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Flavour characteristics of Piper betle L. 
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ABSTRACT 

The betel lea ves are aromatic with varied taste ranging from 
sweet to pungent due to the presence of essential oil. Com­
pounds that contribute to the pungency) flavour and stimu­
lating properties of the leaf are of interest to the flavour 
industry. The results of investigations carried out so far on 
the chemical analysis of essential oil of betel leaves have 
been reViewed. The results of the gas chromatography and 
mass spectrometry (GCMS) of the oil of all the five recog­
nized va1'j.eties of Piper betle are discussed. The yield and 
composi tion of essential oil of betel leaves have been influ­
enced by age and position of the leaf on the stem, season of 
harvest, potassium nutrition etc. Pl:omoting the use of this 
important essential oil in flavour industry and confectioner­
les so as to utilise the surplus leaves from the a~sembling and 
wholesale markets which will otherwise go waste is sug­
gested. 
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Bet.elvine (Piper belle L.) is cultivated for 
its leaf which is used as a masticatory. 
The basic IPan" preparation consists of 
betelleafspread over with hydrated lime 
and catechu (Acacia catechu L.) and few 
scrappings or pieces of nrecanut (Areca 
catechu L.) rolled in. 'Pan' chewing is an. 
ancient habit, prevalent amongst all 
classes of people in South-East Asian 

countries. As a masti-catory, the betel 
leaf is credited with being aromatic, di­
gestive, stimulant and carminative. Its 
initial effect when chewed, lies in the 
excitation of salivary glands and produc­
tion of a mild degree of stimulation) re­
sulting in a sensation of warmth and 
well·being besides~ imparting a pleasant 
odour to the oral cavity. 



eisanimpori:.ontcommerciol crop 
BangIa Desh, Sri Lanka and to a 

~"tent of Mnlnysia, Mynnmar, 
1'hailand, Philippines, Vietnam, 

8 , Papua New Guinea, etc. In 
is grown. over an area of 40,000 

ing livelihood to hundreds of 
II engaged in its cultivation and 

Next to India, Bnngla Desh has n 
'11D1l1l'HUlingbotelleafindustry with 12,700 

n cr betelvine cultivation and an 
L..II IIIIIII ... ' .... 1 production of 60,000 tones of be­

Ie yes. According to the 'Susl'uta 
h ta' (600 A.D.), a treatise on the 

ousAyurvedic system ofmedici"ne, 
1 aves are beneficial to throat, help 

.1i1(dJQ~esLion, aetas deodorant. 'fhevolatile 
...... 'It'" .... I·nf etelleaves has been found to pos­

antiseptic properties. It is also good 
the respiratory system and is used in 
tm.ent of bronchitis, cough, cold, and 

]9 (Chopra el a.l. 1954, 1958). 

I er betle belongs to the fam ily 
racelle. The family is ofconsiderable 

o mic importD_nce because of the pres­
eofessential oil in fruits and leaves of 
ny species, the most important one 

[0 Piper nigrum L. (black pepper). 
I er betle is next to black pepper in its 
cooomic importance. The betel leaves 

aromatic with varied taste, ranging 
m sweet to pungent due to the pres­

nee of essential 011. Secretory cells con-
iningessential oil occur throughout the 

lon t. They always occur singly, larger 
" the surroun'ding parenchymatous 

Ils. The essential oil is present in the 
orm of globules in the mesophyll tissue 
fthe lenflamina. The oil also occurs in 

the superficiol tissues of petiole (Fig. 1). 
hopresence of oil help to reduce transpi­

ration, mollify the heat and inhibit fun­
gal infection (Chibber 1912). 

A knowledge about the chemical compo­
~ition of bet Ie leaf oil wh ich gives taste to 
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the leaf is of interest mainly because of 
the medicinal uses as well as its use in 
flavour industry. Of obvious importance 
are the compounds that contrjbute to the 
pungency, flavour nnd stimulating prop­
erties of the leaf. Besides, the betel leaf 
contai;1s the other compounds in all plant 
tissues. 

The aroma of betel leaf intrigued' re· 
searchers for many years. Consequen tly, 
th e composition ofbetellenf oil has been 
the subject of many studies, the first 
being that of Mann and Sahasrabuddhe 
(1913) who identified phenols and ter­
pene-like constituents in the essentinl oil 
of betel leaf and among the phenols, eu­
genol was the chiefone. Ueda and Sasaki 
(1951) studied the chemistry of betel 
leaves collected from different South 
Asian countries and identified phenols­
eugenol. cadinene, cliavicol, sesquiterpe­
nes and allylpyrocatechol as the chief 
constituent in betel leaf oil, besides cin· 
eole, cadinenE!, caryophyllene, chavicol, 
methyl eugenol and allylpyrocatechol 
which £lre the other constituents identi­
fied. Sethi and Agarwnl (1956) have 
isolated hydroxy chnvicol (4-allylpyro· 
cotechol) from betel leaf oil. Deshpandey 
et al (1970) observed sitosterol, p-sitos­
terol, stenric acid and chavicol in the 
'Banarasi' variety betel leaves_ Atol et al 
(1975) reviewed the work ofMafuku and 
Kato (1935), Dutt (1956), Ally (1960), 
Nigam and Purohit, (1962) amongst oth­
ers and reported chavicol, nllyl-pyrocat· 
echol, chavibetol, methyl chavicol, eu­
genol, estl'ogol, methyl-eugenol, l,B-cin­
eole, p-caryophyllene and cadinene as the 
major components in the oil of betel leaves. 
The oil of cv. BangIa is found to contain 
sitosterol and stigmasterol (Ganguly and 
Chaudhury 1975). Dns and Chatto· 
padhyay (1984) observed that phenols of 
17West Bengol varieties studied, ranged 
between 4.10 an~ ~O.20 per cent on dry 
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Fig. 1: Transverse section of the petio.1e and leaflamina (diagra:mmatic) 
a) T.S. of petiole 
b) Portion of the petiole showing details 
c) A portion of transection passing through lamina showing details 
1. CoL - collenchyma 2. epi - epidermjs 3. Gt. wound tissue 4. Msp - spongy 
pnrencyma 5. Sc - secretory cell 6. Pal- palisade layer 7. Vb - vacsularbundles 
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eight basjs. Li Yun Lin (1989) has 
lysed the volatile constituents of be­

l quid ond has observed eugenol and its 
omers as major ones in betel leaves. 

An accurate knowledge of differences in 
th composition ofessentiul oil of betel vine 
vndeties being of fundamental impor­
taoce, extensive investigations were car­
rie" out at the National Botanical Re-
, a rch Institute, Lucknow usingmodern 

techniques like gas chromatography and 
mass spectrometry (GeMS) (Rawat et al 
1989 j BaJasubrahmanyam and Rawat 
1990). They observed that the chemical 
constituents and their proportion in the 
ssential oil of different cultivars provide 

a consistent and reliable tool for the iden­
tification of varieties and concluded that 
on the basis of the chemical composition, 
the existing betelvine types in the coun­
try could be grouped under one or the 
other of the following five eu Jtivar groups 
viz. BangIa, Desawari, Kapoori, Meetha 
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and 8aoch] (Table 1). 

Bangia is one of the most vigorous high 
yjelding cu Itivars, tolerant to some of the 
key diseases and is cultivated on a com~ 
mercia] scale in north and east India. 
The oil of cv. BangIa is heavier than 
water, specific gravity being 1.0001 to 
1.1090, possess clove-like spicy odour and 
a sharp pungent taste, while the yield 
varied from 0.15 to 0.2% on fresh weight 
basis amongst the three types studied 
(Sharma et al 1983). As part of the gas 
chromatographic study (GLC) on the ba­
sis of retention times on two columns and 
peak areas, they tentatively identified p­
cymene, a-terpineol, terpenyl acetate, 
eugenoL methyl eugenol and caryo­
phyllene in three types of BangIa culti­
val's. Rawat et al (1989) observed the 
following constituents in their analysis 
usingGCMS: eugenol,63.56%, isoeugenol 
5.2%, chavicol 1 .. 07%, safrole 2.33% and 
eugenol acetate 18.68%. 

Table 1. Comparative chemical composition of the oils of betelvine 
cultivars 

Sanchi Kapoori Desawari BangIa Meetha 

Per cent oil (Fresh wt.) 0.19 ·0.10 0.12 0.16 0.85 

(A) Monoterpenes 
a.-Thujene 1.90 
Camphene 0.35 0.50 
Sabinene 3.68 6.13 
p-Myrcene 0.53 2.16 
p,-Ocimene 0.40 0.36 
Bornylene L18 
B-Pi'nene 3.38 
Trans p-ocimene 0.70 
y-Terpinene 0.46 1.60 0.51 
TerpilID olene 0.50 
AUo ocimene 0.63 
a~Terpinene 0.23 0.94 
~-Phel1andrene 1.28 0.39 
Limonene 0.37 
p-Cymene 0.31 0.35 
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2,6,6 'l'11methyl 
I-Methylene cyclo 
Hex 2-ene 0.42 
a-Pinene 0.41 0.42 0.37 

(B) Sesqui terpenes 
),-Cadinene 1.10 9.44 
6-Cadinene 1.18 
a-Cadinene 2.90 
p-Salinene 6.36 2.57 

~ p-Elemene 1.18 2.60 
),-Elemene 1.78 0.89 0.86 0.56 
Cis-caryophyllene 3.30 10.64 
Trans-en ryophyl1en e 7.78 OAO 
Aroma dendrene 1.66 
Cl-Cubebene 4.43 0.46 4.71 
p-Cubebene 0.53 1.12 

Oxygenated compounds 

(C) Alcohols 
Lina 1001 1.2 1.46 0.23 0.32 
a-Terpineol 0.69 2.30 0.32 
Terpinen-l-ol 1.45 
CL-Costol 0.36 
o-Cadinol 1.19 
3,7,11,15Tetra 
Methyl-2-hexadeca n-1-0 1 0.76 
Geraniol 2.46 

(D) Aldehydes 
Decenel (Capric nldehyde) 0.27 2.87 
Deeanal (Laural aldehyde) 1.54 4.23 
Stearaldehyde 2.69 

(E) Acids 
Hexadecanoic acid 0.41 

(F) Oxides 
1,8 Cineole 2.33 
Caryophyllene o"ide 0.66 1.63 

(G) Phenols 
Eugenol 13.90 33.22 20.47 63.56 18.92 
Isoeugenol 10.59 5.20. 
ChavicollChavi betol 1.07 
(H) PhenoJic ethers 
Methyl eugen 01 0·.90 1.90 
Methyl chavicol 5.81 7.62 
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22.75 

ic cOlilstituents and hydrocarbons 
r rotally absent in BangIa. In Viet-

I 
s cultiv8r resemblingBangla in its 

.. lflrtn11tJosition of 011, contained eugenol 
andeugenol acetate 18.46%(Dung, 

r •• ",,,,,, nli shed). 
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19.31 
6.45 45.34 2.33 

18.68 
2,23 

. Desawari is cultivated in parts of 

methyl chavicol, terpenyl acetate, eugenol 
and methyl eugenol in Kapoori leaves of 
Piper betle while the GeMS 'studies of 
Rawatet al (1989) recorded the presence 
of 26 constituents in Kapoori oil, the 
mnxi mum n umber of constituen ts in any 
of the five cultivars analysed. The oxy­
gen containing components constituted 
70.64% of which eugenol 33.22% and 
isoeugenol 10.59% are the major ones 

r Pradesh and Madhya Pradesh. Its 
CJIAAV'J;.~ yield 0.12-0.14% yellow coloured 

I" lth a specific gravity of 1.0002, pun­
followed by sweet taste. Sharma et 

( .987) used thin layer chromatogra~ 
hy to confirm the constituen ts iden ti-

n d by GLe in the oil of two types of 
e awari 'Desi' and 'Mahoba'. They 

dentifled c;t-pinene, l,8-cineole, p­
ymene, methyl chavicol, a-terpeneol, 

t rpeny],acetate, eugenol,methyleugenol, 
iTlcthole and caryophyhene tentatively 

on the basis of retention time nnd Rf 
valu~s, Pursuant to this study Rawat 
and coworkers (1989) identifle'd the main 
oonstituents as safrole 45.34%, eugenol 
20.47%, methy1 chavicol 5.81 % and 
methyl eugenol 1.90%. The hydroca~­
boilS were low in Desawari -14.24 %. The 
r tio of 'safrole to eugenol wns 10:3 in 
Desawari. 

Kapoori, the most important commercial 
a~ltivat in peninsular India, yield 0.1% 
oil-yellow with greenish tinge and has an 
aromatic odour, lighter, specific gravity 
beingO.9650. Sharma et al (982) used a 
combination of thin layer and gas chro­
matography to isolate and confirm the 
p~esence of a-p"inene, p-pinene, 1,8-cjn­
eQle, camphene, p-cymene; cx·t~rpineol, 

(Table 2), ' 

Cv. Meetha, which is commercially culti­
vated in Midnapore and Howrah dis­
tricts of West Bengal only, but marketed 
throughout the CDuntry because of its 
excellent flavour , yields the maximum oil 
0.85% although per hectare yield of 
Meetha leaves may be the minimum 
amongstall beteJvlne cultivars. The oil is 
ye110wish brown with fennel-like odour 
and sweet taste, its specific gravity being 
0.9991. Rawa-tet al (1987) used retention 
time data to characterize the presence of 
a-pinene, p-pinene, p-cymene, 'a-terpin­
eol, methy1 chavicol, terpenyl acetate, 
eugenol! methyl eugenol, anethole and 
caryophy"llene in Meetha. Two yeaTS later 
Rawat et al (1989) used a combinntion of 
GC and MS to examine the terpene hy­
drocarbons and oxygenated compounds 
pre~ent in the oil. In Meetha the oxygen­
ated compounds were comparntively low 
48.50% of which anethole (19.31%) and 
eugenol (18.92%) are the major ones. Cis­
caryophyllene has been observed to be 
maximum (10.64%) in this cultivar; the 
hydrocarbons constituted 33.24% of the 
oil. 
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Table 2. Hydrocarbons and oxygenated compounds in the oil of betel vine 
cultivars 

Cultivars 

Bangala 
Des8wari 
Kapoori 
Meetha 
Sanchi 

Monoterpene 
hydrocarbon£; 
% 

Nil 
2.82 
14.37 
1.Bl 
11.46 

Cv. SanchiJ wh ich is commonly cultivated 
1n almost all betelvine growing stotes, 
yield 0.19% oi\. The oil is dark brown 
with specific gravity 1.0001 and sharp 
pungent taste. The hydrocarbons in 
Sanch i were 32.99% while the oxygen­
ated compounds were 44.03%, safroJe 
22.75% was conspicuous among the oxy­
genatedcompounds. Cv. Sanchi hasbeen 
marked by the presence ofa unique com­
pound stearaldehyde (2.69%) which is 
absent in other cultivars. 

From a chemical compositional stand 
point, the studies have shown that eu­
genol is the major common molecular 
species amongst the constituents so far 
identified in the flve cultivars and eu­
genol is also quantitatively the most im­
portant component. The pleasant sweet 
taste and fennel-like odour of Meetha is 
due to the presence of anethole in its 
essential oil. Desawari and Kapo0l1 leaves 
are compu"Fatively less pungent due to 
low concentration of eugenoL Some of' 
these compounds identified were not pre­
viously known to be present in the essen­
tial oil of betel leaves. 

Factors influencing the yield of 
essential oi! in leaves 

The older the leaves, the higher the yield of 
essential oil. Leaves which are well ma­
tured from the lower portion of the vine 

-Sesq u ite rpene Oxygenated 
hydrocarbons compounds 
% % 

Nil 90.84 
11.42 75.70 
2.07 70.64 
31.34 48.50 
21.53 44.03 

stem are richer in oil thon the ten del' ones 
from the apical parts. Matured leaves 
harvested during winter recorded maxi. 
mum yield than the ones harvested during 
rainy season or summer. Of all the nutrient 
elements considered essential for the vine, 
potossium has been shown tQ exert a pro­
found influence on Increasi ng the essen tisl 
oil content of leaves (Mi-sra et al unpub­
lished). They observed change in the 
composition of the oil due to differential 
application of potassium, however, the 
variation was not significant. The oil 
content in the leaves increases with the 
storage and bleaching due to loss ofmois~ 
ture in the stored leaves. Interesting 
possibilities are opened up by the report 
that application of triaconwnol increase 
theyicldofoil in betel1enves(Unpub~ished). : 

The oil from bete 1 leaves is known to have 
antifungal propertjes (Baby et al 1989). 
Kapoori oil exhibits minimum inh ibitory 
concentration (MIC) of250 ppm again.st 
the pathogens Colletotrichum. capsici, 
Sclerotium rolfsii and Alternaria 
alternata (Tripa thi et al 1985). Fiv~ 
propenyl phenols isolated from the chlo­
roform extract of leaves of Piper betle 
showed significant nematocidal activity. 
These compounds arechavicol, chavibetol, 
al1ylpyrocatechol, chavibetol acetate and 
allylpyrocatechol diacetate (Evans et al. 
1984). 
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progress has been mnde towords 
ntifi.cation of componen ts of betel 
sential oil. Oul of more than 50 
unds identified so far, eugenol, 

thole, te,rpenyl acetate and isoeugenol 
~ und to be of importance to flavour 

u try. The process of essential 011 
" <a.tln11:nesis appears to be influenced by a 

t of environmental factors which 1n-
.' n. ,."'~'~Athrough their effects on the growth 

J1d deve]opmentol process of the vine. A 
ose relationship between potassium 
utrition ond essentiololl content has 

indicated; potassium is obviously of 
·~ '-' ''''''' ''''·<>nce in betelvine nutriti9n . 

Imost ,the entire production ' of betel 
ves is consumed fresh as a mastica­

r:y. In parts of Sikkj m, liquor is made 
wi h betel, leaf flavour. In recent years, 
h oil is increasingly used as on adjunct 

in CQnfectionery preparations like chew­
nggum, loz,enges. in blending perfumes, 
n tooth·'poste, mouth-wash, etc. Large 
uantiHes of leaves 10-25% depending 

upon the variety, distance transported, 
ackaging, etc. are damaged while 

repacking at Pandaribhas and jn whole-
ale markets (Anon 1983). A cheap 

method of distillation for the recovery of 
oil fr-om the surplus leaves from the 
whoiresale and assembling markets will 
go a long way in exploiting these leaves 
otherwise goin'g waste, for remunerative 
returns. Steps to promote the use of oil in 
flavour 'industry will also ensure better 
economic returns to the trad itional culti­
vators who are sticking to the profession 
betelvine cultivation in spite of heavy 
odds. 
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