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Abstract
Background: In the last few decades, field of herbal medicine is gaining importance in developing and
developed countries due to its natural origin, lesser side effects and many other advantages. The scientific
evidence has brought about the possibility of utilization of herbal plant in the treatment of fungal and
bacterial infections and the development of anti-bacterial and anti-fungal products.
Objective: To evaluate the in vitro antimicrobial activity of Emblica officinalis bark extracts against
dental caries pathogens namely Streptococcus mutans, Streptococcus salivarius, Streptococcus mitis and
Lactobacillus species, Prevotella intermedia which is a periodontal pathogen and a fungal organism
Candida albicans.
Methods: The barks of E. officinalis were collected and different solvents were used for the preparation
of the extract namely petroleum ether, dichloro methane, ethyl acetate, methanol and aqueous solvent.
The antibacterial potential was evaluated using the agar well diffusion assay.
Result: The largest zone of inhibition was obtained with the methanol extract of Emblica officinalis
against Lactobacillus species (16mm) followed by Prevotella intermedia(14mm) and Streptococcus
mitis(12mm). Antifungal activity was exhibited by methanol and ethyl acetate extract with zone of
inhibition of 10mm and 8mm respectively.
Conclusion: Emblica officinalis enjoys good antimicrobial activity and can be used as a potential source
of antimicrobial agents against pathogens effecting oral health.
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Introduction
Emblica officinalis (E. officinalis) Gaertn. (synonym Phyllanthus emblica Linn.) or Indian
gooseberry, commonly known as, Amla, Nelli and Amalaki, belongs to the family
Euphorbiaceae [1]. The species is native to India and also grows in tropical and subtropical
regions including Pakistan, Uzbekistan, Srilanka, South East Asia, China and Malaysia. It is a
deciduous tree, 8-15 m tall, with alternate, subsessile leaves and greenish to creamy-yellow,
unisexual, actinomorphic, trimerous flowers [2, 3]. Two varieties of E. officinalis are reported
worldwide, the wild ones with smaller fruits and the cultivated ones, also known as ‘Banarasi’,
with larger fruits [4]. Extracts of various plant parts such as leaves, stem, root, seeds and fruits
have been widely used in treatment of various diseases [5]. The plant is known to possess antiviral, anti- bacterial, anticancer, anti allergic, and anti-mutagenic properties [6]. Fruits are
known to exhibit anti-inflammatory, analgesic, antidiarrhoeal and anti-pyretic properties [7, 8].
E. officinalis is also reported to have antioxidant, immunomodulatory, cytoprotective,
antitussive and gastroprotective and memory enhancing properties. It is used in the treatment
of ophthalmic disorders, liver diseases and lowering cholesterol level [2]. The potent
antibacterial activity of E. officinalis against Escherichia coli, Klebsiella pneumoniae, Proteus
mirabilis, Pseudomonas aeruginosa, S. paratyphi A, S. paratyphi B and Serratia marcescens
has been reported. The active ingredients of E. officinalis which are protective against
microbes include flavonoids (quercetin), ascorbic acid, gallic acid, alkaloids (phyllantine,
phyllantidine) and hydrolysable tannins (emblicanin A and B) [9].
Oral diseases including dental caries and periodontal diseases are the important health
problems in the worldwide. Oral health influence the general quality of life and poor oral
health is linked to chronic conditions and systemic diseases [10-14]. The occurrence of dental
caries is attributed to acidogenic and aciduric Gram-positive bacteria, primarily the mutans
streptococci (Streptococcus mutans and Streptococcus sobrinus), Lactobacilli and
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Actinomycetes [15] and periodontal diseases have been linked
to anaerobic Gram-negative bacteria such as Porphyromonas
gingivalis, Actinobacillus species, Prevotella species and
Fusobacterium species [16, 17]. Due to increased resistance by
pathogenic bacteria to currently used antibiotics and
chemotherapeutics,
opportunistic
infections
in
immunocompromized individuals, there is need for alternative
prevention and treatment options for oral diseases that are
safe, effective and economical [18, 19]. The traditional
medicinal plants have been evaluated for their potential
application in the prevention or treatment of oral diseases
particularly those of microbial origin [20, 21]. The objective of
present study was to investigate the antimicrobial properties
of E. officinalis on selected cariogenic and periodontal
pathogens.
Materials and methods
Preparation of plant extract
Preparation of petroleum ether extract
The fresh barks of E. officinalis were collected locally and
authenticated. After collection it was washed with distilled
water to remove dirt. The barks were cut into very small
pieces and dried at room temperature under shade for 21 days.
The barks were ground into a coarse powder with the help of
a suitable grinder and the powder was then stored in an
airtight container and stored in a cool, dark and dry place till
the use. 100 grams of the plant powder was soaked in 1000ml
of petroleum ether and stirred at room temperature for 24
hours. The mixture was filtered through Whatman filter paper
and filtrate was concentrated to dryness at 45 0C on a rotary
evaporator. The extract prepared was refrigerated to be used
as such for further studies. The residual precipitate was
extracted further as described below.
Preparation of dichloromethane extract
Residue obtained after extraction with petroleum ether was
further soaked in dichloromethane and stirred at room
temperature for 24 hours. The mixture was filtered through
Whatman filter paper and filtrate was concentrated to dryness
at 45 0C on a rotary evaporator. The extract prepared was
refrigerated to be used as such for further studies. The
residual precipitate was extracted further as described below.
Preparation of ethyl acetate extract
Residue obtained after extraction with dichloromethane was
further soaked in ethyl acetate and stirred at room temperature
for 24 hours. The mixture was filtered through Whatman filter
paper and filtrate was concentrated to dryness at 45 0C on a
rotary evaporator. The extract prepared was refrigerated to be
used as such for further studies. The residual precipitate was
extracted further as described below.
Preparation of Methanol extract
Residue obtained after extraction with ethyl acetate was
further soaked in methanol and stirred at room temperature
for 24 hours. The mixture was filtered through Whatman filter
paper and filtrate was concentrated to dryness at 45 0C on a
rotary evaporator. The extract used was refrigerated to be
used as such for further studies. The residual precipitate was
extracted further as described below.
Preparation of Aqueous extract
Residue obtained after extraction with methanol was further
soaked in distilled water and stirred at room temperature for
24 hours. The mixture was filtered through Whatman filter

paper and filtrate was concentrated to dryness at 45 0C on a
rotary evaporator. The extract prepared was refrigerated to be
used as such for further studies.
Collection of test organisms
Test organisms were collected from carious cavities of
affected teeth by scraping soft caries using excavator and
from periodontal pockets using paper points. After collection
the paper points were dropped into 20 ml of brain heart
infusion broth (BHI broth) which was used as transport
media.
The inoculated Sheep blood agar plates were incubated at 37
0
C for 48 hrs aerobically and anaerobically (media streaked in
duplicate – one for aerobic and the other for anaerobic
culture). The different types of colonies were picked up,
isolated and subcultured onto sheep blood agar plates for
further identification. Colonies of different test organisms
were identified by colony morphology, gram staining,
catalase test, pigment production, aerotolerance and sugar
fermentation tests. The organisms isolated from the samples
included Streptococcus mutans (S. mutans), Streptococcus
salivarius (S. salivarius), Streptococcus mitis (S. mitis),
Lactobacillus species, Prevotella intermedia (P. intermedia),
and Candida albicans (C. albicans). These organisms were
preserved for studies by repeated subculturing on blood agar
slants and maintained in deep freezer at -80 0C. For
antibacterial activity studies, fresh subcultures were done in
BHI broth and used as inocula.
Determination of antimicrobial activity
The extracts of E. officinalis prepared using different solvents
were dissolved in dimethyl sulfoxide (DMSO), in the
concentration of 5G/10 ml and then filtered using whatman
filter paper no.1. The dissolved extract was then diluted using
DMSO to obtain a concentration of 500 mg/ml, 250 mg/ml
and 125 mg/ml.
The susceptibility of the test bacteria to plant extracts was
determined using an agar well diffusion assay on 5% sheep
blood agar plates. Fresh 24 hour old broth cultures of bacteria
were adjusted to 0.5 McFarland turbidity (1-2 x 106CFU mL)
and spread evenly over the entire surface of the agar plates
using a sterile cotton swab. The plates were allowed to air-dry
for approximately 10 min following which 5 wells (6 mm
holes) were cut into the agar using sterile steel borer.
Individual wells were filled with plant extracts (50 µL). Three
wells were filled with the different concentrations of extract
500mg/ml, 250 mg/ml and 125 mg/ml. 2.5% Sodium
hypochlorite and DMSO were pipetted into the other two
wells and used as positive and negative/solvent control
respectively. The plates were incubated at 37ºC for 48 hours
period. For each microorganism tested, zones of inhibition of
growth were examined, and the diameter of each zone was
measured and recorded. Each concentration was tested in
triplicate and the results are the average of three independent
experiments.
Determination of minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC)
The minimum inhibitory concentration (MIC) of the different
extracts of E. officinalis was determined by broth dilution
method. Sterile Brain Heart Infusion broth, 1 ml was taken in
test tubes to which 10 microlitres of the fresh bacterial
inoculums were added. Then the extract was added in the
concentrations of 125, 60.5, 30.25, 15.13, 7.56 mg/ml to each
tube. Tube containing only bacterial inoculums served as
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growth control and sterile BHI broth served as negative
control. The tubes were incubated at 37 ºC for 24 hours. The
tubes were checked for turbidity and the highest concentration
showing turbidity was taken as MIC. Subcultures were done
on Blood agar from each of the tubes and the plates incubated
for 24 hours at 37 0C. The highest concentration that did not
grow any colony was taken as MBC.
Results
Sodium hypochlorite which was used as positive control was
effective against all test strains of bacteria and Candida
albicans. DMSO did not show any zone of inhibition against
test organisms which acted as negative control. All the
examined extracts of E. officinalis showed varying degrees of
antibacterial activities against the tested pathogens.
At a concentration of 125 mg/ml and 250mg/ml, the 5
different extracts of E. officinalis did not show zone of
inhibition against any of tested bacteria and fungi. The results
of antimicrobial activity of E. officinalis at 500mg/ml
concentration are given in table-1. The methanol extracts of
E. officinalis showed antimicrobial activity against S. mutans,
S. mitis, Lactobacilli and P. intermedia. It did not show zone
of inhibition against S. salivarius and C. albicans. The extract
of petroleum ether exhibited zone of inhibition against
Lactobacillus and P. intermedia. The extract of ethyl acetate
was effective against S. mitis and P. intermedia. The
dichloromethane extract and aqueous extract were ineffective
against all the tested pathogens.
MIC was carried out for methanolic extract of E. officinalis as
maximum inhibitory effect was exhibited by this extract. The
results are shown in the table-2. All the concentrations tested
showed growth in MIC tubes of S. mutans, S. salivarius and
C. albicans. Hence the MIC values for these organisms was
more than the highest concentration tested (125 mg / ml).
Discussion
Plants have provided man kind with many medicinally useful
compounds from ancient time and are considered as the oldest
source of pharmacologically active compounds. Many
valuable drugs have found their origin from the traditional
medicinal practices [22-24]. Bacterial resistance to antibiotics
due to resistant strains is increasingly becoming a global
concern to public health [25]. Therefore, it is essential to
undertake studies to analyse biological activities of medicinal
plants against various pathogenic organisms and to explore
new antimicrobial compounds. E. officinalis has found
numerous applications in treating various diseases affecting
human beings and it is also considered to possess potent
antimicrobial activities against pathogens [2]. In this study,
extracts of E. officinalis were screened against selected
bacterial and fungal strains affecting the oral health.
The antibacterial activity in aqueous extracts of fruits, seed,
stem, leaves and root of E. officinalis, except the root extract
all other parts showed antimicrobial effect against all the eight
strains of bacteria. The study also observed the superiority of
extracts of E. officinalis against major antibacterial antibiotics
[5]
. The bactericidal activity of E. officinalis could be
attributed to the phytochemical components present in it

namely flavonoids (quercetin), ascorbic acid, gallic acid,
alkaloids (phyllantine, phyllantidine) and hydrolysable
tannins (emblicanin A and B) [26]. The ethanol extract of E.
officinalis bark was found to exhibit significant zone of
inhibition against only the gram negative bacteria such as E.
coli, S. typhi and Vibrio cholerae and it failed to show
antibacterial activity against the gram positive bacterias tested
[27]
.
Since ancient time, different parts of medicinal plants are
being used in oral hygiene practices in many parts of the
world. The chewing sticks and their extracts are increasingly
gaining importance because of their effects on organisms that
are involved in oral infections.[28,29] It has been suggested that
chewing sticks may provide locally available antimicrobial
agents in a manner similar to antimicrobial polymers and
applications and could provide suitable substitute therapy if
they can be shown to be efficacious [29]. Since parts of E.
officinalis are used in the oral hygiene practices, it is
important to establish the antimicrobial property of this
medicinal plant against oral pathogens and to know the
bioactive compounds responsible for this action.
In the present study, methanol extract of E. officinalis was
found to be most effective against test pathogens. It showed
effective zone of inhibition against all the organisms except
Streptococcus salivarius. Methanol exrtract showed highest
zone of inhibition against Lactobacillus species (16mm),
followed by P. intermedia (14mm) and S. mitis (12mm). All
the 5 different extracts did not show zone of inhibition against
S. salivarius. In one of the study on antimicrobial effect of
fruit extracts of E. officinalis on dental caries pathogens, all
the five extracts namely acetone, ethanol, methanol, hot water
and cold water of E. officinalis showed inhibitory activity
against S. mutans while the acetonic, hot and cold aqueous
extracts showed inhibitory activity against S. aureus also.
These extracts did not show inhibitory activity against
Lactobacillus acidophilus, C. albicans and Saccharomyce
cerevisiae. In this study, fruit extract of E. officinalis was
used whereas in our study fresh barks of the plant were used.
The fruit, seed, stem and leaf extracts of E. officinalis is
known to possess varying antimicrobial activity against
different pathogens [5].
In the present study, methanol extract has shown maximum
antifungal activity against C. albicans with zone of inhibition
10mm followed by ethyl acetate extract which showed 8mm
zone of inhibition. Other 3 extracts failed to exhibit antifungal
activity. Ethanol extract of E. officinalis was found to have
less antifungal activity compared to Mayaca and garlic extract
and significant zone of inhibition against wine, coconut oil
and pomegranate extract against C. albicans [30].
E. officinalis definitely possesses potent antimicrobial
activities, thus serving as an important pathway for the
development of new antimicrobial agent which can be
inexpensive, safe and effective. The results of this study
offers an insight into the antibacterial properties of E.
officinalis which is used traditionally for the treatment of oral
problems and other ailments, as well as opportunity for
selection of bioactive extracts for initial fractionation and
further studies in antibacterial assays.
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Table 1: showing the zone of inhibition in mm for Emblica officinalis extract at 500mg/ml concentration
Emblica officinalis
extracts
Petroleum ether
Dichloro methane
Ethyl acetate
Methanol
Aqueous
Positive control
(Sodium hypochlorite)

S. mutans

S. mitis

S. salivarius

Lactobacillus species

Prevotella species

6
6
10
10
8

6
6
6
12
10

6
6
6
6
6

10
6
10
16
6

8
6
10
14
6

Candida
albicans
6
6
8
10
6

16

18

12

20

16

10

Table 2: showing MIC and MBC value of methanolic extract of
Azadirachta indica
Microorganisms
S. mitis
Lactobacillus species
Prevotella species
S. mutans
S. salivarius
Candida albicans

MIC (mg/ml)
125
30.5
30.5
>125
>125
>125

MBC (mg/ml)
>125
125
125
>125
>125
>125
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