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Summary

Maize filaments (MF) are the outer thread-like part of corn, which
are widely used in traditional and official medicine. Besides, MF
polyphenols are important secondary metabolites in MF which
have their significant biological activities. However the existing
MF is underutilized. This study aimed to raise the comprehensive
utilization of MF and to increase the economic value and benefit of
MF. In the current study, central composite design (CCD) was first
used to investigate the effect of process variables on polyphenols
contents from MF by ultrasound-assisted extraction (UAE). Results
showed that the obtained optimal UAE conditions were as follows:
extraction power of 520.01 W, ethanol concentration of 61.08 %,
and a solvent-to-material ratio of 26.83 mL/g for polyphenols
extraction. These experimental values under optimal conditions
were consistent with the predicted values with polyphenols content
of 7.1+0.015 mg/g. Sixteen phenolic compounds, including gallic
acid, catechin, epicatechin, hyperoside were identified in MF poly-
phenols extractions by HPLC-MS/MS method. Antioxidant activity
assays demonstrated that MF phenols had excellent scavenging
ability for ABTS radicals, *OH, DPPH radicals and *O;-, and 42.56
+ 1.24 % of lipid oxidation inhibition.

Introduction

Maize filaments (MF), as an indispensable part of corn, have
high pharmaceutical values, as they are mild diuretic, urinary
demulcent, which passes stones and gravel from the kidneys and the
urinary bladder; these filaments function against benign prostatic
hyperplasia, cystitis, gout, chronic nephritis, and similar ailments
(BRITISH HERBAL PHARMACOPOEIA, 1996; CZYGAN and MAYDIS,
1997; MAKSIMOVIC et al., 2005; STAGOS et al., 2012). In previous
studies, a series of phenolic compounds such as rutin, quercetin,
epicatechin, vanillic acid, benzoic acid, syringic acid, and gallic
acid have been identified and isolated from MF (CHEN et al., 2010;
PEDRESCHI and CISNEROS-ZEVALLOS, 2007).

Phenols (Hydroxybenzenes) and polyphenols (containing two or
more phenol groups) are ubiquitous in plant foods. Phenols have been
traditionally considered as “anti-nutrients” because these substances
could reduce the digestibility of proteins and subsequently increase
fecal nitrogen excretion (ALZUETA et al., 1992; LONGSTAFF and
MCNABB, 1991). Pharmacological investigations have shown that
phenolic compounds have an important function in human health
(Viuaya KumARr REDDY et al., 2010), including anti-platelet and
antithrombotic actions (LU et al., 1999), anti-cancer activity (SUN
et al., 2011; STAGOS et al., 2012), inhibition of HeLa cell
multiplication (SUN et al., 2010), and antioxidant activity (GLADINE
et al., 2007; LEE et al., 2010; WANG et al., 2012).

Conventional extraction methods such as maceration, boiling,
refluxing, heating, and Soxhlet extraction are used for extraction of
biologically active polyphenols from various plants. However, these
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conventional extraction methods are generally time-consuming and
low efficient of the yield of extract (LI et al., 2005; MA et al., 2008).
In the recent years, novel extraction techniques such as ultrasound-
assisted extraction (UAE), microwave-assisted extraction (MAE),
accelerated solvent extraction (ASE), and supercritical fluid ex-
traction (SFE) have been developed to increase efficiency of the
extraction process with respect to time and solvent consumption
as well as the extraction yield and active compound concentration
(YANG and ZHAI, 2010; Liu et al., 2011; SKALICKA-WOZNIAK
et al., 2011; PAN et al., 2012). Among these methods, UAE method
is advantageous for polyphenols extraction due to the process
simplicity, low working temperatures (from 40 to 60 °C, high
recovery rate, low oxidation loss, high energy-saving efficiency, and
high extraction yield (PAN et al., 2012)). The mechanism of UAE
involves mechanical and cavitation efficacies which can result in
disrupting the cell wall, reducing the particle sizes, and enhancing
the mass to transfer across the cell membrane (HOSSAIN et al.,
2012).

Phenols and polyphenols very soluble in a variety of solvents. The
most common solvents are aqueous mixtures with methanol, ethanol
and acetone. Methanol and acetone have toxic effects on the human
body, besides, the production cost is high, so ethanol is always used
as a extraction solvent.

Response surface methodology (RSM) is a modelling tool used
to optimize the extraction conditions by evaluation of multiple
parameters and their interaction effects based on quantitative
data. Therefore RSM can not only effectively optimize complex
extraction procedures statistically, but can also reduce the number
of experimental trials (BRACHET et al., 1999). RSM has been
often used to optimize UAE of phenolic compounds from different
plant sources (L1U et al., 2011; SKALICKA-WOZNIAK et al., 2011;
HossaN et al.,2012). Li et al. (2015) have evaluated an ionic-liquid-
based MAE and UAE method for the extraction of 2 4-dihydroxy-
7-methoxy-1.4-benzoxazin-3-one and 6-methoxy-benzoxazolin-2-
one from etiolated maize seedlings. However, there are no published
reports on the UAE of polyphenols from MF as well as on use of
RSM for its optimization of UAE.

The aim of the present work was to use RSM to establish the opti-
mum parameters of UAE of MF polyphenols and their identification.
Three factors with three level central composite designs were
used to optimize and investigate the effects of ultrasound, ethanol
concentration, and solid-to-liquid ratio of UAE on the maximum
yield of polyphenols from MF. HPLC-MS/MS method was used
to identify the main phenol compounds in MF extracts obtained by
UAE.

Materials and methods

Plant materials

The plant materials with Poaceae female flowers used in this
experiment were mature corn silk of Zea mays L. exhibiting a regular
growth pattern, which were gathered from corn fields in October
2012. Collected corn silks were dried in a shaded and well-ventilated
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place, homogenized by a blender (DS-1, Shanghai Precision
Instruments Co., Ltd, Shanghai, China), and sieved through a 100
meshes sieve. The powder was stored in sealed polyethylene bags
at 4 °C.

Chemicals and reagents

Absolute ethanol and sodium bicarbonate were purchased from
Beijing Chemical Works (Beijing, China). Pyrogallic acid was pur-
chased from the Tianjin Guangfu Fine Chemical Research Institute.
Folin-Ciocalteu (FC reagent) was purchased from Shanghai Sunny
Chemical Industry Tech Co., Ltd. Deionized water was purified by
Milli-Q system (Millipore Corp., Bedford, MA, USA). All of the
organic solvents used in the study were of analytical grade.

UAE of polyphenols from MF

MF powder (1.000 g) was placed in a capped tube and mixed with
ethanol. Extraction was performed using an ultrasonic cell crushing
apparatus [JY92-2D, 20 kHz to 25 kHz, 1800 W (MAX), Ningbo
New Cheese Biological Technology Co., Ltd., Zhejiang, China].
After extracting, the sample was centrifuged at 4000 rpm/min for
15 min to collect the supernatant. The MF powder was extracted
twice with the same method, and the supernatant of the three ex-
tracts were collected together into a 50 mL dark volumetric flask.
The sample solution was evaporated using the RE-52A-type rotary
evaporator apparatus enrichment (RE-52AA, Shanghai Yarong-Bio-
chemical Instruments Factory, Shanghai, China), and then dried with
the vacuum freeze-drying system (ALPHA 1-2, Martin Christ GmbH
Germany).

RSM experimental design for optimal extraction conditions
Prior to RSM design, the single factors influencing the extraction
yields have been conducted and suitable ranges of each independent
variable have been obtained. The results showed that three main
factors affect the extraction efficiencies, including the power of
ultrasound (W, X), ethanol concentration (%, X»), and solvent-to-
material ratio (mL/g, X3). In the RSM design, these factors were
used as independent variables for optimizing extraction conditions.
According to the single factors experiments, we determined the
variables and their ranges were as following, extraction power of
ultrasound (400 W to 600 W), ethanol extraction concentration (50%
to 70%), and solvent-to-material ratio (20:1 mL/g to 40:1 mL/g).
Temperature was not considered in this study since the sample was
processed at 35 °C to avoid the degradation of temperature-sensitive
polyphenols compounds. In this study, the experiments were per-
formed based on a central composite design (CCD).

The coded values of the experimental factors and their levels in CCD
were shown in Tab. 1. The complete design was performed randomly
and consisted of twenty combinations, including six replicates at
the central point (Tab. 2). The data from CCD were analyzed by
multiple regressions to fit the following quadratic polynomial model
(PRAKASH et al., 2013):
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Tab. 1: Levels of variables for the experimental design.

Symbols Independent variables -1 0 +1
X1 Ultrasound power (w) 400 500 600
Xo Ethanol concentration (%) 50 60 70
X3 Solvent-to-material ratio (ml/g) 20:1 30:1 40:1

where Y is the response, X; and X are variables (i and j range from
1 to k), Bo is the model intercept coefficient, 3;, 3;;, and (3, are the
interaction coefficients of linear, quadratic, and second-order terms,
respectively, k is the number of independent parameters (k=4 in this
study), and e; is the error (PRAKASH et al., 2013).

Determination of polyphenols

Polyphenols were determined by Folin-Ciocalteu (FC) procedure
according to the method of HAGERMAN et al. (2000) with slight
modifications. In brief, 1.0 mL of polyphenol extract was mixed
with 2.5 mL of FC reagent. Then 2.5 mL of sodium bicarbonate
(10%, w/v) was added to the mixture. The volume was increased
to 25 mL by adding distilled water. The solution was allowed to
stand for 1 h at room temperature and the absorbance was measured
by spectrophotometry at 785 nm. The results were expressed as pg
gallic acid equivalent per g sample. Polyphenols content can be
calculated using the following equation:

Polyphenolyield (mg/g) = C x N x 25 x 103/m 2)

where C is the sample fluid concentration of the polyphenols cal-
culated based on gallic acid standard curve, pug/mL ; N is the diluted
amount; and m is the weight of MF powder, g.

Antioxidant activity analysis of MF polyphenols extractions

The antioxidant activity of MF polyphenols extractions was
evaluated by scavenging ABTS radical, hydroxyl radical (¢OH),
DPPH radical, and superoxideanion (*O;"), which were followed
by the method of YUAN et al. (2013). The lipid oxidation inhibition
assay of MF polyphenols extraction was measured using the similar
method of MUNIZ-MARQUEZ et al. (2013).

Identification of the main polyphenols compounds by HPLC-
MS/method

This analysis was conducted according to method described by
WANG et al. (2008). A Waters €2695-TQD system (Waters Corpo-
ration, USA), consisting of Waters e2695 HPLC system (including
vacuum degasser, binary pump, autosampler, column oven), Waters
TQ detector (TQD) and Waters 2489 ultraviolet/visible light detec-
tor were used for separation and identification of polyphenols com-
pounds.

Chromatographic separations were carried out using a Waters
Symmetry Cjg column (4.6x150 mm, 5 pum). The mobile phase
was constituted of 0.1% glacial acetic acid in water (solvent A)
and methanol (solvent B). The gradient conditions used was run as
described hereafter: from O to 10.0 min, a linear gradient from 30 %
solvent B to 45 % solvent B; from 10.0 to 12.0 min, a linear gradient
from solvent B at 45% to 70 %; from 12.0 to13.0 min, solvent B at
70% to 0%; and from 13.0 to15.0 min, a linear gradient of solvent
B from 0% to 30 %. The column was reconditioned at 30 % solvent
B from 15.0 to 20.0 min. The column temperature was set at 40 °C
with a solvent flow rate of 0.3 mL/min. A total of 5 uL of sample was
injected into the column for HPLC-MS/MS analysis. The detection
was carried out on a Waters TQD mass spectrometer from Waters
(Waters Corporation, USA) equipped with an electrospray ionization
source in positive mode. The ionization parameters were:

nitrogen sheath gas flow, 10 / min; spray voltage, 30 psi; capillary
temperature, 300 °C; capillary voltage, 4000 V; and tube lens
voltage, 80 V. The full scan mass spectrum in the range of m/z 30 to
3000 amu was measured.
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Tab. 2: Central composite design (CCD) plan in coded value and results of experiment

Treatment Factors Yield of polyphenols (mg/g)
Xi X2 X3
Power(w) Ethanol concentration (%,V/V) Solid-liquid ratio (mL/g) Experimental Predicted

1 -1 1 1 5.7768 5.8460
2 -1 -1 -1 5.8448 6.1089
3 0 1.6818 0 5.7072 5.9020
4 0 0 -1.6818 7.3070 7.2700
5 1 -1 -1 6.2346 6.4154
6 1 1 1 6.4925 6.4784
7 -1 1 -1 5.8459 5.7979
8 0 0 0 7.9686 7.9974
9 0 0 0 79789 79974
10 0 0 0 7.9812 7.9974
11 1.6818 0 0 6.4789 6.4016
12 -1.6818 0 0 5.8884 5.6121
13 0 0 0 79777 7.9974
14 0 0 0 7.9914 7.9974
15 0 -1.6818 0 5.7080 5.1596
16 1 1 -1 6.9063 6.7742
17 0 0 1.6818 6.6761 6.3595
18 -1 -1 1 4.9399 5.3220
19 1 -1 1 4.9866 5.2846
20 0 0 0 8.0257 7.9974

Statistical analysis

The experimental results of the response surface design were
analyzed by Design-Expert 8.0.6 software (Trial version, State-
Ease Inc., Minneapolis, MN, USA). The modeling was started with
a quadratic model including linear, squared, and interaction terms.
Significant terms in the model for each response were found by
analysis of variance (ANOVA) and the significance was judged by
the F-statistic calculated from the data. The experimental data was
evaluated with various descriptive statistical analyses such as P
value, F value, degrees of freedom (DF), sum of squares (SS), and
mean sum of squares (MSS) to reflect the statistical significance of
the developed quadratic mathematical model. After fitting the data
to the models, the generated data were used for plotting response
surfaces and contour plots. P-values < 0.05 were considered as
statistically significant. All of the experiments were conducted in
triplicate unless specified otherwise.

Results

Fitting the response surface models

UAE was conducted in 20 runs to study the effect of different
variables on the amount of polyphenols extracted from MF. The
polyphenols responses of the experimental design were presented
in Tab. 2. The decoded values of independent variable for the
experiment were also presented. Polyphenols content of MF extract
varied from 4.3183 to 7.0206 mg per g dried mass based on different
extraction conditions.

Multiple regression analysis and Pareto analysis of variance
(ANOVA) were used to check the adequacy and fitness of the

developed models and results of ANOVA were given in Tab. 3.
Considering the single factor test results, the response surfaces
analysis results, and the experimental results, we summarized the
test data result of linear regression and binomial fitting analysis in
Tab. 3.

The results showed that the response of worth rate (Y) model was
highly significant. An item ultrasound power (X;) and ethanol
concentration (X,) was significant and solvent-to-material ratio (X3)
was extremely significant. The second order items were reached
extremely significant level.

To calculate the polyphenols content in MF (Y) encoded by indepen-
dent variables ultrasound power (X), ethanol concentration (X3),
and solvent-to-material ratio (X3), we used the quadratic multi-
nomial regression equation as follows:

Y =34.11660 + 0.057147X; + 0.80761X, + 0.12396X;3 +
0.000146625X,X> + 0.001828X,X3 - 0.0000616296X,2 - 3)
0.00763692X,% - 0.00366157X532

The ANOVA results and regression coefficients were presented in
Tab. 3 and Tab. 4, indicating that the contribution of the quadratic
model was significant (p < 0.05). The “fitness’’ of the model was
investigated using the lack-of-fit test (p > 0.05), indicating the suit-
ability of models to predict variations accurately (PRASAD et al.,
2011).

The F value of the model was 25.89 and F statistical analysis shows
that the model of “Prob > F” return value was < 0.05, indicating that
the model was significant. The proposed item is not significant. In
these test results, X;, X5, X3, X;2, X522, and X32 were significant.
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Tab. 3: Results of analysis of variance of the primarily established quadric regression mode.

Source Squares df Square Value Prob >F Remark
Model 15.85 9 1.76 25.89 <0.0001 *
X1 0.58 1 0.58 8.48 0.0155 *
Xo 051 1 0.51 7.50 0.0209 *
X3 0.77 1 0.77 11.28 0.0073 *
X1X2 0.17 1 0.17 253 0.1429
X1X3 0.05 1 0.05 0.67 04332
XoX3 0.27 1 0.27 393 0.0756
X2 547 1 547 80.46 <0.0001 o
X5? 8.41 1 8.41 123.54 <0.0001 ok
kk
X532 1.93 1 1.93 28.40 0.0003
Residual 0.68 10 0.07
Lack of Fit 0.68 5 0.14 3.63 0.16
Pure Error 0.001565 5 0.00031
Cor Total 16.53 19

df means degrees of freedom; * Showed significant difference, p< 0.05; * * showed very significant difference, p< 0.01;

Although X3, X2, X»2, and X32 were very significant, the interactive
items were not significant. This result shows that the effect of the
three factors on the polyphenols extraction yield was summarized
as follows: ultrasonic power > solid-to-liquid ratio > ethanol con-
centration.

Effect of extraction parameters on polyphenols content

The response surface and contour plots of the effects of extraction
parameters on the polyphenol content were presented in Fig. 1 and
Fig. 2.

As shown in Fig. 1A, the efficiency of ultrasound power on the
polyphenols was evaluated and the results showed that the yield
increased with the increase of ultrasound power. It can be con-
cluded that maximum polyphenols extraction could be achieved
when the ethanol concentration and ultrasonic power were 61.08%
and 520.01 W, respectively. The polyphenols yield increased with
an increase of ethanol concentration from 43 % to 61.08 %, while
decreased when the ethanol concentration was above 61.08%. As
for the effect of ultrasound power on the polyphenols yield, the
yield increased with prolonged the extraction power from 400 to
520.01 W, and decreased after 520.01 W.

The interaction effect of extraction power and solvent-to-material
ratio on the polyphenols was presented in Fig. 1B. The increase ex-
traction yield of polyphenols was observed with an increase solvent-
to-material ratio from 13 to 26.83. Further increase of solvent-to-
material ratio resulted in decrease of the polyphenol content.

The interaction effect of ethanol concentration and the solvent-to-
material ratio on the polyphenols was also presented in Fig. 1C. It
was found that maximum polyphenols yield is achieved when the
ethanol concentration was 61.08 % and the solvent-to-material ratio
was 26.83 mL/g. Ethanol volume fraction and the material liquid
have significant interaction effect, the phenolic yield was first in-
creased with the increase of the ethanol volume fraction and solid-
liquid ratio, and then decreased.

Verification of predictive models

An optimum UAE conditions for obtaining maximum MF poly-
phenols content in the extract were determined. All the factors and
responses with the respective high-limit and low-limit experimen-
tal region have to satisfy the criteria defined for the optimum op-
erations were stated in Tab. 1. As shown in Tab. 2, the predictive
values matched well with experimental values obtained using op-
timum extraction parameters, which were confirmed with a good
regression coefficient (R? = 0.9588). Applying the methodology of
desired function, the optimum level of various parameters was ob-
tained and it indicated that extraction power of 520.01 W, ethanol
concentration of 61.08 % and solvent-to-material ratio of 26.83 mL/g
given a phenol content of 7.1+0.015 mg/g. These optimize condi-
tions could be considered as optimum as well as feasible conditions.

Antioxidant activity of MF polyphenols extractions

The antioxidant activity of MF polyphenols extractions was evalu-
ated using five assays and the results were shown in Tab. 5. The
ABTS radical scavenging ability, *OH-scavenging ability, DPPH
radical scavenging ability, O, scavenging ability and lipid oxida-
tion inhibition increased with increased MF polyphenols extractions
concentration. The /Csy values of various antioxidant assays were
used to evaluate the antioxidant activity of MF polyphenols extrac-
tions concentration. The /Cso values of MF polyphenols extractions
concentration for the ABTS radical, *OH, DPPH radical and *O,"
were 0.7228, 0.301, 12.79, and 0.010 mg/mL, respectively. Lower
ICs5q values indicated that MF polyphenols extractions had excellent
antioxidant properties. Among the assays, the best inhibiting capa-
city of MF polyphenols was observed in *O," (0.010 mg/mL). In
lipid oxidation inhibition assay, the general ability of extracts to pre-
vent lipid oxidant was tested, and results showed 42.56 + 1.24 % of
lipid oxidation inhibition. The results showed that the polyphenols
compounds extracted from the MF also have ability to inhibit lipid
oxidation.
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Fig. 1: Response surface for the effect of independent variables on poly-

phenols extraction yield.

(A) Response surface graph showing interaction between ultrasonic
power (X/W) and ethanol concentration (X»/%); (B) response sur-
face graph showing interaction between ultrasonic power (X/W)
and solvent-to-material ratio (X3/mL/g); (C) response surface graph
showing interaction between ethanol concentration (X»/%) and sol-
vent-to-material ratio (X3/mL/g).

X3

X2

Fig.2: Contour plots for the effect of independent variables on polyphe-
nols extraction yield.
(A) Contour plot graph showing interaction between ultrasonic
power (X;/W) and ethanol concentration (X»/%); (B) Contour plot
graph showing interaction between ultrasonic power (X{/W) and
solvent-to-material ratio (X3/mL/g); (C) Contour plot graph show-
ing interaction between ethanol concentration (X»/%) and solvent-
to-material ratio (X3/m/g).



Ultrasound-assisted extraction of polyphenols and identification 157

Tab. 4: Significance test table of regression coefficient.

Std. Dev. 0.2608 R-Squared 0.9588
Mean 5.8034 Adj R-Squared 09218
CV. % 4.4945 Pred R-Squared 0.6887
PRESS 5.1468 Adeq Precision 13.4740

Tab. 5: Antioxidant activity of MF phenol extractions by scavenging free

radicals.
Free Concentration of Scavenging ICso
radical MF phenol extractions Rate (mg/mL)
(mg/mL)
0.5333 44%
0.7999 52%
DPPH 1066 62% 0.72
1.33 76%
0.083 7%
0.16 18%
ABTS 025 38% 0.30
0.333 59%
5 13%
10 23%
*OH 15 7% 12.79
20 94%
0.05 36%
001 54%
*0 0.02 72% 0.01
0.03 80%

HPLC-MS/MS analysis and identify the main polyphenols in MF
extractions

The HPLC-MS/MS chromatograms of MF extraction were given in
Fig. 3. Sixteen phenolic compounds, including gallic acid, catechin,
epicatechin, hyperoside were identified according to the method of
HPLC-MS/MS. The chemical structures of sixteen phenolic com-
pounds were provided in Tab. 6.

Discussion

In the current study, ultrasonic extraction and RSM design were suc-
cessfully used to optimize the extraction conditions of polyphenols
from MF, and optimal extraction conditions were also established.
The best extraction conditions were extraction power of 520.01
W, ethanol concentration of 61.08%, and solvent-to-material ratio
of 26.83 mL/g. From the statistical analysis, we learned that ultra-
sonic power was the most significant factor influencing the extrac-
tion yield. The yield increased to 3.56% with the increase of ex-
traction power from 400 to 520.01 W. The results might due to the
collision of molecules when the ultrasound power increased, thus
increased the release of phenolic compounds. Besides, the increases

of the ultrasound power may lead to the increase of temperature to-
gether with the degradation of the phenols during oxidation at high
temperature (SPIGNO and DE FAVARI, 2009).

The ethanol concentration was another important factor. The poly-
phenols content increased to 18.07% when the ethanol concen-
tration increased from 43 % to 61.08 %. The findings obtained from
our study were in good agreement with Buci¢-Koiic€ et al. (2011),
where the total phenolics yield from lyophilized fig fruits increased
to 54.17% when ethanol concentration increased from 50 to 80 %.
Although pure water is the most polar solvent of all solvents, it did
not yield the best results with respect to extract and polyphenols
content. This phenomenon might be attributed to the higher visco-
sity of water than that of the other solvents, which is a matter of
mass transfer. As the polyphenols yield depended largely on the
polarity of solvents and compounds, a single solvent might not be
effective for the extraction of a bioactive compound. Hence, a com-
bination of ethanol with water was more effective in extracting phe-
nolic compounds than ethanol alone (MARKOM et al., 2007). Sixty
percent of ethanol showed the greatest yield of polyphenols, as a
result of lower viscosity and altering the plant structure by swelling
the matrix, which enabled the solvent to more completely penetrate
the leaves. Accordingly, water is acting as the plant swelling agent,
while ethanol is believed to disrupt the bonding between the sol-
utes and plant matrices. Therefore, the mixture of water and ethanol
as solvent agent exhibited the best performance to extract phenolic
among all the extractants used. Another explanation might be the
high dielectric constant of water, which leads to increase polarity in-
dices of ethanol in aqueous solution (SAHIN and SAML, 2013). In the
present study, the increase extraction yield of polyphenols was ob-
served with the increase solvent-to-material ratio from 13 to 26.83.
This was probably due to the fact that more solvent could enter plant
cells while more phenolic compounds could permeate into the sol-
vent under the higher solvent-to-material ratio conditions (PRASAD
et al., 2009).

Many plants have been examined have strong antioxidant ability
(VUAYA, et al., 2010; WANG et al., 2012). In the present study, MF
total phenolic extractions exhibited strong in vitro antioxidant abil-
ity and could be considered as a good source of natural antioxidant
compounds, which was in agreement with the study of MOHAMMAD
et al. (2008), they showed that MF have potent antioxidant ability
and might exert a protective effect against oxidative damage. Be-
sides, the antioxidant activity of MF polyphenols extractions in-
creased with the increase of its concentration.

Sixteen phenolic compounds, including gallic acid, catechin, epi-
catechin, hyperoside were identified in MF polyphenols extractions
by HPLC-MS/MS method, which was the first time UAE polyphe-
nols from MF were identified. It can be concluded that the chemi-
cal properties of the phenolic compounds vary significantly because
these compounds have different hydroxyl groups and glycoside.The
number of identified phenolic compounds is higher that previously
reported by CHEN et al. (2010), they used HPLC technology to iden-
tify eight phenolic compounds in sweet corn silk, including gentisidc
acid, rutin, quercetin, epitatechin, syringic, catechin, gallic acid and
caffeic acid. PEDRESCHI et al. (2007) analysed phenolic compounds
of Andean purple corn and found some major phenolic compounds
similar to our study, such as protocatechuic acid. However, there
was some dissimilarity in the composition of phenolic acids, includ-
ing vanillic acid and p-coumaric acid, which might be due to the
different maize varieties and experimental methods. Therefore, it
is concluded that UAE is an efficient and credible method for the
extraction of polyphenols from MF. The isolated polyphenols pos-
sess strong antioxidant activity. Sixteen phenolic compounds were
firstly identified in MF extracts by HPLC-MS/MS method. All re-
sults can provide scientific reference of analysis and utilization of
natural plant resources.
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Fig. 3: HPLC-MS/MS chromatograms of MF polyphenols extract and analysis mass spectrum of the sixteen phenolic compounds.
MS: (1) Benzoic acid; (2) Gentisic acid; (3) Epicatechin; (4) B2 Benzoic acid; (5) syringic acid; (6) Catechin; (7) Catechin gallate; (8)
Quercetin; (9) Quercetin-3-O-rhamnoside; (10) Rutin;(11) chlorogenic acid; (12) Gallic acid; (13) Gallic acid-6 hydroxy diphenyl-
pyran glucose; (14) Ellagic acid; (15) Epicatechin trimer; (16) Epicatechin tetramer.
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Tab. 6: Analysis of polyphenols in maize filaments by HPLC-MS/MS method.
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