of the 20th centu-
ry.

The existing technologies of the grain industry
of Ukraine are practically unchanged from the moment of
their first widespread publication and use, the varieties of
grain crops that served as benchmarks during their devel-
opment cannot be compared with modern ones in terms
of yield and basic properties [4].
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The use of a long technological process in com-
bination with unstable physicochemical indicators of
grain raw materials does not contribute to the stabiliza-
tion of high quality indicators of end products.

When developing and implementing such tech-
nologies, they primarily focused on large state-owned
enterprises that occupy a significant area, consist of sev-
eral components (that is, they are full-fledged milling
plants that include a production elevator, a flour/groat
mill, a feed mill, laboratories, etc.), require the presence
of significant personnel to service all processes, while the
inefficiency of technologies (incomplete use of grain
potential, which for most grain crops does not exceed
60%, the rest are secondary raw materials that are not
part of food products) due to the presence of a wide raw
material base, relatively small cost and the low cost of
electricity and other energy costs were not paid much
attention, which stabilized for a long time the assortment
of cereal products existing on the territory of Ukraine and
almost completely stopped the development of technolo-
gies in this direction [2,4].

Literary review
Since the beginning of the 21st century, there
has been an increase in the share of small enterprises in
the grain industry, the number of which is increasing
even today. At most of such enterprises, it is impossible
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:

to apply the existing long-
term full grain processing
technologies, there is a

reduction in the number of
basic technological opera-
tions, often not sufficient-
ly substantiated, which
affects the quality of the
end products, which do
not always meet all the

basic norms of the regula- o
tions applicable to end
products.

The grain facto-

Steam conditioner MBDA

Heating sections (H)

Cooling section (C}

ries of Ukraine use eight
main crops as raw materi-
als for the production of
groat and groats products: v
millet, buckwheat, rice,
oats, barley, peas, wheat
and corn [2].

The specified
eight crops are traditional
for Ukrainian groats pro-
duction, their processing is carried out both at large ca-
pacity and small private enterprises. Their processing
technologies are widely known to all specialists in the
grain processing industry, and the range of products is
defined for each crop and is perceived by consumers.
Usually, the main range of processing of these crops in
our country is whole groats, crushed groats, flaked
groats, flakes, quick-cooking groats, cereals that do not
require cooking, and flour [2,5].

Formulation of the problem

Recently, there has been a trend towards in-
creasing the production of quick-cooking products and
products that do not require cooking. Such products have
better taste properties and have a shorter cooking time
compared to classic groats. The production of quick-
cooking groats and groats that do not require cooking is
provided for some traditional crops and is regulated by
the Rules for conducting and organizing the technologi-
cal process at groat factories (Rules), for example, the
production of quick-boiling buckwheat groats [2,4].

The purpose of this stage in the processing of
buckwheat is to strengthen the kernel due to heat treat-
ment to reduce the crushing of the kernel at the stage of
its dehulling and, accordingly, to increase the yield of
end products, and already as a secondary effect of this
stage is to reduce the cooking time of the groats and im-
prove its taste properties for the consumer. Also, instant
products can include flakes and flaked groats, the pro-
duction of which is also provided for by the Rules [4].
Oats have the largest assortment of flakes and flaked
products, and when processed, flaked oats, flakes "Her-
cules”, "Pelyustkovi" and "Extra" are obtained. Instant
oat products are in very high demand among consumers
around the world, and thanks to this, they have become
the basis for the production of more modern products
such as muesli, groats with additives, multi-component
groats, cereal bars. Given the high demand and good
taste, today manufacturers process almost all traditional
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G=58m-2th, G=184m-9t/h
The steam pressure in the steamer 0.1-0.8 MPa
Fig. 1. Water-heat treatment equipment by Buhler

crops into flakes and instant cereals and cereals that do
not require cooking. One of the most popular products
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today is steamed rice groats, which is characterized by an [ ]

amber color and, compared to classic polished groats, is
characterized by a shorter cooking time and better taste
properties. The production of such groats is not acci-
dental, because rice is able to be crushed, and to increase
the output of finished products, manufacturers around the
world carry out heat treatment. A typical method for our
country is hydrothermal treatment, which is carried out
by the method of hot conditioning or by the combined
structure of cold and hot conditioning. Accordingly, for
the implementation of this stage, the Rules recommend
the use of continuous or periodic action steamer. At the
enterprises of the industry, steamers of periodic action
are more widespread [2,4,10].

Considering the modern technological solutions
offered by leading manufacturers for the production of
flaked products and quick-cooking products, it is possi-
ble to note the equipment of the Buhler company (fig. 1),
which allows to monitor production control and, accord-
ingly, achieve greater production efficiency. When pro-
cessing classic crops, the Rules regulate the production
of "Extra" oat flakes, the production technology of which
is built by the Buhler company [11].

At the same time, the specified assortment of
flakes is produced from a cut kernel and involves the use
of more stronger modes of steaming the kernel before
flaking, the steam pressure in the steamer is 0.7 MPa,
while the traditional flakes "Hercules" and " Pelyustkovi"
are produced by steaming the oat kernel under a pressure
of 0,15-0.20 MPa [2,4]. The production of flakes from
cut kernels is more widespread among the countries of
the European Union, and the spread of such technologies
as well as modern technological equipment will make it
possible to strengthen the groats industry and provide a
greater competitiveness of domestic products with Euro-
pean ones, and taking into account the wide raw material
base that exists in the territory of our country - to in-
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crease the export of flaked products and products that do
not require cooking to the European and world markets.
To date, the Buhler company offers the batch steamer
MBDA for the steaming stage, which is recommended to
be combined with the BCFB flaking machine (fig. 2).

-
L
L
Fig. 2. Flaking machine BCFB by Buhler

This technological equipment in combination
gives high quality and reliability of the equipment itself,
allows to implement energy-saving technologies at enter-
prises and obtain controlled production of quality prod-
ucts [10].

Materials and methods

Given the main problems that need to be solved,
grain processing enterprises are increasingly looking for
new types of grain raw materials and the latest techno-
logical equipment that can solve or reduce the influence
of certain factors on the efficiency of processing. Today,
in addition to traditional grain, such crops as lentils,
chickpeas, beans, wheat-spelt, spelt, naked varieties of
oats and barley are processed in part or in small batches
at the enterprises of the industry.

Lentil is a promising leguminous crop for the
grain industry. In the world, it is widely grown as a food
and fodder crop. This culture has been known to mankind
since ancient times and was widely used by mankind as a
food grain along with wheat, barley, corn, etc.

Results of the study and their discussion

Today, lentils are grown in the world in small
volumes compared to traditional crops and can be classi-
fied as niche crops to a greater extent. The volume of its
cultivation in the world fluctuates at the level of up to 5
million tons annually. The main countries specializing in
the cultivation of lentils are Canada, Australia, Turkey,
India, Nepal, the USA. In general, this culture has a fairly
wide distribution throughout the world, although Europe-
an countries grow it to a lesser extent, specializing in the
cultivation of traditional wheat, barley, oats, rice, etc.,
lentils are grown in 52 countries of the world. Given that
lentils belong to leguminous crops, the main characteris-
tic advantage of which is an increased protein content,
this crop has a high export potential, it is actively export-
ed to Asian countries, where it is widely used as a raw
material for the creation of a variety of food products and
a substitute for animal protein in the diet of the popula-
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tion of such countries like India, Pakistan, UAE, Bangla-
desh [12-16].

Lentils are also imported to the countries of the
European Union, but in small quantities, ranging from
200 to 250,000 tons per year [16].

The main world exporter of lentils is Canada,
which grows almost a third of the entire world volume of
lentils. Among leguminous crops, lentils occupy an in-
termediate place in terms of protein content, with a pro-
tein content of 25-36%, while the share of carbohydrates
is 45-55%, fat - 3-4%. According to the fractional com-
position of the lentil protein complex, globulins predom-
inate, albumins, glutelins and a small amount of prola-
mins are also present, which is characteristic of all leg-
umes. The amino acid composition of lentil proteins is
sufficiently balanced in terms of the content of amino
acids indispensable for the human body, while the ab-
sence of methionine is noted in it. Vitamins of group B,
A, trace elements (calcium, iron, potassium) were found
in the chemical composition of lentils. The greatest fea-
ture among all legumes is the ability of lentils not to ac-
cumulate toxic substances, which allows the production
of environmentally friendly products from this grain.
According to their dimensional characteristics, two types
of lentils are distinguished - large-seeded and small-
seeded. Large-seeded lentils from the Mediterranean
have a seed diameter of more than 5.5 mm, small-seeded
lentils from Southeast Asia have a seed diameter of less
than 5.5 mm. As shown by studies conducted by many
scientists, there are no significant differences in the
chemical composition of large-seeded and small-seeded
lentils. By its shape, the lentil grain stands out among
other grain crops, having a rounded, flat or lenticular
shape.

Small-seeded lentils are characterized by a more
convex shape of the seeds. This type of lentils is the most
common in the world. According to the color of the shell,
the lentil grain can be green, yellow, red, brown or even
black [12-19].

Lentils are not a new crop for Ukraine. At the
beginning of the 20th century it was grown on the territo-
ry of our country as a niche crop in relatively small vol-
umes, up to 100-110 thousand tons per year. But after
1940, the volume of its cultivation decreased and it grad-
ually passed to households where it continued to be
grown for its own needs. At the beginning of the 1990s,
the export potential of legumes became clear, so began to
return to the study and selection of such crops as soy-
beans, lentils, beans, etc. If consider lentils, the main
breeding institution is the National Center of Plant Ge-
netic Resources of Ukraine, which is part of the V. Ya.
Yuryev Institute of Plant Breeding of the National Acad-
emy of Agrarian Sciences of Ukraine (NAAS) [20].

In Ukraine, lentils are grown mainly in forest-
steppe and steppe zones. In recent years, the share of
cultivated areas in our country has been increasing and
amounts to 50-70 thousand hectares. Ten edible lentil
varieties have been entered into the Register of varieties
and plants suitable for distribution on the territory of
Ukraine. The first variety of «Linza» edible lentils was
registered in 2005. After that, the following varieties
were registered only in 2017-2018: «Antonina» (2017),
«Darinka» (2017), «YeSMaksymumy» (2017), «Blondie»
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(2018), «Harry» (2018), «SNIM 18» (2018), Chrysolite
(2018), which indicates an understanding of the potential
of this culture both for the domestic market and for in-
creasing the export potential of our country. The last to
enter the register were «Serpanok» (2020) and «RED»
(2021) varieties, which indicates the continued work of
breeders to expand the varietal base of this crop in
Ukraine [21].

In our country, there is no official regulation on
the processing of lentils into groats and groats products.
However, lentil processing products are present in our
trade networks and are in sufficient demand among con-
sumers considering their usefulness and as a new type of
product. At the same time, processing of lentil grain is
carried out at enterprises taking into account world expe-
rience, but without taking into account the peculiarities
of the grain itself, which is grown on the territory of our
country. This leads to the incomplete use of the potential
embedded in the grain, as well as a narrowed range of
products, which to a greater extent are groats such as
crushed peas or flour.

If consider the technology of processing lentils,
several main options can be distinguished with the use of
equipment traditional for the grain industry. One of the
most modern options was developed by the German
company Schule [22]. It consists in cleaning the lentil
grain from impurities with the use of sieve-air separators,
aspirators, destoners and triers. The equipment proposed
for cleaning lentils can be called traditional and is in-
stalled at all groats factories. After cleaning, the lentils
are hulled with the help of a conical and cylindrical peel-
ing machine of the Schule company, which are a certain
analogue of the peeling-grinding machine of the ZSHN
type and can also be used for peeling barley, wheat, rye,
spellet wheat and peas. For sorting dehulling products, a
Schule sorting cylinder is used, which is a cylindrical
sieve, that is, equipment similar to a burat, which is

widely used at enterprises in the grain processing indus-
try. It is also recommended to use a Schule photo separa-
tor for sorting, the use of which allows you to take into
account the different colors of the lentil grain and control
the color of the end products.

Today, there is already a fairly wide range of such ma-
chines that have already entered the traditional techno-
logical lines for the production of rice groats, they can be
used for sorting and controlling grain by color during the
processing of rice, millet, etc [22].

Given that the vast majority of products pro-
duced by domestic enterprises are intended to meet the
needs of the domestic market, the annual increase in the
demand for lentils in the world, the processing of prod-
ucts from it, potentially opens up the export of products
from it to the developed countries of the European Union
and Asian countries, which will allow to increase income
to the state budget.

Conclusions

Considering the main directions of modern grain
processing technologies in cereal production, the follow-
ing conclusions can be drawn:

- today enterprises need to focus on the newest
raw material base, which was not considered promising
10-15 years ago and was used for fodder purposes or was
not grown at all in Ukraine;

- when introducing new technologies, it is nec-
essary to focus on the world leaders of manufacturers of
technological equipment, this will allow to produce better
than today's products and to introduce energy-saving
technologies more effectively;

- to produce products with a focus on quality in-
dicators and requirements of the European Union coun-
tries, which in turn will lead to the improvement of the
nutrition of the domestic consumer and will allow the
export of products produced in Ukraine abroad.
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HEPCIHEKTUBHU TA MOKJINBOCTI
KPYII'SSHOI'O BUPOBHUIITBA B YKPAIHI

Anomauin

3 nouamky 21 cmonimmsa cnocmepiecaemuvcs 3pOCMARHA YACMKU HeBeIUKUX NIONPUEMCME KDY AHOL 2any3i, Ki-
JbKICMb AKUX 30L1buyemsca i cb0200Hi. Ha binvuwiocmi makux nionpuemcme HemModicauge 3acmocy8aHHs ICHYIOYUX
NPOMANCHUX NOSHUX 3EPHONEPEPOOHUX MEXHON02Il, 8i00Y8ACMbCA CKOPOUEHHA KINbKOCMI OCHOBHUX MEXHOA02IYHUX
onepayiii, yacmiuie He OOCMAMHLO 0OIPYHMOBAHE WO NOZHAUAEMbCA HA AKOCMI OMPUMAnoi npoOyKYii saKa He 3a8#cou
8I0N0GIOAE YCIM OCHOBHUM HOPMAM OII0H020 HA 20MOBY NPOOYKYio peziamenmy. Posensoarouu cyuachi mexnonoziuni
Diuenns aKi npONOHYIOMbCA NepedosUMU BUPOOHUKAMU 05 6UPOOHUYMBA NITOWEHUX NPOOYKMIE ma npoOyKmie ueu-
O0K020 NPU2OMYBAHHS MOJICHA GiOMimumu 00a1a0HanHs pipmu Buhler sxe 00360/15€ nposooumu MOHIMoOpUH2 KOKMPOJIO
3a 8UPOOHUYMBOM ma BION0GIOHO docaeamu Oinbutloi epexmuernocmi eupobruymea. Ha cboeoouiwniti denv gipma
Buhler ona 30ilicnenns emany nponaprosanHs npononye nponapiosau nepioouunoi 0ii MBDA saxuil pexomeHnoyioms
noeonyeamu 3 narowureHum cmankom BCFB. /lane mexuonoziune 061a0HaKHA 8 NOEOHAHHI 0A€ GUCOKY SIKICMb | HA-
OIIHICIb CamMoeo 00IAOHAHHS, 00360JI8€ 6NPOBAOICYBAMU HA NIONPUEMCINBAX eHEPeOOUAOH] MEXHONI02I] ma Ompumy-
8amu KOHMPOIbLOBAHE BUPOOHUYMEO AKICHOI npodykyii. Ha cbo2o0uiwHill Oenb oKpim mpaouyilino2o 3epHa Ha RIONpu-
EMCMBAX 2AY3i YACMKOBO AO0 HeSenUKUMU NApMIAMU NepepoOIsiomb maKi Kyiemypu K CO4esuylo, Hym, Keacoio,
nueHuYo-cneabmy, nonby, 20103epHi copmu gieca ma sumenio moujo. Couesuyss € nepcneKmuHo 60606010 KyIbmy-
Po10 01 Kpyn anoi npomuciosocmi. Y ceimi ii wupoko supowyroms 5K npo0ogoavuy max i kopmogy kyaemypy. Cepeo
3epH000006UX KYIbMYP COUesUYsl 3a 6MICTNOM OLIKa 3aUMac npomisxcue micye 3a emicmom oinka 25-36 % npu yvomy
yacmka syenesodis ckiaoae 45-55 %, owcupy - 3-4 %. B Peecmp copmie i pociun npuoamuux 0Jis NOWUPEHHS HA mepu-
mopii Ykpainu 3aneceno 10 copmie xapuoeoi couesuyi. Ilepuwuti copm couesuyi xapuogoi Jlinza 6yno sapeccmposano y
2005 poyi. Ilicns yoco nacmynui copmu 6yn0 3apeccmpogano auuie 8 nepioo 2017-2018 poxkie: Aumonina (2017 p.),
Japunxa (2017 p.), €C Maxcumym (2017 p.), bnondi (2018 p.), I'appi (2018 p.), CHIM 18 (2018 p.), Xpuzorim (2018
Pp.) Wo c8iouums npo po3yMiHHA NOMEHYIATY OAHOI KyIbmypu 5K 05l GHYMPIUHbO20 PUHKY MAK | Ol HAPOULy8aHHs
eKCnopmHo20 nomenyiany 0aa Hawoi kpainu. Ocmannivu 6 peecmp nompanuau copmu Cepnanox (2020 p.) i PEJ]
(2021 p.) wo ceiouume npo npoooeiceHHs: pOOOMU CeeKYIOHePIE 3 pOWUPEHHs cOpmMo8oi 6asu 0anoi Kyremypu 6 Vk-
PaiHi.

KirouoBi cnoBa: TpagumiiiHi KyJbTypH, Kpyn'sHa NPOAYKUisl, KPYyI'sdsHA NPOMHCJIOBICTB, IIacTiBLi,
IUTIONIEHA KPYIa, TEXHOJIOTiYHe 00JaHaHHs, o0nagHanns ¢pipmu Buhler, coueBuns, o6aaananus ipmu Shule,
HOBi KYJbTYpH.
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CHARACTERISTICS AND APPLICATION
OF BIOPOLYMERS FOR MICROENCAPSULATION
OF BIOLOGICALLY ACTIVE SUBSTANCES

Abstract

In the feeding of highly productive agricultural animals and poultry, an important role belongs to the quality and
safety of compound feed products, for the production of which premixes or preparations of biologically active substances are
used. Increasingly, probiotic supplements based on live microorganisms are used in the feeding of farm animals and poultry,
which, among other things, provide stable immunity to infectious diseases without using antibiotics in the diet. As a result, the
general condition improves and the productivity of animals and the quality of livestock products increase. Today, one of the
urgent issues is the stabilization of probiotic microorganisms. Thus, the microencapsulation technology allows you to cover
the particles of the probiotic supplement with an individual shell to obtain a product with a directed effect and an adjustable
time of release of the constituent substance. The article deals with protein metabolism during feeding of highly productive
breeds of cattle. Methods of cell stabilization and advantages of stabilized forms of probiotics are presented. Technologies
and types of shell materials widely used for microencapsulation of probiotics are analyzed. The use of a specific microencap-
sulation technology or material depends on the properties of the specific probiotic strain. Organic and inorganic substances,
synthetic materials and natural biodegradable polymers are used to stabilize the cells of microorganisms. The most popular
biopolymers used for microencapsulation are considered in detail - alginates, carrageenans, chitosan, starch, gum arabic,
pectin, gelatin, whey protein. The structural composition, production methods, functional characteristics, volumes of global
production of the considered biopolymers are given. The use of microencapsulation of probiotic microorganisms with natural

——

biopolymers for the purpose of stabilizing probiotics in animal feed is an innovative approach.
Key words: biopolymers, microencapsulation, probiotics, high-performance animals, biologically active sub-

stances, protein.

Introduction

Animal husbandry is important for ensuring the
country's food security.

Recently, highly productive cows of Holstein,
Ukrainian black-spotted and red-spotted Holstein breeds
with a productivity of over 6,000 liters of milk per lacta-
tion have been bred in Ukraine. The uniqueness of high-
yielding cows lies, first of all, in the high level of trans-
formation of feed energy into milk, thanks to the diverse
microbiota of the gastrointestinal tract.

Complex and interdependent processes take
place in the rumen of highly productive cows, the viola-
tion of which can even lead to the death of the animal.

Part of the crude protein that is broken down in
the rumen provides rumen microorganisms with ammo-
nium and non-protein nitrogen. This contributes to the
assimilation of carbohydrates and the synthesis of micro-
bial protein (Fig. 1). The rest of the protein that is not
broken down in the rumen (bypass) moves to the intes-
tine, where it is hydrolyzed to amino acids. Detoxifica-
tion of ammonia occurs in the liver, where urea is syn-
thesized, which is excreted in the urine. Urea can also be
reabsorbed in the renal tubules, return to the scar with
saliva or through the mucosa, and be reused for diges-
tion [1].

Recently, the production of feed probiotic sup-
plements has increased, the feeding of which to large
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cattle leads to an improvement in the general condition of
the animals, an increase in milk productivity and quality
indicators of milk.

Probiotics are live microorganisms that, when
administered naturally, have positive effects on the phys-
iological, biochemical, and immune reactions of the ani-
mal's body through the optimization and stabilization of
its microbiota [2].

An urgent issue is the stabilization of probiotic
microorganisms, which is the fixation of cells of micro-
organisms in a certain phase with the possibility of inter-
phase interaction. The physico-chemical features of this
technology make it possible for polyenzyme systems to
function for a long time, independent of exogenous fac-
tors.

Organic and inorganic substances, synthetic ma-
terials (polyethylene, nylon, polyurethanes) and natural
biodegradable polymers (pectin, alginate, chitosan, car-
rageenan, etc.) can be used to stabilize the cells of micro-
organisms [3].

Cell stabilization methods are divided into three
groups: binding on a solid carrier, inclusion in the spatial
structure of the carrier, and stabilization using membrane
technology [3].

Advantages of stabilized forms of probiotics:

* a high concentration of bacterial cells in the
sorbent makes it possible to produce stable drugs;
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* adsorption of metabolic
products allows to increase the sur-
vival of bacterial cultures;

* stabilization gives cells
resistance to freezing and freeze-

drying;

* increases the survival rate
of probiotic cultures in fermented

milk products;

» makes bacterial cells more

pretein intake
protein
* non-protein N

resistant to the influence of negative
environmental factors, as well as the
influence of gastric juice and bile
acids during their survival in the

gastrointestinal tract;

* increases the shelf life of

probiotics [3].

The purpose of the study
The purpose of the work is

to analyze and generalize information about the sources,
properties and prospects of using biopolymers for micro-
encapsulation of biologically active substances.

Results and its discussion

Microencapsulation is a technological process of
packaging solid particles of a substance in an individual
shell, which allows you to obtain a product with a di-
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Fig. 1. Protein metabolism during cattle feeding

ties.

rected effect and an adjustable time of the start of the

release of the constituent substance, which is achieved by
applying shells with different physicochemical proper-

Technologies and types of shell materials that
are widely used for microencapsulation of probiotics are

Table 1 — Microencapsulation technologies of probiotics [4]

listed in table. 1. The use of a specific microencapsula-
tion technology or material depends on the properties of
a specific probiotic strain [4].

Technology
Spray drying Spray cooling Coating with air Extrusion Simultaneous
suspension extrusion
Shell material

Water-soluble

Insoluble and wa-

Water-soluble

Water-soluble

the base inside

polymers Lipids, wax ter-soIL_Jb_Ie poly- polymers polymers
mers, lipids, wax
Stages of microencapsulation
introduction of cells||| the introduction of preparation of the dissolution serving cells
of microorganisms ||| cells of microorga- coating melt cells in the polymer in the internal
into the solution nisms into the melt (solution) solution inlet nozzle (nozzle)
)’ )’ v v ¥
spraying into spraying into an fluidization submission feeding
an aerosol aerosol of cells of of the solution into the the polymer
) i) microorganisms bath-collector to the external inlet
) - v v of the nozzle
evaporation cooling - — i)
of the solvent t < tmetting spraying cross-linking —
small drops of the polymer with dripping cells
v v of material divalent ions and polymer in the
department coating bath collector
powder hardening v v 7
drying .
7 compression cross stitching
polymer by thermal polymer with
freezing activation divalent ions
v v v
crystallization complex form polymer
of the coating with ation with thickening by

polyelectrolytes

thermal activation
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The most popular biopolymers used for micro-
encapsulation are alginates, carrageenans, chitosan,
starch, gum arabic, pectin, gelatin and whey protein.

Alginates are most often used for encapsulation
of microorganisms. These are biopolymers that are ex-
tracted from the walls of brown algae (Phaeophyceae),
Ascophyllum nodosum, Laminaria hyperborea, Laminar-
ia japonica, Macrocystis pyrifera and Laminaria digitate,
and some bacteria (Azotobacter vinelandii, Pseudomonas
spp.) [3, 5].

Alginates are produced with a wide range of
molecular weight, which depends on solubility, swelling
time, and viscosity. The viscosity of alginate solutions
decreases with increasing temperature, and depolymeri-
zation may occur at high temperatures. Gelation of algi-
nate is explained by the association of blocks built from
a-L-guluronic acid with the participation of a cation [6].

The film-forming properties of alginates are
used to apply a protective coating to tablets and dragees.
In recent years, alginates have been used for medicinal
preparations in the form of capsules and microcapsules,
for which previously gelatin was mainly used. The intro-
duction of alginates into the gelatin mass allows creating
a qualitatively new type of capsules with selective solu-
bility in certain parts of the gastrointestinal tract.

Alginates are practically safe, are not absorbed
into the blood, and are well tolerated by the body. Water-
soluble alginates in solutions from 4 to 6% form practi-
cally non-toxic gels, in higher concentrations - gelatinous
or pasty mixtures.

More than 25,000 tons of alginates are produced
and consumed annually in the world. Sodium alginate is
in the greatest demand, the main producers of which are
the USA, France, China and Japan [7].

Characteristics of sodium alginate are given in

Table 2.
Table 2 — Characteristics of sodium alginate [8]
Indicator Norm
Appearance fibrous or
granular powder
Color white or
yellowish
Scent almost odorless
Viscosity, mPa 800 - 900
pH 6,0-8,0
Mass loss during drying, % not more 15
Water-insoluble substances, % not more 2
Mass fraction of the main sub- 90,8 - 106,0
stance, %
Sulfate ash content, % 18-27
Formaldehyde, mg/kg not more 50
Arsenic, mg/kg not more 3
Lead, mg/kg not more 5
Mercury, mg/kg not more 1
Cadmium, mg/kg not more 1
The total content of bacteria, CFU/g <5000
Fungi and yeast, CFU/g <500
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Carrageenans are natural sulfated polysaccha-
rides found in red seaweed Chondrus Crispis, Eucheuma
Species, Gigartina Species, etc. By chemical nature, car-
rageenan is close to agaroids and is an unbranched sul-
fated heteroglycan, the molecules of which are built from
the residues of D-galactopyranose derivatives with a
strict alternation of a-(1,3)- and B-(1,4)-bonds between
them [9].

Depending on the degree of polymerization and
esterification, carrageenans are classified into three
groups:

+ K-carrageenan
strong, hard gels;

» A-carrageenan (lambda-carrageenan) does not
have a gel-forming variety, it forms gels in a mixture
with proteins, not water; used to promote viscosity in
sweet dough, dairy products;

* 1-carrageenan (iota-carrageenan) is an elastic
gel that is not capable of syneresis and has thixotropic
properties.

Carrageenans with different amounts of sulfate
groups, which combine with metal ions in different ways,
are obtained from plant sources [10].

Due to their physical and chemical properties,
carrageenans have a wide range of applications. About
70% of carrageenans produced in the world are used in
the food industry: in the production of dairy (chocolate
milk, sherbets, homemade cheese, cheese pastes, baby
food), meat and fish products (canned food, sausage cas-
ings, jelly coatings), seasonings, non-alcoholic beverag-
es, bakery products (bread dough, fruit cakes, sugar glaz-
es) and confectionery products [11-12].

Carrageenans are used as gelling agents and
emulsion stabilizers in milk and water-based systems, as
well as to improve the properties of other gels due to the
ability of carrageenans to form complexes with other
hydrocolloids [13-14].

About 60 thousand tons of carrageenans are
produced annually in the world, the main industrial pro-
duction is concentrated in Indonesia, the Philippines, the
USA, France, Canada and Chile.

Chitosan is a polysaccharide, dietary fiber of an-
imal origin, which is obtained by alkaline treatment of
chitin. By its nature, chitin is one of the three most com-
mon polysaccharides, after cellulose and starch, which
have found wide use in the food industry. Researchers
and entrepreneurs see the same potential for chitin [15].

Significant interest in the natural polymer chi-
tosan is due, first of all, to its presence of a number of
unique properties, such as biocompatibility, biodegrada-
bility, non-toxicity, high sorption capacity for metal
ions [16].

Today, the volume of chitosan production in the
world reaches 3500 tons per year. Unlike other polysac-
charides, chitosan has a primary amino group in its com-
position, which makes it possible to create a wide range
of derivatives on its basis under acceptable synthesis
conditions, and also gives it the properties of a chelating
polymer. The use of chitosan in the food industry is due
to its biological activity, emulsifying, oil-retaining and
fat-retaining ability, as well as the ability to improve the
rheological characteristics of the food mass [17-19].

(kappa-carrageenan) forms
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An important property of this polysaccharide is
its ability to interact with proteins, form emulsions, gels,
act as a stabilizer and antioxidant [20].

Starch is a polysaccharide consisting of a large
number of monosaccharide glucose residues connected
by glycosidic bonds. It has two types of molecules - am-
ylose (usually 20-30%) and amylopectin (usually 70-
80%). Both forms consist of polymers of a-D-glucose
residues. Unlike amylopectin, amylose performs a useful
function as a hydrocolloid. Chemical modifications of
starches such as cross-linking, oxidation, acetylation and
hydroxypropylation can provide certain beneficial
changes in functionality. Resistant starch, i.e. starch that
is not digested, is an ideal surface for the adhesion of
probiotic microorganisms, their storage and passage
through the gastrointestinal tract. Mixing starch with «-
carrageenan, alginate, xanthan, and low molecular weight
sugars are often used in microencapsulation because they
reduce the reactivity of starch. Starch derivatives, mainly
hydrolyzed forms such as dextrins and maltodextrins, are
also often used as carriers for spray and freeze drying [3].

Ukraine is one of the world's leading producers
of corn starch. In recent years, there has been a tendency
to increase the production of corn starch in the country.
This is due to the growing demand for corn starch as a
stable raw material for the food and non-food industries
[21].

Gum arabic is a hydrocolloid from acacia exu-
date. Due to the high content of natural dietary fibers (up
to 90% in terms of dry matter) and low energy value
(2kcal/g), gum arabic is recommended for use in health
and dietary products, performs a prebiotic and hypogly-
cemic function, contributes to the maintenance of human
immunity by stimulating growth and development of its
bifido- and lactobacilli, can be associated with other im-
portant components of nutraceuticals, in particular with
polyphenols and mineral substances.

The functional and technological properties of
gum arabic are due to the peculiarities of its structure.
According to its chemical structure, gum arabic belongs
to glycoproteins, the molecules of which contain frag-
ments of polysaccharide and protein nature. The total
protein content is about 2% (sometimes 1%), but in indi-
vidual fractions the protein can be up to 25%. The poly-
saccharide fraction of gum arabic consists of residues of
galactose (45-46%), arabinose (23-24%), rhamnose (13-
14%) and glucuronic acid (14-16%) with the presence of
small amounts of arabofuranose and methylglucuronic
acid units. The protein component plays an important
role in the functionality of gum arabic. The simultaneous
presence of hydrophilic carbohydrates and hydrophobic
protein gives the gum arabic molecule emulsifying and
stabilizing properties [22-23].

The total production of gum arabic is estimated
at 70 tons per year. Europe is the largest market for
chewing gum, with France and Great Britain being the
main importers. Outside of Europe, the largest market for
gum arabic exists in the United States [24].

Pectin is a component of plant cell walls that
protects against the invasion of microorganisms. Pectins
consist of a-D-galacturonic acid, which is interrupted by
rhamnose residues. A significant difference between pec-
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tins is the content of methyl esters in them. Pectins with a
high degree of esterification form gels due to hydropho-
bic interaction and the formation of hydrogen bonds be-
tween pectin molecules. Pectins with a low methoxyl
content form gels in the presence of di- and polyvalent
cations, which form crosslinks and neutralize the nega-
tive charge of the pectin molecule [3, 25].

The world production of pectin is concentrated
in Europe (Germany, Switzerland, etc.), South America
(Argentina, Brazil), South Africa, China, Iran, etc. The
volume of production is about 30 thousand tons per year.
CP Kelco (USA) is the world's largest producer of pectin.
The largest pectin factory in the world, Kobenhagen Pek-
tinfabric (Denmark), plays a significant role in global
production. The German company "Herbstreith & Fox
KG" (Germany) occupies the second place in terms of
production volume [26-27].

Natural pectins of fruits and berries are an im-
portant part of the human diet, the basis of many medi-
cines and biologically active supplements. The use of
pectin in drug technology is based on its functional char-
acteristics and technological purpose. The use of pectin
for the encapsulation of medicines ensures a gentle (gen-
tle) mode of their absorption in the gastrointestinal tract.
Due to the presence of carboxyl groups of galacturonic
acid, pectins can bind heavy metal ions in the alimentary
tract, followed by the removal of insoluble complexes
from the body [27].

Gelatin is a high-molecular-weight polypeptide
obtained from the partial hydrolysis of collagen, which
forms the main component of connective tissues of ani-
mals, such as bones and skin [28-30].

Collagen hydrolytic processes can be divided in-
to three groups: physical, chemical and enzymatic [31-
34].

Functional properties of gelatin are related to
chemical characteristics. Gel strength, viscosity and melt-
ing point of gelatin depend on its molecular mass distri-
bution and amino acid composition. The amino acids
proline and hydroxyproline play an important role in the
renaturation of gelatin subunits during gelation. As a
result, gelatin with a high amino acid content has a high-
er gel strength and melting point.

Table 3 shows a comparative analysis of the
amino acid composition of gelatin of different origin.

Gelatin is an important hydrocolloid and is used
as a stabilizer, thickener, emulsifier, foaming and wetting
agent for food, pharmaceutical, medical and technical
applications due to its surface-active properties, as well
as for encapsulation of food additives and active sub-
stances [38-39].

Gelatin capsules protect active substances from
moisture, high temperature or other extreme conditions,
thus increasing their stability [40].

Whey protein is a protein obtained from whey
and buttermilk [15, 41].

Whey protein is albumin, so it dissolves in water
at a pH of 6.6. The hydration capacity of whey protein
concentrates is 0.45-0.52 g of water/g of protein [41, 42].

The annual world production of whey proteins is
about 600,000 tons [41].
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Table 3 — Amino acid composition of gelatin of different origins (number of residues/1000 total amino
acid residues) [35-37]

Amino acids Pig skin Cattle skin

Asx (asparagine residues and aspartic acid ) 46 44
Threonine (Thr) 18 17
Serin (Ser) 36 29
GlIx ( glutamine residues and glutamic acid ) 83 74
Glycine (Gly) 355 341
Alanine (Ala) 116 115
Valin (Val) 24 21
Methionine (Met) 5 5
Isoleucine (lle) 12 11
Leucine (Leu) 25 25
Tyrosine (Tyr) 3 1
Phenylalanine (Phe) 14 12
Histidine (His) 5 5
Lysine (Lys) 29 26
Arginine (Arg) 53 48
Proline (Pro) 90 123
Hydroxylysine (Hyl) - 7
Hydroxyproline (Hyp) 86 96

In total 1000 1000

Whey protein is extremely popular due to its
ability to form films and is used as a protective material
during spray drying, which is the final step in the prepa-
ration of water-soluble microcapsule systems [3].

Conclusions

substances, which will make it possible to obtain a prod-
uct with a directed effect and an adjustable duration of
action.

The use of natural biopolymers in the microen-
capsulation technology for the stabilization of probiotic
microorganisms is an innovative approach to increasing

Microencapsulation is a technological process of
covering the outer surface of particles with film-forming

the efficiency of the use of probiotic additives in the
feeding of farm animals.
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XAPAKTEPUCTHUKA TA 3ACTOCYBAHHA BIOIIOJIIMEPIB IS
MIKPOKAIICYJ/IIOBAHHS BIOJIOI'TYHO AKTUBHUX PEHOBHUH

AHoTauis

B romiBii CiIbCHKOrOCHOAAPCHKUX BHCOKONPOIYKTUBHUX TBAPHH 1 ITHII BaXKJIMBA POJb HAICKHUTH SKOCTI Ta
0e31MeYHOCTI KOMOIKOPMOBOT TIPOAYKIIii, s BUPOOHHUIITBA SIKO1 3aCTOCOBYIOTH IpeMikcu abo mpemapatu 0ioJOTidHO
aKTUBHHUX pEYOBHH. Bce wacTime B TOZIBII CLIBCHKOTOCIIONAPCHKUX TBAPHH 1 NTHUIl BHKOPHUCTOBYIOTH MPOOIOTHYHI
J00aBKM Ha OCHOBI KHMBUX MIKPOOPraHi3MiB, sIKi B TOMY YHCII, 3a0€3Me4yI0Th CTIHKHN iIMyHITET 10 iH}eKuiitHnX XBo-
po0, He BHKOPUCTOBYIOUM B pallioHI aHTHOIOTHKIB. B pe3ynbTarTi moKpaiuryeTbcsi 3arajibHUAN CTaH Ta IiJBHIILY €ThCS
MPOJYKTUBHICTh TBAPUH Ta SIKICTh TBAPMHHHLBKOI Mpoxaykuii. ChOro/iHI OJJHUM 3 aKTyaJbHUX IHMTaHb € cralimizamis
npoOioTHYHKMX MiKpoopraHi3miB. Tak, TeXHOJIOTisS MIKPOKAICYyJIIOBaHHS JO3BOJISIE TIOKPUBATH YAaCTUHKH IPOOIOTHYHOL
JI00aBKH 1HIUBITYaJIbHOI 00OJOHKOIO /SISl OJIepKaHHs IIPOAYKTY 31 CPSMOBAHOIO JTI€I0 TA PEryJbOBaHUM YacOM BHBI-
JIbHEHHS CKJIaZIOBOi PEYOBUHHU. B cTaTTi pO3riIsiHyTO METaboIi3M HpOTEeTHY MPH TOMAIBII BUCOKONPOIYKTHBHUX MOPIi[
BeJIHMKOI poraroi xynoou. HaBeaeHo meronu crabinizamii KIITHH Ta TepeBaru cTadimizoBaHux Gopm mpobdioTukis. [1po-
aHaJIi30BaHO TEXHOJIOTII Ta BHIW MarepialliB 0OOJOHKH, SKi IIMPOKO BHKOPHUCTOBYIOTHCS U MiKPOKAIICYTIOBAHHSI
po0ioTHKIB. BUKOpUCTaHHS KOHKPETHOI TEXHOJIOTIi MiKPOKATICYTFOBaHHS a00 MaTepiay 3aJie)KUTh BiJl BIACTUBOCTEH
KOHKPETHOT'O Tpo0ioTHYHOTO mrtamy. J{ist cTabimizamii KIITHH MiKpOOPTaHi3MiB BUKOPHCTOBYIOTh PSYOBHHH OpTaHId-
HOI Ta HEOPTaHIYHOI MPUPOIU, CHHTETUYHI MaTepiaiy Ta MPUPOIHI OiomerpamoBaHi moiiMepu. [leTanbHO PO3TISIHYTO
HAMOLIBII MOMYJISIPHI 010MOTIMEPH, SIKi BHKOPHCTOBYIOTh JUISI MiKPOKAIICYJIFOBAHHS — allbTiHATH, KapariHaHW, XiTO3aH,
KpOXMaJib, TyMiapa0ik, NeKTHH, JKeJlaTHH, CHPOBAaTKOBHH MpoTeiH. HaBeJeHo CTpYKTYpHUIA CKJlaz, CHOCOOM OTpUMaH-
Hsl, QyHKIIOHANBHI XapaKTePUCTHKH, 00’ €MH CBITOBOTO BUPOOHUITBA PO3IIISIHYTUX OlomosiMepiB. BukopucranHs Mik-
POKAICYJIIOBAHHS MPOOIOTHYHUX MIKPOOPTaHi3MiB MPUPOIHUMHE OiomoiMepamMu, 3 METOIO cTadimi3allil NpoOiOTHKIB B
TO/IIBJI CUILCHKOTOCTIOIAPCHKHUX TBAPHUH, € IHHOBALIIHHUAM ITiAXO00M.

Kirouosi cjioBa: 6ionosiMepu, Mikpokancy/1l0BaHHs, NPO0iOTHKH, BUCOKONPOAYKTUBHI TBapuHH, 0io-
JIOTIYHO AKTUBHI Pe4OBHHM, POTEiH.
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BceyKpaiHCbKMI arpapHuii camit: BUpoLyBaHHA, 36epiraHHa, nepepobka
AGRO UKRAINE SUMMIT - ue ¢popym npo arpoTexHoorii, iHHOBaLii Ta NoWwyK epeKTUBHUX pilleHb Aansa 36e-
peXKeHHs i pO3BUTKY arponpoMMUCAOBOro CeKTopy YKpaiHu

Y4yacHUKM camiTy Le:

® KOMNAHii, W0 3aMMaloTbCs BUPOLLYBaHHAM i nepepobKoto arponpoayKLii;

® arpoxosiAMHIM | bepmepcbKi rocnofapcTsa;

® KOMNAHii, Wo 3anMmaroTbcs 36epiraHHAM i nepepobKoto 3epHa;

* Tpelaepw Ta IOTiCTH;

® NOCTAYa/IbHUKM TEXHONOTIN, TEXHIKM Ta iIHHOBALIMHMX NPOAYKTIB: 3aC06iB 3aXMCTy POCAUH, HACiHHA, 40-
6puB, arpoTexHikn, eHepropecypcis, IT-pilweHb, TOWO;

® arpapHi HayKOBLLi, EKCNepTH, YpAaL0BL,i, CNeLianictm pUHKY.

CamiT byae KOpMCHMM ANA BAACHUKIB, TON-MeHeaxepiB Ta ¢paxiBLis arpobisHecy.

OpraHisatopu: I'C "CniBToBapuCTBO BUPOBHUKIB i cnoxuneadis 606oBux YkpaiHu", Acouiauia
enesaTtopiB YKpaiHu, ProAgro Group.

Micue npoBeaeHHA: M. Kuis, Byn. O60n0HCbKa HabepexHa 20, Nlonbd-ueHTp.

AHani3 NOTOYHOrO CTaHy, NOLWYK LWAXiB 36epeKeHHs, BiApoAXKeHHs i cTpimKoro 3pocTaHHA AMNK YKpaiHu

3aBAaHHA CamiTy: BUCBITAEHHA TONOBHUX BUKAUKIB AN1A arpoCeKTOPY Ta MNOWYK WAAXIB iX no-
O0NTaHHA, HanpaulBaHHA piweHb ANA 3abe3nevyeHHA cTabinbHOT poboTH M NigBULWEHHA edEKTUBHO-
CTi CinbCbKOro rocnofapcTea y BOEHHMM yac.

3axig BKAUYaTUMe:

e Nlianorosi naHeni;

¢ [Ipe3eHTaUiNHIi cemiHapu Big KomnaHik-nigepis pUHKY;

e Buctynu npoBiaHux ¢axiBuiB ranysei 3 keimcamm epeKTMBHOIro BeaeHHA arpobisHecy, npea-
CTaBHMWKIB BNagMn Ta eKCNepTHOro cepesoBMULLa;

® BUCTaBKY TEXHONOTIYHMX pilWweHb | 06nagHAHHA Big NPOBIAHUX BUPOOHUKIB;

e 30HM AiNOBOrO CMNiNKYBaHHA.

e XXnBy My3u1Ky, nayH>X 30HY;

e KaBa-nay3u, ¢ypuwetu.

Bucraska AGRO UKRAINE Expo 6yae npoxoautu B pamkax AGRO UKRAINE SUMMIT 2024 — arpap-
Horo popymy B YKpaiHi B ranyssax pocAMHHULUTBA, 36epiraHHA, nepepobKu, TpPeMnaNHry i NOoricTUKK Cinb-
rocnnpoaykuii. AGRO UKRAINE Expo ue:

— BMCTaBKa Ta Npe3eHTaLii iHHOBALiMHMUX pilleHb B rafy3sax BUpolyBaHHs, 36epiraHHs, nepepob-
KW, OTICTUKWN | TPEWAMUHTY 3epHa;

— NOBHIiCTO BpeHA0BaHWUI | 3BMOHTOBaHWI Nig Balwi NnoTpebu cTeHA 3 ycima 3pYyUYHOCTAMMU;

— 30Ha b6i3Hec-cninkyBaHHA Ta KPeaTUBHUX pilleHb, A& BM MOXeTe NPUNmMaTK CBOIX KNIEHTIB npo-
TATOM BCbOTrO AHA CaMiTy;

— Micue 4NA NOWYKY NapTHepPiB Ta YKAAA4AHHA yrog,.

BucTaBKa Aie NpoTArom BCbOro AHA camiTy. He nponycTiTe MOXAUBICTb NOCNiNKYBATUCA 3 NPOBIA-
HUMM YKPATHCbKUMMU M MidKHAPOAHUMU NOCTavyaibHUKAMM nocnyr i obnagHaHHA AnA iHAYCTPIl.
PROAGRO GROUP: +38 096 899 4272+38 067 243 3803proagro-inform@ukr.net
Aconjanis 6060Bux Ykpainu: +38 067 364 1636+38 050 347 1019welcome.pulse@gmail.com
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FISH FARMING IS A PROMISING BRANCH
OF ENSURING FOOD SECURITY OF
THE EARTH'S POPULATION

-

Abstract

Based on marketing research, it has been proven that aquaculture is one of the fastest growing branches of food production
in the world. The main method of increasing fish productivity in ponds is fish feeding, which is an objective reality with high intensi-
fication of fish farming. With the intensification of production processes, the role of feeding is constantly increasing, and the cost of
feeding in the cost price of fish is about 40% and has an upward trend. In this connection, the problem of rational feed use becomes
extremely important. It is justified that the use of high-quality feed and feed additives in the diet of fattening animals significantly
increases the productivity and profitability of the operation of livestock, poultry, and fish farms. 160 factories are engaged in the
compound feeds production in Ukraine, the production capacity of which is 7.5 million tons per year. The specified indicator should
be realistically increased to 15 million tons of finished products per year. It is established that we will need to produce 60 percent
more food by 2050 to feed the world's 9.3 billion people according to estimates compiled by the Food and Agriculture Organization
(FAO). Therefore, animal protein production is expected to increase with this increase. According to IFIF estimates, the world pro-
duction of compound feeds has reached more than 1 billion tons per year. Top 10 countries in world compound feed production in
2021-2022 are presented (according to Alltech Agri-Food Outlook 2023). The structure of compound feeds production by types of
agricultural animals and poultry in the world in 2022 is summarized. It is proved that the production of fish compound feeds contin-
ues to grow in all the world regions. In the world (as well as in Ukraine), fishing and aquaculture play and will play a significant
role in the coming centuries in ensuring the food security of the global population. It is necessary to make changes in policy, man-
agement, stimulate innovation and investment to the industry to ensure the food security of the planet through fisheries and aquacul-
ture. It is established that the world volume of aquatic bioresources production is constantly growing and in 2022 reached the value
of 176 million t/year. More than 150 million tons of aquatic biological resources were used for human consumption. In the condi-
tions of the formation of market relations, against the background of significant costs for feed, feeding fish should be based on care-
ful calculations, the logical conclusion of which should be economic expediency. On the basis of the marketing research of the situa-
tion on the market of feed supplements, a shortage of protein vitamin supplements and complete feeds for domestically produced fish
was revealed. The restraining factors for the use of foreign supplements are their cost and interruptions in supply.

Key words: fish, complete feeds production, fish farming, industrial producers, world consumption and production,
aquaculture.

Introduction feeding [2].

The compound feed industry of Ukraine is quite The functioning of all the animal body systems
important in the agro-industrial complex of the country. is largely determined by the quantitative and qualitative
It is the key to the development of animal husbandry, characteristics of the consumed feed. All necessary ele-
poultry farming, fishing and the food industry, in particu- ments of the fish diet for normal growth and develop-
lar the production of meat and sausage products. ment are obtained from the natural feed base and addi-

The compound feed production technology in- tional feed.
cludes various types of operations that must be carried Feed should be available in terms of particle

out in order to achieve the maximum realization of the size, acceptable in taste, have the proper consistency,
potential feed value of feed components. This involves chemically complete structure, be easily digested and
changing the ingredients of such components in order to assimilated in order to ensure the energy and plastic
bring their natural value to the maximum and get a return needs of the body, high growth rates of fish under normal

from their use [1]. development.
Today, aquaculture is one of the fastest growing Based on the above, the main method of increas-
branches of food production in the world. The share of ing fish productivity in ponds is fish feeding, which is an

aquaculture in world fish production is growing annually. objective reality with high intensification of fish farming.
Over the past 50 years, the volume of fish farming in the With the intensification of production processes, the role
world has increased by more than 50 million tons, while of feeding is constantly increasing, and the cost of feed-

the growth of the volume of world fish catch stopped in ing in the cost price of fish is about 40% and has an up-

the 80s of the last century. ward trend. In this connection, the problem of rational
Therefore, now the most important are the tech- feed use becomes extremely important.

nologically complex methods of fish farming intensifica- As for the form of compound feeds production,

tion. These include industrial forms of fish farming in it is definitely granulated compound feeds [3]. The use of

cages, pools, closed containers, which provides a high compound feeds, especially in granulated form or in the

concentration of fish per unit area, and accordingly, full form of crumble feeds, allows to exclude the possibility
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of selective consumption of individual feed products by
animals, poultry and fish [4-5].

Sports fishing is an active type of recreation
without harming the environment. In 1939, the Interna-
tional Game Fishing Association (IGFA) (International
Sport Fishing Association) was founded in Denmark
Beach, Florida (USA), which today is the highest author-
ity in the world for the conditions and control of sport
fishing. According to the requirements, various types of
baits and mixed feeds are used in sports fishing to
achieve the goal of catching fish and then releasing them.
The composition of such products is strictly regulated
and must not harm both the fish itself and the environ-
ment.

Most of the manufactured feed additives for
sports fishing can be classified as protein vitamin sup-
plements. They are not the main type of feed and are
used only during competitions and regulate the amount
of fish caught.

Protein vitamin supplements (PVS) are homo-
geneous mixtures of purified and ground to the required
size and, if necessary, specially processed high-protein,
mineral feed and biologically active substances, which
are produced according to scientifically based recipes,
intended for the compound feed production at feed plants
with a simplified technological cycle when using local
feed raw materials [6-7].

The use of high-quality feed and feed additives
in the diet of fattening animals significantly increases the
productivity and profitability of the operation of live-
stock, poultry, and fish farms.

160 factories are engaged in the compound
feeds production in Ukraine, the production capacity of
which is 7.5 million tons per year. The specified indica-
tor should be realistically increased to 15 million tons of
finished products per year [8].

Purpose and objectives of the analysis

The purpose of the study was to substantiate the
feasibility of fish feed production, marketing research
and analysis of the fish feed market.

Results and its discussion

We will need to produce 60 percent more food
by 2050 to feed the world's 9.3 billion people according
to estimates compiled by the Food and Agriculture Or-

ganization (FAQ). Therefore, animal protein production
is expected to increase with this increase. Such demand
for animal proteins suggests that the extremely important
role of the compound feed sector will also grow. The
feed industry is the most important element in the sus-
tainable development of livestock production, and com-
pound feeds play an important role in the global food
industry, as they provide safe and nutritious sources of
animal protein. Every increase in animal protein produc-
tion requires achieving a significant increase in feed pro-
duction for sustainable livestock production.

According to market reports, increasing live-
stock population worldwide, increasing prevalence of
animal diseases, and increasing population, especially in
developing countries, will contribute to the growth of the
compound feed market in the coming years. In addition
to this, rising demand for quality dairy and meat prod-
ucts, rapid growth in industrialization, and focus on pro-
gress are other important factors that are expected to
drive the growth of the compound feed market.

According to IFIF estimates, the world produc-
tion of compound feeds has reached more than 1 billion
tons per year. According to the Agri-Food Outlook 2023,
the volume of compound feeds production worldwide in
2020 amounted to 1,207.9 million tons. This volume
reached 1235.5 million tons with an increase of 2.3% in
2021 and 1266.35 million tons with a decrease of 0.42%
in 2022 (Tab. 1). 142 countries and more than 28,000
compound feeds enterprises took part in the assessment.

The top 10 feed producing countries worldwide,
representing 64% of total global feed production, pro-
duced 808.8 million tonnes of feed in 2022. Overall, feed
production in these countries fell by 0.4% against a glob-
al decline of 0.42%.

China, the USA, Brazil, India, Mexico, russia,
Spain, Vietnam, Argentina and Germany are among the
top 10 countries in world compound feed production in
2022 (Tab. 2). The largest increase in the world com-
pound feed products production was shown by Vietnam,
which in 2022 entered the list of TOP-10 feed-producing
countries. In terms of production volumes, it overtook
Argentina and Germany, and also displaced Turkey on
the list, which in 2021 only entered the list of the top 10
fodder-producing countries [9].

Table 1 - Distribution of volumes of world compound feeds production by region in 2021 - 2022

FEED, QUALITY, TECHNOLOGY AND ANIMAL FEED

Region Sum of 2021 total feed Sum of 2022 total feed Growth (MMT) Growth (%)
production (MMT%) production (MMT)

Africa 44.506 42.788 1.718 3.86
Asia-Pacific 467.922 465.540 2.382 0.51
Europe 276.114 263.232 -12.882 -4.67%
Latin America 187.904 190.910 3.006 1.6%
Middle East 25.484 31.785 6.301 24.73%
North America 259.367 261.639 2.272 0.88%
Oceania 10.433 10.466 0.033 0.32%
Grand Total 1,271.731 1,266.350 (5.381) =0.42%

*Million metric tons
**Latin America includes all Central American countries, including Mexico
***North America includes Canada and the U.S.

41 http://grain-feed.ontu.edu.ua



3epHoBi npoaykTH i KoMGikopmu, VoI.23, 1.2 (90) / 2023

Table 2 - Top 10 countries in world compound feed production in 2021 - 2022
according to Alltech Agri-Food Outlook 2023

Country Sum of 2021 total feed Sum of 2022 total feed Growth (MMT) Growth %
production (MMT*) production (MMT)
China 268.343 260.739 (7.604) -2.83%
United States 237.977 240.403 2.426 1.02%
Brazil 81.239 81.948 0.709 0.87%
India 44,059 43.360 (0.700) -1.59%
Mexico 39.684 40.138 0.454 1.14%
Russia 33.000 34.147 1.147 3.48%
Spain 35.838 31.234 (4.604) -12.85%
Vietnam 20.920 26.720 5.800 27.72%
Argentina 26.719 25.736 (0.983) -3.68%
Germany 24.506 24.396 (0.110) -0.45%
The industrial pro- Equine: 0,64

duction of complete feeds is a Pets: 2,79 | Others: 5.76

dynamic sector with slow but Aqua; 4,18 ; Broiler: 28.74

steady growth in the past Beef: 9,32 o

years. This reflects the grow-

ing dependence of livestock

and aquaculture farmers on

effective compound feeds that )

meet high productivity and ~ Dairy; 10.57 \
quality requirements. -

According to the
structure of compound feeds
production by types of agricul-
tural animals and poultry in
the world in 2022 (Fig. 1), the

Layer; 12,78

Pig: 25,22

first place belongs to com- = Brojler =Pig =Layer =Dairy =Beef =Aqua =Pets =Equine = Others

pound feeds for broilers
(28.74%), the second place -
to compound feeds for pigs
(25.22%), then to laying hens (12.78%), dairy cattle
(10.57%), meat cattle (9.32%), fish (4.18%), domestic
animals (2.79%), horses (0, 64 %) and others (5.76 %).

If we compare the volumes of the world com-
pound feeds production in 2021 and 2022 (Tab. 3), then a
general growth trend can be seen for all types, except for
compound feeds for pigs, dairy and beef cattle. Feed for
pets has grown the most in percentage terms.

Fig. 1. The structure of compound feeds production by types of agricultural
animals and poultry in the world in 2022

The production of fish compound feeds contin-
ues to grow in all the world regions. The total increase in
2022 is 2.72%. Global aquafeed production, which was
51.5 million tons in 2021, will reach 52.9 million tons in
2022 with this increase. The largest regional share in the
aqua feed production belongs to the Asia-Pacific region
with 38.3 million tons (Tabl. 4) [9].

Table 3 - The share of compound feeds by species in total production in 2021-2022

Sector 2021 feed tonnage 2022 feed tonnage Growth (MMT) Growth %
(MMT*) (MMT)
Broiler 359.387 363.960 4,573 1.27%
Pig 329.185 319.383 {9.802) -2.98%
Layer 161.356 161.849 0.493 0.31%
Dairy 135.616 133.823 {1.793) -1.32%
Beef 118.441 118.042 {0.399) -0.34%
Agqua 51.510 52.914 1.403 2.72%
Pets 32.884 35.270 2.430 7.25%
Equine 8.091 8.159 0.068 0.83%
Grand Totals* 1,271.731 1,266.350 (5.381) -0.42%
42
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Table 4 - Distribution of world fish feeds production by region in 2021-2022

Region Sum of 2021 aqua feed Sum of 2022 aqua feed Growth (MMT) Growth % o)
tonnage (MMT*) tonnage (MMT) E
LL
Africa 1.484 1.449 0.035) 2.38% :(I
Asia-Pacific 37.350 38.340 0.990 2.65% =
Europe 4,605 4.687 0.082 1.78% <Z(
Latin America 5.652 5.922 0.271 4.79% %
Middle East 0.500 0.566 0.066 13.14% i
North America 1.730 1.750 0.020 1.16% 8
Oceania 0.190 0.200 0.010 5.26% 6‘
Grand Total 51.510 52.914 1.403 2.72% %
O
. |
Table 5 — The volume of world fisheries and aquaculture, _ Aquaculture is  the breeding, e
(million tons/year) maintenance and cultivation of fish, other | £
- aquatic animals and plants, which are carried | =
S;?ecn-es : 1990 2000 2010 2020 2022 out under human control and serve to replen- 5(
Industrial fishing 89 90,9 91,1 90,3 86 ish industrial stocks or obtain marketable | ©
Aquaculture 21,8 435 71,5 87,5 90,0 products. The use of existing global and do- a
mestic experience in the formation and de- | W

Total 1108 1344 162,6 177.9 176 velopment of this industry, the level of sci-

entific development and the possibility of

Table 6 - TOP-10 countries of the volume of sea industrial fishing

products production

mastering new technologies are the starting
point for the progress of aquaculture. Today,

Countries 1980 2000 2010 2020 2022 global aquaculture is one of the most dynam-
- ically developing areas of production [12].
China 3,8 124 132 118 116 It is necessary to make changes in [
Indonesia 1,7 4.4 6,0 6,4 6,6 policy, management, stimulate innovation
and investment to the industry to ensure the
Peru 41 8,0 51 56 >4 food security of the planet through fisheries
russia 15 3.2 4,3 4,8 4,6 and aquaculture.
USA 45 48 4,9 4,2 4,0 The world volume of aquatic biore-
- sources production is constantly growing
In_dla L 3.0 3,6 3.7 3,6 (Table 5) and in 2022 reached the value of
Vietnam 0,5 1,7 2,7 3,3 3,2 176 million t/year. Since 2000 the volume of
Japan 10,6 4.4 35 3,1 3.4 sea industrial fishing products production
has been decreasing at the same time (Table
Nomay 2.2 25 2.3 2,5 2.4 6). This indicator varies between the leading
Chile 4,5 4,0 2,2 18 2,1 countries, but China has been in first place
Total 35,1 48,4 47,8 47,2 46,9 for the past 20 years. In China fish consump-
tion will increase to 38% of the total world
The whole world 721 81.6 9.8 88 5.1 consumption volume in 2030 according to

Fish farming is one of the rather promising and
economically profitable areas of agribusiness develop-
ment for small and medium-sized farms, and is also of
considerable interest to investors. Fish farming is divided
into fishing, which involves catching fish and aquatic
animals, and fish farming, which has the task of preserv-
ing and improving fish stocks in natural and artificial
reservoirs.

Fishing is divided into private and industrial.
Sports fishing refers to private fishing and is one of the
most favorite pastimes and a popular sport. The main
principle of this type of sport is "catch-release", which
implies careful treatment of fish [10, 11].

In the world (as well as in Ukraine), fishing and
aquaculture play and will play a significant role in the
coming centuries in ensuring the food security of the
global population [11].
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FAOQ forecasts, which is explained by the rapid growth of
the country's population.

More than 150 million tons of aquatic biological
resources were used for human consumption. The other
26 million tons were directed to the production of fish
meal and fish oil (16 million tons). In the period from
1961 to 2022, the global consumption of food fishery
products grew by an average of 3.0% per year, which is
almost twice the rate of annual growth of the world popu-
lation (1.6%) during the same period. Per capita con-
sumption of fish products grew by approximately 1.4%
per year - from 9 kg in 1961 to 22 kg in 2022 [11].

The volume of fish production has almost
halved since 2014 according to the data of the State Sta-
tistics Service in Ukraine (Fig. 2). This is due to insuffi-
cient stocking of reservoirs; the inadequate state of stocks
of the main commercial fish species in the Azov-Black
Sea basin; insufficient number of fishing vessels, their

http://grain-feed.ontu.edu.ua
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unsatisfactory technical condition, etc. The data are given
without taking into account the temporarily occupied
territory of the Autonomous Republic of Crimea, Sevas-
topol and part of the temporarily occupied territories in
the Donetsk and Luhansk regions.

The average annual consumption of fish is ap-
proximately 13 kg/person in Ukraine. The consumption
stock mainly consists of imports, which are adversely
affected by the unstable political situation in the country
since the beginning of 2014 and the full-scale war from
2022 until now. The dynamics of fish products consump-
tion in Ukraine is positive and the population increasing-
ly prefers fish and seafood at the same time. This is in-
fluenced by the spread of proper nutrition trends and a
healthy lifestyle. However, Ukrainians have not yet
reached the recommended consumption rate of the World
Health Organization (20 kg).

The consumption of fish and fish products fluc-
tuates significantly and depends on the availability of
water bodies and consumer fish prices in the regions
(Fig. 3).

It is necessary to support the development of
domestic aquaculture of inland water bodies at the state
level to ensure Ukraine's food security.
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Today in Ukraine, the traditional objects of ag-
uaculture remain carp species of fish: carp, white and
variegated carp and their hybrids, and white carp. How-
ever, other species have been actively cultivated recently:
rainbow trout, European catfish, pike, clary catfish, cru-
cian carp, tench, and among sturgeons the most common
are sterlet, Russian sturgeon, sevruga, beluga, bester,
paddlefish, etc. [14-16].

The presence of internal water bodies allows the
breeding of carp species throughout the territory of
Ukraine. There is an infrastructure for growing carp, cru-
cian carp or white carp in almost every region.

The same applies to the cultivation of crucian
carp, pike, European catfish and native fish species. This
is also explained by the presence of artificial water bod-
ies that can be used for aquaculture throughout the terri-
tory of Ukraine (Fig. 4).

A significant number of people around the
world participate in recreational fishing - an average of
6.7% of the population according to FAO. Recreational
fishing is called amateur and sport fishing in Ukraine.
There are about 10 million amateur fishermen in Ukraine
according to various estimates [13].

2018

2019 2020 2021

Years

Fig. 2. Dynamics of changes in the fish production volume in Ukraine
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Fig. 3. Average annual level of fish and fish products consumption in the Ukraine regions (kg/person)

(data of the State Statistics Service in Ukraine) [13]
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Fig. 4. Regional structure of the fishing industry of Ukraine, %

Breeding fish in conditions where it does not
consume natural feed puts it in direct dependence on the
balance and quality of compound feed fed to it by the
keeper. Providing fish with complete nutrition makes it
possible to realize the genetically laid potential with min-
imal feed consumption and preservation of young.

A significant share of the fish feed market in
Ukraine is imported due to the lack of investment in feed
production. In addition, a large amount of fodder is in the
shadow segment, as producers of fish products, in order
to save money, produce their own fodder for their own

Conclusions

In the conditions of the formation of market re-
lations, against the background of significant costs for
feed, feeding fish should be based on careful calcula-
tions, the logical conclusion of which should be econom-
ic expediency.

On the basis of the marketing research of the
situation on the market of feed supplements, a shortage
of protein vitamin supplements and complete feeds for
domestically produced fish was revealed. The restraining
factors for the use of foreign supplements are their cost

FEED, QUALITY, TECHNOLOGY AND ANIMAL FEED

use [17].

and interruptions in supply.
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Anomauin

Ha niocmasi mapxemuneosux 0ocniodicenb 008e0eH0, W0 AKEAKYIbMypa € OOHIEI 3 HAUDLIbUL WEUOKO3POC-
maroyux eanyseu GUpoOHUYMea npooyKmie xapyuyeanus 6 ceimi. OCHOGHUM MEMOOOM NiOBUWeHH pUOONRPOOYKMUBHO-
cmi 8 cmagkax € 200i6s pubu, Wo € 00'€EKMUBHOI0 PealbHICMI0 NPU BUCOKIL inmeHcugikayii pubnuymsa. 3 inmencu-
Qikayiero supobHuuux npoyecie ponb 200i81i NOCMIIHO 3pocmae, a cobigapmicms 200ieni 8 cobisapmocmi pubu cma-
Hogumb 6ausbko 40% i mae menoenyito 0o spocmanns. Y 368'a3Ky 3 yum HAO36UHALHO AKMYANLHOIO CIMAE Npodiema
PayionansHo2o sukopucmanHs kopmie. OOIpyHMOo8aHo, wo UKOPUCMAHHS GUCOKOAKICHUX KOPMIG | KOPMOBUX 000AB0K
V payioni meapuH Ha 8i0200i6/1i 3HAYHO NIOBULYE NPOOYKMUBHICIb | peHMAbeIbHICb pOOOMU MEAPUHHUYLKUX, NINA-
xigHuuux i pubHux gepm. Bupobuuymeom xomobikopmie 6 Yrpaini saiimaromocs 160 3a600i6, 6upobHu1a nomyxcHicms
AKUX CMAHO8UMYb 7,5 MAH MOHH Ha PiK. 3a3Hauenuti noKasHuk mac oymu peanvHo 30invuienuti 00 15 man monn 20mosoi
npoodykyii Ha pix. Bcmanosneno, wo do 2050 poxy nam nompioro 6yoe eupobasimu Ha 60 eidcomkie Oinviue npoooeo-
abemea, wjod npozodyseamu 9,3 minesapoa modeil y cimi, 32i0HO 3 oyinkamu, 3iopanumu IIpo0060abu0I0 ma CilbCbKo20-
cnooapcokoio opearizayieto OOH (@AO). Tomy ouikyemuvcsi, wo 6upoOOHUYMEO MEAPUHHO20 OLIKA 30IbUUMbCS 3 YUM
s0inbuwenuam. 3a oyinkamu IFIF, cgimoge eupobHuymeo kombikopmie oocsaeno nonao 1 mapo moun Ha pix. Ilpeocmas-
neno mon-10 kpain 3i ceimosozo eupobnuymea xombikopmie y 2021 — 2022 poxax (3a oanumu Alltech Agri-Food
Outlook 2023). V3aeanvneno cmpykmypy 8upoOHUymMea KOMOIKOpMie 3a udamu CilbCbKO2OCHOOAPCHLKUX MEAPUH ma
nmuyi y ceimi y 2022 poyi. [ogedeno, ujo upoOHUYmMeo pubHux KomoOikopmie npooogicye 3pocmamu y 8Cix pe2ioHax
ceimy. ¥V ceimi (aKk i 6 Yxpaini) pubanbcmeo ma akeaxynomypa idieparoms i 8i0icpasamumyms y HAUOAUNCYT CIMOTIM-
ms 3HAuHY pob Y 3a0e3neyenHi npoooeovbyoi besneku Hacenenus nianemu. Heobxiono enocumu 3MiHU 8 NOLIMUKY,
VRPAGNIHHA, CIMUMYIOGamy iHHOGayii ma ineecmuyii 6 eany3v O 3a0e3nedeHHss NPoO06OILYOI be3neku nianemu 3a
PaxyHoK pubanbcmea ma akeakynemypu. Becmanoeneno, wjo cimosutl oocsae eupodoHuymea 600HuUx biopecypcie noc-
mitino 3pocmae i y 2022 poyi docse 3navenmns 176 man m/pix. st CRO®CUBAHHSL THOOUHOIO OYI0 GUKOPUCMAHO NOHAO
150 man monn 600Hux Giopecypcié. B ymosax cmanogneHHs pUHKOBUX GiOHOCUH, HA Ml 3HAYHUX GUMPAM HA KOPMU,
20016713 pudu Mae rpyHmyeamucs Ha pemeibHux po3paxyHKax, 102i4HUM 3A6epPULeHHAM AKUX NOGUHHA OYMU eKOHOMIUHA
doyinvricmes. Ha ocHosi mapkemunzo6020 00CRiONCEHHsT CUMYayil HA PUHKY KOPMOBUX 000A80K GuUsiGNIeHo Oediyum
OINK0B0-8IMAMIHHUX 000ABOK I NOBHOPAYIOHHUX KOMOIKOpMIG O pubu 8imyusHaAH020 eupoobHuymea. Cmpumyouumu
Gaxmopamu gukopucmants 3apyoincHux 000a8oK € ix gapmicmv i nepeboi 3 NOCMAYAHHAM.

Kutouosi ciioBa: puda, BUpoOOHMUTBO NOBHOPALIOHHUX KOMOiKOpMiB, p0He rocnogapcTBo, MPOMUCJIOBI
BUPOOHUKH, CBiTOBE CIIOKMBAHHS TA BUPOOHULTBO, AKBAKYJIbTYpa.
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OAKVYJIbTET

TEXHONOTII 3EPHA
| 3EPHOBOIO
BI3HECY

XAPYOBI TEXHONOTrII

OcgiTHI nporpamu:

» TexHonorii Ta ynpaeniHHA 3ePHOBUM 6i3HECOM;

* TexHonoris 36epiraHHsa 3epHa Ta eneBaTopHMi 6i3Hec;
» TexHonorii Ta ynpaBniHHA KOPMOBHUM 6GisHecom;

* TexHonorii Ta ynpaBniHHA XNi6ONeKapHUM i
KOHAUTEPCbKMM 6i3HECOM.

nanPUEMHULUTBO, TOPIIBNA
TA BIPXXOBA AIAJIbHICTb

OcsiTHA nporpama:
* MixxHaponHa Toprieng 3epHOMm;

FAJTY3EBE MALLMHOBY1YBAHHSA

OcBiTHA nporpama:

¢ IT KOHCTpyIOBaHHS Ta 06CNYroByBaHHS O6NafAHaHHS
(3epHOnepepobHoI ranysi).

MpauesnawTyBaHHs:

* KepiBHMKamMu Xxap4OBUX Ta 3€PHOBUX NiIANPUEMCTB i
(eneBaTopiB, 60POIHOMENbHUX, KPYN AHUX, KOM6iKOpMOBUX |
3aBOJiB, KOHAUTEPCbKUX pabpuk, xnibozaBogis);

* KepiBHWKamun arponpoMucnoBux nignpuemMCTs;

* KepiBHMKamu MalwiMHO6yAiBHUX 3aBOAIB, KOMEPLINHUX
CTPYKTYP TEXHIYHOrO CepBicy;

* KepiBH1MKamMu TOpriBenbHUX, 3ePHOTOPriBENLHUX KOMMaHIN
Ta ix nigpo3ainise;

» KepiBHMKamu nignpuemMcTs mManoro 6izHecy;

* KepiBHuKamu 6ipXKoBUX CTPYKTYP Ta iX NiApO3Ainis;

» QaxisusMu-aHaniTMKaMu 3 BOCNIAKEHHSA TOBAPHUX PUHKIB
i Bipx;

* TexHONoramu, ronoBHUMMU iHKEHEPAMHM, 3aBiAYIOUMMU
naboparopisMmu, MEHeaXKepamu 3 SKOCTI;

* bpokepamu Ha ToBapHuUX GipxKax;

» QaxiBusamMu 3 noricTuky;

* Excnepramu 3 30BHILIHBOEKOHOMIYHUX MUTaHb;

* EkcnepTamu 3 OUiHKW Ta NPOrHO3yBaHHA AiANIbHOCTI
3epHOTOPriBeNbHUX MIANPUEMCTB Ta iH.
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