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Abstract
Piper betel Linn., which is commonly known as Betel leaf, is consumed for chewing with

Betel nut and lime by some people in Asia. Data on the phenolic compounds of this

plant is scarce. This study was aimed at investigating the antioxidant activity, total

phenolic content, oil-water partition coefficient and yield of various solvents, and

extraction time. Methanol, ethanol, acetone and ethyl acetate extract of Betel leaves

extracted for 0.5, 1, 3, 4.5, 6, 24 and 48 hrs were examined for radical scavenging ability

against 2,2-diphenyl-1-picrylhydrazyl (DPPHë) and 2,2'-azinobis (3-ethylbenzothiazoline-

6-sulfonic acid) cation (ABTS+ë) radicals. Total phenolic content was evaluated according

to the Folin-Ciocalteu procedure. The polarity of the plant extract from various solvents was

assessed by determining the oil-water partition coefficient by high-performance liquid

chromatography (HPLC). Based on the polarity, the ethyl acetate extract, which had less

polarity, was suitable for extracting the phenolic compounds from Betel leaves. The

extract showed the highest antioxidant activities, total phenolic content and yield. Betel

leaf phenolics are found to have less polarity than other phenolic antioxidants due to

their high value of oil-water partition coefficient (2.31+0.03). Extraction time from 4.5 to

6 hrs gave the highest antioxidant activity compared with those from other extraction

times. Phenolic compounds are in part responsible for antioxidant activities on leaf

extracts. Good relationships between phenolic content and radical DPPH scavenging

activity (R = 0.945), including phenolics and radical cation ABTS scavenging activity

(R = 0.979) of the extracts, were also found. The results indicated that the extraction

solvent and time are important for the preparation of the Betel leaf extract for use as a

natural antioxidant.

Keywords: Phenolic, Antioxidant, Betel Leaf, Solvent, Extraction Time
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Introduction

Piper betel Linn. (Piperaceae) is a tropical

Asian vine closely related to the common

pepper. The leaves are chewed alone or with

other plant materials, including the areca nut

(Areca catechu Linn.), and lime. Many researches

have focused on the red lime betel quid in the

past few years. A little information on the Betel

leaf was found. The Betel leaf itself has a spicy

taste and yields an essential oil widely used

as a medicine. Other biological activities

described for the essential oil include

antifungal, antiseptic and anthelmintic effects

(Evans, Bowers, and Funk, 1984). It was

evident that Betel leaves contained rich

carotenes (80 IU/g fresh wt.), ascorbic acid

(1.94 mg/g fresh wt.) and phenolics. Data on

the phenolic compounds of this plant is

related to chavicol (Amonkar, et al., 1986),

chavibetol, chavibetol acetate (Rimando, et al.,

1986) and eugenol (Nagabhushan, et al., 1989).

The structures of the phenolic compounds

are shown in Figure 1.

Figure 1  Structures of (a) Chavicol, (b) Chavibetol, (c) Chavibetol Acetate and (d) Eugenol

Several solvent systems have been used

to extract antioxidants from Betel leaves. These

solvent systems include ethanol, methanol

and chloroform (Amonkar, et al., 1986;

Nagabhushan, et al., 1989; Rimando, et al.,

1986). These different solvent extracts of Betel

leaves possess antioxidant, antimicrobial and

anti-inflammatory effects. It is noted that a

solvent system for extraction is selected

according to the purpose of extraction such as

preparation for analysis, the nature of interested

components, and the physicochemical
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properties of the matrix. Consequently, the aim

of this research was to compare four solvent

systems of 0.5, 1, 3, 4.5, 6, 24 and 48 hrs

for the efficacy of the antioxidant extraction

activity, total phenolic content, oil-water

partition coefficient and yield.

Materials and Methods

1. Materials

One lot of Betel leaves (Piper betel Linn.)

was purchased from a market place at

Prathumthani province during the harvest

season in March, 2005. The Betel leaves were

cleaned immediately upon return after the

purchase, and only sound leaves were

selected for the study of the effect of solvent

extraction.

Folin-Ciocalteu reagent, 2, 2-Diphenyl-1-

picrylhydrazyl (DPPHë), 2,2'-azinobis (3-

ethylbenzothiazoline-6-sulfonic acid) cation

(ABTS+ë) radicals and sodium carbonate

were purchased from Sigma Chemical Co.

(St.Louise, USA.). Gallic acid was purchased

from Acros Organics (New Jersey, USA.).

The other chemicals and solvents used in

this experiment were reagent - grade quality

and purchased from Sigma - Aldrich (Milwaukee,

USA).

2. Extraction of Betel Leaf Antioxidant

Fresh plant leaves (80 g) were blended

for 1 min with solvent (methanol, ethanol,

acetone and ethyl acetate) at -20oC and the

containers were then flushed with nitrogen

and shaken for 4.5 hours in the dark at 30oC.

The supernatant, after filtration through

cheesecloth and Whatman No. 4 filter paper,

was evaporated under vacuum. The sample

was freeze-dried and stored in aluminum foil,

after flushing with nitrogen, at -20oC until time

for analysis to determine their antioxidant

activity (Radical DPPH scavenging and

radical cation ABTS scavenging activity),

total phenolic content, oil-water partition

coefficient and yield.

The solvent which gave the highest

antioxidant activity, phenolic content and

yield was selected to study the effect of

extraction time (0.5, 1, 3, 4.5, 6, 24 and 48 hrs)

by using the previous procedure. The extracts

were kept until the analysis of Radical DPPH

scavenging activity, total phenolic content

and yield.

3. Determination of Antioxidant Activities

3.1 Radical DPPH Scavenging Activity

Free radical scavenging capacity of Betel

leaf extract was evaluated according to the

previous reported procedure using the stable

2,2-diphenyl-1-picrylhydrazyl radical (DPPHë)

(Maisuthisakul, Pongsawatmanit, and Gordon,

2007b). The final concentration was 100 μM

for DPPHë. The absorbance at 517 nm was

measured against a blank of pure methanol

at 30 min of reaction used to estimate the

remaining radical levels. The DPPH activity was
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expressed in terms of EC
50
 (μg.mL-1).

3.2 Radical Cation ABTS Scavenging

Activity

The total free radical scavenging capacity

of each extract was determined by using

the ABTS method. The radical cation ABTS

scavenging activity was determined according

to Re, et al. (1999). Briefly, a mixture of 7

mM ABTS and 2.45 mM potassium persulfate

was prepared and allowed to stand at 25oC

for 12-16 hours in the dark. The ABTS+ë

solution was diluted to an absorbance of

0.70 (+ 0.20) at 734 nm in ethanol before

use. The ABTS+ë solution (2 mL) was added to

20 μL aliquots of Trolox or sample in water

with different concentrations. The activity of

each antioxidant was determined within the

range of the dose-response curve of Trolox,

and the radical-scavenging activity was

expressed as the Trolox equivalent antioxidant

capacity (TEAC), defined as mmol of Trolox per

gram of sample.

4. Determination of Total Phenolic

Content

The total phenolic content of the extracts

was determined using the Folin-Ciocalteu

reagent (Maisuthisakul, Pongsawatmanit, and

Gordon, 2007a). Each extract solution (200 μl)

was thoroughly mixed with one ml of

Folin-Ciocalteu reagent. After mixing for 3 min,

0.8 ml of 7.5% (w/v) sodium carbonate was

added and allowed to stand for a further 30

min in the dark. The absorbance of plant

extracts and a prepared blank were measured

at 765 nm. The total phenolic content is

expressed as gallic acid equivalents (GAE) in

milligrams per gram dry weight of the plant.

5. Determination of Oil-Water Partition

Coefficient

The oil-water partition coefficients of

the extract were determined partitioned

between soybean oil and water. Soybean oil

(2 g) was weighed into a screw-capped

centrifuge tube containing a test sample

dissolved in HPLC water (2 g) for plant

extract. The sample was vortexed three times

for 20 sec with a 20 sec interval. The sample

was then centrifuged at 6000 rpm for 30 min

at 20 oC in a refrigerated centrifuge (Sorvall

model super T21, USA). The lower layer was

removed from the centrifuge tube with a

syringe. The concentrations of the phenolic

components in the aqueous phase were

determined quantitatively by reversed-phase

HPLC. The sample was filtered through a 0.20

μm Millipore filter (type HA) for subsequent

analysis by HPLC. The solution (10 μL)

was injected into the HPLC and analyzed

according to the following conditions:

column, Synergi Hydro RP column (150 x 4.6

mm id., 4μm, Phenomenex), fitted with an

Allsphere ODS-2 guard column (10 x 4.6 mm

id., Alltech). Solvent A was 100% acetonitrile.
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Solvent B was 1% formic acid in water. The

program was isocratic at 10% A, 90% B for

10 min followed by a linear gradient from 10%

to 40% A for 39 min and an isocratic period

at 10% A, 90% B for 10 min. The flow rate

was 0.5 mL/min-1. Chromatograms were

monitored at 320 nm. The concentration of

each phenolic compound in the plant extract

was quantified using gallic acid as an external

standard. The concentration of each phenolic

compound in the oil phase (Coil) was calculated

as the difference between the total amount of

antioxidant in the water before mixing and

the amount in the water after mixing with oil

(Cwater). The Partition Coefficient (log P) was

calculated as log (Coil/Cwater).

6. Determination of Yield

The yield of dried extracts based on a

dry weight basis was calculated according

to Pitchaon Maisuthisakul, Rungnaphar

Pongsawatmanit, and Gordon (2007b).

7. Statistical Analysis

Each experiment, from sample preparation

to analysis, was repeated in triplicate.

Statistics on a completely randomized design

were determined using SPSS software

program (SPSS Inc., Chicago, IL, USA). The

general linear model procedure was applied

and Duncanûs multiple range test was used to

compare the mean values at P < 0.05. Mean

values and pooled standard error of the mean

(SEM) were calculated.

Results and Discussion

1. Effect of Different Solvents on Betel

Leaf Extraction

Solvents used for antioxidant extraction

had significant effect on the antioxidant activity,

total phenolic content, yield and partition

coefficient of Betel leaf extract (P < 0.05). The

antioxidant activity using DPPH radical was

expressed as EC50 value, defined as the

concentration of extract required for 50%

scavenging of DPPH radicals in this specified

time period. A smaller EC50 value corresponds

to a stronger antioxidant activity of the plant

extract. The antioxidant activity using DPPH

and cation ABTS radicals were stronger with

less polar solvents. The results showed that

the DPPH activity of the extract obtained

from ethyl acetate was significantly higher

than those obtained from the other solvents.

The total phenolic content confirmed this

aspect (Table 1). The extracts from solvents

which had higher polarity (Table 2) were

found to contain rather small amounts of

phenolic compound (Table 1). EC50 and TEAC

value of α-tocopherol was also measured and

gave the value equal to 14.95+0.23 μg.mL-1

and 2.30+0.03 mmol of Trolox/g sample,

respectively. The Betel leaves extracted from

ethyl acetate (Table 1) possessed slight

antioxidant activity as α- tocopherol. The
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yields of plant extracts from various solvents

were about 1.34-1.75% (dry weight). These

The polarity of the extract was assessed

by determination of the oil-water partition

coefficient by HPLC. For the Betel leaf extract,

the oil-water partition coefficient was calculated

by summing the areas of the three phenolic

peaks in the HPLC chromatogram of an

aqueous solution of the extract compared

with the areas of the three peaks in the

aqueous phase after preparation and breaking

of an emulsion. The relative areas of the HPLC

peaks of the Teaw extract in the aqueous

phase before partitioning with oil changed

as shown in Figure 2. The oil-water partition

coefficient of the Betel leaf extract from ethyl

acetate was significantly different from those

from the others as shown in Table 2. The

HPLC chromatogram of Betel leaves showed

that phenolic compounds in plant extracts

had less polarity due to the longer retention

time of chromatogram (Figure 2). The phenolic

compounds of Betel leaves from other literature

showed less polarity such as chavicol (log

P = 2.50+0.21), chavibetol (log P = 2.30+0.23),

chavibetol acetate (log P = 2.39+0.24), and

eugenol (log P = 2.20+0.23). Normally, a

frequently used descriptor for the estimation

of the lipophilicity of phenolic compounds is

the partition coefficient. From the results,

the partition coefficients of Betel leaf extracts

had less polarity due to the value being

higher than 0 (Munishwar, et al., 1997)

(Table 2). Less polar solvent showed higher

extraction efficacy due to the polarity of

phenolic compounds of Betel leaf extract.

The compounds which have a polarity similar

to the solvent, are able to disolve more than

those with  differing polarities. It can be noted

here that less polar solvents gave the higher

yield, phenolic content and antioxidant activity

from Betel leaves.

yields varied significantly from different

solvent extractions (Table 1).

Table 1  Antioxidant activity, total phenolic content and yield of Betel leaf extracted by different solvents*

Solvent used DPPH activity TEAC Total phenolic Yield

(EC
50
, μμμμμg.mL-1) (mmol Trolox/g content (%, db)

sample) (mg GAE/g sample)

Methanol 36.65+2.60a 2.01+0.06c 49.89+0.21d 1.34+0.02d

Ethanol 33.85+2.81ab 2.12+0.03bc 50.38+0.08c 1.54+0.01c

Acetone 30.09+1.21b 2.21+0.04ab 53.28+0.19b 1.62+0.00b

Ethyl acetate 17.04+0.51c 2.34+0.06a 55.35+0.14a 1.75+0.00a

Note: * Data followed by different letters within each column are significantly different according to Duncanûs multiple

range test at P < 0.05. Data were represented as means from three replication measurement.
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Figure 2 HPLC chromatogram of phenolic compounds in the Betel leaf extract before partitioning into oil;

Peak 1 and 2 were unknown phenolic compounds

Table 2  Partition coefficient of solvent and Betel leaf extracts extracted by different solvents*

Solvent used Partition coefficient of solvent# Partition coefficient of extract

Methanol -0.77 2.02+0.01a

Ethanol -0.32 2.09+0.02ab

Acetone -0.24 2.15+0.01b

Ethyl acetate 0.66 2.31+0.03c

Note: * Data followed by different letters within each column are significantly different according to Duncanûs

multiple range test at P < 0.05. Data represent means from three replication measurements.

# Data obtained from literature review.
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2. Effect of Different Extraction Times on

Betel Leaf Extraction

Extraction time affected yields, total

phenolic content and antioxidant activities.

For the first stage of extraction, the yield and

total phenolic content increased with increased

extraction time (Figure 3a and 3b). The yield

and total phenolic content remained almost

the same after 3 hrs of extraction at 30oC.

It was noted that the extraction of small

molecules and highly soluble substances

would initially be favored due to a high rate of

diffusion. After that, large molecules of phenolic

compound and less soluble substances

would diffuse at a slower rate from the leaves

(Gadow, Joubert, and Hansmann, 1997).

However, the extraction time at 4.5 gave the

lowest EC50 value (the highest antioxidant

activity) compared with those obtained from

the other extraction times (Figure 3c). The EC50

increased with increasing extraction time when

the extraction time was more than 6 hrs. This

may result from the chemical and enzymatic

degradation which is likely to be the main

mechanism causing the reduction in phenolic

content affected to the antioxidant activity

(Larrauri, Ruperez, and Saura-Calixto, 1997).

From this study, the amount of total phenolic

content from 4.5 to 6 hrs did not change

(Figure 3b) whereas the antioxidant activity

decreased. These suggests that polyphenols

can react with other plant components and

decompose to form other less active phenolic

contents (Guillot, Malnoe_, and Stadler, 1996).

Figure 3 Effect of extraction time on (a) yield of the extract, (b) total phenolic content and (c) antioxidant

activity (EC50) of Betel leaf extract

3. Relationships between Yields, Total

Phenolic Content and Antioxidant Activities

All data from the experiment were used to

find a relationship between yield, total phenolic

content, radical DPPH scavenging activity

and radical cation ABTS scavenging activity.

The results shown in Figure 4 indicate that the

relationship of yield and total phenolic content
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(R = 0.942) was higher than the relation

between yield and radical DPPH scavenging

activity  (R = 0.918), but less than that of yield

and radical cation ABTS scavenging activity

(R = 0.986). The results indicated that the levels

of yield of Betel leaf extracts are not related

only to phenolics, but also antioxidant activities

using DPPH and cation ABTS radicals.

Figure 4 The relationships between (a) yield and total phenolic content, (b) yield and radical DPPH scavenging

activity and (c) yield and radical cation ABTS scavenging activity of Betel leaf extract

When we considered the phenolic content

and the antioxidant activities of Betel leaves

by correlation matrix and regression analysis

between the combinations of the independent

variables (radical DPPH scavenging activity

and radical cation ABTS scavenging activity)

and the dependent variable (total phenolic

content). The correlation matrix of ABTS

activity and the total phenolic content was

higher than that of DPPH activity and the total

phenolic content (Figure 5). The relationship

of the antioxidant activity using DPPHë and

ABTS+ë was high (R = 0.960) as shown in

Figure 6. It is noticed here that most of the

phenolic compound of Betel leaves acts as a

radical scavenger and the two studied radical

scavenging methods gave the same picture

of activity.
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Conclusion

The results of this study indicated that

Betel leaf extract is rich in less polarity phenolic

compound. Solvents used for extraction also

affected the concentration of total phenolic

content in extracts. Ethyl acetate was found

to be the best solvent for the extraction of

antioxidant compounds from Betel leaves due

to its nonpolar components. The major bioactive

compounds of phenolics in Betel leaves were

found to be less polarity. The extraction time

at 4.5 hrs is the recommended time to

prepare antioxidant extracts from Betel leaf

samples. As can also be observed from the

present data, a relationship existed between

yield, total phenolic content and antioxidant

activities for Betel leaf extracts.

Figure 5 Relationships between (a) total phenolic content and radical DPPH scavenging activity and (b) total

phenolic content and radical cation ABTS scavenging activity of Betel leaf extract

Figure 6 Relationships between radical DPPH scavenging activity and radical cation ABTS scavenging

activity of Betel leaf extract
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