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ABSTRACT

Seed of Areca catechu commonly known as ‘Areca nut’ or ‘Betel nut” belongs to Arecaceae family. It is
native to Malaysia and cultivated in subtropical region of South China and India for their economically
important seed crop. Areca nut is reddish to light yellowish brown, hard, ovoid, ellipsoidal or globose,
internally are mottled with ruminated brownish endosperm tissue alternating with white tissue. In the
Indian traditional medicine system Areca nut has been considered one of the important single drug which
is therapeutically useful in a number of formulations of Ayurveda, Siddha and Unani preparation. The
presence of bioactive phytochemicals in medicinal plants is mainly responsible for various
pharmacological properties. It has been widely accepted that medicinal plants are safe and effective
treatments for various diseases and ailments. Several pharmacological activities such as antimycotic,
antifungal, antiviral, antibacterial, anti-inflammatory, immunomodulatory, hypoglycemic and
antioxidant activities are attributed to it. In classical literature of Unani system of medicine, Areca nut is
commonly called ‘Fufal’ and considered astringent, diuretic, emmenogogue, nervine tonic. Local
application is useful in acute inflammation, trachoma, sialorrhea, gingivitis and as a tonic for heart. In
the current scenario, standardizing herbal materials at a rapid pace has become a major challenge due to
the growing demand for herbal medicines. Although herbal drugs are generally effective, and
their effectiveness can be impacted by adulteration and lack of standardization. The present study is
focused on authentication of the Areca nut by developing different pharmacognostic standards such as
macroscopy, microscopy, physicochemical analysis and HPTLC fingerprinting. The majority of the
market sample are either contaminated by cancer-causing fungi or adulterated with harmful chemicals,
pesticides, and heavy metals that known to cause several health problems on human beings. So, the drug
was also evaluated for several quality parameters, like heavy metals, microbial load, aflatoxins, and
pesticides. The current study data can serve as reference standards for verifying Areca nut's purity,
safety, and effectiveness.

Keywords: HPTLC, Quality control, Phytochemical analysis, Aflatoxins and Pesticides, Areca nut.

INTRODUCTION

The use of herbal drugs is increasing tremendously over the past three decades. The use of substitutes or
adulterants as a result of the growing demand of herbal medicines is putting the safety as well as
effectiveness of herbal drugs at risk [, Herbal drugs are a key factor in pharmaceutical preparation.
Consequently, to ensure the authenticity and purity of the crude drug, it would be beneficial to establish
scientific standards for herbal medicine (21,

Areca catechu L. is a slender, stemmed, perennial palm with about 25 m long trunk. Leaves 8-12 in
numbers, light green to green, 1.3-2.7 m long including petiole, fascicles at the top of the stems. The
flowers are fragrant, yellow in colour, hermaphroditic, clustered in inflorescences "8l It is an
economically important seed crop which cultivated in the Southern India coastal regions, Assam and
Bengal during February to March or May to June up to an altitude of 2000 m. The fruits are collected in
November to December or March to June and seeds are sun dried for use. The plant is naturally occurred
in India, Taiwan, Malaysia and many other Asian countries [%10],

Areca nut contains two important alkaloids namely arecaidine and arecoline. Besides this, more than 60
compounds i.e. alkaloids, flavonoids, isorhamnetin, chrysoeriol, luteolin, quercetin, catechuins,
epicatechuins, arborinol, fernenol, arundoin, palmitic acid, myristic acid, lauric acid, oleic acid, stearic
acid, p-hydroxybenzoic acid, resveratrol, ferulic acid, vanillic acid etc. have been isolated and identified
from this plant [1:-14], It has carries various pharmacological activities include antimycotic, antifungal,
antiviral, antibacterial, anti-inflammatory, immuno modulatory, hypoglycemic and antioxidant activities
(15181 Traditionally Areca nut is used for treatment of multiple disorders such as malaria, arthritis,
beriberi, flatulence, diarrhea and dysentery, high blood pressure, inflammation, flatulence [20],
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In Ayurveda, the plant is stimulant, astringent, diuretic, wound
healing, purgative, and digestion-promoting 24,

In the Unani medicinal system, Areca catechu is a medicinally
significant plant. In Persian, Areca nut is known as Supari and Fuful
in Urdu. It is cold and dry in second grade in context of its
temperament. In Unani system it is considered astringent (Qabiz),
diuretic (Mudirr-i-Bawl), emmenogogue (Mudirr-i-Hayd) and nervine
tonic (Mugawwi-i-4 sab) and local application is beneficial for the
acute inflammation (Waram al-Haar). It helps in maintaining the tone
of organs. It works as a tonic for heart (Qalb) and beneficial in
trachoma (Jarab al-‘dyn), sialorrhoea (Kathra al-Lu‘ab) and
gingivitis (Waram al-Litha). Areca nut is important part in various
unani formulation viz. Habb-e-Jiryan, Habb-e-Mugawwi, Majoon
hafiz-ul-Janeen, Habb-e-Leemu, Habb-e-Tayyab-ul-Nikhat, Habb-e-
Mamool, Qurs-e-Waj-ul-Uzn [2221 Keeping view of diverse
medicinal uses of Areca nut, the present study was conducted to
identify and authenticate the drug through various pharmacognostical
parameters.

MATERIAL AND METHODS
Collection and authentication of crude drug

The drug was procured from various places in Delhi and Ghaziabad
markets. After cleaning and washing, the samples were dried under
the shade at room temperature. The dried crude drug was finely
powdered and kept for later use in airtight container. The drug was
identified by botanists using pharmacopeial standards [24-261,

Organoleptic evaluation

Various organoleptic characters of the herbal drug were assessed on
the basis by color, odor, taste, texture, etc [26-28],

Physicochemical Parameters

The physicochemical parameters of Areca nut included moisture
content, ash values (total ash and acid insoluble ash), extractive values
(solubility in water, ethanol and hexane), pH values (1% & 10%
aqueous solution) were analyzed as per standard methods 2939,

Sample Preparation for HPTLC analysis

The extraction of two samples, each weighing 2 grams, was done
separately using 30 mlof ethanol and chloroform through the
sonication process for 30 minutes. The extracts were filtered using
Whatman filter paper no. 1 and concentrate them up to 10 ml under
vacuum at 50°C. Then, aluminium TLC plate pre-coated with silica
gel 60 F 254 (E. Merck) by employing CAMAG Linomat IV
automatic sample applicator and 10ul of ethanol extract was applied
on it. The plate was developed up to a distance of 9 cm by using 10 ml
of the solvent system Toluene: ethyl acetate: formic Acid (9: 1: 0.5) as
mobile phase. At room temperature, the plate was air-dried and then
examined under ultraviolet light at wavelengths 254 nm and 366 nm.
Then the plate was heated at 105°C after being immersed in a 1%
vanillin-sulphuric acid reagent until coloured bands emerged. The
plate was finally examined under visible light. Furthermore, the
chloroform extract was applied to a different TLC plate in the same
way and the process was repeated as for the ethanol extract [3% 3233],

Quality control analysis

The herbal products are used worldwide by a large number of people
assuming as effective and safe treatment. This trust of the people
impels the scientific world to do equitable quality check on herbal
materials. Different quality control parameters, like microbial loads,
heavy metals, pesticide residues and aflatoxins were carried out for
determination of quality of the drug. The standard method was
employed to calculate microbial load BY. The heavy metal and
aflatoxins were detected using Thermo Fisher's Atomic Absorption

Spectrophotometer and Thermo Fisher's HPLC [, A Triple
Quadrupole GC-MS/MS system (Thermo Fisher) was utilized to
detect pesticide residues as per standard methods [33.34,

RESULTS
A) Classification and vernacular name

As per the latest system of classification 33 Areca catechu L. syn. A.
faufel Gaertn, A. hortensis Lour, A. cathechu Burm.f. is from
Arecaceae family. It is commonly known as ‘Areca nut’ or ‘Betel
nut’ and known by different vernacular names at different
geographical regions. These are as following [36],

Urdu — Fufal, Choalia; Assamese — Tamol, Tamul; Andamans —
Ahbuddah, Ahpur-ruddah; Bengali — Supari, Gua; English — Betle nut,
Areca nut; Gujrati — Sopari; Hindi — Supari; Kannada — Adiks;
Konkani - Fufal, Maddi, Supari; Kashmiri — Spari, Supari;
Malayalam — Pakku, Adakku; Marathi — Pophal, Supari; Oriya —Pugo,
Supari; Persian — Girdchod, Popal, Pupal; Punjabi — Supari, Spari;
Sanskrit — Kramuka, Gho; Sinhalese — Puvakka, Pwak; Tamil —
Pakku, Kamugu, Pakhumaram; Telugu — Poka, Paka chekka, Pugamu,
Vakka.

B) Pharmacognostic study

The correct identification of crude drugs requires standardization. In
this study the quantitative determination of some Pharmacognostic
parameters viz. botanical identification and authentication through
macroscopy and microscopy analysis; physico-chemical parameters
viz. total ash and acid insoluble ash value, water and alcohol
extractive values, pH, loss in weight on drying; HPTLC finger
printing; quality control parameters such as detection of heavy metals,
aflatoxins and pesticide residue etc. were performed for setting
standards for Areca nut.

Botanical identification and authentication

Macro-morphological study of crude drug is often the first step in the
authentication of plant species which completed by analysis of various
organoleptic characters such as smell, colour, taste etc;
whereas microscopical study brings complementary information of
the herbal drug [,

Macro-morphological characteristics

Areca nut is a very hard, coarsely rounded, slightly conical, externally
pale, smooth, reddish to light yellowish brown, 3 to 5 cm long and 2
to 3 cm wide at the base, marked with a network of paler lines; seed
hard with ruminated brownish endosperm tissue alternating with white
tissue; a semi-circular light brown scar of hilum lies just above the
micropyle (Figure 1A).

Microscopic characteristics

A transverse section of seed shows tangentially elongated, several
rows cells of seed coat, with more or less thickened inner walls,
endosperm tissue abundant and composed of large polygonal whitish
cell with irregularly thickened porous walls, occasionally containing
aleuronic grains and oil globules; sub-epidermis lignified, consisting
of 4 to 5 rows of tangentially elongated sclereids with wide lumen;
peg like ruminations of perisperm consisting of radially elongated
cells filled with tannin penetrates throughout the endosperm; vascular
strands traverse throughout the perisperm (Figure 2).

Organoleptic features

The organoleptic evaluation is crucial for ensuring the authenticity,
identity, and purity of herbal drugs. The powder of Areca nut is
reddish brown to light brown, astringent and slightly bitter in taste
without any odour (Figure 1B).
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Powder microscopic analysis

The powder microscopy of the Areca nut showed various diagnostic
characters. The microscopic characters of drug consist endosperm
tissue with porous walls containing oil globules and aleurone grains;
fragment of stone cells of endocarp associated with cells of mesocarp;
perisperm filled with tannin; tangentially elongated thick-walled cells
of the epidermis containing brown pigment; fragment of epidermal
cells; spiral vessel; rhomboidal crystals; transversely cut subepidermal
sclereids, isolated or group of subepidermal lignified, pitted stone
cells (Figure 3&4).

Physicochemical analysis

The physicochemical analysis of herbal drugs is a vital role in
detecting any adulteration or improper handling of drugs. The
physicochemical data of Areca nut is depicted in Table 1. The
quantitatively assessment data of drug showed that the moisture
content was low as the loss in weight on drying at 105°C occurred
between 10.25 — 10.80 %. The total ash value of the drug sample was
2.45 - 2.75% and the acid insoluble ash ranges 0.32 — 0.50 % which is
within the limit. The hexane soluble extractive values and water-
soluble extractive values of Areca nut were lower ranged between
8.85-9.22% and 14.90 — 15.38 % respectively and followed by the
ethanol extractive values which were moderate ranging between 22.10
— 21.65% indicating the polar constituent’s extraction. The pH values
fall in the range of 5.90 — 6.48 which indicating slightly acidic nature
of the aqueous extract.

HPTLC Profile

HPTLC finger printings of Areca nut for chloroform and ethanol
extracts developed and were scanned at two wavelengths UV 254 nm,
UV 366 nm and under white light after derivatization. The results
were consistent as all drug samples had similar colourful bands with
replicated Rf values which indicating the consistency of the results
(Figure 5&6).

C) Quality Control Parameters

The quality of the herbal ingredients is an essential component to
maintain the efficacy of herbal products ¥l. The assessment of harmful
toxins in medicinal plants is crucial to ensure their safe consumption
by humans. The quality control parameters result of microbial load,
aflatoxins, pesticide residue and heavy metals analysis are
respectively shown in Table 2, 3,4 & 5.

Heavy metal analysis
The use of medicinal plants has been noted as a potential source of

heavy metal toxicity to both humans and animals 7. It is
recommended by the World Health Organization to examine
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medicinal plants used in herbal remedies for the presence of heavy
metals. Even at low concentrations, heavy metal can still have a toxic
or poisonous effect on human health and can lead to various deadly
diseases. The content of heavy metal in Areca nut was not detected
which indicated that the drug was free from heavy metal
contamination. The results for heavy metal analysis are shown in
Table 2.

Microbial load

Microbial load analysis of crude drug is a tool for determining if the
spoilage causing microorganisms are within acceptable levels. The
analysis is done to evaluate total fungal count, the total bacterial count
like E. coli, Salmonella spp., Pseudomonas aeruginosa, and
Staphylococcus aureus. The analysis resulted that the drug is free of
any microbial growth and safe for human consumption as shown in
Table 3.

Aflatoxins

Aflatoxins are toxic metabolites produced by a variety of molds such
as Aspergillus parasiticus, A flavus. and A. nomius. The results reveal
that there are no aflatoxin contents (B1, B2, G1, and G2) in drug
samples. The analysis of aflatoxins in the drug has been presented in
Table 4.

Pesticide residue

Medicinal plants have been found to possess pesticides, which are
primarily applied to crops to protect plants from various pests.
Growing agricultural produce without using pesticides is a challenge
nowadays. According to WHO guidelines, pesticide residues in herbal
drugs must be in permissible limits. There are concerns about this fact
and scientific investigation is necessary to assess the health hazards
more accurately. The pesticide residues were estimated by analysing
the drug through a GC-MS/MS system, and the results confirmed
below the quantification limit. The pesticide residues results are given
in Table 5.
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Figure 3: Powder microscopy of Areca nut showed different type of cells. (A) Fragments of endosperm tissue with porous walls containing oil globules and
aleurone grains in surface view, 40x; (B) Stone cells of endocarp associated with cells of mesocarp, 40x; (C) Perisperm filled with tannin in surface view, 20x; (D)
Tangentially elongated thick-walled cells of the epidermis containing brown pigment, 40x; (E) Epidermal cells surface view, 20x; (F) Group of pitted stone cells,
40x; (G) Group of transversely cut subepidermal cells, 40x; (H) Spiral vessel, 40x; (I) Stone cell, 40x; (J) Rhomboidal crystals, 40x; (K) Isolated subepidermal

lignified stone cell, 40x
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Figure 4: Digramatic representation of different type of cells found in powder microscopy of A. catechu. (A) Fragments of endosperm tissue with porous walls
containing oil globules and aleurone grains (in surface view); (B) Perisperm with tannin in surface view; (C) Tangentially elongated thick-walled cells of the
epidermis containing brown pigment; (D) Stone cells of endocarp associated with cells of mesocarp; (E) Rhomboidal crystal; (F) Epidermal cells surface view;
(G) Group of transversely cut subepidermal cells; (H) Isolated or group of subepidermal lignified, pitted stone cells; (I) Spiral vessels.
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Figure 5: HPTLC of Chloroform extracts of Areca nut
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Figure 5a) HPTLC densitometry chromatogram of chloroform extracts (03 batches) at UV 254 nm
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Figure 5b): HPTLC densitometry chromatogram of chloroform extracts (03 batches) at 366nm
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Figure 6: HPTLC of Ethanol extracts of Areca nut
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Figure 6a: HPTLC densitometry chromatogram of ethanol extracts (03 batches) at 254 nm
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Figure 6b): HPTLC densitometry chromatogram of ethanol extracts (03 batches) at 366 nm
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Figure 6¢): HPTLC densitometry chromatogram of ethanol extracts of Fufal (03 batches) under white light after derivatization
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Table 1: Physico-chemical parameters

Table 5: Pesticide Residue Analysis.

S. No. | Parameters Values S Resul Permissible
* | Pesticide ( . ) | timit
i 9 . No. m
1 Foreign Matter (%) 1.85 g/Kg (Mg/Kg)
2 Loss in weight on drying at 105° C (%) 10.25 - 10.80 1 Alachlor BLQ 002
3 Total Ash (%) 245-275 Aldrin (Aldrin and dieldrin combined
_ 2 S BLQ 0.05
4 Acid insoluble ash (%) 0.32-0.50 expressed as dieldrin)
5 Ethanol Soluble Extractive (%) 21102165 8 | Azinophos-methyl BLQ |10
6 Water Soluble Extractive (%) 14901538 4 | Bromopropylate BLQ |30
i 5 Chlordane (cis, tans and BLQ 0.05
7 Hexane Soluble Extractive (%) 8.85-9.22 oxychlordane) .
8 pH 1% Soln. 6.48 6 Chlorfenvinphos BLQ 0.5
pH 10% Soln. 5.90 7 Chlorpyrifos BLQ 0.2
8 Chlorpyrifos-methyl BLQ 0.1
L 9 Cypermethrin (and isomers) BLQ 1.0
Table 2: Heavy Metals Estimation - -
10 DDT (all isomers, sum of p,p’-TDE BLQ 1.0
3 WHO Limits for (DDD) expressed as DDT)
No. Heavy metals Result internal use 11 Deltamethrin BLQ 0.5
1. Arsenic Not Detected 10 ppm 12 Diazion BLQ 0.5
2. Cadmium Not Detected 0.3 ppm 13 Dichlorvos BLQ 1.0
3. Lead Not Detected 3.0 ppm 14 Dithiocarbamates (as CS2) BLQ 2.0
4. Mercury Not Detected 1.0 ppm 15 Endosulphan (sum of isomers & BLQ 30
Endosulphan sulphate
16 Endrin BLQ 0.05
Table 3: Microbial load 17 | Ethion BLQ 2.0
S 18 Fenitrothion BLQ 05
) Microbial load
No. 19 Fenvalerate BLQ 15
1 Total aerobic bacterial Count (TABC) 1.2x103 CFU/gm
2 Total yeast and molds count (TYMC) 9.2x10? 20 | Fonofos BLQ 0.05
21 | forir e ® oo | oos
Enterobacteriaceae members B B
— - 22 Hexachlorobenzene BLQ 0.1
1 Escherichia coli ND -
23 Hexachlorocyclohexane isomer (other BLQ 03
2 Salmonella sp. ND than y) '
3 Shigella sp. ND 24 | Lindane (y — Hexachlorocyclohexane) | BLQ 0.6
4 Klebsiella sp. ND 25 Malathion BLQ 1.0
Specific objectionable pathogens 26 | Methidathion BLQ 0.2
1 Pseudomonas aeruginosa ND 27 | Parathion BLQ 0.5
2 Staphylococcus aureus ND 28 | Parathion methyl BLQ 02
3 Candida albicans ND 29 Permethrin 0.14 1.0
Aflatoxin producing fungi 30 | Phosalone BLQ 0.1
1 Aspergillus flavus ND 31 Piperonyl butoxide BLQ 3.0
2 | Aspergillus parasiticus ND 32 | Pirimiphos methyl BLQ 4.0
33 Pyrethrins (sum of isomers) BLQ 3.0
Quintozen (sum of Quintozene,
Table 4: Aflatoxins analysis. 34 | pentachloroaniline and methyl BLQ 1.0
pentachlorophenyl sulphide)

S. No. Aflatoxins
1. B ND
2. B, ND
3. G, ND
4. G2 ND

* BLQ — Below limit of quantification
DISCUSSION

The majority of plant-based herbal preparations in Indian traditional
medicinal systems like Ayurveda and Unani uses the crude herbal
drug in powder form. Since the ultimate goal of the herb drugs are
safety and efficacy, the correct identification of the raw material is an
essential component to ensure the reproducible quality of the herbal
drugs B8, Herbal products supplied to the market are often in a
shredded, rolled, twisted, and distorted state without adequate
identification or trade names. The taxonomical identification of herbal
drugs based on macro-morphological characters. However, unlike
macro-morphologically identification, pharmacognostic analysis of

227



The Journal of Phytopharmacology

herbal drugs are effective in detecting adulteration in powder 9,
Consequently, macro-morphological findings can be validated and
authenticate by pharmacognostic protocols like organoleptic
characters, micro-anatomical & powder microscopic analysis,
physiochemical analysis, which will help in identifying genuine drugs
because these analysis result in specific results for a particular drug
4041 All these pharmacognostic parameters are important in
compilation of modern monographs.

Authenticating and standardization of crude herbs through anatomical
diagnostic tool is the first and fundamental step [“2%1. The
microscopic analysis of Areca nut revealed several anatomical
features that are peculiar and useful for diagnostic purposes.
Transverse section of seed reveals the characteristic features of Areca
nut having hard seed coat with ruminated brownish endosperm tissue
alternating with white tissue, having a semi-circular light brown scar
of hilum lies just above the micropyle 5. The power microscopic
study of nut observed to have endosperm tissue with porous walls
containing oil globules and aleurone grains which are of diagnostic
importance in microscopic examination of Areca nut.

Physicochemical parameters studied are helpful in setting standards
for a crude drug as these parameters are mostly constant for a
particular plant [ Physicochemical parameters analysis for
medicinal plants started with analysis of foreign material present in
raw herbal products which helps to determine the adulteration. The
foreign matter value in present study is less than 2%; hence Areca nut
sample passes the pharmacopoeial limit. Determining the moisture
content is important because herbal drugs that include moisture are
more likely prone to degradation or deterioration. The percentage of
moisture content ranging from 10 - 20% shows an ideal range for
minimum bacteria as well as for fungal growth 6. The moisture
content in Areca nut drug sample was low (nearly 11 %) which is apt
and unlikely to induce any deterioration during storage. The ash
content is another important parameter which helps to measure of
inorganic impurities in the herbal drugs i.e the presence or absence of
foreign matter such as metallic salts and/ or silica 781, The total ash
value and the acid insoluble ash values of Areca nut were found to be
relatively low, which suggests that there is a low level of foreign
matter contamination. Extractive values of sample were high for
ethanol soluble than water and hexane soluble extractives which
suggest that the sample were more soluble in ethanol than water and
hexane. Similarly, HPTLC analysis of Areca nut may serve as a useful
data for the standardization of the drug. The analysis for safety and
toxicity evaluation proclaims that the sample of Areca nut was free
from any biotic and abiotic contaminants viz., aflatoxins, heavy
metals and pesticide.

CONCLUSION

The development of pharmacopoeia standards for Areca nut are based
on result of macro-microscopic analysis, physicochemical profiling
and HPTLC fingerprinting. Areca nut is an important medicinal plant
in  various Ayurveda and Unani  formulation.  Thus,
the current study contributes to the authentication of ~ crude  drug
purchased from the market for the accurate identification of plant
ingredients which leads to the ensuring of safety, efficacy and purity
of this medicinal plant. As the demand for herbal drugs are growing
day by day due to increasing of reliance on herbal products, it is
proposed that the present standardization tools for Areca nut will help
in sustaining the quality of many herbal preparations.
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