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Abstract: Along with other plant parts, maize leaves are widely used for
making fermented food for cattle, known as silage. Since there have only been
a few reports on studies concerning the extraction and determination of phen-
olic acids from maize leaves, the main goal of this investigation was to eva-
luate the content of free phenolic acids in the leaves of fifteen different maize
inbred lines. Reverse-phase, high performance liquid chromatography (RP-
-HPLC), with a photodiode array detector (DAD), was performed. Under the
optimized chromatographic conditions, referring to short time of sample pre-
paration, small quantities of solvent and direct injection of the extract into
HPLC, phenolic acids (i.e., gallic, protocatechuic, caffeic, p-coumaric and fer-
ulic acid) were successfully separated in less than 25 min, indicating that the
method could be applied for routine analysis. The efficiency and validation of
the method was evaluated by measuring the rate parameters: linearity, limit of
detection and quantification, accuracy and precision. The obtained results
showed that the most abundant free phenolic acid was p-coumaric acid (23.57
ug g dry weight), followed by ferulic and caffeic acids (21.27 and 20.78 pg g!
dry weight, respectively). Principal Component Analysis (PCA) revealed the
existence of a link.
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INTRODUCTION

Maize (Zea mays L.) is one of the oldest cultivated grain cereals and one of
the most productive species worldwide, with an average yield of about 5.5 t ha=1.1
Maize has food, feed, and industrial uses. Namely, a high proportion of the
produced maize is used in livestock feed as green chop, dry forage, silage or
grain.2:3 In addition, differently processed and unprocessed maize grain is used in
human diet.# The rest of the plant is mostly used for the preparation of fermented
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high-moisture preserved food used in livestock feed (silage) or is discarded
wherein a potentially valuable source of phytochemicals is lost.

Besides providing functional dietary micronutrients and fibers, plants are
rich sources of phytochemicals, such as phenolic compounds. These are aromatic
secondary plant metabolites that include a large number of naturally occurring
compounds divided into several groups. Due to their antioxidant and other bio-
logical properties that can promote human health, phenolic compounds in food
have been constantly investigated over the past few years.> In many studies the
inhibitory effect of phenolics to oxidative damage, which could lead to athero-
sclerosis and cancer, were reported.®-8 The antioxidant activity of phenolic com-
pounds can be explained by several possible mechanisms, such as their ability to
chelate metals, inhibit lipoxygenase, modulate peroxide concentration, scavenge
free radicals and stimulate the enzyme systems of antioxidative defense. Due to
harmful properties of synthetic antioxidants, such as butylated hydroxyanisole
(BHA) and hydroxytoluene (BHT),!0 demands of the food industry for antioxid-
ants of natural origin, especially from industrial residues, have never been
greater. 11-13

Phenolic acids are one of the main classes of phenolics and, according to
their chemical structure, represent derivatives of benzoic and cinnamic acids.
Generally, they could be described as phenols with carboxylic acid and hydroxyl
groups, the positions of which affects their antioxidative properties.!4 Phenolic
acids in different concentrations are distributed in seeds, leaves, roots and
stems.15 Their functions in the plant are linked with photosynthesis, synthesis of
proteins, enzyme activity and allelopathy.1® Various factors affect the quantity
and quality of the phenolic acids present in plant foods, including plant genetics,
soil composition and growing conditions, maturity state and post-harvest
conditions.!7-18 Many studies have reported the extraction of phenolic acids from
the leaves of different plant species,!92! but only a few from maize leaves.22

According to all the findings mentioned above, the aim of this study was to
evaluate the content of free phenolic acids extracted from maize leaves. For this
purpose, a new reverse phase HPLC method with diode array detection was dev-
eloped for identification and quantification of five phenolic acids. The method
was performed on fifteen maize inbred lines. In addition, principal component
analysis (PCA) was performed to determine the relationship between compo-
sitions of the free phenolic acids in the leaves and the color of the maize kernel.

EXPERIMENTAL
Plant material and chemicals
In this study, fifteen maize inbred lines (from IL1 to IL15) from the gene bank of the
Maize Research Institute “Zemun Polje”, Belgrade, Serbia, were used for the analysis. For
each genotype (nine white, four orange and two red maize inbred lines), plant samples (i.e.,
leaf of the uppermost ear) were taken at flowering. Leaves were dried to constant weight at 60
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°C, milled (Perten 120, Sweden) into powder (particle size <500 pum) in order to obtain greater
surface contact,23 and stored at —20 °C prior to analysis.

Methanol and formic acid, purchased from J.T. Baker (Netherlands), were of HPLC
grade. Ethanol and standards of tested phenolic acids (i.e., gallic, protocatechuic, caffeic,
p-coumaric and ferulic) were HPLC grade and purchased from Sigma-Aldrich. For the
analysis, ultrapure water (Thermo Fisher TKA Micro Pure water purification system, 0.055
uS ecm!) was used. Syringe filters (17 mm, PTFE membrane 0.45 pm) were purchased from
Thermo Scientific (Germany).

Samples preparation and extraction of free phenolic acids

The method used for phenolic acids extraction was a slightly modified method proposed
by Sultana et al.2* Approximately 0.3 g of the leaves powder was extracted (IKA HS 501,
Germany) twice with 3 mL of 80 % methanol, for 30 min at 300 rpm, at room temperature.
The collected extracts were centrifuged at 3000 rpm for 5 min, filtered through a 0.45-pm
PTFE membrane filter and directly injected into the HPLC.
Calibration curve and linearity

Working solutions were made by diluting the initial mixture containing all analyzed
phenolic acids (100 pg mL™!) to the final concentration: 0.1, 0.3, 0.5, 1, 3, 5, 10 and 20 ug mL".
Calibration curves were obtained in MS Excel, by plotting the peak areas (detector response)
versus the concentration of the standard solutions. Obtained correlation coefficients were used
for determination of the linearity of the method.
Limit of detection and quantification

Limit of detection (LOD) and limit of quantification (LOQ) were calculated from the
following equations:

LOD =3S7D (1
LOQ:IOSTD 2

where SD is the standard deviation of the response (standard error value for coefficient ) and
b is the slope of the calibration curve obtained from the linear regression.

Precision and accuracy
The repeatability of the method was determined by triplicate measurement of the relative
standard deviation (RSD) of both the peak area for each phenolic compound (at a concen-

tration of 1.0 pg mL"), and two randomly chosen samples, on an intra- and inter-daily basis.
For the calculation, the following equation was used:

RSD /% =100s71) 3)

where SD is standard error value for the peak area and X is the average value of the peak area.
The accuracy of the method was express as percentage of recovery. Two samples were
spiked with the working solution of the phenolic acids mixture (at a concentration of 1 pg mL-!),
in three replicates. Recovery (R / %) was determined from the equation:
F

Fy+

R/%=100

“4)
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where F represents the concentration of phenolic acid in the spiked sample, F) is the concen-
tration of phenolic acid in the unspiked sample and 4 is the added amount of phenolic acid
(i.e., 1.0 pg mL1).

HPLC method

Chromatographic separation of five phenolic acids was performed using a Dionex
UltiMate 3000 liquid chromatography system (Thermo Scientific, Germany), consisting of a
quaternary pump (LPG-3400), autosampler (WPS-300SL), column compartment (TCC-
-300SD) and a photodiode array detector (DAD-3000). The analytical column used was
Acclaim Polar Advantage II, C18 (150 mmx 4.6 mm, 3 pum) from Thermo Fisher Scientific,
operated at 25 °C. The mobile phase (flow rate 0.8 mL min'!) contained 0.1 vol. % aqueous
formic acid solution (A) and pure methanol (B). The linear gradient program was as follows:
0.0-10.0 min, 15-45 % B; 10.0-20.0 min, 45-65 % B; 20.0-25.0 min, 65-15 % B. The
injection volume was 5 plL. The UV detection wavelengths were set at 278, 280, 290 and 300
nm. Phenolic acids were identified according to characteristic retention time and absorption
spectra, whilst calibration curves of the corresponding standards were used for quantitative
calculations. Chromeleon software package (version 7.2) was used for instrument control, as
well as for data acquisition and analysis. The contents of the phenolic acids are expressed as
pg per g of dry weight (DW). Data are reported as the mean value of three independent
injections.

Statistical analysis

All analyses were performed on triplicate measurements (rn = 3) and the results are pre-
sented as mean values. The data were subjected to one-way analysis of variance (ANOVA).
The F-test was used for comparison of the means at the 0.05 probability level.

Principal component analysis (PCA) was performed using the PLS Toolbox software
package v.6.2.1, for MATLAB 7.12.0 (R2011a). To prevent the predominance of components
existing in higher concentrations, compared to those present in lower concentrations, data
were mean-centered and auto-scaled to unit variance before statistical processing. The sin-
gular value decomposition (SVD) algorithm was used at the 0.95 confidence level for Hotel-
ling T2 limits.

RESULTS AND DISCUSSION
Extraction of free phenolic acids

Determination of extraction efficiency was performed using pure methanol,
pure ethanol and mixtures of methanol-water and ethanol-water (both in volume
ratio of 8:2, data not shown). The mixture of methanol-water exhibited the
highest extraction efficiency, which is in agreement with the results of Shabir et
al.,25 and was used for further analysis.

Validation of the method

The applied chromatographic method encompassed separation of all tested
phenolic acids with good resolution, with a total separation time of 25 min. Chro-
matograms of phenolic acids standards are shown in Figs. 1a and b, recorded at
278 and 300 nm, respectively. The chromatograms obtained from maize leaves,
also recorded at 278 and 300 nm, are presented in Fig. 2a and b, respectively.
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Fig. 1. Chromatograms of the phenolic acid standards, recorded at 278 nm (a) and 300 nm (b).
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Fig. 2. Chromatograms for phenolic acids from maize leaves, recorded at 278 nm (a)
and 300 nm (b).

According to obtained maximum absorbance, the wavelength for protocate-
chuic acid (PA) and p-coumaric acid (p-CoumA) was set at 300 nm, for ferulic
acid (FA) and caffeic acid (CA) at 290 nm and for gallic acid (GA) at 278 nm.
These values of wavelengths are in line with those used in the study of Nour et
al.,26 but different to those used by Lee et al.27 and Kovacova et al.,28 when all
phenolic acids were monitored at 280 nm.

Although recorded at 278 nm (Fig. 2a), the peak of gallic acid had dim-
inished absorbance at 300 nm, as is shown in Fig. 2b. This was also confirmed in
Fig. 1a and b, obtained from phenolic standards chromatograms. Retention time
for GA, PA, CA, p-CoumA and FA were 6.78, 10.35, 14.51, 16.46 and 18.19
min, respectively.
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The parameters of linear regression (i.e., slope, intercept, coefficient of det-
ermination (+2), LOD and LOQ), were obtained for the phenolic acids standards,
based on their peak area, as presented in Table I. The obtained linear correlation
coefficients for all standards were not lower than 0.997, indicating good linearity
of the method. The obtained LOD values ranged from 16 to 52 ng mL-! and
those of LOQ from 54 to 173 ng mL-1. The obtained values were lower to those
reported in method proposed by Nour et al.,20 indicating higher sensitivity of the
method used in this study.

TABLE I. Parameters of linear regression, LOD and LOQ for the phenolic acid standards

Phenolic acid Intercept Slope r? LOD/ngmL!' LOQ/ngmL"!
GA -0.1180 0.3344 0.999 27 90
PA —0.0495 0.3426 0.999 32 107
CA —0.1424 0.7078 0.997 52 173
p-CoumA —-0.0133 1.0225 0.999 29 97
FA —0.1181 2.0032 1.000 16 54

The repeatability of the method was investigated using intra-day and inter-
-day data obtained from the standards and two samples (Table II). For standards,
the RSD of the intra-day (n = 5) and inter-day (n = 3) analysis were 0.17-1.19 and
0.81-2.42 %, respectively. For sample I, the RSD of the intra-day (n = 5) analysis
was 0.21-1.41 %, being 1.13-3.05 % for the inter-day (» = 3) analysis. For
sample I, the RSD of the intra-day (n = 5) analysis was 0.32—1.18 %, being
1.69-2.93 % for the inter-day (n = 3) analysis.

TABLE II. The obtained RSD (%) for the phenolic acids and the tested samples

. Standard Sample I Sample 11
Phenolic acid Intra-day  Inter-day  Intra-day Inter-day  Intra-day Inter-day
GA 0.2 0.8 0.2 1.1 0.3 1.7
PA 1.2 24 0.7 1.9 0.6 2.1
CA 0.4 1.7 0.9 3.0 1.2 1.9
p-CoumA 0.9 2.0 1.0 2.5 0.8 29
FA 0.7 1.5 1.4 2.4 1.0 1.8

The standard additional method was used for recovery (R) determination,
which represents the accuracy of the method. R for GA, PA, CA, p-CoumA and
FA were 100.5, 97.8, 102.4, 99.7 and 98.9 %, respectively, indicating the good
accuracy of the preformed method.

Free phenolic acids contents in relation to the maize kernel color

The content of free phenolic acids in the leaves for each of the fifteen eva-
luated maize inbreds, as a well as total average values per parameter, are pre-
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sented in Table III. The obtained results indicate that the most abundant evaluated
free phenolic acid was p-coumaric acid, followed by ferulic and caffeic acids.

TABLE III. Obtained content of phenolic acids in the tested maize leaves

Maize GA PA CA p-CoumA FA
Sample 1 1 1 N B
kernel color  pgg Hg g Hg g Hg g Hg g

IL1 White 10.3014 7.1970  34.8993  21.8526  20.4395
L2 White 10.2993 55556 247301  21.0614  18.1406
IL3 White 9.1026 7.0338 15.1407  18.0995  21.7998
L4 White 9.5499 7.0916 225808  16.2327  23.0608
IL5 White 10.3803  11.4546  17.4689  23.5272  24.9282
IL6 White 10.4429  9.8031 259565 213246  17.0967
L7 White 12.298 11.228 31.8369  17.2297  9.9062

IL8 White 10.8847 63156 22.7485  19.0469  13.1095
IL9 White 8.6345 8.5403 19.5884  15.6033 9.7336

Average? 10.1412 8.2466  23.8833 193309  17.5794
IL10 Orange 153776  22.0641 4.7345 18.2032  12.7739
IL11 Orange  14.1058  18.2494  27.705 28.665 28.9746
IL12 Orange  13.6257  19.7144  19.1517 353965  28.5013
IL13 Orange  13.2097  15.0719  17.8619 15.977 16.611

Average? 14.0797 18.775 17.3633 245604  21.7152
IL14 Red 9.0262 77717 209281  43.1607  29.5398
IL15 Red 9.1026 12.9652  6.4191 38.1813  44.4828
Average? 9.0644 10.3685  13.6736  40.671 37.0113
Total average 11.0479 113371  20.7834  23.5708  21.2732

aAvc:rage phenolic acids content of leaves

Total average values for GA, CA and FA contents obtained from all tested
fifteen genotypes (i.e. 11.05, 20.78 and 21.27 ug g-! DW, respectively), were
shown to be higher than those in study on cob leaves (10.99, 6.0 and 1.87 pg g!
DW, respectively), reported by Pandey et al.22 Average amounts of p-CoumA,
FA and CA (i.e., 23.57,21.27 and 20.78 pug g1 DW, respectively), obtained from
all analyzed genotypes, was higher than those in commercial red wine.2® Mean
values for PA and GA contents (i.e., 11.34 and 11.05 pug g-! DW, respectively)
obtained from leaves of all tested maize, was lower compared to leaf extracts of
Gold Mohar (Delonix regia (Bojer ex Hook.) Raf.), having antimicrobial and
antifungal properties and being widely used in folk medicine.2> On the contrary,
the average contents of the other phenolic acids (i.e., p-CoumA, GA and FA)
were higher.25

Different kernel color in maize generally originates from the carotenoids and
anthocyanins concentration, with positive correlations found between the antiox-
idant activity and the color of maize.30-32 Similar studies showed that the color
of the samples is also related to the content of phenolic acids.33-34 In this context,
PCA was performed in order to examine the possible relationship between the



70 MESAROVIC et al.

content of free phenolic acids in the leaves and the color of the maize kernel. PC
analysis resulted in a four-component model that explains 98.93 % of the total
variance. The first two principal components explain 42.80 (for PC1) and 36.23
% (for PC2) of the overall data variance. Mutual projections of the factor scores
and their loadings for these PCs are shown in Fig. 3a and b, respectively.
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Fig. 3. PCA score (a) and loading plots (b).

Considering PC1 and PC2 score values (Fig. 3a), three well-separated
groups of samples (according to kernel color) were formed. This indicates that
the leaves from different colored maize possibly have unique contents of phen-
olic acids. White kernel maize (IL1-IL9) formed a group in the plot center, while
the group of orange kernel maize (IL10-IL13) was allocated in the upper right
part of the plot. Red kernel maize (IL14 and IL15) were separated in the lower
right part of plot. The loading plot (Fig. 3b) revealed that the most efficient
parameters for distinguishing white kernel maize was CA, for orange maize GA
and PA, while for red kernel maize FA and p-CoumA. These results are in agree-
ment with the mean values for phenolic acids obtained in the leaves from differ-
ent colored maize (Table III). Leaves from white kernel maize had the highest
average content of CA (i.e., 23.88 ng g-! DW) compared to the leaves from
orange and red maize (i.e., 17.36 and 13.67 pg g~! DW, respectively). Similarly,
the leaves from the orange kernel maize showed the largest average content of
GA and PA (i.e., 14.08 and 18.77 pg g-! DW, respectively), compared to the
leaves of white and red maize. Moreover, leaves of the red kernel maize had the
highest average concentration of p-CoumA and FA (40.67 and 37.01 pg g! DW,
respectively), compared to the leaves from other colored maize. Among the
phenolic acids evaluated, the highest value for FA was found in red wheat, as
was reported by Ma et al.34
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CONCLUSIONS

A new RP-HPLC method with DAD was developed for the quantification of
five phenolic acids in maize leaves, due to the lack of information on this subject.
The observed validation parameters confirmed that the performed method is of
good accuracy and precision, with relatively low values for the LOD and LOQ.
This indicates that the method developed in this study could be usefully applied
in further, more detailed analyses on phenolic acids content in maize leaves.

The performed PCA distinguished a relationship between the concentrations
of phenolic acids in the leaves and the color of the maize kernel. In leaves, the
most abundant phenolic acid was CA for white maize, and GA and PA for orange
maize. Moreover, the leaves from red maize showed the highest concentrations
of FA and p-CoumA.

Acknowledgement. This research was supported by the Ministry of Education, Science
and Technological Development of the Republic of Serbia (Projects TR31068 and TR31028).

U3BOJ
OIOPEHBUBAILE CJIOBOOJHUX ®EHOJIHUX KUCEJIMHA Y JIMCTY KYKYPY3A
PA3JIMYUTO OBOJEHOT 3PHA

JEJIEHA 3. MECAPOBHWH, BECHA [I. IPATUYEBHUR, CHEXXAHA 1. MJIAIEHOBWR IPUHHR,
JAHHWJEJIA C. PUCTUER n HATAJIUJA b. KPABUR

Hnctmuinyin 3a xkykypy3 3emyn Iome, Cnodogana Bajuha 1, 11185 Beoipag

JIMCT KyKypy3a, 3ajeHO ca OPYTUM Je/0BUMa OM/baka, 0CTa Ce KOPUCTH y IPOU3BOAKBHU
(epMeHTHCaHE XpaHe 3a CTOKY, [T03HATe Kao cuiaxa. C 003upoM Ha TO [ia je caMo HEKOJIUKO
CTyAuja o0jaB/beHO Ha TEMy M30/10Bamka U kBaHTU(DUKaLuje HEeHONHUX KUCEIHHA U3 JTMCTOBA
KYKypy3a, [JIJaBHU LIW/b OBOT pafja je ogpehuBame cagpxkaja c1000gHUX HEHONHUX KHCEJIUHA Y
JIMCTOBMMaA TeTHAECT pasIMYMTHX CaMOOIUIOIHUX JIUHHUja KyKypy3a. KopuurheHa je pesepcHo-
-(a3Ha BUCOKO epukacHa TeuHa XxpomaTorpaduja ca DAD merekropoMm. Ilox onTHMHU30BaHUM
XpoMaTtorpa@CK1um yCca0BUMa, Kao IITO Cy KpaTKo BpeMe IPUIIPEME y30paKa, Masle KOTUYUHe
pacTBapaua ¥ JUPEKTHO WHjeKTOBakbe eKCTpaKTa y30pka, MeHoNHe KUcenuHe (Tj. rajaHa, po-
TOKaTEXHWHCKa, kKadernHCKa, p-KyMapuHCKa ¥ QepyIMHCKa KUCEINHA) YCIEeUHO Cy pa3iBojeHe
3a Mame of 25 min, TO yKasyje Ha Moryhy npuMeHy MeTOZie y PyTUHCKUM aHanusama. Edu-
KaCHOCT ¥ Ba/llMJalyrja METoJe Cy NPOLelheHe MEPEmheM TTapaMeTapa Kao IITO Cy: JIMHEapHOCT,
rpaHulla feTekuuje U KBaHTHDUKAIUje, TAUHOCT U mpenusHocT. [JodujeHn pe3ynTatu yKkasyjy
Ila je HajsacTyI/beHHja c106oaHa (heHoNTHa KMCeTHHA p-KyMapHMHCKa kucenuHa (23,57 pg gl
cyse mace), mpaheHa (epynTHHCKOM U KaderHCKoM KucenuHom (21,27 u 20,78 pg g! cyse
Mace, pefioM). AHanu30M I1aBHUX KomnoHeHata (PCA) npoueweH je ogHOC cafpkaja ci1odoa-
HUX EHONMHUX KHUCEMHA Y JINCTY U Doje 3pHa KyKypya3a.

(ITpumsseno 12. Maja, peBunupaHo 22. HoBemdpa, mpuxsaheHo 29. Hoembpa 2016)
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