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Jlewenko I. A. Po3poOiieHHsI TEXHOJIOT11 BUPOOHUIITBA KPYIT IHUX TPOTYKTIB
13 3epHa mmeHutll moyuou. — Keamidikariiina HaykoBa Ipars Ha MpaBaxX PYKOIIHCY.

Hucepraiiiss Ha 3700yTTS HAyKOBOTO CTyIeHsS JokTopa ¢diutocodii 3a
cnemianpHicTIO 201 Arponomiss (20 ArpapHi HaykKd Ta  IIPOJIOBOJIBCTBO).

YMaHChKUI HalllOHATBHUM YHIBEPCUTET CaliBHHUITBA, Y MaHb, 2021 p.

JlucepTallito IPUCBSIYEHO PO3POOJICHHIO Ta ONTUMI3allill OKPEMHX CKJIaJ0BUX
TEXHOJIOT1i BUPOOHMIITBA KPYIT THUX MPOAYKTIB 13 3€pHA MIIEHUL1 N0Ja0u. MeToro
JOCTI)KEHb OyJI0 KOMIUIEKCHE OILIIHIOBAaHHS TEXHOJOTIYHMX BJIACTUBOCTEW 3€pHa
NIIEHUIl MOJA0M Ui PO3POOJEHHS TEXHOJIOTI BHPOOHMIITBA KPYIT STHUX
MPOJTYKTIB.

BignoBigHo 10 mocTaBiaeHOT METH mependadanocss BUPINIMTH HACTYIHI
3aBJAHHS: BU3HAYUTHU JIHIMHI PO3MIPU 1 TEOMETPUYHI MOKA3HUKH 3€pHa MIIECHHUIII
10JIOW; BCTAHOBUTH 3MIHU O010XIMIYHOTO CKJAAy ¥ TEXHOJOTIYHUX BIIACTUBOCTEH
3epHa MUIEHUI[l TOJOM 3aJeXKHO BiJl OCOOIMBOCTEH COPTY Ta MOTOJAHUX YMOB;
BU3HAYUTH 3aJIKHOCTI MDK OIOXIMIYHHMM CKJIAQZOM 1 TEXHOJIOTIYHUMH
BJIACTMUBOCTSIMU IIIICHMIII TIOJIOM; JOCTIIUTH BIUIMB TPaJlIEHTa 3BOJIOKYBAHHS,
TPUBAJIOCTI JYIIEHHS, MPOMAPIOBAHHS Ta BIJBOJIOKYBAaHHS Ha BHUXIJ 1 SKICTh
KPYI'SIHUX TPOJYKTIB 13 MIIEHHUI MOJOM; 3aCTOCYBAaTH I1HHOBAILUWHUI cIoCiO
oOpoOJICHHST 3epHa TIIEHUIl TOJOU EJNEKTPOMArHiTHUM TIOJIEM HaJBUCOKO1
yactotu (EMII HBY) nig yac BUpOOHUITBAa Kpym SHUX MPOIYKTIB; PO3POOUTH
TEXHOJIOTII0 Ta 3ampOINOHYBaTH PEKOMEHJAIlli 3 BUPOOHUIITBA KPYMH 3 IMIINEHUII
nosiou Ne 1, kpynu noapidbuenoi Ne 1, 2, 3 ta Kpynu MIto1eHoi.

HaykoBa HOBHM3Ha OJepKaHUX peE3YyJIbTaTIiB TMOJATAE B KOMIUIEKCHOMY
OIIIHIOBAHHI ~TEXHOJOTIYHMX BJACTMBOCTEH 3e¢pHAa IIICHHII TOJOW IS
pO3pOOJICHHST  TEXHOJIOT1T  BHUPOOHMIITBA  KPYIT'SSHMX TPOAYKTIB. Bmepie
BU3HAYCHO, 10 3a MOKA3HUKOM 1HJEKCY po3mipy dactodok (16,5-28,5 %) 3epHo

MIIEHUII TOJIOM MOXKE 3MIHIOBATHUCS BIJ M KO- JI0 TBEPJO3EPHOIO THIY; s



3epHa MIIEHUIIl MOJI0U TOBEICHO KOPEIAIINHI 3aJIeKHOCTI MK 00’€MOM 3€pHIBKH,
IUTOMICIO 30BHIMIHBOI MOBepxHi Ta Macoro 1000 3epeH; Mixk BMICTOM KIIEHKOBHHH,
O1JIKa Ta CKJIOMOAIOHICTIO; BCTAHOBJICHO, IO 32 TEOMETPUYHOIO0 XapaKTEPUCTUKOIO
3epHIBKM MOXHA TIPOBOJUTH OYMINEHHS IMIIIEHUINl TMOJ0M Ha THIOBOMY
oOJlalHaHHI; PO3LIMPEHI HAyKOBI JIaHI NP0 PIBHOMIPHICTh PO3MOAUICHHS
BOJIOPO3YMHHUX BiTaMiHIB I'pynu B B 3epHi mieHuIrl mosdu, mo MpOsSBISIETHCS
YMOBHY CTaOUIBbHICTD IX BMICTY MICJIs Mpoliecy JylieHHs (BUHATOK € Bg 1 Bg); ms
3epHa MIICHUIl TTOJIOM HayKOBO OOTPYHTOBAHO ONTHUMAIbHHUM 1HIEKC JIYIICHHS —
6-10 %; excrmepuMeHTaIBLHO JOBEICHO, IO 3a 3BOJOXKYyBaHHA Ha 1 % 3epHa
NIIeHuIl noaou 3 BomoricTio 12—-13 % 1 BigBoNOKYBaHHS BIPoAoBXK 30 XB, BUXi]
kpynu Ne 1 3 Hporo cranoBuTh 91-93 % 3 3aranbHOIO0 KyJIIHAPHOIO OI[IHKOIO Kallll
8 GauniB, a 3araJibHUN BUXiA MOApiOHEHHX Kpynm — 76 % 3 7-8 Gamamu; HAyKOBO
OOIPYHTOBAaHO Ta PO3POOJEHO TEXHOJOri BUPOOHMIITBA KPYIHU IUTIOMICHOI 3
MIIEHUIl TOJOM ONTUMIZAIIEID PEKUMY BOJIOTEIJIOBOTO OOpOOJIeHHS, 11O
nepeadavae: a) MpoOINapIOBaHHS 3€pHA BOPOJOBXK 6 XB Ta BiJIBOJIOKYBAHHS 3 XB;
abo 0) oOpobsienHs 3BosoxkeHoro 3epHa Ha 1-1,5 % EMII HBY ynponosx 80—
100 c.

[IpakTuune 3Ha4YeHHs oJepkaHUX pe3ynbrariB. [lomsirae B po3poOieHi
TEXHOJIOTIYHUX THCTPYKIiH 3 BupoOHuUITBa Kpynu Ne 1 1 moapiOnenux Ne 1, 2 1 3
Ta KpyIu IUTIOLIEHO] 3 3epHa MIeHUIl nojaou. Po3pobneHo texHosorito «Crnocio
BUPOOHMIITBA KPYIH IUTIOMIEHOT 13 3epHa miieHuIi noaou micus mii HBY-
BunpomiHtoBaHHs» (mar. Ne 136918) Ta BIOCKOHAJIEHO METOAMKY BU3HAYEHHS
NPUAATHOCTI 3€pHA MILIEHULI MOJAOM HJisi KpyI sSIHUX NpoAaykTiB — «Crnocid
KyJIIHAPHOTO OI[IHIOBaHHS KPYM'STHUX MPOAYKTIB 13 3€pHA MIICHUIll, TPUTHUKAIIEC Ta
ssameHtoy (mat. Ne 129205).

VY nmepmomy po3aiiai MpoaHA30BaHO HAYKOBI Mpalll BITYM3HSAHUX Ta
1HO3eMHHX YYEHHX I[0JI0 CyYaCHOTO CTaHy 3HAaHb 3 TEXHOJIOTIYHUX BJIACTUBOCTEU
3epHa IMIIEHUIll MOJI0U 1 MOro BUKOPUCTaHHS. BcTaHOBIIEHO, 110 3€pHO MIIIEHUII
oo, 3aBAAKH OlOXIMIYHOMY CKJIaay € TEepPCIEeKTUBHOIO CHUPOBUHOIO JJIs

BUPOOHMIITBA KPYI SIHUX NPOAYKTIB. PO3MISIHYTO BIUIMB PI3HUX YMHHHUKIB Ha



BUXI1JI 1 IKICTh KPYH SIHUX TMPOAYKTIB 3 MIIEHUI[ MOJIOU.

BcraHoBiieHO, 10 32 TEOMETPUYHOIO XaPAaKTEPUCTHKOIO 3€PHO TIIICHHMIII
nmoyou: 3aBAOBXKU — 6,2—7,9 MM, 3aBmmpiiku — 2,5-3,1 MM, 3aBTOBIIKH — 2,5—
29 MM, 06’emom — 22,6-36,9 MM®, miomiero 30BHIMIHBOI moBepxHi — 60,9
87,3 MM?, TMTOMOIO TOBEpXHEIO — 2,4-2,7 071., 06°€MOM TIOBEPXHEBUX IIApiB —
4,0-5,7 mm® 3i cepuunictio — 0,6. g Takoro 3epHa MiAGIp CUT cemaparopis,
BCTAHOBJICHHSI PEXXHUMIB JYITWIHPHUX MAIIUH MOXe OyTH TakuM, SK 1 JJIs 3epHa
NIIEHUII M’SKOi. MDK TIJIOIIEI0 30BHIMIHBOT TOBEPXHI Ta 00’€MOM 3€pHIBKU
BCTAHOBJICHO MPSAMUIA CUIIbHUNA KOPEJSIIAHUM 3B 430K 1 = 0,97+0,02.

3epHo mmieHWIl noaow  Mictuth: 11,7-17,3% Oinka, 25,2-37,7 %
kierikopuHM 3 [JIK 85-107 on. p. BJIK, 54-52 % kpoxmaiio 3 4UCIOM MaJaHHs
B 310 1o 419 c. V cknaal 3epHa MueHUI1 1MoJI0KU HAasiBHI BOJOPO3YMHHI (Tpynu
B), xupopo3uunni (Ki, P-kapotun, P-toxodepois, y-Tokodpeposa) BiTaMIHU 1
NIrMEHTH (JIF0TeTH+3eakcaHTUH). 3epHO iieHuIl noaou macorw 100 r 3abesneuye
n1000By TTOTpeOy JroANHY y BiTaMiHax Bi, B3, B4, Bs 1 By Ha 19-31 %, BiTaminamu
B2, Bs, Bg, Ki Ha 3,5-14 % T1a Ha 0,09-0,13 % B-kapotuHOM.

[Toxa3HUKHM TEXHOJIOTIYHHUX BJIACTUBOCTEH 3epHA IMIIICHUIl MOJIOH, 3aJIEKHO
BiJl COPTY, JiHII Ta TMOTOJHUX YMOB BHUPOIIYBaHHS, BapilOIOTh Y IUPOKOMY
niama3oHi: maca 1000 3epen — 31,3-53,51; marypa — Bim 756 mo 787 r/m,
ckinonoaioHicTs — 21-94 %, Bmict 30im — 1,81-1,98 %, 3HaueHHsa ceauMeEHTAIlT —
29,4-53,9 cm®. 3a immexcoMm po3mipy wactouok (IPY) 3epHo nmeHuni monabu
BIIHOCUTHKCS 10 TBepao3epHoro — 17,1-20,1 %, 3 BmictroM obononok — 7,1-8,2 %,
3apoaky — 2,5-3,7 % ta eagocnepmy — 89-90 %.

OcCoONMBICTIO MIIEHMIN ITOJIOM € BHMCOKHHM BMICT 3074 1 KJIEHKOBHUHH,
3aJI0BUJIbHa a00 HE3aJ0BlJIbHA cJla0Ka 3a SKICTIO, 3 HHU3BKOI aBTOJITHYHOIO
aKTUBHICTIO, 10 BKa3zye Ha BHCOKY Ta30yTpUMYBaJIbHY 3JaTHICTh. Mix
nokasHukamu Macoro 1000 3epeH Ta 00’€éMOM 3€pHIBKM 1 BMICTOM OilKa
BCTAaHOBJICHO BHMCOKI KOpeJsmiiiHi  3B’s3ku  (BigmoBimHo r=0,91+0,05 1
r=0,72+0,03). Mixx BMICTOM OiJKa 1 IOKa3HUKOM CEIMMEHTAIlli — BHCOKHU

Kopessiiiaui 38’5130k (r=0,88+0,03).



Kpym’siHi mpoAykTu ojiepkaHi 13 OYHUIIEHOTO BiJ JOMIIIKIB Ta APIOHOTO
(mpoxin cuta 1,7-20 MM) 3epHa 3 TOYATKOBOIO BoJioricTio 12 %

Buxin xpynu 3 nmenuii mosou Ne 1 ICTOTHO 3aJIeKHUTh BiJlT TPUBAJIOCTI
JYUICHHS, a TAaKOXX KOHCUCTEHIIIT siipa, a HEICTOTHO — BiJl OCOOJIMBOCTEN COpTy U
JHIT Ta peXUMIB BOJIO TEIUIOBOTO 00pOoOIeHHS. 3a MyIIeHHs 3epHa BIPpo10BK 20 ¢
BUX1J Kpynu cTaHOBUTh 93-97 %, 3meHmyerbcsi n0 77-84 % 3a ndyuieHHA
BIIpo1oBX 200 ¢ BHACIIIOK BUJAICHHS 000JIOHOK 3 MOBEPXHI 3€pHIBKH 1 CTHPAHHS
€H/IOCTIEPMY.

HaiiBaromimmii BIUIMB HA OPraHOJIENTUYHY OLIHKY KPYIH 3 MIIEHULI MOJI0H
Ne'l wmae TtpuBamicte nymenHs. Hailikpang KyjiHapHI BJIacTUBOCTI KpyId
3a0e3MeuyIoThCsl JYIIEHHSIM 3€pHa MIIeHUIN 1Mojaou BrnpoaoBxk 140 ¢ 1 Ouiblie.
[Ipu poMy Kallla Ma€ CHJIbHO BUPaXKEHHWH 3arax 1 CMak, CBITJIO KPEMOBUN KOJIIP
Ta JOCUTh HIXKHY 0€3 XpyCTY KOHCHUCTEHIIIIO 3a TpuBajocTi BapiHHs — 2049 xB

3a TOJIIHOMIAILHUMU KPUBUMHU 3aJICKHOCTI BUXOJY KpPyHH 3 TIICHUIl
nosion Ne 1 Ta 3aranpHO1 KyJIHApHOI OLIIHKH, ONTHMAJIbHUM JJisl 3€pHA MIIEHUI
nosion € tpuBaiicte JgymieHHs 100-120 ¢, mo mgae BUCOKY KyJiHapHYy OIHKY 3a
HE3HAYHOTO 3MEHIIEHHS BUXOAY KPYIIH.

Bcranosineno, mo mymenHs 3epHa copTy ['omikoBebka (2018 p.) icToTHO He
BILTMBA€E HA BMiCT BiTaMiHiB rpynu B. Bunstkom 6ynu Bitaminu Be i Bo. Ix BmicT
3MeHIryBaBcs BianosiaHo Bix 0,37 no 0,29 1 0,068—0,057 mr/100 T.

Buxin kpynu noapiouenoi i3 mmenurni noaou Ne 1, 2, 3 3HayHO 3MiHIOBAaBCS
3QJIEKHO BIJ TPUBAJIOCTI JIYIIEHHS Ta OCOOJIMBOCTEH copTy Ta JiHil. 3a
BUKOPUCTAaHHA 3€pHa JHII mmeHunl noaou LP 1152 3aranbHuii BuUX1J Kpynu
nonpiouHenoi Bumuii (84-86 %) mopiBHSHO 13 3epHO copTy ['omikoBcbka (76—
78 %). Kama 13 xpynu noapiOHeHO1, 3a BUKOPUCTAaHHS HEIYIIEHOTO 3epHa, Maja
CepeHIO 3arajibHy KyJiHapHY OIHKY (6—/ 0ajiB), a 3 BUKOPUCTAHHSM JIYILIEHOTO
3epHa (Kpyma 3 miieHuii mojaou Ne 1) — BUCOKy Ta ay»xe BucOKy (7,2—8,9 0ana).

3a ONTUMI30BAHOIO TEXHOJOTIYHOTO MPOLECY BUPOOHUITBA KPYI SHUX
OPOAYKTIB 13 3€pHA MIICHMI MOJa0M, mepeadadaeTbcs BUKOPHUCTAHHS 3€pHA 3

BoJsioricTio 12-13 %, 3BosokyBaHHs Ha 1 % BiABOJIOKYBaHHS BIpoaoBk 30 XB,



aymenHs Bupoaosxk 100-120 ¢ (impexc aymenns — 7—10 %). Le 3a6e3neuye: 90—
93 % Buxin kpynu 3 mmeHuri moiadu Ne 1 3 TpuBamictio BapinHs 29-35xB 1
3arajibHOI0 KyJIiHApHOIO OIIHKOIO Kari 7,4—8,5 GaiiB.

s BupoOHHUITBa Kpynu mofapiOHeHoi Ne 1, 2, 3 cnig BUKOPUCTOBYBaTH
kpyny Ne 1 3 iHaekcom mymieHHs — 6-9 %, mio 3abe3nedye 3araqbHUNA BUXIJ
no/piOHEeHuX Kpyn Ha piBHI 77-85 % 13 Takum posnoziiom: Ne 1 — 5-8 %, Ne 2 —
41-52, No 3 — 25-31 %, i3 3arajpbHOIO KYJIHAPHOIO OIIIHKOIO Kamr 3 HuX — 6,5—
8,6 6ana. TpuBayicTh BapiHHS Kalll 3 Kpynu MOJPIOHEHOI HAWOLIbINE 3aJEKUTh
B1J1 HOMepa kpynu. Kpymy nmoapiOneny Ne 1 13 nmeHuni nojadu A0CTaTHbO BapUTH
BrpooBk 20-26 xB, Noe 2 — 1622 1 Noe 3 — 10-12 xB 3anexxHo BiJ KoedilieHTa
JyIeHHd 3epHa, 1m0 B 1,4, 1,7 1 B 3 pa3u mBHIIE TOPIBHSIHO 3 KPYIOO 3 MIIIEHHUII
moou No 1.

HaiiGinpmmii  Buxin (89-92 %) kpynu TUTIONIEHOI, HE3aJIEKHO BIJ
TPUBAJIOCTI MPOMAPIOBAHHS, OTPUMAHO 3a JyIIEHHS 3epHa coptTy [oJikoBCchKa
BriposoBk 20 ¢, mo Bignosigae iHaekcy nymeHHs (IJI) 2,9 %. 3a TpuBanocti
mpornaproBaHHs 9 XB, HE3aJIEKHO BiJl TPUBAJIOCTI BiJBOJIOKYBAaHHS, MOKA3HUK
smiHtoeThess He ictotHO — 90,9-91,7 %. BimBonoxxyBaHHsS BOpOAOBX 3 1 9 xB
3MEHIIIY€ BUX1J KpYIH ToTtomeHoi Ha 2—3 %.

3a tpuBanocti aymenHs 3epHa 100-160 ¢ (IJT — 9-15 %) 3pocTae 3HaUYeHHS
nponaproBanHs kpynu. Ilig gac 80 ¢ mymenns (IJI — 6 %), Buxig kpymu 3a
MpoIaproBaHHs BOpoAoBXK 3 xB — 72,9-76,8 %, 6 xB— 77,2-82,5, a 9 xB — 80,4—
83,1 % 3ajie)xHO BiJ TPUBAJIOCTI BiABOJIOKYBaHHsS. I[lomiOHa TeHneHiis 1 3a
Butoro IJT (9-11 %).

Buxin xpynu mmronieHoi 3 MIeHUIll MoJa0u BUIIIOTO COPTY 3a TPAIUIIIHHOTO
crioco0y BUPOOHUIITBA (MPOMApIOBaHHS) 3MIHIOEThCA Ounbie (B 1,2—1,5 pa3u) Bix
TPUBAJIOCTI JIYIICHHS 3€epHa, HK Big pexkumiB BTO. 30inblieHHs TpUBaIOCTi
npornaptoBaHHs Bif 3 10 9 xB migBumtye Buxia kpynu Ha 10-20 %, a momoBKeHHs
B1JIBOJIOKYBaHHA 3 3 10 9 xB 3MeHunye Buxig Ha 10-30 %. OcobnuBocTi copTy Ta
JiHIT MalOTh HAMMEHIIUI CTYIIHb BIUIMBY Ha BUXIJ KPYIIU IUTIOIIEHOT.

3araiibHa KyJIiHapHa OIlIHKA KaIl 13 KPyIMH IUTIOLIEHOT 3 MIIEHUIl MOoJIOn



BUIIOTO COPTY 3MIHIOETHCS, BHACTIIOK 3MIHU NMOKAa3HHUKIB KOJbOPY 1 KOHCUCTEHIIT
Kalll I 4Yac PO3KOBYBaHHS. 3a3HAUYCHI TMOKA3HUKW 3aJIEKaTh BiJ TPUBAIOCTI
JYIIEHHS 3epHa. TpuUBaicCTh MPONApIOBaHHS Ta BIJBOJIOXKYBAHHS HE BIUIMBAE Ha
KyJiHapHI BIAacTUBOCTI Kammi. [IpoTe 301ibIIEHHS TPUBAJIOCTI MpPOMApOBAHHS
3MeHITye yac BapinHsa Ha 10-15 %.

KoMmryiekcHuM — aHami3oM  OTpUMaHMX  (QYHKIIIOHAJTBHUX  3aJIeKHOCTEH
BCTAHOBJICHO, 110 TEHJEHI[I 3MIHM SKOCTI KPYI 3aJI€KHO BiJ PEKUMIB JTyIIECHHS
IIEHTUYHA IS IUIMX 1 IUTIOMEeHHMX. JIOCiKeHO IOJIiHOMIalIbHI — KpHBI
3a7IeKHOCTEH BUXOQY KPYMU 3 TMIICHMIN TOJOM TUIIONIEHOI BHUIIOTO COPTY Ta
3arajbHOi KYyJIHApHOI OI[IHKH, a TOMY CHUPOBHHOIO [Jii BHPOOHMIITBA KpPyIH
IUTIOIIEHOT PEKOMEHIOBAaHO BUKOPUCTOBYBATH Kpyny 3 nuieHuti noaou Ne 1 (IJI —
6-10 %), mpoBoauTH ii MpomaproBaHHs BIIPOJOBK 6 XB Ta BIJBOJIIOXKYBaHHS — 3 XB
3a nuX peXUMIB BUX1J TOTOBOTO MPOJIYKTY CTaHOBUTH 76,3—-82,5 % 3 BucOKMMU
KyJIIHApHUMH BIacTUBOCTAMU (7,7—8,5 GaniB). TpuBamicTh BapiHHA J1aHOT KPYyIU —
Bix 11 o 17 xB.

[TopiBHSAIBHOIO OIIIHKOIO KPYIHU IUTIOMEHOT 13 3€pPHOM TMIICHMIN MOJOH
BCTAHOBJICHO, IO B pe3yJibTaTi OOpOOJEHHS 3€pHA 3HAYHO 3MEHIIYETHCSI BMICT
BitamiHiB B7, By, Bg B-kapotuny, B-rokodepoiy, y-tokodepony Ta HE ICTOTHO —
Bi1, Bs, B3 Ba, Bg. 30151b111eHHST TPUBAJIOCTI IPOITAPIOBAHHS 1 BIIBOJIOKYBAHHS ITi]T
4yac BUTOTOBJICHHSI KPYI IUTIOIIEHUX 3yMOBIOBajio mijasuiieHHs (B 1,3—1,4 pasn)
BMICTy BiTaminy Kj.

3a BUpoOHUIITBA Kpynu IunomieHoi oopoodnennsm EMIT HBY niaBunieHHio
BUXOAY KpPYIH BHWIIOTO COPTY CHpHUSE BUKOPHUCTAaHHS HENYIIEHOTO 3€pHa,
3BOJIOKYBaHHS Ta omnpomiHioBaHHs TpuBamicTio 80-100 c¢. Ha Buxim mpomykTy
BIUTMBAIOTH OCOOJMBOCTI COPTY. 3a BHKOPHCTAHHSIM 3€pHA OJHOTO COPTY BHUXiZ
KPYIU IUTIOMICHOT BUILOTO COPTY 30UIBIIYETHCS 32 BUKOPUCTAHHS CKIIOMOAIOHOTO
snapa. BruuB 3Bosio)kyBaHHS 30UTbIIYBaBCs y BapiaHTax BUKOpUcTaHHs Kpynu Ne 1
MOPIBHSHO 13 HENYIIEHUM 3epHOM. Ha KyliHapHy OIIHKY HPOAYKTY BJIMBaJIU
JYIIEHHS 3€pHa Ta 0coO0iIMBOCTI copTy. TpuBamicts oOpobnenHs EMII HBY i1

3BOJIOKYBAaHHA 3€pHAa HE BIJIMBAJIM Ha ,Z[aHI/Iﬁ IMOKA3HHUK, IMPOTC 3MCHUIYBaJIM 4YacC



BapiHHA Kalli.

st BupoOHHMITBA Kpymu 1umomeHoi oOpobnennsm EMIT HBY  crig
BUKOPUCTOBYBATH HENYILEHE 3€PHO 31 CKJIOMOIIOHUM SIPOM. 3€pHO HEOOXITHO
3BoJjiockyBat Ha 1-1,5 % 1 o6po6mst EMIT HBY Bnpomosxk 80100 c. 3a mux
pPEXUMIB BUX1J KPYIHU IUTIOIIEHOT 3 MIIEHUI MOJI0M BUIIOTO COPTY CTAHOBUTH
92 %. 3aranbHa KyJiHapHa OI[IHKAa MPOAYKTY Ha BHCOKOMY piBHI — 7,3 OaliB.
Tpusanicts Bapinag — 16—18 xs.

Texnonoeii eupobnuymea Kpyn sauux npooykmis. OTpUMaHHS KpYI SHHUX
MPOAYKTIB 3 MIIEHUII TTOJI0OU, 3a pO3pOOICHOI0 CXEMOIO, Tiepedayae 3BaKyBaHHs
Ha aBTOMATUYHUX Barax, OYMIICHHS 3€pHA Yy CKaJbIIepaTopi, JOOYHINEHHS Ha
CUTOIIOBITPSIHOMY CerapaTopi, KaMeHEBIIOIpHIN MallluHl Ta TpiepiaxX, BIIUICHHS
npidbHoro 3epHa (mpoxia cuta 1,7-20 MM) 3epHa 3BOJIOKYBAaHHS y 3BOJIOKYBaJIbHIN
MamuHi Ha 1-2 % Ta BiABOJIOKYBaHHS B OyHkepax ymponoBx 30 xB Jlami 3epHO
aymate y MammHax Tuny «Kackamgy. Ilicnss koXHOI CHCTEMH MPOBOJISATH
cernapyBaHHs OTPUMAHOTO MPOJAYKTY uepe3 ayacmiparop. llepea acmipariiftHoro
MEpPEeXE Ta MalllMHaMU YyJIapHO-CTHPAJIbHOI [Ii BCTAHOBIIOIOTH MATHITHY
KOJIOHKY.

Jist oTpuManHs Kpynu 3 miieHuIrl monou No 1 Kpym’sSHUN TNpPOAYKT
OJIep>)KaHWI TICIS TOBTOPHOTO JIYHIEHHS CemapyloTh Ha po3cidHuky. [l
BUPOOHMIITBA KpYyNH noApiOHeHOoi Kpymy Ne 1 1poOnsiTe Ha BaJblbOBOMY BEpCTATI,
OUMIIAIOTh Ha Jyacmiparopi Ta COPSAMOBYIOTh Ha PO3CIMHHK. Y PO3CIHHHUKY
no/pIOHEHY CyMIII PO3AUIAIOTH 32 PO3MIPOM Ha BiAnoBiiHI HOoMepu Ne 1, 2, 3.

Jlns BUpOOHMIITBA KpYINU 3 TIIEHUII TMOJOW TUTIOIIEHOI OOpOOJICHHSIM
naporo CiiJi BUKOPUCTOBYBATH Kpymy 3 miueHuni mnondu Ne 1 6e3 mogaTkoBoro
copTyBaHHs. Kpyny 3BaxyroTh, IpoNapro0Th y NpornaproBadi 0e3nepepBHOi il 3a
Tucky HacuueHoi mapu 0,15 MIla ynponox 6 XB Ta BiBOJOXKYIOTH Y
TEpPMOI30JIbOBaHOMY OyHKepi1 Brmpoaosk 3 xB [licis 11p0T0, 3€pHO IUTIOMIATH HA
IUTIONIWIIBHOMY BepcTaTi 3a audepenmiana 1:1. Kpyny muromieny cymarb 10
BoJsiorocTi 14 % y cymiapiii Ta OX0J0KYIOTh B OXOJIOKYBalIbHIN KoJoHI. Kpyry

OTpUMaIOTh IpoxoAoM cuta ¥ 6,5 MM 1 cxomom cuta @ 3,5 MM Ha PO3CIMHUKY.



[lepen acmipariiHOIO MEPEkKEI0 BCTAHOBIIIOIOTh MarHITHUI cemnapaTop.

JIist BHpOOHWITBA KPYNMU 3 TNIICHWII IMOJIOM TUTIOIIEHOI 0OpOOICHHIM
EMIT HBY pouiibHO BHUKOPUCTOBYBaTH Kpymy 3 mimeHuil mnoaoum Ne 1 Ges
JOJJATKOBOTO COpTyBaHHA. Kpymy 3BakylOTh, MHPOMYCKAaIOTh 4Yepe3 MarHiTHY
KoJioHKy, 00poOistoTe EMII HBY Bropomosx 80-100 ¢. Ilicias mporo, 3epHO
IUTIONIaTh Ha TUTIOMMIBHOMY BepcTaTi 3a nudepenmiana 1:1. Kpyny mmomeny
OXOJIOJKYIOTh B OXOJIOJKYBaJIbHIA KOJOHI. Kpyrmy BUIIOrO cOpTy OTPHUMAIOThH
CX0JIoM cuta ¥ 3,5 MM Ha PO3CIHHHUKY.

Po3paxyHku €KOHOMIYHOI €(EeKTUBHOCTI MIATBEPIKYIOTh JOLIIBHICTb
BUPOOHMIITBA KPYIT SIHUX NPOAYKTIB 13 3€pHA MIUEHUI MOJIOH, OCKUIBKUA TEPMIH
OKYIHOCTI KaIliTaJOBKJIAJEHb 3a PIBHA peHTadenbHocTi BuUpoOHuiTBa 15,1 %
ckianae 2 poku s Kpymn noapioHermx Ne 1,2, 3; 2 piku 1 4 Micani npu piBHI
pentabenbHocti 11,5 % ana kpynu Ne 1 (uistoi) ta 7 micsui Juist KpyI TUTFOIIIEHUX
(0OpobeHHsIM TTaporo) 3a piBHS peHTabenbHocTi 71,7 %.

Knwuoei cnosa: niienuns nojada, 36pHO, MOKA3HUKU SKOCTI, COPT, JIIHI,
rCOMETPUYHA XapaKTePUCTHKA, OIOXIMIYHHMHI CKJIaj, TEXHOJIOTIYHI BJIACTHBOCTI,

JYLEHHS, BOJOTEIIOBE 00pOOIEHHS, IUTIOIIEHHS, KPYIT H1 POAYKTH.
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ABSTRACT
I. A. Leshchenko. — The development of technology for the production of
cereals from emmer grain. — Qualifying research paper on the rights of the
manuscript.
PhD dissertation on a specialty of 201 Agronomy - Agronomy (20 Agrarian

sciences and food). Uman National University of Horticulture, Uman, 2021

The dissertation is devoted to the development and optimization of certain
technology components of emmer grain cereals production. The aim of research
was to evaluate comprehensively the technological properties of emmer grain to
develop a technology for cereals production.

In accordance with the set goal it was supposed to solve the following tasks:
to determine the linear dimensions and geometric parameters of emmer grain; to
establish changes in the biochemical composition and technological properties of
emmer grain depending on the variety characteristics and weather conditions; to
determine the relationships between the biochemical composition and
technological properties of emmer; to investigate the influence of moistening
gradient, duration of husking, steaming and softening on the yield and quality of
emmer cereals; to apply an innovative method of emmer grain processing with
ultra-high frequency electromagnetic field (microwave EMF) during the cereals
production; to develop technology and offer recommendations for the production

of emmer cereals Ne 1, crushed cereals Ne 1, 2, 3 and flattened cereals.



The scientific novelty of the obtained results is a comprehensive estimation
of the technological properties of emmer grain to develop a technology for cereals
production. For the first time it was determined that according to the particle size
index (16.5-28.5 %) emmer grain can vary from soft to hard grain type; for emmer
grain, correlations between kernel volume, outer surface area and thousand grain
weight have been proved; between the content of gluten, protein and vitreousity; it
IS established that according to the geometrical characteristic of the kernel it is
possible to carry out emmer cleaning on standard equipment; extended scientific
data on the distribution uniformity of water-soluble B vitamins in emmer grain,
which shows the conditional stability of their content after the husking process
(exceptions are Bg and Bg); for emmer grain, the optimal husking index is
scientifically substantiated — 6-10 %; It has been experimentally proved that by
1% moistening of emmer grain with a moisture content of 12-13 % and softening
for 30 min, the yield of cereals Nel of it is 91-93 % with a total culinary
estimation of 8 points, and the total yield of crushed cereals — 76 % with 7-8
points; it is scientifically substantiated and developed technologies for emmer
crushed cereals production by optimizing the regime of water-heat treatment which
provides: a) grain steaming for 6 minutes and softening for 3 minutes; or b)
treatment of moistened grain at 1-1.5 % of microwave EMF for 80-100 s.

The practical significance of obtained results lies in the development of
technological instructions for the production of cereals Ne 1 and crushed cereals
Ne 1, 2, 3 and flattened cereals of emmer grain. «Method of emmer grain flattened
cereals production after the action of microwave EMFy» (Pat. No 136918)
technology was developed.

The first part analyzes the scientific works of domestic and foreign scientists
on the current state of knowledge on the technological properties of emmer grain
and its use. It has been established that emmer grain, due to its biochemical
composition, is a promising raw material for cereals production. The influence of

various factors on the yield and quality of emmer cereals is considered.



It was found that the geometric characteristics of emmer grain has: length —
6.2-7.9 mm, width — 2.5-3.1 mm, thickness — 2.5-2.9 mm, volume — 22.6 —
36.9 mm3, outer surface area — 60.9-87.3 mm?, specific surface area — 2.4
2.7 units, volume of surface layers — 4.0-5.7 mm? with sphericity — 0.6. For such
grain, the selection of separator sieves, setting the modes of husking machines can
be the same as for soft wheat grain. A direct strong correlation r=0.97 + 0.02 was
established between the outer surface area and kernel volume.

Emmer grain contains: 11.7-17.3 % of protein, 25.2-37.7 % of gluten with
IDC 85-107 units of FSG instrument, 54-52 % of starch with a falling number
from 310 to 419 s. Emmer grain contains water-soluble (B group), fat-soluble (K,
B-carotene, p-tocopherol, vy-tocopherol) vitamins and pigments (lutein +
zeaxanthin). Emmer grain weighing 100 g provides the daily human need for B,
Bs, B4, Bs vitamins and B7 by 19-31 %, B,, Bs, By, K; vitamins by 3.5-14 % and
by 0.09-0.13 % for p-carotene.

Indicators of technological properties of emmer grain, depending on the
variety, line and weather conditions of cultivation, vary in a wide range: thousand
grain weight — 31.3-53.5 g; grain unit — from 756 to 787 g/l, vitreousity — 21—
94 %, ash content — 1.81-1.98 %, sedimentation value — 29.4-53.9 cm3. According
to the particle size index (PSI), emmer grain belongs to the hard one — 17.1-
20.1 %, with shell content — 7.1-8.2 %, germ — 2.5-3.7 % and endosperm — 89—
90 %.

The peculiarity of emmer is a high content of ash and gluten, satisfactory or
unsatisfactory poor in quality, with low autolytic activity which indicates a high
gas holding capacity. High correlations were found between thousand grain weight
and grain volume and protein content (r=0.91+£0.05 and r=0.72+0.03, respectively).
There is a high correlation between protein content and sedimentation rate
(r=0.88+0.03).

Cereals are obtained from cleaned from impurities and small (sieve passage

1.7-20 mm) grain with an initial moisture content of 12 %.



The yield of emmer Ne 1 cereals significantly depends on the duration of
husking as well as the kernel consistency, and insignificantly — on the
characteristics of variety and line and modes of water-heat treatment. For grain
husking for 20 s, cereals yield is 93-97 %. It decreases to 77-84 % for husking for
200 s due to husk removal from the grain surface and endosperm abrasion.

The most significant influence on the organoleptic estimation of emmer Ne 1
cereals the duration of husking has. The best culinary properties of cereals are
provided by husking of emmer grain for 140 s and more. At the same time porridge
has a strong smell and taste, light cream color and rather tender, non-crunchy
consistency for the cooking duration — 20-49 minutes.

According to the polynomial curves of the dependence of emmer Nel
cereals yield and the general culinary estimation, the optimal for emmer grain is
the husking duration for 100-120 s, which gives a high culinary estimation with a
slight decrease in cereals yield.

It was found that the husking of Holikovska grain variety (2018) does not
significantly affect the content of B vitamins. The exceptions were vitamins Bg and
Bo. Their content decreased from 0.37 to 0.29 and 0.068-0.057 mg/100 g,
respectively.

The yield of emmer Ne 1, 2, 3 crushed cereals varied significantly depending
on husking duration and the characteristics of variety and line. With the use of
LP 1152 emmer grain line, the total yield of crushed cereals is higher (84-86 %)
compared to Holikovska grain variety (76—78 %). Crushed cereals porridge, for the
use of husked grain, had an average overall culinary estimation (6—7 points), and
with the use of husked grain (emmer Ne 1 cereals) — high and very high (7.2—
8.9 points).

With the optimized technological process of emmer grain cereals production,
the use of grain with a moisture content of 12—13 %, moistening by 1 %, softening
for 30 minutes, husking for 100-120 s (husking index — 7—10 %) is provided. This
provides: 90-93 % of emmer Ne 1 cereals yield with a cooking duration of 29—

35 min and a total culinary estimation of porridge of 7.4-8.5 points.



For the production of crushed cereals Ne 1, 2, 3, cereals Ne 1 with a husking
index of 6-9 % should be used. It provides a total yield of crushed cereals at the
level of 77-85 % with the following distribution: Ne 1 — 5-8 %, Ne 2 — 41-52 %,
Ne 3 — 25-31 %, with the general culinary estimation of porridge from them — 6.5—
8.6 points. The cooking duration of crushed cereals porridge depends most on the
number of cereals. It is enough to cook crushed cereals Ne 1 from emmer for 20—
26 min, Ne 2 — 16-22 and Ne 3 — 10-12 min depending on the grain husking
coefficient, which is 1.4, 1.7 and 3 times faster compared to emmer Ne 1 cereals.

The highest yield (89-92 %) of high-grade emmer flattened cereals,
regardless of steaming duration, was obtained when using unpeeled grain of the
Golikovska variety. With steaming time of 9 minutes, regardless of softening time,
the indicator does not change significantly — 90,9-91,7 %.. Softening for 3 and
9 minutes reduces the yield of flattened cereals by 2—-3 %.

For grain husking time of 80-160s (HI — 6-11 %) the value of grain
steaming increases. During 80 s of husking (HI — 6 %), cereals yield for 3 min
steaming for — 72,9-76,8 %, for 6 min — 77,2-82,5 and for 9 min — 80,4-83,1 %
depending on softening time. A similar trend is observed for higher HI (9-11 %).

The vyield of high-grade emmer crushed cereals in the traditional method of
production (steaming) varies more (1.2-1.5times) from the grain husking time
than from the WHT regimes. Increasing the steaming time from 3 to 9 minutes
increases the cereals yield by 10-20 %, and softening prolonging from 3 to
9 minutes reduces the yield by 10-30 %. Peculiarities of the variety and line have
the least degree of influence on the flattened cereals yield.

The general culinary estimation of high-grade emmer crushed cereals
porridge varies due to changes in the color and consistency of the porridge during
chewing. These indicators depend on grain husking time. The duration of steaming
and moistening does not affect the culinary properties of porridge. However,
increasing the steaming time reduces the cooking time by 10-15 %.

A comprehensive analysis of the obtained functional dependences revealed

that the trend of changing cereals quality depending on the husking modes is



identical for whole and flattened ones. The polynomial curves of dependences of
yield of high-grade emmer crushed cereals and general culinary estimation were
studied. Therefore, it is recommended to use emmer cereals Ne 1 (HI — 6-10 %) as
raw material for its production, to steam it for 6 min and soften it for 3 min. Under
these modes, the yield of finished product is 76.3-82.5 % with high culinary
properties (7.7-8.5 points). The cooking time of this cereals is from 11 to
17 minutes.

A comparative evaluation of crushed cereals with emmer grain found that as
a result of grain processing the content of vitamins B7, B, Bg, B-carotene, B-
tocopherol, y-tocopherol significantly reduces and B;, Bs, Bs B4, Bg - not
significantly. The increase in steaming and softening time during the production of
flattened cereals caused an increase (1.3—1.4 times) in the content of vitamin K.

In the production of flattened cereals by microwave EMF treatment, the use
of unhusked grain, moistening and irradiation lasting 80—100 s provides the yield
of high-grade cereals. The product yield is influenced by the variety characteristics.
With the use of one variety grain, the yield of high-grade flattened cereals
increases with the use of vitreous kernel. Moistening effect increased with the use
of cereals Ne 1 compared to unhulled grain. Culinary evaluation of the product was
influenced by grain husking and variety characteristics. The duration of microwave
EMF treatment and grain moistening did not affect this figure but reduced the
cooking time of the porridge.

For the production of flattened cereals by microwave EMF unhulled grain
with a vitreous kernel should be used. The grain should be moistened by 1-1.5 %
and microwave EMF treated for 80—100 s. Under these regimes, the yield of high-
grade emmer flattened cereals is 92 %. The overall culinary estimation of the
product at a high level is 7.3 points. Cooking time — 16—18 minutes.

Cereal production technologies. Obtaining emmer cereal products,
according to the developed scheme, involves weighing on automatic scales, grain
cleaning in a scalperator, additional cleaning on a sieve-air separator, stone-picking

machine and triers, separation of small grain (sieve passage 1.7:20 mm) grain



moistening in softening machine by 1-2 % and softening in grain tanks for 30
minutes. Then the grain is husked in machines such as ‘Cascade’. After each
system, the obtained product is separated through a double aspirator. A magnetic
column is installed before the aspiration network and impact hullers.

To obtain emmer No. 1 cererals, the cereal product obtained after rehusking
Is separated on a dispenser. To produce crushed cereals, cereals Ne 1 are crushed
on a roller machine, cleaned on a double aspirator and sent to the dispenser. In the
dispenser, the crushed mixture is divided by size into the corresponding numbers
Nel, 2, 3.

For the production of emmer flattened cereals by steam treatment, emmer
cereals Ne 1 should be used without additional sorting. The cereals are weighed,
steamed in a continuous steamer at saturated vapor pressure of 0.15 MPa for 6 min
and moistened in a thermally isolated tank for 3 min. After that, the grain is
flattened on a flattening machine at a differential of 1:1. The flattened cereals are
dried to moisture content of 14 % in a dryer and cooled in a cooling column. The
cereals will be obtained by passing a sieve of @ 6.5 mm and scalper of @ 3.5 mm
on the dispenser. A magnetic separator is installed before the aspiration network.

For the production of emmer flattened cereals by microwave EMF, it is
advisable to use emmer Ne 1 cereals without additional sorting. The cereals are
weighed, passed through the magnetic column, and treated by microwave EMF for
80-100 s. After that, the grain is flattened on the flattening machine at differential
of 1:1. Flattened cereals are cooled in the cooling column. High-grade cereals will
be obtained by passing the sieve of @ 3.5 mm on the dispenser.

Calculations of economic efficiency confirm the feasibility of emmer cereals
production as the payback period at the level of production profitability of 15,1 %
is 2 year for crushed cereals Ne 1,2, 3; 2 year and 4 months at the profitability level
of 11.5% for cereals Ne1l (whole) and 7 months for flattened cereals (steam

treatment) at the profitability level of 71,7 %.
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