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ABSTRACT

Wheat is a staple food for many nations worldwide, providing essential nutrients and energy. Five local wheat cultivars were grown
at four different locations in Serbia to investigate variations in grain quality. Standard laboratory procedures were used to analyze
grain test weight, chemical composition, and gluten content of whole-wheat flour. Significant differences in chemical composition,
gluten content, and test weight were noted among the genotypes and across locations. The test weight of all samples ranged from 71.20
to 80.76 kg/hl, making them suitable for industrial purposes (=73 kg/hl). However, only 65% of the samples met the quality requirement
for human consumption (=76 kg/hl), as specified by Serbian regulations on the quality of grain, mill, bakery products, and pasta. Gluten
content varied from 20.9% to 43.8%. The highest starch content was found in the cultivar Aurelija from Donja Trepca (67.46% d.m.),
while the highest protein content (16.04% d.m.) was observed in the cultivar Osatka from Zemun Polje. The findings indicate that both
genotype and location (i.e., environment) have a considerable effect on grain quality. Nevertheless, these quality parameters are con-
sidered high quality under Serbian regulations for cereal grains and products.
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REZIME

Psenica predstavlja osnovnu namirnicu u ishrani mnogih naroda Sirom sveta, obezbedujuci esencijalne hranljive materije i ener-
giju. Pet lokalnih sorti pSenice uzgajano je na cetiri razlicite lokacije u Srbiji kako bi se ispitale varijacije u kvalitetu zrna. Standardne
laboratorijske procedure su koriséene za analizu hektolitarske mase zrna, hemijskog sastava i sadrzaja glutena u integralnom
pSenicnom brasnu. Rezultati ukazuju da su na parameter kvaliteta genotipa Zemunska Rosa najvise uticali uslovi sredine prisutni na
oglednim lokacijama posebno na hektolitarsku masu, sadrzaj proteina i ulja. Hektolitarska masa uzoraka kretala se od 71,20 do 80,76
kg/hl, §to ih ¢ini pogodnim za industrijsku namenu (=273 kg/hl). Medutim, samo 65% uzoraka ispunjavalo je zahteve kvaliteta za ljudsku
ishranu (=76 kg/hl), kako je navedeno u srpskim propisima o kvalitetu Zitarica, mlinskih, pekarskih proizvoda i testenina. Sadrzaj
glutena varirao je od 20,9% do 43,8%. Najveci sadrzaj skroba utvrden je kod sorte Aurelija iz Donje Trepce (67,46% s.m.), dok je
najvisi sadrzaj proteina (16,04% s.m.) uocen kod sorte Osatka iz Zemun Polja. Rezultati ukazuju da i genotip i lokacija (1j. okolina)
imaju znacajan uticaj na kvalitet zrna. Ipak, ovi parametri kvaliteta se smatraju visokokvalitetnim prema srpskim propisima za Zitarice
i proizvode. Sorta Osatka pokazala je znacajne varijacije u sadrzaju proteina i ulja, dok je Aurelija pokazala najvisu varijabilnost u
sadrzaju glutena po lokacijama. Ovi rezultati ukazuju na znacaj istraZivanja vezanih za uticaj lokacije na parameter kvaliteta zrna
pSenice, koja mogu biti od kljucnog znacaja za razvoj programa oplemenjivanja strnih Zita.

Kljucne reci: psenica, hemijski sastav; parametric kvaliteta

INTRODUCTION

Wheat (Triticum aestivum L.) is one of the oldest and most
widely grown food sources, highly significant to the world's pop-
ulation (Gong et al., 2019). The majority of wheat-based products
are made of refined flour, which lacks vital nutrients lost during
milling when the bran and germ are removed (Bhat et al., 2020).
However, excessive consumption of refined grain meals is linked
to a higher risk of obesity, type 2 diabetes, coronary atherosclero-
sis, chronic cardiovascular disease, and colon cancer, according
to epidemiological research (Cheng et al., 2022). Two essential
macromolecular elements that contribute to the unique functional
properties of refined wheat flour, mainly for food processing, are
protein and starch (Ee et al, 2020). According to Elvers and . : . .
Ullman (2017) and Zili¢ et al. (2011), the average protein and tein t_o the daily diets of many consumers worldw1§1e, W}?c.:at
starch contents of wheat grains range from 7% to 15% and 54% breeding programs, production practices, and marketing initia-

to 72%, respectively. Nutrients included in whole wheat include tives %11 acknowledge the significance of wheat grain quality
minerals, dietary fiber, B vitamins, and phytochemicals such fla-  (Kandic et al., 2023). Test weight serves as an indicator of grain
vonoids, carotenoids, tocopherols, and phenolic acids, all of filling, kernel maturity, and potential starch accumulation, for

which have potential health benefits (Gong et al., 2019). Dietary overall grain quality (Hossain et al., 2003). The protein content is

fiber, proteins, and bioactive phytochemicals in whole grain flours 2 cm01al technological parameter of cereal grains, 1pﬂu§n01ng
their end use based on the level of gluten proteins, which in turn

offer potential long-term health benefits. In developing regions,
cereals are a dietary staple and main energy source, yet milling
processes often diminish their micronutrient content by removing
the nutrient-rich germ and bran (Nikoli¢ et al., 2022 ). The aleu-
rone layer, which has the highest antioxidant activity, contains the
majority of these chemicals, followed by bran and germ. Because
fiber binds most of the bioactive ingredients in bran, they can
withstand digestion in the gastrointestinal tract and make it into
the colon undigested, where they produce an antioxidant environ-
ment (Nikoli¢ et al., 2023).

Whole-grain wheat flour is gaining in popularity as a food in-
gredient that contributes a significant amount of calories and pro-

Journal on Processing and Energy in Agriculture 30 (2026) 1 35



Nikoli¢, V. et al. / Quality Parameters Of Wheat Genotypes Grown In Different Locations

affects the quality of cereal-based products (Kandi¢ et al., 2023).
Gluten is the primary storage protein found in wheat grains. It rep-
resents a complex mixture of related yet different proteins, pri-
marily gliadin and glutenin (Biesiekierski, 2017). Gluten, meas-
ured as either wet or dry gluten, is a significant factor that deter-
mines the baking quality of cereals by affecting water absorption
capacity, cohesiveness, viscosity, and elasticity of dough (Wieser,
2007). The interactions between the two main macromolecular
components, protein and starch, have a significant impact on the
specific functional characteristics of wheat flour for food produc-
tion, including bread loaf volume, starch pasting, and rate of
starch digestion (Zili¢ et al., 2011). Furthermore, understanding
the relative contributions of environment (E), genotype (G), and
the interaction between genotype and environment (GxE) to the
quality of wheat allows breeding programs to select more effi-
ciently. Consequently, soil and biological aspects of the climate
(temperature, precipitation, humidity, solar radiation, and carbon
dioxide content), commonly referred to as abiotic environmental
elements, have an impact on conditions (E) (Roostaei et al., 2021).
A variety of biological factors, including quantitative traits, phys-
iological indicators, morphological traits, and stress tolerance,
combine to form wheat's grain yield, which is an integral quantity
(lo Valvo et al., 2018; Garcia et al., 2019; Senapati et al., 2020).
Diseases and pests are examples of biotic variables that contribute
to the complex picture of interactions in an actual environment
(Spanic et al., 2020). From a breeding perspective, it can be as-
sumed that when good agricultural techniques (fertilization, plant
protection, irrigation) are used, only environmental and genetic
elements remain for research in the field of interactions (Tsenov
etal., 2022). This knowledge helps to separate more uniform grain
kernels that better meet consumer demands (Williams et al.,
2008).

This research aimed to investigate the quality parameters of
five local wheat genotypes cultivated in four different locations in
Serbia, seeking to deepen our understanding of their variability
influenced by similar geographical settings. However, the article
does not provide details or comments on the specific environmen-
tal conditions due to the lack of data. By analyzing the result of
the quality parameters of grains collected from these diverse lo-
cations, we aimed to identify which genotypes demonstrate the
optimal quality parameters, ultimately enhancing the overall yield
and quality of wheat in the region.

MATERIAL AND METHOD

Five winter bread wheat genotypes (Triticum aestivum L.),
namely four cultivars bred at the Maize Research Institute, Zemun
Polje, Osatka, Zemunska rosa, Aurelija, and ZP Sara, and one cul-
tivar marked as Genotype 1 from a different producer, with were
used in this study. The investigated genotypes were cultivated
during the 2024/2025 growing season in a randomized complete
block design (RCB) with two replications. Each plot (5 rows, 1.0
m long) was sown with 250 seeds, with rows and plots spaced 0.2
m apart. The sowing took place in October at four locations in
Serbia: Donja Trep&a (municipality of Ca¢ak, Moravica District,
43.9136°N 20.4708°E); Sefkerin (Opovo municipality, South
Banat District, Vojvodina, 45°00'10"N 20°28'35"E), Zemun Polje
(Zemun municipality, Belgrade, 44°52'N 20°19'E), and Klenje
(Bogati¢ municipality, Macva District, 44°50'N 19°29'E). In or-
der to keep the plots free of weeds and diseases and to provide the
plants with sufficient nutrients, standard cultivation techniques
were applied.

Test weight of the wheat grain samples was determined on a
Schopper chondrometer in five consecutive measurements, and
the results were expressed in kg/hl as the average value calculated
at 13% moisture (SRPS EN ISO 7971-3:2019). To prepare fine

samples for the determination of chemical composition, whole-
wheat flour was ground in a laboratory mill (Perten Mill 120 CE;
Perten Instruments, Hégersten, Sweden) with a mesh size of 0.5
mm.

The dry matter content of the samples was determined after
standard drying method at 105 °C in a drying oven (Memmert UF
55; Memmert GmbH + Co. KG) to constant mass (AOAC, 1990).
The starch content was analyzed according to the method intro-
duced by Ewers (ISO 10520:1997) on a polarimeter (UniPol L
2020; Schmidt + Haensch GmbH & Co., Berlin, Germany). The
protein content of the wheat samples was obtained by the Kjeldahl
method performed on the BUCHI Kjeldahl System (AutoKjeldahl
distillation unit K-350 and speed digester K-439; BUCHI Labor-
technik, Flawil, Switzerland), with total nitrogen multiplied by
factor 5.7 used for wheat and wheat flour (A0AC, 1990). The oil
content was determined according to the Soxhlet method AOAC
920.39 (AOAC, 2000) using FatExtractor E-500 (Biichi Labor-
technik,). Weende method adjusted for Fibretec Systems (Foss,
Hilleroed, Denmark) was used to determine the cellulose content
(ISO 5498:1981).

Gluten was extracted through thorough washing of the dough
using a 2% NaCl solution, followed by rinsing with tap water
(AACC, 2000). Gluten was air-dried in a ventilated oven (Mem-
mert UF 55; Memmert GmbH + Co. KG) at ambient temperature
(maximum 25 °C) for roughly 10 hours. The wet gluten content
was expressed as a percentage of the initially weighed flour cal-
culated on wet basis (w.b.).

The chemical analyses were performed in duplicates, and the
results were expressed as mass percentage =+ standard deviation,
calculated on dry mass basis. Statistical analyses were performed
using Minitab19 Statistical Software. The one-way ANOVA anal-
ysis of variance with Tukey’s test was conducted to obtain differ-
ences between chemical components off all genotypes per loca-
tion, and each genotype on various locations, respectively. Differ-
ences between the means with probability p < 0.05 were accepted
as statistically significant.

RESULTS AND DISCUSSION

Test weight is a measure of grain density, indicating how
much a specific volume of grain weighs. Test weight, also referred
to as hectoliter weight or volumetric mass, represents the mass per
unit volume, which reflects the density of the grain mass. Test
weight of wheat is an important quality indicator, representing the
weight of one hectoliter (100 liters) of wheat grain, calculated to
a standard of 13% moisture, and usually ranges from 60 to 84
kg/hl (or 600-840 kg/m?) for quality wheat (Diindar et al., 2025;
Cirkovié, 2025).

The determined values in the samples of the investigated
wheat genotypes on different locations in Serbia are shown in Fig-
ure 1.

The lowest test weight was determined for the Zemunska Rosa
variety at the Zemun Polje location (71.20 kg/hl), and the highest
was determined for the Zemunska Rosa variety at the Klenje lo-
cation (80.76 kg/hl) (Fig. 1.). A higher test weight indicates better
physical characteristics of the grain, greater fullness and higher
flour yield, while a lower one is associated with grains of low
moisture, poorer quality, or higher impurities. However, the un-
clear trends in test weight in relation to starch and protein content
may stem from various factors. Numerous factors affect test
weight, including kernel size and shape, grain filling, moisture
content, quantity and kind of extraneous materials, surface area
condition, and meteorological conditions (Laki¢-Karali¢ et al.,
2021; Gaines et al., 1997).
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case letters signify differences in each genotype's test weights at
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Certain research studies have indicated a lack of robust corre-
lation between test weight and certain quality attributes, which ac-
counts for the infrequent utilization of test weight as a method
(Zezelj, 1995).

According to the Serbian regulation, a test weight equal to or
higher than 72 kg/hl is considered adequate for industrial pur-
poses, while values from 76 kg/hl and higher are considered opti-
mal for food, i.e., human consumption (Sluzbeni glasnik, 2018).
The chemical composition of the analyzed whole-wheat flour
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samples is represented in Table 1.

Table 1. Chemical composition of the investigated wheat samples, by location

Location Genotype Dry matter | Starch Protein Oil Cellulose
(%) (% d.m.) (% d.m.) (% d.m.) (% d.m.)
Osatka 91.22 64.33+0.475 11.96+0.108¢ 1.8440.015 3.07+0.50%
< Zemunska Rosa | 90.88 66.79+0.234 11.55+0.04%¢ 1.7940.025¢b 3.23+0.514
)Z%‘ Aurelija 91.36 67.46=0.46" 11.31£0.00¢¢ 1.73+0.0582 3.13£0.274
E ZP Sara 91.14 64.51£0.11% | 13.54+0.06%> | 1.53+0.05° 2.7440.024°
g Genotype 1 91.65 63.47+£0.18% | 13.23+0.134° 2.16+0.0342 3.14+0.094
Ccv 0.32 2.47 7.56 12.42 6.99
Osatka 91.89 59.85+0.06%° 15.01+0.10%° 1.96:£0.03A% 3.10+0.14%
Zemunska Rosa | 91.99 62.53+0.10%¢ 14.3440.0382 1.96+0.014% 3.15+0.38%
% Aurelija 91.89 62.91£0.165¢ 13.49+0.065° | 1.76+0.0352 3.35+0.04%2
% ZP Sara 91.87 64.81+0.284 13.24+0.24% 1.85+0.1182 3.09+0.0242
” Genotype 1 91.82 61.86+0.495° 13.48+0.085 | 2.07+£0.014%® 3.1040.084*
Ccv 0.07 2.88 5.34 6.17 3.48
Osatka 91.80 60.19+0.188¢ 16.04+0.044* 1.86+0.015 2.98+0.2244
o Zemunska Rosa | 91.41 65.28+0.025¢ 12.37+0.11F¢ 1.85+0.028° 2.98+0.28%2
'§ Aurelija 91.31 64.10+0.18% 13.72+0.03P2 1.5440.00°2 3.13+£0.014°
é ZP Sara 91.38 61.60+0.424° 15.38+0.1182 1.65+0.06%% 2.96+0.0544
N Genotype 1 91.83 61.26+0.06° 14.0440.02¢ 1.98+0.014® 3.08+0.144
cv 0.27 3.39 10.08 9.98 2.47
Osatka 91.15 63.12+0.13°° 13.48+0.015¢ 1.510.088° 3.34+0.10%
Zemunska Rosa | 90.46 64.54+0.218¢ 12.93+0.08¢° 1.77+0.024B¢ 3.04+0.174
2 Aurelija 90.64 65.86+0.134° 12.53+0.04"° 1.5940.1248a 2.9840.164°
i ZP Sara 90.84 63.55+0.33° 14.09+0.024° 1.58+0.06AB® 3.10+0.08%2
Genotype 1 91.14 63.37+0.07¢ 12.65+0.13P¢ | 1.86+0.124° 3.36+0.134
Ccv 0.33 1.76 4.93 8.82 5.54

CV — coefficient of variation (%); Values are means of two determinations * standard deviation. Means followed by the
same letter within the same column are not significantly different (p < 0.05). Uppercase letters signify differences between
genotypes at the same location, while lowercase letters signify differences in each genotype's properties at varying loca-

tions.

The results presented in Table 1 show that the starch content
ranged from 59.85% d.m. (Osatka, Sefkerin) to 67.46% d.m.
(Aurelija, Donja Trepca), the oil content from 1.51% (Osatka,
Klenje) to 2.16% (Genotype 1, Donja Trepca), the protein content

from 16.04% (Osatka, Zemun Polje) to 11.31% (Aurelija, Donja
Trepca), the cellulose content from 2.74% (ZP Sara, Donja
Trepca) to 3.36% (Genotype 1, Klenje). The cellulose content
analysis indicated no significant differences among genotypes and
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locations, except for ZP Sara, which exhibited significantly lower
cellulose content compared to other genotypes at the Donja
Trepca location (Table 1). The cellulose content range was in
accordance with findings from a HEALTHGRAIN EU FP6
programme (2005-2010), which reported that the average
cellulose content of whole-grain flour from 129 winter wheat
genotypes ranged from 1.67 to 3.05% (Andersson et al., 2013).

The obtained values of wet gluten extracted from wheat dough
of the investigated wheat samples are shown in Figure 2. The
content of wet gluten varied from 20.9% (Aurelija, Donja Trepca)
to 43.8% (ZP Sara, Zemun Polje). The results are in accordance
with previous findings reported by Zili¢ et al. (2011).
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Fig. 2. Wet gluten content of the investigated wheat
Sflour samples, by location (%w.b.)

(Values are means of two determinations + standard deviation.
Means followed by the same letter within the same column are
not significantly different (p < 0.05). Uppercase letters signify
differences between genotypes at the same location, while
lowercase letters signify differences in each genotype's wet
gluten content at various locations.)

Wet wheat gluten consists of a protein network that gives
elasticity to the dough, retains gas during rising and allows the
dough to hold its shape, is produced by separating it from wheat
flour (usually from Triticum aestivum), , Gluten content is crucial
for the baking industry (bread, pastries) and is also important in
cosmetics (Jankovic et al., 2015). According to the International
Association for Cereal Science and Technology (ICC, 2018), wet
gluten is a viscoelastic, rubbery material consisting of hydrated
proteins—gliadin and glutenin—extracted by washing starch
from wheat flour dough. It represents the elastic structure of
dough that retains gas during fermentation, directly influencing
bread volume. In general, gliadin is thought to regulate the
dough's viscosity, while glutenin regulates its elasticity or strength
(Zili¢ et al., 2011). In wet gluten, the water content is about 56%,
but hydration is not a constant value and changes depending on
numerous factors. Washed and dried gluten consists of 80-90%
protein, and the remaining 10-20% is made up of starch, lipids,
sugar, cellulose, etc. The gluten content depends on the genetic
basis of the variety, as well as growing conditions (Dahunsi,
2015).

The quality parameter variations between locations for
individual wheat genotypes are presented in Table 2.

Table 2. Quality parameter variations between locations for individual wheat genotypes

Genotype Statisti- | Test weight | Dry matter | Starch Protein Oil (% d.m.) | Cellulose (% | Wet gluten

cal trait | (kg/hl) (%) (% d.m.) (% d.m.) d.m.) (% w.b.)
Osatka Mean 77.62 91.52 61.87 14.12 1.79 3.12 32.23

SD 2.20 0.38 2.20 1.78 0.20 0.15 4.66

(Y 2.84 0.42 3.56 12.64 10.91 4.92 14.46
Zemunska Mean 76.50 91.19 64.79 12.80 1.84 3.10 28.30
Rosa SD 4.46 0.66 1.77 1.17 0.09 0.11 3.52

CcvV 5.83 0.73 2.73 9.17 4.63 3.60 12.44
Aurelija Mean 78.50 91.30 65.08 12.76 1.66 3.15 27.90

SD 2.58 0.51 2.00 1.10 0.11 0.15 5.28

(0% 3.29 0.56 3.07 8.60 6.44 4.84 18.94
ZP Sara Mean 79.77 91.31 63.62 14.06 1.65 2.97 38.13

SD 1.41 0.44 1.45 0.95 0.14 0.17 4.39

(Y 1.77 0.48 2.28 6.73 8.51 5.64 11.52
Genotype 1 | Mean 75.64 91.61 62.49 13.35 2.02 3.17 32.85

SD 1.78 0.32 1.10 0.58 0.13 0.13 0.65

(Y 2.35 0.35 1.76 4.32 6.35 4.07 1.96

SD — standard deviation; CV — coefficient of variation (%); Values are means of three determinations + standard deviation.
Means followed by the same letter within the same column are not significantly different (p < 0.05).

Test weight of the genotype Zemunska Rosa varied the most
among locations (CV=5.83), indicating that the environmental
factors of the location influenced this parameter the most.
Furthermore, variations in Osatka cultivars’ protein and oil
content (CV - 12.64 and 10.91%, respectively ) were highly
statistically significant among locations. The Aurelia cultivar
exhibited the highest coefficient of variation (18.94%) for gluten
content, indicating that environmental conditions significantly
affected this quality parameter.

CONCLUSION

The examination of the Zemunska Rosa genotype revealed a
compelling interplay between environmental factors and key ag-
ricultural metrics, particularly test weight, which displays consid-
erable variability across different locations. This variability un-
derscores the importance of growing conditions in determining
the overall quality of crops. Furthermore, the Osatka cultivar
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demonstrated notable fluctuations in protein and oil content, em-
phasizing that these traits are also shaped by external influences.
Among the cultivars studied, Aurelia stands out with an impres-
sive variation in gluten content of 18.94%, further illustrating how
environmental conditions can dramatically affect nutritional qual-
ity. Collectively, these findings highlight the critical need for crop
breeders, farmers, and agronomists to consider local environmen-
tal factors when assessing crop performance and quality, ulti-
mately guiding more tailored cultivation practices to optimize
yields and enhance food security.

ACKNOWLEDGMENT: This study was supported by the Min-
istry of Science, Technological Development, and Innovation of
the Republic of Serbia (Grant No. 451-03-33/2026-03/200040).

REFERENCES

AACC International. (2000). Approved Methods of the American
Association of Cereal Chemists, 8th edn. St. Paul, MN, USA:
American Association of Cereal Chemists.

Agricultural food products (1993). Determination of crude fibre.
General method NF-V03-040 (status: certified standard ref.
180 5498), Assn. Fr. De Normalisation, Paris.

Andersson, A. A., Andersson, R., Piironen, V., Lampi, A. M., Nys-
trom, L., Boros, D., Fras, A., Gebruers, K., Courtin, C. M., ,
Jan A. Delcour, J. A., Mariann Rakszegi, M., Bedo, Z., Jane
L. Ward, J.L., Shewry, P. R. & Aman, P. (2013). Contents of
dietary fibre components and their relation to associated bio-
active components in whole grain wheat samples from the
HEALTHGRAIN diversity screen. Food Chemistry, 136(3-4),
1243-1248. http://dx.doi.org/10.1016/j.food-
chem.2012.09.074

AOAC (1990). Association of Official Analytical Chemists, Offi-
cial Methods of Analysis, ed. by Herlich K. AOAC, Arlington,
VA. pp. 70-84

Biesiekierski, J. R. (2017). What is gluten?. Journal of gastroen-
terology and hepatology, 32, 78-81.
https://doi.org/10.1111/jgh.13703

Bhat, N.A., Wani, I.A., Hamdani, A.M. & Masoodi, F.A. (2020).
Effect of gamma-irradiation on the thermal, rheological and
antioxidant properties of three wheat cultivars grown in tem-
perate Indian climate. Radiation Physics and Chemistry, 176,
108953. https://doi.org/10.1016/j.radphyschem.2020.108953

Cheng, W., Sun, Y., Fan, M., Li, Y., Wang, L. & Qian H. (2022).
Wheat bran, as the resource of dietary fiber: A review. Criti-
cal Reviews in Food Science and Nutrition, 62(26), 7269—
7281. hitps://doi.org/10.1080/10408398.2021.1913399

Cirkovié, A. (2025). Assessment of multiplied initial wheat seed
material for food production application. Acta Agriculturae
Serbica, 30(60), 61-70.
https://doi.org/10.5937/44Ser2560061C

Dahunsi, O. S. (2015). Investigation of stress relaxation in hy-
drated gluten networks using spectral analysis (Doctoral dis-
sertation, University of Huddersfield).

Diindar, M. A., & Topak, R. (2025). Evaluation of yield, quality
and water productivity of bread wheat cultivated under sup-
plemental irrigation strategies in semi-arid conditions. Plant
and Soil, 1-20. https://doi.org/10.1007/s11104-025-07790-z

Ee, K. Y, Eng, M. K., & Lee, M. L. (2020). Physicochemical,
thermal and rheological properties of commercial wheat
flours and corresponding starches. Food Science and Tech-
nology, 40(Suppl. 1), 51-59.
https://doi.org/10.1590/f5t.39718

Elvers, B., & Ullman, F. (2017). Ullman’s food and feed. John
Wiley & Sons. Wiley-VCH Verlag GmbH & Co. KGaA, Bosch-
str. 12, 69469 Weinheim, Germany.

Gaines, C. S., Finney, P. L., & Andrews, L. C. (1997). Influence
of kernel size and shriveling on soft wheat milling and baking
quality. Cereal Chemistry, 74(6), 700-704.
https://doi.org/10.1094/CCHEM.1997.74.6.700

Guttieri, M. J., Souza, E. J., & Sneller, C. (2011). Laboratory mill-
ing method for whole grain soft wheat flour evaluation. Cereal
Chemistry, 88(1), 1-5. https://doi.org/10.1094/CCHEM -02-
10-0017

Gong, L., Chi, H., Wang, J., Zhang, H. & Sun, B. (2019). In vitro
fermentabilities of whole wheat as compared with refined
wheat in different cultivars. Journal of Functtional Foods, 52,
505-515. https://doi.org/10.1016/.j{-2018.11.027

Horwitz, W. (Ed.): Official methods of analysis of AOAC Interna-
tional. 17th edition. Gaithersburg : AOAC International,
2000. ISBN: 978-0935584677.

Hossain, 1., Epplin, F. M., & Krenzer, E. G. (2003). Planting date
influence on dual-purpose winter wheat forage yield, grain
yield, and test weight. Agronomy Journal, 95(5), 1179-1188.
https://doi.org/10.2134/agronj2003.1179

1SO 10520:1997. (1997) International Organization for Stand-
ardization (ISO); Native starch — Determination of starch
content — Ewers polarimetric method. Geneva, Switzerland.

International Association for Cereal Science and Technology
(ICC) (2018). 155 Determination of Wet Gluten Quantity and
Quality (Gluten Index ac. to Perten) of Whole Wheat Meal and
Wheat Flour (Triticum aestivum). https://icc.or.at/icc-stand-
ards/standards-overview/155-standard-
method#:~:text=Wet%20glu-
ten%20in%20wheat%20flour, Standard%20Method %2 0im-
mediately%20after%20purchase! (Accessed on March 17,
2026).

Jankovié, M., Baraé, M., Pesié, M., Dodig, D., Kandié, V., & Zili¢,
S. (2015). The polypeptide composition, structural properties
and antioxidant capacity of gluten proteins of diverse bread
and durum wheat varieties, and their relationship to the rhe-
ological performance of dough. International Journal of Food
Science and Technology, 50(10), 2236-2245.
https://doi.org/10.1111/ijfs. 12894

Kandié, V., Nikoli¢, V., Simi¢, M., Zili¢, S., Stevanovi¢, M., Man-
di¢, D., & Dodig, D. (2023). Spelt wheat (Triticum spelta) and
common bread wheat compared for nutritional contents and

functional-technological properties. Chilean journal of agri-
cultural research, 83(2), 146-158.
https://doi.org/10.4067/50718-58392023000200146

Laki¢-Karalié, N., Vasilisin, L., & Vucic, G. (2021). Relationship
between the test weight and some physical and chemical prop-
erties of the wheat kernel. Agro-Know. J, 22, 137-148.
https.//doi.org/10.7251/AGREN2104137K

Nikolié, V., Zili¢, S., Simi¢, M., Vasi¢, M., Vancetovié, J., Srdi¢,
J., Radosavljevi¢, M. (2022). Wholegrain flours of differently
colored maize kernels as macro-and micronutrient-rich food
ingredients. Journal on Processing and Energy in Agricul-
ture, 26(2), 64-https://doi.org/67.10.5937/jpea26-37635

Nikolié, V., Zili¢, S., Simi¢, M., Kandié, V., & Titan, P. (2023).
Effect of Ultrasonic and Hydrothermal Treatment on Digesti-
bility and Antioxidant Properties of Whole Wheat Flour with
Different Amylose Content. Food Technology and Biotechnol-
0gy, 61(3), 302-311.
https://doi.org/10.17113/ftb.61.03.23.8016

Pravilnik o kvalitetu Zita, mlinskih i pekarskih proizvoda i tes-
tenina, "Sluzbeni glasnik Republike Srbije", br. 68/2016 i
56/2018

SRPS EN ISO 7971-3:2019 Cereals - Determination of bulk den-
sity, called mass per hectolitre - Part 3: Routine method (ISO
7971-3:2019)

Journal on Processing and Energy in Agriculture 30 (2026) 1

39


http://dx.doi.org/10.1016/j.foodchem.2012.09.074
http://dx.doi.org/10.1016/j.foodchem.2012.09.074
https://doi.org/10.1016/j.radphyschem.2020.108953
https://doi.org/10.1080/10408398.2021.1913399
https://doi.org/10.5937/AASer2560061C
https://doi.org/10.1007/s11104-025-07790-z
https://doi.org/10.1590/fst.39718
https://doi.org/10.1094/CCHEM.1997.74.6.700
https://doi.org/10.1094/CCHEM%20-02-10-0017
https://doi.org/10.1094/CCHEM%20-02-10-0017
https://doi.org/10.1016/j.jff.2018.11.027
https://doi.org/10.2134/agronj2003.1179
https://icc.or.at/icc-standards/standards-overview/155-standard-method#:%7E:text=Wet%20gluten%20in%20wheat%20flour,Standard%20Method%20immediately%20after%20purchase
https://icc.or.at/icc-standards/standards-overview/155-standard-method#:%7E:text=Wet%20gluten%20in%20wheat%20flour,Standard%20Method%20immediately%20after%20purchase
https://icc.or.at/icc-standards/standards-overview/155-standard-method#:%7E:text=Wet%20gluten%20in%20wheat%20flour,Standard%20Method%20immediately%20after%20purchase
https://icc.or.at/icc-standards/standards-overview/155-standard-method#:%7E:text=Wet%20gluten%20in%20wheat%20flour,Standard%20Method%20immediately%20after%20purchase
https://icc.or.at/icc-standards/standards-overview/155-standard-method#:%7E:text=Wet%20gluten%20in%20wheat%20flour,Standard%20Method%20immediately%20after%20purchase
https://doi.org/10.1111/ijfs.12894
https://doi.org/10.4067/S0718-58392023000200146
https://doi.org/10.7251/AGREN2104137K
https://doi.org/10.17113/ftb.61.03.23.8016

Nikoli¢, V. et al. / Quality Parameters Of Wheat Genotypes Grown In Different Locations

Tsenov, N., Gubatov, T., & Yanchev, I. (2022). Ecological and bi-
ological explanation of genotype environment interaction of
common winter wheat (Triticum aestivum L.). Bulgarian Jour-
nal of Crop Science, 59(4), 28-42.

Wieser, H. (2007). Chemistry of gluten proteins. Food Microbiol-
ogy 24, 115-119. https://doi.org/10.1016/].fim.2006.07.004
Williams, R. M., O’Brien, L., Eagles, H. A., Solah, V. A., & Jay-
asena, V. (2008). The influences of genotype, environment,
and genotype* environment interaction on wheat quality.
Australian Journal of Agricultural Research, 59(2), 95-111.

https.//doi.org/10.1071/AR07185

Zezelj, M. (1995). Tehnologija Zita i brasna: poznavanje cuvanje
i prerada zita. Tehnoloski fakultet, Zavod za tehnologiju Zita i
brasna.

Zilié, S., Baraé, M., Pesi,¢ M., Dodig, D., Ignjatovié-Micié, D.
(2011). Characterization of proteins from grain of different
bread and durum wheat genotypes. International Journal of
Molecular Sciences, 12(9), 5878-5894.
https://doi.org/10.3390/ijms 12095878

Zili¢, S., Baraé, M., Pesié, M., Dodig, D., & Ignjatovi¢-Micié, D.
(2011). Characterization of proteins from grain of different
bread and durum wheat genotypes. International Journal of
Molecular Science, 12, 5878-5894.
https.//doi.org/10.3390/ijms1 2095878

Received: 23.12.2026. Accepted: 6. 4. 2026.

40

Journal on Processing and Energy in Agriculture 30 (2026) 1


https://doi.org/10.1016/j.fm.2006.07.004
https://doi.org/10.1071/AR07185
https://doi.org/10.3390/ijms1%202095878

	INTRODUCTION
	MATERIAL AND METHOD
	CONCLUSION
	REFERENCES

