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Mera. Busznauutu popmyBaHHS a30TOBMICHHUX CIIOJIYK Y 3€pHI PI3HUX COPTIB 1
mHiM mmeHun cnenbTd. Metoau. IlonboBull, (Pi3uko-XIMIYHUM, PO3paxyHKOBHIA,
aHanmizyBanHa. Pe3yabratu. JlocmimkeHo ¢dopMyBaHHS BMICTY MpOTeiHy, Oilka B
3€pHI MILIEHHUIIl CTICIBTH 3aJIEKHO BiJ] CEJICKIIMHO-TEHETUYHUX OCOOJIMBOCTEH COPTY Ta
miHii. OIIHEHO BMICT ©CCHIIMHMX aMIHOKHCIOT 3a JOMOMOTOK KoedillieHTa
edekTUBHOCTI MeTabomi3allii Ta 1HJIEKCOM KOMIUICEKCHOTO OIliHIOBaHHS. BHCHOBKHM.
BMmicT a30TOBMICHUX CIIOJIYK Y 3€pHI MILEHUIl CIIEAbTH ICTOTHO 3aJI€KUTh Bl COPTY 1
JiHIT Ta TOTOAHMX YMOB. AB3OTOBMICHI CIIOJIYKH Yy 3€pHI IMIICHUIl CHEJIbTH
3MIHIOIOTECSI B IIUPOKOMY jiamna3zoHi. Bmict nporeiny — Big 13,2 % mo 23,9, BMicT
oumka — Big 12,0 mo 21,1, BmicT BUIbBHUX amMiHOKHCIOT — Big 0,18 mo 3,72 % 3anexHo
BIJI COPTY Ta JIiHii.

Kirwo4yoBi cioBa: miieHuIls creibTa, NpOoTeiH, OUIOK, BUIbHI aMIHOKHCJIOTH,

COpT, JTiHiS.

OmHMM 13 TIPUOPITETHHX 3aBJlaHb arpapHoi HayKd € BHPOOHHUIITBO IPOJIYKTIB
miABHUIIEHOT 61010T19HOI THHHOCTI. Cepes MPOBITHUX CUTLCHKOTOCTIONAPCHKUX KYIBTYP

MIICHUIIS TTOCIAAa€ YiJIbHE MICIE 1 € OCHOBOIO XapyOBOI'0 PAIllOHy HaceJieHHs 6araThox



kpain [1]. Bupimmta npoGiieMy BHPOOHUIITBA POCIUHHOTO OLTKa, MIHHOTO IS
XJ1IO0MEKAPCHKOr0 ¥ KOHAUTEPCHKOTO BUPOOHUIITBA, MOKHA 32 BHKOPHCTAHHS 3€pHA
MaJIOITOIIUPEHHUX BHIIB, IHTPOIPECUBHUX, MIKBUIOBUX COPTIB 1 JIiHIH MIICHULD [2].

CBITOBOIO 1 BITYM3HSHOIO MPAKTUKOIO BU3HAHO, IO SAKICTh 3€pHA MIICHHII
3aJICKHUTh BiJI CENEKIIHHO-TEHETHUYHUX 0CcOOIMBOCTEH copTy. [ImTomMa "acTka sIKOro
Moske ctanoButu 10 50 % [3, 4].

3epHO MIIIEHHII CIIENBTH BUKOPUCTOBYIOTH JUTsI OTPHMAHHSI TIPOTYKTIB BUIIIOl SIKOCTI Ta
010JIOTTYHOT IIIHHOCTI TIOPIBHSHO 3 TMIIICHUIICIO M’ SIKOF0. Lle 3yMOBJIeHO 3MaTHICTIO TIIICHUIII
CIICJIETH CHHTE3YBaTH y 3¢pHI BUIIMK BMicT Outka [5]. TIpore #ioro BMICT y 3epHI MOXKe
3MmiHroBatHcs Bix 12,5 10 28,7 % 3a1eKHO Bijl COPTY, OTOHMUX YMOB Ta arpoTeXHOJIOTII [6].
Kpim 115010, B 3€pHI IIIIEHUIII M’SIKOI MICTUTBCS OUIOK TJIFOTEH, SKUM y 5 % HaceneHHs
BUKJIMKAE aJIeprito. Y 3epHI NILEHUIIl CHEIbTH HOro MEHILE, TOMY BITYM3HSHI i 3aKOPJIOHHI
BUPOOHUKH YCIIIIITHO 33/I0BOJIBHSIOTH 3pOCTAFOUHH TIOIKUT Ha HHOTO [7].

3epHO TMIIICHUIII CHEIBTH MA€ BUIMK BMICT €CEHIIIMHUX aMIHOKHCIIOT, OCOOJMBO
nisuny (4,2—4,8 r/KT 3epHA), OCHOBOIO € TMIOTaMiHOBa KucioTa [8]. Bmict HeOimkoBHX
A30TOBMICHHX CHOJIYK Y 3€pHI MIIEHUII M K01 ctaHoBUTH 0,3—2,5 % 3a1eHO BiJ COPTY
ta arporexHosorii [9, 10]. [Turanus GopmyBaHHS HEOUIKOBUX a30TOBMICHHX CIOIYK Y
3€pHI MIIIEHHUIII CTIETBTH HE TOCTIIKYBAIOCh .

[TpobnemMHuM € i Te, 10 HEOUIKOBI a30TOBMICHI CIIOTYKH, MPEICTABIICHI BUIbHUMHU
aMIHOKHCJIOTaMH, 3aCBOIOIOTHCS OPraHi3MOM JIFOJAWHW TMOAI0OHO 3B’si3aHuM. [[1s 3epHa
HOBUX COPTIB 1 JIIHIH MIIICHUIT CTICIBTH 111 CIIOJIYKH BUBYECHI HEIOCTATHHO, 110 BUMArae
TIPOBEICHHS JTOaTKOBHX JIOCHIHKCHb.

Mera nmociizkeHb — BU3HAUUTH (POPMYBaHHS a30TOBMICHUX CHOJYK Y 3€pHI
PI3HHUX COPTIB 1 JIIHIH MINEHUIII CTIETHTH.

Marepiaaum Ta MeTOoaM AOCHIMKeHb. EKCIeprMeHTaNbHY 4YacTHHY pPOOOTH
BUKOHYBaJH Yy JlabopaTopii «OIiHIOBaHHS SIKOCT1 3€pHa Ta 3€pHOIMPOIYKTIB» Kadenpu
TEXHOJIOT11 30epiraHHs 1 mepepoOKU 3epHa Y MAHCHKOTO HAIIOHAIBHOTO YHIBEPCUTETY
CaJliBHUIITBA. BUKOPUCTOBYBaIM 3€pHO COPTIB MIICHMINI CHEIBTH CEJEKIi KpaiH
€Bpor — Schwabenkorn (ABctpis), NSS 6/01 (Cep6is), [lIBenceka 1 (IBerist), miHii,
oTpuMaHi riopuam3ariero Triticum aestivum / Triticum spelta — LPP 1197, LPP 3117,



LPP 1304, LPP 1224, LPP3122/2, P3, LPP3132, LPP 3373, LPP 1221,
inrporpecuBHi JiHii NAK 34/12-2 i NAK 22/12, orpumani ribpuamsamiero Triticum
aestivum / amimnoin (Triticum durum / Aegilops tauschii) ta iHTporpecuBHa JiHis
TV 1100, orpumana riOpuamsamiero Triticum aestivum (copr XapkiBcbka 26) /
Triticum kiharae, 3 gob6opoM o3uMoi (opMH, IO BHUPOIIYBAJIMCA B yMOBax
ITpaBoGepexxknoro Jlicocrenmy Ykpainu. Kontposem (cranmaprom) OyB paiioHOBaHUMN
COPT IIICHUII crieabTr 30ps Ykpainu (St).

VY JOCHIKEHHSIX 3aCTOCOBYBAIM 3arajbHONpUHHATY a1 [IpaBoOepexHOro
JlicocTerny TEXHOJIOT1I0 BUPOIYBaHHs mieHuIl. [lonepenHuk — BUKOOBEC Ha 3€JICHUMN
KOpPM. 3acCTOCOBYBAJIM METOJ] CHUCTEMATUYHOIO PO3MIIICHHS MAUITHOK, IUIONIA SIKUX
ckmagana 10 m°. [TOBTOPHICTb YOTHPHPA30Ba.

BMmicT mnpoTeiHy BH3HAYaMd 3a KUIBKICTIO 3arajlHOro a3oTy (Koe(illeHT
nepepaxyHky 6,25) [11], Bumict Oinka — JICTY 4117:2007, BMIiCT BiIbBHUX aMiHOKHCIIOT
— METOJIOM 10HOOOMIHHO1 PIAMHHOT XpoMartorpadii Ha aHamizaropi amiHokucaoT T-339.

Koedimient edextuBrocti Merabomizamii (KEM) eceHUIHUX aMiHOKHCIOT

BH3HAYaJIH 32 GOPMYJIIOIO

KEM =M

D34’
JIe 2a — BMICT €CEHIIIMHUX aMIHOKHUCIIOT, %; 234 — BMICT 3aMIHHHX aMIHOKHUCIIOT, %.

Innexc kommekcHoro omintoBanHs (IKO) Bu3Hauanum 3a popmyoro
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BIJTHOIIICHHSI, 110 3aCTOCOBYIOTH ISl TIOKA3HUKIB, (PAKTUYHE 3HAYCHHS SKUX TTOBHHHO
OyTH MEHIIIUM JIOIYCTUMOTO PIBHS; N — KUIbKICTh MOKA3HHUKIB, sIKI BAKOPUCTOBYIOTHCS B
MO/IEIT.

MatematuyHe oOpoOJieHHS [aHWX BUKOHYBAJIM METOAOM OJHO(PAKTOPHOTO



aucrepciiHoro anamizy [11].

Pe3yabTatu gochaimkeHb. BMICT a30TOBMICHHX CIIOJNYK Y 3€pHI MIICHHMII
CHENbTU ICTOTHO KOJUBABCS 3aJIEKHO BlJ CEJEKI[IHHO-TEHETUYHOI'O MOXOKEHHS
copTy Ta JjiHii. HaiiBumumii BMICT npoTeiHy OyB y 3€pHi MIIEHUIll CIEIbTH COPTY
3ops VYkpainu — 23,9 % (tabn. 1). BmicTt mnpoTeiHy B 3€pHI peuiTH COPTIB
3miHioBaBcs Bia 13,8 1o 20,1 % a6o O0yB meHmuM Ha 16—42 %, y 3epHi JiHINA — BiJ
13,2 go 21,5 % abo 6yB MenmuMm Ha 10—45 % mopiBHSHO 3 KOHTpoJieM. Bwmict
MpOTEIHy B 3€pHI COPTIB MIIEHUIl crnenbTu OyB Ha 1,2-2,2 %, niHil, oTpUMaHUX
riopuamsamiero  Triticum aestivum L. / Triticum spelta L., — ma 0,3-2,5,
iHTpOorpecuBHuX miHii — Ha 1,0-1,9 % Oinpmuii MOPiBHSHO 3 BMICTOM O1MKa.

1. BmicT npoTeiHy B 3epHi pi3HMX cOPTiB i JiHiii mmennui cneasTu, %0

Copr, misis Pix mocmimxeHHs Cepenne 3a yotupu

’ 2013 2014 2015 2016 pOKHU
3opst Yipairu (St) 23,2 24,0 23,1 25,3 23,9
IIIsenceka 1 13,7 12,0 15,5 14,1 13,8
NSS 6/01 15,8 22,9 17,3 18,2 18,6
Schwabenkorn 17,6 21,1 19,8 22,0 20,1
LPP 3117 12,9 13,7 14,3 11,9 13,2
LPP 3122/2 13,9 13,3 14,2 14,8 14,1
LPP 1224 13,8 14,6 15,4 13,3 14,3
LPP 1304 12,8 13,1 15,7 18,8 15,1
LPP 1197 15,7 16,6 15,2 16,0 15,9
LPP 3373 17,6 14,3 19,4 13,7 16,3
LPP 3132 16,2 17,9 171 14,9 16,5
P3 15,4 16,5 16,8 17,7 16,6
LPP 1221 19,9 21,3 22,0 22,8 21,5
NAK?34/12-2 15,1 16,7 17,0 18,1 16,7
NAK 22/12 16,5 14,2 18,1 18,9 16,9
TV 1100 19,2 21,3 20,1 19,3 20,0

HIPys 0,7 0,9 0,6 0,9 —

[TpoBeneH1 AOCTIKEHHS TOKa3aJId, 1110 BMICT MPOTETHY 3MIHIOBABCS 3aJICKHO Bijl
NOTOJHUX YMOB BeretamiiHoro mnepioxy. Tak, y 2013 1 2016 pp. morogHi ymMoBH
XapaKTepU3yBAIMCh MEHIIOK KUIBKICTIO OMajiB. 3a Mepioj KBITEHb—JIMIICHb BHUIIAJIO
BignoBigHO 209 1 236 MM omaaiB abo Ha 15-25 % MeHIe cepenrHr00araTopiaHOTO

noka3Huka (277 mm). Jlocrataporo Oyna KiIbKicTh omamiB y 2014 1 2015 pp. 3a nmepion




KBITEHb—JIUTICHh BUTIAIO BiAmoBimHO 292 1 271 MM omaiaiB, mpoTe po3monaina ix Oys
pizauM. Y 2013 p. y a3y Buxoay pociuH y Tpyoky Bumasuo jmmie 13,3 mm, y 2015 —
45,8, y 2014 — 140,8, a B 2016 p. — 179,5 MM omaxiB. Temrieparypa MOBITPsI TaKOXK
BIUIMBAJIa HA PICT Ta PO3BUTOK POCIMH COPTIB 1 JIIHIM MIIEHUIII CTIeNbTH. TakK, y nepioa
IHTEHCUBHOTO POCTY cTeb1a (BUXIiJl pOCIUH Y TpYOKy — KosociHHs) B 2013 p. BoHa Oyna
HECTIPUSTIUBOIO TOPIBHAHO 3 ontumansHol (9-16°C) 1 cranoBuma 18-21°C.
TemnepaTypa moBITps B L€l TepioJl BIPOAOBXK PEIITH POKIB JOCTIDKEHb Oyna
ONTUMAJIBHOIO.

Bwmict npoteiny B 3epHi coptiB Schwabenkorn, NSS 6/01, 3opst Ykpainw, I1Isencbka 1 i
minid LPP 1197, NAK34/12-2, LPP 1304, P 3, LPP 1221, LPP 3122/2, TV1100 rmrenuii
CIIEJITH TaKOK 3aIeKaB BiJ BHCOTH POCIMH, SIKa 3MIHIOBAJIACH YIPOJIOBXK POKIB
JocimpkeHb. O4eBMIHO, IO 3 MIABMILEHHSAM BHCOTH POCIMH 3pOCTajla 4acTkKa
PEYTWII30BAHOIO 3 BEreTaTWBHOI Macu a30Ty y (OpPMyBaHHI a30TOBMICHHX CHOJYK.
BunsranHs iCTOTHO He BIUIMBAJIO Ha BMICT Ol1Ka, OCKUIBKH POCIMHH TIIICHUIN CHEIBTH
MiCHsl BWISITAHHS BIJHOBIIOBAIM BEpPTUKAIbHE MOJOXKEHHs crebna. [Ipore mns miHil
LPP 3373 BcraHoBieHO OOEpHEHWI CHJIBHUI 3B’SI30K MDK BMICTOM OLIKa Ta BHUCOTOIO
POCITHH, OCKUTBKH 1X CTIHKICTh 10 Bysransst B 2016 p. Oyia Hu3bKor0 — 3 Oaa.

3HIDKEHHS BMICTY MPOTEiHY B 3epHI mieHuIi crenstd copty LlIBencebkal 1 miHii
LPP 3132, LPP3373, LPP3117, LPP1197, LPP 1224, LPP3122/2 3ymoBiI€HO
YPaKEHHSAM POCIIMH 30y AHUKaMU Oypoi JIMCTKOBOI 1pK1 Ta CENTOPIO3Y.

Binomo, 1110 /7151 mineHwmIIl 1y>ke BUCOKHM BBaXKA€ThCS BMICT Oiika > 18 %, BuCOKuM
—B Mexax 16-18, cepeaniMm — 1416, Huzbkum — 12—14 1 qyxe Huzbkum < 12 %.

Pe3ynbTatu npoBeeHUX TOCHIKEHb CB1IYaTh, 110 BMICT Ol1Ka B 3€pHI MILIEHUII
cnenbTH 3MiHIOBaBcs Bim 12,0 mo 21,1 % 3amexHo Bixg copty Ta miHii (puc. 1). V
CepeHbOMY 32 YOTHUPHU POKU JOCHTIJKEHb Jy»KE€ BUCOKUN BMICT O1IKa OyB y 3€pHI COpTY
Bopst Ykpainu (21,1 %), miuii LPP 1221 (19,5%) 1 TV 1100 (18,1 %), Bucokuii — B
3epui coptiB NSS 6/01 (16,9 %), Schwabenkorn (17,9 %) Ta miuii P 3 (16,3 %),
cepenniii — B 3epHi minid LPP 3132 LPP 1304 LPP 3373 LPP 1197 (14,0-14,7 %),
HU3bKUH BMIcT — B 3epHi copty IlIBeackka 1 (12,6 %), miniit LPP 1224, LPP 3117 i
LPP 3122/2 (12,0-13,5 %).
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Puc. 1 BmicT 6ika B 3epHi pi3HUX COPTIB 1 JiHiH mmenuti cnensty, 2013-2016 pp.
YacTka HEOUTKOBUX a30TOBMICHUX CIIOJIYK Y 3€pHI MIIICHUIII CTIEIBTH OYB Y MEXax

2—18 % 3ayie)xHO BiJl COPTY Ta JIiHII, SIKI BIAMOBITAIOTH MEBHOMY TeHoTHIy (puc. 2).
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Puc. 1 YacTka HeO1IKOBUX a30TOBMICHHUX CIIOJYK Y 3€pHI PI3HUX COPTIB 1 JiHIN

nmenutt cnenst (2013-2015 pp.), %



Cepen copTiB MILIEHUII CHEIbTH YacTKa HEOUIKOBHUX a30TOBMICHHUX CIOJYK Y
3epHa coptiB OyB 10-13 %. V¥ 3epHi JiHIM NIICHHIN CHEIHTH BOHA CTAaHOBWIA 2—
18 %. Haiibinpiry 4yacTKy HEOUIKOBHUX a30TOBMICHUX CIIOJIYK Majlo 3€pHO JIiHIi
LPP 3132 — 18 %.

BwmicT aMiHOKHCIIOT, K1 HE BXOAWIM Y CTPYKTYpy OijKa, iICTOTHO 3aJIe’KaB BiJl
copry Ta jgiHIi mmeHuri crenbtd (puc. 3). HaiiBuimy KuIbKICTh CYMHM BIIBHUX
aMIHOKHCIIOT MICTHJIO 3epHO copTy 3opst Ykpainu — 3,72 %. Y 3epHi pemrTu copTiB
BMICT BUIBHUX aMiHOKHCIOT 3HaxoauBcs Big 0,41 mo 2,02 %, a B 3epHi JiHIN — BiJ
0,18 o 2,34 %. BmicT ecenmiiitaux amiHokucioT Bijg 0,10 go 0,85 %, 1110 cTaHOBUIIO

23-36 % Bix 3araibHOI IXHBOI KIIBKOCTI.
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Puc. 3 Cyma BiIbHUX aMIHOKHUCIIOT y 3€pHI PI3HUX COPTIB 1 JIIHIHM MIICHUIT
cunenstu (2014-2016 pp.), %
3’sicoBaHoO, 1110 HaWBHINA MeTaOOi3allisl eCeHIIMHNX aMIHOKUCIIOT Oyyia B 3€pHi
coptiB IlIBencrka 1, Schwabenkorn — 0,46-0,48, a B miniii LPP 1304, LPP 3122/2, P 3,
NAK 22/12 — 0,52-0,62, 110 6inbiie Ha 2448 % mopiBHSIHO 31 cTaHIapTOM (TadI. 2).

Haitmenmum et mokasznuk OyB y 3epHi copry llIBeacska 1 — 0,40, a B pemrtu



aocaiypKyBaHux copTiB 1 miHin — 0,42-0,48. Benuuunn koedimieHTa epeKTUBHOCTI
MeTabomi3amii CBITYUTh, IO 30UIBIICHHS BMICTY aMIHOKHUCIOT Y 3€pHI MIICHHUII
CIIEJIbTU BIJJOYBAETHCS 32 PAXyHOK 3aMIHHHUX 1X CHOJYK.

2. Koediuient edextuBHOCTI MaTa0oJ1i3awii Ta iHIeKC KOMILIEKCHOTO
OI[iIHIOBAHHSI BMICTY €CeHI[iiHMX AMiHOKMCJIOT Y 3ePHi Pi3HMX COPTIB i JIiHIM MIIIeHuITi

cnenbT, 2014-2016 pp.

CopT, miHis KEM' + 510 st KO~ + 110 st
3opst Yipaitu (St) 0,42 — 1,58 —
NSS 6/01 0,40 -0,02 1,11 -0,47
[IIBenceka 1 0,48 0,06 1,31 -0,27
Schwabenkorn 0,46 0,04 1,42 -0,16
LPP 3117 0,42 0,00 1,06 -0,52
LPP 1224 0,45 0,03 1,13 -0,45
LPP 3132 0,42 0,00 1,16 -0,42
LPP 1197 0,44 0,02 1,27 -0,31
LPP 3122/2 0,62 0,20 1,31 -0,27
LPP 1304 0,52 0,10 141 -0,17
P3 0,62 0,20 1,57 -0,01
LPP 3373 0,48 0,06 1,72 0,14
LPP 1221 0,42 0,00 1,75 0,17
NAK34/12-2 0,45 0,03 1,28 -0,30
TV 1100 0,42 0,00 1,60 0,02
NAK 22/12 0,53 0,11 1,64 0,06

HIPys 0,02 — 0,07 —

Ipumimxa. KEM — koediuieHT edekruBHocTi Merabomizauii, IKO — iHzmekc

KOMITJIEKCHOT'O OLIIHFOBAHHS.

Bwmict He3aMiHHMX aMiHOKHCJIOT HaiKpaie 30aTaHCOBaHHN y 3€pHI COPTY
3opss Ykpainm, minid P 3, LPP 3373, LPP 1221, NAK 22/12, TV 1100 npo 1o
CBIIUHTH 1HAEKC KomIuiekcHoro omiHoBanHs (IKO) — 1,57-1,72. Halimenmuii
noka3Huk [KO Bcranosneno B 3epui copty NSS 6/01, miniit LPP 1224, LPP 1197 1
LPP 3117, orpumanux riopunusariero Triticum aestivum L./ Triticum spelta L., B
akux BiH cTtaHoBuB 1,06—1,16. Bemmunna IKO pemTu mocnipKyBaHUX COPTIB 1
JIHIN MIIEHUI CIeIbTH 3Haxomamiack Big 1,27 no 1,42.

BucHoBku. BMiCT a30TOBMICHUX CHOJYK y 3€pHI MIIEHUI CHENbTH 1CTOTHO

3aJIeKUTh Bl CENEKUIHHO-TEHETUYHOTO MOXO/HKEHHSI COPTY 1 JiHII Ta MOTOJHHUX



yYMOB. A30TOBMICHI CIIOJIYKH Yy 3€pHI MIIEHUI] CHEIbTH 3MIHIOIOTHCS B IIUPOKOMY
nianmaszoni. Bmict mpoteiny — Big 13,2 % mo 23,9, Bmict Oinka — Big 12,0 mo 21,1,
JacTKa HEOUIKOBUX a30TOBMICHUX CHOJyK — Big 2 1m0 18 % 3ayie’xHO Bij COpTY Ta
ninii. Bucokwmii BMicT npoteiny (16,3-23,9 %) 3 yacTkoro HeOIKOBUX a30TOBMICHUX
crionyk 10-18 %, sixi mpeacTaBieHO BUIBHUMH aMIHOKHCJIOTaMH, Y 3€pHI 3a0e3neuye
BupolyBaHHs copTiB 3ops Ykpaiau, NSS 6/01, Schwabenkorn, miHii, oTpuMaHux
riopumu3zariero Triticum aestivum / Triticum spelta, LPP 1221, LPP 3373, LPP 3132,
P 3 Ta iHTporpecMBHUX JiHIH. 3€pHO COPTIB MIIEHUIl CHEIbTH 30ps YKpaiHw,
Schwabenkorn, mmiit P 3, LPP 3373, LPP 1221, NAK 22/12, TV 1100 micTuTb
HaiiOutbie  eceHmiiinux  amiHokuciaor (KEM=0,42-0,62), ski  Halikpaiie

36anancosani (IKO=1,42-1,75).
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Heab. Onpenenuts GOPMHUPOBAHUS a30TCOACPKANIUX COCAUHEHUN B 3€pHE
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XUMUYECKUH, pacueTHbl, aHanmu3. Pe3dyabTarTbl. lcciemoBano ¢opMupoBaHue
colepKaHusl TPOTEWHA, OelKa B 3€pHE IMIIEHUIBI CHENbThl B 3aBHCHMOCTH OT

CCICKIMOHHO-TCHCTHYCCKUX 0ocoOeHHOCTEH COpTa H JIMHHU. HpOBez[eHa OIICHKA
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CONEpKaHUSI  ACCEHITMAIBHBIX  AMUHOKHCIOT € TOMOIMBI KO3 UIIHEeHTA
ahexTuBHOCTH MeTaboimM3Ma W WHICKCOM KOMIUICKCHOW OIICHKHA. BBbIBOJBI.
Conepxanue a30TCOJEpXKaIUX COCAMHEHUHW B  3€pHE MIICHUIIBI  CIEIbTHI
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Conepxanue npoteuna — ot 13,2 % no 23,9, conepxkanue 6enka — ot 12,0 mo 21,1,
cojiep;kaHue CBOOOAHBIX aMUHOKUCIOT — OT 0,18 1o 3,72 % B 3aBUCUMOCTH OT cOpTa
U JIMHUU.

KioueBble ciioBa: TIIEHUIIA CIENbTa, MPOTEUH, OEJIOK, CBOOOJHbBIC
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The purpose is to determine the formation of nitrogen-containing compounds in
the grain of different spelt wheat varieties and strains. Methods are field, physical
and chemical, calculation and analysis. Results are studying formation of protein
content and protein in spelt wheat grain depending on the breeding genetic features of

the variety and strain. The content of essential amino acids by means of the



metabolisation efficiency coefficient and the integrated assessment index are
investigated. Conclusions. The content of nitrogen-containing compounds in spelt
wheat grain is significantly dependent on the variety, strain and weather conditions.
Nitrogen-containing compounds in wheat grain vary in a wide range. The protein
content ranges from 13.2 to 23.9%; protein content ranges from 12.0 to 21.1%, the
content of free amino acids is from 0.18 to 3.72%, depending on the variety and
strain.

Keywords: spelt wheat, protein, free amino acids, variety, strain.

One of the priority tasks of the agrarian science is the production of high
biological value products. Wheat occupies a prominent position among the leading
agricultural crops and is the diet basis of the population of many countries [1]. It is
possible to solve the problem of vegetable protein production, valuable for baking
and confectionery production, using the grain of infrequent species, introgressive,
interspecific wheat varieties and strains [2].

World and domestic practice recognized that the quality of wheat grain depends
on the breeding and genetic features of the variety. The specific proportion can be up
to 50% [3, 4].

Spelt wheat grain is used to produce products of superior quality and biological
value compared to soft wheat. This is due to the wheat ability to synthesize
spontaneously higher protein content in the grain [5]. However, its content may vary
from 12.5% to 28.7% depending on the variety, weather conditions and agricultural
technologies [6]. In addition, soft wheat grain contains gluten protein which causes
allergies in 5% of the population. Gluten protein is less in spelt wheat grain.
Therefore, domestic and foreign producers successfully satisfy the growing demand
for it [7].

Spelt wheat grain has higher content of essential amino acids, especially lysine
(4.2-4.8 g/ kg of grain) and the basis is glutamic acid [8]. The content of non-protein
nitrogen-containing compounds in soft wheat grain is 0.3-2.5% depending on the

variety and agricultural technologies [9, 10]. However, the issue on the formation of



non-protein nitrogen-containing compounds in spelt wheat grain was not
Investigated.

The problem is that non-protein nitrogen-containing compounds, represented by
free amino acids, are digested by the human body in a similar way. These compounds
are insufficiently studied for grain of new varieties and lines of spelt wheat which
requires additional research.

The research purpose is to determine the formation of nitrogen-containing
compounds in the grain of different spelt wheat varieties and strains.

Research content and methods. The experimental work was carried out in the
laboratory “Evaluation of quality of grain and grain products” of Department of
Technology of Grain Storage and Processing at Uman National University of
Horticulture. Grain of spelt wheat varieties of selection of the European countries was
used, such as Schwabenkorn (Austria), NSS 6/01 (Serbia), Shvedska 1 (Sweden); LPP
1197, LPP 3117, LPP 1304, LPP 1224, LPP 3122/2, P 3, LPP 3132, LPP 3373 and
LPP 1221 strains obtained by hybridization of Triticum aestivum/ Triticum spelta;
NAK 34/12-2 and NAK 22/12 introgressive strains obtained by hybridization of
Triticum aestivum/ amphiploid (Triticum durum/ Aegilops tauschii) and TV 1100
introgressive strain obtained by hybridization of Triticum aestivum (Kharkivska 26
variety)/ Triticum kiharae with a selection of winter forms grown under the
conditions of Right Bank Forest Steppe of Ukraine. The check variant (standard) was
a released spelt wheat variety of Zoria Ukrainy (st).

The technology of growing winter wheat for Right Bank Forest Steppe was used
in the research. The predecessor was vetch and oat mix used for green fodder. The
method of systematic plot allocation was used. The area of the experimental plot was
10 M. The number of replications was four.

Protein content was determined by the amount of total nitrogen (conversion
factor of 6.25), protein content was determined by JICTY 4117 and free amino acid
content was determined by ion exchange liquid chromatography on the amino acid

analyzer T-339.



The metabolisation efficiency coefficient (MEC) of essential amino acids was

determined by the formula

MEC = ZEA

D54
In which Xg, is content of essential amino acids, %; Xsa IS content of
substitutable amino acids, %.

The Integrated assessment index (IAl) was determined by the formula

1Al :\/A1 x&x...x A, X AC, x Ac,

0, O, o, A A

In which A is the actual value of the indicator; O is the optimal value of the

indicator; A. is the acceptable value of the indicator; g Is the ratio used for

Ac

indicators which actual value should be more optimal;, — is the ratio used for

indicators which actual value should be less than the permissible level; n is the number of
indicators used in the model.

Mathematical processing of data was carried out by the method of single-factor
dispersion analysis [11].

Research results. Nitrogen-containing compounds in spelt wheat grain
significantly varied depending on the breeding and genetic origin of the variety and
strain. The highest protein content was in wheat grain of Zoria Ukrainy variety
(23.9%) (Tablel). The protein content in the grain of other varieties varied from 13.8
to 20.1% or was lower by 16-42%, in strain grain it was from 13.2 to 21.5% or was
lower by 10-45% compared with the check variant. Protein content in grain of spelt
wheat varieties was 1.2-2.2% and in strains obtained by hybridization of Triticum
aestivum L./ Triticum spelta L. it was by 0.3-2.5 and in introgressive strains it was by

1.0-1.9% higher than the protein content.



1. Protein content in grain of different varieties and strains of spelt wheat, %

Variety, strain Research year Average for four

’ 2013 2014 2015 2016 years
Zoria Ukrainy (st) 23.2 24.0 23.1 25.3 23.9
Shvedska 1 13.7 12.0 155 14.1 13.8
NSS 6/01 15.8 22.9 17.3 18.2 18.6
Schwabenkorn 17.6 21.1 19.8 22.0 20.1
LPP 3117 12.9 13.7 14.3 11.9 13.2
LPP 3122/2 13.9 13.3 14.2 14.8 14.1
LPP 1224 13.8 14.6 154 13.3 14.3
LPP 1304 12.8 13.1 15.7 18.8 15.1
LPP 1197 15.7 16.6 15.2 16.0 15.9
LPP 3373 17.6 14.3 19.4 13.7 16.3
LPP 3132 16.2 17.9 17.1 14.9 16.5
P3 15.4 16.5 16.8 17.7 16.6
LPP 1221 19.9 21.3 22.0 22.8 21.5
NAK34/12-2 15.1 16.7 17.0 18.1 16.7
NAK 22/12 16.5 14.2 18.1 18.9 16.9
TV 1100 19.2 21.3 20.1 19.3 20.0

HIPys 0.7 0.9 0.6 0.9 —

Studies have shown that the protein content varies depending on the weather
conditions of the growing season. Thus, in 2013 and 2016, weather conditions were
characterized by less rainfall. In April-July there were 209 and 236 mm of
precipitation or by 15-25% less than the average long-term indicator (277 mm).
Sufficient rainfall was in 2014 and 2015. In April-July, there were 292 and 271 mm
of precipitation but their distribution was different. In 2013, there was only 13.3 mm
of precipitation in the shooting stage; it was 45.8 mm in 2015; it was 140.8 mm in
2014 and 179.5 mm in 2016. The air temperature also affected the growth and
development of spelt wheat varieties and strains. Thus, in the period of intensive
growth of the stem (shooting stage — earing) in 2013, it was unfavorable compared
with the optimal (9-16°C) and was 18-21°C. During the rest of the years of research,
the air temperature was optimal during this period.

The protein content of Schwabenkorn, NSS 6/01, Zoria Ukrainy and Shvedska 1
varieties, LPP 1197, NAK34/12-2, LPP 1304, P 3, LPP 1221, LPP 3122/2 and TV 1100

strains also depended on the plant height which has changed over the years of research.




It is obvious that with the increase in plant height, the proportion of the reutilised
nitrogen from the vegetative mass in the formation of nitrogen-containing compounds.
Falling did not significantly affect the protein content, since wheat plants restored the
vertical position of the stem after falling. However, there is an inverse strong relationship
between protein content and plant height for LPP 3373 strain, since its resistance to
falling in 2016 was low (3 points).

Reducing protein content in wheat grain of Shvedska 1 variety, LPP 3132, LPP
3373, LPP 3117, LPP 1197, LPP 1224 and LPP 3122/2 strains is due to the lesion of
plants caused by brown leaf rust and septoriosis.

It is known that for wheat, the protein content > 18% is considered to be very
high, high (within 16-18%), medium (14-16%), low (12-14%) and very low (< 12%).

The results of the conducted studies indicate that the protein content of wheat

grain varied from 12.0 to 21.1% depending on the variety and strain (Fig. 1).
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Fig.1 Protein content in grain of different varieties and strains of spelt wheat, in
2013-2016



On average, over four years of the research, very high protein content was in the
grain of Zoria Ukrainy variety (21.1%), LPP 1221 (19.5%) and TV 1100 strains
(18.1%); it was high in the grain of NSS 6/ 01 (16.9%) and Schwabenkorn varieties
(17.9%) and P 3 strain (16.3%); it was average in the grain of LPP 3132, LPP 1304,
LPP 3373 and LPP 1197 strains (14.0-14.7%); it was low in the grain of Shvedska 1
variety (12.6%), LPP 1224, LPP 3117 and LPP 3122/2 strains (12.0-13.5%).

Proportion of non-protein nitrogen-containing compounds of spelt wheat grain
was in the range of 2-18% depending on the variety and strain corresponding to a
specific genotype (Fig. 2).

The proportion of non-protein nitrogen-containing compounds in grain varieties
was 10-13% among spelt wheat varieties. It was 2-18% in the grain of spelt wheat
strains. Grain of LPP 3132 strain had the largest proportion of non-protein nitrogen-

containing compounds (18%).

Fig. 1 Proportion of non-protein nitrogen-containing compounds in the grain of

various spelt wheat varieties and strains (in 2013-2015), %
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The content of amino acids that were not part of the protein structure depended

substantially on the variety and strain of spelt wheat (Fig.3).
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Fig. 3 Amount of free amino acids in the grain of different varieties and strains
of spelt wheat (in 2014-2016), %

The grain of Zoria Ukrainy variety had the highest amount of free amino acids
(3.72%). The content of free amino acids was from 0.41 to 2.02% in the grain of
remaining varieties and it was from 0.18 to 2.34% in the grain of strains. The content of
essential amino acids was from 0.10 to 0.85% which was 23-36% of their total amount.

It is found that the highest metabolisation of essential amino acids was in the
grain of Shvedska 1 and Schwabenkorn varieties (0.46-0.48); it was 0.52-0.62 of LPP
1304, LPP 3122/2, P 3 and NAK 22/12 strains which is more by 24-48% in
comparison with the check variant (Table 2).

This indicator was the smallest in the grain of Shvedska 1 variety (0.40) and it
was 0.42-0.48 in the remaining studied varieties and strains. Values of metabolisation
efficiency coefficient show that the increase in the content of amino acids in the grain

of spelt wheat is due to the replacement of their compounds.



2. Metabolisation efficiency coefficient and integrated assessment index of
the content of essential amino acids in the grain of different varieties and strains
of spelt wheat, in 2014-2016

Variety, strain MEC + 10 st IAI™ + 710 st
Zoria Ukrainy (st) 0.42 — 1.58 —
NSS 6/01 0.40 -0.02 1.11 -0.47
Shvedska 1 0.48 0.06 1.31 -0.27
Schwabenkorn 0.46 0.04 1.42 -0.16
LPP 3117 0.42 0.00 1.06 -0.52
LPP 1224 0.45 0.03 1.13 -0.45
LPP 3132 0.42 0.00 1.16 -0.42
LPP 1197 0.44 0.02 1.27 -0.31
LPP 3122/2 0.62 0.20 1.31 -0.27
LPP 1304 0.52 0.10 1.41 -0.17
P3 0.62 0.20 1.57 -0.01
LPP 3373 0.48 0.06 1.72 0.14
LPP 1221 0.42 0.00 1.75 0.17
NAK 34/12-2 0.45 0.03 1.28 -0.30
TV 1100 0.42 0.00 1.60 0.02
NAK 22/12 0.53 0.11 1.64 0.06

HIPgys 0.02 — 0.07 —

Note. MEC is metabolisation efficiency coefficient, 1Al is integrated assessment
index.

The content of essential amino acids is best balanced in the grain of Zoria Ukrainy
variety, R 3, LPP 3373, LPP 1221, NAK 22/12 and TV 1100 strains. This is evidenced by integrated
assessment index (lAl) — 1.57-1.72. The smallest IAl indicator was found in the grain of
NSS 6/01 variety, LPP 1224, LPP 1197 and LPP 3117 strains, obtained by
hybridization of Triticum aestivum L./ Triticum spelta L. (1.06-1.16). IAl indicator
of the remaining studied varieties and strains of spelt wheat was from 1.27 to 1.42.

Conclusions. The content of nitrogen-containing compounds in spelt wheat
grain is significantly dependent on the variety, strain and weather conditions.
Nitrogen-containing compounds in wheat grain vary in a wide range. The protein
content ranges from 13.2 to 23.9%; protein content ranges from 12.0 to 21.1%,
the content of free amino acids is from 0.18 to 3.72%, depending on the variety
and strain. The high protein content (16.3-23.9%) with a percentage of non-



protein nitrogen-containing compounds of 10-18%, which is represented by free
amino acids in the grain, is provided by Zoria Ukrainy, NSS 6/01 and Schwabenkorn
varieties, LPP 1221, LPP 3373, LPP 3132 and P 3 strains obtained by the hybridization of
Triticum aestivum/ Triticum spelta and introgressive strains. Grain of spelt wheat
of Zoria Ukrainy and Schwabenkorn varieties, R 3, LPP 3373, LPP 1221, NAK
22/12 and TV 1100 strains contains the most essential amino acids (MEC of 0.42-
0.62) which are best balanced (1Al is 1.42-1.75).
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Nitrogen-containing compounds in the grain of different spelt wheat
varieties and strains

The purpose is to determine the formation of nitrogen-containing compounds in
the grain of different spelt wheat varieties and strains. Methods are field, physical
and chemical, calculation and analysis. Results are studying formation of protein
content and protein in spelt wheat grain depending on the breeding genetic features of
the variety and strain. The content of essential amino acids by means of the
metabolisation efficiency coefficient and the integrated assessment index are
investigated. Conclusions. The content of nitrogen-containing compounds in spelt
wheat grain is significantly dependent on the variety, strain and weather conditions.

Nitrogen-containing compounds in wheat grain vary in a wide range. The protein



content ranges from 13.2 to 23.9%; protein content ranges from 12.0 to 21.1%, the
content of free amino acids is from 0.18 to 3.72%, depending on the variety and
strain.

Keywords: spelt wheat, protein, free amino acids, variety, strain.



