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Abstract: The deficiency of micronutrients in the human diet is widely recognised as a global
problem. The objective of this study was to assess the content of two essential minerals, iron and
zine, in milling streams of old heritage wheat cultivars that have not been produced for more than a
half-century to discover potential parent lines with high mineral content for breeding. Kernel size
of seven Serbian old wheat cultivars was evaluated for ash content, thousand-grain weight and
share of specific kernel fractions. Three cultivars, Crnozrna, Rumska Crvenka and Stara Banatka,
were selected as the most appropriate for milling and further analysis of mineral content in the
milling streams. The cultivars were milled in a laboratory mill to obtain six flour and two by-
product streams. At the same time, iron and zinc content was determined on a graphite furnace
atomic absorption spectrometer. After mixing all six flour streams obtained from each cultivar,
three different flour types were obtained. The flour with the highest ash content was the "1100"
type originating from cultivar Stara Banatka, characterized by the highest iron and zinc content
(54.9 mg/kg d. b. and 5.407 mg/kg d. b., respectively). It was estimated that consumption of a
daily average bread portion (166 g according to national statistical data) made from Stara Banatka
flour could provide about 90% of the recommended daily intake for iron. Therefore, Stara Banatka
may be a target cultivar for wheat breeders searching for high-iron parent wheat lines.

Key words: heritage varieties, ash, high-mineral lines, iron, zinc, daily-intake

INTRODUCTION

Wheat (Triticum aestivum L. subsp. aestivum)
is the most important cereal for breadmaking
due to the unique viscoelastic properties of its
flour and dough. Current production of wheat
around the globe is above 730 million tons per
year during the 5 years (2016 - 2020), ac-
cording to the Food and Agriculture Orga-
nisation of the United Nations (FAO) (Food
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Balance Sheet, 2023). Among the young
population in Serbia, the consumption of white
bread is still dominant at 55 per cent, whereas
the consumption of half-white bread is below
15% (Seres et al., 2017). Wheat is a substantial
source of carbohydrates (~55%), providing
20% of the daily required calories. It could
contain a substantial amount of different
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micronutrients, such as zinc (Zn) and iron (Fe)
(Kumar et al., 2011). However, Zn and Fe
deficiency represents a big issue around the
globe. In a few countries in Africa and south
Asia, almost every second child suffers from
Zn deficiency (Victora et al., 2021) and in poor
and developing countries about 60% of chil-
dren below 5 years are anaemic (Zlotkin & De-
wey, 2021), which is a direct consequence of
Fe deficiency. Iron deficiency is also usual
among women, being higher in developing
than in industrial countries (Zimmermann &
Hurrell, 2007). Besides, every third surgical
patient is anaemic, according to the research of
Fiillenbach et al. (2019).

The wheat milling process has the task to
break down the wheat kernel and to divide the
endosperm part from germ and bran. The
gained parts of the endosperm are, thereafter,
reduced into flour particles. During the milling
process, wheat flour is separated and classified
into different types based on their ash content.
The classification of flour into different types
is not uniformly regulated in European coun-
tries (Zanirato, 2013). The milling process af-
fects the mineral content of the end flour since
different milling streams contain different
amounts of minerals. It was observed that
wheat bran possessed a higher amount of Se
(Ferretti and Levander, 1974), Zn and Fe
(Eagling et al. 2014) than flour streams. On the
other hand, Fe and Zn from whole grain flour
and wheat bran are less bioavailable than from
flour milling streams (Erdman, 1981) due to
the presence of phytic acid (PA) in cereal ker-
nels (Pandey, Szakacs, Soccol, Rodriguez-
Leon & Soccol, 2001). Having a high chelating
activity, PA can bind minerals as a ligand in a
coordinate complex, (Bock, 2000) and together
with the ash content (flour type) determine the
available mineral content in flour.

Therefore, it is necessary to search the avai-
lable germplasm for wheat cultivars that could
be used for breeding new high-mineral lines.
One of the existing strategies for preventing
micronutrient deficiency through plant bre-
eding or agronomic practices is biofortification
(Bouis, Hotz, McClafferty, Meenakshi &
Pfeiffer et al., 2011). Currently, several studies
reported differences among a few wheat cul-
tivars in mineral concentration in kernels (Gar-
vin, Welch, & Finley, 2006; Morgounov et al.,
2006, Zhao et al., 2009). Few studies analysed
the distribution of Fe and Zn in milling streams
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(Eagling et al., 2014, Zivanéev et al., 2021),
but focusing only on modern cultivars.

Therefore, the scope of this study was to exa-
mine the mineral content of milling streams
from old heritage Serbian wheat cultivars that
exist only in germplasm collections to find
wheat cultivars that could be used as a parent
of new high-mineral lines. The aim of the
study was also to assess the nutritional value of
old wheat cultivars by the content of Fe and Zn
in the milling streams.

MATERIALS AND METHODS
Grain materials

To select suitable cultivars for the analysis,
seven Serbian traditional bread-wheat cultivars
chosen from the collection of FAO
GRAINEFIT BSF-4 FAO project were exa-
mined (listed in Table 1). Cultivation of these
cultivars was performed at the experimental
field Rimski Sancéevi, Novi Sad, Serbia (45°20°
N, 19°51° E) during 2021/2022 season.

Methods of cultivar triage for mineral
analysis

The selection of three cultivars for milling and
determination of mineral content in milling
streams was done based on the ash content
analysis (according to the method ISO 749 EN,
1977), thousand-grain weight (TGW) (ISO 520
EN, 2010) and kernel size. TGW was
expressed on dry basis matter (d.b.). Kernel
size distribution was determined using a
Pfeuffer device Sortimat (Kitzingen, Germany)
sifting 100 g of clean grain samples of every
wheat cultivar for 1 min through three sieves
with openings 20 x 2.8 mm, 20 x 2.5 mm 20 x
2.2 mm and bottom. Analyses were performed
to select cultivars with two extremes and ave-
rage parameter values (approximately maxi-
mum, mean and minimum) to gain a wide
range of mineral content of flour streams.

Milling

The 3000 g of each of the three wheat cultivars
was first stabilised at room temperature. After
that, the moisture was determined according to
the method ISO 712 EN, 2012 and increased to
13.5%. Also, the samples were tempered for
24 h at room temperature. Moisture content
was increased to 15.0% half an hour before
milling in a Biihler pneumatic laboratory mill
MLU 202 (Uzwil, Switzerland).
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Table 1.
Cultivar name, year of the cultivar collection and cultivar’s DOI number
Name Collection year DOI
Belgrade 1 1929 10.18730/ZAEHP
Rumska Crvenka 1958 10.18730/ZAF77
Crnozrna 1964 10.18730/ZAFXX
Crvenica 1949 10.18730/ZAEJQ
Sevi¢eva Sisulja 1962 10.18730/ZAF66
Stara Banatka 1950 10.18730/ZAG0*
Serbia 63 1900 10.18730/ZAEGN
The 8 milling streams of the chosen wheat digested and each sample solution was ana-
cultivars were gained from three break pas- lyzed in triplicates.

sages (B1-B3); three reduction passages (M1-
M3) — a total of six flour fractions and two by-

Graphite furnace atomic absorption spectro-
i meter (Agilent Technologies, Santa Clara,
products: bran and short fractions. USA) (GFAAS) with deuterium background

Iron and zinc determination correction, was used to quantify Fe and Zn

Homogenized samples — each milling fraction
and whole grains of three chosen Serbian old
wheat cultivars were weighted (about 0.5 g)
and transferred into the Teflon vessels for
microwave digestion. Concentrated nitric acid

(8 mL, ccHNO3, 69%, J. T. Baker (Center lamps were used as line sources for all ana-
Valley: USA)) ar;d hyd;ogen peroxide (1 mL, lyt.es. anptiﬁcation of Fe and Zn was done
H,0,, 30% J. T. Baker (Center Valley, USA)) using acidified aqueous metal standards (J. T.

were added. Microwave digestion system
(Ethos One, Milestone, Italy) equipped with a
segmented rotor holding for 10 microwave

concentrations in sample digests. The as-
sembly was operated from an interfaced com-
puter running SpectraA software. Argon (5.0,
Messer, Beograd, Serbia) was used as the inert
gas. Agilent Technologies hollow cathode

Baker, Center Valley, USA) by an external ca-
libration procedure. Calibration standards were
prepared using stock solutions in the same acid

vessels of high pressure (HPR-1000/10S) and matrix used for the investigated samples. Each

an internal temperature sensor were used for
the digestion of the samples. During each
sequence, three Teflon vessels that contained

recording was repeated three times. The wave-
lengths used for the determination of Fe and
Zn were 372.0 nm and 307.6 nm, respectively.

the mixture of HNO; /H,0O, were provided as a Quality assurance
blank sample to assess the contamination. The The method performance was checked using
samples were digested for 40 min at 200 °C recovery experiments on the following spiking
and a power of 1600 W according to the levels (n = 4): Zn (2.00 and 20.0 mg/kg) and
manufacturer's recommendation (Milestone Fe (10.0 and 200 mg/kg). The repeatability of
Ethos Microwave Digestion System method). the method was determined as the relative
After cooling at room temperature, the digests standard deviation (RSD, in %) of the heavy
were diluted using ultra-pure water (Milli-Q, elements content in fortified samples. Other
Simplicity, Millipore, France of 18.2 MQ cm parameters for the method verification were:
resistivity) into a 25 ml plastic flask and finally limits of detection (LOD) and quantification
transferred to a previously acid-cleaned and (LOQ), recovery, and instrumental linearity
labelled polypropylene vessel for further (expressed as correlation coefficients R?),
analysis. From each sample, duplicates were summarized in Table 2.
Table 2.
Summary of the method verification of the GFAAS method for Fe and Zn determination
Heavy  LOQ Recovery (%) Average RSD .
metal (mg/kg) Level* Level” recovery, (%) (%)
Zn 1.00 92.444.5 98.1£5.2 95.3+£5.3 5.6 0.995
Fe 1.35 90.5+9.1 94.7+7 .4 92.7+7.7 8.3 0.995

*Recovery is expressed as a mean value of 4 replicates + standard deviation (SD)
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Phosphorus (P) analysis

Every milling fraction and whole grain of three
selected cultivars were analysed for pho-
sphorus (P) after microwave digesting the sam-
ples in concentrated HNO; and H,O, (0.5 g
samples in digestion solution of 10 mL HNO;
+ 2 mL H,0,, Vt =50 mL) by stepwise heating
up to 180 °C using a Milestone Vario EL III
for 35 min. The concentration of P was deter-
mined by inductively coupled plasma-optical
emission spectroscopy (ICP-OES) (Vista Pro-
Axial, Varian). Quality assurance and quality
control were conducted on the results of suc-
cessfully passed AFPS Animal Feeds PT
Scheme provided by LGC. The prepared sam-
ples were analysed in two replicates.

Statistical analysis and calculations

Kernel properties (TGW and kernel size
distribution : >2.8 mm, 2.8/2.5 mm, 2.5/2.2
mm and <2.2 mm ) of wheat cultivars and the
total content of Zn, Fe, and P of every milling
fraction were tested for significance by using
one-way analysis of variance (ANOVA) by
InfoStat software Version 2016e (UNC, Ar-
gentina). Cumulative curves of ash and mineral
content (Zn and Fe) from milling streams of
Serbian old wheat cultivars were computed on
a dry matter basis (d.m. basis), by the formula
according to Fistes and Tanovi¢ (2014). Multi-
variate analysis of principal components
(PCA) was used to find retrieval of underlying
interdependences of kernel size distribution
and ash content, Zn, Fe and phosphorous con-
tent, and Serbian old wheat cultivars by using
XLSTAT-Pro, demo version, Version 5.03,
2014 software (Addinsoft, Paris, France). Also,
the same statistical analysis was applied for the
retrieval of underlying interdependences of
kernel size and ash content, the content of
phosphorus and each micronutrient indepen-
dently of milling fractions of Serbian wheat
cultivars.

The estimation of iron intake trough con-
sumption of an average bread portion in Ser-
bia, was calculated according to Equation 1:

Cm ¥ mf

m =
m 1000

(1

m,, (mg d.m.) — amount of iron provided by an
average portion of 60%-flour bread); ¢, (mg/
kg d.b.) — iron content in 60% flour; m¢ (g
d.m.) — flour mass necessary for the production
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of an average bread portion in Serbia
(calculated according to Eguation 2):

166 g% B6%
T

2)

166 g —average daily bread portion consumed
in Serbia (Household Budget Survey, 2021),
137% — average yield of white bread (%)
(Kovacevi¢, 2011), 86% — percentage of dry
ingredients in flour according to the standard
Basic Straight-Dough Bread-Baking Method —
Long Fermentation Method 10-09 (AACC,
2000).

RESULTS AND DISCUSSION
Grain size

To select three wheat cultivars suitable for
milling and subsequent analysis of Zn and Fe
content in milling streams, kernel properties
(TGW and kernel size distri-bution: >2.8 mm,
2.8/2.5 mm, 2.5/2.2 mm and <2.2 mm) were
measured (Table 3). The one-way ANOVA
showed that wheat cultivar Rumska Crvenka
possessed significantly the highest ash content
and percentage of kernels over 2.8 mm,
whereas shares of other kernel fractions
(2.8/2.5 mm, 2.5/2.2 mm and <2.2 mm) were
significantly the lowest. On the other hand, the
ash content in the wheat cultivar Stara Banatka
was significantly the lowest, whereas the share
of kernel fractions above 2.5 mm was
significantly the highest. Besides Rumska
Crvenka and Stara Banatka, wheat cultivar
Crnozrna was also included for further
examination based on its statistically lowest
TGW and percentage of kernels above 2.8 mm.
Range values for kernel size parameters of
Serbian old wheat cultivars were simi-
lar/comparable to those of modern wheat
cultivars (Zivandev et al., 2021). However, the
kernels of old wheat cultivars were smaller
than those of modern ones since modern
Serbian wheat cultivars Simonida, NS Todorka
and Zvezdana, according to Zivanéev et al.
(2021), had TGW > 35 g d.b. and over 50%
kernels with size frac-tion above 2.8/2.5 mm.

Fe and Zn content in the whole wheat grains

The total Fe, Zn, and P content in whole wheat
grains of 3 selected Serbian old wheat cultivars
is presented in Table 4. The content of Fe was
not statistically different among the cultivars
while the content of P was statistically higher
in Rumska Crvenka compared to the other two
wheat cultivars. Also, Zn content was statis-
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Table 3.

Mean values of ash content, thousand grain weight (TGW) and grain sizes of seven wheat cultivars analysed by
one-way ANOVA

Wheat

! Ash content TGW (g >28mm  2.825mm 2.522mm  <2.2 mm
Cultivar (%) d.b.) (%) (%) (%) (%)
Belgrade 1 1.73+0.03" 3426+1.46" 29.53+125" 58.40+0.72° 7.50+0.35%  4.27+0.85¢
Rumska 1.69+0.01° 32.1541.41%  36.13£0.46" 49.63+1.60° 7.87+0.83%  6.03+0.64°
Crvenka
Crnozrna 1.65+0.03% 27.3140.77°  15.03£1.07¢  59.53+0.65° 12.97+1.05° 12.53+0.06°
Crvenica 1.5340.02% 27.88+1.24°  6.80+0.10°  60.3+0.75®  17.23+0.64° 15.27+0.91°
stvlilcjzva 1.53£0.07%  32.01+1.89" 35.17£0.65* 54.03:1.29¢ 5.80+0.61°  4.67+0.21¢
Stara Banatka 1.49+0.04¢ 31.03+1.54%  24.60+£0.10° 63.43+0.57°  7.10£0.10°  4.57+0.50°
Serbia 63 1.46+.0.06° 28.18+4.75®%  3.10+0.17"  49.97+1.77% 24.40+0.85*° 22.23+1.00°

Different letters within column indicate significant difference according to Tukey'’s test at 0.05 probability level

Table 4.
Iron, zinc and phosphorus content in whole grains of selected Serbian old wheat cultivars

. Fe Zn P
Wheat Cultivar mg/kg d.m. mg/kg d.m. mg/kg d.m.
Crnozrna 38.38+1.24° 19.31+0.02° 2932+31.11°
Rumska Crvenka 40.73+2.55" 34.40+1.90° 3503+36.77°
Stara Banatka 42.29+2 38" 13.86+0.87° 2954433.94°

Different letters within column indicate significant difference according to Tukey’s test at 0.05 probability level

tically highest in Rumska Crvena but lowest in
Stara Banatka.

The iron range determined in the present
selection of old wheat grains (38.38-42.29
mg/kg ) was in line with the findings from the
study by Zhao et al. (2009). Furthermore, the
Zn level in Rumska Crvenka reached the
maximum value (34.5 mg/kg) reported in the
above-mentioned study. Stara Banatka and
Crnozrna grains were much higher in iron than
in zinc.

PCA analysis of mineral content in wheat
grains

PCA was performed to estimate the potential
use of old wheat cultivars as parents of new
high-mineral lines (Fig. 1). Zinc in whole
wheat grains was positively related to ash
content and close to phosphorus (P). Rumska
Crvenka was positioned close to these pa-
rameters, indicating a high content of Zn, P
and ash in this cultivar. A real assessment of
the bioavailability of micronutrients in cereals
is not possible without the phosphorus content,
because approximately two-thirds of the total P
in wheat grain is phytates that bound minerals
(Steiner et al., 2007). Therefore, this may
indicate the low bioavailability of micro-

nutrients in the set of Serbian old cultivars
with high content of P and Zn. Iron content in
whole wheat grains showed a positive rela-
tionship with TGW and percentage of grain
fractions >2.8 and 2.8/2.5 mm. Stara Banatka
was positioned close to these parameters,
implying high values of Fe, TGW and kernel
size in this cultivar. Also, the biplot of PCA
depicted that Fe content was unrelated with Zn
content. Furthermore, Crnozrna was not close
to any of the measured variables.

Extraction yield and ash content

The highest flour yield in all three cultivars
was gained from the first reduction passage
M1 with a range of 29.33-31.00% (Table 5.).
The wheat cultivar with the lowest ash content
in 4 flour fractions (B1, B2, M1, M2 and M3)
of all three examined cultivars was Rumska
Crvenka (Table 5.). The calculated ash content
in a mixture of all flour streams was below
0.45% (d. b.). Therefore, it was possible to
produce extra white flour Type ‘400’ (Pra-
vilnik, 2018.) from the milling streams of
Rumska Crvenka. The ash content in a blend
of all six flour streams of this cultivar was
below 0.40% (d. b.) comprising more than
53% of flour yield (Y) (Fig. 2 A). The wheat
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cultivar with the highest ash content in all six
flour fractions was Stara Banatka (Table 5).
The ash content in the blend of six flour
streams was above 1.00% (d.b.) comprising
more than 51% of flour yield (Fig. 2 C). The-
refore, the milling streams of Stara Banatka
yielded dark flour Type ‘1100’ (Pravilnik,
2018). It was possible to produce white flour
Type ‘500° (Pravilnik, 2018) from Crnozrna,
since the ash content in the blend of flour
streams was 0.518% (d. b.) (Fig. 2 B). Addi-
tionally, the ash content of flour milling
streams from the traditional cultivars Rumska
Crvenka and Stara Banatka quite differentiated
from those of modern wheat cultivars, based
on the findings of Zivandev et al. (2021). Na-

mely, ash content of B1, B2, B3, M1 and M2
of flour streams Rumska Crvenka cultivar
were lower than modern cultivars, whereas the
B1, B2, M1, M2 and M3 of flour streams Stara
Banatka cultivar was higher. Also, millstream
yields of flour fractions were lower.

Fe and Zn content of milling streams

The levels of Zn in the milling streams of Stara
Banatka were similar to those reported by
Guttieri et al. (2015), whereas in the case of
two other wheat cultivars were lower. All six
flour streams of Crnozrna had zinc below 10
mg/kg d.m. which is the lowest concentration
in the flour stream reported by Guttieri,
Seaburn, Liu, Baezinger and Waters (2015).

Table S.
Extraction yield and ash content of 8 milling fractions from a Biihler laboratory mill MLU 202
Total
Wheat Cultivar B1 B2 B3 M1 M2 M3  extraction  Shorts Bran
yield
Extraction yield (%)
Crnozrna 2.00 5.33 1.33 31.00 8.33 5.67 53.67 35.70
Rumska Crvenka 3.57 5.00 1.43 28.21 8.57 6.79 53.57 35.36
Stara Banatka 2.33 5.67 1.33 29.33 7.00 5.67 51.33 39.67
Ash content (%) on dry matter basis"
Crnozrna 0.379 0.714 1.097 0.406 0.668 0.643 0.518 2.142 6.329
Rumska Crvenka 0.200 0.477 1.301 0.312 0.472 0.432 0.386 2.850 6.637
Stara Banatka 0.957 1.198 1.498 0.837 1.206 1.389 1.011 1.954 7.197
“Mean of two replicates
2
15 _| Stara Banatka
1
s
@
)
g
0.5 \\\ H.Ash content (%)
Crnozrna. \\\\ ¢ P
-1 \\. Rumska Crvenka
Zn
15 1
1,5 1 0,5 0 0,5 1 15 2
F1(67.64 %)
* Active variables e Active observations

Figure 1. PCA biplot of ash content, TGW >2.8 and >2.5 mm and Fe, Zn and P content in whole grains of the
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Figure 2. Cumulative ash content (% d. b.) curves for wheat cultivars Crnozrna (A), Rumska Crvenka (B) and
Stara Banatka (C)
Table 6.
Mean values of total zinc and iron in the milling streams of old wheat cultivars
Milling Crnozrna Rumska Crvenka Stara Banatka
Zn Fe Zn Fe Zn Fe
streams mg/kgdm. mgkgdm. mg/kgdm.  mg/kgd.m. mg/kg d.m. mg/kg d.m.
B1 04+0.1° 5.4+0.02° 1.0+£03° 9.1+0.3° 82+0.9° 16.01 + 1.5°
B2 44+0.8° 103 +0.6° 109+1.0° 5.7+0.5° 13.1+1.2° 65.2+1.5%
B3 93+0.8° 292+ 1.6° 124+0.7*° 84.7+04° 11.8+0.1°  162.6+5.6°
M1 43+0.02°  13.5+0.6° 1.7+0.3° 11.1+1.6° 4.0 +0.5° 46.5 +3.8°
M2 1.8+0.6° 18.0+ 1.6° 21+0.1° 159+ 0.6° 5.6+0.1° 443 +2.1°
M3 1.5+0.1° 99.1 +1.2% 42 +0.4° 21.4+1.2° 5.8+0.3" 922+22°
Shorts 413+ 1.7% 1722 +7.2° 40.9 + 0.9° 393.7+6.0° 44 8 +2.1° 388.1 £4.6°
Bran 547+1.5°  341.7+56° 81.7+2.0° 429.7+2.9° 47.6+33° 6063 +3.0°

Means+SD with different letters in the same row are significantly different according to Tukey’s test (P < 0.05)

Table 7.
Total phosphorous content in milling streams of old wheat cultivars
P content (mg/kg d.m.)

Milling streams

Crnozrna Rumska Crvenka Stara Banatka

Bl 1134+18.4° 785+7.1° 877+9.9°
B2 1205+21.2° 883+12.7° 1035+21.2°
B3 2118+24.0° 2015+21.2° 2305+49.5
M1 1007+12.7° 1049+12.7° 1067+29.7°
M2 1055+21.2° 1177+11.3° 1303+32.5°
M3 91449.9° 1189+15.6° 989+9.9°
Shorts 38574+38.2° 5069+80.6° 4121+56.6°
Bran 9891499.0° 11460+113.1° 12870+169.7°

Means+SD with different letters in the same row are significantly different according to Tukey'’s test (P < 0.05)
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Figure 3. Cumulative iron (A) and zinc (B) content (% d. b.) curves for wheat cultivar Stara Banatka
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Similar observation was made in the case of
Rumska Crvenka but for four flour streams
(B1, M1, M2 and M3) (Table 6). The iron
content in all flour fractions was higher in
Stara Banatka compared to the milling
fractions from Crnozrna and Rumska Crvenka
(Table 6). Moreover, the total iron content in
all six flour fractions of Stara Banatka cultivar
ranged from 16.01 to 162.6 mg/kg which was
above the range reported by Eagling et al.
(2014) and Zivandev et al. (2021) who
examined iron content in milling streams of
modern wheat germplasm with high and low
iron content in the kernel. The reason for this
was probably due to initially high iron content
in the grains of Stara Banatka. Furthermore,
five millings streams of Stara Banatka cultivar
possessed significantly higher Zn (B1, B2, M1,
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M2 and M3) and Fe (B1, B2, B3, M1 and M2)
than Crnozrna and Rumska Crvenka cultivars.
The iron contents in the milling by-products
from this study were almost twice as high as
those reported by Eagling et al. (2014) and
Guttieri et al. (2015). The reason for this
variation might be due to differences in the
method of micronutrient determination; in
these studies inductively coupled plasma-
optical emission spectroscopy was used to
measure the iron levels. The total content of P
in the milling streams of traditional Serbian
wheat cultivars is displayed in Table 6.
Although P content of flour streams B1 and B2
from Stara Banatka was statistically lower in
comparison to Crnozrna, the ash content
showed an opposite trend. Also, a similar
situation was noticed in flour stream M3 from
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Stara Banatka where P content was statistically
lower in comparison to Rumska Crvenka cul-
tivar.

PCA analysis of milling streams

The calculated Fe and Zn content according to
the equation for cumulative flour ash curves
(Fistes and Tanovi¢, 2014) for all six flour
fractions of the Stara Banatka cultivar was
549 mg kg/d.b. (Fig. 2 (A) and 5.407 mg
kg/d.b. (Fig. 2 (B), respectively. Iron content
in the old cultivar was almost twice time
higher compared to white wheat flour obtained
by processing hard and soft wheat from the
study of Heshe, Haki, Woldegiorgis and
Gemede (2016), whereas the Zn content was
on the level of white flour from soft wheat. A
biplot diagram of ash content, TGW and
percentage of grain kernels >2.8 and >2.5 mm
and content of Fe, Zn of examined wheat cul-
tivars is presented in Fig. 4. PCA analysis was
performed to find the relationship between
grain size traits, Fe, and P content in the
milling streams. Factor 1 (F1) and Factor 2
(F2) accounted for 61.84% and 38.16% of the
total variance, respectively. It can be seen that
the P content of milling streams M3 and shorts
correlates with ash content. Rumska Crvenka
cultivar was positioned close to these para-
meters across the F2. Also, the mentioned pa-
rameters together with TGW negatively
correlated with Fe content in milling streams
M3. Therefore, the low ash contents and TGW
value could indicate high Fe contents in mil-
ling streams M3. Similar to the interpretation
of the biplot along the F2, the iron content of
B1, Bran, B3, Shots and P content of M2,
Bran, and M1 positively correlates with grain
fractions >2.8 and >2.5 mm. Stara Banatka
cultivar was positioned close to these para-
meters across the F1. The Crnozrna cultivar
showed a negative correlation with the men-
tioned variables since it was positioned on the
negative part of the biplot along F1. Further-
more, the Fe content of flour streams B1 and
B2 was unrelated to P content in the same
streams, whereas the Fe content of flour stream
M3 was negatively correlated to P content.
This implies that Fe from flour streams of
wheat cultivar Stara Banatka could be more
available than that from Rumska Crvenka and
Crnozrna

To assess the nutritional values of dark flour
obtained from wheat cultivars Stara Banatka,

intake of Fe through consumption of average
bread portion in Serbia was calculated. The
estimated daily intake of total Fe by con-
suming an average bread portion in Serbia
produced from type ‘1100 flour originating
from wheat cultivars Stara Banatka was 9.61
mg/kg which is 87% of the recommended daily
intake for adult males according to the Dietary
Reference Values for Nutrients Summary
Report (EFSA, 2017). The amount is twice
higher than the dietary Fe intake estimated in
the study by Zivancev et al. (2021) by con-
suming a portion of dark, type "1100", bread
made from modern wheat cultivars. This im-
plies that our ancestors may have had higher
dietary iron intake when consuming bread ob-
tained from flour of the wheat cultivar Stara
Banatka.

CONCLUSIONS

The results of this research indicate that the
grains of Serbian old wheat cultivars were
small and that the cultivars with a high Fe con-
tent in the grain had a low Zn content. Also,
three different types of flour were obtained by
laboratory milling of three different wheat
cultivars. Namely, wheat flour types ‘400’,
‘500’and ‘1100° were produced from the
cultivars Rumska Crvenka, Crnozrna and Stara
Banatka, respectively. Furthermore, the con-
tent of examined micronutrients in five flour
streams of wheat cultivar Stara Banatka was
statistically higher than in flour streams of
other two old wheat cultivars. Also, the Fe
content in the flour mixture of all flour streams
of wheat cultivar Stara Banatka was 54.9
mg/kg d.m. According to our estimation, an
average bread portion could provide about
90% of the recommended daily iron intake.
Therefore, wheat cultivar Stara Banatka can be
used as a parent of new high-iron wheat lines.
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SASTAV MIKRONUTRIJENATA PROIZVODA MLEVENJA TRADICIONALNIH SORTI PSENICE
POREKLOM IZ SRBIJE

Dragan R. Zivantev'', Maja S. Buljov¢i¢?, Jordana M. Ninkov', Igor B. Anti¢*, Sanja Z. Miki¢', Simona Z.
Ja¢imovi¢', Bojan B. Jockovié'

'nstitut za ratarstvo i povrtarstvo, Departman za strna zita, Maksima Gorkog 30, 21101 Novi Sad, Serbia
Univerzitet u Novom Sadu, Tehnoloski fakultet, Bulevar cara Lazara 1, 21000 Novi Sad, Serbia

Sazetak: Nedostatak mikronutrijenata u ljudskoj ishrani predstavlja globalni problem.
Cilj ovog rada je odredivanje sadrzaja dva esencijalna metala, gvozda (Fe) i cinka (Zn) u
frakcijama dobijenim pri mlevenju tradicionalnih starih sorti pSenice koje se nisu
proizvodile vise od pola veka u cilju pronalaZenja frakcije sa visokim sadrzajem
esencijalnih metala koje bi posluzile za oplemenjivanje. Kod sedam starih srpskih sorti
pSenica odredeni su slede¢i parametri veliine zrna: sadrzaj pepela, masa hiljadu zrna i
udeo specifiénih frakcija zrna. Crnozrna, Rumska Crvenka i Stara Banatka bile su
odabrane sorte kao najpogodnije za mlevenje, radi kvantitativnog odredivanja sadrzaja Fe
i Zn u dobijenim frakcijama. Mlevenje je izvrSeno na laboratorijskom mlinu da bi se
dobilo Sest proizvoda mlevanja i dva nusproizvoda, a sadrzaj Fe i Zn odreden je atomskim
apsorpcionim spektrometrom sa grafitnom kivetom. NameSavanjem Sest proizvoda
mlevenja svake sorte dobijene su tri razliCite vrste brasna. Najveci sadrzaj pepela odreden
je za brasno tip ,,1100, dobijeno iz sorte Stare Banatke, koje je takode imalo najveci
sadrzaj Fe 1 Zn (54,9 mg/kg s.m. i 5,407 mg/kg s.m., redom). Konzumiranjem standardne
porcije hleba u Srbiji (166 g/dan) dobijene od brasna Stare Banatke bilo bi moguce
obezbediti oko 90% preporucenog dnevnog unosa Fe. Stoga, Stara Banatka predstavlja
sortu koja bi mogla da bude izvor visokog sadrzaja Fe i da se koristi za oplemenjivanje,
radi stvranja novih linija pSenice sa visokim sadrzajem ovog minerala.

Kljuéne reéi: stare sorte, pepeo, visoko mineralne linije, gvozde, cink, dnevni unos
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