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Introduction

The tradition of chewing plant and their products as a part of their

Abstract

Background: Arecanut (AN) is a seed of the plant named Areca catechu L
and considered as a significant agricultural crop in many parts of the world. The
composition of arecanut varies during its stages of maturity which changes the
flavor and astringency.

Objectives: The aim of our study was to analyze the major constituents
like alkaloids, carbohydrates, proteins, tannins and mineral matter present in
Arecanut during its various stages of maturity.

Materials and Methods: Arecanut was purchased from the local market
and extract was obtained by reflux method. Estimation of major constituents
were done in its different forms.

Results: Our report showed the chemical composition varied accordingly
as the nut attained the stages of maturity. Areca seeds contain considerably
high concentration of flavonoids and phenolic, which contribute to strong
antioxidant property. Ripe arecanut showed high amount of tannins, proteins
and carbohydrate contents whereas the unripe form of AN contained least
protein and tannin content. Roasted nut possessed the least carbohydrate
content, tannin and protein content was lesser than ripe and higher than unripe
form. Dried form contained highest amount of carbohydrates and copper and
least concentration of alkaloids, proteins and tannins.

Conclusion: Further studies in depth regarding the analysis are required to
infer the role and exact mechanism of these individual constituents on human
system might be beneficial to help us in utilization of this nut to treat diseases.
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green considered to be unripe and yellow to orange when ripe.

The seed or the nut is separated from fibrous pericarp which

habit are of great antiquity. Among these plant products, chewing of
Arecanut (AN) has been mentioned in ancient literature of Sanskrit,
Greek and Chinese manuscripts as early as 1st century BC.

It was used along with food and for medicinal, social and religious
purposes [1]. AN is usually consumed alone or as betel quid along with
alarge variety of ingredients, such as catechu, betel leaf, lime, tobacco,
various coloring and flavoring agents, perfumes and stimulants as a
part of their culture in many Asian countries including India [2]. It
is also the fourth most frequently used psychoactive substance after
nicotine, ethanol and caffeine respectively [3]. The ingredients used
for the preparation of arecanut might vary according to the culture
group and individuals.

The world’s largest producers of AN, is Sri Lanka, Melanesia
and West Malaysia which was estimated by Food and Agriculture
Organization [4,5]. The AN palm, known as Areca catechu is grown
mostly in India, Malaysia, Micronesia, Polynesia and other South
Pacific Islands [2]. The plant bearing the fruit are round to ovoid
with pointed apex measuring about 3-5cm and 2-4 cm in length and
diameter respectively. AN, which is the seed of the endosperm of the
fruit where the outer covering (endosperm) of the surface appears

appears opaque and colored with wavy dark lines. The nut has slightly
bitter taste and characteristic astringency and is consumed by the
individual during its different stages according to their preference.
The different stages of AN involves husking fresh raw fruit, removing
the nut, drying nuts in the sun or with artificial heat, baking or
roasting, boiling and fermentation.

These treatments change the flavor of AN and its astringent
properties [6]. Around 90% of AN harvest are available for
commercial preparations of products which are manufacture of large
scale [7]. One such type is called ‘red supari’ obtained from boiling
and drying the unripe dehusked AN (mature or tender nut). Another
type is known as ‘white supari’, which is obtained from ripe nut being
sun dried and later DE husking it [8].

The important composition of AN are carbohydrates (20%), fats
(15%), proteins, crude fiber, polyphenols (20%), alkaloids (05%) and
mineral matter [9].

a) Polyphenolic compounds: The polyphenol are mostly
flavonoids and tannins, include about 10% of (+) catechin, 2.5%
epicatechin, 12% of (+) leucocyanidin, the remaining contents being
flavonoids of varying degrees of polymerization [10].
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b) Alkaloid: Major alkaloids isolated from AN are four which
includes arecoline (7.5 mg/g), arecaidine (1.5 mg/g), guvacine (2.9
mg/g) and guvacoline (7.5 mg/g) [11].

c) Fat: It constitutes 15-17% of dry weight of the nut. Fatty acids
present in AN are 46.2% of myristic acid, 19.5% of lauric acid, 12.7%
of palmitic acid, 7.2% of hexadecenoic acid, 6.2% oleic acid, 1.6% of
stearic acid, 5.4% of dodecenoic acid, 0.6% of tetradecenoic acid [12].

d) Mineral content: The mineral content includes copper, calcium
(0.05%), iron (1.5mg/100g), phosphorus (0.13%) and many more.
Apart from these, the nut also contain Vitamins like B6 and C [13].

The difference in each concentrations of the various constituents
in nuts are noticed due to different geographical locations and stages
of the degree of maturity of the nut [14]. Although available studies
have already demonstrated that areca fruit contains many compounds,
but we did not come across many studies which highlighted the
composition of different forms of AN. The main intention of this
study was to estimate and compare the chemical constituents of AN
available in different forms.

Materials and Methods

Collection and extraction of AN

Arecanut available in its different forms like unripe, ripe and
roasted forms (Figures 1-3) were purchased from a local market at
Shivamoga, Karnataka, India, since it is known to be the highest
producers of AN in Karnataka. A part of ripen form of AN was kept
for sun drying (Figure 4) for 4 months and later sent for analysis.

Extraction procedure of arecanut by reflux method

AN extraction of all four forms were carried out at DR Bioscience’s
laboratory, Bangalore by reflux method. The course powder of the
nuts were prepared, out of which 1kg of roasted, 500gms of unripe,
300gms of ripe and 300gms of dried were used for extraction process
in four different one liter round bottom flask. For all four forms reflux
of the same compounds at 60°C were done for 4hrs using methanol
as a solvent. After 4hrs the solvent was removed and the same
protocol was followed until a clear solution was obtained. Later entire
solution from the flask was collected separately and these solutions
were concentrated by reducing the pressure in a glass bottle and sent
for analysis. Major constituents of AN like carbohydrates, proteins,
tannins and alkaloids was carried out. Copper analysis was done
using scanning electronic microscope.

Estimation of total carbohydrates by anthrone method

Standard working solution of 10 to 100l (10pug-100ug) was taken
in six different test tubes. Volume was brought up to 100yl in each
test tube by adding water; later 400pl of anthrone reagent was added
and mixed well. The test tubes later were incubated in the water bath
for 8mins, and then cooled at room temperature and measured the
optical density by photoelectric calorimeter at 630nm or red filter
can be used. A blank solution with 4ml of anthrone reagent and1ml
was prepared. Calibration curve was constructed on a graph paper by
plotting absorbance at 630nm on the y-axis and glucose concentration
of 10pg-100ug on X-axis. Sugar concentrations in the sample from
the calibration curve was computed [15].

Figure 1: Unripe form of Arecanut.

r

Figure 2: Ripe form of Arecanut.

Estimation of total protein by Bio-Rad DC assay

Preparation of working reagent (as per company protocol):
20ul of reagent S added to each ml of reagent that will be needed
for the run. Bovine serum albumin was weighed accurately 100mg
and transferred it into a clean 100ml volumetric flask, dissolved with
distilled water and made up the volume till 100ml. From this 10,
20, 40, 60, 80, 100ul was pipetted into clean microliter plate whose
corresponding concentration ranged from 10ug -100ug. 25ul of
sample was transferred into the microtiter plate (sample preparation
same as in tannin estimation) and 25pl of reagent A was added into
each well followed by 200ul of reagent B and incubated the plate for
15mins at room temperature. The absorbance was read at 750nm
against blank [16].

Estimation of total tannin content by spectrophotometric
method

Preparation of Standard solution of gallic acid: Stock solution
was prepared by taking100mg of Gallic acid, which was transferred
to volumetric flask of 100ml, and the concentration was made up to
100mg/100ml with water. From this stock solution, working solution
was made by transferring 10ml to 100ml of stock solution and final
volume made up with distilled water to 100pg/100ml. From this the
different concentration i.e., 1-10ug/ml was prepared [17].

Preparation of Standard curve: Transferred different volumes
ranging from 10ul-100ul corresponding to the concentration 1-10C/
ml into clean microtiter plate of 96 wells and volume was made until
100ul with distilled water. To this 50ul of Folin-phenol reagent was
added followed by 70pl of 700mM sodium carbonate solution to
each wells. The reagents in tube were mixed and kept undisturbed
for about 30mins at 37 °C. The absorbance at 760nm against blank
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Table 1: Shows the chemical composition of arecanut in its different forms.

Arecanut Total Carbohydrate Total Arelcoll.ne Total Alk§I0|QS Total Protein Total Tannin Total Copper
Lo Concentration in % | Concentration in % S - Concentration by
form Concentration in % Concentration in % = Concentration in % weight
Unriped 1.287879 0.052241035 0.062048193 0.039808 2.929166667 2.07
Riped 1.668182 0.075532497 0.139759036 0.079615 6.572916667 3.31
Dried 1.856818 0.037091668 0.061445783 0.031058 0.280492091 3.63
Roasted 0.759091 0.044850856 0.064457831 0.045385 3.56875 3.30
was read.

Estimation of alkaloids by bromocresol green method

Sample preparation: 100mg AN extract was dissolved in 2ml of
2N HCI and then filtered. Iml of the solution was later transferred
to separator funnel, washed in 10ml chloroform thrice. Neutral pH
was maintained by adding 0.1N NaOH to the solution. Then 5ml of
phosphate buffer and 5ml of bromocresol green (BCG) solution were
added. The mixture was mixed and the complex which was formed
was extracted with 1,2,3 and 4ml of chloroform. The extracts got were
collected in 10ml of volumetric flask and diluted with chloroform.
The absorbance was measured at 470nm [18].

Estimation of total arecoline content using HPLC

It was done by subjecting the prepared sample to the HPLC
method, the Arecanut extracts in its different forms were weighed
accurately and dissolved and diluted with methanol to obtain the
required concentration. All the solutions of extracts and standards
were filtered through a 0.45um Millipore syringe membrane filter and
analyzed using HPLC (High Performance Liquid Chromatography).
The extraction protocol and the preparation of sample for the
quantification of arecoline were carried out for each sample prepared
in triplicates [18].

Estimation of total copper content

Sample preparation: Samples of fine-grained Arecanut fragments
were mounted on Scanning Electron Microscope (SEM) mount for
eventual electron microscopy. Surface analysis was done using SEM
which was equipped with X-ray spectroscopy for energy dispersion
and operated at a voltage of 15kV, current 8-10nA, beam diameter
of 6nm, vacuum chamber pressure of 50Pa. The spectral lines
were identified by spectral decomposition along with holographic
deconvolution using deconvolution targeted peak function [19].

Results

Our results showed variations in the composition of arecanut in
its different forms (Table 1). Total carbohydrate content was highest
in dried form followed by riped and unriped whereas least in roasted
form. Total protein content were highest in riped form and least in
dried form. The tannin concentration were highest in riped form
followed by roasted and unriped whereas least in dried form. The
total alkaloids composition was highest in riped form and least in
dried form. Copper content was maximum in dried form and less in
unriped form.

Discussion

Arecanut is one of the important and a major cash crop
agricultural product in many parts of the world and its production
is localized to few states in India. It is one of the significant crop

Figure 3: Roasted form of Arecanut.

Figure 4: Dried from of Arecanut.

grown in Western and Eastern Ghats, North and East parts of India
including Karnataka, Kerala, Assam, Meghalaya, Tamil Nadu and
West Bengal. Karnataka leads the production of arecanut in our
county accounting for 43% area wise and 46% production wise
followed by Kerala showing 24% and 23% respectively. The areas of
Shimoga Chikkamagaluru, Tumbkur, Uttara and Dakshina Karnataka
are the places where AN production is seen. Shimoga ranks first in
the area (23%) and production (21%) of AN in Karnataka followed
by Chikkamagaluru. The two major varieties of processed form of
AN, Chali or the sun dried type and Red or boiled type available.
Chaliis mainly produced in Dakshina Karnataka and parts of Uttara
Karnataka.

Literature shows studies and reviews done to analyse the contents
of raw and processed forms of AN, but we did not come across any
studies done to analyse the composition during the different stages of
AN. Hence we analysed the important constituents of AN during its
various forms. The relative amounts of these constituents are variable
in different regions as well as in dry or raw/wet forms of AN. Climatic
conditions and geographic growth of this tree along with stages of
maturity of nut and methods of curing are also one of the reasons that
show differences in the constituent compositions [20,21].
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Alkaloids being one of the important constituent of AN are
reduced pyridines. These contains several alkaloids, of which 4
alkaloids are important namely arecoline, arecaidine, guvacine and
guvacoline which are related chemically. Amongst these arecoline
(1,2,4,5-tetrahydro-1-methyl-pyridinecarboxylic acid) is the major
alkaloid and is known to have many effects on human system
followed by arecaidine. Other alkaloids like arecolinidine, guvacine
and guvacoline are also seen in small traces [20]. Arecoline and
guvacoline are converted into arecaidine and guvacine under alkaline
conditions, respectively [22]. Jayalakshmi & Mathew (1982) studied
the composition in ripe and unripe nut where the ripe nut showed
high arecoline content [23]. Huang & McLeish (1989) studied the
alkaloid content in the nuts from Darwin, Australia where arecoline
and arecaidine concentration was more than the other two [24].
Our results were similar in comparison with Huang study where the
ripen form possessed the highest alkaloid content(0.13%). Alkaloids
including arecoline content was reduced following processing of the
nut in our study. However, the composition of these alkaloids vary
following processing of the nut by different methods in different
regions. Boiling of AN in the liquor obtained from previous year
boiling liquid increase the alkaloid content of treated nuts [9].
Freezing or cold storage of AN does not change the amount of these
alkaloids. These alkaloids may be converted to derivatives, which
produce diazohydroxide derivatives, which has been demonstrated in
the saliva of betel quid chewers [25].

Flavonoids and tannins are the prominent polyphenols found in
AN. During mastication of AN or betel quid, these polyphenols are
oxidized due to which the teeth, saliva and lips confers red colour
[26]. Amongst the polyphenols, tannins comprise of large portion
in the dry nut, which can precipitate proteins. This precipitation is
responsible for the astringent taste of the nut. Its content in AN varies
based on the degree of the nut maturity and the methods chosen
for processing according to Raghavan and Baruah [13]. A study
conducted by Awang showed roasted nut contained high tannin
content (21.4%) and least in boiled nuts (17%). Our results were in
contrast with Awang results where tannin content was highest in ripe
form (6.57%) and least in dry nut (0.28%) [27].

In the present study total protein and carbohydrate percentage
was analysed. Carbohydrate content was seen highest in dried nut
(1.85%) and least in roasted form (0.75%). Proteins were maximum
in ripe form(0.079%) of AN and least in dried form (0.031%) of
AN. Jayalakshmi et al. conducted a study to analyse the chemical
constituents of unripe and ripe form of AN where the carbohydrate
content was high in ripe form compared to unripe form and protein
content was more in unripe form than ripe form. These results were
in contrast with our study [23].

AN has also known to contain Sodium, magnesium chlorine,
calcium, manganese, copper, vanadium and bromine [28]. In our
study, we analyzed copper content in samples of different forms
of AN and reports have shown copper concentration in AN to be
much higher than other nuts consumed by humans [14]. The average
concentration of the copper in the processed samples of commercially
available AN was 18 + 8.7ug/g [29] Gopalan et al. reported that the
content of copper in processed AN from was 2.5 times more that of
raw nut [30]. Commercially available form of AN showed high copper
content in studies conducted by Mathew et al and Shakya et al. [9,31]

Our reports showed dried form of AN with high copper content and
least in unripe form which meant the percentage increased as the
maturity of AN changed.

An overview of the analysis report obtained from our study
showed presence of tannins to be maximum (6.5%) followed by
copper (3.6%) and least being proteins (0.03%). AN analysis in
different forms found that the overall percentage of carbohydrates,
proteins, tannins and alkaloids including arecoline were highest in
ripe form of AN. The unripe form of AN contained least protein
and tannin content. The carbohydrate content was in between ripe
and roasted forms. Roasted nut possessed the least carbohydrate
content, whereas tannin and protein content was lesser than ripe and
higher than unripe form. Dried form contained highest amount of
carbohydrates and copper, while it showed least concentration of
alkaloids, proteins and tannins.

Conclusion

In conclusion, our reports showed the percentage of the major
phytochemical constituents and copper content of Arecanut varied
during its different maturity stages. Ripe areca nut contained high
amounts of tannins, proteins and carbohydrates. Consuming of ripe
nuts seems to have deleterious effects on oral tissues as the alkaloid
content, which is known as the causative substance for sub mucous
fibrosis was more in ripe form. The alkaloids, flavonoids and trace
elements from areca nut are known to have both beneficial and ill
effects on our system. This depends on the percentage of these
constituents present in the nut also the amount consumed. With this
scenario, it is only prudent to consider that the causative substance
or element is maximum in ripe form, but still cannot be concluded.
Further studies are required to know the role and exact mechanism of
these individual constituents on human body which might help us in
utilization of this nut to treat diseases.
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