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Abstract

In order to compare different kinds of corn flour (white, yellow and degerminated yellow corn flour) with wheat
flour, this paper investigates the content of free phenolics, minerals and phenolic acids composition and antioxidant
activity, determined as the DPPH radical scavenging capacity and reducing power. All the samples of corn flour
proved to be a better source of phenolic compounds (1,100.51-1,268.26 pug/g) than wheat flour (705.60 pg/g) and had
a statistically significant higher antioxidant activity. The yellow and white corn flour had a statistically significant
higher content of calcium (1.44-1.84 mg/g), magnesium (1.43-1.45 mg/g), sodium (178.73-183.53 mg/g), potassium
(2.59-2.63 mg/g) and zinc (30.11-106.24 pg/g) than the wheat flour (0.26 mg/g, 0.28 mg/g, 47.29 mg/g, 1.41 mg/g
and 10.79 pg/g, respectively). The white corn flour was especially stood out from the wheat and other corn flour
based on its content of zinc, which is such that 100 g of white corn flour could satisfy 73.1% of an adult man’s needs
for zinc. Gallic, protocatechuic, chlorogenic, caffeic, coumaric, trans-ferulic and syringic acid were detected in the
corn flour, while only gallic, protocatechuic and chlorogenic acid were detected in the wheat flour. A higher content
of gallic (66.68-70.89 pg/g) and protocatechuic acid (41.89-42.76 pg/g) was detected in the corn flour than in the
wheat flour, where the gallic acid content was 28.60 ig/g and protocatechuic acid content, 36.38 pg/g.

Keywords: ICP-OES, HPLC, phenolic compounds

1. Introduction Corn belongs to the group of cereals, and the bioavailability

of minerals from cereals can be poor due to the presence

Corn (Zea mays L.) and products made from corn grains
(flour, starch, oil, meal, syrup, bourbon, etc.) are widely used
in the food industry. By milling up the white or yellow corn
grains, white or yellow corn flour, respectively, is obtained.
As corn flour is obtained by milling the whole corn
grain, flour and food prepared from it can be considered
integral and functional food. Corn flour contains protein,
carbohydrates, vitamins, minerals (Ragaee et al., 2006), oil
and fibre, and does not contain gluten. The oil is located in
the corn germ, and it consists of glycerides of unsaturated
fatty acids, phytosterols, and liposoluble vitamins A and
E, which contribute to the nutritional and medicinal
importance of corn oil (Eisaa et al., 2016).

of anti-nutritional factors such as phytic acid (Frontela
et al., 2011). Luckily, traditional food processes such as
soaking and cooking (Karkle and Beleia, 2010), germination
(Sokrab et al., 2012) and fermentation (Mohite et al., 2013),
activate the enzyme phytase, which substantially reduces
the content of phytic acid. Various food technologies for
processing corn grains into different corn products have
different influences on mineral content. Thus, milling the
corn grains into flour causes a decrease in the content of
Fe, Mg, Na and Cu, and has no impact on Ca, Mg and Mn
(Gwirtz and Garcia-Casal, 2014), while roasting, reduced
the contents of Fe and K, and increased the contents of Ca,
Na, Mg and Zn in yellow and white corn varieties (Oboh
et al., 2010).
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Cereal grains contain phenolics, well known for their
antioxidant (Van Hung, 2016) and anticancerogenic activity
(Rosa et al., 2016), as well as for their beneficial effects on
human health. In plant cells, phenolics are mainly located
in the pericarp, and exist in free and bound forms (Perez-
Jimenez and Torres, 2011). Bound phenolics are covalently
bound to the plant matrix, and can be extracted only using
alkaline or acid hydrolysis. In corn the highest amount of
phenolics (98.9%) are present as bound, and the remainder
in free fraction (Adom and Liu, 2002). Phenolics which
have been detected in corn include: phenolic acids, such
as protocatechuic, p-hydroxybenzoic, vanillic, ferulic,
caffeic and p-coumaric acid (Mattila et al., 2005). The
investigation of Oboh et al. (2010), showed the antioxidant
and nutritional properties of yellow and white corn varieties
to also be affected by food processing. Therefore, roasting
reduced the amount of extractable phenolics and flavonoids
content, as well as crude protein and fibre, but caused a
significant increase in ferric reducing antioxidant power
crude fat and carbohydrates content.

Knowledge of the chemical, mineral and phenolics
composition, as well as of the antioxidant activity of food
is important for evaluating its nutritional value, potential
benefits to health, and assessment of the daily dietary
intake. In this paper, the mineral, free phenolic content,
free phenolic acid composition, and antioxidant activity
of an 80% v/v methanol extract from white, yellow and
degerminated yellow corn flour (DGCF) were studied in
order to compared them to wheat flour.

2. Materials and methods
Samples

Five samples of white corn flour from Serbia (Vega ADM,
Centa; Interkomerc, Ra¢a; Gaj¢anka, Tabanovac; Moravka,
Leskovac; Caltor Kragujevac, all from Serbia), yellow corn
flour (Vodenica, Dzep; Interkomerc, Rac¢a; Yumis, Nis;
Moravka, Leskovac; Interpak, Kraljevo, all from Serbia)
wheat flour, type 500 ("Fidelinka", Subotica, Serbia), and
degerminated yellow corn flour (DGCF), known as palenta
flour (Moravka, Leskovac, Serbia) were studied. Wheat flour
type 500, according to the manufacturer’s specifications,
contained minerals in range of 0.46-0.55%.

The chemical composition

A near infrared grain analyser Inframatic 9500 (Perten
Instruments, Hégersten, Sweden) was used to determine
the moisture, protein, ash and colour of the studied samples
of flour. A flour sample (of approximately 300 g) was placed
into a cell, the cell was closed and inserted into the funnel
and the ‘Analyse’ button was pressed. Following analysis,
the results were read out from the screen, and the sample

box emptied for the next sample. The samples of wheat
flour and DGCF were analysed in triplicate.

Extraction of free phenolics

For the extraction of free phenolics, 30 g of the sample
were measured; 250 ml of 80% methanol was added, left to
rest for 24 h at room temperature and occasionally mixed.
The solids were re-extracted with 50 ml of methanol, the
filtrates were combined and a volume of 300 ml of the final
extract was made with 80% methanol. The phenolics from
wheat and DGCF were extracted in triplicate.

To determine phenolic acid composition, the DPPH
(1,1-diphenyl-2-picrylhydrazyl) radical scavenging capacity
(SC) and the reducing power, 150 ml of each final extract
were evaporated in a vacuum at 45 °C until dry, and
dissolved in 20 ml of hot methanol (approximately 60 °C).
Where necessary, the appropriate dilutions (from 1:1 to1:10
v/v) were made.

Dry matter analysis

The obtained final phenolic extract (3 ml) was dried in the
analyser (Scaltec SMO 01, Scaltec instruments, Géttingen,
Germany) at 100 °C to a constant mass, the result was read
from the display of the apparatus, and calculated to mg of
dry matter per ml of extract.

Phenolics and flavonoids content

The phenolic content in the final phenolic extracts was
determined using the Folin-Ciocalteu reagent (Singleton
and Rossi, 1965). The absorbance was measured at
765 nm by a UV 21000 Spectrophotometer (Cole Parmer
Instruments Company, Vernon Hills, IL, USA) and the
phenolic content was calculated based on the equation C
= 237.05 x Ab — 12.69, obtained with gallic acid (Sigma
Aldrich, St. Louis, MO, USA) and covering a range from
10 to 300 mM. The results were expressed as mg of gallic
acid per g of flour.

The flavonoids content in the final phenolic extracts was
determined via the AICI; solution method, by taking
0.1 ml of the final extract and adding 0.2 ml of the 10%
AlCl, solution and 0.05 ml of concentrated hydrochloric
acid. Then the solution volume was adjusted to 5 ml with
methanol, and after 40 min the absorbance was measured at
415 nm (Eisaa, 2016). A blank test was prepared with 0.1 ml
of the extract to which 0.05 ml of concentrated hydrochloric
acid was added, and the volume was adjusted to 5 ml with
methanol. The flavonoids content was calculated based on
the equation C = 85.47 x Ab — 1.49 obtained with quercetin
(Sigma Aldrich), and covering a range from 10 to 100 mM.
The results were expressed as mg of quercetin per g of
dry basis.
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DPPH radical scavenging capacity and reducing power

The DPPH radical SC of the phenolic extracts, and the
concentration of dry residue of the phenolic extract of up
to 8 mg/ml, were determined by the method described
by Mensor et al. (2001), and the reducing power by the
method described by Oyaizu (1986). The IC, value for
both methods was calculated by using the Microsoft Excel
ed50plus v1.0 software by Mario H. Vargas, Instituto
Nacionale de Enfermedades Respiratories, Mexico. The
IC,, value for the DPPH test represented the concentration
of dry residue of the studied extract required for reaching
50% of the DPPH SC, the IC, value for the reducing
power, and the concentration of dry residue of the extract
required for reaching an absorbance value of 0.5. Butylated
hydroxyanisole (BHA) was used as the standard.

Sample decomposition for mineral analysis

The sample (0.1 g) was decomposed by wet digestion using
10 ml of 65% nitric acid (HNO,) and resting for 24 h at room
temperature. Then the sample was heated and portions of
1 ml of 65% HNO, were added until a clear vapor and a
solution volume of approximately 1 ml were achieved. Then
the residue was washed with deionised water to make a
final volume of 10 ml, and filtered through Whatman No.
541 tape (Sigma Aldrich. The decompositions of wheat
and DGCF were done in triplicate.

Mineral analysis

The mineral composition and content were determined
by inductively coupled plasma - optical emission
spectrometry (ICP-OES), using the ARCOS FHE12
spectrometer (SPECTRO, Kleve, Germany), according to
the manufacturer’s instructions. The carrier gas was Argon
5.0 (99.999% purity).

The ICP-OES was operated under the following conditions:
the plasma power was 1,400 W, the auxiliary and coolant
gas flow 0.80 and 13 1/min respectively, the nebuliser cross
flow rate of 0.95 1/min, and pump speed 30 rpm. In order to
estimate the mineral content, the calibration standards were
prepared. A multi-standard solution (Merck, Darmstadt,
Germany), containing aluminium (Al), silver (Ag), boron
(B), barium (Ba), bismuth (Bi), calcium (Ca), cadmium
(Cd), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe),
gallium (Ga), mercury (Hg), potassium (K), lithium (Li),
indium (In), magnesium (Mg), manganese (Mn), sodium
(Na), nickel (Ni), lead (Pb), thallium (T1) and zinc (Zn) at a
concentration of 1000 mg/kg, was used for the preparation
of the calibration solutions. The elements arsenic (As),
mercury (Hg), phosphorus (P), silicon (Si), strontium
(Sr) and sulphur (S) (Reagecon, Shannon, Ireland) were
determined by using the specific calibration standards
(1000 mg/kg), respectively. The preparation of standard
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solutions was performed by diluting the multistandard
to four different concentrations in the range in which
concentrations of the studied samples were expected.
Distilled water, purified by Fisher Chemical (HPLC
grade) (Rockford, IL, USA), was used for the dilution of
the samples.

Phenolic acids composition

For the analysis of the phenolic acids composition, the
HPLC isocratic method of Amakura et al. (2000) was used.
The content of phenolic acid was calculated based on the
equation obtained for each phenolic acid separately (Nikoli¢
et al., 2016) and expressed as mg of acid per g of flour.

Statistical analysis

The mean value, standard deviation and statistically
significant difference (P<0.01) were obtained by VassarStats:
Website for Statistical Computation, using the One-Way
analysis of variance for independent samples (http://
www.vassarstats.net/). The dendrograms are obtained by
the Statistica-version 10 program, based on their mean,
maximal and minimal values, by choosing the option Mult/
Exploratory-Cluster analysis, for the appropriate number
of variables (Anonymous, 2017).

3. Results and discussion
Chemical composition and antioxidant activity

The results of the studied parameters of the chemical
composition (moisture, protein, and ash content, free
phenolic content and flavonoid content) in the studied
samples are shown in Table 1. In our study, the phenolics
were extracted by using 80% methanol, without previous
hydrolysis, and the obtained results refer to free phenolics.
The free phenolics content among the studied corn flours
ranged from 539.01 (in DGCEF) to 1,268.26 pg/g (in the
white corn flour), while in the wheat flour this content
was 705.60 pg/g. The content is lowest in DGCE, probably
due to germ removal, as the highest content of soluble
phenolics of the corn grain is concentrated in the germ
(Cabrera-Soto et al., 2009).

The flavonoid content was highest in the yellow corn flours
(about 24 ug quercetin equiv per g, i.e. about 0.08 pmol/g),
in the white corn flour there was only half as much, while
in the wheat flour it was only 6.06 pg/g. In the literature
there are data according to which the phenolics content
in different corn varieties ranges from 243.8 to 320.1 mg
of gallic acid equiv/100 g of dry weight (De la Parra et al.,
2007). In comparison to our results this phenolics content
is higher because it includes the content of bound phenolics
and represents the content of total phenolics. The content
of free phenolics in white corn grain, reported by Lépez-
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Table 1. Chemical composition of white and yellow corn, degerminated corn flour (DGCF) and wheat flour. "2

Content/flour sample Yellow corn
Moisture (%) 13.35+0.372
Protein (%)° 10.48+1.112

Ash (%) 1.2740.172
Colour (*L) 89.52+1.242

Dry residue of phenolics extract (mg/ml) 4.63+0.372

Free phenolics (ug/g)* 1,100.51+£162.312
Flavonoids content (ug/g)® 23.37+5.612

White corn DGCF Wheat
12.55+2.722 10.14%1.27° 12.21£1.082
11.56+0.95° 9.09+1.420 12.54+1.212
1.34+0.262 1.35+0.122 0.66+0.11P
88.58+0.56P 91.20£0.792 89.1+0.94°
4.56+0.502 2.73+0.42° 6.96+0.832
1,268.26+125.182 539.014£93.82° 705.60+82.78°
10.37+2.65° 24.01+1.322 6.06+1.41°

1 Values are mean + standard deviation, expressed on a dry flour basis.

2 Vialues with same superscript in the same row do not differ significantly (P<0.01).

3 Nx6.25 for corn flour; Nx5.70 for wheat flour.
4 ug of gallic acid per g on dry flour basis.
5 ug of quercetin per g on dry flour basis.

Martinez et al. (2009) and De la Parra et al. (2007), was 334
and 347 pg gallic acid equiv/g, respectively. In comparison
to this result, our sample of white corn flour had nearly
three times as many phenolics, but, on the other hand,
almost half the content of free phenolics in the white corn
genotype (2,480 mg/kg), reported by Del Pozo et al. (2006).
Xu et al. (2010) found out that the free phenolics content
in yellow corn grain was only 61.7 ug gallic acid equiv/g.
The obtained content of free phenolics in the yellow corn
flour in our study investigation of 1,100.51 pg/g is similar to
the result of 1,040 pg/g reported by Lépez-Martinez et al.
(2009). The results for flavonoid content obtained by Adom
and Liu (2002) showed that it was approximately 1.68 pmol
catechin equiv/g, that over 90% was in bound (1.52 pmol/g)
and only a small amount in free form (0.16 pmol/g), and
that this content is twice as high as the flavonoid content
in our samples.

Based on the obtained results, there are no statistically
significant differences between the white and yellow corn
flour (P<0.01) and the wheat flour in terms of moisture,
protein and dry residue of the phenolics content, but there
is a statistically significant difference in the ash and free
phenolic content. By comparing the sample of DGCF and
wheat flour, a statistically significant difference (P<0.01)
was determined for all the studied, except for free phenolic
content.

The results for the antioxidant activity of the phenolic
extract obtained by using 80% methanol for the extraction
of free phenolics from white and yellow corn, DGCE,
wheat flour and BHA are shown in Table 2. The results are
presented as IC, values and the reciprocal value, 1/IC,,
as a higher 1/IC,,, value indicates a higher antioxidant
activity. The results show that the antioxidant activity of
both the corn flour and DGCF was higher and statistically
significant different (P<0.01) than the activity of the wheat

Table 2. Antioxidant activity in the phenolic extract from white and yellow corn, degerminated corn flour (DGCF) and wheat flour. "2

IC5,/Flour sample Yellow corn White corn
DPPH test
ICs (mg/ml)® 0.76+0.212 0.83+0.202
1/1Cs (ml/mg)* 1.39£0.39 1.26+0.29
Reducing power test
ICs (mg/ml)® 1.62+0.342 1.86+0.612
1/1Cs (ml/ mg)* 0.6240.13 0.54+0.25

DGCF Wheat Butylated hydroxyanisole
0.93£0.152 2.48+0.39P 0.0046+0.0012

1.04+0.26 0.42+0.11 217.39+18.74

2.72+0.682 5.12+0.47° 0.0305+0.0078

0.37+0.08 0.20+0.06 32.79+2.45

1 Values are mean # standard deviation.

2 Vialues with same superscript in the same row do not differ significantly (P<0.01).

3 mg of dry residue per ml of extract.
4 (mg of dry residue per ml of extract) .
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Table 3. Calibration parameters: A, nm; RZ; LD (ug/l) and the range of linearity (ug/l).

Element Detection wavelength (nm) Correlation coefficient (R?)
Al 167.078 0.99985
394.401 0.99998
B 182.641 0.99999
249.773 0.99999
Ba 233.527 0.99995
Ca 183.801 0.99995
396.847 0.99946
Cr 283.563 0.99998
Cu 224.700 0.99999
324.754 0.99999
Fe 259.941 0.99997
Ga 417.206 0.99994
K 404.721 0.99998
766.491 0.99999
Li 323.261 1.00000
670.780 0.99997
Mg 279.553 0.99997
285.213 0.99994
Mn 257.611 0.99992
Na 330.237 0.99994
598.592 0.99989
Ni 231.604 0.99994
P 214914 0.99992
Si 288.158 0.99998
Sr 407.771 0.99998
Tl 190.864 0.99998
Zn 213.856 0.99997

flour, determined as the DPPH SC and the reducing power.
Such results are expected, because the content of phenolics
and flavonoids as compounds responsible for antioxidant
activity, was also higher in the corn flour samples. The
content of phenolics in the DGCF was almost one half of
the content of phenolics in the yellow corn flour, and both
the DPPH SC and the reducing power were lower, indicating
germ removal as the probable cause. On the other hand,
DGCE still had a better antioxidant activity than the wheat
flour, probably due to the higher content of flavonoids
(Table 1). Compare to BHA, the results show the extracts
had a 156 to 209 times weaker DPPH SC, and a 52 to 89
times weaker reducing power than BHA.

Mineral composition

The calibration curves, wavelength of detection, correlation
coefficient, limit of detection and linearity range obtained
for each mineral used to determine of mineral content are
presented in Table 3, and the mineral compositions (major,
trace, essential trace minerals, nonessential trace minerals

Limit of detection (pg/l) Linearity range (mg/l)
7.6x102 7.6x10%-2.40
1.55x1073-12.00
6.43 7.37x10%-12.00
6.43x10%-12.00
0.183 1.83x104-12.00
214 1.6-480.00
2.14x10-2.41
0.435 4.35%x10-12.00
0.259 9.07x10-12.00
2.59x104-12.00
0.118 1.18x104-12.00
1.7 0.0017-12.00
0.378 0.798-300.00
3.78x10%-1.20
5.75x102 7.98x102-12.00
5.75x10%-1.20
0.115 1.15x104-6.04
4.03-120.00
3.57x102 3.57x10%-12.00
4.75 7.98-480.00
4.75%x103-12.00
0.474 4.74x10*-12.00
35 3.5x103-240
1.6 1.6x103-120
6.23x103 6.23x10-2.41
1.72 1.72x103-12.00
8.2x102 8.2x10%-12.00

and other minerals) of the corn, DGCF and wheat flour are
shown in Table 4.

Compared to the wheat flour, the studied yellow corn flour
samples do not differ in a statistically significant manner
(P<0.01) in terms of the Fe, Cu, Zn and Mn content, and
the white flour does not statistically significantly differ in
its Cu, Mn and Li content. When comparing the mineral
composition of the yellow corn flour and DGCE, no
statistically significant difference in the Ca, Na, Zn and
Li content was determined, and between the white corn
flour and the DGCEF, there is no statistically significant
difference in the Na and B content. However, it is necessary
to emphasize the presence of a higher content of Mg and
K, in the white corn flour compared both to the wheat and
DGCE, and especially the content of Zn. The Zn content of
106.24 pg/g in the white corn flour is almost ten times as
high as that of the wheat flour (10.79 pg/g) and five times
high as the content in the DGCF (18.73 ug/g). The content
of Zn in the studied white corn samples can be considered
to be high, as in literature there is data that Zn content
ranged from 0.25 to 25.2 mg/kg in eighteen different corn
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Table 4. Mineral composition and content in white and yellow corn, degerminated corn flour (DGCF) and wheat flour."2

Minerals/sample Yellow corn White corn
Major minerals

Ca, mg/g 1.44+0.163° 1.84+0.462

Mg, mg/g 1.43+0.212 1.45+0.232

Na, pg/g 178.73 £31.112 183.53+25.222

K, malg 2.63+0.292 2.59+0.432

P, mg/g 7.02+0.642 6.36+1.432
Micro minerals

Fe, uglg 58.79+5.032 29.18+3.42P

Cu, uglg 3.36+2.212 3.99+1.428

Cr, uglg 0.36+0.122 0.71£0.192

Zn, uglg 30.1146.262 106.24+14.540

Mn, pg/g 41341522 3.89+0.522
Essential trace minerals

Si, uglg 88.01+11.65 nd

Ni, palg 0.08+0.06 nd
Nonessential trace minerals

Al, pg/g 0.14+0.082 0.14+0.082

Sr, uglg nd 0.15+0.00

B, pglg 6.30+1.892 4.45+1.322

Li, palg 0.51£0.142 2.21+0.42°
Other detected minerals

Ga,uglg <0.08 <0.08

Ba, pglg nd 3.89+0.062

Tl, uglg <0.08 <0.08

DGCF Wheat
0.97+0.15° 0.26+0.08°
0.25+0.04° 0.28+0.12°

199.14+32.162 47.29+3.26P
1.05+0.24P 1.41+0.19°
1.99+0.34P nd3

10.01+1.34°¢ 54.3045.632
1.37+0.46P 2.15+0.262
0.50+0.12° nd
18.73+2.452 10.79+2.178
0.38+0.14P 2.27+0.682>
<8.00 nd

nd nd
0.06+0.02° nd

nd nd
3.1440.61° 0.52+0.15¢
0.21+0.082 2.38+0.25°

<0.08 nd
3.19+0.15° 3.58+0.33°

<0.08 0

" Values are mean + standard deviation expressed as mg or g per g on dry flour basis.
2 Vialues with same superscript in the same row do not differ significantly (P<0.01).

3 nd = non detected.

flours from Turkey (Algiil and Kara, 2014) and from 0.45
to 2.21 mg/100 g in white, yellow and sweet corn flour
(Siyuan et al., 2018). The content of calcium in the yellow
corn flour was 1.44, while in the white corn flour it was
1.84 mg/g. Both of these contents are twice as high as the
content of calcium, 0.74 mg/g, found in two corn genotypes
(genotypes with a high and with a low content of phytate)
by Sokrab et al. (2012). Pan and Du (2017) found that the
antioxidant capacity of lettuce leaves becomes stronger
when Zn is added to the nutrient solution, and in the human
body, zinc has a wide range of functions (Deshpande et al,,
2013). Based on these data, the high content of zinc found in
yellow and white corn flour can be considered an important
fact. Based on Recommended Dietary Allowance (RDA)
for zinc for men which is 14 mg/day (Anonymous, 2018), it
has been prove that 100 g of white corn flour could satisfy
as much as 73.1% of an adult man’s needs, 100 g of yellow
corn flour 21.5%, and 100 g of while wheat flour only 7.7%.

Phenolic acid composition

The phenolic acid composition and its content in the
phenolic extract from the white and yellow corn, DGCF
and wheat flour are all presented in Table 5. The results
show various phenolic acid profiles in the flour samples. In
the corn flour samples, seven phenolic acids were detected
(gallic, protocatechuic, chlorogenic, caffeic, coumaric,
trans-ferulic and syringic), while only three in the wheat
flour (gallic, protocatechuic and chlorogenic acid). In
the corn flour samples there were two nonidentified
components with a retention time of 7.15 and 7.98 min
(NID 7.15 and NID 7.98) and in the wheat flour, only
NID 7.98. Among the identified phenolic acids in the
yellow and white corn flour, gallic acid was dominant in
terms of content of 66.69 and 70.89 ug/g, respectively,
in the sample of DGCEF, gallic and chlorogenic acid were
dominant with contents of approximately 120 pg/g, while
in the wheat flour protocatechuic and chlorogenic with a
content of 35 ug/g. But if we take into consideration the
NID compounds, compound NID 7.15 and NID 7.98 were
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Table 5. Phenolic acid content in free phenolics extract from white and yellow corn, degerminated corn flour (DGCF) and wheat

flour.12
Acid/content (ug/g) Yellow corn White corn DGCF Wheat
Gallic 66.68+11.082 70.8949.212 121.69+3.24° 28.60+4.18¢
Protocatechuic 42.76+3.032 41.89+1.382 33.13+4.62° 36.38+2.12°
Chlorogenic 39.52+3.412 38.06+6.53? 128.33+17.450 35.21+3.582
Caffeic 39.14+7.712 24.12+4.11° 14.10£1.04° nd®
Coumaric 35.44+3.612 38.61+5.812 25.31+4.25P nd
trans-ferulic 8.48 +4.242 7.39+2.70P 2.28+0.87° nd
Syringic 5.87+2.192 5.27+1.532 1.170.31° nd
NID 7.15 min® 82.27+9.342 53.84+18.66% 25.72+1.89° nd
NID 7.98 min* 174.53+30.912 166.16+11.86° 56.19+6.02° 10.96+1.14°

1 Values are mean # standard deviation.

2 Vialues with same superscript in the same row do not differ significantly (P<0.01).
3 Expressed as pg acid per g on dry flour basis; NID = nonidentified component.

4 Expressed as g coumaric acid per g on dry flour basis.
5nd = non detected.

the most abundant in the yellow corn flour, with a content
of 82.27 and 174.53 pg/g (expressed as coumaric acid),
respectively. Compared to the wheat flour, the corn flour
samples had a statistically significantly higher content of
gallic and protocatechuic acid.

Del Pozo et al. (2006), reported that in the white corn
genotype, six derivatives of ferulic acid (88.8-816 mg/kg),
p-coumaric acid (6.6 mg/kg), two protocatechuic acid
derivatives (4.2 and 14.2 mg/kg), and gallic acid (3.9 mg/kg)
were identified as free phenolic acids, so the content of
p-coumaric, protocatechuic and gallic acid of 38.61, 41.89
and 70.89 pg/g respectively, was much higher in the white
corn flour sample studied in our paper. The study of Zili¢ et
al. (2013) showed that the content of ferulic and p-coumaric
acids determined in the extract of total phenolics, which
besides the free included the bound form of these acids,
was much higher (4,153.43 and 624.46 pg/g dry basis,
respectively). Bakan et al. (2003) reported that caffeic,
coumaric and ferulic acids are present in the germ. Our
results agree with those of Bakan ez al. (2003) study, as the
content of these acids was lower in the corn flour from
which the germ had been removed (DGCF) than in the
other studied corn flour.

Statistical analysis

The dendrograms for minerals in the yellow corn, white
corn and wheat flour are presented in Figure 1 (A and B).
In the wheat flour, the minerals are classified into two well-
distinguished clusters: one containing Na and Fe, and the
second one containing the rest of the minerals.

The mineral Zn is fused at a distance that is close to the
distance of the minerals of the second cluster (about 15),
and can be classified as belonging to this cluster. The
dendrogram for the minerals in the corn flour shows that
the minerals Ca, Mg, Cr, Al, K, Cu, Mn, P and B are at a close
distance in the cluster (up to 5), while Fe, Zn and Na are
fused at a distance of nearly 100, 185 and 290, respectively.
Due to the large distance from the minerals connected to
the cluster, at a distance of up to 5, Fe, Zn and Na can be
classified as belonging to the same cluster. As these minerals
make a special cluster in the wheat flour, it can be concluded
that the minerals in the yellow and white corn flour are
classified into the same clusters as the minerals in the wheat
flour, i.e. their relationships are the same, but their content
is much higher in the corn than in the wheat flour.

The dendrogram for phenolic acids and undetected
components with a retention time of 7.15 (NID 7.15) and
7.98 min (NID 7.98) in the yellow and white corn flour and
wheat flour is presented in Figure 1 (C and D). In the yellow
and white corn, the acids are classified into three clusters:
the first with gallic acid and the NID 7.15 component, the
second with protocatechuic, chlorogenic, coumaric and
caffeic acid, and the third with trans-ferulic and syringic
acid. These clusters are joined together at a distance of
about 55, and the component NID 7.98 is fused at a longer
distance of about 210. The dendrogram for phenolic acids
and undetected components in the wheat flour shows a
similarity to the dendrogram for the yellow and white corn
flour, as protocatechuic and chlorogenic acid are in the
same cluster, the gallic acid is branched (similar to the first
cluster for acids in the corn flour), and component NID
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Figure 1. Dendrograms for minerals in the corn flour (A) and wheat flour (B); for phenolic acids in the corn flour (C) and wheat

flour (D).

7.98 is fused at the longest distance, at about 27, due to its
content being the lowest in the wheat flour.

4. Conclusions

A comparison of the content of minerals, phenolics,
flavonoids, and the composition of free phenolic acids
and antioxidant activity in wheat and different corn flour
samples was carried out. The studied yellow and white
corn flour differed significantly from the wheat flour in
terms of ash, free phenolics, Ca, Mg, Na and K content.
The white corn flour especially stands out based on its
content of Zn (106.24 pg/g) which is ten times higher than
the content in the wheat flour, so 100 g of studied white
corn flour can satisfy over 70% of an adult man’s RDA for
zinc. The studied samples of corn flour contained gallic,
protocatechuic, chlorogenic, caffeic, coumaric, trans-
ferulic and syringic acid, while the wheat flour contained
only gallic, protocatechuic and chlorogenic acid. All of the
samples of corn flour had a statistically significantly higher
content of gallic and protocatechuic acid and a stronger
antioxidant activity than the wheat flour. Compared to
BHA, the DPPH SC of the studied phenolic extracts from
the corn flour was up to 209 times weaker, and the reducing
power up to 89 times weaker.
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