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Abstract: The aim of this study was to assess the chemical composition and bioactive properties of 
the wholegrain flour obtained from eleven maize inbred lines to identify genotypes with increased 
potential for the development of hybrids with high nutritional and functional value, suitable for 
food production. The maize inbreds, including seven standard yellow, two QPM (quality protein 
maize) and two lines for red kernel hybrids, were grown in the experimental field of the Maize 
Research Institute at the location of Zemun Polje, Serbia. Wholegrain maize flour was got by 
grinding the maize grain in a laboratory mill. The assessment of the chemical composition and 
content of certain bioactive compounds, as well as the total antioxidant capacity, was conducted 
using standard laboratory procedures. The highest starch content (73.73%) was determined in line 
L8, while line L10 had the highest protein content (12.82%). Among soluble proteins, the α-zein 
fraction was dominant in most of the lines, ranging from 0.92% to 3.57%. The highest content of 
total fibres (NDF) was determined in red kernel line L9 (15.77%). Line L8 was the richest in total 
carotenoids (21.08 μg βCE/g d.m.), while line L7 had the highest total antioxidant capacity (34.30 
mmol Trolox/kg d.m.), which can be explained by the presence of anthocyanins in the red grain. 
Line L1 had the highest content of total sugars (3.36%), and line L4 had the lowest (1.44%). Most 
of the samples of inbred lines investigated in this study showed good quality parameters regarding 
chemical composition and bioactive properties. The obtained results may provide some valuable 
guidelines needed in the following stages of maize breeding and open up various possibilities for 
the utilization of wholegrain maize flour in the food industry. 
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INTRODUCTION 

Maize (Zea mays L.) is the most frequently 
cultivated agricultural plant grown as an es-
sential raw material for food, fodder, energy, 
and industrial materials. According to the data 
reported by Statista (2022), 1,089.04 million 
metric tons of maize were produced worldwide 
in the 2021/2022 season. In the age of climate 
change, population growth, and food scarcity, 

maize has drawn particular interest from 
researchers in different scientific fields. Bre-
eders use the information on genetic diversity 
crucial for the analysis of genetic relationships 
between lines and for choosing different pa-
rental combinations to produce novel, more re-
silient, and high-yielding maize hybrids with the 
highest genetic variability (Mladenović Drinić 
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et al., 2022). The selection and development of 
inbred lines, the parental components of single-
cross hybrids, are expensive and time-con-
suming procedures in maize breeding programs 
(Benchimol et al., 2000). Maize hybrids are ex-
tensively cultivated, however, only a few inbred 
lines of maize are being sown, because of the 
practical and financial benefits of hybrid vigour 
and grain output (Huang et al., 2015). While 
consecutive generations of self-pollinated (i.e., 
inbred) maize plants rapidly decline regarding 
the vigor and grain yield, these properties of the 
F1 hybrid frequently exceed those seen for the 
original parent populations when two inbred 
lines from unrelated populations are crossed. 
This phenomenon is known as heterosis (Tol-
lenaar, Ahmadzadeh, & Lee, 2004; Lin et al., 
2016). 

According to Eckhoff and Watson (2009), the 
maize grain mostly consists of starch (71.3%), 
followed by protein (9.91%), oil (4.45%), ash 
(1.42%), and crude fibre (2.66%). This cereal 
serves as a significant source of these macro-
nutrients because of the large and widespread 
use of maize grain in many food products. Con-
siderable grain starch content renders maize 
both a valuable crop for food and livestock feed 
and a crucial source of raw materials for in-
dustrial use (Radosavljević et al., 2020). 

Many epidemiological studies conducted re-
cently have shown that consumption of refined 
flour has been linked to increased health issues 
and diseases such as type 2 diabetes, coronary 
atherosclerosis, chronic cardiovascular disease, 
colon cancer, and obesity (Cory, Passarelli, 
Szeto, Tamez & Mattei, 2018; Singh, Metrani, 
Shivanagoudra, Jayaprakasha & Patil, 2019; 
Cheng et al., 2021). Unlike refined products of 
grain milling, wholegrain flour is a source of 
bioactive components and dietary fiber that pos-
sess numerous properties beneficial for health.  

Most of these compounds are found in the aleu-
rone layer, which offers this fraction – followed 
by bran and germ – the highest antioxidant ac-
tivity. Most of the bran's bioactive elements are 
bound to fibre, which enables them to transit 
through the digestive process and arrives intact 
in the colon, where they foster an antioxidant 
environment (Gong, Chi, Wang,  Zhang & Sun, 
2019). Maize grain itself, as well as wholegrain 
maize flour, which is made by grinding kernels 
without first removing the germ, is naturally 
devoid of gluten and is safe for persons with 

celiac disease (Parris, Moreau, Johnston, Singh 
& Dickey, 2006). 
The color of maize grains can range from white 
and yellow to orange, red, burgundy, blue and 
purple to brown, depending on the genetic 
background that influences the colour of the 
pericarp, aleurone, germ, and endosperm. Both 
provitamin and non-provitamin A carotenoids 
found in yellow maize have the potential to 
improve human health. In parts of the world 
where yellow maize is mostly consumed, an 
increase in the content of these bioactive 
nutrients may bring benefits to the diet quality. 
An evaluation of the carotenoid diversity of new 
maize inbred lines is a crucial initial step in 
breeding yellow maize for increased carotenoid 
concentrations (Menkir, Liu, White, Maziya-
Dixon & Rocheford, 2008). The entire kernel of 
colored maize contains a variety of secondary 
metabolites, including carotenoids and phenolic 
compounds, most which are found as phenolic 
acids and flavonoids, with some types existing 
in soluble, free, conjugated, or insoluble, bound 
configurations (Žilić, Serpen, Akıllıoğlu, Gök-
men & Vančetović, 2012). 
The lack of essential amino acids, however, can 
have a severe effect on both human and animal 
growth. The average maize's endosperm lacks 
two crucial amino acids, lysine and tryptophan 
(Annor & Badu-Apraku, 2016). Quality protein 
maize (QPM) can provide up to 80% of the 
human protein demands, while non-QPM ge-
notypes can only provide up to 46% of those 
needs depending on the genotype (Babu & 
Prasanna, 2014). Therefore, the development 
and production of QPM with increased trypto-
phan and lysine contents could significantly re-
duce malnutrition and diseases associated with 
it in low-income countries of the developing 
world (Amegbor, van Biljon, Shargie, Ta-
rekegne & Labuschagne, 2022). 
In cereals breeding and commercial grain/seed 
production, maize with specific properties and 
uses needs special consideration. Because of ge-
netic variability, breeding can drastically alter 
the genotypes' quality traits and influence the 
distribution of the grain's specific constituents, 
leading to the development of novel hybrids 
with multiple applications. 
Certain evaluation processes for the desirable 
traits are required to guarantee successful se-
lection for those qualities. This can be accom-
plished by carefully selecting parental com-
ponents with high genetic variability suitable for 
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subsequent breeding. Hence, the main aim of 
this research was to investigate the quality 
parameters of wholegrain flours obtained from 
eleven maize inbred lines in order to identify 
genotypes with increased potential for creating a 
commercial category of maize hybrids with 
enhanced nutritional, functional, and techno-
logical value. 
MATERIALS AND METHODS 
Plant material 

The plant material used in this study comprised 
seven standard yellow, two QPM, and two in-
bred maize lines components of red kernel 
hybrids (Table 1). The maize genotypes were 
sown in the experimental field at the location of 
the Maize Research Institute Zemun Polje, 
Serbia (44°52'N, 20°19'E, 81m asl) according to 
the randomized complete block design in the 
2020 growing season. Standard cropping prac-
tices were conducted under rain-fed conditions. 
The plots were made up of four rows that were 
each 5 m long, spaced 0.20 m apart from one 
another within each row, and 0.75 m apart bet-
ween rows. From two inner rows of each repli-
cate, maize ears were taken at their full physio-
logical maturity stage (R6). To prepare the sam-
ples, wholegrain maize flour was produced 
using a laboratory mill with a mesh size of 0.5 
mm (Perten MILL 120 CE, Perten Instruments 
in Hägersten, Sweden). 

Chemicals 

All chemicals used were of analytical and high-

performance liquid chromatography (HPLC) 
grade, and were purchased from Sigma-Aldrich 
Company (St. Louis, MO, USA). 

Chemical analyses 

The dry matter content of the wholegrain maize 
flour was assessed using the conventional 
drying method at 105 °C to a constant mass. 
The starch content and soluble carbohydrates 
were determined according to the Ewers po-
larimetric method (ISO 10520,1997). The pro-
tein content was determined on the 
BÜCHI Kjeldahl System (AutoKjeldahl Distil-
lation Unit K-350 and Speed Digester K-439, 
BÜCHI Labortechnik, Switzerland) by the Kjel-
dahl method number 55.04 as the total nitrogen 
multiplied by 6.25 (AOAC, 2000). The results 
are expressed in the percentages of protein 
per dry matter (d.m.). The oil content was ob-
tained according to the Soxhlet method num-
ber 920.39 (AOAC, 2000), on a standard labo-
ratory glass distillation apparatus and a hot wa-
ter bath (INKOLAB, Croatia). The ash content 
was determined according to method num-
ber 923.03 by the slow combustion of the sam-
ple at 550 °C in a muffle furnace (L47, 1200°C, 
Naber Industrieofenbau, Germany) (AOAC, 
2000). 
Analysis of soluble protein fractions 
Successive extractions of the wholegrain 
flour with a series of solvents (in a ratio of 
1:10, w/v) were performed to get different pro-
tein fractions by the method proposed by Lan-
dry and Moureaux (1982), 

 
Table 1. 
Maize line markers and their parental contribution. 

Line marker Parental contribution 
L1 Father component of a QPM hybrid 
L2 Mother component of a QPM hybrid 
L3 Parent of several commercial hybrids 
L4 Mother component of several commercial hybrids 
L5 Parent of several commercial hybrids 
L6 Parent of several commercial hybrids 
L7 Mother component of a red hybrid 
L8 Parent of several commercial hybrids 
L9 Father component of a red hybrid 
L10 Mother component of several commercial hybrids 
L11 Mother component of several commercial hybrids 
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et al., 2022). The selection and development of 
inbred lines, the parental components of single-
cross hybrids, are expensive and time-con-
suming procedures in maize breeding programs 
(Benchimol et al., 2000). Maize hybrids are ex-
tensively cultivated, however, only a few inbred 
lines of maize are being sown, because of the 
practical and financial benefits of hybrid vigour 
and grain output (Huang et al., 2015). While 
consecutive generations of self-pollinated (i.e., 
inbred) maize plants rapidly decline regarding 
the vigor and grain yield, these properties of the 
F1 hybrid frequently exceed those seen for the 
original parent populations when two inbred 
lines from unrelated populations are crossed. 
This phenomenon is known as heterosis (Tol-
lenaar, Ahmadzadeh, & Lee, 2004; Lin et al., 
2016). 

According to Eckhoff and Watson (2009), the 
maize grain mostly consists of starch (71.3%), 
followed by protein (9.91%), oil (4.45%), ash 
(1.42%), and crude fibre (2.66%). This cereal 
serves as a significant source of these macro-
nutrients because of the large and widespread 
use of maize grain in many food products. Con-
siderable grain starch content renders maize 
both a valuable crop for food and livestock feed 
and a crucial source of raw materials for in-
dustrial use (Radosavljević et al., 2020). 

Many epidemiological studies conducted re-
cently have shown that consumption of refined 
flour has been linked to increased health issues 
and diseases such as type 2 diabetes, coronary 
atherosclerosis, chronic cardiovascular disease, 
colon cancer, and obesity (Cory, Passarelli, 
Szeto, Tamez & Mattei, 2018; Singh, Metrani, 
Shivanagoudra, Jayaprakasha & Patil, 2019; 
Cheng et al., 2021). Unlike refined products of 
grain milling, wholegrain flour is a source of 
bioactive components and dietary fiber that pos-
sess numerous properties beneficial for health.  

Most of these compounds are found in the aleu-
rone layer, which offers this fraction – followed 
by bran and germ – the highest antioxidant ac-
tivity. Most of the bran's bioactive elements are 
bound to fibre, which enables them to transit 
through the digestive process and arrives intact 
in the colon, where they foster an antioxidant 
environment (Gong, Chi, Wang,  Zhang & Sun, 
2019). Maize grain itself, as well as wholegrain 
maize flour, which is made by grinding kernels 
without first removing the germ, is naturally 
devoid of gluten and is safe for persons with 

celiac disease (Parris, Moreau, Johnston, Singh 
& Dickey, 2006). 
The color of maize grains can range from white 
and yellow to orange, red, burgundy, blue and 
purple to brown, depending on the genetic 
background that influences the colour of the 
pericarp, aleurone, germ, and endosperm. Both 
provitamin and non-provitamin A carotenoids 
found in yellow maize have the potential to 
improve human health. In parts of the world 
where yellow maize is mostly consumed, an 
increase in the content of these bioactive 
nutrients may bring benefits to the diet quality. 
An evaluation of the carotenoid diversity of new 
maize inbred lines is a crucial initial step in 
breeding yellow maize for increased carotenoid 
concentrations (Menkir, Liu, White, Maziya-
Dixon & Rocheford, 2008). The entire kernel of 
colored maize contains a variety of secondary 
metabolites, including carotenoids and phenolic 
compounds, most which are found as phenolic 
acids and flavonoids, with some types existing 
in soluble, free, conjugated, or insoluble, bound 
configurations (Žilić, Serpen, Akıllıoğlu, Gök-
men & Vančetović, 2012). 
The lack of essential amino acids, however, can 
have a severe effect on both human and animal 
growth. The average maize's endosperm lacks 
two crucial amino acids, lysine and tryptophan 
(Annor & Badu-Apraku, 2016). Quality protein 
maize (QPM) can provide up to 80% of the 
human protein demands, while non-QPM ge-
notypes can only provide up to 46% of those 
needs depending on the genotype (Babu & 
Prasanna, 2014). Therefore, the development 
and production of QPM with increased trypto-
phan and lysine contents could significantly re-
duce malnutrition and diseases associated with 
it in low-income countries of the developing 
world (Amegbor, van Biljon, Shargie, Ta-
rekegne & Labuschagne, 2022). 
In cereals breeding and commercial grain/seed 
production, maize with specific properties and 
uses needs special consideration. Because of ge-
netic variability, breeding can drastically alter 
the genotypes' quality traits and influence the 
distribution of the grain's specific constituents, 
leading to the development of novel hybrids 
with multiple applications. 
Certain evaluation processes for the desirable 
traits are required to guarantee successful se-
lection for those qualities. This can be accom-
plished by carefully selecting parental com-
ponents with high genetic variability suitable for 
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subsequent breeding. Hence, the main aim of 
this research was to investigate the quality 
parameters of wholegrain flours obtained from 
eleven maize inbred lines in order to identify 
genotypes with increased potential for creating a 
commercial category of maize hybrids with 
enhanced nutritional, functional, and techno-
logical value. 
MATERIALS AND METHODS 
Plant material 

The plant material used in this study comprised 
seven standard yellow, two QPM, and two in-
bred maize lines components of red kernel 
hybrids (Table 1). The maize genotypes were 
sown in the experimental field at the location of 
the Maize Research Institute Zemun Polje, 
Serbia (44°52'N, 20°19'E, 81m asl) according to 
the randomized complete block design in the 
2020 growing season. Standard cropping prac-
tices were conducted under rain-fed conditions. 
The plots were made up of four rows that were 
each 5 m long, spaced 0.20 m apart from one 
another within each row, and 0.75 m apart bet-
ween rows. From two inner rows of each repli-
cate, maize ears were taken at their full physio-
logical maturity stage (R6). To prepare the sam-
ples, wholegrain maize flour was produced 
using a laboratory mill with a mesh size of 0.5 
mm (Perten MILL 120 CE, Perten Instruments 
in Hägersten, Sweden). 

Chemicals 

All chemicals used were of analytical and high-

performance liquid chromatography (HPLC) 
grade, and were purchased from Sigma-Aldrich 
Company (St. Louis, MO, USA). 

Chemical analyses 

The dry matter content of the wholegrain maize 
flour was assessed using the conventional 
drying method at 105 °C to a constant mass. 
The starch content and soluble carbohydrates 
were determined according to the Ewers po-
larimetric method (ISO 10520,1997). The pro-
tein content was determined on the 
BÜCHI Kjeldahl System (AutoKjeldahl Distil-
lation Unit K-350 and Speed Digester K-439, 
BÜCHI Labortechnik, Switzerland) by the Kjel-
dahl method number 55.04 as the total nitrogen 
multiplied by 6.25 (AOAC, 2000). The results 
are expressed in the percentages of protein 
per dry matter (d.m.). The oil content was ob-
tained according to the Soxhlet method num-
ber 920.39 (AOAC, 2000), on a standard labo-
ratory glass distillation apparatus and a hot wa-
ter bath (INKOLAB, Croatia). The ash content 
was determined according to method num-
ber 923.03 by the slow combustion of the sam-
ple at 550 °C in a muffle furnace (L47, 1200°C, 
Naber Industrieofenbau, Germany) (AOAC, 
2000). 
Analysis of soluble protein fractions 
Successive extractions of the wholegrain 
flour with a series of solvents (in a ratio of 
1:10, w/v) were performed to get different pro-
tein fractions by the method proposed by Lan-
dry and Moureaux (1982), 
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with some modifications. Albumin, globulin, α-
zein and glutelin fractions were extracted by 
distilled water, 0.5 mol/l NaCl, 70% ethanol, 
and 0.0125 mol/l borate buffer, pH 10, con-
taining 5% sodium dodecyl sulphate, res-
pecttively. Each protein fraction was extracted 
using three rounds of repeated stirring at 4 °C 
for 30 minutes, followed by 15-minute centri-
fugation at 20,000 g (Dynamica Velocity 18R 
Refrigerated Benchtop Centrifuge, DKSH New 
Zealand Limited, New Zealand). Using the 
BÜCHI Kjeldahl System (AutoKjeldahl Distil-
lation Unit K-350 and Speed Digester K-439, 
BÜCHI Labortechnik, Switzerland) nitrogen 
content was determined as a starting point, and 
the protein content of each fraction was com-
puted using a conversion factor of 6.25. (Žilić et 
al., 2010). The results are given as % of dry 
matter (d.m.). 
Analysis of dietary fibre 
The content of hemicellulose, cellulose, neu-
tral detergent fibre (NDF), acid detergent fibre 
(ADF), and lignin (ADL) were determined 
by the Van Soest detergent method modified by 
Mertens (1992) on the Fibertec system FOSS 
2010 Hot Extractor (FOSS Tecator, Hoeganaes, 
Sweden), using neutral, acid, and alkali rea-
gents. NDF practically represents total insoluble 
fibres (not soluble in water). ADF mainly con-
sists of cellulose and lignin, while ADL is pure 
lignin. The content of hemicellulose was ob-
tained as a difference between NDF and ADF 
contents, while the cellulose content was calcu-
lated as the difference between ADF and lignin 
contents. All the results are given as the percen-
tage per dry matter (d.m.). 

Determination of total yellow pigment 
content 
Measurements were performed according to the 
AACC (1995) method number 14-50 as a refe-
rence. In short, 40 ml of 1-butanol saturated 
with water was used to extract 8 g of sample 
material. The samples were homogenized for 60 
seconds, left at room temperature for 20 minu-
tes, and then homogenized once more for 30 se-
conds. The absorbance was measured on a 
spectrophotometer (Agilent 8453 UV-visible 
Spectroscopy System, Agilent, United States) at 
435 nm following centrifugation. Using a con-
version factor of 1.6632, the amount of total 
yellow pigment was determined and expressed 
as mg of β-carotene equivalent (βCE) per g of 
d.m. (Žilić et al., 2011). 

Analysis of total antioxidant capacity 
According to a method proposed by Serpen et 
al. (2008), the antioxidant capacity of whole-
grain maize flour was assessed using the direct 
or QUENCHER method and the ABTS (2,2-
azino-bis(3-ethylbenothiazoline-6-sulfonic acid) 
reagent. The total antioxidant capacity was re-
presented as the Trolox equivalent antioxidant 
capacity (TEAC) and reported as mmol of Tro-
lox per kg of dry mass (mmol Trolox Eq/kg). 
The absorbance was measured at wavelength 
734 nm on a spectrophotometer (Agilent 8453 
UV-visible Spectroscopy System, Agilent, 
United States). 
Determination of total sugars, reducing 
sugars and sucrose 
Using the Luff-Schoorl method, the content of 
total sugars, reducing sugars, and sucrose was 
measured (Egan, Kirk & Sawyer, 1981). The 
Luff-Schoorl method is based on the reduction 
of cupric copper to cuprous oxide after the 
reaction between reducing sugars and an 
alkaline copper sulphate solution. The method 
involves measuring unreduced Cu2+ ions iodo-
metrically. The conversion of nonreducing su-
gars into reducing sugars via acid hydrolysis 
was then used to calculate the total amount of 
sugars. The percentage of sucrose is determined 
by dividing total and reducing sugars, or total 
inverter and natural inverter, respectively. The 
percentage per d.m. was used to represent all 
results. 
Statistical analyses 
Data from at least three separate repetitions 
were reported as a mean ± standard deviation. 
Minitab (v. 19.2.0) Statistical Software was 
used to conduct the statistical analysis using the 
one-way ANOVA analysis of variance along 
with Tukey's test. The difference between the 
means was considered statistically significant if 
the probability was p < 0.05. 
RESULTS AND DISCUSSION 
Wholegrain maize flour represents a valuable 
source of energy, dietary fibre, proteins, and 
bioactive phytochemicals that can provide many 
health-beneficial properties. The contents of the 
main chemical components determined in the 
wholegrain flour of the investigated maize 
inbred lines are shown in Table 2. The highest 
content of starch, the predominant carbohydrate 
constituent of maize grain, was determined in 
the wholegrain flour of genotype L8 (73.73%). 
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Table 2. 
Chemical composition of the wholegrain flour of the investigated maize lines (% d.m.) 

Inbred line Starch SCH* Protein Oil Ash 

L1 68.86±0.50e 0.23±0.00g 10.40±0.02de 7.15±0.15a 1.58±0.06c 

L2 70.07±0.14d 1.66±0.05a 10.70±0.06cd 5.41±0.04d 1.71±0.00ab 

L3 72.25±0.07bc 0.61±0.01c 10.03±0.18e 5.92±0.17bc 1.44±0.03d 

L4 72.48±0.35b 0.73±0.00b 11.38±0.19b 5.98±0.06b 1.31±0.01ef 

L5 71.41±0.01c 0.37±0.01d 10.70±0.32cd 6.04±0.04b 1.36±0.01de 

L6 70.30±0.10d 0.21±0.00g 10.42±0.11de 6.00±0.10b 1.57±0.01c 

L7 70.18±0.16d 0.05±0.00h 11.22±0.04bc 5.51±0.01cd 1.43±0.01d 

L8 73.73±0.13a 0.34±0.01de 10.40±0.13de 4.87±0.21e 1.24±0.01f 

L9 68.53±0.16e 0.26±0.00fg 10.85±0.13bcd 7.23±0.06a 1.34±0.03de 

L10 67.25±0.10f 0.55±0.00c 12.83±0.06a 6.10±0.10b 1.75±0.03a 

L11 69.09±0.12e 0.30±0.01ef 10.69±0.01cd 5.72±0.06bcd 1.63±0.04bc 
a,b,…Means followed by the same letter within the same row are not significantly different (α=0.05%)  
*SCH – soluble carbohydrates 

Table 3. 
Content of soluble protein fractions in wholegrain flour of the investigated inbred maize lines (% d.m.) 

Inbred line Albumins Globulins α-Zein Glutelin 

L1 2.08±0.03b 0.79±0.00de 2.04±0.04f 2.28±0.00bc 

L2 2.21±0.03a 1.60±0.03a 0.92±0.00g 2.28±0.00bc 

L3 2.17±0.04a 0.77±0.04ef 2.63±0.00d 2.04±0.03e 

L4 1.49±0.00d 0.86±0.04cd 3.13±0.03b 2.26±0.04bc 

L5 1.42±0.03de 0.83±0.00cde 3.04±0.03bc 2.32±0.00b 

L6 1.75±0.00c 0.79±0.00de 3.02±0.00c 2.19±0.00cd 

L7 1.75±0.00c 0.81±0.03cde 3.04±0.03bc 1.66±0.00g 

L8 1.36±0.00e 0.88±0.00c 2.36±0.00e 2.43±0.03a 

L9 2.02±0.00b 0.96±0.00b 2.45±0.00e 2.12±0.03de 

L10 1.73±0.03c 0.96±0.00b 3.57±0.04a 2.08±0.03e 

L11 2.02±0.00b 0.70±0.00f 3.09±0.04bc 1.82±0.04f 
a,b,…Means followed by the same letter within the same row are not significantly different (α=0.05%) 

Table 4. 
Fibre content in wholegrain flour of the investigated maize inbred lines (% d.m.). 

Inbred line NDF ADF ADL Hemicellulose Cellulose 

L1 9.24±0.54e 2.18±0.30b 0.29±0.01a 7.07±0.23d 1.89±0.30bc 

L2 11.50±0.21c 3.30±0.06b 0.45±0.05a 8.20±0.16d 2.86±0.11ab 

L3 9.41±0.34de 2.12±0.13b 0.40±0.03a 7.29±0.47d 1.72±0.10c 

L4 13.85±0.59b 2.49±0.19b 0.23±0.02a 11.36±0.40ab 2.26±0.21bc 

L5 10.83±0.49cde 2.75±0.01b 0.33±0.03a 8.08±0.48d 2.42±0.01bc 

L6 10.69±0.29cde 2.53±0.42b 0.19±0.06a 8.16±0.13d 2.34±0.48bc 

L7 11.03±0.68cd 2.56±0.23b 0.27±0.10a 8.48±0.45cd 2.29±0.13bc 

L8 9.98±0.02cde 2.65±0.09b 0.26±0.18a 7.33±0.11d 2.39±0.10bc 

L9 15.77±0.34a 2.94±0.16b 0.28±0.17a 12.84±0.18a 2.66±0.01bc 

L10 13.70±0.15b 3.48±0.21a 0.28±0.07a 10.22±0.06bc 3.20±0.14a 

L11 13.74±0.42b 3.56±0.78a 0.38±017a 10.18±1.20bc 3.18±0.61a 
a,b,…Means followed by the same letter within the same row are not significantly different (α=0.05%) 
NDF-neutral detergent fiber, ADF-acid detergent fiber, ADL-lignin 
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with some modifications. Albumin, globulin, α-
zein and glutelin fractions were extracted by 
distilled water, 0.5 mol/l NaCl, 70% ethanol, 
and 0.0125 mol/l borate buffer, pH 10, con-
taining 5% sodium dodecyl sulphate, res-
pecttively. Each protein fraction was extracted 
using three rounds of repeated stirring at 4 °C 
for 30 minutes, followed by 15-minute centri-
fugation at 20,000 g (Dynamica Velocity 18R 
Refrigerated Benchtop Centrifuge, DKSH New 
Zealand Limited, New Zealand). Using the 
BÜCHI Kjeldahl System (AutoKjeldahl Distil-
lation Unit K-350 and Speed Digester K-439, 
BÜCHI Labortechnik, Switzerland) nitrogen 
content was determined as a starting point, and 
the protein content of each fraction was com-
puted using a conversion factor of 6.25. (Žilić et 
al., 2010). The results are given as % of dry 
matter (d.m.). 
Analysis of dietary fibre 
The content of hemicellulose, cellulose, neu-
tral detergent fibre (NDF), acid detergent fibre 
(ADF), and lignin (ADL) were determined 
by the Van Soest detergent method modified by 
Mertens (1992) on the Fibertec system FOSS 
2010 Hot Extractor (FOSS Tecator, Hoeganaes, 
Sweden), using neutral, acid, and alkali rea-
gents. NDF practically represents total insoluble 
fibres (not soluble in water). ADF mainly con-
sists of cellulose and lignin, while ADL is pure 
lignin. The content of hemicellulose was ob-
tained as a difference between NDF and ADF 
contents, while the cellulose content was calcu-
lated as the difference between ADF and lignin 
contents. All the results are given as the percen-
tage per dry matter (d.m.). 

Determination of total yellow pigment 
content 
Measurements were performed according to the 
AACC (1995) method number 14-50 as a refe-
rence. In short, 40 ml of 1-butanol saturated 
with water was used to extract 8 g of sample 
material. The samples were homogenized for 60 
seconds, left at room temperature for 20 minu-
tes, and then homogenized once more for 30 se-
conds. The absorbance was measured on a 
spectrophotometer (Agilent 8453 UV-visible 
Spectroscopy System, Agilent, United States) at 
435 nm following centrifugation. Using a con-
version factor of 1.6632, the amount of total 
yellow pigment was determined and expressed 
as mg of β-carotene equivalent (βCE) per g of 
d.m. (Žilić et al., 2011). 

Analysis of total antioxidant capacity 
According to a method proposed by Serpen et 
al. (2008), the antioxidant capacity of whole-
grain maize flour was assessed using the direct 
or QUENCHER method and the ABTS (2,2-
azino-bis(3-ethylbenothiazoline-6-sulfonic acid) 
reagent. The total antioxidant capacity was re-
presented as the Trolox equivalent antioxidant 
capacity (TEAC) and reported as mmol of Tro-
lox per kg of dry mass (mmol Trolox Eq/kg). 
The absorbance was measured at wavelength 
734 nm on a spectrophotometer (Agilent 8453 
UV-visible Spectroscopy System, Agilent, 
United States). 
Determination of total sugars, reducing 
sugars and sucrose 
Using the Luff-Schoorl method, the content of 
total sugars, reducing sugars, and sucrose was 
measured (Egan, Kirk & Sawyer, 1981). The 
Luff-Schoorl method is based on the reduction 
of cupric copper to cuprous oxide after the 
reaction between reducing sugars and an 
alkaline copper sulphate solution. The method 
involves measuring unreduced Cu2+ ions iodo-
metrically. The conversion of nonreducing su-
gars into reducing sugars via acid hydrolysis 
was then used to calculate the total amount of 
sugars. The percentage of sucrose is determined 
by dividing total and reducing sugars, or total 
inverter and natural inverter, respectively. The 
percentage per d.m. was used to represent all 
results. 
Statistical analyses 
Data from at least three separate repetitions 
were reported as a mean ± standard deviation. 
Minitab (v. 19.2.0) Statistical Software was 
used to conduct the statistical analysis using the 
one-way ANOVA analysis of variance along 
with Tukey's test. The difference between the 
means was considered statistically significant if 
the probability was p < 0.05. 
RESULTS AND DISCUSSION 
Wholegrain maize flour represents a valuable 
source of energy, dietary fibre, proteins, and 
bioactive phytochemicals that can provide many 
health-beneficial properties. The contents of the 
main chemical components determined in the 
wholegrain flour of the investigated maize 
inbred lines are shown in Table 2. The highest 
content of starch, the predominant carbohydrate 
constituent of maize grain, was determined in 
the wholegrain flour of genotype L8 (73.73%). 
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Table 2. 
Chemical composition of the wholegrain flour of the investigated maize lines (% d.m.) 

Inbred line Starch SCH* Protein Oil Ash 

L1 68.86±0.50e 0.23±0.00g 10.40±0.02de 7.15±0.15a 1.58±0.06c 

L2 70.07±0.14d 1.66±0.05a 10.70±0.06cd 5.41±0.04d 1.71±0.00ab 

L3 72.25±0.07bc 0.61±0.01c 10.03±0.18e 5.92±0.17bc 1.44±0.03d 

L4 72.48±0.35b 0.73±0.00b 11.38±0.19b 5.98±0.06b 1.31±0.01ef 

L5 71.41±0.01c 0.37±0.01d 10.70±0.32cd 6.04±0.04b 1.36±0.01de 

L6 70.30±0.10d 0.21±0.00g 10.42±0.11de 6.00±0.10b 1.57±0.01c 

L7 70.18±0.16d 0.05±0.00h 11.22±0.04bc 5.51±0.01cd 1.43±0.01d 

L8 73.73±0.13a 0.34±0.01de 10.40±0.13de 4.87±0.21e 1.24±0.01f 

L9 68.53±0.16e 0.26±0.00fg 10.85±0.13bcd 7.23±0.06a 1.34±0.03de 

L10 67.25±0.10f 0.55±0.00c 12.83±0.06a 6.10±0.10b 1.75±0.03a 

L11 69.09±0.12e 0.30±0.01ef 10.69±0.01cd 5.72±0.06bcd 1.63±0.04bc 
a,b,…Means followed by the same letter within the same row are not significantly different (α=0.05%)  
*SCH – soluble carbohydrates 

Table 3. 
Content of soluble protein fractions in wholegrain flour of the investigated inbred maize lines (% d.m.) 

Inbred line Albumins Globulins α-Zein Glutelin 

L1 2.08±0.03b 0.79±0.00de 2.04±0.04f 2.28±0.00bc 

L2 2.21±0.03a 1.60±0.03a 0.92±0.00g 2.28±0.00bc 

L3 2.17±0.04a 0.77±0.04ef 2.63±0.00d 2.04±0.03e 

L4 1.49±0.00d 0.86±0.04cd 3.13±0.03b 2.26±0.04bc 

L5 1.42±0.03de 0.83±0.00cde 3.04±0.03bc 2.32±0.00b 

L6 1.75±0.00c 0.79±0.00de 3.02±0.00c 2.19±0.00cd 

L7 1.75±0.00c 0.81±0.03cde 3.04±0.03bc 1.66±0.00g 

L8 1.36±0.00e 0.88±0.00c 2.36±0.00e 2.43±0.03a 

L9 2.02±0.00b 0.96±0.00b 2.45±0.00e 2.12±0.03de 

L10 1.73±0.03c 0.96±0.00b 3.57±0.04a 2.08±0.03e 

L11 2.02±0.00b 0.70±0.00f 3.09±0.04bc 1.82±0.04f 
a,b,…Means followed by the same letter within the same row are not significantly different (α=0.05%) 
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L7 11.03±0.68cd 2.56±0.23b 0.27±0.10a 8.48±0.45cd 2.29±0.13bc 

L8 9.98±0.02cde 2.65±0.09b 0.26±0.18a 7.33±0.11d 2.39±0.10bc 

L9 15.77±0.34a 2.94±0.16b 0.28±0.17a 12.84±0.18a 2.66±0.01bc 

L10 13.70±0.15b 3.48±0.21a 0.28±0.07a 10.22±0.06bc 3.20±0.14a 

L11 13.74±0.42b 3.56±0.78a 0.38±017a 10.18±1.20bc 3.18±0.61a 
a,b,…Means followed by the same letter within the same row are not significantly different (α=0.05%) 
NDF-neutral detergent fiber, ADF-acid detergent fiber, ADL-lignin 
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Maize grains on average contain 6% to 12% 
proteins, which are primarily found in the en-
dosperm (70-79% of the total protein content of 
the grain) and the germ (18-28% of the total 
protein content of the grain) (Watson, 2003). 
Wholegrain flour of the maize inbred L10 had 
the highest protein content (12.82%), and the lo-
west content (10.03%) was determined in a 
yellow dent genotype L3. The lowest oil content 
was determined in the wholegrain flour of red 
genotype L7, only 4.87%, while wholegrain 
flour got from a QPM genotype L1 had the 
highest oil content, 7.15%. According to Kaur, 
Singh and Sharma (2019), compared to regular 
maize, quality protein maize (QPM) refined 
flour has higher levels of fat (3.90%), protein 
(10.04%), and carbohydrates (74.83%). Mila-
šinović-Šeremešić, Radosavljević, Srdić, Tomi-
čić and Đuragić (2019) previously reported 
average oil content of different maize hybrids 
amounted to 4.14%. Albeit, the oil content de-
termined in the investigated wholegrain maize 
flours from inbred lines exceeded the maximal 
allowed values prescribed by the Serbian re-
gulation on the quality requirements for milled 
maize products (Pravilnik, 2018), namely for 
wholemeal (4%) and refined maize flour (3%) 
which is obtained by dry a grinding process 
(after removal of the grain pericarp, and germ in 
which most lipids are located). The material 
investigated in this study comprised of starting 
genetic material, i.e. inbred lines, some of 
which may be used in the breeding processes to 
get high-oil hybrids, in contrast to standard 
maize hybrids that are commercially used in 
flour production. The basic chemical compo-
sition of the analyzed wholegrain maize flours 
is mainly in accordance with previously pu-
blished findings (Milašinović-Šeremešić et al., 
2019; Nikolić, Božinović, Vančetović, Rado-
savljević & Žilić, 2020). 
Maize protein solubility is an important fun-
ctional characteristic that affects both the nu-
tritional value and the utilizable value of maize 
grains. The largest part of the protein in maize, 
comprising between 50 and 80% of its total pro-
tein, is zein, a storage prolamin. Most zein is 
made up of α-zeins, which make up around 70% 
of all zein (Lawton, 2002). The α-zein fraction 
was dominant in most of the examined samples 
(Table 3) and ranged from 0.92% in a QPM 
inbred line (L2) to 3.57% (L10). Un-fortunately, 
the important amino acids lysine, tryptophan, 
and methionine are scarce or absent in zein 

proteins, particularly α-zein (Wang, Geil, 
Kolling & Padua, 2003). However, even though 
the QPM genotypes provide a high nutritional 
value, with the increased endosperm's lysine 
content, the chalky and soft texture of the grain 
endosperm poses several issues, including a 
higher vulnerability to pests and diseases, 
challenges during harvest and storage, and a 
lack of direct application (Zhao et al., 2022). 
Next, in terms of representation were the 
glutelin and albumin fractions, while the 
globulin fraction was the least represented in 
most of the wholegrain flours of the examined 
maize lines. Ortiz-Martinez, Otero-Pappatheo-
dorou, Serna-Saldívar and García-Lara (2017) 
reported that, compared to the standard maize 
genotype, which had 9.10 and 6.83 mg/g of 
albumin and globulin respectively, the QPM 
genotype had higher levels of both fractions 
(21.74 mg/g and 13.55 mg/g). The rise in the 
albumins and globulins of the QPM is linked to 
both a lower level of zein production and a 
higher proportion of germ in the kernel. In some 
of the inbred lines investigated in our study, 
namely L3 and L11, the albumin fraction was 
more represented than the glutelin frac-
tion. With a protein composition of 35 to 45%, 
glutelins are generally considered the second-
largest protein class in maize endosperm (Pérez-
Grau, Cortadas, Puigdomènech & Palau, 1986). 
Because of the significantly higher contents of 
the limiting essential amino acid lysine and 
higher rate of digestibility, the water soluble 
albumins and salt soluble globulins are thought 
to be the most nutritionally important. The 
maize protein quality is, therefore, directly cor-
related with the presence of these two fractions 
(Ortiz-Martinez et al., 2017). A previous study 
by Landry and Moureaux (1987) demonstrated 
that unlike the other protein groups (zeins, Gl-, 
G2-, and G3-glutelins), which showed a steady 
accumulation until maturity, salt-soluble pro-
teins, made up of albumins and globulins, 
reached a maximum during development and 
decreased at maturity in grains or endosperm. A 
decrease in the absolute level of endosperm 
albumins appeared to be closely correlated with 
the decline of salt-soluble proteins, which va-
ried in magnitude and duration. The gradual 
changes in the amino acid composition of total 
salt-soluble proteins and the stability of those of 
the zein and glutelin subgroups as development 
progressed also pointed to differences in the 
accumulation rates of albumins and globulins, 
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as indicated by accumulation kinetics (Landry 
& Moureaux, 1987). 
Given that dietary fibres stand for components 
crucial for the proper functioning of the human 
gastrointestinal tract, fibre content is a relevant 
nutritional and technological indicator of maize 
grain quality (Table 4). The two main non-
starch polysaccharides found in maize grain, 
particularly in maize bran, are cellulose and 
hemicellulose (Watson, 2003). The highest 
content of total fibres (NDF), the most abundant 
fibre fraction, was determined in the wholegrain 
flour of genotype L9 (15.77%), and the lowest 
(9.24%) in L1 samples. Low ADL levels, in-
dicating highly complex and indigestible lignin 
fraction, were low (0.19-0.45%), suggesting that 
all the investigated wholegrain maize samples 
are suitable for food production and human con-
sumption. On the other hand, the findings regar-
ding the content of the lignocellulosic fractions 
in maize grain reported by Radosavljević et al. 
(2012) varied significantly from the results of 
our study, given that the maize was harvested in 
different physiological stages of maize grain 
filling, i.e., not intended for human consumption 
(physiological maturity (R6)), but for silage 
production (dent phase of grain filling (R5)). 
Yellow maize grain is a source of lutein, 
zeaxanthin, β-cryptoxanthin, α and β-carotene. 
Their contents in total carotenoids, i.e. yellow 
pigment, vary depending on the genotype, but 
lutein and zeaxanthin are the most common. 
The grain of L8 (21.08 μg βCE/g) was the 
richest in carotenoids, while the grain of line 7 
(34.30 mmol Trolox/kg) had the highest anti-
oxidant capacity, which can be explained by the 
presence of anthocyanins in the red grain (Table 
5).  
Both genotype and applied agricultural practice 
have a significant impact on the content of such 
phytochemicals. Mesarović et al. (2018) 
reported that among the tested antioxidant 
properties of three investigated sweet maize hy-
brids, the lowest variations were determined in 
total yellow pigment content (2.59%). Five dif-
ferent types of naturally occurring carotenoid 
compounds, including α-carotene, β-carotene, β-
cryptoxanthin, lutein, and zeaxanthin, as well as 
four different types of tocopherols, are present 
in maize kernels (Mesarović et al., 2019). 
Mladenović Drinić, Vukadinović, Srdić, Mila-
šinović-Šeremešić and Andjelković (2021) 
reported high levels of carotenoids in sweet 
maize, predominantly lutein, zeaxanthin, and 

β+γ-tocopherol, all of which may be beneficial 
to human health. 
As reported by Mladenović Drinić et al. (2019), 
among 101 inbreds with different kernel types 
and colour, lutein+zeaxanthin and β-carotene 
had respective mean contents of 31.34 and 8.72 
μg/g. The range of β-carotene content was 1.20 
to 39.37 μg/g. Popcorn inbred lines with orange 
to dark yellow kernels had the greatest mean 
values of lutein+zeaxanthin and β-carotene 
(35.62 and 14.81 μg/g, respectively), followed 
by orange kernel inbred lines (29.67 and 6.26 
μg/g). Furthermore, Mesarović et al. (2019) 
reported that the content of the examined 
carotenoids in the sweet maize hybrids was 
altered by the use of p-hydroxyphenylpyruvate 
dioxygenase (HPPD) and acetolactate synthase 
(ALS) inhibitory herbicides, both with and 
without foliar fertilization. When compared to 
the control, the concentration of lutein, 
zeaxanthin, and β-carotene increased at varying 
rates following the applied treatments. 
The antioxidant capacity ranged from 17.41 
mmol Тrolox Eq/kg d.m. in wholegrain flour 
got from yellow genotype L8 to 34.30 mmol 
Тrolox Eq/kg d.m in red genotype L7 sample. 
The second highest antioxidant capacity was 
detected in red genotype L9 wholegrain flour 
(23.39 mmol Тrolox Eq/kg d.m.). This can be 
attributed to the higher content of phenolic 
compounds, predominantly anthocyanins loca-
ted in the outer layers of the red kernel maize 
genotypes. Žilić et al. (2012) closely correlated 
higher levels of antioxidant capacities to the 
kernel colour, increasing from white, followed 
by yellow and orange, to dark red kernel geno-
types. 

The content of total, total reducing sugars, and 
sucrose determined in the analyzed samples are 
shown in Table 6. Wholegrain flours obtained 
from genotypes L1 and L11 had the highest 
content of total sugars (3.36% and 3.24%), 
while line 4 was the lowest (1.44%) (Table 6). 
The sucrose content in the grains of the exa-
mined lines ranged from 1.21% (L10) to 2.23% 
(L1). The sugar content, especially reducing 
sugars, plays a role in food production that may 
affect the functional and sensory properties of 
the end product, as well as food safety (Cvi-
janović, Feinle-Bisset, Young & Little, 2015; 
Mora & Dando, 2021). During the thermal pro-
cessing of some foods, a Maillard reaction  
between  amino acids and reducing sugars takes 
place, and acrylamide is one of the undesirable 
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albumins and salt soluble globulins are thought 
to be the most nutritionally important. The 
maize protein quality is, therefore, directly cor-
related with the presence of these two fractions 
(Ortiz-Martinez et al., 2017). A previous study 
by Landry and Moureaux (1987) demonstrated 
that unlike the other protein groups (zeins, Gl-, 
G2-, and G3-glutelins), which showed a steady 
accumulation until maturity, salt-soluble pro-
teins, made up of albumins and globulins, 
reached a maximum during development and 
decreased at maturity in grains or endosperm. A 
decrease in the absolute level of endosperm 
albumins appeared to be closely correlated with 
the decline of salt-soluble proteins, which va-
ried in magnitude and duration. The gradual 
changes in the amino acid composition of total 
salt-soluble proteins and the stability of those of 
the zein and glutelin subgroups as development 
progressed also pointed to differences in the 
accumulation rates of albumins and globulins, 
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as indicated by accumulation kinetics (Landry 
& Moureaux, 1987). 
Given that dietary fibres stand for components 
crucial for the proper functioning of the human 
gastrointestinal tract, fibre content is a relevant 
nutritional and technological indicator of maize 
grain quality (Table 4). The two main non-
starch polysaccharides found in maize grain, 
particularly in maize bran, are cellulose and 
hemicellulose (Watson, 2003). The highest 
content of total fibres (NDF), the most abundant 
fibre fraction, was determined in the wholegrain 
flour of genotype L9 (15.77%), and the lowest 
(9.24%) in L1 samples. Low ADL levels, in-
dicating highly complex and indigestible lignin 
fraction, were low (0.19-0.45%), suggesting that 
all the investigated wholegrain maize samples 
are suitable for food production and human con-
sumption. On the other hand, the findings regar-
ding the content of the lignocellulosic fractions 
in maize grain reported by Radosavljević et al. 
(2012) varied significantly from the results of 
our study, given that the maize was harvested in 
different physiological stages of maize grain 
filling, i.e., not intended for human consumption 
(physiological maturity (R6)), but for silage 
production (dent phase of grain filling (R5)). 
Yellow maize grain is a source of lutein, 
zeaxanthin, β-cryptoxanthin, α and β-carotene. 
Their contents in total carotenoids, i.e. yellow 
pigment, vary depending on the genotype, but 
lutein and zeaxanthin are the most common. 
The grain of L8 (21.08 μg βCE/g) was the 
richest in carotenoids, while the grain of line 7 
(34.30 mmol Trolox/kg) had the highest anti-
oxidant capacity, which can be explained by the 
presence of anthocyanins in the red grain (Table 
5).  
Both genotype and applied agricultural practice 
have a significant impact on the content of such 
phytochemicals. Mesarović et al. (2018) 
reported that among the tested antioxidant 
properties of three investigated sweet maize hy-
brids, the lowest variations were determined in 
total yellow pigment content (2.59%). Five dif-
ferent types of naturally occurring carotenoid 
compounds, including α-carotene, β-carotene, β-
cryptoxanthin, lutein, and zeaxanthin, as well as 
four different types of tocopherols, are present 
in maize kernels (Mesarović et al., 2019). 
Mladenović Drinić, Vukadinović, Srdić, Mila-
šinović-Šeremešić and Andjelković (2021) 
reported high levels of carotenoids in sweet 
maize, predominantly lutein, zeaxanthin, and 

β+γ-tocopherol, all of which may be beneficial 
to human health. 
As reported by Mladenović Drinić et al. (2019), 
among 101 inbreds with different kernel types 
and colour, lutein+zeaxanthin and β-carotene 
had respective mean contents of 31.34 and 8.72 
μg/g. The range of β-carotene content was 1.20 
to 39.37 μg/g. Popcorn inbred lines with orange 
to dark yellow kernels had the greatest mean 
values of lutein+zeaxanthin and β-carotene 
(35.62 and 14.81 μg/g, respectively), followed 
by orange kernel inbred lines (29.67 and 6.26 
μg/g). Furthermore, Mesarović et al. (2019) 
reported that the content of the examined 
carotenoids in the sweet maize hybrids was 
altered by the use of p-hydroxyphenylpyruvate 
dioxygenase (HPPD) and acetolactate synthase 
(ALS) inhibitory herbicides, both with and 
without foliar fertilization. When compared to 
the control, the concentration of lutein, 
zeaxanthin, and β-carotene increased at varying 
rates following the applied treatments. 
The antioxidant capacity ranged from 17.41 
mmol Тrolox Eq/kg d.m. in wholegrain flour 
got from yellow genotype L8 to 34.30 mmol 
Тrolox Eq/kg d.m in red genotype L7 sample. 
The second highest antioxidant capacity was 
detected in red genotype L9 wholegrain flour 
(23.39 mmol Тrolox Eq/kg d.m.). This can be 
attributed to the higher content of phenolic 
compounds, predominantly anthocyanins loca-
ted in the outer layers of the red kernel maize 
genotypes. Žilić et al. (2012) closely correlated 
higher levels of antioxidant capacities to the 
kernel colour, increasing from white, followed 
by yellow and orange, to dark red kernel geno-
types. 

The content of total, total reducing sugars, and 
sucrose determined in the analyzed samples are 
shown in Table 6. Wholegrain flours obtained 
from genotypes L1 and L11 had the highest 
content of total sugars (3.36% and 3.24%), 
while line 4 was the lowest (1.44%) (Table 6). 
The sucrose content in the grains of the exa-
mined lines ranged from 1.21% (L10) to 2.23% 
(L1). The sugar content, especially reducing 
sugars, plays a role in food production that may 
affect the functional and sensory properties of 
the end product, as well as food safety (Cvi-
janović, Feinle-Bisset, Young & Little, 2015; 
Mora & Dando, 2021). During the thermal pro-
cessing of some foods, a Maillard reaction  
between  amino acids and reducing sugars takes 
place, and acrylamide is one of the undesirable 
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Table 5. 
Total carotenoids and antioxidant capacities of the wholegrain flours 

Inbred line Total yellow pigment 
(μg βCE/g d.m.) 

Antioxidant capacity 
(mmol Тrolox Eq/kg d.m.) 

L1 11.57±0.04e 23.36±0.51b 
L2 16.73±0.06c 20.41±0.07cd 
L3 14.84±0.06d 21.67±0.43bc 
L4 14.34±0.09d 19.62±1.07cde 
L5 16.28±0.21c 21.33±0.28bc 
L6 17.91±0.02b 19.26±0.50cde 
L7 10.09±0.11f 34.30±0.13a 
L8 21.19±0.43a 17.41±0.71e 
L9 17.37±0.00b 23.39±0.01b 
L10 11.53±0.02e 17.63±1.15e 
L11 9.41±0.04g 18.71±0.76e 

a,b,…Means followed by the same letter within the same row are not significantly different (α=0.05%)  
βCE – β - carotene equivalents; d.m.- dry matter 

Table 6. 
Sugar content in the investigated wholegrain flours (% d.m.) 

Inbred line Total sugars Total reducing 
sugars Succrose 

L1 3.36±0.00a 1.01±0.07a 2.24±0.06a 
L2 1.56±0.17d 0.24±0.07d 1.26±0.09bc 
L3 2.16±0.34cd 0.24±0.07d 1.83±0.26abc 
L4 1.44±0.34d 0.15±0.06d 1.23±0.38bc 
L5 1.92±0.00cd 0.19±0.00d 1.64±0.00bc 
L6 2.52±0.17bc 0.63±0.06b 1.80±0.23abc 
L7 2.52±0.17bc 0.48±0.00bc 1.94±0.16ab 
L8 2.04±0.17cd 0.29±0.00cd 1.67±0.16bc 
L9 1.92±0.00cd 0.29±0.00cd 1.55±0.00abc 
L10 1.56±0.17d 0.29±0.00cd 1.21±0.16c 
L11 3.24±0.17ab 1.01±0.07a 2.12±0.10a 

a,b,…Means followed by the same letter within the same row are not significantly different (α=0.05%) 

probable carcinogenic products of this process 
(Žilić et al., 2022). 
Acrylamide is created when high temperatures 
are applied to grains, tubers, storage roots, 
beans, and other agricultural goods during fry-
ing, baking, roasting, toasting, or other proces-
sing (Raffan & Halford, 2019). Amino acid as-
paragine is the primary precursor for the syn-
thesis of acrylamide while reducing sugars play 
a secondary, yet still important, role in this 
reaction (Raffan & Halford, 2019). Among the 
most popular foods eaten globally are corn 
(maize) tortilla chips and breakfast cereals. In 
terms of sales volume among savoury and sweet 
snacks, the tortilla chip market in the US came 
in first. As a result, acrylamide exposure is in-

creased due to the widespread use of cereal-
based goods, generating health concerns and the 
requirement for acrylamide reduction in these 
products (Žilić et al., 2022). 

CONCLUSIONS 
The results regarding the proximate compo-
sition and bioactive properties of the wholegrain 
flour obtained from eleven selected maize geno-
types varied as shown by their proximate ana-
lyses. The chemical composition of the basic 
wholegrain flour of the investigated standard 
yellow-kernel, red-kernel, and QPM maize in-
bred lines show that the contents of basic che-
mical components, soluble proteins, fibre, yel-
low pigments, sugars, as well as antioxidant 

Valentina V. Nikolić et al., Nutritional composition and bioactive properties of the wholegrain flour obtained from maize inbred lines,  
Food and Feed Research, 50 (1), 1-11, 2023 

capacities varied among the tested genotypes. 
The findings of this study showed a variety of 
possibilities for the application of the examined 
maize inbred lines in the following stages of 
maize breeding. Most of the whole-grain flours 
obtained from the inbred line samples displayed 
chemical composition and bioactive charac-
teristics favourable for food production. Fur-
thermore, residues from the field experiments 
that include maize grains and plant biomass not 
suitable for human consumption may find ap-
plication primarily as components of animal 
feed or the industrial raw material for different 
bio-based products. 
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Table 5. 
Total carotenoids and antioxidant capacities of the wholegrain flours 

Inbred line Total yellow pigment 
(μg βCE/g d.m.) 

Antioxidant capacity 
(mmol Тrolox Eq/kg d.m.) 

L1 11.57±0.04e 23.36±0.51b 
L2 16.73±0.06c 20.41±0.07cd 
L3 14.84±0.06d 21.67±0.43bc 
L4 14.34±0.09d 19.62±1.07cde 
L5 16.28±0.21c 21.33±0.28bc 
L6 17.91±0.02b 19.26±0.50cde 
L7 10.09±0.11f 34.30±0.13a 
L8 21.19±0.43a 17.41±0.71e 
L9 17.37±0.00b 23.39±0.01b 
L10 11.53±0.02e 17.63±1.15e 
L11 9.41±0.04g 18.71±0.76e 

a,b,…Means followed by the same letter within the same row are not significantly different (α=0.05%)  
βCE – β - carotene equivalents; d.m.- dry matter 

Table 6. 
Sugar content in the investigated wholegrain flours (% d.m.) 

Inbred line Total sugars Total reducing 
sugars Succrose 

L1 3.36±0.00a 1.01±0.07a 2.24±0.06a 
L2 1.56±0.17d 0.24±0.07d 1.26±0.09bc 
L3 2.16±0.34cd 0.24±0.07d 1.83±0.26abc 
L4 1.44±0.34d 0.15±0.06d 1.23±0.38bc 
L5 1.92±0.00cd 0.19±0.00d 1.64±0.00bc 
L6 2.52±0.17bc 0.63±0.06b 1.80±0.23abc 
L7 2.52±0.17bc 0.48±0.00bc 1.94±0.16ab 
L8 2.04±0.17cd 0.29±0.00cd 1.67±0.16bc 
L9 1.92±0.00cd 0.29±0.00cd 1.55±0.00abc 
L10 1.56±0.17d 0.29±0.00cd 1.21±0.16c 
L11 3.24±0.17ab 1.01±0.07a 2.12±0.10a 

a,b,…Means followed by the same letter within the same row are not significantly different (α=0.05%) 

probable carcinogenic products of this process 
(Žilić et al., 2022). 
Acrylamide is created when high temperatures 
are applied to grains, tubers, storage roots, 
beans, and other agricultural goods during fry-
ing, baking, roasting, toasting, or other proces-
sing (Raffan & Halford, 2019). Amino acid as-
paragine is the primary precursor for the syn-
thesis of acrylamide while reducing sugars play 
a secondary, yet still important, role in this 
reaction (Raffan & Halford, 2019). Among the 
most popular foods eaten globally are corn 
(maize) tortilla chips and breakfast cereals. In 
terms of sales volume among savoury and sweet 
snacks, the tortilla chip market in the US came 
in first. As a result, acrylamide exposure is in-

creased due to the widespread use of cereal-
based goods, generating health concerns and the 
requirement for acrylamide reduction in these 
products (Žilić et al., 2022). 

CONCLUSIONS 
The results regarding the proximate compo-
sition and bioactive properties of the wholegrain 
flour obtained from eleven selected maize geno-
types varied as shown by their proximate ana-
lyses. The chemical composition of the basic 
wholegrain flour of the investigated standard 
yellow-kernel, red-kernel, and QPM maize in-
bred lines show that the contents of basic che-
mical components, soluble proteins, fibre, yel-
low pigments, sugars, as well as antioxidant 
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capacities varied among the tested genotypes. 
The findings of this study showed a variety of 
possibilities for the application of the examined 
maize inbred lines in the following stages of 
maize breeding. Most of the whole-grain flours 
obtained from the inbred line samples displayed 
chemical composition and bioactive charac-
teristics favourable for food production. Fur-
thermore, residues from the field experiments 
that include maize grains and plant biomass not 
suitable for human consumption may find ap-
plication primarily as components of animal 
feed or the industrial raw material for different 
bio-based products. 
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Sažetak: Cilj ovog istraživanja bio je da se odrede hemijski sastav i bioaktivna svojstva 
integralnog brašna dobijenog od jedanaest inbred linija kukuruza u cilju identifikacije 
genotipova sa povećanim potencijalom za razvoj hibrida visoke nutritivne i funkcionalne 
vrednosti, pogodnih za proizvodnju hrane. Linije kukuruza, uključujući sedam
standardnih žutih, dve QPM i dve linije za hibrid crvenog zrna, gajene su na oglednom 
polju Instituta za kukuruz na lokaciji Zemun Polje, Srbija. Integralno kukuruzno brašno 
dobijeno je mlevenjem u laboratorijskom mlinu. Procena hemijskog sastava i sadržaja 
pojedinih bioaktivnih jedinjenja, kao i ukupnog antioksidativnog kapaciteta, sprovedena 
je primenom standardnih laboratorijskih procedura. Najviši sadržaj skroba (73,73%) 
utvrđen je u liniji L8, dok je linija L10 imala najveći sadržaj proteina (12,82%). Među 
rastvorljivim proteinima, frakcija α-zeina bila je dominantna u većini linija, u rasponu od 
0,92% do 3,57%. Najveći sadržaj ukupnih vlakana (NDF) utvrđen je u zrnu crvene boje
Linije 9 (15,77%). Linija L8 je bila najbogatija ukupnim karotenoidima (21,08 mg βCE/g 
s.m.), dok je linija L7 imala najveći ukupni antioksidativni kapacitet (34,30 mmol 
Trolox/kg d.m.), što se može objasniti prisustvom antocijana u crvenom zrnu. Linija L1 je 
imala najveći sadržaj ukupnih šećera (3,36%), a linija L4 imala je najmanji (1,44%). Svi 
uzorci novih inbred linija ispitivani u ovoj studiji pokazali su dobre parametre kvaliteta u 
pogledu hemijskog sastava i bioaktivnih svojstava. Dobijeni rezultati mogu dati neke 
dragocene smernice potrebne u narednim fazama oplemenjivanja kukuruza, kao i otvoriti 
različite mogućnosti za korišćenje integralnog kukuruznog brašna u prehrambenoj 
industriji.

Ključne reči: kukuruz, integralno brašno, inbred linije, nutritivni sastav, bioaktivna 
svojstva
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