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Betel (Piper betle L.), a vine growing primarily in Southeast Asian countries, are widely used in
folk medicine to prevent and treat indigestion, cough, bronchitis and asthma. The aims of the study
were to determine volatile constituents and pigments as well as to compare phenolic composition,
antioxidant activity and enzyme inhibitory effects of betel leaf extracts obtained with different
organic solvents. The results showed that the sample was composed of various major volatile
organic compounds, of which eugenol, »-muurolene and 5-cadinene accounted for more than 64%.
It was also a rich source of pigments, including lutein (400.68 wg/g) and zeaxanthin (101.68 ng/g).
The ethyl acetate extract had the highest total phenolic content (71.72 + 0.54 mg GAE/g) despite
containing low levels of the phenolic compounds examined in the study. The acetonic extract
generally showed higher antioxidant activity compared to the others. The methanolic extract
exhibited the strongest inhibitory effects on a-amylase (597.23 + 59.06 pug/mL) and xanthine
oxidase (43.07 + 1.69 ug/mL). The findings of the study could be useful for designing therapeutic

source are credited.

agents derived from betel leaves.
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Introduction

Betel (Piper betle L.), a vine belonging to the Piperaceae
family, is found growing primarily in Southeast Asian regions. It serves
as offerings in traditional ceremonies, such as sacred rituals,
engagements, weddings and celebrating New Year in Vietnamese,
Indian and Sri Lankan cultures.! Betel leaves, which are the most
important part of the plant, contain an aromatic essential oil. A
combination of betel leaves and areca nut is traditionally used as remedy
against bad breath (halitosis). In Ayurvedic and traditional Chinese folk
medicine, the leaves have often been used to prevent and treat
indigestion, cough, bronchitis and asthma.? Research has reported that
betel leaf extracts possess a wide range of bioactivities of importance to
human health, such as anti-inflammatory, antidiabetic, antidepressant,
hepatoprotective and gastroprotective effects.>® For example, in a rat
model, an extract of betel leaves at doses of 100 and 200 mg/kg was
shown to have anti-inflammatory activity due to its ability to suppress
significantly carrageenan-induced paw edema after 4 hours in a dose-
dependent manner.® Extracts at doses of 100, 200, or 300 mg/kg orally
administered in ethanol-treated rats remarkably lowered aspartate
aminotransferase, alanine aminotransferase, thiobarbituric acid reactive
substances and lipid hydroperoxides.” Perhaps, antimicrobial activity of
betel has aroused most attention as myriad studies have focused on
exploring inhibitory effects of the plant on the growth of
microorganisms. Ethanolic extracts of betel leaves reportedly showed
to be effective against some yeast and fungal species in a concentration-
dependent manner.® Betel essential oil had a capacity to strongly inhibit
Escherichia coli and Staphylococcus epidermidis®
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Research has also suggested that phenolics may be attributed to
bioactivities of betel. A study by Nouri et al. showed that phenolic
content in betel leaf extracts had positive correlation with inhibition of
a-amylase.'® In another study, it was suggested that major components
of betel essential oil, including eugenol and linalool, played a role in its
antimicrobial activity.!* Despite a variety of medicinal uses of the plant
in Vietnam, no efforts have been made to explore its bioactive
constituents and bioactivities. The aims of the present study were to
determine volatile organic compounds, chlorophylls, carotenoids,
phenolics, antioxidant activity and enzyme inhibitory effects of betel
leaf extracts. The findings of the study will provide the first evidence of
phytochemicals and potential health endorsing properties of betel leaves
growing in Vietnam and open up new opportunities to apply this plant
species in nutraceutical industry.

Materials and Methods

Plant collection and identification

Betel leaves were collected in a local market located in Ho Chi Minh
city, Vietnam (12.2428° N, 109.1904° E) in March 2022. A voucher
specimen (DVBL-68) was identified by D.Q. Nguyen (a botanist at the
Institute of Ecology) and kept at the Institute of Applied Technology,
Thu Dau Mot University, Vietnam. The collected sample was carefully
washed under a clean stream of tap water, followed by a drying step in
a convection oven set at 45 °C. The dried sample (moisture < 10%) was
ground by a mechanical grinder, and the betel leaf powder obtained (80
mesh) was stored in freezer until further analysis.

Chemicals

Analytical standards and enzymes were purchased from Sigma-Aldrich
(St. Louis, MO, USA) and Chengdu Biopurify Phytochemicals Ltd.
(Sichuan, China). Extraction solvents (methanol, ethanol, acetone and
ethyl acetate) were obtained from Fisher Scientific (Pittsburgh, PA,
USA). 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were supplied by Sigma-
Aldrich and Sisco Research Laboratories (Maharashtra, India).
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Analysis of volatile organic compounds

The ground sample (0.5 g) and 10 mL of hexane in a screw-capped tube
was well-shaken for 30 min. Afterwards, the mixture was centrifuged
at 5500 rpm for 10 min (EBA 20 Hettich, Germany) . The supernatant
was obtained and filtered through a 0.45 um membrane filter prior to
injection into a gas chromatograph-mass spectrometer (GC-MS).

The GC-MS analysis was carried out on an Agilent 8890 gas
chromatograph connected to an Agilent 5977B quadrupole mass
spectrometer (Agilent Technologies, Santa Clara, CA, USA). The
system was equipped with an Agilent DB-5 capillary column (30 m x
0.25 mm I.D.). The oven temperature was initially set at 50 °C and held
for 4 min. Afterwards, it was programmed to 250 °C at a rate of 15
°C/min, with a final hold time of 3.5 min. Split injection with a split
ratio of 5:1 was applied, and a constant carrier gas flow (He, 1.0
mL/min) was set. The mass spectrometry source (quadrupole) was held
at 230 °C. The mass spectrum of each peak shown in chromatograms
was characterized using mass spectral libraries supplied by the National
Institute for Standard and Technology (NIST/EPA/NIH). The mass
spectrometer was operated in full scan mode with m/z ranging from 50
—300. Acquisition was started after a 4-min solvent delay.*?
Determination of chlorophylls and carotenoids

Chlorophylls in the sample were determined using the method
previously described by Kumar et al. (2015).1% About 1 g of the sample
and 10 mL of acetone placed in a screw-capped tube were shaken for
24 hours, followed by centrifugation (5500 rpm, 10 min). The
supernatant was collected, and the absorbance was measured at 661.5
nm, 645 nm (ASV11D, AS ONE Corp., China). Chlorophyll a and
chlorophyll b (1ug/g) were estimated as follow:

v
Chly = (112 X Agers = 2.04 X Agys) X —

\%
Chl, = (20.13 X Agys — 4.19 X Aggr5) X —
where, v and m stand for solvent volume (mL) and sample weight (g).

Lutein and zeaxanthin in the leaf sample were analyzed using liquid
chromatography as described previously by Nguyen et al. (2022) with
minor modifications.'* In brief, the sample and hexane at a ratio of 1:20
(g/mL) was well shaken for 30 min, followed by centrifugation (5500
rpm, 10 min). The supernatant was collected and filtered through a 0.45
um membrane filter prior to injection into a high-performance liquid
chromatograph  (Prominent LC-2030C Shimadzu, Japan). The
identification and quantification were performed on Hitachi Elite
LaChrom equipped with a Hitachi UV-VIS detector L-2420. A Waters
Spherisorb S5 ODS1 (4.6 mm x 250 mm, 5 pm) chromatographic
column was used to separate the analytes. The flow rate was 1.2
mL/min, and the column oven was set at ambient temperature. The
detection wavelength was set at 445 nm.

Preparation of crude extracts

The mixture of the ground sample (10 g) and 100 mL of an extraction
solvent (methanol, ethanol, acetone or ethyl acetate) was vigorously
shaken on an orbital shaker at room temperature for 24 hours.
Afterwards, the mixture was filtered through a filter paper and the
filtrate collected underwent an evaporation step in a vacuum evaporator.
The residues obtained were used for determination of phenolic contents
and bioactivities.'®

Determination of phenolics

The total phenolic content (TPC) of the betel leaf extracts (BLE) was
estimated using a published method described by Vu (2022).26 The
calculation of TPC was based on the calibration curve (y = 0.0009x +
0.0599; R? = 0.995) displaying the absorbance and concentration of
gallic acid solutions. The results were presented as mg of gallic acid
equivalent (mg GAE)/g of extract.

Phenolic compounds in the BLE were quantified using a Shimadzu LC-
2030C high performance liquid chromatograph equipped with a diode-
array detector system (HPLC-DAD). The separation was carried out on
VertiSep™ GES C18 reverse-phase column (250 x 4.6 mm, 5.0 um
particle size). The gradient elution was performed according to a
published method of Vu et al. (2021).1 Detection wavelengths of
phenolic acids and flavonoids were set at 295 and 340 nm.
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Antioxidant activity

ABTS assay. A solution of ABTS (7 mM) and K2S20s (2.45 mM) in
phosphate buffered saline (1:1, v/v) was kept in the dark at room
temperature for half a day. The mixture was then allowed to react with
a diluted BLE at a ratio of 30:1 (v/v). The absorbance was measured at
734 nm in a spectrophotometer.'® Ascorbic acid was used as a reference
standard.

DPPH assay. A diluted extract combined with a 40 pg/mL DPPH
solution in methanol/water (80:20, v/v) at a ratio of 2:3 underwent an
incubation at 37 °C under a constant dark condition overnight. The
change in absorbance was determined at 517 nm in a
spectrophotometer.'® Ascorbic acid was used as a reference standard.
Reducing power assay. A diluted extract (0.2 mL) combined with 1%
potassium ferricyanide (0.5 mL) and phosphate buffer (pH 6.0; 0.5 mL)
was well-shaken and then incubated at 50 °C for 20 min. A solution of
10% trichloroacetic acid (0.5 mL) was added to the mixture followed
by 1 min shaking. The supernatant obtained was mixed with 1% ferric
chloride and distilled water (2:1:5, v/v). The change in absorbance was
measured at 700 nm.*® Ascorbic acid was used as a reference standard.
The regression equation of the calibration curve for the acid was y =
0.0018x + 0.042 (R? = 0.990).

a-Amylase inhibitory activity

A diluted extract combined with a-amylase solution (0.14 U/mL, 10
pL) in phosphate buffer underwent an incubation at 37 °C for 15 min.
To initiate the reaction, 15 uL of starch solution (0.25%) were added,
followed by incubation at 37 °C for 15 min. Similar steps without
adding a-amylase were carried out for the blank sample. To terminate
the reaction, 50 pL of 1 M HCI were added, followed by 100 pL of Kls
solution. The absorbance was determined at 595 nm in a
spectrophotometer.?® The percentage inhibition of the enzymatic
activity was calculated as follows:

) % 100

Ap

where, As and Ay represent the absorbance of the sample and blank.
ICs0 values (ug/mL) were used to predict the activity of the BLEs.
Acarbose was employed as a positive control.

Percentage inhibition =(1 -

Inhibition of xanthine oxidase

A mixture containing 50 pL of a diluted extract and 30 uL of xanthine
oxidase (0.05 U/mL) in phosphate buffer (pH = 7.5, 0.05 M) underwent
an incubation for 15 min at 25°C. Afterwards, 60 uL of xanthine (0.4
M) was added to initiate the reaction, followed by an incubation for 30
min at 25 °C. For blank samples, similar steps without adding xanthine
oxidase were performed. Finally, 25 uL of HCI (1 M) were added to
terminate the reaction. The change in absorbance was measured at 280
nm. Allopurinol was used as a positive control. 1Cso values (pg/mL)
were used to determine the activity of the BLEs.2

Statistical analysis

One-way ANOVA with Tukey's HSD test at a significance level of 0.05
was used to evaluate statistically significant differences in means of
TPC and bioactivities. XLSTAT 2016 software (Addinsoft, Paris,
France) was implemented to conduct the statistical analyses.

Results and Discussion

Volatile organic compounds

A GC-MS chromatogram of a betel leaf extract obtained with hexane
was shown in Figure 1. Table 1 provides detailed information about 21
volatile organic compounds (VOCs) identified in the extract. The most
abundant volatile constituent was eugenol (42.0%), followed by »
muurolene (16.2%). The other major VOCs found in betel were 4-(2-
propenyl)phenol, «a-copaene, p-caryophyllene, p-bisabolene, &
cadinene and cis-calamenene, with peak area percentages ranging from
3.2 to 6.4%. Among the VOCs detected in the present study, o-
calacorene and Sacorenol have not been reported. In a previous study,
eugenol and y-muurolene were also identified as major VOCs in betel
essential oils extracted from the leaves harvested in Bangladesh.? In
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general, eugenol has been often reported to be the most abundant
volatile organic compound in leaves and essential oil of betel.?224

Chlorophylls and carotenoids

Limited information about chlorophyll content in betel is available in
the literature. In this study, chlorophylls in betel leaves were quantified
using spectrophotometry. The results yielded evidence that the sample
contained 893.97 ug of chlorophyll a and 274.57 ug of chlorophyll b
per gram of dried leaves (Table 2). Prior research reported that fresh
leaves were composed of about 2500 — 3600 pg/g.® One of these
notable differences is the samples (dried versus fresh) examined, and
apparently this significantly affected chlorophyll content in betel
leaves. The results also showed that one gram of the dried leaves
contained 400.68 g of lutein and 101.98 xg of zeaxanthin on average
(Table 2). No data about xanthophylls in betel leaf are available in the
literature. The present study is the first work to quantify these pigments.

Phenolic content

As seen in Table 3, the results indicated that the ethyl acetate extract
(EA) had the highest TPC (71.72 £ 0.54 mg GAE/qg), followed by those
obtained with methanol (ME) and acetone (AC). The ethanolic extract
(ET) was found to contain the lowest total amount of phenolics (22%
lower compared to EA). Previously, TPC values of methanolic,
ethanolic and acetonic BLEs reportedly broadly ranged from 40.4 to
195.92 while that of ethyl acetate extract was 59.58 mg GAE/g.5 10. 26
This discrepancy could be attributable to extraction methods,
geographic and/or seasonal differences in raw sample collection and
preparation steps.

The present study was also taking a closer look in phenolic contents by
analyzing individual phenolics using liquid chromatography. In total,
seven phenolic acids and two flavonoids were quantified, and their
concentrations were provided in Table 3. Gallic acid was detected in all
the water-miscible solvents, with its average concentration found to be
the highest in ME (21.08 mg/g). No detection of this compound in EA
could be due to low extractability of ethyl acetate. Similarly, DHBA,
ferulic acid and cinnamic acid were found at higher concentrations in
ME compared to the other extracts. With high polarity as methanol,
ethanol proves high effectiveness in extracting phenolics, particularly
caffeic and p-coumaric acids as these two compounds in ET were the
most abundant. In addition to phenolic acids, two flavonoids (i.e., rutin
and quercetin) were present at higher levels in ME and ET. Unlike the
others stated above, chlorogenic acid was found to have the greatest
level in the extract obtained with acetone (67.80 mg/g). Moreover, AC
contained more than nine times as much of this phenolic acid per gram
as ET (7.25 mg/g).

Although data about chemical composition and health-endorsing
properties of betel abound in the literature,? limited information about
phenolic profile is available. Previously, an investigation showed that
aqueous and ethanolic extracts contained a diverse mixture of phenolic
compounds, including cinnamoy! derivatives, luteolin and apigenin
glycosides.?” Additionally, chlorogenic acid was found at an average
concentration of 0.4 mg/g of extract, comparable with the results of the
present study. Recently, one study has identified and quantified a wide
variety of phenolics in betel leaves collected in different regions of
Indonesia, showing that this aerial part was rich in flavanols (catechin
and catechin derivatives) and flavonols (quercetin and quercetin
glycosides).?®

Antioxidant activity

As seen in Table 4, the highest radical scavenging activity estimated by
ABTS assay was observed for AC (ICso = 45.67 £ 1.44 pg/mL),
followed by ME and EA. Notably, AC had a lower ICso than ascorbic
acid, indicating a stronger capacity to trap ABTS free radicals compared
to the positive control used. Among the BLEs, ET exhibited the lowest
ABTS scavenging activity (ICso = 65.30 £ 0.51 pug/mL). Regarding the
DPPH assay, the results showed that the ability of the BLEs to trap
DPPH radicals followed the order: EA > AC > ME > ET. In comparison
with ascorbic acid, their scavenging activities were, however,
significantly lower. Previously, one study reported 1Cso (DPPH assay)
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of methanolic extract of betel leaves was 16.33 pg/mL, indicating a
more potent activity compared to the present study.® The difference may
be due to the preparation of crude extracts and sample sources.

It is understandable that ABTS and DPPH assays, which are in vitro
models, cannot suit all types of antioxidant activities in plants. While
the ABTS method is highly appropriate to studying hydrophilic and
lipophilic antioxidant compounds, the DPPH method is more suitable
for systems containing hydrophobic molecules.?® This could partly
explain why AC was reported to have the strongest ABTS activity
whereas EA was better at neutralizing DPPH radicals than the other
extracts.

Table 1: Volatile organic compounds identified in hexane
extract of betel leaves

Peak No. Eg:n#l?r? Compounds Relative peak area*, %
1 8.63 Eucalyptol 1.0
2 9.46 Linalool 0.9
3 11.13 4-(2-propenyl)phenol 4.9
4 11.52 Anethole 05
5 12.35 Eugenol 42.0
6 12.45 a-Copaene 5.3
7 12.55 (-)-5-Bourbonene 15
8 12.59 Methyleugenol 1.4
9 12.75 cis-a-Bergamotene 14
10 12.88 S-Caryophyllene 3.2
11 13.05 Aromadendrene 0.7
12 13.33 sMuurolene 16.2
13 13.53 [Bisabolene 53
14 13.71 S-Cadinene 6.4
15 13.72 cis-Calamenene 3.2
16 13.90 a-Calacorene 0.5
17 14.22 (-)-Spathulenol 1.3
18 14.28 Caryophyllene oxide 1.4
19 14.59 F-Acorenol 12
20 14.78 a-Cadinol 0.5
21 14.95 Cadalene 11

*: the VOCs were quantified using relative peak area percent.
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Figure 1: Total ion chromatogram of a hexane extract of betel
leaves
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Along with free radical scavenging assays, reducing power assay,
which measures the ability to transform Fe®* to Fe?*, was employed to
evaluate antioxidant potential of the BLEs. As displayed in Figure 2,
AC at four different concentrations all exerted the greatest reducing
power activity (1234.41 — 1528.74 mg AAE/g), followed by ME
(362.31 — 441.44 mg AAE/g). No significant difference in the activity
of ET and EA was observed.

Inhibition of a-amylase

The four BLEs were assessed for potential antidiabetic activity via their
capacity to suppress a-amylase. As seen in the inhibitory curves of the
BLEs (Figure 3), ME exerted the most potent activity (ICso = 597.23 £
59.06 ng/mL), followed by AC (ICso = 1032.97 + 23.43 pg/mL). No
significant difference in the inhibitory effect of ET and EA was noted.
In comparison with acarbose (a positive control) which had an average
ICs0 value of 67.84 ug/mL, the studied BLEs may exert a weaker
inhibitory effect. Previous research reported strong inhibitory effects of
methanolic and ethanolic betel leaf extracts on a-amylase.”® In detail,
at the concentrations of 1 and 10 mg/mL, the extracts possessed
percentage inhibitions ranging between 80 and 90%, comparable with
those of catechin and gallic acid solutions used in the assay. The study
suggested that phenolics in betel may account for the strong a-amylase
inhibitory activity in the study. It is reported that this assay is able to
provide a better understanding of inhibitory effect on key enzymes
linked to type 2 diabetes and hyperglycemia.*®

Inhibition of xanthine oxidase

Xanthine oxidase takes part in the oxidation of hypoxanthine to
xanthine which can further be converted to uric acid. Elevated uric acid
production is a common condition known as gout. As displayed in
Figure 4, ME and ET, which had the similar 1Cso values (43.07 + 1.69
and 47.32 £ 7.20 pg/mL, respectively) exhibited a more potent
inhibitory effect on xanthine oxidase compared to AC (204.94 + 6.72
4g/mL) and EA (186.17 +5.92 gg/mL). Interestingly, ME and ET even
had the higher capacity to inhibit the enzyme when compared to
allopurinol, an anti-hyperuricemia drug used for treatment of gout (1Cso
= 99.11 + 0.52 gg/mL). It was reported that betel leaf extracts may
possess a high activity in xanthine oxidase assay, and this property
could likely be attributed to the presence of hydroxychavicol and
eugenol in betel leaves.3" %

Conclusion

In summary, betel leaves contained different major volatile
constituents, including eugenol, jmuurolene and &-cadinene. They
were also demonstrated to be a rich source of chlorophyll and
carotenoids. The use of various organic solvents was shown to affect
phenolic composition and bioactivities of the betel extracts. Although
the ethyl acetate extract had a higher total phenolic content, it showed
less effectiveness in recovering the phenolic compounds examined in
the study. The betel leaf extract from acetone in general exhibited
higher antioxidant activity than the others. The methanol extract exerted
the most potent inhibitory effects on a-amylase and xanthine oxidase,
implying that it could be helpful for development of antidiabetic and
antigout agents. The study gives a better understanding of betel
phytochemicals and bioactivities important to human health. The
findings of the study could be useful for designing therapeutic agents
from betel leaves.
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Table 2: Chlorophylls and carotenoids of betel leaves

Concentrations, ug/g DW

Chlorophyll a 893.97
Chlorophyll b 27457
Lutein 400.68
Zeaxanthin 101.98

Data were shown as means of duplicate measurements. DW stands for
dry weight.
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Figure 2: Antioxidant activity (mg AAE/g) of the BLEs at
different concentrations estimated by reducing power assay.
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Figure 3: Inhibitory effects of the BLES on a-amylase. The X-
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Figure 4: Inhibitory effects of the BLEs on xanthine oxidase.
The X-axis represents concentrations (ug/mL) of the BLEs.
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Table 3: Phenolic contents of the BLES

Phenolics ME ET AC EA
Gallic acid 21.08 4.86 2.76 -
Chlorogenic acid 2.15 7.25 67.80 0.44
Caffeic acid 3.39 5.88 2.12 1.48
p-Coumaric acid 13.61 24.44 6.59 4.68
Ferulic acid mg/g 3.38 3.23 1.94 1.69
DHBA* 45.63 9.09 3.06 1.63
Cinnamic acid 33.21 21.42 28.32 27.10
Rutin 5.88 1.99 0.52 0.26
Quercetin 4.36 5.21 1.12 0.20
TPC mg GAE/g 64.43 +1.90° 55.43 +1.88° 65.14 + 3.30° 71.72 £ 0.54°

Different letters indicate significant differences in antioxidant activity among the samples and positive control (p < 0.05).

Table 4: Antioxidant activities (ICso, ng/mL) of the BLEs determined
by ABTS and DPPH assays

ABTS DPPH
ME 56.63 + 1.88° 51.97 £1.52°
ET 65.30 £ 0.518 95.43 £2.77°
AC 45.67 £ 1.44°¢ 19.62 £ 0.13¢
EA 54,53 + 1.34° 12.16 +0.85¢
Ascorbic acid 55.04 +0.31° 6.79 +0.10°

Different letters indicate significant differences in antioxidant activity
among the samples and positive control (p < 0.05)
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