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Flavour characteristics of Piper betle L.
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ABSTRACT

The betel leaves 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 varieties of Piper betle are discussed. The yield and
composition of essential oil of betel leaves have been influ-
enced by age and position of the leaf on the stem, season of
harvest, potassiumn nutrition etc. Promoting the use of this
important essential oil in flavour industry and confectioner-
1es so as to utilise the surplusleaves from the assembling and
wholesale markets which will otherwise go waste 1s sug-
gested. - '
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Betelvine (Piper betle L.)is cultivated for
its leaf which is used as a masticatory.
The basic 'Pan™ preparation consists of
betel leafspread over with hydrated lime
and catechu (Acacia catechu L.) and few
scrappings or pieces of arecanut (Areca

catechu L) rolled in. 'Pan’ chewingis an

ancient habit, prevalent amongst all
¢classes of people in South-East Asian

countries. As a masticatory, 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 & mild degree of stimulation, re-
sulting in a sensation of warmth and
well-being besides, imparting a pleasant
odour to the oral cavity.
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Ayl eisanimporcant commercial crop
. Bangla Desh, Sri Lanka and toa
1 exteﬂt of Malaysia, Myanmar,
pore, Thailand, Philippines, Vietnam,
a, Papua New Guinea, cte. In
lla, it is grown over an area of 40,000
: pr oviding livelihood to hundreds of
I; engaged in its cultivation and
6. Next to India, Bangla Desh has o
Mourishingbetel leafindustry with 12,700
ta under betelvine cultivation and an
aal production of 60,000 tones of be-
aves. According to the 'Susruta
ita’ (600 AD.), a treatise on the
‘nousAyurvedlc system of medicine,
gaves are beneficial to throat, help
stion,actasdeodorant. 'I‘hevoiati]e
'betel leaves has been found to pas-
antiseptic properties. It is also good
e respiratory system and is used in
tment of bronchitis, cough, cold, and

=

per betle is next to black pepper in its
fconomic importance. The betel leaves

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

A knowledge about the chemical compo-
sitlon of betle leaf oil which 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 contribute to the
pungency, flavour and stimulating prop-
erties of the leaf. Besides, the betel leaf
containsthe other compoundsin all plant
tissues.

The aroma of betel leaf intrigued re-
searchers for many years. Consequently,
the composition of betel leaf oil has been
the subject of many studies, the Mrst
being that of Mann and Sahasrabuddhe
(1913) who identified phenols and ter-
pene-like constituents in the essential 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 oii, besides ¢in-
eole, cadinene, caryophyllene, chavicol,
methyl eugenol and allylpyrocatechol
which are the other constituents identi-
fied. Sethi and Agarwal (1956) have
isolated hydroxy chavicol (4-allylpyro-
catechol) from betel leafoil. Deshpandey
et al (1870) observed sitosterol, B-sitos-
terol, stearic acid and chawvicol in the
'‘Banarasi' variety betel leaves. Atalet al
(1975) reviewed the work of Mafuku and
Kato (1935), Dutt (1956), Ally (1960),
Nigam and Purohit, (1962) amongst oth-
ers and reported chavicol, allyl-pyrocat-
echol, chavibetol, methyl chavicol, eu-
genol, estrogol, methyl-eugenol, 1,8-cin-
eole, B-caryophyllene and cadinene asthe
major componentsintheoilofbetel leaves,
The oil of cv. Bangla is found to contain
sitosterol and stigmastero) (Ganguly and
Chaudhury 1378). Das and Chatto-
padhyay (1984) observed that phenols of
17 West Bengal varieties studied, ranged
between 4.10 and 10.20 per cent on dry
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Fig. 1. Transverse section of the petiole and leaf lamina (diagrammatic)
a) T.S. of petiole

b) Portion of the petiole showing details

¢) A portion of transection passing through lamina showing details

1. Col. - collenchyma 2. epi - epidermis 3, Gt. ground tissue 4. Msp - spongy
parencymab. Sc-secretory cell 6. Pal-palisadelayer 7. Vb-vacsularbundles
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Wweight basis. Li Yun Lin (1989) has
nalysed the volatile constituents of be-
a] quid and has observed eugenol andits

1 gcomposition of essential oil ofbetelvine
?:-. netles bemg of fundamental impor-

'ed out at the National Botanical Re-
search Institute, Lucknow using modern
t schniques like gas chromatography and
‘mass spectrometry (GCMS) (Rawat et a!

ésential oil of different cultivars provide
‘aconsistent and reliable tool for the iden-
.é }f‘icatlon 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 cultivar groups
viz, Bangla, Desawari, Kapoori, Meetha

cultivars
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and Sanchi (Table 1).

Bangla is one of the most vigorous high
yietding cultivars, tolerant to some of the
key diseases and is cultivated on a com-
mercial scale in north and east India.
The oil of cv. Bangla 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, o-terpineol, terpenyl acetate,
eugenol, methyl eugenol and caryo-
phyllene in three types of Bangla culti-
vars. Rawat ef ol (1989) observed the
following constituents in their analysis
using GCMS: eugenol, 63.56%, isoengenol
5.2%, chavicol 1,07%, safrole 2.33% and
eugenol acetate 18.68%.

Table 1. Comparative chemical composition of the oils of betelvine

Sanchi Kapoori Desawari Bangla Meetha

Per cent 0il (Fresh wt.) 0.19 -0.10 0.12 0.16 0.85
(A) Monoterpenes

o-Thujene 1.90 - - -
Camphene - 0.35 - - 0.50

- Sabinene 3.68 6.13 - -

B-Myrcene 0.53 2.16 - - -
B-Ocimene - 0.40 0.36 - -
Bornylene 1.18 - - - -
B-Pinene 3.38 - - -
Trans -ocimene - 0.70 - -
yTerpinene 0.46 1.60 0.51 -
Terpinolene 0.50 - -
Allo ocimene - 0.63 - -
o-Terpinene 0.23 - - 0.94
B-Phellandrene 1.28 0.39 -
Limonene - 0.37 -

p-Cymene 0.31 - 0.35 -
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2,6,6 Trimethyl
1-Methylene cyclo
Hex 2-ene
a-Pinene

(B) Sesqui terpenes
v-Cadinene
A-Cadinene
a-Cadinene
B-Salinene

- B-Elemene
v-Elemene
Cis-caryophyllene
Trans-caryophyllene
Aroma dendrene
a-Cubebene
B-Cubebene

Oxygenated compounds

(C) Alcohols
Linalool
o-Terpineol
Terpinen-l-0l
a-Costol
§-Cadinol
3,7,11,15 Tetra

Methyl-2-hexadecan-l-ol

Geraniol
(D) Aldehydes

Decanal (Capric aldehyde)
Decanal (Laural aldehyde)

Stearaldehyde

(E) Acids
Hexadecanoic acid

(F) Oxides
1,8 Cineole
Caryophyllene oxide

(@) Phenols
Eugenol

Isoeugenol
Chavicol/Chavi betol
(H) Phenolic ethers
Methyl eugenol
Methy! chavicol

0.41

6.36
1.18
1.78
7.78

4.43

1.2
0.69

0.27
1.54
2.69

13.90

0.90

1.18

1.46
2.30
1.45
0.36
1.19

0.76
2.46

2.87
4.23

0.41
0.66

33.22
10.59

0.42
0.42

1.10

2.57
2.60
0.86
3.30

0.46
0.53

0.23
0.32

1.63

20.47

1.90
5.81

0.37

9.44

- 2.90

- 0.56

- 10.64
0.40
1.68
4.71
1.12

0.32

- 2.33

63.56 18.92
5.20.
1.07

'7.62
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6.45

35

- 19.31

45.34 2.33 -

18.68

2,23 - - .

totally absent in Bangla. In Viet-
a cultivar resembling Bangla in its
nposition of oil, contained eugenol
86.6% and eugenol acetate 18.46% (Dung,

Uttar Pradesh and Madhya Pradesh. Its
leaves yield 0.12-0.14% yellow coloured
th a specific gravity of 1.0002, pun-
ollowed by sweet taste. Sharma et
_ .198’7) used thin layer chromatogra-
hy to confirm the constituents identi-
by GLC in the oil of two types of
Desawari 'Desi' and 'Mahoba’. They
jdentified o-pinene, 1,8-cineole, p-
gymene, methyl chavicol, a-terpeneol,
penyl acetate, eugenol, methyleugenol,
thole and caryophyllene tentatively
on the basis of retention time and Rf
alues. Pursuant to this study Rawat
coworkers (1989) identified the main
stituents as safrole 45.34%, eugenol
20.47%, methyl chavicol 5.81% and
methyl eugenol 1.90%. The hydrocar-
bons were lowin Desawari- 14.24 %. The
‘ratio of 'safrole to eugeno) was 10:3 in
Desawari.

‘Kapoori, the most important commercial
cultivar in peninsular India, yield 0.1%
oil-yellow with greenish tinge and has an
aromatic odour, lighter, specific gravity
being 0.9650. Sharma et al(1982) used a
combination of thin layer and gas chro-
matography to isolate and confirm the
- presence of a-pinene, 3-pinene, 1,8-cin-
_eole, camphene, p-cymene, o-terpineol,

methyl chavicol, terpenyl acetate, eugenot
and methyl eugenol in Kapoori leaves of
Piper betle while the GCMS ‘studies of
Rawat et al (18989) recorded the presence
of 26 constituents in Kapoori oil, the
maximum number of constifuents 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
(Table 2).

Cv. Meeths, which is commercially culti-
vated in Midnapore and Howrah dis-
tricts of West Bengal only, but marketed
throughout the country because of its
excellent flavour, yields the maximum oil
0.85% although per hectare yield of
Meetha leaves may be the minimum
amongst all betelvine cultivars, The oilis
vellowish brown with fennel-like odour
and sweet taste, its specific gravity being
0.9991. Rawatefal(1987)used retention
time data to characterize the presence of
a-pinene, B-pinene, p-cymene, o-terpin-
eol, methyl chavicol, terpenyl acetate,
eugenol, methyl eugenol, anethole and
caryophyllenein Meetha. Twoyears later
Rawat et af (1989) used a combination of
GC and MS to examine the terpene hy-
drocarbons and oxygenated compounds
present in the oil. In Meetha the oxygen-
ated compounds were comparatively 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 betelving

Qultivars

Cultivars Monoterpene Sesquiterpene Oxygenated
hydrocarbons hydrocarbons compounds
% % %

Bangala Nil Nl 90.84

Desawari 2.82 11.42 75.70

Kapoori 14.37 2.07 70.64

Meetha 1.81 31.34 48.50

Sanchi 11.46 21.53 44.03

Cv.Sanchi, which is commonly cultivated
in almost all betelvine growing states,
yield 0.19% oil. The oil is dark brown
with specific gravity 1.0001 and sharp
pungent taste. The hydrocarbons in
Sanchi were 32.99% while the oxygen-
ated compounds were 44.03%, safrole
22.75% was ¢conspicuous among the oxy-
genated compounds. Cv. Sanchihasbeen
marked by the presence of a 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 five 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 0il. Desawari and Kapoorileaves
are comparatively less pungent due to
low concentration of eugenol.
these compoundsidentified were not pre-
viously known tobe presentin the essen-
tial oil of betel leaves.

Factors influencing the yield of
essential o1l in leaves

Theolder theleaves, the higher the yield of
essential oil. Leaves which are well ma-
tured from the lower portion of the vine

Some of *

stem are richer in oil than the tender oneg
from the apical parts. Matured leaves
harvested durving winter recorded maxi-
mumn yield than the ones harvested during
rainyseasonorsummer. Ofallthe nutrient,
elements considered essential for the vine,
potassium has been shown to exert a pro-
foundinfluence onincreasing the essential
oil content of leaves (Misra 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 of mois-
ture in the stored leaves. Interesting
possibilities are opened up by the report
that application of triacontanol increase
theyield ofoilinbetelleaves(Unpublished). *

Theoil frombetel leavesisknown to have
antifungal properties (Baby et al 1989).
Kapoori oil exhibits minimum inhibitory
concentration (MIC) of 250 ppm against
the pathogens Colletotrichum capsici,
Sclerotium rolfsii and Alternaria
alternata (Tripathi et al 1985). Five
propenyl phenols isolated from the chle-
roform extract of leaves of Piper betle
showed significant nematocidal activity,
These compounds are chavicol, chavibetol,
allylpyrocatechol, chavibetol acetate and
allylpyrocatechol diacetate (Evans et al.
1984).
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progress has been made towards
ntification of components of betel
‘essential oil. Oul of more than 50

. ,,kfl ,terpenyl acetate and 1soeugenol
;found to be of importance to flavour
dustry. The process of essential oil
thesrs appears to be influenced by a
.‘,,,!_, of environmental factors which in-
fluence through their effects on theg1 owth

=

tory. In parts of Sikkim, liquor is made
wi !.h betel ]eaf‘ flavour. In recent years,

booth-paste, mouth-wash, ete. Large
guantities of leaves 10-25% depending
upon the variety, distance transported,
packaging, etc. are damaged while
repacking at Pandaribhas and in whole-
sale markets (Anon 1983). A cheap
‘method of distillation for the recovery of
oil from the surplus leaves from the
‘wholesale and assembling markets will
go a long way in exploiting these leaves
otherwise going waste, for remunerative
returns. Steps to promote the use ofoil in
flavour industry will also ensure better
- economic returns to the traditional culti-
vators who are sticking to the profession
betelvine cultivation in spite of heavy
odds.
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