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Kernel color and
fertilization as factors of
enhanced maize quality
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Greece, “Laboratory of Agronomy, Agricultural University of Athens, Athens, Greece

Maize is an important staple crop and a significant source of various nutrients.
We aimed to determine the macronutrients, antioxidants, and essential
elements in maize genotypes (white, yellow, and red kernel) using three
different fertilizers, which could be used as a basis to increase the nutrient
density of maize. The fertilizer treatments used bio- and organic fertilizers as a
sustainable approach, urea, as a commonly used mineral fertilizer, and the
control (no fertilization). We evaluated the yield, concentration of
macronutrient (protein, oil, and starch), nonenzymatic antioxidants
(phenolics, yellow pigment, total glutathione (GSH), and phytic phosphorus),
and reduction capacity of the 2,2-diphenyl-1-picrylnydrazyl (DPPH) radical, as
well as essential elements that are commonly deficient in the diet (Mg, Ca, Fe,
Mn, Zn, Cu, and S) and their relationships with phytic acid. The genotype
expressed the strongest effect on the variability of grain yield and the analyzed
grain constituents. The red-kernel hybrid showed the greatest accumulation of
protein, oil, phenolics, and essential elements (Ca, Fe, Cu, and S) than a yellow
and white hybrid, especially in the biofertilizer treatment. The yellow kernel had
the highest concentrations of yellow pigment, GSH, phytic phosphorous, Mg,
Mn, and Zn (19.61 pg g%, 1,134 nmol g%, 2.63 mg g%, 1,963 ug g%, 11.7 ug g,
and 33.9 pg g% respectively). The white kernel had a greater starch
concentration (2.5% higher than that in the red hybrid) and the potential
bioavailability of essential metals, particularly under no fertilization. This
supports the significance of white maize as a staple food in many traditional
diets across the world. Urea was important for the enhancement of the
antioxidant status (with 88.0% reduction capacity for the DPPH radical) and
increased potential Zn bioavailability in the maize kernels (13.3% higher than
that in the biofertilizer treatment). This study underlines the differences in the
yield potential and chemical composition of red, yellow, and white-kernel
maize and their importance as a necessary part of a sustainable human diet.
This information can help determine the most appropriate genotype based on
the antioxidants and/or essential elements targeted for kernel improvement.
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bio-fertilizer, organic fertilizer, kernel composition, essential elements, antioxidants,
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Introduction

Maize (Zea mays L.) is an important crop and a staple food
worldwide. It is a source of many phytonutrients, mainly
carbohydrates, as well as highly valuable proteins, oils, mineral
nutrients, vitamins, secondary metabolites, phenolic
compounds, and phytosterols. Zein, as the main protein in
maize kernels, has significant applications in pharmacy and
nutraceuticals, and resistant starch confers health benefits that
may reduce the risk of some cancers, atherosclerosis, and
metabolic syndrome (Sha et al., 2016). It is also important to
emphasize that maize kernels are gluten-free and have a low
glycemic index; thus, they could be included in various diets
(Giuberti et al.,, 2015). While breeding was mainly focused on the
yield potential rather than the chemical composition of the
maize kernels, current trends in sustainable nutrition have
improved the nutrient density of food. Because genotypes high
in protein and antioxidants are low in yield (Mahan et al., 2013),
maintaining a balance between yield potential and quality could
become an important trait in the future.

Owing to the increased popularity of secondary metabolites
and their antioxidant properties, genotypes with various kernel
colorations, ranging from intense yellow to red, purple, or even
blue and black, have received considerable attention (Zilié
et al.,, 2012; Sha et al., 2016; Suriano et al.,, 2021); this
explains the high antioxidant activity of maize flour than
wheat flour (Nikolic et al.,, 2019). Nevertheless, in some
regions, the white kernel is mainly used for human
nutrition. The synthesis of antioxidants is primarily driven
by environmental factors and genotype x environment
interactions; thus, stressful conditions could increase the
concentration of antioxidants, such as glutathione, phenolics,
yellow pigment, and phytic acid (Phy), in the crop’s vegetative
parts and grains (Brankovic et al., 2015; Dragicevic et al., 2017;
Saini and Keum, 2018).

Because a majority of soils are depleted and lack several
essential elements, the deficiency of these nutrients (mainly Fe,
Zn, 1, and vitamin A) has resulted in the prevalence of “hidden
hunger” worldwide. Addressing the need for nutrient-dense food
requires strategies that improve food quality and benefit
developing and developed countries (Lowe, 2021; FAO, 2022).
Soils should receive significant attention as the nutrients in food
originate here and as a resource with a limited or depleted
nutrient budget. Therefore, the production system should
integrate different practices, such as biofortification, which
affect the mineral balance of the plants (Sofo et al,, 2016).
Fertilizers, such as organic fertilizers that are rich in various
nutrients (in highly or less accessible forms) and biofertilizers,
can enrich the soil with organic matter, promote soil microbiota,
restore soil fertility, and increase crop fitness and growth.
Roychowdhury et al. (2017) and Mishra et al. (2012)
considered biofertilizers to be one of the best modern tools as
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an alternative to mineral fertilizers, with a beneficial impact on
the environment and fulfilling the optimal supply of nutrients
(P, Ca, Cu, and Zn) to the crops. Crop-microbiota relations are
dynamic and depend on various factors. The diversity and
number of rhizosphere microbiota are highly dependent on
the crop phenophase and the type and amount of fertilizer
used (Vollt et al., 2018). Furthermore, nutrient absorption and
remobilization are highly dependent on the genotype (Ray et al.,
2020), which should also be considered when nutrient-dense
yields are the goal.

Although grain enrichment with essential elements has been
targeted in previous studies, the factors that promote or reduce
their bioavailability in the digestive organs of humans and
monogastric animals must also be considered. In this context,
phytic acid is the chief antinutrient. It is primarily a phosphorus
reserve in seeds and grains, with the ability to bind minerals,
proteins, and starch, limiting their bioavailability. However, its
benefits are reflected in its high antioxidant activity, preventing
lipid peroxidation and, thus, preserving food by preventing it
from changing color and spoiling (Feizollahi et al., 2021). It can
also reduce the risk of certain cancers, support heart health, and
manage renal stones. It was ascertained that an increase in the
phytic acid concentration in plants is also related to climate
change, i.e., the atmospheric CO, rise, which additionally
decreases the accessibility of mineral elements (Chaturvedi
et al., 2017; Perera et al, 2018). Therefore, to increase the
bioavailability of essential elements, it is important to
determine their distribution in grains and seeds and their ratio
with phytic acid (Johnson et al., 2013; Wang et al,, 2015). For
example, P, K, Ca, and Fe are mainly present in the rice aleurone;
Zn is distributed from the aleurone to the inner endosperm, and
Cu is mainly located in the inner endosperm and is not
associated with P (Iwai et al., 2012).

The nutritional quality of the maize grain, especially for
genotypes with different kernel colors, was narrowly described,
with no data regarding essential elements and factors that
promote/reduce their potential bioavailability. Consequently,
this study aimed to determine the macronutrients,
antioxidants, and essential elements in three different maize
genotypes (white, yellow, and red) under the influence of three
types of fertilizer treatments, which could be used as a basis for
increasing the nutrient density of maize. The fertilization
practices included sustainable fertilizers, bio- and organic
fertilizers, and urea, as a commonly used mineral fertilizer.
The effects of the treatments were determined by evaluating
yield, macronutrients (protein, oil, and starch), various
nonenzymatic antioxidants (phenolics, yellow pigment, total
glutathione, phytic phosphorus, and the reduction capacity of
the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical), and
essential elements that are commonly deficient (Mg, Ca, Fe,
Mn, Zn, Cu, and S) and their relations with phytic acid,
including the potential bioavailability.
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Material and methods
Trial settings and soil properties

The experiment was conducted during the maize vegetative
period in 2018-2020 under dry farming conditions in Zemun
Polje, Serbia (44° 52’ N, 20° 20" E). The soil was slightly
calcareous chernozem, containing 53.0% sand, 30.0% silt, and
17.0% clay. The preceding crop was always winter wheat
(Triticum vulgare L.). Each year, at the beginning of April, the
soil was sampled, and the chemical composition, including
the pH, soil organic matter content (SOM), and contents of
the available elements, were determined (Table 1). The
variations in the contents of the mineral elements were slight
and could be owing to the soil conditions of the experimental
area, the previous crop, and/or the meteorological conditions
and variability in the growing conditions.

The experimental trial included maize hybrids with different
kernel colors: red (ZP 5048c), white (ZP 522b), and intense
yellow (ZP 737). The sowing was performed in the spring (last
week of April) in all 3 years. Together with seed-bed preparation
(2-3 days before sowing), the fertilizer treatments were applied
and incorporated into the soil according to the manufacturer’s
recommendations: biofertilizer (BF; Team Micorriza Plus), 3 kg
ha™' (0.5 kg 100 L™ water); organic fertilizer (OF; Fertor), 2.5 t
ha™'; mineral fertilizer (urea; 46% N), 200 kg ha™'; and control
(Con; no fertilization). Team Micorriza Plus is an inoculum in
powder form that contains the arbuscular mycorrhizal fungi
Rhizophagus intraradices (150 spores g ') and Glomus mosseae
(150 spores g ') and rhizosphere bacteria (1 x 10" UFC g ') with
56% organic matter content. It improves plant nutrient
absorption, increases the crop’s tolerance to abiotic and biotic
stresses, and maintains soil fertility. Fertor is a fertilizer in pellet
form, produced from chicken manure and plant-based organic
matter. It contains NPK (4.5:2.7:2.3) + 1.1% Mg + 9.3% Ca and
other macro- and micronutrients, which are partly soluble and
available to plants, whereas insoluble parts enable the continual
release of nutrients during vegetation. Standard cropping
practices were applied, according to the manufacturer’s
requirements. Both fertilizers, Team Micorriza Plus and
Fertor, are permitted for use in organic agriculture. After
harvest (during the second half of October), the maize grain

10.3389/fpls.2022.1027618

yield was measured and calculated at 14% moisture, and the
grains were used for further analyses.

Chemical analyses

The concentrations of protein, oil, and starch in the maize
kernels were determined using a near-infrared analyzer
(Infraneo, Chopin, France) and were presented as a
percentage. The kernel samples (100 g) were milled on the
Perten 120 (Perten, Stockholm, Sweden; particle size < 500
pum). The antioxidants, such as phytic phosphorus (Pphy) and
total glutathione (GSH), were determined after extraction with
5% trichloroacetic acid. The extract was centrifuged at 12,000
rpm for 15 min (Model Velocity 18R Versatile Centrifuge, Rotor
TA15-24-2; Dynamica Scientific, Livingston, UK) at 4°C, and the
absorbance was measured using a spectrophotometer (Biochrom
Libra S22 UV/Vis Spectrophotometer, Biochrom, Cambridge,
UK). The Pphy concentration was determined using the method
described by Dragicevic et al. (2011), which is based on the pink
color formed upon the reaction between ferric ion and
sulfosalicylic acid from the Wade reagent; the absorbance was
measured at A = 500 nm. The GSH was determined using the
method proposed by Sari-Gorla et al. (1993), by adding 0.2 M
potassium phosphate buffer (pH = 8.0) and 10 mM 5.5’-dithio
(2-nitrobenzoic acid) to the extract and measuring the
absorbance at 415 nm.

Water-soluble phenolics were determined after extraction
with double-distilled water and centrifugation at 12,000 rpm for
15 min, using the method proposed by Simic et al. (2004). After
adding 0.05M FeCl; in 0.1 M HCl and 0.008 M K;Fe(CN); to the
sample solution, the absorbance was measured at A = 722 nm,
and the concentration of phenolics was expressed in micrograms
of ferulic acid equivalent. The yellow pigment (YP) was
determined using the method proposed by Vancetovic et al.
(2014) after extraction with 1-butanol and centrifugation at
10,000 rpm for 5 min; the absorbance was measured at A =
436 nm and expressed in micrograms of -carotene per gram.

The scavenging activity, i.e., the reduction capacity of free
radicals, was determined using the method suggested by Abe
et al. (1998). After extraction with 70% acetone, the difference
between the blank and the sample containing the added DPPH

TABLE 1 The soil composition, including soil organic matter (SOM) content and available forms of mineral elements.

N pH SOM P K
kg ha™' % kg ha™'
Depth (cm) 0-90
2018 166.4 7.17 2.82 57.9 158.2
2019 153.9 7.19 2.88 60.5 160.2
2020 167.5 7.16 3.13 61.2 162.1
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Mg Ca Fe Mn Zn Cu S
mg kg™
0-30
385.2 736.4 21.98 235 3.86 331 451.54
394.75 695.0 18.83 174 432 4.65 448.49
342.08 732.39 24.64 18.54 542 4.61 448.87
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radical was measured, and the reduction capacity was
displayed as the percentage of DPPH reduction capacity. The
concentrations of the essential elements Mg, Ca, Fe, Mn, Zn, Cu,
and S were determined after wet digestion with an HCIO, +
HNO; mixture, using inductively coupled plasma-optical
emission spectrometry (Spectroflame, 27.12 MHz and 2.5 kW,
model P, Spectro Analytical Instruments, Kleve, Germany).

Meteorological conditions

Each experimental season in 2018-2020 was characterized
by an optimal total precipitation amount (Table 2), ranging from
327.7 (2020) to 366.0 mm (2019). However, the distribution was
unequal, with lower values in April and September of 2018 and
2020 (the minimum value was achieved in April 2020, with only
4.7 mm precipitation). Similarly, a low precipitation amount
occurred in August-September 2019. With respect to
temperature fluctuations, 2018 had the highest temperature on
average. The highest values mainly occurred in August in all 3
years, and the highest value was 25.9°C in 2019.

Statistical analyses

The data were processed using an analysis of variance (F-
test), with a significance level of p < 0.05. Moreover, a correlation
analysis (Pearson’s coefficients) included the correlation between
the GY and analyzed elements (Mg, Ca, Fe, Mn, Zn, Cu, and S)
and between the DPPH reduction capacity and concentration of
the analyzed antioxidants (Pphy, GSH, phenolics, and YP), at p <
0.05. The results for the element removal with yield and the
relation between Phy and the essential metals were presented as
a mean * standard error. Furthermore, the interdependence
between the applied treatments and genotypes with respect to
the kernel chemical composition was analyzed using a principal
component analysis (PCA) as a dimensionality-reduction
method, and the analysis was performed using SPSS for
Windows Version 15.0 (SPSS, 2006).

10.3389/fpls.2022.1027618

Results

Impact of the year, fertilization
treatments, and kernel color on the
variation in the yield and chemical
composition of the maize kernels

The sources, such as the year, fertilizer, genotype, and their
interaction, exhibited a significant impact on the variability of
the tested parameters (Table 3). In 2018, the highest average
levels of GY and oil concentration were recorded (17.5% and
0.17%, respectively, greater compared to the levels in 2020), as
well as Pphy, DPPH reduction capacity, GSH, Mn, and Zn
(5.8%, 4.1%, 7.4%, 10.0%, and 27.6%, respectively, higher
compared to the levels in 2019); protein, phenolics, YP, Ca,
and Cu had the greatest values in 2020 (to 0.74%, 12.2%, 33.8%,
57.5%, and 55.9%, respectively, greater compared to the values
in2018), as well as Fe and S (to 20.9% and 12.3%, respectively,
compared to values in 2020). With regard to the fertilizer
treatments, the highest average values for GY, Fe, and Zn were
achieved in the BF treatment (2.4%, 40.0%, and 12.9%
respectively, greater than those for the control); the greatest
accumulation of protein, oil, Mg, Ca, Mn, Cu, and S occurred in
the OF treatment (to 0.38%, 0.17%, 8.5%, 25.6%, 12.8%, 31.7%,
and 12.4% respectively, greater than control); and the highest
values for Pphy, phenolics, GSH, and DPPH were in the urea
treatment (to 1.8%, 8.0%, 23.4%, and 0.5%, respectively, greater
than for control). The control only showed an increase in the
average starch and YP values.

The year did not significantly affect the variation in the
starch concentration in the maize grain, and the fertilizer did not
significantly affect the variation in the concentrations of the oil,
Pphy, phenolics, YP, and DPPH. The genotype effect was
insignificant in terms of the variation in the concentrations of
Ca and Cu and the year x fertilizer interaction for the variation
in the oil and starch concentration. The results indicate that
white-kernel maize had a higher starch concentration on average
(71.9%), whereas yellow kernel had the greatest average values
for Pphy, YP, GSH, Mg, Mn, and Zn (2.63 mg g_l, 19.61 pg g_l,

TABLE 2 The mean temperature (°C) and precipitation sum (mm) at Zemun Polje during the maize growing period in 2018-2020.

Months Average temperature (°C)
2018 2019

April 18.0 14.6

May 21.7 15.7

June 22.7 242

July 23.6 241

August 25.7 259

September 19.8 18.6

Average/sum 21.9 20.5

Frontiers in Plant Science

Precipitation sum (mm)

2020 2018 2019 2020
14.4 24.6 51.3 4.7
16.9 39.0 129.6 79.9
213 150.1 113.7 125.9
233 61.9 31.0 34.8
252 44.0 19.8 66.3
219 16.9 20.6 16.1
20.5 336.5 366 327.7
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TABLE 3 The analysis of variance includes the effect of the year (Y), fertilizer treatment (F), genotype (G), and their interaction on the grain yield (GY), protein, oil, starch, phytic phosphorus (Pphy),

phenolics (Phen), yellow pigment (YP), and glutathione (GSH) contents, reduction capacity of the DPPH radical (DPPH), and concentrations of Mg, Ca, Fe, Mn, Zn, Cu, and S in maize grains with

different kernel colors.

SOF

Repl.

Y

G

F

YxG
Y xF
GxF
YxGxF

YxG
Y xF
GxF
YxGxF

CV (%)

2018
2019
2020
White
Yellow
Red
BF

OF
Urea

Con

daf

35
47
47
143

GY

464.4*
0.95*
0.05
210.74*
64.85*
64.82*
47.99*

0.000
0.395
0.995
0.000
0.000
0.000
0.000

342
tha™

9.79
10.30
8.08
7.93
9.51
10.73
9.68
9.46
8.97
9.45

Protein

27.94*
28.22*
2.03*
134.15*
6.80*
7.93*
21.09*

0.000
0.000
0.114
0.000
0.000
0.000
0.000

4.57

9.39
10.13
9.40
9.09
9.84
10.00
9.48
9.86
9.74
9.48

(011

3.17*
312.54*

0.36

176.09*

0.71

67.9*
81.34*

0.046

0.000

0.779

0.000

0.727

0.000

0.000

2.42

%

4.65
4.59
4.48
4.12
422
5.38
4.61
4.65
4.48
4.56

4.51

Starch  Pphy

0.55
30.62*
1.09*
45.38*
0.57
6.99*
19.20*

0.578
0.000
0.355
0.000
0.852
0.000
0.000

5.14

70.1
70.9
71.0
71.9
70.7
69.4
70.8
70.5
70.4
70.9

42.47*
8.49*
0.30
37.93*
8.58%
2.06*
30.43%

0.000
0.000
0.803
0.000
0.000
0.031
0.000

4.99

-1

mg g

2.53
2.38
2.60
2.50
2.63
2.38
2.51
2.52
2.52
2.47

Phen.

7.07*
87.49*
0.17
89.91*
1.60*
16.49*
101.11*

0.001
0.000
0.919
0.000
0.110
0.000
0.000

4.57 6.64

-1

Hg &

328.7
374.5
356.8
322.0
245.8
492.3
324.8
359.6
379.6
349.4

YP

17.32*
84.46*
0.04
792.53*
2.92*
14.25*
338.52*

0.000
0.000
0.991
0.000
0.002
0.000
0.000

4.30

9.87
14.92
10.21

1.20
19.61
14.20
11.50
11.67
11.54
11.97

GSH

0.74*
2.24*
2.07*
2.35*
1.74*
2.08*
3.12*

Po.os

0.478
0.111
0.108
0.023
0.076
0.029
0.000

4.74
nmol g’l

1,075
995
1,055
1,125
1,134
866
932
1,013
1,258
964

DPPH

10.53*
48.69*
0.16
55.48%
2.07*
10.46*
224.87*

0.000
0.000
0.925
0.000
0.030
0.000
0.000

%

88.3
84.7
89.7
84.5
79.5
98.8
87.0
87.5
88.0
87.8

Mg

26.66*
20.16*
3.89*
55.16*
7.56*
5.83*
321.12%

0.000
0.000
0.011
0.000
0.000
0.000
0.000

206  4.64

1,938
1,706
1,997
1,719
1,963
1,959
1,941
1,946
1,855
1,779

Ca

101.85*
0.82
2.87*
29.81*
43.19*
1.13*
1,201.6*

0.000
0.443
0.040
0.000
0.000
0.345
0.000

1.72

111.7
262.9
220.0
185.8
199.3
209.5
212.5
220.1
196.6
163.7

*5%, significant at the probability level. SOF, source of variation; df, degrees of freedom; BF, biofertilizer; OF, organic fertilizer; Con, control (no fertilizer); CV, coefficient of variation.

Fe

6.56*

9.92* 22.85*

24.18*

7.32* 34.75*

13.85*
12.12*

612.22* 131.04*

0.000
0.000
0.000
0.000
0.000
0.000
0.000

1

Hg g

38.62
47.11
48.84
38.24
45.01
51.33
58.39
45.13
40.84
35.08

Mn

6.40*

7.08*

3.80*
8.34*

0.002
0.000
0.000
0.000
0.000
0.000
0.000

11.53
10.38
10.62
9.73

11.69
11.11
11.36
11.52
10.45
10.04

In

78.15*
2.98*
5.01*

47.35*

24.09*
2.04*

420.65*

0.000
0.055
0.003
0.000
0.000
0.033
0.000

36.66
26.55
33.88
30.77
33.90
32.41
34.74
33.84
30.60
30.26

Cu

159.44*
0.01
3.06*
51.01*
77.92*
0.88*
863.88*

0.000
0.986
0.032
0.000
0.000
0.560
0.000

3.47
7.86
3.57
4.96
4.92
5.01
4.80
5.89
5.14
4.02

68.08*
3.68*
4.24*

30.08*

37.59*
2.04*

1,939.1*

0.000
0.028
0.007
0.000
0.000
0.033
0.000

2,417
2,465
2,755
2,178
2,505
2,954
2,524
2,748
2,504
2,407
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1,134 nmol g ', 1,963 pg g ™', 11.69 pg g ', and 339 pg g ',
respectively); the red kernel had the greatest average GY and was
also the highest in proteins, oils, phenolics, DPPH, Ca, Fe, Cu,
and S (10.73 t ha™’, 10.0%, 5.38%, 492.3ug g ', 98.8%, 209.5 ug
g, 5133 ug g ', 5.01 ug g ', and 2954 ug g ', respectively).

Correlation between the yield and
essential elements

We found differences in the correlation between the GY and
the concentration of the essential elements in the kernels
(Table 4). In general, a significant and negative correlation was
observed between the GY and S in the kernels of white and
yellow maize (-0.38 and —0.85, respectively). An increase in the
GY was followed by a significant increase in the concentration of
Mg and Cu in yellow-kernel maize (by 0.56 and 0.57,
respectively) and by a significant increase in the
concentrations of Mg, Fe, Mn, Zn, and Cu (by 0.53, 0.44, 0.34,
0.53, and 0.66, respectively) in the red maize kernels.

Across fertilizer treatments, the only significantly negative
correlation was observed between GY and Ca in the OF treatment
(-0.39). Moreover, a positive correlation was observed between
GY and Cu in the OF treatment (0.47), and Mn, Cu, and S were
positively correlated with GY in the BF treatment (0.69, 0.49, and
0.55, respectively). In addition, Fe, Mn, and S were positively
correlated with GY in the urea treatment (0.57, 0.48, and 0.36,
respectively), and Fe and Cu were positively correlated with GY in
the control (0.69 and 0.44, respectively).

Influence of the kernel color and
fertilizers on the removal of the essential
elements with kernel yield

The removal of mineral elements from the soil with grain
yield is an important trait. Fertilizer treatments, genotype, as well

10.3389/fpls.2022.1027618

as their interaction, expressed a significant impact on the
removal of all examined elements with yield (Table 5). The
average values indicated BF as the treatment with the highest
average removal of Mg, Fe, Mn, and Zn (with 10.7%, 41.0%,
13.9%, and 14.7%, respectively, in comparison with control),
whereas OF contributed to the greater removal of S (with 13.4%
in comparison with control), and urea contributed to the greater
removal of Ca and Cu (with 24.9% and 31.6%, respectively, in
comparison with control). When the kernel color was
considered, red-kernel maize had the highest values of removal
for all the examined elements, on average.

When the combinations of maize with different kernel colors
and fertilizer treatments were considered, the highest removal of
Mg, Mn, Zn, Cu, and S was achieved with the yield of red-kernel
maize and OF treatment (19.36, 0.11, 0.32, 0.057, and 28.09 kg
ha™', respectively). Ca and Fe followed a similar trend, where the
highest removal was with the red-kernel maize and BF treatment
(2.09 and 0.58 kg ha™", respectively). Following the combination
of red-kernel maize and BF/OF, slightly lower values were
obtained for the combination of yellow-kernel maize and BF,
having values of 18.17, 1.79, 0.51, 0.10, 0.31, and 23.72kg ha™*! for
Mg, Ca, Fe, Mn, Zn, and S, respectively.

Influence of the kernel color and
fertilizers on the potential bioavailability
of the essential elements and DPPH
reduction capacity

The potential bioavailability of the metals was reflected
through their molar relation with Phy and followed the
variations in the concentrations of Phy and the metals in the
maize kernels. Notably, all ratios were significantly affected by
the genotype, fertilizer type, and their interaction (Table 6). Only
in the case of Phy/Mg and Phy/Ca ratios were insignificant
variations obtained under the influence of fertilizer, and the Phy/
Ca and Phy/Cu ratios were insignificant for genotype. Thus, in

TABLE 4 The correlation between grain yield (GY) and concentrations of the analyzed elements in maize with different kernel colors under
different fertilizer treatments [biofertilizer (BF); organic fertilizer (OF); urea; control (Con; no fertilizer)].

Element Mg Ca
Genotype
White GY 0.08 -0.23
Yellow 0.56* -0.1
Red 0.53* 0.16

Fertilizer treatment

BF GY 0.05 0.14
OF -0.01 -0.39*
Urea 0.08 0.34
Con 0.1 0.29

*0.05, significance level.
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Mn Zn Cu S
0.15 0.07 0.14 0.14 -0.38*
0.26 0.18 -0.22 0.57* —0.85*
0.44* 0.34* 0.53* 0.66* 0.09
-0.04 0.69* -0.24 0.49* 0.55*
0.13 0.19 -0.16 0.47* 0.29
0.57* 0.48* -0.02 0.19 0.36*
0.69* 0.3 -0.17 0.44* 0.15
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TABLE 5 Effect of different fertilizer treatments (biofertilizer (BF); organic fertilizer (OF); urea; control (Con; no fertilizer)) and maize kernel colors
on the removal of the analyzed elements with the grain yield (kg ha™) (average of 2018-2020).

Mg Ca Fe Mn Zn Cu N
White
BF 12.26 b + 1.08 1.45b £ 0.25 0.30d +0.35 0.070 b £ 0.22 0.24 b ¢ £ 0.50 0.036 a b+ 0.13 16.58 a + 2.43
OF 12.52b + 1.07 1.57 b c+0.20 0.25b + 0.22 0.072 b £ 0.20 0.22b + 042 0.041 b £ 0.12 18.95 a + 2.56
Urea 10.99 a + 1.15 1.05a +0.28 022a+0.24 0.061 b £ 0.23 0.18 a £ 0.48 0.033ab +0.15 15.83 b + 2.90
Con 11.13 a + 1.04 1.01 a +0.18 0.20a £ 0.20 0.061 b £ 0.20 0.19 a £ 0.42 0.025 a £ 0.09 16.11 a + 2.49
Yellow
BF 18.17 e £ 1.31 1.79b ¢+ 0.25 0.51 e £0.38 0.109 e £ 0.28 0.31d +0.53 0.040 b £ 0.12 2372d 283
OF 15.88 ¢ £ 1.23 1.71bc +0.26 0.35¢c+0.27 0.099 d £ 0.25 0.28 d + 0.48 0.046 b £ 0.13 23.05bc+277
Urea 14.99 ¢ £ 1.25 1.62bc +0.26 0.32¢c£0.29 0.086 c = 0.28 0.25b ¢ £ 0.52 0.037 ab + 0.15 20.28 cd + 3.01
Con 1522 c +1.17 1.39b +0.20 0.30 ¢ £0.24 0.088 c + 0.24 0.26 ¢ = 0.46 0.037ab +0.12 21.16 ¢ = 2.69
Red
BF 1844 e f+1.28 2.09 ¢ £0.28 0.58 f+0.42 0.107 e £ 0.26 0.31d +0.51 0.044 b £ 0.15 2476 d + 2.86
OF 19.36 f + 1.21 207 c£0.26 0.52e+0.31 0.111 e £ 0.24 0.32d + 045 0.057 ¢ £0.10 28.09 d £ 2.81
Urea 17.22d +1.28 1.95 ¢ + 026 0.43 d + 0.36 0.096 d + 0.27 0.27 ¢ £ 0.49 0.049 b + 0.13 2410 e + 3.09
Con 1730 d + 1.17 1.62b +0.21 0.36 ¢ £0.26 0.197 d £ 0.23 0.29 cd + 0.46 0.036 a b + 0.12 23.39d £ 2.62
Mean
White 11.72 A £ 1.09 127 A +0.23 0.26 A £0.25 0.066 A +0.22 0.21 A £ 045 0.034 A £0.13 16.87 A +2.59
Yellow 16.06 B = 1.24 1.63 AB +0.24 0.37 B £0.30 0.106 B + 0.26 0.28 B £ 0.50 0.040 A £0.14 22.05B +2.83
Red 18.08 C + 1.24 1.93 B + 0.25 047 C +0.34 0.103 C +0.20 0.30 B + 0.48 0.046 B + 0.13 25.08 C +2.85
BF 16.29b + 1.23 1.78 b + 0.26 0.49 ¢ £ 0.39 0.095b + 0.25 0.29 b + 0.51 0.040 a + 0.12 21.69 b £ 2.71
OF 1592 a+1.23 1.78 ab + 0.27 0.37ab +0.30 0.094 a + 0.26 0.28 a £ 0.50 0.048 a £ 0.15 23.36 a = 3.00
Urea 1443 b + 1.17 1.54b +0.20 0.32b +0.27 0.081 b £ 0.23 0.24 b + 045 0.040 b £ 0.13 20.07 b £ 2.72
Con 14.55a + 1.12 1.34a +£0.20 029 a=+0.23 0.082 a +0.22 0.25a =045 0.033 a + 0.10 20.22 a + 2.60

Values are presented as mean + SD. Numbers followed by the same letter do not differ based on the LSD test at p< 0.05.

the white-kernel maize Con treatment, Phy/Mg, Phy/Ca, Phy/Fe, all treatments. Furthermore, there was a significant and negative
Phy/Mn, Phy/Zn, and Phy/Cu had the lowest values when correlation between the DPPH, Pphy, and GSH in the OF (-0.64
compared to that in the red-kernel hybrid in BF/OF treatment, and —0.44, respectively) and Con (-0.57 and —0.70, respectively)
which achieved the highest values (to 25.1%, 36.3%, 54.6%, treatments, and there was only a significantly negative

27.7%, 22.2%, and 42.1%, respectively). Additionally, slightly correlation with GSH in the urea treatment (—0.41).
higher values were obtained in the same treatment (Con) with
yellow-kernel maize. Nevertheless, when red-kernel maize was

considered, the lowest values for Phy/Ca and Phy/Cu were Interdependence between the kernel
obtained in the control, whereas reduced values of Phy/Mg, CO'.OF, fertilizer treatments, and GY and
Phy/Fe, Phy/Mn, and Phy/Zn were noted in the urea treatment. the chemical composition
Thus, on average, a trend of a reduction in the Phy/metals ratio
was observed in the white-kernel maize and control, with the The PCA, as a dimension reduction method, indicated that
exception of Phy/Zn, which had a lower value in the the first axis explained 48.1% of the total variability, the second
urea treatment. axis explained 25.0%, the third axis explained 10.5%, and the
The results from Table 7 pointed to the presence of a fourth axis explained 7.6%. The GY and protein, oil, YP, Mg, Ca,
significant and positive correlation between the reduction Fe, Mn, Zn, and Cu concentrations correlated significantly and
capacities of the DPPH radical, Pphy, and GSH in the white- positively with the first axis, whereas starch was negatively
(0.68 and 0.44, respectively) and yellow-kernel maize (0.74 and correlated. Furthermore, a significant and positive correlation
0.38, respectively), whereas there was a negative correlation with was found between the second axis and Pphy, whereas it was
YP (-0.74 in hybrid with yellow kernels). In the red-kernel negatively correlated with the phenolics and DPPH reduction
maize, there was a significant and positive correlation between capacity. Only Cu was significantly positively correlated with the
the DPPH, phenolics, and GSH (0.46 and 0.55, respectively). third axis.
When the fertilizer treatments were considered, a positive Considering the mutual impact of the kernel color and
correlation between the DPPH and phenolics was observed in fertilizer treatments on the variability of each trait, it is notable
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TABLE 6 Effect of different fertilizer treatments (biofertilizer (BF); organic fertilizer (OF); urea; control (Con; no fertilizer)) on the molar ratios

between phytic acid (Phy) and essential elements, Phy/Mg, Phy/Ca, Phy/Fe, Phy/Mn, Phy/Zn, and Phy/Cu (average for 2018—-2020).

Phy/Mg Phy/Ca Phy/Fe
White
BF 7,276 ab + 11.28 1,418 b + 4.51 514 e + 240
OF 7,519 b + 12.02 1,558 b + 5.10 352bc+1.69
Urea 6,999 ab +11.15 1,097 a + 3.58 316 a + 1.51
Con 6,706 a + 10.79 1,007 a + 3.32 279 a + 1.35
Yellow
BF 8,282 b c +13.68 1,348 b + 4.55 534 e £ 2.65
OF 7,666 b + 13.02 1,364 b + 4.75 390 ¢ £ 1.99
Urea 7,794 b ¢ + 12.86 1,387 b + 4.69 379bc+1.88
Con 7,251 a + 12.14 1,088 a + 3.73 330 b + 1.66
Red
BF 8,484 ¢ +13.89 1,581 b £ 5.11 615 f+2.92
OF 8,955 ¢ + 13.37 1,576 b + 4.82 550 e + 2.47
Urea 8,137 b ¢ + 12.60 1,522 b + 4.83 466 d + 2.17
Con 8,551 ¢ £ 12.12 1,321 b + 3.86 413 ¢+ 1.77
Mean
White 7,125 A + 11.31 1,270 n.s. £ 4.13 365 A +1.74
Yellow 7,749 A B + 1291 1,297 n.s. + 4.43 408 A +2.05
Red 8,532 B + 12.89 1,500 n.s. + 4.66 511 B +2.33
BF 8,014 n.s. + 12.77 1,449 n.s. + 4.72 554 d + 2.65
OF 8,047 n.s. + 12.80 1,499 n.s. + 4.89 431 ¢ +2.05
Urea 7,644 n.s. = 12.21 1,335 n.s. + 4.37 387 b+ 1.86
Con 7,503 n.s. £ 11.70 1,139 n.s. + 3-64 341 a +1.59

Phy/Mn

94.1b +0.55
982 b +0.59
88.3a+0.53
83.7a £ 0.50

112.5 e £ 0.69
108.4 d + 0.69
101.3 ¢ + 0.62
949 b £ 0.59

111.2 e £ 0.66
115.7 e £ 0.65
102.1 ¢ £ 0.59
108.4 d + 0.57

91.1 A £ 0.54
104.3 B £ 0.65
109.3 B £ 0.62
1059 b + 0.63
107.4 b + 0.64
97.2a+0.58
95.6 a £ 0.56

Phy/Zn

387 cd +0.97
359 b +0.93
316 a + 0.81
310 a £ 0.81

385cd+1.02

369 ¢ £ 0.94
354 b c +0.90
331ab+097

386 cd £ 0.96
399d +0.87
346 b + 0.89

388 cd+093

343 A £0.88
360 A +0.98
380 B + 0.90
386 b +0.99
375b £ 0.97
339 a+0.87
343 a £ 0.86

Phy/Cu

557bc+042
64.3 ¢ £ 0.50

553bc+043
39.6 a £ 031

47.1ab +0.38
582bc+048
50.8 b + 0.41

46.6ab +0.38

53.0b £ 0.41

68.4 c +0.49

60.2 b + 0.45
46.1 ab +0.32

53.7 n.s. £0.41
50.7 n.s. £ 0.41
56.9 n.s. £ 0.42
520ab +0.40
63.6 b + 0.49
55.4 b+ 043
44.1a+0.33

Values are presented as mean + SD. Numbers followed by the same letter do not differ based on the LSD test at p < 0.05; n.s., not significant.

that the highest variability in the starch concentration and GSH
was in the white-kernel maize, mainly in the urea and control
treatments and to a lesser degree in the BF and OF treatments
(Figure 1). The starch concentration in the yellow- and red-
kernel hybrids in the control and in the GSH in the OF treatment
also showed slight variability. Greater variability in the GY, oil,
phenolics, and reduction capacity of the DPPH radical was

observed in the yellow-kernel maize in all fertilizer treatments.
Moreover, the GY variability was slightly affected by the urea
treatment for all three kernel colors. Variability in the Pphy
concentration was mainly caused by the BF and urea treatments,
and a slight variation was caused by no fertilization (Con) in the
red-kernel hybrid. Greater variability occurred in the YP, Zn,
Mn, Mg, Ca, and S in the red kernel and OF combination.

TABLE 7 The correlation between the reduction capacity of the DPPH radical, concentration of the analyzed antioxidants in maize with different
kernel colors, and the application of different fertilizers (biofertilizer (BF); organic fertilizer (OF); urea; control (Con; no fertilizer)).

Antioxidant Pphy
Genotype
White DPPH 0.68*
Yellow 0.74*
Red -0.09

Fertilizer treatment

BF DPPH -0.28
OF -0.64*
Urea -0.27
Con -0.57*

*0.05, significance level.
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Phenolics GSH YP
0.04 0.44* -0.13
—0.14 0.38* -0.74*
0.46* 0.55% 0.1
0.89* -0.36 -02
0.85* —0.44* 0.09
0.84* —0.41* ~0.09
0.78* ~0.70* ~0.08
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FIGURE 1

Principal component analysis of the grain yield (GY), protein (Prot), oil, starch, phytic phosphorus (Phy), phenolics (Phen), yellow pigment (YP), and
glutathione (GSH) contents, reduction capacity of the DPPH radical (DPPH), and concentrations of Mg, Ca, Fe, Mn, Zn, Cu, and S in maize with
different kernel colors (W, white; Y, yellow; R, red), under different fertilizer treatments(BF, biofertilizer; OF, organic fertilizer; Ur, urea; Con, control).

Discussion

The maize kernel plays an important role in the human diet
in many regions globally. Genotypes with various kernel
colorations, ranging from intense yellow to red, purple, or
even blue and black, are very popular (Zili¢ et al, 20125 Sha
et al., 2016; Suriano et al,, 2021); however, in some regions, the
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white kernel is mainly used for human nutrition. Owing to a lack
of information on the status of the other important nutrients,
such as essential elements, this study provides valuable
information on the ability to enhance the concentrations of
essential elements and also improve their potential
bioavailability from kernels of differently colored maize, aided
by fertilization.
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Year as a source of variation

As the experiment was performed under dry farming
conditions, we demonstrated that the year and its interaction
with other factors, such as the genotype, had the greatest impact
on the variability of kernel characteristics. It is well known that
meteorological variations, especially drought, are of great
importance for maize yield as well as protein storage,
including the absorption and accumulation of mineral
elements from the soil (Ben Mariem et al, 2021). Dry
conditions could severely affect crop growth and kernel filling
and, thus, yield potential; however, they could also have a
positive impact on the nutritional quality by increasing the
protein level and accumulation of some antioxidants and
mineral elements in the kernels (Saini and Keum, 2018). Even
phytate, as a genotype characteristic, varied significantly across
the years, confirming that climate could affect its concentration
in the cereal grain (Perera et al,, 2018).

Variability in the yield and chemical
composition based on the kernel color

With respect to grain yield and macronutrients, it appears
that red-kernel maize has greater yield potential and could be
considered a good source of protein and oil and, therefore,
should be a valuable part of the human diet (Sha et al., 2016).
Considering the other two hybrids, white-kernel maize could be
a good source of starch. It is also high in phenolics and GSH but
low in essential nutrients, making it a good source of
antioxidants but not minerals.

When comparing the kernels of different colors, it was
obvious that the yellow kernel was richer in yellow pigment, as
was expected, and in phytate and GSH, as important
antioxidants, which supported the positive increasing trend of
the scavenging capacity of the DPPH radical. This implies that
maize is a good source of various antioxidants (Zihé et al., 2012;
Sha et al., 2016; Suriano et al., 2021); our study indicates that the
yellow kernel shows favorable characteristics in this regard.
Additionally, the yellow-kernel maize was also high in the
essential elements Mg, Mn, and Zn. However, slightly lower
values of removal were found for this hybrid, particularly in Mg
and Cu, which were positively correlated with the grain yield
increase. In contrast to the metals, only S was negatively
correlated with the grain yield increase in the white- and
yellow-kernel hybrids. However, the red kernel was superior
with respect to phenolics and scavenging capacity of the DPPH
radical, as well as a high concentration of GSH, emphasizing a
greater phenolic level in terms of the antioxidant activity of the
maize kernel, when compared to other antioxidants (.'Zilié et al.,
2012; Das and Singh, 2016). The same genotype was also high in
Ca, Fe, Cu, and S. Thus, these differences again provided
evidence that nutrient remobilization from the vegetative parts
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into the grain is highly dependent on the genotype (Ray et al,
2020) and could be the main reason for the highest removal of
mineral nutrients with yield. This finding was additionally
supported by the significantly positive correlation of the grain
yield and all the examined essential elements, except for Ca and
S. Interestingly, despite having the highest S level, the red-kernel
maize had the lowest concentration of thiolic protein, GSH.
Nevertheless, the white-kernel maize was still relatively high in
the GSH, phenolics, phytic P, and the scavenging capacity of the
DPPH radical, which was positively linked with the increasing
level of phytic P and GSH.

Greater accumulation of the essential elements in the maize
kernels does not necessarily indicate greater accessibility for
humans and monogastric animals, which is mainly dependent
on the concentrations of the various antinutrients, such as phytic
acid, in the grain (Iwai et al., 2012; Brouns, 2021; Feizollahi et al,
2021). Thus, it is important to know the molar ratio between
phytic acid and the essential metals as an indicator of their
potential bioavailability (Johnson et al., 2013; Wang et al., 2015).
Even though the red-kernel maize had the lowest average phytic
acid concentration, the value of the phytic acid/essential metals
ratio was the greatest in its kernels. Considering that a high level
of phenolics could interfere with the accessibility of essential
metals (Johnson et al., 2013), it can be assumed that the potential
bioavailability, mainly of Ca, Fe, Cu, and other elements, from
the red-kernel maize, was compromised, weakening its potential
as a highly accessible source of essential elements. Nevertheless,
fertilization, such as with urea and organic fertilizer, significantly
reduced the ratio of phytic acid and essential elements in the
kernel of this genotype, implying that fertilization practices
could be successfully used to enhance the chemical
composition of desirable traits in the kernels. Compared to the
red-kernel maize, the yellow-kernel hybrid had a slightly lower
phytic acid/essential metals ratio and the lowest phytic acid/Cu
ratio, in combination with the greatest values for the promoters,
yellow pigment, and GSH (which enhance the bioavailability of
the essential metals), which could emphasize the yellow hybrid
as a highly accessible source of Cu and potentially Mg, Mn, and
Zn as well. Some elements are considerably lacking in diets
worldwide (Lowe, 2021). When compared to the red- and
yellow-kernel hybrids, the white-kernel hybrid had the lowest
phytic acid/essential metals ratio, making it a desirable choice for
highly available essential elements.

Variability in the yield and chemical
composition, governed by fertilizer type

Fertilization is an important practice to optimize crop
growth, fitness, and yield potential, as well as boost the
synthesis and accumulation of important nutrients in the
edible parts of plants, such as the grain in maize, thus
improving their nutritional quality. Until now, fertilization has
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mainly considered the application of macronutrients, such as N,
P, and K. Meanwhile, the rising trend in soil devastation and the
increasing requirements for the production of nutrient-dense
crops (FAO, 2022) necessitate sustainable strategies that will
increase efficiency and faster absorption of nutrients. Both
organic and biofertilizers are used to sustain/improve soil
fertility and uphold crop growth through improved nutrient
absorption efficiency. They also overlap in benefits in terms of
increasing the diversity and number of beneficial soil microbiota
(Du et al.,, 2022).

The findings of this study showed that biofertilizer had a
positive impact on the average grain yield as well as Fe and Zn
accumulation in the maize grain, demonstrating that by
promoting the activity of soil microbiota, the absorption of
essential elements, increased crop fitness, and grain yield could
be realized. Consequently, biofertilizer contributed to the greater
removal of essential elements with yield, mainly with the red-
kernel hybrid, such as Ca and Fe, whereas organic fertilizer was
effective for Mg, Mn, Zn, Cu, and S removal. Similar findings were
reported for sweet maize, which was grown after cover crops and
biofertilizer, and dent maize, which was intercropped with
soybean and biofertilizer (Dragicevic et al, 2015; Dragicevic
et al,, 2021). Notably, the incorporation of Zn fertilizers into the
soil can enhance microbial metabolism, positively affecting Zn
absorption, whole-plant metabolism, and promoting further
pollen viability and kernel number, thus increasing the yield;
however, this effect is highly dependent on the genotype (Liu et al,
2020; Xiao et al., 2022). This could explain the highest grain yield
achieved by the red-kernel hybrid in biofertilizer treatment.
Although organic fertilizer was important to increase
macronutrient accumulation in the maize kernels (oils and
proteins), it also enhanced the absorption and accumulation
efficiency of essential elements, such as Mg, Ca, Mn, Cu, and S.
Nevertheless, the findings revealed that urea is essential for the
antioxidant status of maize kernels, as it improved the scavenging
capacity of the DPPH radical and increased the accumulation of
Pphy, phenolics, and GSH. The phenolics were positively
correlated with the scavenging capacity of the DPPH radical in
all the treatments, confirming their importance in the antioxidant
response. It is well known that urea promotes the absorption and
accumulation of Zn and Fe in the grains of various crops (Yuan
et al,, 2017; Pal et al, 2021). In this study, urea parallel increased
the grain yield and Fe, Mn, and S in the maize grain.

The phytic P concentrations in the treatments with organic
fertilizer and urea were very similar, indicating that P, as well as
N, can play an important role in phytic acid accumulation
(Ning et al., 2009; Kaplan et al., 2019). Even though phytic acid
is an important antioxidant and, thus, can considerably
increase the antioxidant potential of plants (Akin-Idowu
et al,, 2017; Pramitha et al., 2021), in this study, it negatively
correlated with the scavenging capacity of the DPPH radical in
the organic fertilizer and control treatments. This indicated
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that apart from the genotype, other cropping practices could
influence the share of phytic acid, affecting antioxidant activity.
It is well known that urea is successfully used for
biofortification to enhance Zn and Fe accumulation in crop
grains (Pal et al.,, 2021; Kaur and Singh, 2022). In this study,
urea primarily decreased the ratio of phytic acid with Mg, Fe,
Mn, and Zn even in red-kernel maize, thereby contributing to
their better potential accessibility.

The study limitations are attributed to the fact that only one
soil type, the chernozem soil type, was considered, and the
inclusion of soils lacking in multiple elements could more
extensively explain the potential impact of applied fertilizers.
From the viewpoint of potential bioavailability, further research
comprising experiments in vitro and in vivo could provide a new
avenue for research and integrate results from agricultural and
nutritional/medical sciences regarding the nutritional value of
variously colored maize kernels with elevated concentrations of

essential elements under real-time conditions.

Conclusion

The importance of maize as a staple crop and a source
of various nutrients was supported by this study. The
contribution of maize was determined by comparing the
yield and chemical composition of differently colored kernels,
with a focus on different fertilizer types as a possible tool for
agronomic biofortification.

When the hybrids with differently colored kernels were
compared, the white kernel was the best in terms of variability
in the starch and GSH concentrations, while the yellow-
kernel hybrid had a greater potential for achieving a high
grain yield, oil and phenolic concentrations, and greater
scavenging capacity of the DPPH radical. The red-kernel
hybrid had the highest potential to enhance the kernel
composition, based on greater variability in all the examined
essential elements and yellow pigment, and there was a greater
potential for reducing the phytic acid concentration, which could
lead to an increase in its potential bioavailability. Thus, the impact
of the genotype on the variability in the examined traits
was significant.

The fertilizer type, such as bio- and organic fertilizers, also
played an important role in improving kernel quality with
respect to the accumulation of essential elements and their
greater removal with yield. From such viewpoint, biofertilizer
was beneficial for grain yield as well as greater accumulation of
proteins, Fe, Cu, and S and antioxidants status, particularly when
red-kernel hybrid was considered, while organic fertilizer was
mainly efficient for greater accumulation of macronutrients in
the kernels, too, including essential elements, such as Mg, Ca,
Mn, Cu, and S. Although urea is a less sustainable fertilizer, it
was important in enhancing the antioxidant status and
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increasing the potential Zn bioavailability from the
maize kernels.

The results of this study can be used to determine an
appropriate genotype based on the antioxidants and/or
essential elements targeted for kernel enhancement. We
recommend that, in general, all three genotypes should be
included in human diets in a cyclical manner and that the
share of maize products, as a rich source of phytonutrients,
should be increased.

Data availability statement

The original contributions presented in the study are
included in the article. Further inquiries can be directed to the
corresponding author.

Author contributions

VD and MSi contributed to the experiment design. VD and
MSt conducted the chemical analysis. VD, MB, and PK
conducted the statistical analyses. VD, MB, and Msi wrote the
manuscript. MB, Msi, and MT organized the experiment. PK,
Msi, and IT edited the manuscript. Msi initiated the experiment.
Msi and MT acquired equipment and funding. All the authors
contributed to the revision of the manuscript and read and
approved the final version.

References

Abe, N., Murata, T., and Hirota, A. (1998). Novel DPPH radical scavengers,
bisorbicillinol and demethyltrichodimerol, from a fungus. Biosci. Biotechnol.
Biochem. 62, 661-666. doi: 10.1271/bbb.62.661

Akin-Idowu, P. E, Odunola, O. A, Gbadegesin, M. A., Ademoyegun, O. T,
Aduloju, A. O,, and Olagunju, Y. O. (2017). Nutritional evaluation of five species of
grain amaranth - an underutilized crop. Int. J. Sci. 3, 18-27. doi: 10.18483/ijSci.1131

Ben Mariem, S., Soba, D., Zhou, B., Loladze, 1., Morales, F., and Aranjuelo, 1.
(2021). Climate change, crop yields, and grain quality of c; cereals: A meta-analysis
of [CO,], temperature, and drought effects. Plants (Basel). 10, 1052. doi: 10.3390/
plants10061052

Brankovic, G., Dragicevi¢, V., Dodig, D., Zoric, M., Knezevi¢, D, Zili¢, S., et al.
(2015). Genotype x environment interaction for antioxidants and phytic acid
contents in bread and durum wheat as influenced by climate. Chil. J. Agric. Res. 75,
139-146. doi: 10.4067/S0718-58392015000200001

Brouns, F. (2021). Phytic acid and whole grains for health controversy. Nutrients
14, 25. doi: 10.3390/nu14010025

Chaturvedi, A. K., Bahuguna, R. N,, Pal, M., Shah, D., Maurya, S., and Jagadish,
K. S. V. (2017). Elevated CO, and heat stress interactions affect grain yield, quality
and mineral nutrient composition in rice under field conditions. Field Crops Res.
206, 149-157. doi: 10.1016/j.fcr.2017.02.018

Das, A. K, and Singh, V. (2016). Antioxidative free and bound phenolic
constituents in botanical fractions of Indian specialty maize (Zea mays 1.)
genotypes. Food Chem. 201, 298-306. doi: 10.1016/j.foodchem.2016.01.099

Dragicevic, V., Oljaca, S., Simi¢, M., Dolijanovi¢, Z., Kresovi¢, B., and Brankov,
M. (2017). Content of some antioxidants in intercropped maize and soybean grain.
J. Agric. Sci. BGD. 62, 31-40. doi: 10.2298/JAS1701031D

Frontiers in Plant Science

12

10.3389/fpls.2022.1027618

Funding

This research was supported by the Ministry of Education,
Science and Technological Development, Republic of Serbia, under
Grant no. 451-03-68/2022-14/200040.

Acknowledgments

The authors are grateful to Branka Radovanovic, Biljana
Noro, Milan Kostic, and Miroslav Maksimovic for their effort
and dedication in conducting the experiment.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commerecial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Dragicevi¢, V., Sredojevic, S., Peri¢, V., Nisavi¢, A., and Srebri¢, M. (2011).
Validation study of a rapid colorimetric method for the determination of phytic
acid and inorganic phosphorus from seeds. Acta Per. Tech. 42, 11-21. doi: 10.2298/
APT1142011D

Dragicevic, V., Dolijanovi¢, 7., Janosevic, B., Brankov, M., Stoiljkovic, M., Dodevska,
M. S, et al. (2021). Enhanced nutritional quality of sweet maize kernel in response to
cover crops and bio-fertilizer. Agronomy 11, 981. doi: 10.3390/agronomy11050981

Dragicevic, V., Oljaca, S., Stojiljkovic, M., Simic, M., Dolijanovic, Z., and Kravic,
N. (2015). Effect of the maize-soybean intercropping system on the potential
bioavailability of magnesium, iron and zinc. Crop Pasture Sci. 66, 1118.
doi: 10.1071/CP14211

Du, T--Y,, He, H.-Y,, Zhang, Q,, Lu, L, Mao, W.-],, and Zhai, M. (2022). Positive
effects of organic fertilizers and biofertilizers on soil microbial community
composition and walnut yield. Appl. Soil Ecol. 175, 104457. doi: 10.1016/
j.apsoil.2022.104457

FAO (2022). Soils for nutrition, state of the art (Rome, Italy: Food and
Agriculture Organization).

Feizollahi, E., Mirmahdi, R. S., Zoghi, A., Zijlstra, R. T., Roopesh, M. S., and
Vasanthan, T. (2021). Review of the beneficial and anti-nutritional qualities of
phytic acid, and procedures for removing it from food products. Food Res. Int. 143,
110284. doi: 10.1016/j.foodres.2021.110284

Giuberti, G., Fortunati, P., Cerioli, C., and Gallo, A. (2015). Gluten free maize
cookies prepared with high-amylose starch: In vitro starch digestibility and sensory
characteristics. J. Nutr. Food Sci. 5, 424. doi: 10.4172/2155-9600.1000424

Iwai, T., Takahashi, M., Oda, K,, Terada, Y., and Yoshida, K. T. (2012). Dynamic
changes in the distribution of minerals in relation to phytic acid accumulation

frontiersin.org


https://doi.org/10.1271/bbb.62.661
https://doi.org/10.18483/ijSci.1131
https://doi.org/10.3390/plants10061052
https://doi.org/10.3390/plants10061052
https://doi.org/10.4067/S0718-58392015000200001
https://doi.org/10.3390/nu14010025
https://doi.org/10.1016/j.fcr.2017.02.018
https://doi.org/10.1016/j.foodchem.2016.01.099
https://doi.org/10.2298/JAS1701031D
https://doi.org/10.2298/APT1142011D
https://doi.org/10.2298/APT1142011D
https://doi.org/10.3390/agronomy11050981
https://doi.org/10.1071/CP14211
https://doi.org/10.1016/j.apsoil.2022.104457
https://doi.org/10.1016/j.apsoil.2022.104457
https://doi.org/10.1016/j.foodres.2021.110284
https://doi.org/10.4172/2155-9600.1000424
https://doi.org/10.3389/fpls.2022.1027618
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Dragicevic et al.

during rice seed development. Plant Physiol. 160, 2007-2014. doi: 10.1104/
pp.112.206573

Johnson, C. R., Thavarajah, D., and Thavarajah, P. (2013). The influence of
phenolic and phytic acid food matrix factors on iron bioavailability potential in 10
commercial lentil genotypes (Lens culinaris 1.). J. Food Compost. Anal. 31, 82-86.
doi: 10.1016/j.jfca.2013.04.003

Kaplan, M., Karaman, K., Kardes, Y. M., and Kale, H. (2019). Phytic acid content
and starch properties of maize (Zea mays 1.): Effects of irrigation process and
nitrogen fertilizer. Food Chem. 283, 375-380. doi: 10.1016/j.foodchem.2019.01.029

Kaur, A., and Singh, G. (2022). Zinc and iron application in conjunction with
nitrogen for agronomic biofortification of field crops - a review. Crop Pasture Sci.
73. doi: 10.1071/CP21487

Liu, D. Y., Zhang, W,, Liu, Y. M,, Chen, X. P,, and Zou, C. Q. (2020). Soil
application of zinc fertilizer increases maize yield by enhancing the kernel number
and kernel weight of inferior grains. Front. Plant Sci. 11. doi: 10.3389/fpls.2020.00188

Lowe, N. M. (2021). The global challenge of hidden hunger: Perspectives from
the field. Proc. Nutr. Soc 80, 283-289. doi: 10.1017/50029665121000902

Mahan, A. L., Murray, S. C., Rooney, L. W., and Crosby, K. M. (2013). Combining
ability for total phenols and secondary traits in a diverse set of colored (red, blue, and
purple) maize. Crop Sci. 53, 1248-1255. doi: 10.2135/cropsci2012.06.0385

Mishra, D. J,, Singh, R, Mishra, U. K,, and Shahi, S. K. (2012). Role of bio-fertilizer
in organic agriculture: A review. Res. J. Recent Sci. 2, 39-41.

Nikoli¢, N., Mitrovig, J., Karabegovic, I, Savic, S., Petrovic, S., Lazi¢, M., et al.
(2019). A comparison between wheat and different kinds of corn flour based on
minerals, free phenolic acid composition and antioxidant activity. Qual. Assur. Saf.
Crops Foods. 11, 341-349. doi: 10.3920/QAS2018.1411

Ning, H., Liu, Z, Wang, Q,, Lin, Z,, Chen, S, Li, G, et al. (2009). Effect of
nitrogen fertilizer application on grain phytic acid and protein concentrations in
japonica rice and its variations with genotypes. J. Cereal Sci. 50, 49-55.
doi: 10.1016/j.jcs.2009.02.005

Pal, V., Singh, G., and Dhaliwal, S. S. (2021). A new approach in agronomic
biofortification for improving zinc and iron content in chickpea (Cicerar ietinum1.)
grain with simultaneous foliar application of zinc sulphate, ferrous sulphate and
urea. J. Soil Sci. Plant Nutr. 21, 883-896. doi: 10.1007/s42729-021-00408-0

Perera, I, Seneweera, S., and Hirotsu, N. (2018). Manipulating the phytic acid
content of rice grain toward improving micronutrient bioavailability. Rice (N Y).
11, 4. doi: 10.1186/512284-018-0200-y

Pramitha, J. L., Rana, S., Aggarwal, P. R., Ravikesavan, R., Joel, A. J., and
Muthamilarasan, M. (2021). Diverse role of phytic acid in plants and approaches to
develop low-phytate grains to enhance bioavailability of micronutrients. Adv.
Genet. 107, 89-120. doi: 10.1016/bs.adgen.2020.11.003

Ray, K., Banerjee, H., Dutta, S., Sarkar, S., Murrell, T. S., Singh, V. K,, et al.
(2020). Macronutrient management effects on nutrient accumulation, partitioning,
remobilization, and yield of hybrid maize cultivars. Front. Plant Sci. 11.
doi: 10.3389/fpls.2020.01307

Frontiers in Plant Science

13

10.3389/fpls.2022.1027618

Roychowdhury, D., Mondal, S., and Banerjee, S. K. (2017). The effect of
biofertilizers and the effect of vermicompost on the cultivation and productivity
of maize - a review. Adv. Crop Sci. Tech. 05, 261. doi: 10.4172/2329-8863.1000261

Saini, R. K., and Keum, Y. S. (2018). Significance of genetic, environmental, and
pre- and postharvest factors affecting carotenoid contents in crops: A review.
J.Agric. Food Chem. 66, 5310-5324. doi: 10.1021/acs.jafc.8b01613

Sari-Gorla, M., Ferrario, S., Rossini, L., Frova, C., and Villa, M. (1993). Developmental
expression of glutathione-s-transferase in maize and its possible connection with
herbicide tolerance. Euphytica 67, 221-230. doi: 10.1007/BF00040624

Sha, H. T. R, Prasad, K., and Kumar, P. (2016). Maize-a potential source of
human nutrition and health: A review. Cogent Food Agric. 2, 1166995. doi: 10.1080/
23311932.2016.1166995

Simi¢, A., Sredojevi¢, S., Todorovi¢, M., Dukanovi¢, L., and Radenovic, C.
(2004). Studies on the relationship between the content of total phenolics in
exudates and germination ability of maize seed during accelerated aging. Seed Sci.
Technol. 32, 213-218. doi: 10.15258/sst.2004.32.1.22

Sofo, A., Lundegérdh, B., Martensson, A., Manfra, M., Pepe, G., Sommella, E.,
et al. (2016). Different agronomic and fertilization systems affect polyphenolic
profile, antioxidant capacity and mineral composition of lettuce. Sci. Hortic. 204,
106-115. doi: 10.1016/j.scienta.2016.04.003

SPSS Inc (2006). SPSS For windows, version 15.0 (Chicago: SPSS Inc).

Suriano, S., Balconi, C., Valoti, P., and Redaelli, R. (2021). Comparison of total
polyphenols, profile anthocyanins, color analysis, carotenoids and tocols in
pigmented maize. LWT 144, 111257. doi: 10.1016/j.1wt.2021.111257

Vancetovic, J., Zilic, S., Bozinovic, S., and Ignjatovic-Micic, D. (2014).
Simulating of top-cross system for enhancement of antioxidants in maize grain.
Span. J. Agric. Res. 12, 467-476. doi: 10.5424/sjar/2014122-5222

Volli, R. E,, Cotta, S. R., Jurelevicius, D., Leite, D., Parente, C., Malm, O., et al.
(2018). Response of the bacterial communities associated with maize rhizosphere
to poultry litter as an organomineral fertilizer. Front. Environ. Sci. 6. doi: 10.3389/
fenvs.2018.00118

Wang, Z., Liu, Q., Pan, F., Yuan, L., and Yin, X. (2015). Effects of increasing
rates of zinc fertilization on phytic acid and phytic acid/zinc molar ratio in
zinc bio-fortified wheat. Field Crops Res. 184, 58-64. doi: 10.1016/
j.fcr.2015.09.007

Xiao, Y. S., Zhou, B., Han, Z,, Liu, S., Ding, C,, Jia, F., et al. (2022). Microbial
mechanism of zincfertilizer input on rice grain yield and zinc content of polished
rice. Front. Plant Sci. 13. doi: 10.3389/fpls.2022.962246

Yuan, L., Zhang, Z., Yang, J., Yang, Y., Ma, X., and Wu, L. (2017). Coated urea
enhances iron and zinc concentrations in rice grain under different cultivation
methods. J. Plant Nutr. 40, 841-850. doi: 10.1080/01904167.2016.1250907

7ili¢, S., Serpen, A., Akillhoglu, G., Gékmen, V., and Vancetovi¢, J. (2012).
Phenolic compounds, carotenoids, anthocyanins, and antioxidant capacity of
colored maize (Zea mays 1.) kernels. J. Agric. Food Chem. 60, 1224-1231.
doi: 10.1021/jf204367z

frontiersin.org


https://doi.org/10.1104/pp.112.206573
https://doi.org/10.1104/pp.112.206573
https://doi.org/10.1016/j.jfca.2013.04.003
https://doi.org/10.1016/j.foodchem.2019.01.029
https://doi.org/10.1071/CP21487
https://doi.org/10.3389/fpls.2020.00188
https://doi.org/10.1017/S0029665121000902
https://doi.org/10.2135/cropsci2012.06.0385
https://doi.org/10.3920/QAS2018.1411
https://doi.org/10.1016/j.jcs.2009.02.005
https://doi.org/10.1007/s42729-021-00408-0
https://doi.org/10.1186/s12284-018-0200-y
https://doi.org/10.1016/bs.adgen.2020.11.003
https://doi.org/10.3389/fpls.2020.01307
https://doi.org/10.4172/2329-8863.1000261
https://doi.org/10.1021/acs.jafc.8b01613
https://doi.org/10.1007/BF00040624
https://doi.org/10.1080/23311932.2016.1166995
https://doi.org/10.1080/23311932.2016.1166995
https://doi.org/10.15258/sst.2004.32.1.22
https://doi.org/10.1016/j.scienta.2016.04.003
https://doi.org/10.1016/j.lwt.2021.111257
https://doi.org/10.5424/sjar/2014122-5222
https://doi.org/10.3389/fenvs.2018.00118
https://doi.org/10.3389/fenvs.2018.00118
https://doi.org/10.1016/j.fcr.2015.09.007
https://doi.org/10.1016/j.fcr.2015.09.007
https://doi.org/10.3389/fpls.2022.962246
https://doi.org/10.1080/01904167.2016.1250907
https://doi.org/10.1021/jf204367z
https://doi.org/10.3389/fpls.2022.1027618
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Kernel color and fertilization as factors of enhanced maize quality
	Introduction
	Material and methods
	Trial settings and soil properties
	Chemical analyses
	Meteorological conditions
	Statistical analyses

	Results
	Impact of the year, fertilization treatments, and kernel color on the variation in the yield and chemical composition of the maize kernels
	Correlation between the yield and essential elements
	Influence of the kernel color and fertilizers on the removal of the essential elements with kernel yield
	Influence of the kernel color and fertilizers on the potential bioavailability of the essential elements and DPPH reduction capacity
	Interdependence between the kernel color, fertilizer treatments, and GY and the chemical composition

	Discussion
	Year as a source of variation
	Variability in the yield and chemical composition based on the kernel color
	Variability in the yield and chemical composition, governed by fertilizer type

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


