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Determination of Polyphenols Ingredients Present
in Areca Husk and Its Antioxidant Activity
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Abstract This paper was developed for the simultaneous determination of bete! nut shell in a variety of phenolic
compounds by high performance capillary electrophoresis method, analyzed the separation effect of different
concentrations and pH values of buffer on 10 analytes, finally determined the best electrolytic buffer was 0.1 mol/L,
pH 9.0 borate buffer, UV detection wavelength 280 nm, separation voltage 20 kV. The method is simple and fast,
within 20 min 10 kinds of phenolic materials can be completely separated, the detection limit is 0.5~4.5 mg/L. In
addition, this article further determines of the betel nut shell polyphenol antioxidant activity, by using three
evaluation of the antioxidant capacity of index, namely: the DPPH free radical scavenging ability, reduction ability
as well as ABTS free radical scavenging ability.
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1 Introduction

The research on the polyphenols of areca is made as
there is an interest in its antioxidant activities and anti—
aging effects" ! Areca nut contains polysaccharides,
minerals, crude fiber, alkaloids and some phenolics®.
The phenolics in areca nut are catechin dimers,
leucocyanidin dimers and leucopelargonidin -7, The
shoot of areca is edible, the seed is usually made into
areca quid and Areca catechu L. in many countries
have traditionally been used as herbal medicines.

Methods which described in many papers®*%o assay
the content and ingredients of polyphenols in some
samples based on liquid chromatographic technique,
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whereas capillary electrophoresis (CE) canbe used as an
alternative to High—Performance Liquid Chromatography
(HPLC) in the determination of polyphenols. The
method to determine phenolic compounds using CE
technique have been developed by several authors!' 4,
but none of them have determined polyphenals in areca
husk. In this work, areca husks were first analyzed for
their phenolic compounds. The main objective of this
work was determining and separating the ingredients of
polyphenols presented in areca husk in an optimum
condition by CE method and evaluating the polyphenol
antioxidant activities so as to provide a theoretical basis

for betel nut industry.

#2208, PRABRIBERAESEYRPHRAFTLE R, “OHERPFEREMEIE LB HT (No. 2011hs1J013)"; WHEEA
FHAMAB R EBH AR OEF RRE XA (No. ZDXM20100024)”,

HENN. £ L1984 5—), B, BBAWER,



- 718 -

%338

2 Experiments
2.1 Chemicals

Standard solutions were preparedin 18 m{} ultra—
purified water from a Millipore Milli —Q integral water
purification system. A 0.15 mol/L. H;BO; solution at pH
9.0 was used as a buffer solution. The standard solutions of
the following polyphenols were prepared: (+)—catechin,
(~)—epicatechin, gallic acid, coumaric acid, chlorogenic
acid, caffeic acid, rutin, keampferol and naringenin from
Sigma Chemical Company. A stock standard solution of
1 000 mg/L. was prepared in methanol and stored at 4 °C
in dark conditions and working standard solutions were
prepared by diluting the stock standard solutions with
methanol. Solutions of 0.1 and 0.5 mol/L sodium
hydroxide were used for conditioning the capillary and
adjusting the pH of the buffer solution. The reagents
which were used for detecting the antioxidant activity of
areca husk extract as follow: 2, 2-diphenyl -1 -picryl-
hydrazil(DPPH), potassium ferricyanide, trichloroacetic
acid, ferric chloride, butylated hydroxytoluene (BHT)
and 3-ethylbenzothiazoline-6-sulfonic acid from Sigma
Chemical Co. )
. 2.2 Apparatus

A P/ACE MDQ capillary electrophoresis unit
equipped with a UV detector and fused—silica capillary
(50 pm in diameter and 57 cmin length) from Beckman
Co. was used to separate and determine the ingredients
of polyphenols presented in areca husk extract. The
extraction of the polyphenols from areca husk was
carried out by using ultrasound -assisted method and
was performed in an ultrasonic cleaning bath. The
extract solution was filtered through a vacuum filter and
was concentrated by a rotavapor. Before the sample
was analyzed by CE unit, it was filtered through the
,0.45 pm filter membrane. The determination of total
phenelic content and the antioxidant activity of areca
husk extract was carried out by using an uliraviolet -
visible spectrophotometer (UV-1 200).
2.3 Sample preparation

The areca fruits were bought locally from the
research site of Coconut Research Institute of Chinese
Academy of Tropical Agricultural Science. Firstly, the
fruits were cut into several pieces and were dried
through the drying cabinet at 50 C. The extraction of
the polyphenols was carried out by using ultrasound -

assisted method with 41%(V/V') ethanol to increase the
solubility of the desired compounds and improve the
mass transformation. The ratio of material to liquid
was 1: 20 and the extraction was conducted at 54 C
for 38 min in ultrasenic cleaning bath and then cooled
down slowly at room temperature. The solvent of the
eluent was removed through the rotavapor at 40 C after
the elute solution filtered by a vacuum filter. The
residue was dissolved again by methanol and
transferred into a 50 mL flask and this solution was
stocked as a crud sample. When detected the
ingredients of samples by CE unit, the crud sample must
be filtered with an organic filter membrane (0.45 pm)
and then injected into the sample bottle of CE unit, but
for the detection of antioxidant activity there was no
necessary to filter with organic filter membrane.
2.4 The condition of CE

The operating condition of CE unit as follow: the
running buffer was the solution of 0.1 mol/L. H;BO; and
pH 9.0(pH value was adjusted with sodium hydroxide ).
The applied voltage was 20 kV, the average current was
97.0 pA, the temperature was 20 °C and the selected
wavelength was 280 nm. Sample was injected by
hydrodynamic injection for 5 s. The separation was
carried out from the positive to the negative electrode.
In order to maintain the capillary under good working
conditions, its surface was regenerated once a day by
consecutive washing with methanol (5 min), followed by
ultrapure water (5 min) and then prepared 0.5 mol/L
sodium hydroxide (5 min) freshly, 0.1 mol/L. sodium
hydroxide (5 min) and finally fresh buffer (5 min). In
order to optimize the migration time and the peak shape
reproducibility; the capillary was flushed between
analyses with 0.1 mol/L sodium hydroxide (3 min),
ultrapure water (3 min)and fresh buffer(5 min). When
used under the conditions mentioned above, the capillary
showed good performance for about three months
without losing its initial efficiency.
2.5 Determination of total phenolic content of
areca husk extract

The total phenolic content of areca husk extract
was determined with the Folin ~Ciocalteu method ™,
Briefly, 0.1 mL methanol solution as a sample solution
at different concentration was mixed with 2.0 mL of
2% (W/V)sodium carbonate and reacted for 2 min,
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then added to 0.1 mL Folin-Ciocalteu reagent which
freshly prepared in our laboratory. Finally, the solution
was brought up to 10 mL by adding distilled water.
After 30 min of reaction at ambient temperature, the
absorbance was evaluated at 720 nm. Gallic acid was
used as a standard solution; the total phenolic content of
extract was expressed as a gallic acid equivalent value.
Data were reported as MEANS £SD for at least three
replications.
2.6 Determination of DPPH radical scavenging
activity of areca husk extracts

The free radical scavenging activity of areca husk
extracts was measured by 2, 2 —diphenyl ~1 —picryl -
hydrazil (DPPH) according to the method adopted by
Siddhuraju P!, 0.1 mL methanol solution of sample at
different concentration was mixed with 1.4 mL of DPPH
solution (in 95% ethanol) and then added 95% ethanol
to 3 mL and incubated at room temperature for 30 min
in dark. DPPH solution alone prepared as the control.
Sample blank was prepared by replacing the DPPH
solution with 95% ethanol. The absorbance of the
mixture was measured at 517 nm after incubation and
the scavenging activity was calculated as follow:
Scavengingl%o={1— (A wnge—A s 1k /A conra}<100 (1)

A we—=The absorbance of the sample

A wapietii—The absorbance of the sample blank

A e—The absorbance of the control
2.7 Reducing power

The reducing power was determined according to
the improved method adopted by Ylmazeram "%. 0.2 mL
of the different concentration of areca husk extracts was
mixed with 1 mL of sodium phosphate buffer (0.2 mol/L,
pH6.6) and 1 mL of 1% potassium ferricyanide, then the
mixture was incubated at 50 °C for 20 min. After 1 mL of
10% trichloroacetic acid was added, the mixture was
centrifuged at 4 000 r/min for 10 min. The upper layer
(2 mL) was mixed with 2 mL of distilled water and 0.4 mL
of 0.1% ferric chloride solution, and the absorbance was
read at 700 nm in a UV spectrophotometer. The higher
absorbance indicated a higher reducing power. BHT
(butylated hydroxytoluene ) was used as comparison.
2.8 Antioxidant activity by the 2, 2’ —Azino —bis
(3 —ethylbenzothiazoline -6 —sulfonic acid) (ABTS)
radical cation assay

The total antioxidant activity of areca husk extracts

was measured by the ABTS radical cation decolouriza—
tion assay™. ABTS was dissolved in water to a 7 mmol/L
concentration. ABTS radical cation(ABTS* Ywas produc—
ed by reacting ABTS stock solution with 2.45 mmol/L
potassium persulfate and allowing the mixture to remain
in the dark at room temperature for 12 -16 h. The
reaction of ABTS* with antioxidants was determined
spectrophotometrically at 734 nm.

Prior to assay, the ABTS* solution was diluted with
ethanol (1 : 89 V/¥ )10 reach a final absorbance of the
control of (0.7+0.02) at 734 nm at 30 C. Stock solutions
of areca husk extracts were prepared in methanol. After
the addition of 3.0 mL of diluted ABTS"solution till up
to 0.5 mL of antioxidant compounds (ultimate concen-
tration 0.111~0.555 mg/mL), the mixture was taken to
30 C exactly for 30 min after the initial mixing,
Appropriate solvent blanks and ABTS*solution alone as
the control were also run in each assay. Triplicate
determinations were made at each dilution of the
standard, and the percentage inhibition of the blank at
734 nm was calculated.
Scavenging/%o={1—( A ui—A spic i ) Aot} X100 (2)

A scqa—The absorbance of the sample

A sagietian—The absorbance of the sample blank

A ewa—The absorbance of the control

3 Results and discussion
31 Separation conditions of polyphenol compounds

The CE method was mainly designed for the
separation and quantification of the main polyphenols
presented in Arecacatecgu L., suchas (-)~epicatechin,
(+)—catechin, coumaric acid and chlorogenic acid, which
were separated and could be identified and quantified
using the appropriate standards. The following 10
analytes were chosen, such as (—) —epicatechin, (+) -
catechin, keampferol, rutin, naringenin, ferulic acid,
chlorogenic acid, coumaric acid, caffeic acid and gallic
acid for optimization objective. The optimization of both
chemical variables and instrumental variables were
carried out.

The separation effect of different pH (in the range of
8.5 10 9.5) of H,BO, solutions at a certain concentration
were analyzed[see Fig. 1(A, B, C)], and different
concentration (in the range of 0.05 ~0.15 mol/L) of
solutions at a appropriate pH were also analyzed [see
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(A, B, C) is resulted from that the the separation effect of buffer at 9.0 pH is the best; (D, E,F) demon-
strated that the the separation effect of 0.1 mol/L buffer is the best. Peaks of electropherogram of ten standard
phenolic compounds as follow, 1 =(-)epicatechin; 2=(+)catechin; 3=naringenin; 4= rutin; 5=keampferol; 6=
ferulic acid; 7=chlorogenic acid ; 8=coumaric acid; 9=caffeic acid; 10=gallic acid.

Fig. 1 Electrophorogram of 10 analytes

Fig.1(D, E, F)]. Finally the separation effect of 0.1 mol/L
H3BO; solutions at pH 9.0 were the best (see Fig.1). The
total time taken for the whole analysis was less than
20 min and the wavelength is 280 nm.

Finally, the instrumental variables were optimized.
The voltage,
considered. By increasing the voltage (up to 30 kV)and

temperature and wavelength were

the temperature, the time of migration was reduced, but
high voltage may lead to significant loss of resolution
and peak efficiencies, and high temperature may result
in poorer sensitivity. The value of voltage and
temperature finally chosen are 20 kV, 20 C. A UV
detector was used to determine the maximum of
absorbance of these compounds. All of them presented a
maximum of absorbance at 280 nm.
3.2 The performance of CE method

The calibration graphs were produced from results
obtained by injecting standard solutions in the range
100~300 pg/mL. Each point of the calibration graph
corresponded to the mean value obtained from three
independent area measurements. The limit of detection

(LOD) was calculated from the blank value plus 3
times its standard deviation, whereas the limit of
quantification (LOQ)was calculated from the blank
value plus 10 times its standard deviation. The
equation
characteristic parameters for the determination of the

corresponding  regression and other
phenolic compounds are shown in Table 1.

Twenty replicate analysis were performed on the
standard solutions (100 p.g/mL for each compound), in
order to evaluate the precision of the method for every
compound to be determined. In all cases, the value of
the relative standard deviation for the absorbance was
less than 6%.

The standard deviations of residuals and curve -
fitting level were obtained by analysis of variance
during the validation of the calibration model.

3.3 Analysis of areca husk extract

In order to avoid some components that we do not
considered, the extraction of analytes was achieved by
using ethanol solution (41% ). Fig .2 shows the electro—

phorogram of the sample where the different peaks can
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Table 1 Linear regression equation and limit of detection of 10 analytes
analytes y=ar+h r R? RSDI% (AU) LOD/(pg/mL) LOQ/(pg/mL)
(-)epicatechin y=19793 x -893.6 0.997 0.995 4 30 44152 14.72
(+)eatechin ¥=20 081 x +10 592 0.999 0.997 5 6.0 33011 11.00
naringenin y=18 477 x +7 303 0.997 0.993 2 52 30386 10.13
rutin y=40238 x -7 575.9 0.995 0.990 1 2.3 17735 591
keampferol y=94 464 x +69 596 0.999 0.999 5 4.1 2188 4 7.29
ferulic acid y=81 491 x +61 595 0.997 0.994 9 2.5 05875 1.96
chlorogenic acid ¥=17 957 x +11 186 0.997 099313 32 27336 9.11
coumaric acid y=57 524 2+5.933 3 0.994 0.988 0 22 12197 407
caffeic acid y=83 988 x+44 708 0.994 0.988 9 14 1.180 3 3.93
gallic acid y=108 129 x+25 055 0.997 0.994 9 25 1.566 2 5.22

Note: a=intercept; b=slope; r=comelation coefficient; R2=curve-fitting level obtained by analysis of variance for the validation of the

model; RSD=relative standard deviation; LOD=limit of detection; LOQ=limit of quantification; LOD and LOQ in pg/mL. (Buffer: 0.1 mol/L

H3B03 at pH 9.0, 20 kV; 20 C; 5 5 pressure injection;280 nm.)

be clearly identified. The migration time obtained for
the standard solutions and for the areca husk samples
were different due to matrix effects. In order to identify
these peaks the addition standard method was used.
Spiked areca husk sample were prepared in order
to evaluate the accuracy of the method. Excellent
recoveries were obtained (see Table 2). In all cases, the
T -test was applied for the slopes of the calibration
statistical

differences. Consequently there is no evidence of

graphs and showed no significative
systematic error affecting the determination of these
analytes in areca husk by the proposed method.
Recoveries and final concentrations found by using the
standard addition methed are shown in Table 2. Some
polyphenolic compounds, such as gallic acid, caffeic
acid, coumaric acid and keampferol are not found in the
sample. In any case, the peaks corresponding to
keampferol and ferulic acid almost overlapped.

3.4 The total phenol content of areca husk extract

The total phenol content of areca husk extract was
expressed as the gallic acid equivalent value. The unit
of total phenol content was defined as the concentration
of gallic acid having the equivalent antioxidant activity
expressed as areca husk extract solution. The standard
curve of gallic acidis showed as Fig.3 According to the
standard curve the total phencl content of areca husk
extract was caleulated 1.11 mg/mL.
3.5 DPPH radical scavenging activity

The f ree radical scavenging activity was
determined by a stable radical 2, 2-diphenyl-1—picryl-
hydrazil (DPPH). The reduction capability of DPPH
induced by antioxidants was assayed by the decrease in
absorbance at 517 nm. Fig.4 shows the free radical
scavenging activity of the sample with BHT as control
standard. For areca husk extracts and BHT, the DPPH

radical scavenging activity increased with increasing
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5= ferulicacid; 6=chlorogenic acid.

Fig. 2 Electrophorogram of the areca husk sample
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