Journal of Mountain Agriculture on the Balkans, 2026, 29 (1), 372-390 ISSN1311-0489 (Print)
Research Institute of Mountain Stockbreeding and Agriculture, Troyan ISSN 2367-8364 (Online)

CpaBHUTENHO Bb34eUCTBUE HA MNOYBEHO U JIMCTHOTO
TOpPEHEe C XensA30 U UMHK BbpPXY CbAbPXaHUETO Ha
ceHONUN, aHTUOKCUAAHTHAaTa aKTUBHOCT U XpPaHUTENHUTE
BrlakHMHU Npu nweHuuyara (Triticum aestivum L.)

Mapwus MeHKVIHOCKa AneKcaH,u,pa AHrenecka®, Kueka FopaHOBa
Pucto y3yHOB TaTﬂHa BnaxeBcka®, AHrenvHa Cpep,OBCKa BoxuHoB®

"TexHonoauqeH gpakynmem, YHusepcumem ,oue [enyes®, yn. ,[oye [Hendyes” 89,
2000 Wun, CesepHa MakedoHusi
YHueepcumem ,C8. Kupun u Memodut“ e Ckonue, ®akynimem 1o eemepuHapHa
meduyuHa — Ckonue, Penybnuka CesepHa MakedoHusi
*WHecmumym no KOHCEpBUPaHe U Ka4ecmeo Ha XpaHume, Omoden ,XpaHumenHu
mexHosnoeuu®, 6yn. ,Bacun Anpunog” 154, 4000 lnosdus, bvreapus
CernickocmonaHcka akademusi, 1373, Cogpusi, boreapus
VHueepcumem »,C8. Knumenm Oxpudcku®, ®akynmem rno mexHoa02u4yHU U
mexHu4ecku Hayku, yn. Jumumsp Bnaxoe® 6/H, 1400 Benec, P. C. MakedoHusi
*MexdyHapodeH 6ankaHcku yHusepcumem, ®@akynmem o deHmanHa MeduyuHa, yii.
~MakedoHcko-kocoscka bpueada“ 6/H, 1000 Ckornue, CesepHa MakedoHusi

Comparative Effects of Soil and Foliar Iron and Zinc
Fertilization on Phenolic Content, Antioxidant Activity
and Dietary Fiber in Wheat (Triticum aestivum L.)

Marija Menklnoska , Aleksandra Angeleska Zhivka Goranova®,
Risto Uzunov?, Tatjana Blazhevska®, Angelina Sredovska Bozhlnov

1Faculty of Technology, Goce Delcev University, Goce Delcev 89, 2000 Stip, North
Macedonia
?Ss. Cyril and Methodius University in Skopje, Faculty of Veterinary Medicine - Skopje,
Republic of North Macedonia
%Institute of Food Preservation and Quality, 1 Department of Food Technology, 54
Vasil Aprilov Blvd, 4000 Plovdiv, Bulgaria
Agricultural Academy of Bulgaria, 1373 Sofia, Bulgaria
Un/verSIty “St. Climent Ohridski” Faculty of Technology and Technical Sciences
“Dimitar Vlahov” str. bb, 1400 Veles, R.N. Macedonia
®International Balkan University, Faculty of Dental Medicine Makedonsko-Kosovska
Brigada bb 1000, Skopje/North Macedonia

E-mail: marija.menkinoska@ugd.edu.mk”

372



PE3IOME

ArpoHOMMYECKOTO MPUMNOXEHNE Ha
TopoBe c xensaso (Fe) m uuHk (Zn) B
xenatHa ¢opma npeactaenssa Mnoaxon
3a mogumdumuMpaHe Ha cbCTaBa Ha
NweHWYHOTO 3bpHO. B TOBa M3cneaBaHe
ca onpeferneHn CbabpXaHNeTo Ha obLwm
dEeHONHN CbeauHeHus (TP),
aHTUOKCUOAHTHUAT KanauuTeT
(CUPRAC) wn cypoBuTE BMakHUHU B
3bPHOTO M BPaLLHOTO Ha ABa MaKeLOHCKU
copTa nMuweHuua, TpeTupaHn  uypes
MOYBEHO, MOYBEHO M JIMCTHO, KaKTO U
NINCTHO npunoxeHune HaTopoBe
cbaobpxawmn Fe n Zn. CopTtoBeTte meka
nwenwuua (Triticum aestivum L.) ,Tpecka“
n ,Paguka“ ca oTrnexgaHu npu egHaksu
MOSCKM YCIOBWSI.

B npobute oOT uenuM 3bpHa
cbabpxaHneto Ha obwm deHonn (TP)
Bapupa ot 0.92 go 1.29 mg GAE g™' DW
npu copt ,Tpecka“ n ot 0.94 oo 1.23 mg
GAE g™ DW npu copt ,Paguka“. Han-
BMCOKaTa CTomHocT Ha TP npwu ,Tpecka“ e
yCTaHOBEHA MNPWU MOYBEHO MNPUMNOXEHNE
Ha Fe (1.29 mg GAE g™' DW), gokato
npu ,Paguka” npu  KOMBMHUPaHO
MOYBEHO U NUCTHO MPUNOXKEHMEe Ha Zn
(1.23 mg GAE g' DW). B npobute ot
©pawHo TP Bapupa ot 0.76 go 0.92 mg
GAE g' DW npwu ,Tpecka“ n ot 0.83 o
1.04 mg GAE g' DW npu ,Paguka“.
CToHOCTMTE  Ha  @HTMOKCUOAHTHUS
KanauuteT, onpegeneH no wMetoda
CUPRAC, B npobute OT UAMO 3bPHO
Bapupat ot 3,32 go 5,48 mmol TE g™
CyXO0 BeLLecTBO npu copTta ,Tpecka“ n ot

3,82 po 5,07 mmol TE g™ cyxo
BewecTso npu copta ,Paguka“. B
npobute oT OpalwHO  CTOMHOCTUTE

BapupaT cboTBeTHO oT 1.8 go 2.2 mmol
TE g™ DW npwu ,Tpecka“ n ot 1.75 go
2.25 mmol TE g' DW npu ,Paguka“.
CbAbp)XaHMETO Ha CYpOBU BITAKHWMHM B
LAnoTo 3bpHO Bapupa oT 2.49 o 3.44%
npu ,Tpecka“ n ot 2.25 po 3.43% npu
.LPaguka“, gokato B OpawHOTO TO €
cbotBeTHO oT 0.70 go 1.07% u ot 0.58
0o 1.38%. [MpunoxeHMeTo Ha XxenaTHU

SUMMARY

The agronomic application of Fe
and Zn-chelate fertilizers represents an
approach for modifying wheat grain
composition.
In this study, total phenolic compounds
(TP), antioxidant capacity (CUPRAC) and
crude fiber were determined in grain and
flour of two Macedonian wheat varieties
treated by soil, soil+foliar and foliar
application of Fe and Zn fertilizers.

The bread wheat varieties (Triticum
aestivum L.) “Treska” and “Radika” were
grown under the same field conditions.

In whole grain samples, TP content
ranged from 0.92 to 1.29 mg GAE g™' DW
in “Treska” and from 0.94 to 1.23 mg
GAE g™ DW in “Radika”.

The highest TP value in “Treska” was
obtained under soil Fe application (1.29
mg GAE g™ DW), while in “Radika” under
combined soil+foliar Zn treatment (1.23
mg GAE g™ DW). In flour samples TP
ranged from 0.76 to 0.92 mg GAE g™' DW
in “Treska” and from 0.83 to 1.04 mg
GAE g™' DW in “Radika”.

CUPRAC values in whole grain varied
from 3.32 to 548 mmol TE g™ DW in
“Treska” and from 3.82 to 5.07 mmol TE
g DW in “Radika”. In flour samples
values ranged from 1.8 to 2.2 mmol TE
g™ DW in “Treska” and from 1.75 to 2.25
mmol TE g™ DW in “Radika”.

Crude fiber content in whole grain ranged
from 2.49 to 3.44% in “Treska” and from
2.25 to 3.43% in “Radika”, while in flour it
ranged from 0.70 to 1.07% and from 0.58
to 1.38%, respectively.

Fe- and Zn-chelate fertilizers influenced
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TOpPOBE, CbObpXKALUM XKENdA30 W LUMHK
oKasBaT BMMsiHUE BbPXY CbAbpXKaHWETO
Ha o0wmn deHonNn, aHTUOKCMAAHTHUS
KanauuteT W pasnpegeneHneTo  Ha
BMakHMHMUTE B TMWEHUYHOTO 3bPHO MU
OpaLuHo.

KntouoBu ByMU: nweHnua,
OvodgopTndmKauusl, TopeHe C XKensso,
TOPEHE C UWHK, PEHONHO CbabpXKaHue,
aHTMOKCUAAHTHA aKTUBHOCT.

BbBEOEHUE

Mwenunuata (Triticum aestivum L.)
€ efHa OT HaM-BaXHWUTE 3bPHEHO-XWUTHU
Kyntypuy B  CBeTOoBeH Mawab wu
npeactaBnsiBa OCHOBEH  XpaHuTeneH
NPOAYKT B MHOro CTpaHuW. XpaHuTe Ha
3bpHEHa OCHOBA Ca rMNaBeH U3TOYHMK Ha
eHeprus, nNpoTevMHU, BUTaMUHM OT rpyna
B »n wmuHepanu 3a romama u4act OT
CBETOBHOTO HaceneHune (Angeleska et al.,
2021). B Penybnuka CeBepHa
MakegoHus NPON3BOACTBOTO Ha
nweHuua ce Bnvsie OT GnaronpusaTHM
reorpadcku  ycrioBus M KIumar,
cbyeTaBaly KOHTUHEHTamMHM "
cpenn3eMHOMOPCKU XapaKkTepucTuku,
KOMTO nognomarat ctabunHua gobus Ha
3bpHeHn  kyntypu.  CblueBpeMeHHO
¢akTOpuUTE Ha OKONHaTta cpefa, M no-
crneumnanHo Tesn, CBbpP3aHU C NoYBEHUTE
XapakTepucTtuki, MoraT ga  okaxat
CbLLECTBEHO BMMSAHME BbpXY KayecTBOTO
n  BesonacHocTTa Ha KynTypara
(Angeleska et al., 2023).

B TO3M KOHTEKCT HanmuMumMeto Ha
KOHTaMMHaHTX  KaTO MWKOTOKCMHU B
NpoaykTUTE  Ha  3bpHEHa  OCHOBa
npeactaBnsiBa cepuvoseH npobrnem 3a
fbesonacHocTTa Ha xpaHuTe. ToBa
M3NCKBA MpuraraHeTo Ha HaAeXAaHU |
YYBCTBUTENHU aHanNWTU4HM MeToaum 3a
TAXHOTO OTKpPMBaHE W  KONUYECTBEHO
onpepensiHe (Stojanovska-Dimzoska et
al., 2022), kato NO TO3M HauuH ce
nogyeprasa 3HayeHneTo Ha
3agbnboyeHata oueHka Ha KayecTBOTO
Ha 3bpHEHUTE KynTypu. YcnopegHo ¢
acnektute  Ha  6esonacHoctTa U
Ka4yecTBOTO, BCE MO-rofisMO BHUMaHne ce

TP content, antioxidant capacity and fiber
distribution in wheat grain and flour.

Keywords: wheat, biofortification,
iron fertilization, zinc fertilization, phenolic
content, antioxidant activity

INTRODUCTION

Wheat (Triticum aestivum L.) is
one of the most important cereal crops
worldwide and represents a staple food in
many countries.

Cereal-based foods are a major source of
energy, protein, B vitamins, and minerals
for a large part of the global population
(Angeleska et al., 2021).

In the Republic of North Macedonia,
wheat production is influenced by
favorable geographical conditions and a
climate that combines continental and
Mediterranean  characteristics,  which
support stable cereal production.

In addition, environmental factors may
also affect wheat quality and safety,
particularly through soil-related influences
(Angeleska et al., 2023).

In this context, the presence of
contaminants such as mycotoxins in
cereal-based products represents a
significant food safety concern, requiring
the application of reliable and sensitive
analytical methods for their detection
(Stojanovska-Dimzoska et al., 2022),
thereby emphasizing the importance of
detailed evaluation of cereal quality.

In parallel with aspects of safety and
quality, increasing attention is also being
paid to the nutritional composition of
wheat.
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06pbu.|,a N Ha XpaHUTENTHNA CbCTaB Ha
nweHuuata. OcBeH 4Ye e OCHOBEH
MU3TOYHUK Ha BbrnexumgpaTtn u 6eJ'IT'b‘-II/IHVI
NWEHNYHOTO 3bPHO, , CbAbpXKa CbLUO
MUHEpPanHn BellecTBa " 6l/loaKTI/IBHI/I
CbeANHEHNA, KOUTO onpeanendaTt Heroearta

XpaHWTeNHa CTOMHOCT WM Ka4yecTBO
(Shewry et al., 2015).
Mpes nocnegHvTe roAvHU

Hay4yHUTE u3cnedBaHUsi ca HAaCOYEHU He
camMO KbM MoBuwaBaHe Ha pfJobwea u
DOesonacHocTTa Ha XpaHuWTe, HO U KbM
nogobpsiBaHe CbCTaBa M KayeCTBOTO Ha
3bpHOTO. JednumTtbT Ha xensso (Fe) u
UMHK  (Zn) ocTtaBa cped  Haw-
pasnpocTpaHeHuTe Npobremu, CBbP3aHu
C HegocTMra Ha MUKPOENEMEHTN B
cBeToBeH Mallab, ocobeHO B pervoHwu,
KbOETO KbAETO XpaHeHeTo e 6asmpaHo
NpeavMMHO Ha 3bpHeHu kynTypu (Cakmak
and Kutman, 2018; Bouis et al., 2019).
Tb KaTto nuweHuuata ce KoHcymupa
€XeHEBHO B 3HAYUTEITHN KOIMYECTBa,
NnoBULLABAHETO Ha KOHUEHTpauusaTa Ha
MUKpPOENeMEHTU B HEMHOTO 3bPHO 4pes3
npunaraHe Ha arpoHOMMUYECKN MPaKTUKK

npeactasnsea edeKkTBEH n
NpakTU4Yeckn MNpunNoXxmm Noaxon 3a
nogobpsiBaHe Ha  XpaHuTenHata ©
CTOMHOCT.

ArpoHoMuyeckaTa
ovodopTndukaumsa (oboratasaHe) upes
MOYBEHO W/MNM TNWUCTHO TOpPEHe ce
npoyysa LMPOKO KaTo MeToh 3a

noBuLUI@BaHe Ha KOHLUeHTpauuute Ha Fe
n Zn B nweHn4HoTo 3bpHOo (Wani et al.,
2022; Zou et al., 2012; Garg et al., 2018).
MopobHn pesyntatm ce cbobuiaBaT M B
npeaxodHn UM3crneaBaHusl, Mpu  KOUTO
TOPEHETO C Xene3HW xenatu okasBsa
3HA4YUTENHO BMNUSHWNE BBbPXY
KayeCcTBEHWTEe NapamMeTpu Ha niweHuuarta
(Menkinoska et al., 2014).
CbBpEMEHHUTE MPOYYBaHUS CbLLO Taka
nokaseatr, 4Ye obesnevyaBaHeTo C
MUKpOENEMEHTM MOXe [Oa MNOBMusie Ha
hV3NONOrNYHUTE MNPOLIECU, CBBP3aHU C
BTOPUYHUS MeTabonu3bM U CMHTE3a Ha
deHonHn cbeauHeHust (Khan et al., 2023;
Simon et al., 2026).

Wheat grain, besides being a major
source of carbohydrates and proteins,
also contains minerals and bioactive
compounds that determine its nutritional
quality (Shewry et al., 2015).

In recent years, research has focused not
only on yield and food safety, but also on
grain composition and quality.

Iron (Fe) and zinc (Zn) deficiencies
remain among the most widespread
micronutrient problems globally,
particularly in regions where cereal-based
diets dominate (Cakmak and Kutman,
2018; Bouis et al., 2019).

Since wheat is consumed daily in large
quantities, improving its micronutrient
concentration through agronomic
practices represents a practical approach
for enhancing its nutritional value.

Agronomic biofortification through
soil and/or foliar fertilization has been
widely investigated as a method for
increasing Fe and Zn concentrations in
wheat grain (Wani et al., 2022; Zou et al.,
2012; Garg et al., 2018).

Similar results have been reported in
previous studies, where Fe-chelate
fertilization significantly affected wheat
quality parameters (Menkinoska et al.,

2014).

Recent studies also indicate that
micronutrient supply may influence
physiological processes related to

secondary metabolism and the synthesis
of phenolic compounds (Khan et al.,
2023; Simon et al., 2026).
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deHonHuTe CbeaNHeHus ca
noKanuavpaHu OCHOBHO BBbB BbHLUHWTE
CnoeBe Ha 3bPHOTO M JoMpuHacAT 3a
HEroBusi aHTUOKCUAAHTEH KanauuTer,
KaTo HaTpynBaHeTO WM 3aBUCU OT
reHoTuna u YycrnoBusiTa Ha oOKonHaTta
cpepa (Zilié et al., 2012). Mo Bpeme Ha
TexHonormyHata npepabotka, W Mo-
crneunanHo npu CMUNaHeTo, 3HavyuTenHa
YacT OT BBHLUHUTE CMOEBE Ha 3bPHOTO
ce OTCTpaHsiBa, KOeTo BOAM OO MPOMEHU
B CbAbPXaHWETO Ha (PeHONM N ANETUYHU
BNakHWHM (BnakHuHW/cpnbpn) B 6AN0TO
fpawHo (Hemery et al., 2010; Brewer et
al., 2024). Tlopagun TOBa oOUeHKaTa
edekta oOT pasnuyHMTe CXemMu Ha
TopeHe Tpsibea fa obxsalla kakto npobu
OT USAMNOTO 3bPHO, Taka W OTAENHUTE
dpakuum nonyyeHu crnep npepaboTkaTa
My B 6paLlHo..

B ycnoBusAta Ha  MeCTHOTO
Npon3BOACTBO WHOpMaunUsTa OTHOCHO
BMNUAHNETO Ha TopeHeTo ¢ Fe n Zn Bbpxy
CbObPXaHNETO Ha deHonHu
cbeguHeHuA, aHTMOKCUOAHTHUA
KanauuteT M pasnpegeneHveTo  Ha
BMakKHUHWUTE B pasnuyHuTe hpakumm Ha
3bPHOTO BCe oLle e orpaHunyeHa. Nopaaun
TOBa HACTOSALWOTO u3cnegsaHe vMma 3a
uen ga oueHu peakumsiTa Ha gBa copTta
nweHMLa KbM pasnnyHM BapuaHTM Ha
TopeHe ¢ Fe u Zn.

MATEPUAN U METOOU

1. PactuteneH wmatepuan wu
OMUTHA NOCTaHOBKa

OnutbT Oelle wu3BegeH c [Aga
copTa meka (xnebHa) nwenuua (Triticum
aestivum L.) — Tpecka n Paguka, kouto
cnapart KbM rpynarta Ha
BWUCOKOKa4YeCTBEHUTE XNEOHU nLIeHuLn.
M3cnegBaHeTo e 4acT OT no-mawabHo
npoy4YBaHe, HaCOYEHO KbM OLeHKa Ha
BNUSIHUETO Ha TOpPEeHeTo c
MUWKpPOENEMEHTM BBPXY Ka4yecTBOTO Ha
nweHvuaTa.

MonckuaT onut Oelle 3anoXxeH B
OnutHoTO none ,JdonHo Jlucnuye® kbm
3emepenckua wmHcTUTYT B Ckonue no

Phenolic compounds are mainly

located in the outer grain layers and
contribute to antioxidant capacity, while
their accumulation depends on genotype
and environmental conditions (Zilié et al.,
2012).
During technological processing,
especially milling, a substantial portion of
the outer grain layers is removed, leading
to changes in phenolic content and
dietary fiber in white flour (Hemery et al.,
2010; Brewer et al., 2024).

Therefore, evaluation of fertilization
treatments should include both whole
grain and flour fractions.

Under local production conditions,
information regarding the influence of Fe
and Zn fertilization on phenolic content,
antioxidant capacity and fiber distribution
in different grain fractions is still limited.

Therefore, this study aimed to evaluate
the response of two wheat varieties to
different fertilization treatments with Fe
and Zn.

MATERIAL AND METHODS

1. Plant material
experimental design

The experiment was conducted on
two bread wheat (Triticum aestivum L.)
varieties, Treska and Radika, which
belong to the group of high-quality bread
wheat.
The experiment was conducted as part of
a broader study investigating the effects
of micronutrient fertilization on wheat
quality.

and

The field experiment was carried
out at the Agricultural Institute in Skopje,
experimental field “Dolno Lisiche”, using
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MeTofda Ha NaTUHCKUS NpPaBObLIbIHUK
(paHooMusnpaH 6rokoB Au3anH) B Tpu
NMOBTOPEHUA. MnoLla Ha BCSKa OnNuTHaTa
napuena e 30 m? a ceut6eHata Hopma —
600-650 KbrHSieMM cemeHa Ha m™
Bcuukn BapuaHTM ca oTrnexgaHu npu
e[HaKBWN arpoTexHWYeCcKn YCroBus, KaTo
ca NPUIOXEHN CTaHOapTHU
arpoTEXHUYECKN MPAaKTUKMK..

B ekcnepymeHTa ca BKIOYEHM
cefeM BapuaHTa Ha TopeHe: 1. [NouBeHo
BHacaHe Ha Fe, 2. lMouyBeHo + nUCTHO
BHacaHe Ha Fe, 3. JluctHo BHacsHe Ha
Fe, 4. Koutpona (6e3 TopeHe ¢
MukpoenemeHTtun), 5. lNMoyBeHO BHacsHe
Ha Zn, 6. [lo4yBeHO + NUCTHO BHACcCsAHE Ha
Zn n 7. JINCTHO BHacsaHe Ha Zn.

2. BapuaHTn Ha TOpeHe

XKenasoTo 1 UMHKBLT ca NpUIoXKeHM
B xenatHa d¢opma (Fe-EDTA u Zn-
EDTA). MouBeHOTO BHacsiHe e
M3BbPLUEHO Npeau ceuntbaTa 3aedHo C
OCHOBHOTO TOpEHe, [OoKaTo JUCTHUTE
TpeTupaHuss  ca  npoBedeHn  npes
pasnuyHM dasn OT pasBMTUETO Ha
KynTypaTa (BpeTeHe 1 n3knacsisaHe).

OCHOBHOTO  TOpeHe  BKNHOYBA
BHacsHe Ha KombuHupaH Top NPK
(9:15:15) B Hopma 200 kg ha™.
JonbnHMTENHOTO a30THO NoAxpaHBaHe e
n3BbpLeHo BbB pasa bpateHe (160 kg
ha™) u BbB pasa BpeteHe (100 kg ha™).
JlnctHoto nogxpaHeaHe ¢ Fe n Zn e
npunoxeHo B gosa 1 kg ha™'c nomowra
Ha rpbbHa NpbCcKayka.

3. XapakTepucTUKM Ha no4yBaTa

ArpOXMMUYHUTE  XapaKTEPUCTUKU
Ha noyBata B  OMUTHOTO  norne
(obn6ounHa 0-30 $cm$) ca onpeneneqn
Nnpyv efHaKBU arpOeKONOrMYHU YCIOBUS.
MouBaTta e knacuduumpaHa KaTto
anyBmanHa C  ankarnHa  peakuusi.
OCHOBHUTE XMMW4YHU NokasaTtenu ca: pH
8.1 (B H,0) 6.68% CaCOg, 3.34% xymyc,
0.35% 06w a3oT, 25.46 mg/100 g P,Os,
26.65 mg/100 g K,O u 13.54 ppm
ycBoummo xensso (Fe).

4. MoprotoBKa Ha npobute un
cMunaHe

Bbve haza

NbJHa 3PANoCT

a randomized block design with three
replications.

Plot size was 30 m?, and sowing density
was 600-650 viable seeds m™2. Standard
agronomic  practices were applied
uniformly to all treatments.

Seven fertilization treatments were
applied: 1.Fe soil application, 2.Fe soil +
foliar application, 3.Fe foliar application,
4.control (without micronutrient
fertilization), 5.Zn soil application, 6.Zn
soil + foliar application, and 7.Zn foliar
application.

2. Fertilization treatments

Iron and zinc were applied in
chelated form (Fe-EDTA and Zn-EDTA).
Soil application was performed before
sowing together with basal fertilization,
while foliar treatments were applied at
different growth stages (booting and
heading).

Basal fertilization included NPK
(9:15:15) at a rate of 200 kg ha™.
Additional nitrogen was applied during
tillering (160 kg ha™) and booting stage
(100 kg ha™).

Foliar Fe and Zn were applied at a rate of
1 kg ha™ using a backpack sprayer.

3. Soil characteristics

Soil  characteristics  of  the
experimental field (0—30 cm depth) were
determined under the same agro-
ecological conditions. The soil was
classified as alluvial with an alkaline
reaction.
The main chemical properties were: pH
8.1 (H,0), 6.68% CaCOs, 3.34% humus,
0.35% total nitrogen, 25.46 mg/100 g
P,Os, 26.65 mg/100 g K,O and 13.54
ppm available Fe.

4. Sample preparation and
milling

At full maturity, grain samples from
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3bpHEHUTE NpoOM OT BCEKUM BapuaHT
Osixa npubpaHu M NoYnCTeHn. 3bPHOTO
bewe cmMngHO € nomowTa  Ha
nabopatopHa MenHuua (Brabender) 3a
nonyyaBaHe Ha MbIIHO3bPHECTO GpallHO
n G6ano GpawHo. [lpobute ca
XOMOFrE€HM3MpaHn W CbXpaHsiBaHW [o
M3BbPLUBAHETO Ha aHanuauTe.
5. OnpepensiHe Ha
cbAbpXaHue Ha cheHONU
OO0wWwoTO cbabpkaHMe Ha deHonm
(TPC) e onpemeneHo no wmetToda Ha
donuH-Yokantey (Singleton et al., 1999).

oo6woTo

Abcopbumuata Oewe um3MepeHa npwu
ObmMKMHA Ha BbnHata 760 nm, a
pesynratute ca n3paseHu KaTo

mMunurpam eKBMBarneHT Ha ranoBsa
KMCennHa Ha rpam Cyxo BeLlecTBo (mg
GAE g™ DW).

6. OnpepensiHe Ha
AHTUOKCUAOAHTHUA KanauuteT
(CUPRAC)

AHTVMOKCUMAAHTHUAT KanauuTetr e
oueHeH 4ype3 metoga CUPRAC (Apak et
al., 2004). AbcopbuusTta belle namepeHa
npu 450 nm, a pesynTatuTe ca uspaseHu
KaTto MmMon TpOJ‘IOKC €KBMBareHT Ha rpam
cyxo Bewectso (mmol TE g™* DW).

7. OnpepgensiHe Ha CypoBM
BIMaKHUHU

CbobpxaHueTo Ha CypoBHM
BMakHMHW € OnpedeneHo  CbrnacHo

npouenypute Ha AOAC (AOAC, 2016),
OasvpaHn Ha KuCENWHHA W ankandHa
AecTpykuusi. Pesyntatute ca u3paseHu
KaTo NPOLEHT OT CYXOTO BELLECTBO.

8. Ctatuctnyecka o6paboTka Ha

AaHHUTe
OmmTbT e wu3BegeH B Tpu
noBTopeHusi. lonyyeHnte CTOMHOCTM

npeacTaBnaBaT U3MepeHUTe [OdaHHU OT
cpedHu (KOMMO3UTHM) 3bpHEHM Npobu 3a

BCEKU BapuaHT. Pesyntatute ca
aHanuaupaHu ypes OecKpunTMBHa
cTaTucTMKa, a 3a onpegensdHe Ha
3aBuncMMoCTTa Mexay obuwoTo
CbObpXaHue Ha ¢eHonm 7]
aHTMOKCUOAHTHUS KanauuTteT e
NMPUNOXEH KOopenauuoHeH aHanua Ha
MpCHH.

each treatment were harvested and
cleaned.
The grain samples were milled using a
laboratory mill (Brabender) to obtain
whole grain flour and white flour. The
samples were homogenized and stored
until analysis.

5. Determination of total
phenolic content

Total phenolic content (TPC) was
determined using the Folin—Ciocalteu
method (Singleton et al, 1999).
Absorbance was measured at 760 nm,
and results were expressed as mg gallic
acid equivalents per g dry weight (mg
GAE g™ ' DW).

6. Determination of
antioxidant capacity (CUPRAC)

Antioxidant capacity was evaluated
using the CUPRAC method (Apak et al.,
2004).
Absorbance was measured at 450 nm,
and results were expressed as mmol
Trolox equivalents per g dry weight
(mmol TE g™' DW).

7. Determination of crude
fiber

Crude fiber content was
determined according to AOAC

procedures (AOAC, 2016) based on acid
and alkaline digestion. Results were
expressed as percentage of dry matter.

8. Data evaluation

The experiment was conducted in
three replications. The obtained values
represent measured data from composite
grain samples of each treatment.

Results were evaluated using descriptive
statistics, and Pearson correlation
analysis was applied to assess the
relationship between total phenolics and
antioxidant capacity.
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PE3YNTATU U OBCBXXOAHE

ObLO CBbABPXAHUE HA
®EHONIN B UANO 3BbPHO U BANO
BPALLHO

MpencraBsenuTe B Tabnuua
pesyntaTu  nokaseat, 4e  obuioTo
cbAbpXaHMe Ha eHonM Bapupa B

3aBMCMMOCT OT CXeMuUTe Ha TOpeHe,
KakTo 1 Mexay ABarta copTa nweHuua.

B usnoto 3bpHO Ha copT Tpecka
Han-BUCOKa CTOMHOCT Ha  (PEeHOmMHU
CbeanHEeHNss e oT4yeTeHa npu BapuaHT 1
(1.2935 mg GAE g™ DW), pgokato
KOHTpONaTta M HAKOMKO APYrM BapuaHTa
nokassaT CXOA4HW HuBa. [lpu TO3M copT
TpeTupaHuaTa, 6asupaHn Ha Fe, kato
uano ca 6GasvMpaHu C  MO-BWCOKM
CTOMHOCTW. 3a pasnuka OT Hero, copT
Pagwnka nokassa Haw-BMCOKO
CbObpXaHne Ha PeHONM B LUSNOTO 3bPHO
npv NOYBEHO BHacsHe Ha Zn (BapuaHT 5),
npesuLLaBankm KOHTporaTa. Tesun
pesynTatu nokaseaT, Ye ABaTa reHotuna
pearvpaTt No pasfnuyeH Ha4uH Ha efHn K
CbLUYN TPETMPAHUS C MUKPOESIEMEHT!.

RESULTS AND DISCUSSION
TOTAL PHENOLIC CONTENT IN
WHOLE GRAIN AND WHITE FLOUR

The results presented in Table 1
show that total phenolic content varied

among fertilization treatments and
between the two wheat varieties.
In whole grain of Treska, the

highest phenolic value was recorded in
variant 1 (1.2935 mg GAE g™' DW), while
the control and several other treatments
showed similar levels.

Fe-based treatments were generally
associated with higher values in this
variety. In contrast, Radika showed the
highest whole grain phenolic content
under soil Zn application (variant 5),
exceeding the control.

These results indicate that the two
genotypes responded differently to the
same micronutrient treatments.

Table 1. O6wo cbabpKaHue Ha deHonu (mg GAE/g'1 DW) B usino 3bpHO 1 65in0
OpawHo oT copToBe nweHuua Tpecka n Paguka npy pasnuMyHu BapyMaHTU Ha
TopeHe

Table 1. Total phenolic content (mg GAEIg'1 DW) in whole grain and white flour
of wheat varieties Treska and Radika under different fertilization treatments

O6uo cbabpxkaHue Ha heHonu (mg GAE/g-1 DW) /
Total phenolic
(mg GAE/g™ DW)

Lsno 3bpHo / Whole grain Bsano 6pawHo / White flour
Bcg:'i::II T1Pr z‘;il(:a/ Papuka / Radika Tpecka / Treska P;ancniliaa/
1 1.2935 1.0371 0.7962 0.8936
2 0.9923 0.9385 0.7564 0.8333
3 0.9231 0.9333 0.8910 0.8859
4 0.9295 1.0333 0.8154 0.8538
5 0.9974 1.2308 0.8654 0.9038
6 1.1218 0.9628 0.8179 0.8641
7 1.0089 1.0526 0.9231 1.0423
"eHOoTUNHO obycnoeeHaTa Genotype-related  variability in

BapuabuNHOCT MpU HaTpynBaHeTo Ha
beHONHM  CbedvHeHWss e  LUMPOKO
AOKYMEHT/paHa Mpu MekaTa MieHuua.

phenolic accumulation has been widely
reported in bread wheat. Sardella et al.
(2023) emphasize that genetic
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Sardella et al. (2023) nogdyeptaBar, ye
rEHEeTUYHUAT npousxos urpae
AOMVHMpalLa pons, Jokato daktopuTe
Ha oOKomnHaTa cpeda W arpoTexHukarta
JonpuHacaT 3a Mno-Manky Bapuauuu.
MopobHn edekT OT TOpPEHETO BBPXY
CbCTaBa Ha 3bPHOTO ce cbobuiaBaT B
nutepatypata (Cakmak and Kutman,
2018).

OO0wWwoTO cbabpkaHMe Ha deHonm
€ MO-BNCOKO B LUSNMOTO 3bPHO, OTKOMKOTO
B 6anoto OpawHO ¥ npu gBata copTa.
ToBa HamaneHwe crej CMUNAHETO €
CBbp3aHo C  nokanusauusTa Ha
(PEHONMHUTE CbeOUHEHUSI BbB BLHLUHUTE
croeBe Ha 3bpHOTO, 0cCOBEeHO BLB
(hpakuunTe Ha TPUUWUTE W aneypoHOBUS
cnon (Hemery et al., 2010; Zili¢ et al.,
2012). B 6snoto OpawHo Ha copT
Pagvka kaTto UsMo ca yCTaHOBEHW Mo-
BMCOKM CTOMHOCTM Ha eHonuM B
cpaBHeHMe c Tpecka npu MNOBEYETO
BapuaHTK, KaTo Hal-BMCOKA CTOWHOCT €
oTyeTeHa npu BapuaHT 7 (1.0423 mg
GAE g'1 DW). Toea nokasea Hanuuune Ha
pasnuku mMexay copToBeTe no
OTHOLlEHMe  Ha  3anas3BaHeTo  Ha
(PEHONMHUTE CbEeAMHEHUS Cred CMUNaHe,
KOeTO e MOCOYEHO M Npu Apyrn Buoose
nweHuua n 3bpHEHU dpakuun
(Suchowilska et al., 2020; Khalid et al.,

2023).
AHTUOKCUOAHTEH
KANALUUTET (CUPRAC)
AHTNOKCUAOAHTHUAT KanauuTer,
onpegeneH 4pe3 wmetoga CUPRAC,

nokasea BapuabunHOCT B 3aBUCMMOCT OT
BapvaHTUTe Ha TOpPEHEe W Mexay gBaTta
copTa nweHuua (Tabnuua 2).

Mpun usanoTo 3bpPHO Ha copT Tpecka
Han-BMCOKa aHTUOKCUOAHTHA CTOMHOCT €
oTyeTeHa npu BapuaHt 1 (5.4816 mmol
TE g'1 DW), cnegBaH oT BapuaHT 3,
[okaTto Hal-HMCKa CTOMHOCT e
ycTaHoBeHa BbB BapuaHT 4. B
CpaBHeHWe C KoHTponaTa, BapuaHtuTe 1
1 3 nokasBaT MO-BMCOK aHTUOKCUOAHTEH
KanauuTeT, MHOMKMPA  MOJIOXKUTESNEH
OTroBOp MPWU TOPEHE C Xens30, KaKbBTO
ce cbobuiaBa 7] B npeaxonHu

background plays a dominant role, while
environmental and agronomic factors
contribute to smaller variations.

Similar effects of fertilization on grain
composition have also been reported
(Cakmak and Kutman, 2018).

Total phenolic content was higher
in whole grain than in white flour in both
varieties. This reduction after milling is
related to the localization of phenolic
compounds in the outer grain layers,
especially in bran and aleurone fractions
(Hemery et al., 2010; Zili¢ et al., 2012).

In white flour, Radika generally showed
higher phenolic values compared to
Treska across most treatments, with
variant 7 having the highest value
(1.0423 mg GAE g™' DW).

This indicates differences between the
varieties in the retention of phenolic
compounds after milling, which has also
been reported in different wheat species
and grain fractions (Suchowilska et al.,
2020; Khalid et al., 2023).

ANTIOXIDANT
(CUPRAC)

Antioxidant capacity determined by
the CUPRAC method showed variation
among fertilization treatments and
between the two wheat varieties (Table
2).

CAPACITY

In whole grain of Treska, the
highest antioxidant value was recorded in
variant 1 (5.4816 mmol TE g™ DW),
followed by variant 3, while variant 4
showed the lowest value.

Compared to the control, variants 1 and 3
showed higher antioxidant capacity,
indicating a positive response under Fe
fertilization, which has also been reported
in previous studies (Menkinoska et al.,
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npoyyBaHus (Menkinoska et al., 2014).

Mpn copt Pagvka Han-BucokaTta
CTOWHOCT B LSS0 3bPHO € OT4YeTeHa npu
BapuaHT 7 (5.0744 mmol TE g DW),
cnegBaH oT BapmaHT 1. BapunaHT 5 cbLuo
3anasBsa CpaBHUTENHO BUCOK
aHTUOKCMAAHTEH KanauuTteT. BapunaHty 2
M 4 ca C TMNO-HUCKA CTOMHOCTU B
CpaBHeHWe c KOHTponaTa. Mpwn
CpaBHeHWe Ha fBaTta reHoTuna, Tpecka
nokasea Marnko MO-BUCOKM MaKCUMarHu
CTOMHOCTM, gokaTo Paguka nokassa no-
CTabunHM HMBa Ha aHTUOKCUAAHTW Mpu
OTAENHUTE BapuaHTHU.

AHTMOKCHMOAHTHaTa akTUMBHOCT MNpw

nweHmuatTa OO rongma CTeneH e
cBbp3aHa c HelHuTe eHonHn
CbeanHeHNs, no-crneumanHo c
depynosata  KucenuHa,  KoATo e

AOMUHMpawara ¢eHonHa KucenvHa B
nweHnyHoto 3bpHo (Levakova and
Lacko-BartoSova, 2017).

2014).

In Radika, the highest whole grain
value was recorded in variant 7 (5.0744
mmol TE g™ DW), followed by variant 1.
Variant 5 also maintained relatively high
antioxidant capacity.

Variants 2 and 4 were lower compared to
the control. When comparing the two
genotypes, Treska showed slightly higher
maximum values, while Radika showed
more stable antioxidant levels across
treatments.

Antioxidant activity in wheat is
largely associated with its phenolic
compounds, particularly ferulic acid,
which is the predominant phenolic acid in
wheat grain (Levakova and Lacko-
BartoSova, 2017).

Tabnuua 2. AHTMoKcuaaHTeH kanauuteT (CUPRAC, mmol TE g-1 DW) B usano
3bPHO M 6sN0 OpalHO OoT copToBe nuweHuua Tpecka u Paauka npu pasnuyHu

BapuaHTU Ha TOpeHe

Table 2. Antioxidant capacity (CUPRAC, mmol TE g™ DW) in whole grain and
white flour of wheat varieties Treska and Radika under different fertilization

treatments
KanauuTeT 3a peayuuvpaHe Ha MeaHU MOHM KaTo MsApKa 3a
aHTMoKcupaHTHa cnocobHocT (mmol TE g~' DW)
CUPRAC (mmol TE g~' DW)
LUsino 3bpHo / Whole grain Bsino 6pawHo / White flour
B\alra,:liz::-/ T'l")ri‘;Kkaa/ Papuka / Radika Tpecka / Treska Papuka / Radika

1 5.4816 4.5543 2.1044 1.7964

2 4.5783 3.8152 1.7861 1.8375

3 5.1086 4.0137 2.1831 1.7451

4 3.3191 3.9795 1.9025 1.9880

5 4.0274 4.3422 2.1967 2.2481

6 4.6775 3.9384 2.1728 1.8888

7 4.5133 5.0744 2.0941 2.2378
MonyyeHute CTOMHOCTU 3a The obtained CUPRAC values fall
CUPRAC nonagat B pguanasoHa, 3a | within the range reported for European
eBpornenckata Meka nweHuua, kbaeto | bread wheat, where antioxidant capacity

aHTMOKCUOAHTHUAT KanauuTeT ce Brusie
OCHOBHO OT reHoTMNa W YCroBusiTa Ha
okonHata cpena (Marcotuli et al., 2025;
Di Silvestro et al., 2017). lNopo6Ha
BapunabunHocT npu pasnuyHu

is mainly influenced by genotype and
environmental conditions (Marcotuli et al.,
2025; Di Silvestro et al., 2017).
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arpoTEXHUYECKN MPaKTUKM Ha TOpeHe e

AoknagBaHa n B npeaoxoaHu
nacneagsaHusa (Hidalgo and Brandolini,
2017).

Mpn B6anoTo OpawHo

aHTUOKCUAAHTHUAT KanauutTeT Hamanssa
W npu pgBaTa copTa B CpaBHEHME C
UANOTO 3bpPHO, KOETO MOoTBbpXAaBa
edekta OT cMunaHeTo. lNMpu 6palHoTOo OT
copt Tpecka Hanl-BMCOKa CTOMHOCT
nokasea BapuaHT 5, pgokato npwu
OpawHoTo OoT copT Paguka no-BMCOKK
CTOMHOCTM nmart BapuaHTu 5 n 7. Paguka
KaTo UuaAno 3anasBa Marnko MO-BUCOKM
HMBaA Ha aHTMOKCUOAHTM B GpalHOTO B
CcpaBHeHne ¢ Tpecka, o0cobGeHo npu

KOMBVHMpaHUTE nnm NUCTHUTE
TpeThpaHus.
Tean pasnuku Mexagy UsArnoTo

3bpPpHO " 6paLIJHOTO CbOTBETCTBAT Ha
nnTepaTtypHuTe aOaHHW, cnopen KouTo

aHTUOKCMOAHTHUTE  CbedMHEeHWs  ca
KOHLEHTpUpaHM NpeaMMHO BbB
BbHLUHATE CMOEBE Ha 3bPHOTO, KOWUTO
4acTUYHO ce oTCTpaHsBaT npu

cmunaHeto (Tomé-Sanchez et al., 2021;
Sharma and Bhaskar, 2021).

Bvnpekn 4e obwute eHonm
gonpuHacaTt 3HauUTENHO 3a
aHTMOKCUOAHTHMSA KanauuTer,
CTOWHOCTMTE He Ca MPOoMopLMOHanH/ npu
pasnuuHnTe BapuaHTu. ToBa
npegnonara, 4e  aHTUOKCUAAHTHMAT
noTeHUmnan ce Bnnsie He camo oT obLoTo
CbObpXaHne Ha deHonM, HO u oT
pasnuknte BbB (PEHONHWA CbCTaB MU
B3aMMOOEWNCTBUSATA B camaTta 3bpHeHa

maTpuua  (Levakova and  Lacko-
BartoSova, 2017).
Mony4yeHuTe CTOMHOCTU 3a

CUPRAC nonagaT B ropHus auvanasoH,
cbobLiaBaH 3a MekaTa MueHuua, KoeTo
MOXe [a Ce [Ob/lKM Ha CcopToBUTE
pasnuMuna U Ha MpUIOXeHUTE BapuaHTu
Ha TopeHe c MukpoenemeHtu (Marcotuli
et al., 2025; Di Silvestro et al., 2017).
CYPOBU BINAKHUHU
CbabpxaHueTo Ha CypoBM
BMakHWHM MOKa3Ba ACHW Pasnukm Mexagy
LANIOTO 3bPHO M OsMOTO OpalHo 1 npu

Similar  variability = under  different
fertilization practices has also been
reported (Hidalgo and Brandolini, 2017).

In white flour, antioxidant capacity
decreased in both varieties compared to
whole grain, confirming the effect of
milling.

In Treska flour, variant 5 showed the
highest value, while in Radika flour
variants 5 and 7 had higher values.

Radika generally maintained slightly
higher antioxidant levels in flour
compared to Treska, especially under
combined or foliar treatments.

These differences between whole
grain and flour are consistent with
literature data showing that antioxidant
compounds are mainly concentrated in
the outer grain layers, which are partially
removed during milling (Tomé-Sanchez
et al., 2021; Sharma and Bhaskar, 2021).

Although total phenolics contribute
significantly to antioxidant capacity, the
values were not proportional across
treatments.

This suggests that antioxidant potential is
influenced not only by total phenolic
content, but also by differences in
phenolic composition and interactions
within the grain matrix (Levakova and
Lacko-Bartosova, 2017).

The obtained CUPRAC values fall
within the upper range reported for bread
wheat, which may be attributed to
genotype differences and the applied
micronutrient  fertilization  treatments
(Marcotuli et al., 2025; Di Silvestro et al.,
2017).

DIETARY FIBER

Dietary fiber content showed clear
differences between whole grain and
white flour in both varieties (Table 3),
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aBata copta (Tabnmua 3), koeTo
noTBbPXKAABA CTPYKTYPHOTO
pasnpefeneHne Ha  BrAKHUHUTE B
paMK1Te Ha MWEHNYHOTO 3bPHO.

Mpun usnoTo 3bpPHO Ha copT Tpecka
CTOMHOCTUTE Ha BrakHWHWUTE BapupaT oT
2.49% po 3.44%, kato BapaHtn 1, 3 mn 5
nokasesat Hawm-Bucokum Huea (3.44%),
[OKaTo Mpu BapuaHT 7 e ycTaHOBeHa
Ham-HUCKa CTOMHOCT (2.49%).
KOHTpONHMAT BapuaHT ce Hamupa B Mo-

confirming the structural distribution of
fiber within the wheat kernel.

In whole grain of Treska, fiber
values ranged from 2.49% to 3.44%, with
variants 1, 3 and 5 showing the highest
levels (3.44%), while variant 7 showed
the lowest value (2.49%).

The control was within the higher range
of the measured values.

BUCOKMA OMana3oH Ha U3MepeHuTe
CTONHOCTMW..
|'|p|/| LUAnoTO 3bPHO Ha CcopT In Radika whole grain, fiber content

ranged from 2.25% to 3.43%. The highest
value was recorded in variant 7 (3.43%),
whereas variant 2 showed the lowest

Paguka cbabpxaHWETO Ha BrAaKHUHM
Bapupa ot 2.25% po 3.43%. Han-sucoka
CTOMHOCT € OT4yeTeHa npu BapuaHT 7

(3.43%), nokaTo BapuaHT 2 rnokasea Haii- | level (2.25%). Compared to Treska,
HUcko HuBO (2.25%). B cpaBHeHue c Radika showed greater variation among
Tpecka, Paguka nokasBa no-ronsma | treatments,  especially ~ under  Zn
BapuabunHoct  mexgy  oraenwute | fertilization.

TpeTupaHusi, 0COBEHO NpW TOPEHETO C

Zn.

Table 3. CbabpxaHue Ha cypoBu BnakHUHU (%) B LsANO 3bPHO U 6sno GpawHo
oT copToBe nuweHuua Tpecka n Paguka npu pasnuyHyM BapuaHTU Ha TOpeHe
Table 3. Dietary fiber content (%) in whole grain and white flour of wheat
varieties Treska and Radika under different fertilization treatments

CypoBu
BIIaKHUHU
y %
IDietary
fiber%
Usano 3bpHo / Whole Bsano 6pawHo / White
grain flour
BapwuaHT/ Papuka / Papuka /
Variant Tpecka / Treska Radika Tpecka / Treska Radika
1 3.44 3.18 1.07 0.91
2 3.12 2.25 0.92 0.58
3 3.44 2.94 1.02 0.85
4 2.98 2.71 0.89 0.74
5 3.44 3.02 1.05 0.88
6 3.22 3.12 0.98 0.93
7 2.49 343 0.70 1.38
CbabpXaHMeTo  Ha BNakHUHU Fiber content decreased in white

Hamansea B 6sno0To 6paluHo 1 npu geata | flour in both varieties.
copta. lNpun GpawHoTOo OT copT Tpecka
ctonHoctute Bapupatr oT 0.70% pgo

1.07%, pokato npu OGpawHOTO OT copT
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Pagvka Te ca B ananasoHa ot 0.58% pmo
1.38%, KaToO  OTHOBO Han-BMcoka
CTOMHOCT € OT4yeTeHa npu BapuaHT 7..
KaTto usno coptbT Paguka nogaobpka no-
BUCOKM HMBA Ha BNaKHWHWM B OANOTO
OpawHo B cpaBHeHue c Tpecka,, KOeTo
nokasea COPTOBO  BMWSIHME  BbPXY
pasnpedeneHMeTo Ha BrakHUHUTE crepq
cMunaHe.

[Mo-BMCOKOTO  CbAbpXaHME  Ha
BNAKHMHU B LAANIOTO 3bPHO B CPaBHEHUE C
0sinoTo GpawHO € B CbOTBETCTBME C
NPeaxo4HN NPoyYBaHusl, KOMTO NoKa3ear,
Yye  (pakuumMTe Ha  XpaHUTenHuTe
BITAKHUHW, no-cneumarnHo
apabuHokcunaHuTe u uUenynosaTa, ca
KOHUEHTpUpaHM BbB BBLHLUHUTE CroeBe
Ha 3bpHOTO (Shewry and Hey, 2015;
Suchowilska et al., 2020; Marcotuli et al.,
2022).

Bbnpekn ye abconoTHUTE
CTOMHOCTU ca NO-HUCKK nopagm
METOLO0NOMMYHM Pasfnkn, OTHOCUTENHOTO
pasnpegeneHve Mexay UsanoTto 3bpHO 1
OpawHOTO € B CbOTBETCTBME C
NPeaxo4HO AOKNafBaHW OaHHMW.

"eHOTMNHO 0ByCnoBeHW pasnuku B
CbCTaBa W  pasnpegeneHneTo  Ha
BMAKHUHUTE CbLWO Cce cbobuwaeaTr B
nutepatypata (Marcotuli et al., 2025).
Mo-BUCOKOTO CbAbpXKaHMe Ha BNaKHWHU
B OpalLHOTO OT copT Paauka moxe ga e
CBbp3aHO MO-CKOPO CbC COPTOBUTE
XapakKTepPUCTUKN, OTKONKOTO C AUPEKTEH
edeKT OT TOPEHETO.

Bbnpekn ye TOpPEHETOo c
MUKPOENEMEHTU HE € CBBbP3aHO MpPSIKO C
NMPOMEHN B CbCTaBa Ha BRaKHUHUTE,

HAKOW Mpoy4YBaHuUda npegnonarar, 4e
MWHEpPaNHOTO  XpaHeHe Moxe  da
nosnuse Ha meTabonuama Ha
KneTbyHaTa CcTeHa NO BpeMe Ha

pasBuTMeTO Ha 3bpHOTO (Marcotuli et al.,
2022). B HacToAWOTO u3cnegBaHe ce

Habnonasa camo ymepeHa
BapuabunHocTMexay oTaenHuTe
BapuMaHTU, KaTo NeHOTUNBT Ce OTKpOoABa
KaTo OCHOBEH (pakTop, onpeaensiy

pasnpenernieHneTo Ha BriakHUHUTE.

they ranged from 0.58% to 1.38%, with
variant 7 again showing the highest
value.

Radika generally maintained higher fiber
levels in white flour compared to Treska,
indicating varietal influence on fiber
distribution after milling.

The higher fiber content in whole
grain compared to white flour s
consistent with previous studies showing
that fiber fractions, particularly
arabinoxylans and  cellulose, are
concentrated in the outer grain layers
(Shewry and Hey, 2015; Suchowilska et
al., 2020; Marcotuli et al., 2022).

Although absolute values were
lower due to methodological differences,
the relative distribution between whole
grain and flour was consistent with
previously reported data.

Genotype-dependent differences in
fiber composition and distribution have
also been reported (Marcotuli et al.,
2025). The slightly higher fiber retention
in Radika flour under certain treatments
may therefore be related to varietal
characteristics rather than a direct
fertilization effect.

Although micronutrient fertilization
is not directly associated with changes in
fiber composition, some studies suggest
that mineral nutrition may influence cell
wall metabolism during grain
development (Marcotuli et al., 2022).

In this study, only moderate variation
among treatments was observed, while
genotype appeared to be the main factor
affecting fiber distribution.
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B3AUMOOTHOLUEHUE MEXAOY

obLlU ®EHOIN n
AHTUOKCUOAHTEH KANALUWUTET
Bpb3kata Mexay obuwoTo
cbabpXaHue Ha deHonu "
aHTUOKCUOAHTHUS KanauuteT e

npeacraseHa Ha ®durypa 1. YcraHoBeHa
e nonoxuTtenHa kopenauusa (r = 0.764),
KOeTo  MokKas3Ba, ye  MO-BUCOKOTO
CbObpXaHWe Ha (HEHONMHU CbeanHEeHUs
KaTo Uano ce CcBbp3Ba C MO-BUCOK
aHTMOKCUOAHTEH KanauuTeT.

[MpobuTte ¢ NO-BUCOKO CbObpPXaHne
Ha deHonMM B UAMOTO  3bPHO, NO-
cneuvanHo npu BapuaHth 1 u 5 B
3aBMCMMOCT OT reHoTuna, CbLLo nokassat
no-emcokn crtomHoctn 3a CUPRAC.
Bbnpekn TOBa, 3aBuCMMOCTTa He e
nponopuMoHanHa BbB BCWUYKM Criyyaw,
KoeTo npeanonara, ye
aHTMOKCUOAHTHUAT KanauuTeT ce Brusie
OT KOMOWHMpaHUA edeKT Ha HSAKOIKO
KOMMOHEHTA Ha 3bPHOTO.

Mono6bHwn kopenaumm mMexagy
obwunTe EeHonM K aHTUOKCuAaHTHaTa
aKTMBHOCT ca cbobLlaBaHu Npu MekaTa
nwexuua (Menga et al., 2023; EliaSova et
al., 2017). Tesn npoyyBaHuA NOKasBar,
ye (eHonHUTEe CbeauvHeHus  umaT
CbLLECTBEH NPUHOC KbM BapuabunHocTTa
Ha aHTUOKCMOAHTHaTa akTMBHOCT. B

JONblHEHNE KbM  00WMWTE  dheHonu,
dakTopu KaTo dpakuymmTte Ha
CBbp3aHnTe deHonm 7
B3aMMoencTBmATa B 3bpHeHaTa
MaTtpuua CbLO BNUAST BbpPXY
aHTuokcnaaHTHMA kanauutet (Adom and
Liu, 2002; Beta et al, 2005).

JonbnHUTENHO €  YCTaHOBEHOo, u4e
3bpHeHaTa pakuna u npepaboTkata

BMMAST  BbpPXy cunara Ha  T1asu
3asucumoct (Hemery et al., 2007).
B npoy4BaHus BBbPXY

arpoHoMm4yeckoTo GruodopTudMKaumsa ce
cbobLiaea, ye TOpEeHeTo c
MUKpOENEMEHTM  MoXe pna  Obae
CBbP3aHO C MPOMEHU B CbObPXaHWETO
Ha eHoNMM UM aHTMOKCUZAaHTHaTa
aKTVBHOCT, BbBMPEKM 4Ye TeHOTUMbT
OoCTaBa OCHOBHMAT ornpedensiy dakTop

RELATIONSHIP
TOTAL PHENOLICS
ANTIOXIDANT CAPACITY

The relationship between total
phenolic content and antioxidant capacity
is presented in Figure 1.

BETWEEN
AND

A positive correlation was observed (r =
0.764), indicating that higher phenolic
content was generally associated with
higher antioxidant capacity.

Samples with higher phenolic
content in whole grain, particularly in
variants 1 and 5 depending on genotype,
also showed higher CUPRAC values.

However, the relationship was not
proportional in all cases, suggesting that
antioxidant capacity is influenced by the
combined effect of several grain
components.

Similar correlations between total
phenolics and antioxidant activity have
been reported in bread wheat (Menga et
al.,, 2023; ElidSova et al., 2017). These
studies indicate that phenolic compounds
contribute significantly to antioxidant
variability.

In addition to total phenolics, factors such
as bound phenolic fractions and
interactions within the grain matrix also
influence antioxidant capacity (Adom and
Liu, 2002; Beta et al, 2005).
Furthermore, grain fraction and
processing have been shown to affect the
strength of this relationship (Hemery et
al., 2007).

In studies on agronomic
biofortification, it has been reported that
micronutrient  fertilizaton may be
associated with changes in phenolic
content and antioxidant activity, although
genotype remains the main factor (Anim
et al., 2025; Velu et al., 2018; Kovacevic¢
Babic et al., 2024).
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(Anim et al., 2025; Velu et al., 2018;
Kovacevi¢ Babic et al., 2024).

HabniogaBaHaTta Kopenauusi The observed correlation is
CbOTBETCTBa Ha cbobLlaBaHUTE No-paHo | consistent with  previously reported
pesyntaTu. results.

B 0606LeHne pesyntatute Overall, the results confirm that
noTBbpXaasar, ye ¢eHonHuTe | phenolic compounds play a key role in
CbeaNHEeHua urpadart knoyosa ponsa npu | determining antioxidant capacity in
onpegensHeTo Ha  aHTuokcuaaHnTHuMa | wheat, while indicating that antioxidant
KanauuTeT npuM  nweHuuyarta, kato | potential depends on overall grain
CblLLEBPEMEHHO nokassar, ye | composition rather than a single
aHTMOKCUOAHTHUAT NoTeHUMan 3aBucK OT | parameter.

LANIOCTHUSA CbCTaB Ha 3bPHOTO, @ He OT
€[VHNYEH nokasaren.
14
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®dur. 1. MNubpcbHoBa Kopenauusa (Pearson correlation) wmexay ob6uwoTo

cbAbpKaHue Ha heHonNMu N aHTuokcupaHTHusa kanauutet (CUPRAC).
Fig. 1. Pearson correlation between total phenolic content and antioxidant

capacity (CUPRAC

n3soau

TopeHeTo ¢ MMHeparnHu BellecTBa
okasBa BNUSHME BbpXxy  obuioTto
CcbabpXaHue Ha deHonu,

aAHTUOKCMOAHTHUA Kanauutet u CcypoBu
BNMakHMHW U Npun ABaTa copTa nuweHuua.

Peakunsita ce pasnuuaBa  mexay
coptoBeTe Tpecka un Paguka, KoeTo
nogyeprtaBa CWUMHOTO  BMMSIHME  Ha
reHoTuna BbpXY onoxmmmyHnUTE
XapaKTepUCTMKK Ha 3bPHOTO 7]
OpaLlHoTo.

CONCLUSIONS

Micronutrient fertilization influenced
total phenolic content, antioxidant
capacity and dietary fiber in both wheat
varieties.

The response differed between Treska
and Radika, showing the strong effect of
genotype on the biochemical
characteristics of grain and flour.
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Mpobute OT UANO 3bPHO Nokassat
No-BMCOKO CbAbpXaHue Ha dheHonu 1 no-
BWCOK aHTUOKCMOAHTEH kKanauuteT B
cpaBHeHne c 6sanoto OpaluHO, KoeTo
AeMOHCTpUpa edekta OT CMUNaHEeTo
BbPXY pasnpeneneHmeTo Ha 6uonormyHo
aKTMBHUTE cbeauHenusa. Copt Paguka
KaTo UAno 3anasBa MO-BUCOKM HMBA Ha
EeHONHN CbeaVHEHMS "
aHTUOKCMAAHTEH kanauuteT B 64anoTo
OpaluHo.

OTHOCUTENTHO BUCOKUTE CTOMHOCTU
Ha aHTMOKCUAAHTHA aKTMBHOCT,
YCTaHOBEHWN B HACTOSLLOTO W3cnenBaHe,
nokaseat noTeHumnana Ha
MMWKPOENEMEHTHOTO TOpeHe 3a
nogobpssaHe  Ha  YHKUMOHAMNHOTO
Ka4yecTBO Ha nweHuyaTta npwu
cneumduyHM arpoeKosIorMyHN yCroBus.

YcraHoBeHa e nonoXxutenHa
Kopenaumss mexagy obwute deHonn u

AHTUOKCMOAHTHUA  KanauuTeT,  KOeTo
noakpenss ponsta Ha  (PEHONHWUTE
cbeOVHeHUs npu  onpedensHeTo Ha
aHTUOKCMOAHTHUA noteHuman Ha
nueHvuara.

MonyyeHnTe pesynTaTu Nokasear,
ye KOMOVMHMpaHeTO Ha noaxoasLy
cTpaTerum 3a TopeHe c npasuneH noabop
Ha copToBeTe Moxe ga nogobpm
KayecTBOTO Ha 3bpPHOTO, OCOGEHO npu
ankanHy NoYBeHW YCroBUs..
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