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Betel quid, a popular natural masticatory in Taiwan, is mainly composed of fresh areca fruit, Piper
betle (leaf or inflorescence), and slaked lime paste. People say that halitosis disappears during betel
quid chewing. In this study, the removal of mouth odor during betel quid chewing was discussed by
using a model systemwhich measured its inhibition on the volatility of methyl mercaptan. Results
showed that crude extracts of betel quid (the mixture of areca fruit, Piper betle, and slaked lime
paste) and extracts of the mixture of areca fruit and slaked lime paste exhibited marked effects on
the volatility of methyl mercaptan, and the inhibition function increased when increasing amounts
of slaked lime paste were added. The same condition (increased inhibition) was also found by
replacing the slaked lime paste with alkaline salts (calcium hydroxide, potassium hydroxide, or
sodium hydroxide). Areca fruit, the major ingredient of betel quid, contained abundant phenolics.
However, the crude phenolic extract of areca fruit did not show any inhibitory activity on the volatility
of methyl mercaptan. Great inhibitory activity occurred only when the crude phenolic extract of
areca fruit was treated with alkali. Further studies by using gel filtration determined that the effect
probably came from the oxidative polymerization of phenolics of areca fruit after alkaline treatment.
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INTRODUCTION

Betel quid is a natural masticatory, and is very
popular in Taiwan (1). Epidemiological studies showed
that betel quid chewing is closely related to oral diseases
(e.g., leukoplakia, or oral submucous fibrosis and oral
cancer; 2, 3). However, people have the habit of chewing
betel quid mainly because of some physiological re-
sponses (including increased stamina, a general feeling
of well-being, slightly drunk feeling, salivation, cardio-
acceleration, and removal of halitosis, etc.) during the
chewing session (4-6).

Halitosis is a syndrome of releasing off-odor from the
mouth. Oral malodor originates mainly from the bacte-
rial decomposition of proteins in food detritus, skin
residue, and oral bacteria (7, 8). The substances prin-
cipally responsible for oral malodor are volatile sulfur
or nitrogen compounds, short chain fatty acids, alcohols,
and aldehydes. Among these odorous compounds, the
major constituents are primarily sulfur compounds such
as methyl mercaptan, hydrogen sulfide, and dimethyl
sulfide (7). Various methods are used to remove hali-
tosis. Oral deodorizers are the most effective and
convenient way to accomplish its removal. Some natural
plant extracts (e.g., thyme, rosemary, tea, marine algae,
and sage, etc.) are found to clear halitosis effectively (9-
12). Chlorophylls and their derivatives have been the
most popular commercial natural deodorizers (13).
Flavonoids are another important group of natural
deodorants (14-16).

Fresh areca fruit, Piper betle (inflorescence of leaf),
and slaked lime paste are important ingredients of betel

quid in Taiwan. Phenolics and alkaloids of these ingre-
dients were found to exhibit special biological activities
(17-22). The neuronal activities of chewing betel quid
have been confirmed in our previous works (5, 23). The
changes and biological activity of physiologically active
components of betel quid also have been determined (21,
22, 24-27). However, the mechanism of removal of
halitosis by chewing betel quid was still unknown. The
objective of this study is to discuss the deodorizing
activity of chewing betel quid, by using gas chromatog-
raphy for methyl mercaptan odor.

MATERIALS AND METHODS

Materials. Fresh areca fruit and Piper betle inflorescence
were purchased from a farm in Nantou County, Taiwan. They
were either used immediately or stored at 4 °C until use. Red
lime paste (a mixture of catechu (extract prepared from the
heartwood of Acacia catechu), various herb extracts, and
slaked lime) was obtained from Taichung City, Taiwan. Betel
quid was composed of fresh green areca fruit, Piper betle
inflorescence, and red lime paste (80.5:12.5:7, weight ratio).

Preparation of the Mixture of Ingredients. By our
previous preparation (23), either two or three ingredients of
betel quid were combined. The weight ratios were 80.5:12.5:7
for areca fruit, Piper betle inflorescence, and red lime paste;
6.44:1 for areca fruit and Piper betle inflorescence; 11.5:1 for
areca fruit and red lime paste; and 1.79:1 for Piper betle
inflorescence and red lime paste.

Preparation of the Testing Extracts. Portions (20 g) of
various mixtures of the ingredients were extracted with 80
mL of 0.1 M phosphate buffer (pH 7.5) in a Waring blender
for 3 min, followed by incubation in a 37 °C water bath for 5
min. After filtration, the volume of filtrate was adjusted to
100 mL with the same phosphate buffer used to obtain the
testing extracts.

Condensed Tannin and Noncondensed Tannin Frac-
tionation. The condensed tannin and noncondensed tannin
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fractions were separated from crude phenolic extract of areca
fruit by our previous work (21).

Extraction of Crude Phenolics from Areca Fruit. A
crude phenolic extract of whole areca fruit was prepared
according to the method described in our previous work (24).
In brief, areca fruit were extracted with 80% aqueous acetone
(1:10, w/v) in a Waring blender for 3 min, followed by soaking
for 20 min before filtration. The filtrate, containing the
phenolic extract, was evaporated to dryness under reduced
pressure, and the dry material was crude phenolic extract.

Alkaline Treatment of Phenolics. The crude phenolic
extract was dissolved in 32 mL of propan-2-ol/water (1:1), and
the pH was adjusted to 8, 10, and 12, respectively. The system
was refluxed at 100 °C for 30 min. During this time, the
original amber colored changed to scarlet red. After the
reaction mixture was cooled, it was extracted with 120 mL of
ethyl acetate to get the organic phase. The ethyl acetate
extracting residue was washed with 10-mL portions of n-amyl
alcohol/benzene (1:1), benzene, and ether, and the aqueous
layer was evaporated to dryness under reduced pressure to
obtain the aqueous phase.

Gel Filtration on Sephadex G-25. Sephadex G-25 gel was
used to separate the original phenolics or alkaline-treatment
phenolics by molecular size according to the method of Somers
(28).

Determination of Total Phenolics and Condensed
Tannin. The contents of total phenolics and condensed tannin
were determined by the method of Julkunen-Tiitto (29).

Effect on the Volatility of Methyl Mercaptan. The
deodorizing activity of each testing extract against methyl
mercaptan was assayed by the headspace test according
principally to Kita et al. (12). A 1-mL aliquot of crude phenolics
or testing extract (ethanol or phosphate was used as control)
and 1 mL of ethanolic methyl mercaptan solution (4 µg/mL)
were put into a 13-mL tube (10 mm i.d. × 70 mm height). The
test tube was sealed with a silicone cap, stirred for 5 s with a
vortex mixer, and then incubated at 37 °C for 6 min. The
volume of injected headspace was 0.5 mL, and the manual
injection was carried out with a gastight syringe. The content
of methyl mercaptan in the headspace under the above
incubation was determined by gas chromatography with a
flame photometric detector (Perkin-Elmer n-930-0061). Fol-
lowing are the gas chromatography conditions used: instru-
ment, Perkin-Elmer GC autosystem; column temperature, 50
°C; column, 1.8 m × 3.2 mm, Ni-lined tube packed with 5%
polyphenyl ether 5 ring on Chromosorb WAW DMCS 80-100
mesh; carrier gas (nitrogen) velocity, 20 mL/min; injector
temperature, 90 °C; air velocity, 149 mL/min; hydrogen
velocity, 77 mL/min. The deodorizing activity (DA) was cal-
culated from the following equation: DA ) (C - S)/C × 100%,
where C is CH3SH peak area of control and S is CH3SH peak
area after incubation with a sample. The calibration step was
carried out by using the above model to estimate the effect of
different amounts of dry matter of betel quid extract, and the
linearity is about 95%.

Preparation and Storage of Methyl Mercaptan Stock
Solution. The stock solution (20 µg/mL) was prepared by
mixing 2 mL of original methyl mercaptan (1 mg/mL benzene)
and 98 mL of alcohol (99.5%), and was stored at -20 °C. The
experimental concentration was prepared by diluting the stock
solution with alcohol (99.5%).

Removal of Phenolics by Polyvinylpolypyrrolidone
(PVPP). Phosphate buffer extract of betel quid (80 mL) was
mixed with various amounts of PVPP (0.1, 0.5, 1, 2, or 3 g)
under room temperature. After 1 h, the mixture was centri-
fuged to remove the residues, and the final volume was
adjusted to 80 mL with phosphate buffer again.

RESULTS AND DISCUSSION

To evaluate the deodorizing activity, measurement of
the depression on the volatility of methyl mercaptan was
performed. Red lime paste is one kind of alkaline
ingredient, and it is mainly composed of calcium hy-

droxide and other herb extracts. To avoid the alkaline
interruption on the volatility of methyl mercaptan,
different controls (the same pH for each sample) were
made to reveal the actual effect. As illustrated in Table
1, the single red lime paste and the mixture of Piper
betle inflorescence and red lime paste showed the best
deodorizing activities (100%), and were followed by the
mixture of areca fruit and red lime paste (90%), whole
betel quid (86%, areca fruit, Piper betle inflorescence,
and red lime paste), mixture of areca fruit and Piper
betle inflorescence (68%), areca fruit alone (40%), and
Piper betle inflorescence alone (12%).

In Taiwan, red lime paste is the most popular lime
paste used in betel quid. However, the ingredients of
red lime paste are very complex. Slaked lime (calcium
hydroxide), catechu, licorice concentrate, some herb
extracts, and additives are the usual ingredients of red
lime paste. Calcium hydroxide is the major and the most
important substance of red lime paste, so we also
evaluated the effect of calcium hydroxide alone. Only
very weak effect on the volatility of methyl mercaptan
was found. From this result, we found that the deodor-
izing activity probably came from the other complex
ingredients (catechu or herb extracts). Red lime paste,
or the mixture of Piper betle inflorescence and red lime
paste, was never chewed alone. It clearly indicated that
betel quid showed perfect inhibitory effect on the
volatility of methyl mercaptan.

Areca fruit is the main ingredient of betel quid, and
it exhibited lower depression on the volatility of methyl
mercaptan. However, the mixture of areca fruit and red
lime paste showed strong deodorizing activity. To
separately understand the function of pure calcium
hydroxide and red lime paste, they were added into
areca fruit respectively to further identify the role of
red lime paste on the deodorizing activity of areca fruit.
To easily compare and lower the effect of various ratios
of red lime paste (or calcium hydroxide), the concentra-
tion of the mixing extract of the areca fruit and red lime
paste (or calcium hydroxide) (in Figure 1) is prepared
as only one-fifth of that in Table 1. As shown in Figure
1, the deodorizing activity was increased with the higher
pH and elevated ratios of red lime paste (or calcium
hydroxide) to areca fruit. It showed that high levels of
alkaline material added into areca fruit significantly
promoted the deodorizing activity. All results about the
deodorizing activity expressed for samples that included
red lime paste or calcium hydroxide in the study were
obtained by comparing with the results of related control
samples (red lime paste or calcium hydroxide). Methyl

Table 1. Deodorizing Activity of Phosphate Buffer
Extracts from the Ingredients of Betel Quid

samplea deodorizing activityb (%)

AF 40 ( 3d

PI 12 ( 4e

RL 100 ( 2a

calcium hydroxide 2 ( 1a

AF+PI 68 ( 7c

AF+RL 90 ( 2b

PI+RL 100 ( 1a

AF+PI+RL 86 ( 4b

a AF, areca fruit; PI, Piper betle inflorescence; RL, red lime
paste; AF + PI, mixture of AF and PI at the weight ratio of 6.44:
1; AF + RL, mixture of AF and RL at the weight ratio of 11.5:1;
PI + RL, mixture of PI and RL at the weight ratio of 1.79:1; AF +
PI + RL, mixture of AF, PI, and RL at the weight ratio of 80.5:
12.5:7. b Data bearing different superscript letters were signifi-
cantly different (p < 0.05).
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mercaptan is unstable at basic pH levels. Disulfide
bonds are easily formed. To further reveal the actual
effect, the inhibitory effects for the mixing extract (pH
12.2) of areca fruit and 20% calcium hydroxide were
performed by diluting with the calcium hydroxide
solution (pH 12.2). To identify the role of calcium
hydroxide on the volatility of methyl mercaptan, the
same amount of calcium hydroxide (4 g in 100 mL)
solution was diluted with calcium hydroxide solution
(pH 12.2). As shown in Figure 2, calcium hydroxide
showed no inhibitory effect on the volatility of methyl
mercaptan. The deodorizing activities decreased with
the increasing dilutions, and the decrease in the deodor-
izing activity is not owing to the drop in calcium
hydroxide. It is clear that the mixing extract of areca
fruit and calcium hydroxide contained components
which exhibited actual inhibitory effect on the volatility
of methyl mercaptan.

Many natural phenolics are found to have deodorizing
activity (14-16). The role of phenolics on the deodorizing
activity of betel quid was determined by the treatment
of PVPP in this study. The deodorizing activity was
significantly decreased by the addition of higher levels
of PVPP (Table 2). The contents of total phenolics and
condensed tannin were also found to decrease with the
increasing amounts of PVPP treatment (Table 3). It is
clear that phenolics probably play an important role on
the deodorizing activity. Areca fruit, the major ingredi-
ent of Taiwanese betel quid, contained abundant phe-
nolics (24). However, the crude phenolic extract from
areca fruit and their condensed tannin and noncon-
densed tannin fractions showed only weak inhibition on
the volatility of methyl mercaptan. To further under-
stand the effect of alkaline treatment on the deodorizing
activity of the phenolics, the crude phenolic extract of
areca fruit was refluxed under alkaline conditions
(NaOH, pH 13) at 100 °C for 30 min. Both organic and
aqueous phases were separated from the refluxing
product by the extracting procedures described previ-
ously. As illustrated in Figure 3, the deodorizing activity
appeared mainly in the aqueous phase and showed a
dose-dependent manner. The deodorizing activity was
also greatly influenced by the alkalinity and time of
refluxing. Results in Figure 4 show that the higher the
pH of refluxing reaction, the better the deodorizing
activity. The deodorizing activity was also found well-
correlated with the refluxing time (Figure 5). These
results indicated clearly that original phenolics of areca
fruit were changed to something with excellent deodor-
izing activity and phenolic characteristics after highly
alkaline treatment.

To identify the effectively deodorizing components in
the aqueous phase, Sephadex G-25 gel packing column
was used. As shown in Figure 6, the original phenolic
extract was fractionated into four moieties and two
moieties for the aqueous phase of the refluxing product.
Our previous study (30) showed that the molecular size
in the two moieties of the aqueous phase of the refluxing
product was greater than that of those in the original

Figure 1. Effect of calcium hydroxide or red lime paste added
into areca fruit on the deodorizing activity.

Figure 2. Deodorizing activity of serial dilutions obtained
from the extract of the mixture of areca fruit and calcium
hydroxide (20 wt % of areca fruit) or calcium hydroxide alone
with pH 12.2 of calcium hydroxide solution.

Table 2. Deodorizing Activity of Phosphate Buffer
Extract of Betel Quid after PVPP Treatment

amount of PVPP (g) deodorizing activitya

nonaddition 96 ( 0.3a

0.1 69 ( 1.0b

0.5 32 ( 2.4c

1.0 27 ( 3.6d

2.0 17 ( 2.3e

3.0 7 ( 3.5f

a Data bearing different superscript letters were significantly
different (p < 0.05).

Table 3. Contents of Total Phenolics and Condensed
Tannin in the Phosphate Buffer Extract of Betel Quid
after PVPP Treatment

content (mg/g of fresh wt)

amount of PVPP (g) total phenolicsa,c condensed tanninb,c

nonaddition 10.10 ( 0.55ac 3.65 ( 0.23a

0.1 6.85 ( 0.31b 2.30 ( 0.03b

0.5 4.70 ( 0.21c 1.55 ( 0.04c

1.0 3.20 ( 0.15d 1.00 ( 0.03d

2.0 2.10 ( 0.10e 0.75 ( 0.05e

3.0 1.25 ( 0.12f 0.50 ( 0.02f

a mg gallic acid equivalent per gram of sample weight. b mg
catechin equivalent per gram of sample weight. c Data bearing
different superscript letters within the same column were signifi-
cantly different (p < 0.05).
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phenolic extract. In addition, the fractions are also found
in the mixture of areca fruit and red lime paste under
37 °C water bath. Evidently, the higher molecular size
of particles should be the major contributor of deodor-
izing activity of betel quid.

Betel quid effectively inhibited the volatility of methyl
mercaptan, and slaked lime paste played an important
role in this function. Our previous study found that the
crude phenolics of areca fruit showed perfect antioxidant
and antimutagenic activities. However, the deodorizing
activity was found only in the aqueous phase of areca
fruit after alkaline treatment. Further studies about the
characteristics and biological activities of the aqueous
phase of areca fruit after alkaline treatment will be
required. Also, a clinical examination for the halitosis
removal will be necessary.
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