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PE3IOME

BuodopTudukaumata uenu ga
Hanpasu KynTypuTe no-xpaHuTenHu owe
no BpemMe Ha TAXHOTO OTrnexaaHe,
BMECTO [Oa ce p[obaBaT XpaHUTEMHM
BewlectBa npwu npepabotkata MM B
xpaHu. OnpegerneHn ca CbAbpXaHUETO
Ha nenen, MOKbp [MyTeH, MPOTENH,
Mas3HUHW W KOHUEHTpauuMs Ha >Xensso

SUMMARY

Biofortification aims to make crops
more nutritious as they grow rather than
adding nutrients when processing them
into foods.

The content of ash, wet gluten, protein,
fat, and Fe concentration of Macedonian
wheat variety “Radika”, treated with Fe-
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(Fe) B MakegoHCKMs copT nuleHuua
.Paduka“, TpetMpaH Cc TopoBe Ha
ocHoBaTa Ha Fe-xenatu uype3 noyBeHO,
no4seHo-onMapHo 1 camo donuapHo
npunoxeHme. B npobute oT wuanoto
3bPHO CbObPXKAHWETO Ha nenen e B
AnanasoHa (2.06%-2.15%), MOKBbP
rnyteH (33-36), a koHUeHTpaumaTa Ha Fe
(49.5 mg/kg-65.9 mg/kg) ce yBenuyaBa.
[Mo-HMCKN  CTOMHOCTM B  3BPHOTO Ce
Habnogasat npu  MasHuHuTe (1.12%-
1.46%) v npotenHute (12.25-13%). Cnep
TpeTupaHeTo ¢ Fe TopoBe, cToMHOCTUTE
Ha BCUYKM aHanu3avpaHu napameTpy BbB
dypaxHuTe npobu ce yBenuyasar:
nenen (0.57%-0.59%), MoKbp rnyTeH (34-
38), masHuHuM (1.0%-2.16%), npoTeunH
(11.9-12.9) n KoHueHTpaumsa Ha Fe (38.9
mg/kg-43.6 mg/kg). ArpoHOHOMMYECKaTa
onodoptTndukauma ¢ Fe-EDTA Topose,
NPUAOXEHN NO PasfUYHN HauYuHKW, BNUsie
" nogobpsea XpaHuUTENHuTe
XapakTepUCTUKM Ha MekaTa MweHuua u
OpawHoTo. Te3n n3sogm morat ga umat
BaXXHO 3HayeHMe 3a pasBUTUETO Ha

JokasaTencrea 3a XpaHuTenHa
edeKTMBHOCT " yCcBOsiBaHe Ha
XPaHUTENHN BelLecTBa oT
OuodpopTndmumpaHn  Kyntypu, MbpBO

ypes Mogenu, a crneg ToBa U 4pes
OVPEKTHW UM3cnefBaHns Npu  xopa B
KOHTPONMMPaHN EKCNEPUMEHTMU.

KnrouoBu AyMHU:
BrodopTndmumpaHa Kyntypa, MO4YBEHO-
donunapHo npunoxenne, Fe-EDTA

yBO[

CBeToBHaTa 3gpaBHa Kpu3a Mo
BpemMe Ha nangemuata ot COVID-19
n3mMectTn dpokyca Ha HaceneHveTo no
cBeTa KbM XpaHUTENHOTO KayecTBO Ha
XpaHaTa, 0coODEHO Ha MUKPOENeMEHTUTE,
KOMTO Cca OT CbLUECTBEHO 3HayeHue 3a
yKpenBaHe Ha WMyHHaTa  pyHKUMSA
(Bhardwaj et al., 2022). ApekBaTHUAT
npMem Ha MUKPOENEMEHTUN € KPUTMYEH 3a
nogaobpxaHe Ha oOWoTo 3gpaBe U
npegoTepaTtsBaHe Ha 3abonsBaHWs Npes
uenus  kMBOT.  Te3an  XpaHWUTENHM
BElecTBa nognomaraT W BAMSST Ha

chelates fertilizers by soil, soil-foliar and
foliar application were determined. In
whole wheat grain samples, the content
of ash was in range (2.06%-2.15%), wet
gluten (33-36), and Fe concentration
(49.5 mg/kg-65.9 mg/kg) were increased.
Lower values in wheat grain show a
percentage of fat (1.12%-1.46%) and
protein content (12.25-13).

After the Fe fertilizers treatment values of
all analyzed parameters in flour samples
were increased.

The content was in range-ash (0.57%-
0.59%), wet gluten (34-38), fat (1.0%-
2.16%) protein(11.9-12.9), and Fe's
concentration (38.9 mg/kg-43.6 mg/kg).
Agronomic biofortification with Fe-EDTA
fertilizers applied in different ways has
infuenced and also improved the
nutritional characteristics of soft wheat
and flour.

These conclusions may have an
important role in developing evidence of
nutritional efficacy, on absorption of
nutrients from bio-fortification crops, first
by using models, then by direct study in
humans in controlled experiments.

Keywords: Biofortification
Soil-foliar application, Fe-EDTA

crop,

INTRODUCTION

The global health crisis during the
COVID-19 pandemic has shifted the
focus of populations worldwide toward
the nutritional quality of food, particularly
micronutrients, which are essential for
strengthening immune function (Bhardwaj
et al., 2022).
Adequate intake of micronutrients is
critical for maintaining overall health and
preventing diseases throughout life.
These nutrients support and influence
every stage of the immune response.
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BCEKM eTan OT WMYHHUS OTroBop.
HenocTurbT Ha MUKpoeneMeHTH Moxe aa
HapyluM KakTO BPOOEHUs, Taka MU

afanTUBHUA MMYHUTET, KOETO BOAM OO
WMYHHO NMOTUCKaHe 1, cregoBaTernHo, Ao
Mo-BMCOKA NOAATAMBOCT KbM WHpeKLmm
(Gorji and Ghadiri, 2021). [Hokato
MbIIHOLLEHHWTE XpaHu TpsbBa ga ocTaHaT
OCHOBEH M3TOYHUK Ha MMUKPOENIEMEHTMU,
noHdkora e HeobxoguM nMpuem Ha
nobaBku, ocobeHo B cnydauM Ha
aedununt. Kakto HeQOCTaTbYHMAT, Taka 1
NPEKOMEPHUAT npuem Ha
MUKPOENIEMEHTU MOXe [da Mosnuvsie
oTpuuaTenHo Ha 3gpaseTo. YecTto
cpelLaHuTe aeonuntn BKIIOYBAT
BATaMUH A, chonat, 1o, Kens3o u LMHK.
XpaHutenHute BellecTBa OT pacTuTeneH
npom3xod ca OT CbLLEeCTBEHO 3HadeHune
3a YOBELLKOTO XpaHeHe 1 obLLoTo 3apaBe
(Roberts and Mattoo, 2019). Ctparterum
KaTo dopTnmkauma n
onodopTndukaumns ca ehekTUBHU
MEeToaM 3a crnpaBsHe C gedwuunta Ha
MUKpOenemeHTn u nogobpsasBaHe Ha

Xpanutenuute pesyntatu  (Espinosa-
Salas and Gonzalez-Arias, 2023).
BrodopTudmkaumnaTa Ha

KynTypuTe, Ko\iTo ce dokycupa BbpXy
yBenuyaBaHe Ha OMOHanMU4YHoOCTTa Ha
OCHOBHM  XpaHWUTENHW BelllecTBa B
A0NMBUTE YacTu Ha KynTypaTa, Moxe Aa
urpae KpUTKUYHA pons B
npegoTepaTsiBaHeTO Ha Aeduumta Ha
MUKpoenemeHTU. Hesasucumo ganu vpes
arpoOHOMMYECKN UNN TEHETUYHU METOAM,
onodopTnchukaumsatTa moxe pga Obae
NnpunoXxeHa Ha CpaBHUTENHO HUCKA LiEHa,
3HaYUTENHO MO-HUCKa OT MOoTeHUnanHuTe

puckoBe, nopogeHn OT Mag MU
HeJoxpaHBaHe. ToBa npasu
onogopTudhukaumaTa  edekTMBHO U

YCTOMYMBO pELUeHUE 3a CrpaBsHe C
XpaHUTENHWUTE nNpedu3BUKaTencTea B
cBeToBeH mawab (Garg et al, 2021). Ot
Apyra cTpaHa, BaXHO € Ja ce Nnpu3Hae,
Yye MleHnLaTa, XU3HEHOBaXHa 3bpHEHa
KynTypa W OCHOBHA XpaHa B MHOro
pas3BuBaLLM Ce CTpaHW, Urpae peluasalla
pons B CBETOBHOTO nNoTpebneHue

A deficiency in micronutrients can impair
both innate and adaptive immunity,
leading to immune suppression and,
consequently, a higher susceptibility to
infections (Gorji and Ghadiri, 2021).
While whole foods should remain the

primary  source of  micronutrients,
supplementation is sometimes
necessary, particularly in cases of
deficiency.

Both insufficient and excessive intake of
micronutrients can negatively affect
health. Common deficiencies include
vitamin A, folate, iodine, iron, and zinc.
Plant-derived nutrients are essential for
human nutrition and overall health
(Roberts and Mattoo, 2019).

Strategies such as fortification and
biofortification are effective methods to
address micronutrient deficiencies and
improve nutritional outcomes (Espinosa-
Salas and Gonzalez-Arias, 2023).

Biofortification of crops, which
focuses on increasing the bioavailability
of essential nutrients in the edible parts of
the crop, can play a critical role in
preventing micronutrient  deficiencies.
Whether through agronomic or genetic
methods, biofortification can be
implemented at a relatively low cost,
significantly lower than the potential risks
posed by hunger and malnutrition.

This makes biofortification an effective
and sustainable solution to address
nutritional challenges globally (Garg et al,
2021).

On the other hand, it is important to
recognize that wheat, a vital cereal crop,
and staple food in many developing
nations, plays a crucial role in global
consumption (Erenstein et al., 2022).
While a small portion of wheat is
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(Erenstein et al., 2022). Jokato marnka
4yacT OT MuweHuuaTa ce KOHCyMupa Kato
MbIHO3bPHECTa, No-rofisimMata 4vacT oT
Hesl ce npepaboTBa 4ype3 cMunaHe 3a
MPON3BOACTBO Ha pasfMyHM MPOAYKTY,
BKIMOYUTENHO OpalluHo, MCnn U TPULM
(Menkinoska et al., 2017).

3bpHEHUTE KYNTYypu ca SAMBHM

3bpHa, KOUTO BKnro4yBaTt 3apoauiu,
eHgocnepMm “  Tpuuwn. Te3an OCHOBHMU
XpaHu morat Oda ce CbXpaHaBaT
npoaobINKUTENTIHO BpemMe C MUWHUMalHa
3ary6a Ha XPaHUTEITHOTO nm

cbaobpxaHue. Kato OCHOBEH W3TOYHUK
KaKTo Ha Makpo-, Taka WU Ha
MUWKPOENIEMEHTUN, 3bPHEHUTE KYNTypu ca
foratTu Ha BbIMExXMapaTn, MNPOTENHM,
anetnyHn onbpun, BUTaMUHN U MUHEPAnu
(Poole et al.,, 2020). CbaobpxaHMeTo Ha
XpaHUTENHN BeLlecTBa B 3bpHEHUTE
KynTypu Bapupa B 3aBMCMMOCT OT BuAa
Ha KynTypata M MeToauTe, M3Mon3BaHu
3a obpaboTka u rotBeHe. B cpaBHeHue ¢
eHgocnepma, obBMBKaTa Ha CeMeTo
CbAbpXa MNO-BMCOKA KOHLEHTpauus Ha
XpaHuTenHu BellecTBa. CregoBaTenHo
npoLecbT Ha CcMunaHe, M3Mon3saH 3a
NMPON3BOACTBO Ha padmHMpaHo GpallHo,
BOOM OO HamarnsiBaHe Ha Te3n OCHOBHMU
xpanutenHn BeuwlectBa (Oghbaei and
Prakash, 2016; Garg et al., 2021).

OnpepnensiHeTo Ha CbAbpPXKaHWMETO
Ha KMY0BM CbCTaBKM KaTo MPOTEUHM,
nenen, MOKbp FMyTeH, NUMMAN U OPYTn B
XpaHUTENHUTE NPOAYKTM € OT peLlaBallo
3HauyeHne, TbWA KaTo TE3N KOMMOHEHTU
NMPUCHLCTBAT KaKTO B CYpPOBWHUTE, Taka U
B KpanHuTe npodyktu. Pas3bupaHeTto Ha
PU3NYECKUTE N XUMUYECKNTE CBOWCTBA
Ha nuweHuuata wu OpawHoOTO € OoT
CbLLECTBEHO 3HAa4yeHMe 3a oueHka Ha
Ka4yecTBOTO W Buga Ha OpallHoTO,
MonyvyeHo crneg npoueca Ha cMmunaHe
(Menkinoska et al., 2017).

OcHoBHaTa uen Ha ToBa
npoydsaHe OGewe ga ce  oueHu
noTeHuuanbT Ha  arpoHoMMu4deckaTta
onodopTndukaumns ypes NoYBEHO,

FINCTHO 1 MOYBEHO + MUCTHO NPUIIOXKEHNE
Ha Fe-EDTA xenatHun ToOpoBe 3a

consumed as a whole grain; however,
most of it is processed through milling to
produce various products, including flour,
flakes, and bran (Menkinoska et al.,
2017).

Cereal grains are the edible grains
of grasses, which include the germ,
endosperm, and bran. These essential
foods can be stored for extended periods

with minimal loss of their nutritional
content.
As a primary source of both

macronutrients and micronutrients, cereal
grains are rich in carbohydrates, proteins,
dietary fiber, vitamins, and minerals
(Poole et al., 2020).

The nutrient content in cereal crops
varies depending on the type of crop and
the methods used for processing and
cooking. Compared to the endosperm,
the seed coating contains a higher
concentration of nutrients. Therefore, the
milling process used to produce refined
flour results in a reduction of these
essential  nutrients  (Oghbaei and
Prakash, 2016; Garg et al., 2021).

Determining the content of key
ingredients such as protein, ash, wet
gluten, lipids, and others in food products
is crucial because these components are
present both in the raw materials and the
final products.

Understanding the physical and chemical
properties of wheat and flour is essential
for assessing the quality and type of flour
produced after the milling process
(Menkinoska et al., 2017).

The main aim of this study was to
evaluate the potential of agronomic
biofortification through soil, foliar, and soil
+ foliar applications of Fe-EDTA chelate
fertilizers to  enhance the Fe
concentration in the edible part of wheat.
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noBuvLIaBaHe Ha KOHUeHTpauusaTa Ha Fe B
agnueBaTa  4acT Ha nwenuuyarta. [lo-
KOHKpPETHO, MPOY4YBaHETO MMmalle 3a uen
Ja: onpegenu  KOHUEHTpauuuTe Ha
NpOTEWNHMW, Nenern, MOKbP FYTEH, NMNUau
n Fe kakto B nweHnuarta, Taka M B
OpallLHoTO, 7] aa oLeHn Kak
epekTMBHOCTTAa Ha arpoHoMmyeckara
onogopTndukaumsa Bapupa C pasnmyHu
MeToan Ha npunoxeHne Ha Fe-EDTA
xenatHn TopoBe (Menkinoska et al.,
2017). AKO eKCnepuUMEHTBLT AEMOHCTpUpa
3HauMTeneH edpekT oT arpoHoMu4eckarta
oBuochopTndukauus BbpXY
KOHUeHTpauuatTa Ha Fe B 3bpHOTO,
ocobeHo B OpallHOTO, ToraBa Tasu
WHTEPBEHUMs BM Morna Jda crnyxu kaTo
peHTabunHa cTparterns 3a nognomaraHe
Ha obnekyaBaHeTO Ha pgedwuuuTa Ha
xenaso cpen HaceneHueto B CeepHa
Makegonus.

MATEPWAIN U METOOU

Mamepuanu

PactuteneH marepuan

MpoyyBaHeTO n3nonsesa COpT Meka
nweHunua ,Paduka“ (Triticum aestivum),
M3BECTEH C BMCOKOTO CuU xrebonekapHo
Ka4ecTBO M afanTMBHOCT KbM NporneTHa
N eceHHa cenTba.

MecTononoxeHue 7]
eKcrnepumeHTasiHa NnocTaHoBKa

EkcnepumeHTbT € npoBedeH B
ArpapHua  wuHctuTyT B CKonwme, Ha
onutHoTo none ,JonHo Jlucuue“. Ton e
cnegBan  AuMsaiH  Ha  paHAOMU3MpaHu
OnokoBe C YeTupu BapuaHTa, BCEKU OT
KOUTO € TMOBTOPEH TpWU MbTU BbPXY
napuenn ot 30 m2 TllpunoxeHa e
cTaHOapTHa MoOYBeHa MOAroToBKa, a
cenTtbata e nsBbpLUeHa pbyHo ¢ 600-650
XM3HecnocobHn 3bpHa/m? (Menkinoska
et al., 2014).

BapunaHtTn Ha npunoxeHue Ha
TopoBe

Bapnant 1 — Fe, npunoxeHo B
noyesarta

BapunaHt 2 — Fe, npunoxeHo B
noysarta n JIMCTHO

Specifically, the study aimed to:
determine the protein, ash, wet gluten,
lipid, and Fe concentrations in both wheat
and flour and assess how the
effectiveness of agronomic biofortification
varies with different application methods
of Fe-EDTA chelate fertilizers
(Menkinoska et al., 2017).

If the experiment demonstrates a
significant effect of agronomic
biofortification on the concentration of Fe
in grain, particularly in flour, then this
intervention could serve as a cost-
effective strategy to help alleviate iron
deficiency among the population in North
Macedonia.

MATERIAL AND METHODS

Plant Material

The study used the "Radika" soft
wheat variety (Triticum aestivum), known
for its high bread-making quality and
adaptability to spring and autumn sowing.

Location and
Setup

The experiment was conducted at
the Agricultural Institute in Skopje, on the
“Dolno Lisiche” test field. It followed a
randomized block design with four
variants, each repeated three times on 30
m? plots. Standard soil preparation was
applied, and sowing was done manually
with 600-650 viable grains/m?
(Menkinoska et al., 2014).

Experimental

Fertilizer Application
Variants
Variant 1 — Fe applied in soil

Variant 2 — Fe applied in soil and
foliar
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BapuaHT 3 — Fe, NpunoxeHo kato
FIMCTHO NpbCKaHe

Bapnant 4 - KonTtpona (6Ges
TOpeHe)

OCHOBHM XapaKkTepuUCTUKU Ha
TopoBeTe

Yara Vera™ Amidas e
BMCOKOKAQYEeCTBEH  [paHynupaH  Top,

CbObpKall, a3oT (rnaBHO kaTo kapbamua)
1 BogopasTBopuMa csipa (kato cyndar).
CbOTHOLLEHNETO a30T kbM cspa € 7:1. Fe
EDTA xenar ce usnonsea 3a IUCTHO
xpaHeHe (Menkinoska et al., 2017).
JINCTHOTO TOpeHe e nNpUNoXeHo C
noMmowita Ha rpbbHa npbckadka c 3
nuTpa pasTBop paHo cyTpuH (Menkinoska
et al., 2017). MNpadmKkbT 3a nNpunoxeHue
Ha TopoBe 3a (pa3nTe Ha pacTex Ha
nweHunuarta e npegcraeseH B Tabnuua 1.

Variant 3 — Fe applied as foliar

spray
Variant 4 — Control (no fertilization)
Basic Characteristics of
Fertilizers

Yara Vera™ Amidas is a high-

quality granular fertilizer containing
nitrogen (mainly as urea) and water-
soluble sulfur (as sulfate). The nitrogen-
to-sulfur ratio is 7:1. Fe EDTA chelate is
used for foliar nutrition (Menkinoska et
al., 2017).
Foliar fertilization was applied using a
dorsal sprinkler with 3 liters of solution in
the early morning (Menkinoska et al.,
2017). The fertilizer Application Schedule
for Wheat Growth Stages is presented in
Table 1.

Ta6nuua 1. Cxema Ha TopeHe 3a pa3uTe Ha pacTeX Ha NnweHuuaTa
Table 1. Fertilizer application schedule for wheat growth stages

®dasa Ha pacTex Top 1 Ao3a Ha npunoxeHue BapuaHnTtn
Growth Stage Fertilizer & Application Rate Variants
| MpopacTeaHe/Germination || NPK (9:15:15) — 200 kg/ha H 1,234
Fe EDTA — 10 kg/ha (nouBeHo 19
npunoxeHue)/(soil application) '
| BpaTteHe/Tillering || Yara Vera Amidas — 160 kg/ha H 1,2,3,4
| UsknacsBaHe/Booting I Yara Vera Amidas — 100 kg/ha I 2,3,4
| || Fe EDTA — 1 kg/ha (nuctHo)/ (foliar) || 2,3
UsknacsBaHe u UbdTex/Heading .
and Flowering Fe EDTA — 1 kg/ha (nuctHo) /(foliar) 2,3
| LUbdTex /Flowering || Fe EDTA — 1 kg/ha (nuctHo) /(foliar) H 2,3

Memoodu

Methods

OnpepensiHe Ha cbAbpXaHMe Ha
nenen

CbabpXkaHneTo Ha nenen e
namepeHo no mmetoga AACC 08-01
(AACC, 2024). Mpobu ot bpaLuHo (3-5 g)
ca nsrapsiHm B mydenHa newy npu 550°C
3a 7 4aca, fokaTto ce Momnyyn CBETNO
cvMBa nenen wunu A0 MNOCTOSIHHO Terro.
Cnep, oxnakgaxe, npobute ca
npeterneHn, 3a fda Ce  M34YUCIM

Ash Content Determination

Ash content was measured using
AACC method 08-01 (AACC, 2024).
Flour samples (3-5 g) were incinerated in
a muffle furnace at 550°C for 7 hours until
light gray ash or constant weight was
obtained.

After cooling, the samples were weighed
to calculate ash content.
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CbAbp>KaHNETO Ha nenen.
OnpepensiHe Ha o6 a3oT
O6bwmaT asoT B pacTUTEnHus

MaTepuan e onpegeneH no MUKPO-

metoga Ha Kenpgan (Menkinoska et al.,

2017). TMpobata e pasrpageHa, Karto

a30TbT € NMpeBbpHaT B aMOHSIK, KONTO e

aectunupan n TutpyeaH (AACC, 2024).

OnpepensiHe Ha cbAbpPXaHUe Ha
npoteuH

CbabpXKaHNeTO Ha MpoTeuH e
N34YNCIIEeHO Ypes3 yMHOXaBaHe Ha obLms
asoT no 5.7 u e u3paseHo B MNPOLEHT
(Menkinoska et al., 2017).

OnpepgensiHe Ha CbAbpPXaHWe Ha
nanuan

CbabpkaHMeTo Ha nunugn e
onpegeneHo no MeTofa Ha eKCTpakuust
Ha Cokcnetr c¢ guetunoB etep (AACC,
2024).

OnpepensiHe Ha cbAbpPXaHUe Ha
MOKBbp FnyTeH

CbabpXaHUeTO Ha MOKBP TNyTeH e
aHanu3MpaHo CbITacHO CTaH4apTUTE Ha
Codex Alimentarius, 2019.

AHanua Ha Xensizo B 3bLPHO MU
OpawHo

CbObpXaHMETO Ha Xensaso e
n3MepeHo ¢ aTtomeH abcopbumoHeH
crnektpometbp ,Thermo®. [lpoba oT

nweHnuya/6pawwHo ot 0.5 g e pasnoxeHa
cbc 7 ml HNO; u 2 ml H,O,, octaBeHa 3a
efHa Hol, crea KOeTo e 3arpsiBaHa,
[OKaTo OpraHM4yHOTO BeLWecTBO Obae
OoTCTpaHeHo. PasTBopbT e unTpupaH,
paspeaeH go 25 ml ¢ gectunmpaHa Boga
W  aHanuM3MpaH C  NoMowTa  Ha
kannbpupaH cnektpometbp (Menkinoska
et al., 2014).

PE3YNTATU U OBCBHXXOAHE

CbAbpXaHUe Ha MuHepanu B
3bPHO M OpawHoO (CbAbpkaHMe Ha
nenen)

3bpHEHNTE KYNTYpU, BKIIIOYUTENHO

Total Nitrogen Determination

Total nitrogen in plant material was
determined using the Kjeldahl micro-
method (Menkinoska et al.,, 2017). The
sample was digested, converting nitrogen
to ammonia, which was distilled and
titrated (AACC, 2024).

Protein Content Determination

Protein content was calculated by
multiplying total nitrogen by 5.7 and
expressed as a percentage (Menkinoska
et al., 2017).

Lipid Content Determination

Lipid content was determined using
the Soxhlet extraction method with diethyl
ether (AACC, 2024).

Wet Gluten Determination

Wet gluten content was analyzed
following Codex Alimentarius standards,
2019.

Iron Analysis in Grain and Flour

Iron content was measured using a
Thermo atomic absorption spectrometer.
A 0.5 g wheat/flour sample was digested
with 7 ml HNO3; and 2 ml H,0,, left
overnight, then heated until the organic
matter was removed.

The solution was filtered, diluted to 25 ml
with distilled water, and analyzed using a
calibrated spectrometer (Menkinoska et
al., 2014).

RESULTS AND DISCUSSION

Mineral Content in Grain and

Flour (Ash Content)

Cereals, including wheat, rice, and
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niweHunya, opus " uapesuua,
cbcTaBnsaBaT OCHOBHa yacTt oT
cBeToBHaTa [gueta KW ca  boratu

M3TOYHMUM HA OCHOBHM BUTAMUHU WU
MUHepanu, HeobxoouMM 3a YOBELLKOTO

sgpaee (Papageorgiou and Skendi,
2018). TlbnHO3bpHECTUTE XpaHW, Mo-
cneumanHo, CbAbpXaT  3HAYUTENHU

Konuyectea BuTamumHu A, B-komnnekc
(B1, B2, B3, B5, B6, B9), E u K, Bbnpeku
4ye MM NUMNCBAT CbLUECTBEHM KONMYECTBa
BuTamuum B12, C n D (Garg et al., 2021).

O6paboTkata M CMUMaHETO Ha
3bPHEHUTE KyNTYpWU 3HAYUTENHO BAUSAT
Ha TEXHUS BUTAMWHEH W MWHepareH
CbCTaB, Tbil KaTo padUHUPaAHETO YecTo
OoTCTpaHsiBa ©Ooratute Ha XpaHUTESTHU
BeLLleCTBa 4YacTu Ha 3bPHOTO, KOETO BOAU
o HamaneHo CbObpXaHue Ha
MUKPOENEMEHTU B KpaWHUS  NPOAyKT
(Ragaee et al., 2014; Oghbaei and
Prakash, 2016). MuHepanHoTo
CbObpXaHWe Ha nweHuuaTta, 4ecTo
M3MepBaHO KaTo CbAbpXaHWe Ha nenen,
€ MnokasaTen 3a pasnpederneHneTo Ha
AHaTOMWYHUTE KOMMOHEHTU Ha 3bPHOTO B
bpawHoTo (Garg et al., 2021).

Ta6nuua 2. CbabpXaHue Ha nenen B 3bPHO M OpaliHo,

KOHTpPOMHaTa rpyna

corn, form a staple part of the global diet
and are rich sources of essential vitamins
and minerals necessary for human health
(Papageorgiou and Skendi, 2018).

Whole grain cereals, in particular, contain
significant amounts of vitamins A, B-
complex (B1, B2, B3, B5, B6, B9), E, and
K, though they lack substantial amounts
of vitamins B12, C, and D (Garg et al.,
2021).

The processing and milling of
cereals significantly impact their vitamin
and mineral composition, as refining often
removes nutrient-dense parts of the
grain, leading to reduced micronutrient
content in the final product (Ragaee et
al., 2014, Oghbaei and Prakash, 2016).

The mineral content of wheat, often
measured as ash content, is an indicator
of the distribution of anatomical grain
components in flour (Garg et al., 2021).

cpaBHeHO C

Table 2. Ash content in grain and flour compared to the control group

CbabpxaHue Ha
CbAbpkaHMe Ha UHpekc nenen B UHpekc
B nenern B 3bPHOTO, cnpsimo o cnpsimo
apuant % KOHTponara 6pawmHoro, % KOHTpornara
Variant . p Ash content in P
Ash content in Index of Index of
. flour, %
grain, % control control
1 2.15 147.26 0.57 107.55
2 1.98 135.61 0.59 111.32
3 2.06 141.09 0.57 107.55
4 1.46 100.00 0.53 100.00
MpenctaBennte B Tabnuua 2 The results presented in Table 2

pe3ynTatM nokaseaT HAkoOM Bapuauuun B | show some variations in ash content as a

CbAbpPXXaHNETO Ha nenen B pe3yntaTr Ha

result of different applications of Fe
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pasnuyHn npunoxexusa Ha Fe EDTA.

B 3bpHOTO CbabpXaHMeTo Ha
nenen ce e yeenuuuno ¢ 47.26% BbB
BapmaHT 1, ¢ 35.61% BbLB BapuaHT 2 1 ¢
41.09% BBB BapuaHT 3, B CpaBHEHME C
KOHTporata (BapmaHT 4). Han-Bucoko
CbObpXaHWe Ha nenen e HabnwgaBaHo
npv BapraHTa C MOYBEHO MPUIIOXEHME Ha
Fe.

MNopo6Ho, B OpalHoTO
CbObpPXaHNETO Ha nenen ce e
yBenu4mno cue 7.55% BbB BapuaHtn 1 n
3 n ¢ 11.32% BbB BapuaHT 2, cCnpsamo
KOHTporata. Hal-Bucoko cbabpkaHue
Ha nenen B OpalHOTO € OTYETEHO Mpu
BapuaHTa, kbaeTo Fe e NpunoxeHo KakTo
MOYBEHO, Taka M NMCTHO. poyyBaHus ca
nokasanu, 4Ye npunoxeHmetro Ha Fe
EDTA  nouyBeHO+nMCTHO  nogobpsiBa
YCBOSIBAHETO U 3agbpXaHeTo  Ha
MUHepanu B CTPyKTypata Ha 3bpHOTO,
KOeTo npegnonara HeroBsaTa
edeKTMBHOCT 3a nogobpsiBaHe Ha
MUHepanHoto cbabpxaHve (Cakmak et
al., 2010; Menkinoska et al., 2017).

MwuHepanHuaT CbCTaB Ha
OpallHOTO, MHOMKMPAH OT CbAbpPXaHNETO
Ha nmenen, € MNOBNUAH NPEeaUMHO OT ABa
hakTopa: BMAa Ha 3bpHeHaTa KynTypa u
npoueca Ha cmunaHe (Bodor et al.,
2024). Mpn nweHuuaTa o6LoTOo
cbabpxaHue Ha nenen Bapupa ot 1.5%
00 2%, [oKaTo CbAbpXKaHMETO Ha nenen
B eHgocnepma € MHOro MO-HUCKO —
0.35%. Toi KaTo eHgocnepmMbT
cbecTaBnsgsa okono 80% OT MWeHU4YHOTO
3bpPHO, MO-BUCOKOTO CbAbpXaHWe Ha
nenen B KOMMOHEHTUTE N3BBLH
eHgocnepma —  KaTo  Mepukapna,
anenpoHoBMst CrnoM W 3apoguwia  —
onpegens OOWOTO CbabpXaHue Ha
nenen B nwenunuata (Eeckhout et al.,
2013).

KayecTBeHU cBOMCTBa Ha 3bpPHO
M 6pawwHo

CbAabpXKaHWe Ha MOKbLP FIyTeH
CbAbpKaHNeTO Ha MOKbP TTyTeH e
BakeH MoKasaTeNn 3a KayecTBOTO Ha

EDTA.

In the grain, ash content increased
by 47.26% in variant 1, 35.61% in variant
2, and 41.09% in variant 3, compared to
the control (variant 4).

The highest ash content was observed in
the Fe soil application variant.

Similarly, in flour, ash content

increased by 7.55% in variants 1 and 3
and by 11.32% in variant 2, relative to the
control.
The highest ash content in flour was
recorded in the variant where Fe was
applied through both soil and foliar
methods. Studies have shown that the
application of Fe EDTA soil+foliar
enhances the uptake and retention of
minerals within the grain structure,
suggesting its effectiveness in improving
mineral content (Cakmak et al., 2010;
Menkinoska et al., 2017).

The mineral composition of flour,
indicated by its ash content, is primarily
influenced by two factors: the type of
cereal and the milling process (Bodor et
al., 2024).

In wheat, the total ash content ranges
from 1.5% to 2%, while the ash content of
the endosperm is much lower at 0.35%.

Since the endosperm makes up about
80% of the wheat grain, the higher ash
content in the non-endosperm
components—such as the pericarp,
aleurone, and germ—determines the
overall ash content of wheat (Eeckhout et
al., 2013).

Quality properties of grain and
flour

Content of Wet Gluten
Wet gluten content is an important
quality indicator for flour, as it reflects the
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OpaluHoTO, Tbi KaTo oTpassiBa
KOHLleHTpauusiTa Ha rmyTeHoobpasyBaLym
NPOTENHW, OCOBEHO FMYTEHWNH U FMnaauH.
[nyTeHbT wWrpae pelwaeBawa pons B
Xrnebonpon3BOACTBOTO, BIMSIENKA BbPXY
CBOWCTBaTa Ha TECTOTO MNP MECEHE U
neyeHe (Bodor et al., 2024). BbpawHa ¢
BMCOKO CbObpXKaHMEe Ha MOKbp [NyTeH
(Hag 34%) ca BUCOKO LEHEHMW, Tbi KaTo
mMoraT pga nopobpsT cBoMcTBaTa Ha
OpawHa c no-HUcko kadvecTBo (lonescu
and Stoenescu, 2010).

concentration of gluten-forming proteins,
particularly glutenins and gliadins. Gluten
plays a crucial role in bread-making,
influencing dough mixing and baking
properties (Bodor et al., 2024).

Flours with high wet gluten content
(above 34%) are highly valued, as they
can improve the properties of lower-
quality flours (lonescu and Stoenescu,
2010).

Tabnuua 3. CbabpxKaHUe Ha MOKBLP FNyTeH B 3bPHO U OpalHO, CPaBHEHO C

KOHTpPOMHaTa rpyna

Table 3. Content of wet gluten in grain and flour compared to the control group

Mokbp rnyteH B Wnaexc Mokbp rnyreH WUnaexc
cnpsmMo cnpsimo
BapwuaHT 3BbPHOTO KOHTDONATa B 6pawHoTO KOHTDONATA
Variant Wet gluten in P Wet gluten in P
. Index of Index of
grain flour
control control
1 34 113.33 36 124.13
2 36 120.00 38 131.03
3 33 110.00 34 117.24
4 30 100 29 100
Bb3 ocHoBa Ha aHamu3a Ha Based on the quality analysis in

KayecTBOTO B Tabnuua 3, cbabpKaHMETO
Ha MOKbpP [flyTEH B 3bpPHOTO Cce €
yBennuuno ¢ 13.33% BbB BapuaHT 1, C
20.0% BbB BapuaHT 2 u ¢ 10.0% BbLB
BapuaHT 3, B cpaBHeHue ¢ BapuaHT 4. B
OpallHOTO YyBenuYeHWeTo e ouwe no-
n3paseHo, kato BapuaHT 1 nokassa
yBenunyeHne ot 24.13%, BapuaHT 2 —
31.03%, a BapuaHT 3 — 17.24% cnpsamo
BapuaHT 4. Hain-BUCoOKO CbabpxaHue Ha
MOKbP TyTEH KaKTO B 3bPHOTO, Taka 1 B
OpallHOTO e YCTaHOBEHO NMpY BapuaHT 2,
kboeTo Fe e npunoxeHo Ype3 NoYBEHO U
NIUCTHO TpeTuMpaHe, B CpPaBHEHWE C
KOHTpornara.

CpaBHEHMETO Ha CbAbpPXaHUETO
Ha MOKbp T[NYTEH Mexay S3bpHOTO MU
OpallHOTO MokasBa, 4e OpalHoTo
MOCTOSIHHO WMMa MO-BUCOKM abBCONIOTHM

Table 3, the wet gluten content in the
grain increased by 13.33% in variant 1,
20.0% in variant 2, and 10.0% in variant 3
compared to variant 4.

In flour, the increase was even more
pronounced, with variant 1 showing a
24.13% rise, variant 2 a 31.03% rise, and
variant 3 a 17.24% rise relative to variant
4. The highest wet gluten content in both
grain and flour was found in variant 2,
where Fe was applied through both soil
and foliar treatments, compared to the
control.

A comparison of wet gluten content
between grain and flour shows that flour
consistently has higher absolute values
across all variants.
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CTOMHOCTM BbB  BCUYKM  BapuaHTW.
Hawwte pesyntatm nokaseaT, u4e
NPUITOXXEHOTO TOPEHE Wurpae OCHOBHA
pons npu onpeaernsHe Ha CbabpXXaHUETO
Ha MOKbp rnyTeH. ToBa e ocobeHo
O4YEBMOHO BbB BapuaHT 2, KbAeTo
MOYBEHOTO + IIMCTHO TpeTupaHe c Fe
BOOM OO HaM-BUCOKM CTOMHOCTU Ha
MOKbP TTTyTEH KAKTO B 3bPHOTO, Taka U B
OpallHOTO, B CpaBHEHUE C KOHTponaTa.

CbabpxaHue Ha nNpoTeMHU B
3BbPHO U GpallHo

KayecTBOTO Ha nuweHuuata ce
BNMsie OT hakTopu KaTo reHoTun,
ycnoBeus Ha oKonHarta cpena,
arpoTEXHNYECKN TMPaKTUKM U  TAXHOTO
B3aMMOAENCTBME, KaTO TOpOBETE UrpasT
pewaBawa pona 3a  onpegensiHe
KauecTBOTO Ha nuweHuuara (Plessis et al.,
2013).

Our results suggest that the fertilizer
applied plays a major role in determining
wet gluten content.
This is particularly evident in variant 2,
where the Fe soil + foliar treatment
resulted in the highest wet gluten values
in both grain and flour, compared to the
control.

Protein content in grain and
flour

The quality of wheat is influenced
by factors such as genotype,
environmental conditions,  cultivation
practices, and their interactions, with
fertilizers playing a crucial role in
determining wheat quality (Plessis et al.,
2013).

Ta6nuua 4. CbAbpXKaHMEe Ha MPOTEMHM B 3bPHO U OpallHO, CpPaBHEHO C

KOHTpOJHaTa rpyna

Table 4. Protein content in grain and flour compared to the control group

MpoTteuH B UHpekc MpoTenH B UHpekc
B 3BbPHOTO, cnpsmo 6paluHoTO, cnpsiMo
apuaHT 0 o

Variant o KOHTponara I KOHTpornara

Protein in Index of Protein in Index of

grain, % control flour, % control

1 13.00 98.34 12.42 108.47

2 12.17 92.06 12.90 112.66

3 12.25 92.67 11.89 103.84

4 13.22 100.00 11.45 100.00

Pesyntatute B Tabnmuya 4 The results in Table 4 show a slight

nokaseart neko HamansiBaHe Ha
CbObPXXAHMETO HA CYpPOB TMPOTEUH B
3bPHOTO NPW BCUYKM BapuaHTu. [lo-
KOHKPETHO, CbObPXaAHMETO Ha MPOTEWH
cnaga ¢ 1.66% BbB BapuaHT 1, 7.94%
BbB BapmaHT 2 1 7.33% BbB BapunaHT 3 B
CpaBHeHMEe C KOHTponaTa. 3a pasnuka oT
TOBa, BCUYKM  BapuaHTM  MokaseaT
YBEINUYEHME Ha CbObPXKAHMETO Ha CypoB
npoteMH B OpallHOTO, KaTo BapuaHT 1
HapacTBa ¢ 8.47%, BapuaHT 2 ¢ 12.66%
m BapuvaHt 3 ¢ 3.84% cnpsmo

decrease in raw protein content in grain
across all variants. Specifically, protein
content dropped by 1.66% in variant 1,
7.94% in variant 2, and 7.33% in variant 3
compared to the control.

In contrast, all variants showed an
increase in raw protein content in flour,
with variant 1 rising by 8.47%, variant 2
by 12.66%, and variant 3 by 3.84%
relative to the control.
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KOHTponarTa. Han-Bncok NPOLEHT
npoTterMH B OpalIHOTO € YCTaHOBEH BbB
BapuaHT 2, KbaeTo Fe e npunoxeHo ypes
MOYBEHO M JNINCTHO TPETMPAHE.

Hawwnte oTKputMA npegnonarar,
ye M3TOYHULUTE Ha XEensaA3o 3Ha4YMTErNTHO
BMSSAT  BbPXY  CbObPXaAHMETO  Ha
NpoTerMH B 3bPHOTO, KaTo Hal-BUcoKaTta
KOHLEHTpauus Ha NPOTEUH B BpalLHOTO e
pesynTtat OT KOMOWMHMPAHOTO MOYBEHO U
NNCTHO  MPUITOKEHME  HA  KeneseH
XenareH TOP. Tesan pesynTatu
CbOTBETCTBAT C  MPOY4YBAHETO  Ha
Dapkekar et al., (2020), koeTo cbobLiaBa
3a MONOXUTENHU  Kopenauum Mexay
KOHUEeHTpauusiTa Ha Zn B 3bpHOTO,
KOHUEeHTpauusiTa Ha Fe B 3bPHOTO WU
CbAbpXXaHNETo Ha NPOTEUH. B
JonblnHeHne, npoy4ysaHe Ha Shahbazi
and Nematollahi, (2019) e ycTaHOBOBEHO,
ye TOPEHETO C XenaA3o, ocobeHo upes
NINCTHO NPUNOXeHne, nosuLiaBsa
CbObpXKaHNETO Ha NpoTenH B
NWEHNYHNTE 3bpHa, NoaKpensnkm
HawunTe HabntogeHns. OcseH ToBa, Ram
et al, (2024) cbwo noayepTaeart
onaronpuATHUTE eekTn Ha TOPEHEeTO C
XKEnsa30 N UUHK BbPXY XPaHUTENHOTO
KauecTBO Ha MlieHuUaTa, BKIHOYUTENHO
CbObpPXAHMETO Ha MPOTEUH KaKTO B
3bPHOTO, Taka 1 B OpalLHOTO.

BapuauusTa B MPOLIEHTHOTO
CbabpKaHune Ha NpoTenH cpen
PasNNYHNTE U3TOYHULIN HA XKENSA30 MOoXe
[a Ce OAbIDKM Ha noBuLLEeHaTa HanM4yHOCT
Ha XKensaso, KoeTo obpasyBa
MeTarnoopraHn4yHn komnnekcu (Srivastav
et al, 2020). Te3u KOMMNIEKCH
NnocTeneHHo ocBoboXaaBaT XpaHUTENHU
BellecTBa, noaobpsBanikm HanMyHoCTTa
Ha a30T, obpa3yBaHeTo Ha Xxropodun u
acMMunaumaTa Ha asoT, KOeTo BoAuM Ao
Mo-BMCOKO CbObpXXaHME Ha MNPOTENH.
Tes3un OTKpUTKS ca B CbOTBETCTBUE C TE3N
Ha Malav et al., (2019), «kouto
nogyepTaBaT ponsTa Ha KenasoTto B
CUHTE3a Ha xnopodmn u acumunayusaTa
Ha as30T, KaTo M [OBeTe AOMpUHAcAT 3a
NMOBULLIEHM HMBA Ha MPOTENH.

The highest protein percentage in flour
was found in variant 2, where Fe was

applied through both soil and foliar
treatments.
Our findings suggest that iron

sources significantly impacted protein
content in grain, with the highest protein
concentration in flour resulting from the
combined soil and foliar application of
iron chelate fertilizer.

These results align with the study by
Dapkekar et al., (2020), which reported
positive correlations between grain Zn
concentration, grain Fe concentration,
and protein content.

Additionally, a 2019 study by Shahbazi
and Nematollahi, (2019) found that iron

fertilization, particularly through foliar
application, enhanced protein content in
wheat grains, supporting our
observations.

Furthermore, Ram et al.,, (2024) also
highlighted the beneficial effects of iron
and zinc fertilization on the nutritional
quality of wheat, including protein content
in both grain and flour.

The variation in protein percentage
among different iron sources may be
attributed to the enhanced availability of
iron, which forms  organometallic
complexes (Srivastav et al., 2020).

These complexes release nutrients
gradually, improving nitrogen availability,
chlorophyll  formation, and nitrogen

assimilation, leading to higher protein
content. These findings are in line with
those of Malav et al., (2019), who
emphasized iron's role in chlorophyll
synthesis and nitrogen assimilation, both
of which contribute to increased protein
levels.
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CbAabpkaHue Ha nMNugu

Bbnpekn ye nmnugurte
cbcTaBngaBat enBa okono 2.5-3% ot
OOLWOTO MWEeHMYHO 3bPHO, Te ca oT
pelaBallo 3HayYeHne 3a XPaHUTENHOTO
Ka4yecTBO n cTabunHocTTa npu
CbXxpaHeHne Ha OpallHOTO U NMPOAYKTUTE
Ha nNuweHW4yHa ocHoBa. Jlununaute
B3aMmopaencTeart c rMyTeHOBUTE
NPOTEUHU N HULLIECTETO, BIUSIENKN BbPXY
dYHKLMOHANHOCTTa Ha  TecToTo U

LUANOCTHUTE  XxrebonekapHM  CBOWCTBA
(Pareyt et al., 2011; Mandrioli et al.,
2024).

CbaobpxaHMeTo Ha nunuan B

MWEHNYHOTO 3bPHO UK BpawHoTO Cce
Bnusie oT pasnuyHun dhakTopu,
BKMIOUYMTENHO MPUMaraHeTo Ha >KemnesHu
Topose. [poyyBaHua ca nokasanu, 4e
TOPEHETO C Kensa3o MoXe [a NoBnuse Ha
MUNNOHUS CbCTaB, KaTo MO TO3M HaY4uH ce
oTpasn Ha XPaHWTENHOTO KayecTBO W

cTabunHocTTa nNPU  CbXpaHeHue Ha
nweHn4yHuTe  npoayktu.  Hanpuwmep,
npoyyBaHe Ha llyas et al.,, (2023)

nacnegsa edgekTute OT TOpeHeTo ¢
XENA30 U LUMHK BBbPXY XPaHUTENHOTO
KauyecTBO Ha MLIEHUYHOTO 3bPHO U
OpallHoTo, noadYepTaBalku ponaTa Ha
yNpaBneHNneTo Ha MUKpOeneMeHTUTe 3a
KauyecTBOTO Ha nuleHuuara.

Lipid content

Although lipids constitute only
about 2.5-3% of the total wheat kernel,
they are crucial for the nutritional quality
and storage stability of flour and wheat-
based products.

Lipids interact with gluten proteins and
starch, impacting dough functionality and
overall baking performance (Pareyt et al.,
2011; Mandrioli et al., 2024).

The lipid content in wheat grain
and flour is influenced by various factors,
including the application of iron fertilizers.
Studies have shown that iron fertilization
can affect lipid composition, thereby
impacting the nutritional quality and
storage stability of wheat products.

For instance, a study by llyas et al.,
(2023) examined the effects of iron and
zinc fertilization on the nutritional quality
of wheat grain and flour, highlighting the
role of micronutrient management in
wheat quality.

Ta6nuua 5. CbAabpXKaHMe Ha nNMUNUAM B 3bPHO U OpalwHO, CpaBHEHO C

KOHTpOJIHaTa rpyna

Table 5. Lipid content in grain and flour compared to the control group

WUHpekc Nunuan B WUHpekc
Nunuan B cnpsimo 6paluHoTO, cnpsimo

3bpHOTO, % KOHTpornara % KOHTponara
BapuaHT Lipid in Index of Lipid in Index of
Variant grain, % control flour, % control
1 1.42 93.42 1.00 103.09
2 1.12 73.68 1.09 112.37
3 1.46 96.05 1.16 122.68
4 1.52 100.00 0.97 100.00

B HawuTe npoy4saHus, In our findings, presented in Table

npeactaeseHy B Tabnuua 5, ce Buxaa, ye
BCMYKM BapuaHTM MoKasBaT MO-HUCHK

5 show that all variants exhibited a lower
lipid percentage in wheat grain compared
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MPOLEHT NMNUaN B MLIEHNYHOTO 3bPHO B
CpaBHeHue c KoHTporaTta. [10-KOHKpeTHO,
CbObPXaHWETO Ha NUMUAW Hamansiea C
6.58% BbB BapuaHT 1, 26.52% BbLB
BapuaHT 2 n 3.95% BbB BapuaHT 3. 3a
pasnvMka OT TOBa, CbAbpPXaHMETO Ha
nmnnan B OpallHOTO nokasBa obpaTtHa
TEHOEHUMS, KaTo BCUYKM  BapuaHTu
OEMOHCTpMpaT  MO-BACOKM  MPOLEHTU
nnuau ot KoHTponarta. CbabpkaHMeTo
Ha nunuan ce yeenu4yasa ¢ 3.09% BbB
BapuaHT 1, 12.37% BbLB BapuaHT 2 M
22.68% BbB BapuaHT 3. Hali-BMCOKOTO
CbObpXaHWe Ha Ma3HWHM B OpallHOTO e
CBbP3aHO C JIMCTHOTO NPUSIOXKEHNE.

Te3an pesyntatv npegnonarat, ye
METOLbT Ha MNPUIIOXKEHNE Ha XKena3o
3HAYMTENHO BMNMsie BbPXY CbAbpXKaHNETO
Ha NMIMAM B MWEHUYHOTO 3bPHO MU
OpaluHoTo. HokaTo NOYBEHOTO
NpUMnoXeHMe Ha Xendso Moxe pJa
HamManuM CbOobpPXXaHMETO Ha nMnNuau B
3bPHOTO, TO M3mMexga nogobpsiea
CbObPXaHWETO Ha NUNMAM B OpaluHOTO.
ToBa oTKpUTME € B CbLOTBETCTBME C
npoydsaHeTo Ha Jalal,. et al., (2020),
KOeTo CcbobLlaBa, Ye TOPEHETO C XKena3o
MOXe MOJIOXKWUTENHO [da MNOoBMusie Ha
XPaHUTENHOTO KA4yeCcTBO Ha MLIEHNYHUTE
NPOAYKTU.

CnepoBarenHo, ONTUMU3MPAHETO
Ha cTpaTernmTe 3a TOPEHE C XEens3o e oT
pellaBallo 3HavyeHne 3a nogobpsiBaHe
Ha XPaHUTESTHOTO KayecTBO Ha
nweHuuata W  HEeWHWTEe NPOU3BOAHM
NPOAYKTW.

KoHueHTpauma Ha Xensas3o B
nweHuua 1 6palwHo

Pesyntatnte or aHanui3a Ha
cbaobpxaHneto Ha Fe B nweHnua wu
OpallHO, KaKTo € nokasaHo B Tabnuua 6,
paskpuBatr, 4e npunaraHeto Ha Fe
XernaTH/W TOpOBe 3HAYUTENHO yBenu4yasa
KOHLEHTpaundaTta Ha Xensso B
MWEHUYHOTO  3bPHO.  [10-KOHKPETHO,
CbObPXAHMETO Ha XEens30 HapacTBa C
41.83% BbB BapumaHT 1, 34.38% BbLB
BapuaHT 2 n 88.82% BbB BapuaHT 3 B
CpaBHEHME C BapuaHT 4, KaTo Hau-
BMCOKaTa KOHUeHTpauusa Ha Fe e

to the control. Specifically, lipid content
decreased by 6.58% in variant 1, 26.52%
in variant 2, and 3.95% in variant 3.

In contrast, the lipid content in flour
showed an opposite trend, with all
variants displaying higher lipid
percentages than the control.

Lipid content increased by 3.09% in
variant 1, 12.37% in variant 2, and
22.68% in variant 3. The highest fat
content in flour was associated with foliar
application.

These results suggest that the
method of iron application significantly
influences lipid content in wheat grain
and flour.

While soil application of iron may reduce
lipid content in grain, it appears to
enhance lipid content in flour.

This finding aligns with the study by Jalal
et al., 2020, which reported that iron

fertilization can positively affect the

nutritional quality of wheat products.
Therefore, optimizing iron

fertilization strategies is crucial for

improving the nutritional quality of wheat
and its derived products.

Concentration of iron in wheat
and flour

The results of the Fe content
analysis in wheat and flour, as shown in
Table 6, reveal that the application of Fe
chelate fertilizers significantly increases
iron concentration in wheat grain.

Specifically, iron content rose by 41.83%
in variant 1, 34.38% in variant 2, and
88.82% in variant 3 compared to variant
4, with the highest Fe concentration
observed in variant 3, which received
foliar fertilizer application.
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HabnogaBaHa BbB BapuaHT 3, KOWTO e
nonyyYusni fIUCTHO MPWUIOXEHWe Ha Top.
MNopo6Ho, OpaluHoTO rnokassa
3abenexmmo yBenuyeHne Ha
cbabpxaHneto Ha Fe, kato BapmaHT 1
nokasea yeenuyenve ot  60.29%,
BapuaHT 2 — 43.01% w BapuaHT 3 -
56.98% B cpaBHeHue ¢ BapuaHT 4. Han-
BMCOKaTa KOHUeHTpaumsa Ha Fe B
OpalLHOTO € perucTtpuypaHa BbB BapuaHT
1, KbOETO TOPBLT € NPUIOXKEH B NoYBaTa.

Mpe3 nocnegHuTe pgeceTuneTus
arpoHoMmyeckata  GuodopTrdukaums,
no-cneuunanHo gepTn-gopTuuKaLnaTa,
ce odepTa kKato edeKTMBeH MeTon 3a
nosuLLIaBaHe Ha HMBaTa Ha
MUKpoenemeHtTn, kato Zn u Fe, B
NWEHNYHUTE KyNTYpPMU.

Similarly, flour exhibited a notable
increase in Fe content, with variant 1
showing a 60.29% rise, variant 2 a
43.01% increase, and variant 3 a 56.98%
increase compared to variant 4.

The highest Fe concentration in flour was
recorded in variant 1, where fertilizer was
applied to the soail.

In recent decades, agronomic
biofortification, particularly ferti-
fortification, has emerged as an effective
method for enhancing the levels of
micronutrients, such as Zn and Fe, in
wheat crops.

Tabnuua 6. KoHueHTpauus Ha XensA3o B nNweHuWua M OGpalHO, CpaBHEHO C

KOHTpOJHaTa rpyna

Table 6. Iron concentration in wheat and flour compared to the control group

FeB FeB
3bPHOTO, WHpekc 6paluHoTo,
mg/kg cnpsimo mg/kg
Fein KOHTponarta Fe in UHpekc cnpamo
BapuaHT grain, Index of flour, KOHTponara
Variant mg/kg control mg/kg Index of control
1 49.5 141.83 43.6 160.29
2 46.9 134.38 38.9 143.01
3 65.9 188.82 42.7 156.98
4 34.9 100.00 27.2 100.00
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Tosan nogxog €  MPUBMSKBA
3HaUNTENHO BHUMaHWE Mopagu CBosATa
eEeKTMBHOCT n Obp3nHa npu

noBvLUaBaHe Ha CbAbPXKAHMETO Ha Zn K
Fe B nweHnyHuTe 3bpHa. Hawwute
pe3ynTatm CbOTBETCTBAT Ha OTKpUTUATA
OT HSIKONKO MpOy4YBaHMsl, KOUTO ca
noTBbLPANU ecbekTMBHOCTTA Ha
arpoHoMumyeckata ouodopTudmkaumsa 3a
yBenuyaBaHe Ha HuBata Ha Zn un Fe B
nweHn4HoTo 3bpHO (Dapkekara et al.,
2020). [lMopobHo, pesynTatuTe Ha
Mirbolook et al.,, (2021) nogkpenaT
HawmTe OTKpUTUSA, ocobeHo
nonoxuTenHata  kopenauusi  Mexgy
npunaraHeTo Ha pa3nu4ynn Fe natoyHnum
ypes3 JIMCTHO TPeTMpaHe M MOBULLEHOTO
cbaobpxaHne Ha Fe B nWeHWYHOTO
3bpHO. B ponwbnHenune, Niyigaba et al.,
(2019) noteBbpXOaBaT, uYe JIMCTHOTO
npunoxeHne Ha Fe u Zn BoguM pno
3HaunTenHn nogobpeHnst B gobuea Ha
3bpPHO, CbAbPXAHWETO HAa MNPOTEUHU U
KOHLIEHTpaUUNTE KaKTO Ha Xers3o, Taka
M Ha umHK. To3n obem OT m3crnegBaHus

nogyepTasa noteHumnana Ha
arpoHomMuyeckara orodopTndmrkaums
KaTo MOLLIEH WHCTPYMEHT 3a

nogobpsiBaHe Ha  MUKPOENEMEHTHUS
NPOgMIT Ha MILUEHUYHUTE KYNTYpWU.

n3Bogu
Upes arpoHommn4ecka
BrodhopTndmkaums, narnonasaila

NOYBEHO, JIMCTHO M MOYBEHO + JINCTHO
npunoxeHme Ha Fe XxenatHu TOpOBE,
Osixa HanpaBeHW crieQHUTE 3aKIMOYEeHNUS:

e Han-BMCOKO  cbabpKaHMe Ha
nenen B 3bPHOTO € HabnwgaBaHO npwu
BapuaHTa C no4YBeHO npunoxeHo Fe,
[OKaTo Hal-BMCOKO CbabpXaHue Ha
nenen B OpallHOTO € YCTaHOBEHO Mpu
BapuaHTa C KOMOWHMpPaAHO NO4YBEHO +
NNCTHO NpunoxeHune Ha Fe.

e Han-Bucoko cbabpkaHue Ha
MOKbP TITyTEH KAKTO B 3bPHOTO, Taka U B
OpallHOTO € YCTAaHOBEHO BbB BapuaHT 2,
KOWTO € Momny4Ynn MOYBEHO + JIMCTHO
TpetupaHe ¢ Fe, nogyepTaBanku

This  approach has gained

significant attention due to its efficiency
and speed in boosting the Zn and Fe
content in wheat grains.
Our results align with the findings of
several studies, which have confirmed
the effectiveness of agronomic
biofortification in increasing Zn and Fe
levels in wheat grain (Dapkekara et al.,
2020).

Similarly, the results of Mirbolook et al.,
(2021) support our findings, particularly
the positive correlation between the
application of various Fe sources via
foliar treatment and the increased Fe
content in wheat grain.

Additionally, Niyigaba et al., (2019)
confirmed that foliar application of Fe and
Zn led to significant improvements in
grain yield, protein content, and the
concentrations of both iron and zinc.

This body of research underscores the
potential of agronomic biofortification as a
powerful tool for improving the
micronutrient profile of wheat crops.

CONCLUSIONS

Through agronomic biofortification
using soil, foliar, and soil + foliar
applications of Fe chelate fertilizers, the
following conclusions were determined:

e The highest ash content in grain
was observed in the variant with Fe
applied to the soil, while the highest ash
content in flour was found in the variant
with both soil + foliar Fe application.

¢ The highest wet gluten content in
both grain and flour was found in variant
2, which received the soil + foliar Fe
treatment, highlighting the impact of the
fertilizer used.
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BMUSTHUETO Ha M3MON3BaHWs Top.

¢ [1pOLIEHTHOTO CbabpXaHue Ha
CYpOB MPOTEMH B 3bPHOTO HaMansBea npu
BCUYKM BapuaHTU, HO CbAbPXAHWETO Ha
npoTterMH B OpallHOTO € Hal-BMCOKO BbB
BapuaHT 2, KOUTO € NOoNyyur noyseHo +
NUCTHO TpeTupaHe ¢ Fe.

e Han-HMCko  cbabpxaHne  Ha
nMnuam B 3bPHOTO € HabngaBaHo npu
NNCTHOTO MpPUNOXeHWe, [OoKaTo Haun-
BMCOKO CbAbpXaHMe Ha nunuaM B
OpawHOTO € pe3ynrar OT JIMCTHOTO
NPUIOXEHME.

e Han-Bncoka koHueHTpaums Ha Fe
B 3bPHOTO € yCTaHOBEHa BbB BapuaHT 3,
KOWTO € MOny4nn JfMCTHO MNpUIIOXEHWE,
[OKaTO Han-BMCOKa KOHLUEeHTpauusa Ha Fe
B OpawHoTO € HabnogaBaHa BbB
BapuaHT 1, KOMTO € MOony4Yusi No4YBEHO
NPUIOXeHne.
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