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ABSTRACT: The contemporary trends in maize breeding are directed at identification of genotypes
with improved grain quality for human consumption, industrial processing, and their incorporation into
breeding programmes. In this study, three maize hybrids and three open-pollinated varieties (OPVs),
differing in grain colour and type, were used to examine the differences in the total carotenoid content,
the phenolic compounds profile and total antioxidant capacity (TAC). In addition, physical parameters,
basic chemical composition, as well as the content of protein fractions in grain, were analysed. The
multivariate approach through Principal Component Analysis (PCA) application contributed to better
understanding of the complexity of the interdependence for maize grain quality parameters tested.
From the aspect of different end use, better technological quality desirable for dry milling and snack
food processing found in OPVs Osmak and Bosanac, as well as high content of bioactive compounds
(i.e. TAC) exhibited by OPV Rumenka, make these genotypes superior compared to hybrids’ varieties
evaluated.
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INTRODUCTION

Maize is the most important field crop in
Serbia, and ranks among the first three in
the world. It has been estimated that
maize would take over the primacy in the
field crop production by 2025. Maize grain
is predominantly processed into feed and
industrial products (i.e. starch, glue, in-
dustrial alcohol, and ethanol fuel), while in
Latin American and especially African
countries, maize represents 30-50% of
daily energy and protein intake in human
nutrition (Badu-Apraku et al., 2013; Doria
et al., 2015). In recent years, the in-

creased frequency of allergies and into-
lerance to gluten and gluten-containing
products has opened up new possibilities
for exploitation of maize flour and pro-
ducts. Additionally, as a gluten-free cereal,
maize is suitable for celiac consumption
(De la Hera et al., 2014).

Native white and pigmented maize have
been cultivated in South America, mainly
in Peru and Bolivia, and it was used for the
preparation of traditional drinks and des-
serts long before European settlers ar-
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rived. Likewise, old white maize popu-
lations used to have a significant role in
the diet of Western Balkan people, parti-
cularly the poor ones (Babic et al., 2018).
This is supported by the fact that a great
number of accessions (approximately 700
out of 2217 landraces) collected in this re-
gion during the previous period belongs to
the white maize and are maintained in the
Maize Research Institute ,Zemun Polje”
gene bank. Even today, farmers in Serbia
(about 86%) grow small quantities of
maize open-pollinated varieties (OPVs),
usually white ones, predominantly for the
preparation of traditional food and their
own needs (Knezevi¢-Jari¢ et al., 2014).
The situation is similar in many European
countries (Rodriguez et al., 2008; Bitocchi
et al., 2009).

Currently, multi-coloured, red, purple, blue,
and black maize varieties are produced
only in small amounts for making specialty
foods or for use in ornamentation due to
their colourful appearance (Abdel-Aal et
al., 2006). Since containing a wide range
of anthocyanins, with cyanidin derivatives
as the most dominant form, red and blue
maize present exceptional sources of both
high level of health beneficial phytoche-
micals (i.e. flavonoids, phenolic acids, -
carotene and lutein) and high antioxidant
capacity (Tanaka et al., 2008; Zili¢ et al.,
2012). Also, health-promoting effects of
anthocyanins, including anti-inflammatory
and anti-carcinogenic activity, prevention
in cardiovascular disease, and obe-
sity/diabetes control, are reported in nu-
merous studies (He and Giusti, 2010).

For a long period, maize breeding has
been focused on increased and stabile
yield, while grain quality has received less
attention. The contemporary trends are
directed at scanning genetic resources
with the aim to identify genotypes of
improved grain quality for human consum-
ption and for industrial processing, in order
to incorporate them into breeding pro-
grammes. Studies on landraces and OPVs
as dynamic populations, with distinct iden-
tity, high genetic divergence and adap-
tation to local agro-ecological conditions
showed that variations in physical and
biochemical characteristics of grain are
notably greater compared to those found

among modern maize hybrids (Zili¢ et al.,
2012; Andelkovi¢ et al., 2016). This cer-
tainly makes them interesting not only
from the aspect of breeding, but also for
their use for special purposes (Vancetovi¢
et al., 2017). In addition, the knowledge of
the chemical variability of OP varieties
contributes to the rescue of that germ-
plasm and could be of economic interest,
especially to the pharmaceutical, cosmetic
and food industries.

All these finding prompted us to evaluate
differences between three maize hybrid
and three OP varieties differing in grain
colour, according to the content of
bioactive compounds, especially phenolic
compounds and carotenoids, as well as
antioxidant capacity. In addition, physical
properties, the content of basic chemical
com-pounds and the content of protein
fractions in grain, were evaluated. The aim
was to examine the potential of the OP
varieties tested; in nutrients and bioactive
com-pounds contents, in order to be used
as sources of genes for improved grain
quality of modern maize hybrids.

MATERIALS AND METHODS

Plant material

Three maize hybrid and three open-
pollinated (OP) varieties differing in grain
type and colour were evaluated in this
study (Table 1). In 2016, the experiment
was conducted at Zemun Polje, Belgrade
vicinity, Serbia (44°52°'N, 20°19°E, 81 m
asl). The genotypes were sown in eight 6-
m long rows, in two replications, according
to completely randomized block design.
The inter-row distance was 0.75 m, while
the intra-row spacing was 0.24 m. Hybrid
varieties were selfed and landraces were
multiplied via pair crossing by hand (i.e.
full-sibling). The average sample per re-
plication represents the bulk of 5000 ker-
nels from the 50 ears (e.g. 100 kernels per
central part of ear). Standard cropping
practices were applied.

Extraction of phenolic compounds from
maize flour

For the detection of total phenolics, total
flavonoids and phenolic acids, extracts
were prepared from 0.5 g of flour tissue.
After alkaline hydrolysis for 4 h at room
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Table 1.

Plant material evaluated
Genotype Variety type Kernel type Kernel colour
ZP 5048 Hybrid dent red
ZP 633 Hybrid dent-like yellow-orange
ZP 65647b Hybrid dent white
Rumenka Open-Pollinated Variety dent-like dark red
Bosanac Open-Pollinated Variety intermediate yellow-orange
Osmak Open-Pollinated Variety flint-like white

temperature using 10 mL of 4 M NaOH,
the extraction was done with ethyl acetate
and diethyl ether (1:1, v/v) four times.

Five mL of combined extracts were eva-
porated under the N, stream at 30 °C to
dryness and final residues were redis-
solved in methanol (Zili¢ et al., 2016). The
extracts were kept at -70 °C until analyses.
All extractions were performed in dupli-
cate.

Analysis of total phenolic content (TP)

The total phenolic content was determined
according to the Foline Ciocalteu proce-
dure (Singleton et al., 1999). The content
was expressed as mg of gallic acid equi-
valent (GAE) per kg of dry matter (d.m.).

Analysis of total flavonoid content (TF)

The total flavonoid content was determi-
ned according to Zhishen et al. (1999) and
expressed as mg of catechin equivalent
(CE) per kg of d.m.

Analysis of total anthocyanin content
(ANC)

Anthocyanins were extracted from 80 mg
of maize flour mixed with 5 mL of me-
thanol acidified with 1 M HCI (85:15, v/v).
After shaking, the absorbance was mea-
sured at 535 and 700 nm. The content
was expressed as mg of cyaniding-3-glu-
coside equivalent (CGE) per kg of d.m.
Details of the method are described by
Zili¢ et al. (2019).

Analysis of individual phenolic acids

Chromatographic analyses were perfor-
med on the Thermo Scientific Ultimate
3000 HPLC with a photodiode array de-
tector. Phenolic acids were separated on
the Thermo Scientific Hypersil GOLD aQ
C18 column (150 mm x 4.6 mm, id., 3
Mm) using a linear gradient elution pro-

gram with a mobile phase containing sol-
vent A (formic acid/H,O, 1:99, v/v) and
solvent B (methanol) at a flow rate of 0.8
mL/min. The solvent gradient was pro-
grammed as described by Zili¢ et al.
(2012). The chromatograms were recor-
ded at 280 nm by monitoring spectra
within the wavelength range of 190-400
nm. ldentified phenolic acid peaks were
confirmed and quantified using the Ther-
mo Scientific Dionex Chromeleon 7.2.
chromatographic software (Zili¢ et al.,
2016).

Analysis of total carotenoids (TC)

The reference method of Association of
Official Analytical Chemists (AOAC)
(1995) was used. Briefly, 8 g of the sample
was extracted with 40 ml of water-satu-
rated 1-butanol for 30 min. After centri-
fugation, the supernatant was measured at
435 nm. The pigment content was calcu-
lated using the conversion factor of 1.6632
and expressed as mg of p-carotene
equivalent (BCE) per kg of d.m.

Analysis of total antioxidant capacity
(TAC)

The antioxidant capacity of maize samples
was measured according to the
QUENCHER method described by Serpen
et al. (2008), using ABTS (2,2-azino-bis/3-
ethil-benothiazoline-6-sulphonic acid). The
total antioxidant capacity was expressed
as Trolox equivalent antioxidant capacity
(TEAC) in mmol of trolox per kg of d.m.
(dry matter).

Physical properties

After measuring the kernel weight, peri-
carp (Per), germ and endosperm
(End+Ger) were isolated by hand-dis-
section of duplicate samples previously
soaked in water for 12 h. After drying,
weight of each kernel part was measured
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and its portion in the whole kernel weight
was calculated. The percentage of a hard
(HE) and a soft endosperm (SE) portion,
as well as the milling resistance time (RT)
were determined by Stenvert-Pomeranz
method (Radosavljevic et al., 2000). The
description of the method of the specific
density (SD) and the flotation index (FI)
was given in the study of Radosavljevi¢ et
al. (2000).

Analysis of basic chemical compounds

The standard AOAC (1995) chemical me-
thods were applied to determine contents
of ash, oil, total proteins and cellulose. The
results are given in percentages of dry
matter (d.m.).

Analysis of protein fractions

Different protein fractions were obtained
by successive extractions of maize flour
with a series of solvents in a ratio of 1:10
w/v (Zili¢ et al., 2010). Distilled water, 0.5
M NaCl and 70% ethanol were used to
extract albumin, globulin and zein frac-
tions, respectively. Albumins were sepa-
rated from non-protein nitrogen by preci-
pitation from the water soluble fraction with
10% trichloroacetic acid. The extraction of
each protein fraction was done by repea-
ted stirring, tree times for 30 min at 4 °C,
followed by centrifugation at 15000 g for 5
min. The nitrogen content was determined
in extracts by the micro Kjeldahl method
and the protein content was calculated by
using the conversion factor of 6.25. The
results are given as percentage of dry
matter.

Statistical analyses

Statistical analyses were performed using
the MSTAT-C programme for the analysis
of variance (ANOVA) and the SPSS Sta-
tistics 23 (IBM, Armonk, New York, USA)
for the Principal Component Analysis
(PCA).

RESULTS AND DISCUSSION

ANOVA revealed significant differences
between maize genotypes (p<0.01) for
analysed bioactive compounds (Table 2),
physical properties and chemical compo-
sition (Table 3 and 4). The highest content
of phenolic compounds, including total
phenolics, flavonoids and phenolic acids,

was measured in the red hybrid ZP5048,
as well as in red and yellow OPVs
Rumenka and Bosanac (Table 2). White
OPV Osmak had a higher content of phe-
nolic compounds than white hybrid. In ad-
dition, yellow OPV Bosanac and yellow
hybrid ZP633 had the highest i.e. the lo-
west content of ferulic acid, as a dominant
phenolic acid in maize grain (Navarro et al,
2018). Detected only in red colored geno-
types, red OPV Rumenka exhibited signifi-
cantly higher content of anthocyanins
compared to the red hybrid ZP5048 (22.32
vs. 1.34 mg CGE kg™) (Table 2). Immer-
sed in a cellulose matrix of pericarp, the
anthocyanins of red colored maize,
although water-soluble, are hardly acces-
sible, making them more stable.

In maize grain, phenolic compounds, phe-
nolic acids primarily, exist mainly in the
insoluble bound form and accumulated in
the outermost layers. Das and Singh
(2016) reported 74-83% of bound phe-
nolics in the pericarp, while the remaining
fraction was accumulated in the embrio
mainly. However, the bioavailability of
bound phenolics is low. Despite of low
bioavailability of ferulic acid from maize
bran (2.5-5% or even lower 0.4-0.5%)
(Adam et al., 2002), unmodified after sto-
mach and intestinal digestion, these phe-
nolic compounds reach to the colon where
exert their healthful benefits locally, pre-
venting colon cancer (Ah-Hen et al,
2012).

Numerous studies reported health-pro-
moted effects of carotenoid-rich foods.
Although a minor component in cereals,
carotenoid content is an important charac-
teristic in the utilization of cereals. In study
on carotenoids distribution in cereal grain,
Ndolo et al. (2013) reported significant
variability in level of TC (p<0.05) within
cereal varieties. The authors reported the
average TC in whole grain was 18.19
mg/kg for yellow maize, which was in line
with our findings (i.e. 16.35 mg BCE kg
and 20.54 mg BCE kg” in yellow hybrid
ZP633 and OPV Bosanac, respectively)
(Table 2). Generally, white maize varieties,
due to the presence of recessive homo-
zygous mutation, are unable to accu-
mulate high amounts of carotenoids (Lago
et al.,, 2015), as was the case with
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ZP65647b and OPV Osmak, having ne- high content of insoluble bound phenolic
gligible content of carotenoids (1.50 and compounds, as well as carotenoids, OPV
2.15 BCE kg™, respectively). Since TC Bosanac does not contain bioactive
contributions to whole grain were the compounds of extremely high antioxidant
highest for the endosperm as the largest capacity. According to our results, antho-
grain fraction (Coultate, 2009), low TC cyanins seem to contribute the most to
found in dark red OPV Rumenka is result higher TAC, as was the case with red OPV
of its white endosperm. Although exhibited Rumenka (Table 2).
Table 2.
Bioactive compounds content and antioxidant capacity of maize hybrids and OPVs

TC TP* TF ANC’ CA FA TPA TAC**
ZP 5048 22.27° 3440.4° 355.2° 1.34° 234.6° 2024.4° 2297.1° 17.75°
ZP 633 16.35° 2717.7° 2435° n.d. 288.2° 1629.5' 1934.6°  10.30°
ZP 65647b 1.50° 2590.0° 262.2° n.d. 172.5° 1703.1° 1889.2' 11.85°
Rumenka 7.60°  3438.9° 3453* 22.32° 2924° 2138.1° 2476.3°  24.45°
Bosanac 20.54°  3469.4° 343.3° n.d. 194.3° 2289.7° 2504.3° 11.11°
Osmak 2.15°  2948.2° 281.8° n.d. 148.6' 1902.9° 2070.3°  11.74°

—mg BCE kg, —mg GAE kg, —mg CE kg",”— mg CGE kg, ** — mmol Trolox Eq kg’ n.d. — not detected,
TC - total carotenoids, TP — total phenolic compounds, TF — total flavonoids, ANC — total anthocyanins, TAC —
total antioxidant capacity, CA — p-coumaric acid, FA — ferulic acid, TPA — total phenolic acid

Table 3.
Physical properties and basic chemical composition of maize hybrids and OPVs

Per EndGe HE SE RT SD FI Ash Prot Qil Cel

ZP5048 5.79° 9421 56.01 4399 85 124 9175 1.18 9.18° 584 238
ZP633  501° 94.99° 6278 3722 10.0° 1.22 23.37 132 9.01° 501 221°
ZP 551° 94.48% 57.94 42.06 11.0° 130 13.56 128 8.89° 6.16 2.11°
Rumenka 8.20° 91.80° 5825 4175 11.4° 122 8501 157 11.98 6.10 2.65°
Bosanac ~ 7.28° 92.72 67.45 3254 16.0° 132 1206 142 10.99 588 2.06°
Osmak  595° 94.05 66.17 33.83 14.0° 127 4985 143 1123 658 2.24°

Per — percentage of pericarp portion in kernel weight, EndGer — percentage of endosperm and germ portion in
kernel weight, HE — percentage of hard endosperm portion in kernel weight, SE — percentage of soft endosperm
portion in kernel weight, RT — milling resistance time, SD — specific kernel density, FI — flotation index, Prot —
protein, Cel — cellulose

Table 4.
Content of protein fractions in maize hybrids and OPVs

Content*
NonPN Alb Glb Zein

ZP 5048 0.92% 0.81° 0.72° 1.55°
ZP 633 0.89%° 0.55° 0.63° 1.67°
ZP 65647b 0.71° 0.86° 0.43° 1.83°
Rumenka 0.97° 0.80° 0.74° 1.86°
Bosanac 0.85° 0.79° 0.62° 1.78°
Osmak 0.62¢ 0.81° 0.61° 2.51°
*— % of protein fraction in dry matter, NonPN — free amino acids, Alb — albumin, Glb — globulin
Table 5.
Total percentage of variance explained by the PCA

Bioactive compounds Physical properties + BCCG Protein fraction

EiV Vv EiV Y EiV \';

PCA1 5.63 62.596 457 45724 2.72 54.307
PCA2 1.88 20.873 443 44.287 1.40° 27.998
PCA3 115 12.786 0.63 6.323 0.82 16.362
PCA4 0.32 3.528 0.29 2.921 0.07 1.333
Cumulative 96.255 90.002 82.305

EiV — Eigen value, * — Eigen value > 1 considered as significant, V — Variance, BCCG — basic chemical
composition of the grain
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Our findings are in line with previously re-
ported superiority of OPV Rumenka re-
garding anthocyanin content and antioxi-
dant capacity compared to hybrid varie-
ties (Vancetovic et al., 2012).

Observed significant difference regarding
physical properties and basic chemical
composition was found between geno-
types evaluated (Table 3). Results of phy-
sical parameters (the milling response,
portion of hard and soft fractions, density
and flotation index) analysis confirmed the
initial information on the grain type (Table
1). In addition, more pronounced pericarp
portion, HE, RT, Ash, and Prot, was ob-
served in OPVs compared to similarly
coloured hybrids (i.e. red OPV Rumenka
vs. red hybrid ZP5048). Obtained results
pointed to better technological and nu-
tritive grain quality of OPVs investigated
(Zili¢ et al., 2012).

Maize proteins in grain, particularly zeins,
influence the nutritional quality of the
grain, the physical characteristics of grain
and the functional characteristics of maize
meal for making food products (Larkins,
2019). Yellow OPV had 5.0% lower and
6.0% higher content of free amino acids
and zein (Table 4), respectively, that con-
tribute to superiority of its technological
characteristics over yellow hybrid. It was
not determined that observed differences
in protein fractions attributed to the grain
colour or type of variety (hybrid or OPV).
Knowledge about the amount of protein in
a seed and its amino acids composition
has value, but information regarding the
amount of protein in various solubility clas-
ses provides little biological insight or
utility (Larkins, 2019). Certainly, the in-
creased content of zein (22.33% of total
proteins) and the decreased content of
non-protein nitrogen (5.47% of total pro-
teins) point out to the greatest kernel
hardness of white OPV Osmak. Our re-
sults are in line with a fact that maize phy-
sical properties correlate well with total
protein and zein subclasses (Lee et al.,
2006). Some physical traits could be used
to predict nutritional quality and utility va-
lue of maize kernel (Milaginovié-Seremesi¢
et al., 2019). According to study of Zili¢ et
al. (2010), the highest content of zein was
in the popping maize grain and the lowest

in sweet and dent hybrids grain. Com-
pared to white OPV, the white hybrid
ZP65647b is rich in albumins, the proteins
superior in quality existing mainly in the
germ.

PC analysis

Although ANOVA provided information on
the existing levels of differences regarding
observed parameters, it is difficult to esta-
blish their precise relationship with both,
the grain colour/type and the type of
variety. In this study, to explore similarities
and hidden patterns among samples
where relationship on data and grouping
are still unclear (Granato et al., 2018),
PCA was applied. The analysis was ap-
plied separately on three data sets: for
bioactive compounds, combined physical
properties and basic chemical composition
of grain, as well as on protein fractions cal-
culated on dry matter basis.

The PCA of bioactive compounds shows
that the first three axes were significant,
whereby total of 96.255% of data varia-
bility was covered with the first three axes
(62.596, 20.873 and 12.786%, respecti-
vely). For the rest of data sets, the first two
PCA axes were significant, and the extent
of the variation included can be seen in
Table 5.

Generally, the parameters that define sin-
gle axis (with rotated component matrix
values > 0.7) are in high correlation, while
the parameters that define different axes
are not correlated, which could be seen
from the Table 6.

PCA for bioactive compounds

High correlations were observed between
TP, TF, FA and TPA (explained by PCA1
axis). Also, high TAC was followed by high
content of ANC and CA (explained by
PCA2 axis), where content of TC, being
independent from all of investigated bioac-
tive compounds, was explained by PCA3
axis (Table 6, Figure 1a, b).

Compared to other genotypes evaluated,
red OPV Rumenka and hybrid ZP5048
have a greater content of bioactive com-
pounds (Figure 1a — PCA1-PCA2). Ru-
menka is characterized with the higher
TAC, CA and ANC. On the other hand,
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ZP5048 has a higher content of TPA, TP,
TF and FA, having in the same time low
ANC and CA content, and as a con-
sequence, less TAC compared to OPV
Rumenka. OPV Osmak and ZP65647b, as
white maize genotypes, have low content
of all bioactive compounds (negative va-
lues of all three PCA axes). Yellow OPV
Bosanac has a high content of TPA, TF,
TP and FA, the lowest content of antho-
cyanins and p-coumaric acid and therefore
low TAC. In Figure 1b (PCA1-PCA3),
where the third axis is defined by the
carotenoids content, has been shown that
the genotypes ZP633, ZP5048 and Bo-
sanac have the high carotenoids content,

Table 6.
Component matrix(a) of PCAs

while ZP633 has a low contents of all
other bioactive compounds. Although the-
re are differences in physical and bio-che-
mical grain traits among modern maize
hybrids, variation in these traits is substan-
tially smaller compared to variation found
in landraces and OP varieties. In the study
of Andelkovi¢ et al. (2016), in the grain of
29 maize landraces, B-carotene content,
by which the maize is generally poor, va-
ried from 0.0 to 7.95ug/g.

Further, in the grain of seven colored
maize landraces, the content of total an-
thocyanins ranged from 2.5 to 696.13 mg
CGE/kg (Zili¢ et al., 2012).

PCAs Components

Original Variables

PCA1 PCA2 PCA3
Bioactive compounds
TAC 0.380 0.905 -0.032
TP 0.900 0.266 0.306
TF 0.931 0.297 0.141
ANC 0.221 0.943 -0.133
CA -0.143 0.711 0.665
FA 0.966 0.126 -0.003
TPA 0.904 0.316 0.155
TC 0.430 -0.168 0.886
Physical properties and basic chemical composition
END+GER 0.129 -0.928
SD 0.894 -0.352
Fl -0.857 0.309
RT 0.797 0.561
HE 0.892 0.298
SE -0.892 -0.298
Ash 0.131 0.917
Cel -0.828 0.508
Prot 0.071 0.982
Per -0.129 0.928
Protein fraction (d.m.)
NonPN 0.985 -0.110
Alb -0.235 0.969
NonPN+Alb 0.749 0.656
Glb 0.713 -0.008
Zein -0.788 0.141

TAC — total antioxidant capacity, TP — total phenolic compounds, TF — total flavonoids, ANC — total anthocyanins,
CA — p-coumaric acid, FA — ferulic acid, TPA — total identified phenolic acid, TC — total carotenoids, Per —
percentage of pericarp portion in kernel weight, End+Ger — percentage of endosperm and germ portion in kernel
weight, SD — specific kernel density, Fl — flotation index, RT — milling resistance time, HE — percentage of hard
endosperm portion in kernel weight, SE — percentage of soft endosperm portion in kernel weight, Prot — protein,
Cel — cellulose, NonPN — free amino acids, Alb — albumin, GIb — globulin, d.m. — dry matter
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PCA 2
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PCA 3

ZP 65647h

Figure 1. PCA for bioactive compounds PCA1-2 (a) and PCA1-3 (b)

PCA 2

ZP 65647b
T

EndGer
T

Bosanac

T T
-1.0 -0.5

PCA1

0.8 10

Figure 2. PCA for combined physical properties and basic chemical composition of grain

PCA for combined physical properties
and basic chemical composition of
grain

Values of the first axis, defined by the
parameters related to kernel hardness
(SD, FI, RT, HE, SE), and cellulose con-
tent (Cel), clearly separate genotypes with
higher hardness (Bosanac, Osmak,
ZP633, positive values of PCA1) from ge-
notypes with high portion of SE, high FI

and content of Cel (Table 6; Figure 2). It is
clear that the values of the second axis,
defined by Per, End+Ger, Ash, Prot and
Per, clearly separate OPVs from hybrids
(positive values on the second axis).
OPVs are characterized by a greater por-
tion of pericarp and Ash, followed by high
protein content, compared to hybrids with
greater portion of endosperm and germ.
OPVs Osmak and Bosanac exhibited a
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ZP 65647h
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Figure 3. PCA for Protein fraction in d.m.

smaller content of cellulose and a greater
content of the hard fraction (HE, RT, SD),
indicated strongly the best technological
quality and possibility for their direct ap-
plication in food production, despite gene-
raly lower OPV yield compared to hybrids
ones. In our earlier studies (Babic et al.,
2018), despite the lower grain yield, OPV
Osmak had a protein yield per hectare
above that of the ZP300b hybrid (FAO
300). Dry millers and snhack food pro-
cessors prefer hard-endosperm maize that
results in higher flaking grit yield and more
predictable cooking times (Paulsen et al.,
2019).

Insufficient percentage of extracted data
for variance explained by two PCA axes
regarding oil content (0.306, data not pre-
sented) pointed out the necessity for se-
parate observation of this parameter. The
highest and the lowest oil content were re-
corded in white OPV Osmak and ZP633,
respectively. Our findings are in line with
reported a very few significant correlations
between grain oil concentration and tech-
nological quality parameters. This is ex-
pected, since most kernel hardness and
breakage susceptibility are associated with

endosperm properties, while oil is largely
found in the germ (Fox and Manley, 2009).

PCA for protein fractions

Considering the portion of protein fraction
in dry matter, the first axis is defined by
values of NonPN, NonPN+Alb, Glb and
Zein, while the second axis is defined by
values of Alb (Table 6). In Figure 3 (PCA1-
PCA2) has been shown a higher zein and
a low globulin and free amino acids con-
tent in white maize genotypes, opposite to
OPV Rumenka and ZP5048 (red), OPV
Bosanac and ZP633 (yellow). Additionally,
ZP633 is characterized by low content of
almost all protein fractions, particularly
albumin.

There is evidence that zein protein bodies
contribute to the formation of vitreous re-
gions of the mature maize kernel, although
the mechanism by which this occurs is
unclear (Larkins, 2019). Vitreous endo-
sperm is the origin of grits, maize chips
and flakes. While zein proteins are not nu-
tritionally ideal, their hydrophobicity, abun-
dance, and price have made them va-
luable for a variety of industrial applica-
tions as plasticizers, coatings, fibres, inks
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and mouldings (Lawton, 2002). For health-
related reasons, plant-based zein biopoly-
mers have advantages over those made
from animal proteins (Demir et al., 2017).
In that context, OPV Osmak could be
recommended as a source for zein bio-
polymers extraction.

CONCLUSION

Simultaneous observation of combination
of higher number of parameters through
application of PCA provided compre-
hensive insight into the complexity of in-
terrelations among observed parameters
in grain of studied maize genotypes.

The multivariate approach made it pos-
sible to define genotypes with a combi-
nation of desirable traits for a particular
type of an end use. Red OPV Rumenka
exhibited the highest TAC due to high con-
tent of bioactive compounds. According to
physical properties and basic chemical
composition of grain, all OPVs are charac-
terized with better technological quality,
especially OPVs Osmak and Bosanac,
making them desirable for dry milling and
snack food processing. High content of
zein found in OPV Osmak could have
multiple uses in industrial applications as
plasticizers, coatings, fibres, inks, and
mouldings.

From the results obtained, it can be con-
cluded that the maize OPVs evaluated
represented the valuable genetic pools for
commercial breeding material improve-
ment, containing a wealth of benefits, in-
cluding new opportunities for improving
nutrition and multiple uses of maize and
maize products.

However, besides of genetics, agroeco-
logical factors also have a significant im-
pact on grain quality. In order to confirm
the superiority of maize OPVs regarding
nutritive and bioactive compounds content
over hybrid maize varieties, further eva-
luation under contrasting environmental
conditions will be conducted.
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PA3JIUKE Y CAAPXAJY XPAHIBUBUX U BUOAKTUBHUX JEOAUIBEHA
UIMEDBY XUBPUOAHUX U CNOBOAHOOMPALUYJYHRUX COPTU
KYKYPY3A

Bojka b. babuh*, Hatanuja b. Kpasuh, JeneHna IN. BaHuyetoBuh, HeHag C. [enuh, CnahaHa M. XXunuh
WHcTUTyT 3a Kykypy3, 3emyH lNMorbe, Cnobogana bajuua 1, 11185 beorpag, Cpbuja

Caxetak: CaBpemMeHn TpPeHOOBW Yy ONfemMeruBaky Kykypysa mgy y npasuy vaeHTudukaumje
reHoTunoBa nosehaHor KBanuTeTa 3pHa 3a JbYACKY ynotpeby, MHAYCTPUjCKY npepagy U HMXOBOr
YKIby4MBaka y KOMepuuvjanHe onnemenveadke nporpame. 3a OBO UCTpaxmBare opgabpaHe cy Tpwu
xmbpuaHe n Tpu cnobogHoonpalyjyhe copte Kykypysa pasnuuute no 60ju v Tuny 3pHa, y uurby
MCcnuTMBaka pasnuka Yy cagpxajy YKyMmHUX KapoTeHouaa, (PeHOMHUX jeaukrera W YKYynHOM
aHTMOKCUAATUBHOM KanauuTeTy. [logaTHO cy aHanusmpaHe usndke KapakTepucTuKe U OCHOBHMU
XEeMUJCKMN cacTaB 3pHa, Kao W cagpxaj npoTeumHCKuMX dpakumja. MyntusapujaumoHu NpucTyn, Kpos
npuMeHy aHanuse rnaBHMx komnoHeHata (PCA) gonpuHeo je 6orbeM pasymeBakby CINOXEHUX Be3a
ucnutTuBaHUX napametapa keanuteTa. Ca acnekta pasnuumte ynotpebHe BpegHoOCTW, 6OrbM
TEXHOMOLLUKM KBanuTeT MOXeSbaH 3a Mpouec CyBOr MIieBeHa U npouec npousBodre rpuukanuua
(cHek npowusBoga) je ngeHTudumkoBaH kog cnobogHoonpawyjyhux coptn Ocmak n bocaHau, gok ce
copta PymeHka ognukoBana BUCOKMM cagpxajeM OWoakTMBHUX jeaursewa (Tj. BMCOKUM
aHTUoKCnaaTUBHUM kanauutetom).  [dobujeHn pesyntatm  ykasyjy Ha  CynepuvopHOCT
cnobopgHoonpawyjyhnx coptu y nopehemy ca xmbpngHum.

KrbyuyHe peun: aHmuokcudamueHu Kanauyumem, kapomeHoudu, murn/6oja 3pHa, ¢heHosnHa
jedumwera, Zea mays L.
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