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GRAIN QUALITY OF TETRAPLOID WHEAT TRITICUM TIMOPHEEVII (ZHUK.) ZHUK.
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The article is devoted to the comprehensive investigation of the quality parameters of
tetraploid wheat (Triticum timopheevii) grain. Particular attention is paid to prospects of
involving T. timopheevii in breeding programs as a resource of valuable quality and technology
properties.
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Introduction. Triticum timopheevii or Timopheev's wheat is a cultivated tetraploid
wheat. It is an endemic crop of the piedmonts of western Georgia [1]. The species has probably
been domesticated in Georgia. The domesticated form is restricted to western Georgia.
Timopheev's wheat is believed to have evolved in isolation from the more common tetraploid
wheat species T. durum Desf., T. turgidum L. as also from it putative wild ancestor T. araraticum
Jakubz.

It is suitable for sandy, loamy and clay soils and prefers moist well-drained soil. Soil pH
can be acidic, neutral of alkaline. It is a light-demanding plant [2].

T. timopheevii is highly resistant to head smut [3]. It is also immune to root rots,
powdery mildew, leaf, stem, yellow rusts, Septoria blotch etc. [3, 4].

There have been successful attempts to involve T. timopheeviiin breeding since the late
1800™ [4, 5, 6, 7, 8, 9]. T. timopheevii was crossed with common wheat. The effect of T.
timopheevii introgression fragments on resistance to leaf and stem rusts, powdery mildew and a
number of quantitative traits was evaluated in introgressive lines of common wheat [7]. The
lines with an introgressive fragment of the 5G chromosome were 100% resistant to Western
Siberian populations of leaf rust and stem rust that was typical for Omsk region. Lines with a
fragment of the 2G chromosome were resistant to Western Siberian populations of stem rust.
No negative influence of alien material from T. timopheevii on the yield and other quantitative
traits of common wheat was observed, indicating that T. timopheevii can be used in breeding as
donors of resistance to fungal diseases, which was further confirmed by [8, 9, 10].

Y.A. Andreev et al. [11] discovered highly homologous wamp genes in T. timopheevii.
These genes encode hevein-like plant defense peptides have antifungal activity and are
accumulated in response to phytopathogen challenge. They also participate in plant response also
to abiotic stress, since high salt concentrations enhanced their expression.

Thus, T. timopheevii is a promising object for breeding, though little studied in terms of
grain quality, and these characteristics of wheat grain are drawing increasing attention
nowadays. Grain quality is determined by many parameters such as protein and starch contents
and compositions, vitamin and antioxidant contents, micronutrient amounts, etc. Augmentation
in grain nutrient levels (biofortification), either agronomically (fertilization) or genetically
(breeding), is thought to be a promising and cost-effective approach to alleviating malnutrition
and related health problems [12, 13, 14, 15, 16]. This solution, however, requires a
comprehensive exploration of potential genetic resources. Therefore, our objective was to
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evaluate the protein content, carotenoid level, antioxidant activity and trace mineral contents in
T. timopheevii grain as well asperformance and processing parameters of T. timopheevii grain.

Materials and methods.The analyses were carried out on T. timopheevii from a
collection of the National Center for Plant Genetic Resources of Ukraine. The plants were
grown on typical black soil. The cultivars used for comparisons (emmer Holikovska and durum
wheat Spadshchyna) were grown in plots located in the same field with T. timopheevii using
identical agronomic techniques. Grain harvested in 2015, 2016 and 2017 (years with various
weather conditions) was used in analyses.

The protein content was determined by Kjeldahl digestion [17]. The carotenoid level was
spectrophotometrically assessed in acetone extracts as described in [18, 19]. The total antioxidant
activity was investigated by DPPHe assay [20]. The contents of iron, zinc and copper were
determined by atomic absorption spectrometry [21]. The test weight and vitreousness were
evaluated in compliance with [22]. The grain hardness was determined on a YPD-300 hardness
tester (Ltpm China) (measuring force applied to crush kernels) by the method developed by A.V.
Yarosh et al [23] and expressed in newtons.

Results and discussion. The protein content in T. timopheevii grainwas within 18.2—
16.5% (Table 1), depending on the year, which is rather high, as good durum wheat grain
contains 15-18 % of protein (grade I grain has >14.0% of protein [24]. For example, the protein
content in grain of reference durum wheat cv. Spadshchyna bred at the Plant Production Institute
named after VV.Ya. Yuriev of NAAS ranges within 14.5-16.5%. 2017 was the most favorable year
for protein accumulation. The protein content variation can be attributed to weather fluctuations
during crucial periods in the plant development. The grain accumulated 18.2% of protein, when
the precipitations amounts were 26 and 39 mm during the phases of green mass development and
grain filling, respectively. Increase in the precipitations amount was associated with a reduction
in the protein content, though the species prefers moist conditions. This can be due to insufficient
drainage of soil, as the soil in the cultivation site was moderately clayey with medium drainage,
and T. timopheevii does well on well-drained soils [2]. There was no apparent relationship
between the protein content and temperatures during the crucial phases of the plant development.
Despite this variation, high protein content in grain seems to be a consistently expressed trait in
T. timopheevii, and this speciesbelongs to high-protein wheats.

Table 1
Biochemical parameters of Triticum timopheevii grain, 2015-2017
Green mass in filli
Protein Carotenoid TAOA, development Grain filling
Year 0 content, CGAE/ gof Earing date
content, % 5 5
mg/kg seeds Pt oC Pt °C
mm ' mm ’
2015 16.5 3.54 608.4 06.10.2015 58 16.3 102 20.3
2016 17.4 2.72 620.3 06.27.2016 123  19.6 96 23.1
2017 18.2 3.10 628.1 07.01.2017 26 19.1 39 22.6

Staples are not considered an important source of vitamins, antioxidants or minerals in the
diet. However, there is an opinion [25] that because of high staple consumption, any increase in
concentrations of these substances may have a significant effect on human nutrition and health.
Wheat is the major staple food crop in many countries, contributing 28% of the world’s edible
dry matter [26].

Carotenoid content is a determinant of wheat nutritional value and affects end-product
quality. Wheat grain generally contains very low carotenoid amounts and in order to enrich wheat
grain with carotenoids, new high-carotenoid sources are searched for. The carotenoid content in
T. timopheevii grainwas medium: 2.72-3.54 mg/kg (Table 1). It is considered that high quality
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bright-yellow pasta can be made from grain containing not less than 5.5 mg/kg of carotenoids
[27]. Hence, T. timopheevii cannot be referred to high-carotenoid ones.

Antioxidant content is another determinant of wheat nutritional value. The total
antioxidant activity in T. timopheevii grain amounted to 618.2 chlorogenic acid equivalents
(CGAE) /g of seeds in 2017, reducing in the other study years (see Table 1). The peak content of
antioxidants in the years with the minimal precipitation during the wheat development may be
accounted for by enhanced non-specific protection against stress. A positive correlation was
observed between seed antioxidants and drought tolerance in other plant species [28]. The
average antioxidant activity in T. timopheevii grain remains higher than that in reference durum
wheat grain, cv. Spadshchyna (525.4+38.9 CGAE /g of seeds). Thus, T. timopheevii can be tested
for using in wheat breeding for high antioxidant content.

Some minerals are essential in metabolism or for the synthesis of essential compounds.
Bread and breakfast cereals are sometimes specifically fortified with iron [29], therefore, there is
a chance to breed high-iron wheat cultivars. The iron content in commercial durum wheat varies
within 25.7-40.5 mg/kg [30]. T.timopheevii grain contains 39.27-55.90 mg/kg of iron (see Table
2), which is considerably higher than the iron levels in commercial durum wheat cultivars and
comparable to the iron content in Polish emmer grain (49 mg/kg, though such comparisons
should be drawn with reservations, because growing conditions may vary a lot) [31] and in cv.
Holikovska grain (around 40 mg/kg) bred at the Plant Production Institute named after V.Ya.
Yuriev of NAAS). This variation can be attributed to weather fluctuations during crucial periods
in the plant development: the grain accumulated 55.90 mg/kg of iron, when the precipitations
amounts were 26 and 39 mm during the phases of green mass development and grain filling,
respectively. Increase in the precipitations amount was associated with a reduction in the iron
content. Thus, in general, the iron content changed in parallel with the protein content. This was
expected, since the high grain protein content gene (GPC-B1) was also shown to confer higher
concentrations of both Fe and Zn in grain [32, 33]. Despite this variation, high iron content in
grain appears to be genetically intrinsic to T. timopheevii.

Table 2
Mineral contents in Triticum timopheevii grain in different years
greenmass i filling
i development

Year Minerals Earing date P

7n Fe Cu X, mm t,°C X, mm t,°C
2015 36.334 40.040 4.455 06.10.2015 58 16.3 102 20.3
2016 36.524 39.270 2.790 06.27.2016 123 19.6 96 23.1
2017 41.041 55.900 1.860 07.01.2017 26 19.1 39 22.6

Note: X, — precipitation amount, t,, — average temperature.

Zinc is also an essential trace element for humans. Wheat (especially germ and bran) is
among the food plants that contain the most zinc [34]. For fortification, 2003 review
recommended cereals as a cheap, stable source that is as easily absorbed [35]. The zinc content in
commercial durum wheat varies within 24.8-48.8 mg/kg [30]. ContiME et al. [36] reported that
Italian durum wheat contained 24 mg/kg of zinc. The maximum allowable concentration of zinc
in grain is 50.0 mg/kg [37]. T.timopheevii grain contains 36.33-41.04 mg/kg of zinc (see Table
2), which is comparable to commercial durum wheat and our emmer, cv. Holikovska (around
31.0 mg/kg), and somewhat less than in Polish emmer grain (54 mg/kg, as Suchowilska et al
reported [31]). The zinc content-weather conditions relationship was similar to the protein/iron
content-weather conditions relationship (see the discussion above) Correlations between Zn and
Fe contents were positive for wild emmer [32, 38, 39], and domesticated emmer [40].

Copper is another essential trace element. Italian durum wheat, for example, contains 3.5
mg/kg of copper [36]. The variations in this parameter can be wide: 1.8-39.7 mg/kg in durum
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wheatmilling products [41]. In Russian wheat grain the copper content ranged within 2.0-12.8
mg/kg, depending on the cultivation site[42]. Other Russian researchers report that the copper
level in spring wheat grain averaged 5.15+0.40 mg/kg (throughout 10 years), with the maximum
allowable concentration of 10 mg/kg [37]. Suchowilska et al [31] reported that grain of a related
species, Triticum dicoccum, contained 4.4 mg/kg of copper. T. timopheevii grain contained of
1.86-4.46 mg/kg of copper in different years (see Table 2). Thus, such levels can satisfy the need
of human body for copper, on the one hand, and are far below the maximum allowable
concentration, on the other hand. The copper content was maximal in the years, when the average
air temperature during the phases of green mass development and grain filling was relatively low:
16.3 and 20.3°C, respectively. Rise in temperature to 19.1-19.6°C and to 22.6-23.1°C,
respectively, was associated with lower copper content. Unlike the iron and zinc contents, we
observed no relationship between the copper content and the precipitation amount.

Concurrently with biochemical characterization, we measured performance and
processing parameters of T. timopheevii. The 1000-seed weight was 34.29 g (see Table 3),
meaning that T.timopheevii has medium-sized grain. The test weight and vitreousness are criteria
for determining grain grade.The grain unit was around 846 g/L, which is sufficiently high, as
the minimal grain unit for durum wheat is set on 700 g/L, and grade I grain has >750 g/L [24].
The vitreousness was markedly high — 100%, which is valuable for easy milling (grade | grain
has >70% vitreousness [24]. The grain hardness is one of the key determinants of milling
behavior and has a great influence on flour and dough quality [43, 44, 45]. For example, the grain
hardness was shown to correlate with bread-making quality [46, 47]. The T. timopheevii grain
hardness was 286N. It is difficult to compare different researchers’ data, as they use different
techniques and devices to measure the grain hardness. However, Veha et al. [48] cross-checked
the Hardness Index (HI) produced Perten SKCS 4100 equipment against maximum breaking
force in Newtons produced by Lloyd 1000R Testing Machines. Using their data, we can assume
that 286 N measured on a YPD-300 hardness tester corresponds approximately HI 68. Using
Szab6 et al’s data [49], we obtain a similar result. This means that T.timopheevii is likely to
belong to hard wheats according to Haraszi et al’s classification [50, 51].

Table 3
Technological parameters of Triticum timopheevii grain, 2015-2017
. 1000- Green mass eerrs
Grain Test Vitreous-  grain . development Grain filling
Year hardness, weight, o . Earling date
L ness, %  weight, 5 . 5 .
N g g P tavy C P tav, C
mm mm
2015 283 842 99 34.1 06.10.2015 58 16.3 102 20.3

2016 279 850 100 34.6 06.27.2016 123  19.6 96 23.1
2017 296 846 100 34.3 07.01.2017 26 19.1 39 22.6

Conclusions.Thus, our results have demonstrated that

1) T.timopheevii has medium-sized grain;

2) T. timopheevii is noticeable for a high antioxidant activity, sufficient iron and zinc
contents, balanced copper content, exclusively high vitreousness and high grain harness;

3) T. timopheevii cannot be referred to high-carotenoid species.
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AKICTh 3EPHA TETPAITIOITHOI MITEHHAII TRITICUM TIMOPHEEVII (ZHUK.)
ZHUK

Penina JI.I., borycnascbkuii P.JI., Beuepceka JILA., dinenko C.1O., IN'omik O.B., llenskina T.A.,
ITo3nusikoB B.B.
[actuTyT pocnunnunTsa iM. B.A. FOp‘eBa HAAH, Ykpaina

Meta pociigkeHb. BuszHaueHHs BMicTy OUIKa Ta KapOTHHOIAHUX IITMEHTIB, 3arajibHOT
AHTUOKCUJAHTHOI ~AaKTUBHOCTi, pIBHA MIKpOeJeMeHTiB B 3epui 1. timopheevii Ta
IIPOAYKTHBHOCTI 1 TEXHOJIOTIYHUX ITOKa3HUKIB 3epHa T. timopheevii.

Martepianun Ta meroau. 3pasku T. timopheevii mnsgocnimkeHs Oya0 OTPUMAHO 3 KOJEKIIil
HarioHaibHOTO IEHTPY TeHETUYHUX PECYPCIB POCIHH YKpaiHu.. [pyHT — THIIOBUIT YOpHO3EM.
Coptu, siki Oyn0 BHUKOPHCTAHO JJisi TIOPIBHSHHS, BUPONIYBAJINCh HA OAHOMY Mo 3 1.
timopheevii i3 3acToCyBaHHSIM OJHAKOBUX arpOTEXHOJIOTI. /111 BUBYSHHS OyJI0 BUKOPHCTAHO
3epHO, 3i0pane B 2015, 2016 Ta 2017 (poku 3 pi3HUMHU MOTOJHUMHU yMoBamu). Bmict Oinka
BU3Ha4YamM 3a MeTojgoM Keenbnans. PiBeHb KapOTHHOIMHMX IIMEHTIB OI[IHIOBAIH B
eKCTpParoBaHMX  ameToOHOM  (PaKIisfsX  MeToaoM  cnekrpodoromerpii.  3aranbHy
AHTUOKCUJIAHTHY AaKTHBHICTh JOCHI/DKYBaJM 3a JOINOMOTOK aHali3y 3 BHKOPHCTaHHIM
ctabinmpHOrO BibHOTO pamukamy DPPH. Bwmict 3amiza, nuHKY Ta MiJli BU3HAYAJId METOJIOM
aTOMHO-a0CcopOIiiHOI criekTpoMeTpii. HaTypa Ta CKI0MOAIOHICTh OIIHIOBAJIMCS BiAMOBIAHO
710 3aTBEPDKECHUX METOAMK. TBEpIicTh 3epHa BH3HA4ajdach Ha TBepaomeTpi YPD-300 (sxuit
BUMIPIOE CHUITY, 110 HEOOXITHO JTOKJIACTU JUIsl pyHHYBAaHHS 3€pHIBKH, B HBIOTOHAX) METO/OM,
po3pobienum A.B. Spomiem T1a iH.

PesyabTatn i oo6rosopenHsi. Bmict Oinka B 3epui T. timopheevii ckmas 18,2-16,5 %, B
3aJIe)KHOCTI BiJl POKY, IO € JIOCUTh BHUCOKUM, OCKUIBKH SIKICHE 3€pHO TBEPJAOi MIICHHMII
mictuth 15-18 % Oinka. 3epro T. timopheevii makonuuyBano 18,2 % Oinka, Koiu cyma
omaaiB Oyna 26 1 39 MM mig dac a3 po3BUTKY 3€JICHOI MacH Ta HAJIMBY 3€pHA BiAMOBIIHO.
[TimBuIIEHHS CyMU OTajiB OyJI0 MOB’sA3aHO 13 3HMKCHHSAM BMICTY OiIKa, Xoua Iei BUI HAJa€
mepeBary BOJIOTHM yMmoBaM. lle MoXHA TOSICHUTH HEIOCTaTHIM JPEHYBaHHSM TPYHTY,
OCKIIBKU TPYHT B MICI[i BUPOIIYBaHHS MOMIPHO TIIMHUCTUN 3 CEpPEelHIM JAPEHYBAHHSM, a .
timopheevii 106pe mouyBaeThcs Ha J00pe APSHOBAHUX IPYHTaX. 3arajibHa aHTHOKCHIAHTHA
aKTHBHICTh B 3epHi T. timopheevii ckmagama 618,2 exB. xmoporenoBoi kuciotu B 2017 p.,
3HIKYIOUHUCh B 1HIII POKH JOCHIJDKEHHS, IO BHILE, HIK B 3€pHI COPTY TBEPAOI MIIEHMII
Cnammuna, ctBopeHoMmy B [HcTuTyTi pocnuuauuTBa iM. B.A. FOp'eBa HAAC (525,4+38,9
€KB. XJIOPOI'€HOBOI KHMCIOTH/T HaciHHS). MakcuMaabHUI BMICT KAapOTHHOIAIB B POKH 3
MIHIMaJbHOK CYMOIO ONaJiB MiJ Yac PO3BUTKY TMIIEHHUI[I MOXe OyTH OOyMOBIEHO
MTOCUJIEHHSIM HeceIM(IYHOTO 3aXKCTY BiJ cTpecy. BMicT KapOTHHOITHUX MIrMEHTIBB 3€pHI T.
timopheevii 0yB cepemmim: 2,72-3,54mr/kr. OCKIIBKH BBaKA€ThCS, IO BHCOKOSKICHI
MaKapOHH SICKPaBO-)KOBTOT'O KOJLOPY MOXKHA BUTOTOBJISATH 3 3€pHA, [0 MICTUThH HE MEHIIE 5,5
MI/KT KapOTHHOI[iB, Iel BHUJ HE MOXXHAa BBaXaTH BHCOKOKAPOTUHOIAHUM. 3€pHO
JOCTIKyBaHuX 3paskiB 1. timopheevii mictute 39,27-55,90 Mr/kr 3amiza, o0 3HAYHO
MIEPEBUINYE PIBEHb 3ajTi3a B KOMEPILIMHUX COpTaxX TBEP0i MIICHHUIII Ta MOPIBHSHHE 3 BMICTOM
3aimi3a B 3€pHI MOJbChKOI monom (49 wmr/kr) ta Omu3bko B 3epHI copTy [oiikoBchbKa,
ctBopeHoMy B [HcTuTyTI pocnmuununTsa iM. B.S. FOp'ea HAAH (40 mr/kr). B minomy BMicT
3ai3a 3MIHIOEThCS MMapajelbHO 3 BMICTOM Oilka, 1m0 Oyllo OYIKYBaHO, OCKUIbKHM JaHi
JiTepaTypu cBim4yathk mpo Te, mo reH grainproteincontent (GPC-B1l) takox KOHTPOJIIOE
HakonuueHHs Fe ta Zn B 3epHi. 3epHo T. timopheevii mictuth 36,33-41,04 MI/KT IIUHKY, 1110
MOJKHA MOPIBHATH 3 KOMEPIIIHOIO TBEPOIO MIIEHUIIEIO 1 HallTUM copToM mosiou ["oikoBchka
(6mm3pko 31,0 MI/Kr) 1 € Jemo HMKYMM, HDK y 3epHI mosdu B 1HIMX poboTtax. Bapiamii B
piBHSAX OiNKa, 3aJ1i3a 1 MUHKY MOXKYTh OyTH 00yMOBIIEHI 3MiHAMH B MOTOAHUX YMOBaX IiJ 4ac
KJIFOYOBHX TIE€PIOAIB PO3BUTKY POCIUH. 3B’S30K BMICTY IIMHKY 3 TIOTOJHHMMH yMOBaMH OYB
MOIIOHUM JI0 CUTYaIlii 3 BMICTOM O1JKa 1 3aJ1i3a Ta MOroAHUMHU ymMoBaMu. 3epHo T. timopheevii
mictuth 1,86—4,46 wMr/kr wmimi B pi3HI poku. Takuil piBeHb, 3 OJHOTO OOKYy, MOXKE
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32/I0BOJILHUTH TIOTpe0y OpraHi3My JIIOJMHHM, a, 3 IHIIOrO OOKYy, € 3HAaYHO HI)KYHUM BiJ
TPAaHUYHO JOIMYCTUMOI KOHIIEHTpallii. BMicT migi OyB MakCHMaabHUM Y POKH, KOJIM CEPEIHS
TEeMIepaTypa MOBITPS Ha eTamax PO3BUTKY 3€JICHOT MacH Ta HaIHMBY 3epHa Oyina BiIHOCHO
Hu3bKoro: 16,3 ta 20,3 °C BinnmosimHo. IligBumeHus temmnepatypu mo 19,1-19,6 °C ta no
22,6-23,1 °C, BiamoBigHO, OyJI0 MOB'SI3aHO 3 MEHIIMM BMicTOM Mifi. Ha BinMiHy Big BMICTY
3aJ1i3a Ta [UHKY, MH HE CIIOCTEPIrajid B3aEMO3B'SI3KY MI>K BMICTOM MiJli Ta KUIBKICTIO OTIaIiB.

Mu Tako)X BHMBYAJIM €JICMCHTH HPOIYKTUBHOCTI Ta TEXHOJOTrIYHI mapamerpu 1. timopheevii.
Maca 1000 3epen cknama 34,29 r, mo o3Havae, mo T. timopheevii mae 3epHo cepeaHBOro
po3Mipy. Harypa cranoBuia 846 1/i1, 0 € JOCUTh BUCOKHM ITOKa3HUKOM, OCKIJIBLKH 3e¢pHO |
kJjacy mae Hatypy =750 r/n. CxiononioHicTs Oyna Bucokoro — 100 %, 110 € [iHHOI0 03HAKOO
JUIs OUTBII SIKICHOTO ToMeny 3epHa. TBepaicts 3epHa T. timopheevii cranosuia 286 N. Mu
MOXKeMO BBakatu, mo 286 N, BuzHaueHa Ha TBepaomerpi YPD-300, BignmoBigae mpuoOIn3HO
HI 68. Ile o3nawae, mo T. timopheevii, WMOBIpHO, HAJCKUTh IO TBEPAMX IMIICHUIb
BiAMOBIIHO A0 Kiacudikamii Haraszi Ta iH.

BucnoBku. Harmi pesynstatu npoaeMoHcTpyBaiy, 1o 1) T. timopheevii mae 3epHO cepeaHbOTO
posmipy; 2) T. timopheevii xapakTepu3yeThCsi BHCOKOK AHTHOKCHIAHTHOK aKTHBHICTIO,
JIOCTaTHIM BMICTOM 3ajli3a Ta I[MHKY, 30ajJaHCOBAaHUM BMICTOM MiJi, a TaKOXX BHKJIIOYHO
BHCOKOIO CKIIOMOAIOHOCTIO Ta BHMCOKOKO TBepIicTIO 3epHa; 3) T. timopheevii me MmokHa
BIJTHECTH JIO BUCOKO KapOTHHOIIHUX BHIIB.

Knrouosi cnoea: Triticum timipheevii, sixicms 3epua, emicm 6inka, KapomuroioHi nicmenmii,
3a2abHA AHMUOKCUOAHMHA AKMUBHICIb, YUHK, 341130, MIOb, CKIONOOIOHICMb, MEeplicmb 3epHa

KAYECTBO 3EPHA TETPAILIOH/IHOH IMIIEHHAIIBI TRITICUM TIMOPHEEVII
(ZHUK.) ZHUK.

Penuna JI. Y., borycnasckuii P. JI., Beuepckas JI. A., Junenko C. 1O., I'onuk O. B.,
[lensxuna T. A., [To3gaskos B. B.
WNucturyt pacrenuesonctsa uM. B. . OpreBa HAAH, Ykpanna

Heas wucciaenoBanumii. OrnpeneneHue coaepkaHus Oelka W KApOTHHOWIHBIX THUTMEHTOB,
o011eii aHTHOKCHIAHTHOM aKTHBHOCTH, YPOBHS MHKPOAJIEMEHTOB B 3epHe T. timopheevii u
IPOU3BOIUTEILHOCTH U TEXHOJOTHYCCKUX MTOKa3aTenei 3epHa T. timopheevii.

Marepuanbl u Meroabl. O6pasubr T. timopheevii ans uccnenoBaHuilt ObUIM TOJYYEHBI W3
KOJUIeKIIMM HalMoHaIbHOTO HEHTpa T€HETHYECKUX PECYpPCOB pacTeHHi YKpaussl. [lousa -
TUMWYHBIA yepHO3eM. CopTa, KOTOphIe OBLITU UCTIOIB30BaHbI ISl CPABHEHH S, BBIPAIIIUBAIICH
Ha omHOM moyie ¢ T. timopheevii ¢ mpuMeHeHHEM OJMHAKOBBIX arpoTexXHOJOTHi. Jlis
U3y4eHUs OBLIO UCTIOIB30BaHO 3epHO, coOpanHoe B 2015, 2016 u 2017 (roasl ¢ pa3nuuHBIMU
noroaHeiMu ycnoBusMH). Coaeprkanue Oenka onpenensuiv nmo Mmeroay Keenbnans. YpoBeHb
KapOTMHOUIHBIX TMHUTMEHTOB OIICHUBAIM B OJKCTParMpOBAaHHBIX alleTOHOM (PaAKIUIX
MeToIoM crekTpodoToMeTpur. OOIIYI0 aHTHOKCHUIAHTHYIO aKTUBHOCTH HCCJICIOBAIN C
MOMOIIFI0 aHalM3a C MCIOJIBb30BaHUEM CTa0MIBHOTO CBOOOMHOTO paaukana DPPH.
Copepxanue jxene3a, IUHKA W MEIU ONPEISISTA METOIOM aTOMHO-a0COpPOIMOHHON
cnekTpomeTpun. Harypa W  CTEKJIOBHAHOCTH  OIICHUBAJINCh B  COOTBETCTBUU C
YTBEPKJICHHBIMH MeToauKaMu. TBepIOCTh 3epHa ompejaeisuiack Ha TBepaomepe YPD-300
(u3MepsieT CuIy, KOTOPYIO HEOOXOAMMO TMPUIOKUTH JUIsl pPa3pylICHUS 3€pHOBKH, B
HrroTonax) metomom, pazpadoranabiM A.B. SApomem u ap.

PesyabTarsl u oocy:xkaenune. Conepxanue Oenka B 3epHe T. timopheevii cocrasun 18,2-16,5
%, B 3aBUCUMOCTH OT TOJIa, YTO SABJIACTCS JOCTATOYHO BBICOKHUM, MTOCKOJIBKY Ka4eCTBEHHOE
3epHO TBEpAOH mimieHHIbl cofaepx uT 15-18 % Oenka. 3epHo T. timopheevii HakamuBano
18,2 % Genka, Kkorma cymMma ocajakoB Obuta 26 1 39 MM B Iepro/] pa3BUTHS 3€JICHOM MacChl U
HaJIMBa 3€pHA COOTBETCTBEHHO. [{OBBINIEHHE CyMMBI OCAJIKOB OBLIO CBSI3aHO CO CHI)KCHHEM
colepkaHusi Oenka, XOTS OSTOT BHUJA NPEINOYUTACT BIAKHBIC YCIOBHSI. IJTO MOXKHO
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OOBSICHUTh HEJOCTATOYHBIM JPCHUPOBAHUEM IOYBBI, IIOCKOJBKY II04YBa B MECTE
BBIpAI[MBaHKS YMEPEHHO TIMHKUCTAs CO CPEIHUM JApEHUpOBaHueM, a T. timopheevii xoporiro
YYBCTBYET ceOsl Ha XOPOIIIO APEHUPOBAHHBIX mouBax. OOIIas aHTHOKCHIAaHTHASI aKTUBHOCTh
B 3epHe T. timopheevii cocrasmisuia 618,2 5KkB. XJI0pOreHOBOM KKCIOTH B 2017 T., CHHKAICH
B Jpyrue TOJbl HUCCIICOBaHMS, YTO BBIINIE, YeM B 3CPHE COpPTa MIICHHIIBI TBEPIOU
Cnanmuna, co3nmanHoM B HMuctutyre pacrenueBoictBa uM. B.S. IOpeeBa HAAH
(525,4438,9 »KB. XJIOPOT€HOBOH KHUCIOTBHI / T CceMsH). MakcHUMallbHOE CoJiepKaHue
KapOTHHOMJIOB B TOJBl C MUHUMAJIBHOH CyMMOH OCaJKOB BO BpEMS Pa3BUTHUs IIICHHIIBI
MOXET OBITh OOYCIIOBJIICHO YCHJICHHEM HecrneluduaecKkoi 3amuThl oT cTpecca. ComepikaHue
KapOTHHOHMIHBIX MHUIMEHTOB B 3epHe T. timopheevii Owbi1 cpemuum: 2,72-3,54mr/Kr.
[TockosibKYy CUMTACTCS, YTO BHICOKOKAUYECTBEHHBIC MAaKapOHBI SPKO-XKEJITOrO I[BETA MOXKHO
W3rOTaBIIMBATh U3 3€PHA, COACPIKAIIETO HE MEHEe 5,5 MI/KI KapOTUHOUIOB, TOT BHJI HEJb3s
CYMUTATh BHCOKOKAPOTHHOMIHUM. 3epHO HCCIeAyeMbIXx oOpasmoB T. timopheevii comepxut
39,27-55,90 Mr/Kr xene3a, 9To 3HAUYUTEIIBHO IIPEBBIIIACT YPOBEHD Kejle3a B KOMMEPUECKUX
CopTax TBEPAOH MIICHUIIBI ¥ CPABHUMO C COJCP)KAHUEM jKejie3a B 3€PHE IMOJIbCKON MOJIOBI
(49 wmr/kr) w mnpumepHo B 3epHe copra [OnMKOBChKa, co3maHHOM B MHcTUTyTe
pactenueBoactBa uM. B.SI. IOpreBa HAAH (40 mr/kr). B memnom coxpepkaHme xejesa
MEHSIETCS MMapaJUICIbHO C COJIepKaHueM Oeska, 4To ObLIO 0KHUIAEMO, TOCKOJIBbKY JTaHHbBIE
JUTEPaTyphl CBUACTEILCTBYIOT O TOM, 4To TeH grainproteincontent (GPC-B1) rtaxxke
KOHTpOJHpyeT Hakoruienue Fe u Zn B 3epue. 3epuo T. timopheevii comepxur 36,33-41,04
MT / KT IIHUHKA, YTO MOXXHO CPaBHHUTHh C KOMMEPYECKOW TBEP/IOH MIIICHUIICH U HAIIIUM COPTOM
o061 ['omukoBebka (0k010 31,0 MI/Kr) U HECKOJIBKO HMIKE, YEM B 3€PHE MOJIOBI B APYTUX
paboTtax. Bapuamuu B ypoBHSAX Oecika, JKejae3a M I[MHKAa MOT'YT OBITh OOYCIIOBJICHBI
W3MCHEHHUSMHU B TIOTOJIHBIX YCIIOBHSX BO BPEMs KJIFOUEBBIX IEPUOJOB PA3BUTUS PACTCHHIA.
CBsi3b COZepXKaHHMs IMHKA C IIOTOJHBIMH YCJIOBHSIMH ObUTa TOJO0HOW CHTyaIluu ¢
coZiepkaHrueM Oelka | JKelle3a W MOrOAHBIME ycioBusiMu. 3epHo T. timopheevii comepxur
1,86-4,46 mr / xr Meaum B pasHble TOABl. Takoil ypOBEHb, C OJHOH CTOPOHBI, MOMKET
yIIOBJICTBOPUTh TMOTPEOHOCTh OpPraHM3Ma YeloBeKa, a C JIPYrod CTOPOHBI, 3HAYUTEIHBHO
HUXKE TPEACbHO JOMYCTUMOM KoHIeHTpanuu. CoaepkaHue Meau ObLII0 MaKCHMajbHBIM B
TOJIbI, KOTJIa CPEIHSISI TeMIIepaTypa BO3yxXa Ha dTarax pa3BUTHS 3€JICHOW MAacChl U HAJIMBa
3epHa Oblma oTHocUTenbHO HU3KOM: 16,3 u 20,3 C coorBercTBeHHO. IloBbIleHUE
temrnepatypsl a0 19,1-19,6 C u x 22,6-923,1 C cOOTBETCTBEHHO, OBUIO CBS3aHO C
MEHBIIMM COJIEp)KaHHEM Meau. B oTiauume OT cojep)kaHus jKele3a W IIMHKA, MbI HE
HAOJII0/IATH B3aMMOCBSI3H MEKLy COJICPI)KaHUEM MEJIU U KOJIMYECTBOM OCAJIKOB.

Mpbl TakKe H3ydaad DJIEMEHTBHI MPOU3BOJUTEIBHOCTH M TEXHOJOTHUECKHE mapamerpsl 7.
timopheevii. Macca 1000 3epen cocraBuia 34,29 r, uro o3Havaet, uro T. timopheevii umeet
3epHO cpenHero pazmepa. Harypa cocraBnsna 846 1/, 4TO SBISIETCS JOCTATOYHO BBICOKHM
mokasaresieM, MOCKoJIbKy 3epHo | kiacca umeer Hatypy >750 r/n. CTEKIOBHIHOCTH ObLIA
BbIcOKOH — 100 %, 49TO SBJISICTCS IEHHBIM NMPHU3HAKOM JUIsl 00Jiee KaueCTBEHHOI'O IMTOMOJIa
3epHa. TBepaocTh 3epHa T. timopheevii cocrapnsia 286 N. Mbl MokeM cuuTaTh, 9T0 286 N,
onpeneneHHas Ha TBepaoMepe YPD-300, coorBercTByeT npumepHo HI 68. Oto o3nauaer,
gro T. timopheevii, BeposTHO, OTHOCHTCS K TBEPIbIM IMIICHUIIAM B COOTBETCTBUU C
kinaccudukanueir Haraszi u map.

BeiBoabl. Hamu pesynbrarsl mokazanu, uro 1) T. Timopheevii umeet 3epHO cpeHEro pa3Mepa;
2) T. timopheevii xapakTtepu3yeTcsi BBICOKOW aHTHOKCHIAHTHOW aKTHBHOCTHIO,
JIOCTATOYHBIM COJICP)KAaHUEM Kelie3a U IMHKA, cOATaHCHUPOBAHHBIM COJICP)KaHUEM MEIH, a
TaK)Ke MCKIIOYUTEIHHO BBICOKOH CTEKJIIOBHIHOCTHIO W BBICOKOHM TBEPAOCTHIO 3epHa; 3) T.
timopheevii Helb3s1 OTHECTH K BBICOKOKAPOTHHOUIHBIM BUIAM.

Knroueswie cnosa: Triticum timopheevii, kauecmeso 3epna, cooepocanue 6enka,

KapomuHouoHbvle NU2MeHmbl, 00uas AHMUOKCUOAHMHASL AKMUBHOCMb, YUHK, JHCele30,
MeOdb, CMeKI08UOHOCIb, MEePAOCHb 3epHA
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GRAIN QUALITY OF TETRAPLOID WHEAT TRITICUM TIMOPHEEVII (ZHUK.)ZHUK.

Relina L.1., Boguslavskyi R.L., Vecherska L.A., Didenko S.Yu., Golik O.V., Sheliakina T.A.,
Pozdniakov V.V.
Plant Production Institute nd. a. V.Ya. Yuriev of NAAS, Ukraine

Purpose and objectives. To evaluate the protein content, carotenoid level, antioxidant activity
and trace mineral contents in T. timopheevii grain and to measure performance and
processing parameters of T. timopheevii grain.

Materials and methods. The analyses were carried out on T. timopheevii from a collection of
the National Center for Plant Genetic Resources of Ukraine. Plants were grown on typical
black soil. The cultivars used for comparisons (emmer Holikovska and durum wheat
Spadshchyna) were grown in plots located in the same field with T. timopheevii using
identical agronomic techniques. Grain harvested in 2015, 2016 and 2017 (years with various
weather conditions) was used in analyses. The protein content was determined by Kjeldahl
digestion The carotenoid level was spectrophotometrically assessed in acetone extracts. The
total antioxidant activity was investigated by DPPH assay. The contents of iron, zinc and
copper were determined by atomic absorption spectrometry. The grain unit and vitreousness
were evaluated in compliance with conventional techniques. The grain hardness was
determined on a YPD-300 hardness tester (Ltpm China) (measuring force applied to crush
kernels ) by the method developed by AV Yarosh et al. expressed in newtons.

Results and discussion. The protein content in T. timopheevii grainwas within 18.2-16.5%,
depending on the year, which is rather high as good durum wheat grain contains 15-18 % of
protein. The grain of T. timopheevii accumulated 18.2% of protein, when the precipitations
amounts were 26 and 39 mm during the phases of green mass development and grain filling,
respectively. Increase in the precipitations amount was associated with a reduction in the
protein content, though the species prefers moist conditions. This can be due to insufficient
drainage of soil, as the soil in the cultivation site was moderately clayey with medium
drainage, and T. timopheevii does well on well-drained soils. The total antioxidant activity in
T. timopheevii grain amounted to 618.2 chlorogenic acid equivalents (CGAE) /g of seeds in
2017, reducing in the other study years, which is higher than in durum wheat grain, cv.
Spadshchyna, bred at the Plant Production Institute named after VYa Yuriev of NAAS
(525.4+£38.9 CGAE /g of seeds). The peak content of antioxidants in the years with the
minimal precipitation during the wheat development may be accounted for by enhanced non-
specific protection against stress. The carotenoid content in T. timopheevii grainwas medium:
2.72-3.54 mg/kg. Since high-quality bright-yellow pasta is considered to be made from grain
containing not less than 5.5 mg/kg of carotenoids, this species cannot be referred to high-
carotenoid ones. T. timopheevii grain contains 39.27-55.90 mg/kg of iron, which is
considerably higher than the iron levels in commercial durum wheat cultivars and comparable
to the iron content in Polish emmer grain (49 mg/kg) and in cv. Holikovska grain (around 40
mg/kg) bred at the Plant Production Institute named after V.Ya. Yuriev of NAAS). In general,
the iron content changed in parallel with the protein content, which was expected, since
literature data indicate that the high grain protein content gene (GPC-B1) confers higher
concentrations of both Fe and Zn in grain. T. timopheevii grain contains 36.33-41.04 mg/kg of
zinc, which is comparable to commercial durum wheat and our emmer, cv. Holikovska
(around 31.0 mg/kg), and somewhat less than in emmer grain in other investigations. The
variations in the protein, iron and zinc contents can be attributed to weather fluctuations during
crucial periods in the plant development. The zinc content-weather conditions relationship was
similar to the protein/iron content-weather conditions relationship. T. timopheevii grain
contained of 1.86-4.46 mg/kg of copper in different years. Such levels can satisfy the need of
human body for copper, on the one hand, and are far below the maximum allowable
concentration, on the other hand. The copper content was maximal in the years, when the
average air temperature during the phases of green mass development and grain filling was
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relatively low: 16.3 and 20.3 °C, respectively. Rise in temperature to 19.1-19.6 °C and to
22.6-23.1 °C, respectively, was associated with lower copper content. Unlike the iron and zinc
contents, we observed no relationship between the copper content and the precipitation
amount.

We also measured performance and processing parameters of T. timopheevii. The 1000-seed
weight was 34.29 g, meaning that T. timopheevii has medium-sized grain. Thetest weight was
around 846 g/L, which is sufficiently high, as grade I grain has >750 g/L. The vitreousness
was markedly high 100%, which is valuable for easy milling. The T. timopheevii grain
hardness was 286 N. We can assume that 286 N measured on a YPD-300 hardness tester
corresponds approximately HI 68. This means that T. timopheevii is likely to belong to hard
wheats according to Haraszi et all’s classification.

Conclusions. Our results have demonstrated that 1) T. timopheevii has medium-sized grain; 2) T.
timopheevii is noticeable for a high antioxidant activity, sufficient iron and zinc contents,
balanced copper content, exclusively high vitreousness and high grain harness; 3) T.
timopheevii cannot be referred to high-carotenoid species.

Key words: Triticum timopheevii, grain quality, protein content, carotenoids, total antioxidant
activity, zinc, iron, copper, vitreousness, grain hardness
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