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ABSTRACT

Piper betle L. leaf a heart shaped evergreen medicinal herb is traditionally used for the treatment of various diseases.
The raw leaves as well as its extract shows significant antimicrobial activity, bactericidal activity, antifungal activity,
immunosuppressive activity, anticancer activity, antiseptic, anti-inflammatory and anti-helminthic effects and are also
used to prepare many Ayurvedic medicines. Ehanol extract of Piper betle L. leaves were prepared and its antimicrobial
activity against gram positive and gram-negative bacteria were investigated. It was found that the leaf extract was
effective against gram positive and negative microbes. The phytochemical analysis showed the presence of
phytochemical compounds Flavinoids, Tannins, Steroids and Terpenoids. The presence of these phytochemical
compounds suggests the possibility that phenolic compounds proved to be bactericidal. The experiment relating Piper
betle L. leaves may be taken further in assessing the phytochemical component structure and properties and their role

in bactericidal activity.
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Traditional or herbal medicines are solely dependent by
majority of the world’s population for treatment of various
diseases.in developed and developing countries as well as under
developing countries. Medicinal plants are the “backbone” of
traditional or herbal medicines and have been a resource
worldwide as an alternative or a complementary medicine for
thousands of years for healing in local communities. In most of
the developing countries, the medicinal plants recognized for
medical use have been adopted as traditional medical practice
which became an integral part of their cultures. Indigenous
knowledge systems are passed on from generation to generation
in all cultures around the globe. In the world, nearly 2000 ethnic
groups are available and almost every group has its own
experience and traditional medical knowledge. The major
systems of indigenous medicines practised all over the world
are Ayurveda, Unani, Siddha and Folk (tribal) medicines.
Ayurveda and Unani Medicine are widely practised in India
among these systems. Recently, it was estimated by World
Health Organization that about 80% of the population in this
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world rely on traditional or herbal medicines for their primary
healthcare needs and solving the health issues [1-5].

Human race totally depends on various plants parts such
as fruit, flower, bulb, gel, leaves, roots, barks peels, buds, etc.
for their existence and survival not only for food but also for its
medicinal properties like acting as blood purifier, inhibiting
allergic reactions, healing burns and wounds, preventing
various diseases, stimulating digestion and appetite, possessing
anticancer activity, etc. From ancient times, forests are well
known to be a large reservoir of medicinal plants as well as
aromatic plant used for manufacturing drugs and perfumery
products. In the quest of developing novel drugs, modern
researchers as well as pharmaceutical companies are making
use of all the information related to medicinal plants and herbal
medicines which are considered to be a source of bioactive
agents in the preparation of synthetic medicine [6-8].

With the evolution of wide range of antimicrobial
resistant bacterial strains Gram-positive and Gram-negative
bacteria it has become vital to develop novel antimicrobial
compounds to fight these superbugs. The phytochemical
components present in medicinal plants such as flavonoids,
alkaloids, tannins, and terpenoids possess antimicrobial and
antioxidant properties [9-11]. The plants extract of various
medicinal plants exhibit antibacterial, antifungal and antiviral
activities. The heart shaped Piper betle Linn (Piperaceae) leaf
is well known for its heart-related curative properties, regulates
irregular heart beat and blood pressure, digestive and pancreatic
lipase stimulant activities, smooth and skeletal muscles relaxant
actions. It is applicable in many ayurvedic preparations and
treatment of various diseases like bad breath, boils and
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abscesses, conjunctivitis, constipation, headache, itches,
mastitis, mastoiditis, leucorrhoea, otorrhoea, swelling of gum,
rheumatism, bronchitis, cuts and injuries, respiratory catarrhs
and antiseptic. The Piper betle L. (Piperaceae) leaves and its
extract shows significant antimicrobial activity, bactericidal
activity, antifungal activity, immunosuppressive activity,
anticancer  activity, antiseptic, anti-inflammatory and
antihelminthic effects against broad spectrum of micro-
organisms, urinary tract pathogenic bacteria, ringworms, many
fungal infections and autoimmune disorders such as rheumatoid
arthritis, systemic lupus erythomatous or emphysema. The
bioactive molecule sterol present in Piper betle L. (Piperaceae)

leaf extracts is observed to be responsible for anti-bacterial
activity [12-14].

Piper betle L. leaf is a green-coloured smooth heart
shaped (Fig 1) continuing climber belonging to the Family
Piperaceae (Table 1). Piper betle L. (Piperaceae) leaves are
grown in humid conditions of relative high humidity in well-
drained fragile and clayey soils of pH 7-7.5 that are rich in rich
in organic matter It is extensively grown in India, Sri Lanka,
Malaysia, Thailand, Taiwan and other Southeast Asian
countries. In India they are cultivated in the states of Assam,
Andhra Pradesh, Bihar, Gujarat, Odisha, Karnataka, Madhya
Pradesh, Rajasthan, West Bengal and Maharashtra [15-18].

Table 1 Piper betle L. leaves its botanical name, taxonomy and vernacular name

Botanical name Taxonomy Vernacular name

Kingdom Plantae Sanskrit Nagavallari, Nagini,

Division Magnoliphyta Nagavallika, Tambool,

Class Magnolipsida Saptashira, Varnalata

Order Piperales Mukhbhushan,

Family Piperaceae English Betel, Betel pepper,

Genus Piper Betel-vine

Species Betle Hindi Pan : d
Binomial name Piper betle L. Flg 1 Plper betle Linn. leaves

The various constituents of Piper betle L. leaf is shown
in (Table 2). In the present study, ethanol extracts of Piper betle
L. leaves were prepared and qualitative analyses of their
phytochemical constituents and antimicrobial studies were
done to analyze the various phytochemical components of the

plant; examine the antimicrobial effect towards some bacterial
pathogens Escherichia coli, Bacillus subtillis and Klebsiella sp.
and also to assess Minimum Inhibitory Concentration (MIC) on

these bacterial pathogens.

Table 2 Constituents of the Piper betle L. leaf

Constituents Percentage Minerals Vitamins
Water 85-90% Constituents Percentage Constituents Percentage
Proteins 3-3.5% Calcium 0.2-0.5% Vitamin-C 0.005-0.01%
Carbohydrates 0.5-6.1% Iron 0.005-0.007 Nicotinic acid 0.63-0.89mg/100gms
Fat 0.4-1% lodine 3.4ug/100gms Thiamine 10-70pg/100gms
Fibre 2.3% Phosphorus 0.05-0.6% Vitamin-A 1.9-.9mg/100gms
Phenol Potassium 1.1-4.6% Riboflavin 1.9-30pg/100gms
Terpene Alkaloid Essential oil 0.08-0.2%
Tannin 0.1-1.3% Bitter compounds 0.7-2.6%

MATERIALS AND METHODS

Piper betle L. leaves, test organisms Escherichia coli,
Bacillus subtillis and Klebsiella sp.

Solvent
Ethanol, Peptone,
Distilled water, Agar Agar.

Beef extract, Sodium Chloride,

Preparation of Piper betle L. extracts

Fresh and mature contamination free Piper betle L.
leaves were picked up from Bhomolahati village of Bezera
nearby Baihata Chariali of Kamrup (Rural) district, Assam,
India. The leaves collected were first washed and cleaned with
distilled water; air dried at room temperature for one week and
then kept in hot air oven for 2 days at 50°C. These dried leaves
were then grinded into fine powder using Grinder mixer; sieved
and kept in Borosil vials and finally stored in the desiccator for
further use. The Piper betle L. leaf extract was prepared by
mixing 50g of powdered Piper betle L. leaf with 400ml of
ethanol (60%) for 1 hour with frequent stirring followed by
reflux heating for 4 hours at a maximum temperature of 75°C
with continuous stirring. This solution was cooled to room
temperature and then filtered using Whatmann’s filter paper 4.
The extract was concentrated by evaporating it at =70°C to

remove the excess amount of alcohol [19-22]. This extract was

preserved at room temperature (Fig 2).

Leaves washed and

grinded to fine powder

-

Powdered leaves Soaked

In Ethanol ‘

—— 1
T= 1hour

Frequent stirring

Dry and powdered leaves

Refluxed with
continuous stirring

_\ 75°C
T 4 hours

Cooled to room
temperature

Fig 2 Schematic representation of preparation of Piper betle L.
leaf extract

Filter the
Leafextract

Concentrated by
evaporation

Plant extract

Characterization
Qualitative investigation
Phytochemical screening of crude extract

Phytochemical screenings the Piper betle L. extracts
were carried out for to determine the bioactive compounds as
per standard methods [23-27].
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Detection of flavonoids

Ammonia test: A few drops of 1% ammonia solution
were added to extract of leaves in a test tube, the formation of
yellow colour indicates the presence of flavonoids.

Detection of steroids

Leibermann Burchard test: 1ml of extract was dissolved
in 10ml of chloroform and equal volume of concentrated
sulphuric acid was added by side of the test tube. Chloroform
layer turned red and sulphuric layer showed yellow with green
fluorescence which indicates the presence of steroids.

Detection of terpenoids

Salkowski test: 5ml of ethanol extract was mixed with
2ml of chloroform in a test tube. Then 3ml of concentrated
sulphuric acid was added to the mixture to form a layer. An
interface with a reddish-brown coloration indicates the presence
of terpenoids.

Detection of tannins

Ferric chloride test: 0.5 g of powdered leaves was boiled
in 20ml distilled water on a test tube and then was filtered. Then
0.1% of Ferric Chloride was added to the filtered sample. The
formation of a Brownish green or blue-black coloration is an
indication for the presence of tannins.

Quantitative investigation
Preparation of thin layer chromatography (TLC) plates

Dry, clean glass plates were placed over a plane surface.
Slurry of the adsorbent was prepared in water in the ratio 1:2
(W/V). The slurry was stirred thoroughly for 2 minutes and was
poured onto the head glass plates. The slurry was coated over
the glass plates at a thickness of 0.25mm for quantitative
analysis and the plate was left at room temperature for half an
hour and was shifted to the hot air oven for 30 minutes at 100
to 120°C to remove the moisture and active the absorbent on
the plate.

a) Sample application

25cm was left from one end of the glass plate and it was
in equal distances from the edges. The leaf extract was applied
by a capillary tube as a small spot marked as the origin. The
Sample was allowed to dry so that spotting can be done at least
twice for proper resolution.

b) Chromatograph run

The plate was then transferred into the chromatographic
jar with content 40ml of the solvent, chloroform: ethanol (9:1).
The solvent was allowed to run until the last 2mm of the plate.
The plate was then taken out and air dried and the spots were
observed under the UV trans-illuminator (360nm).

Antimicrobial study
Bacterial cultures

Pathogenic bacteria species were isolated and from
clinical specimens such as body fluids like blood, urine, pus,
and ET fluid and diarrhoea samples maintained in our research
laboratory.

Microbial strains and inoculums preparation

Active cultures of bacterial strains were prepared by
inoculating fresh nutrient broth medium with a loopful of cells
from the stock cultures (maintained at 4°C on nutrient agar
medium) for overnight at 37°C. The three Bacterial strains
Escherichia coli, Bacillus subtillis and Klebsiella sp. used in
our experiment was provided by our research laboratory.

Preparation of nutrient media

The nutrient media for bacterial cultures was prepared by
mixing Peptone (5 g/L), Beef extract 3 g/L, Sodium Chloride 5
g/L, Distilled water 1 L, Agar agar (for solidification) at pH 6.5
to revive the bacterial species. The solid nutrient media was
made to plate the bacteria cultures and assess the activity of leaf
extract.

Preparation of Agar plates

The test tubes containing the nutrient media, petri-plates,
cotton and micropipette tips were autoclaved at 121°C for 15
minutes. The autoclaved media (with agar) was poured into the
Petri-plates and kept in the laminar air flow until it is solidified.
For revival of bacterial cultures, the media (without agar) was
taken in the test tubes and then inoculated with a loopful of the
bacterial colonies and incubated in a shaker at 37°C for 2 days
until the media turns turbid indicating microbial growth. The
solidified agar plates were swabbed with revived bacteria
cultures using autoclaved cotton. The leaf extract were
punctured on those plates with the help of a micro tip and
incubated at 37°C for 48 hours to observe the zone of inhibition
[28-33].

Antibacterial assay

Antibacterial activity of leaf extract was carried out
against bacterial strains by well diffusion method. The enriched
cultures were swabbed over Agar plates using sterile cotton
swabs. With the help of cork borer fine wells of 7mm diameter
were made in the solidified agar medium. Each well was loaded
with 25 pL of leaf extracts and incubated at 37°C for 24h after
thirty minutes of pre-diffusion time. The diameter of the
inhibition zones were measured and classified as resistant,
intermediate and sensitive after the incubation period.

Table 3 Qualitative analysis of secondary metabolite of
leaves extract by phytochemical test

Results for
Phytochemicals/ Observations Results seconda_ry
Test name metabolite
analysis
Flavonoids
Reddish brown or
H2SO,4 Test orange colour ++
precipitate
Steroids
. Violet to Blue or
Leibermann
Green colour ++
Burchard Test .
formation
Terpenoids
Salkowski Reddish brown + 4
Test precipitate
Tannins
Ferric Chloride  Brownish green +

Test colour

+ indicates presence; - indicates absence
Determination of MIC by visual investigation

Different concentrations of leaf extract were added to
test tubes containing nutrient broth and antibiotic. Freshly,
grown bacterial strains 100 pL (106 cells/mL) in nutrient broth
were inoculated into those test tubes and incubated for 24hours
at 37°C. The presence of microorganism in the test tube after
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incubation period is indicated by the occurrence of turbidity,
whereas complete inhibition of microbial growth is due to non-
appearance of any turbidity. The test tube with the lowest
dilution with no detectable growth by visual inspection was
considered the MIC. The MIC was calculated for the individual
bacterial species.

RESULTS AND DISCUSSION

Phytochemical investigation

The phytochemical analysis of the Piper betle L. leaf
extract revealed the presence of important bioactive
components such as flavonoids, tannins, steroids and terpenoids
as shown in (Table 4).

Qualitative secondary metabolite screening by TLC

The presence of phenolic compounds in Piper betle L.
leaf extract was analyzed by conducting qualitative secondary
metabolite screening by TLC using Chloroform: Methanol
solvent system in the ratio of 9:1. The TLC plate showed 5
separate bands under UV light of 360nm with Rf values (in cm)
0.75, 0.56, 0.38, 0.25, 0.18 which indicated the presence of
different phenolic compounds (Fig 3).

Antimicrobial activity

The antimicrobial activity of Piper betle L. leaf extract
were examined for three bacteria E. coli Bacillus subtilis and
Klebsiella species using well diffusion method. It was observed
that crude extract shows maximum antibacterial activity. In the

antimicrobial experiment, 150ul of Piper betle L. leaf extract
each of 20%, 40%, 60% and 100% along with the control
(100% ethanol) were added to the wells of agar plates
inoculated with three bacterial strains.in the prepared and
inoculated agar plates for each of the three microorganisms. The
results show that the Piper betle L. leaf extract inhibited the
growth of micro-organisms by producing a clear zone around
the well. The zones of inhibition of the plant extract at different
concentration are shown in (Table 4, Fig 4-5).

Fig 3 TLC plates showing the separation of phenolic components
from Piper betle L. extract using Chloroform: Methanol (9:1) as a
solvent system

Table 4 Antibacterial activity of Betel leaves extract (Zone of inhibition along with well diameter 0.3cm)

Zone of inhibition along with well diameter 0.3cm (in cm)

Bacterial strain

Control (100% ethanol) 20% of leaf extract 40% of leaf extract 60% of leaf extract 100% of leaf extract

E. Coli 0 1.8 2.4 2.9 3.0
Bacillus Subtilis 0 1.6 2.0 2.7 2.9
Klebsiella sp. 0 1.2 1.6 1.9 2.0

Control: 100% ethanol; 20% leaf extract: 20uL of the extract was added to 80 uL of ethanol; 40% leaf extract: 40uL of the extract was added
to 60 pL of ethanol; 60% leaf extract: 60pL of the extract was added to 40 pL of ethanol; 100% leaf extract: 100uL of the extract was added

to 0 pL of ethanol

w
o
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o
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w @

s o N
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Blank 20% 40% 60% 100%
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Fig 4 Plot and Pie diagram showing antibacterial activity of Piper betle L. leaf extract against
bacterial strain E. coli., Bacilus subtils and Klebsiella sp. in different concentrations using

agar well diffusion technique

The MIC values of the leaf extract against the three
microbes were found to be 40pl for E. coli at 2% of leaf extract;

70ul for Bacillus subtilis at 3.5% of leaf extract; 80ul for

Klebsiella sp. at 4% of leaf extract as shown in (Table 5, Fig 6).

Fig 5 Plates showing zone of inhibition of E.

coli., Bacilus subtils and Klebsiella sp. using

agar well diffusion technique by Piper betle
L. leaf extract

Hence the increasing order of the betel leaves affectivity against
the three microbes are found to be Klebsiella sp.< Bacillus
subtilis < E. coli.

Table 5 Results for minimum inhibitory concentration (MIC)

Organisms Concentration of the leaf extract (%) MIC value (ul) Diameter of the zone of inhibition (cm)
E. coli 2.0 40 0.8
Bacillus subtilis 35 70 1.1
Klebsiella sp. 4.0 80 1.3
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Fig 6 Bar graph showing MIC value and diameter of zone of inhibition of bacterial pathogens at different concentration of Piper betle L. leaf
extract

CONCLUSION

Piper betle L. extract has potential application as a
traditional natural medicine and helps in treating many diseases.
The phytochemical compounds and different effective
bioactive compounds present in this natural herb inhibit the
growth of micro-organisms. Due to their antibacterial
properties, it has been recognized for many pharmacological
activities and is in great demand. It plays a vital role for
microbiological safety of the human health. In future, essential
oil obtained from leaf extract will be used to treat dental
pathogens; phenolic compounds present in the leaf will act as a

good antioxidant. The findings of the present study lay the
foundation for future large scale prospective studies from North
East India. Also, it adds scientific merit to long term use of
Piper betle L. in as traditional herbal medicine.
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