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ABSTRACT
Objective: Phyllanthus emblica L. or amla is known for its therapeutic properties. The aim of the present study was to evaluate the antibacterial
activity of aqueous Phyllanthus emblica fruit extract (APE) against eight pathogenic cultures and its application in green synthesis of silver
nanoparticles.
Methods: APE was screened for the presence of phytochemicals and its antibacterial activity was evaluated by agar well diffusion assay. The
minimum inhibitory concentration (MIC) was quantified by broth macrodilution technique, and minimum bactericidal concentration (MBC)
was determined. Further, APE was used in the biological synthesis of silver nanoparticles (AgNPs), which were characterized by an Ultraviolet–
visible (UV-VIS) spectroscopy and Field emission gun-scanning electron microscopy (FEG-SEM) techniques. The antibacterial activity of the
AgNPs was screened by agar well diffusion assay.
Results: The zone of inhibition (ZOI) for APE was found to be in the range of 10.7–21.3 mm, for varying concentrations. The MIC values were in
the range of 12.5% - 50% (v/v) and the MBC values indicated that a concentration of 50% (v/v) APE could kill 75% (6/8) tes t cultures. The
presence of AgNPs was confirmed by UV-VIS spectroscopy and the surface-plasmon resonance peak was observed at 420 nm. The FEG-SEM
analysis revealed that the most of AgNPs were spherical in shape and had 30-40 nm size range. All the test cultures were inhibited by the AgNPs
and the average ZOI measured 19.25±2.7 mm.
Conclusion: Phyllanthus emblica fruit extract might have therapeutic significance against pathogens and it can be used for green synthesis of
silver nanoparticles.
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INTRODUCTION
Medicinal plants have been used as traditional treatments
for numerous human diseases for thousands of years in
many parts of the world. Currently, there is a renewed
interest in study of safer biologically active compounds
isolated from natural products with acceptable therapeutic
index for the development of novel drugs1. Phyllanthus
emblica L. commonly known as Amla or Indian gooseberry,
belongs to Euphorbiaceae family and has been frequently
used in traditional medicine to treat diseases. The fruits of P.
emblica mainly contain tannins, polyphenolics, and alkaloids
along with other phytochemicals 2. In P. emblica fruit,
vitamin C is considered to be highly stable due to the
presence of tannins and polyphenols. These phytochemicals
contribute to the high antioxidant capacity and free radical
scavenging, anti-cancer, antibacterial, antifungal, antiviral
and anti-inflammatory activities 3.
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The growing threat of microbial resistance against
antibiotics has encouraged the development of antimicrobial
nanoparticles (NPs), including silver NPs (AgNPs). Particles
which have two or more dimensions in the size range as 1100 nm or one billionth part of a meter are defined as one
nanoparticle. NPs have a unique chemical and physical
properties as compared to their solid bulk materials because
of their high surface area and electronic properties.
Nanotechnology can be implemented as preventives,
diagnostics, drug carriers, antibacterial coatings for
implantable devices, in development of antibacterial
vaccines and synergetics in the antibacterial therapies 4, 5.
Various approaches are available for the synthesis of silver
nanoparticles. Silver ions can be reduced by chemical,
electrochemical, radiation, photochemical methods and
biological techniques. The biological synthesis of
nanoparticles can be done using microorganisms, enzymes,
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and plant extracts. The synthesis of silver nanoparticles
using plant extracts offer an economical, energy efficient and
protective method for environment, leading to lesser
hazardous waste 5. The mechanism of formation of AgNPs
using plant phytochemicals can proceed through three steps:
first, charge transfer from reducing agents to Ag + results in
the formation of Ag atoms, which subsequently nucleate to
form small AgNPs; second, a condensation step occurs in
which small particles grow to form larger ones, followed by
surface reduction of any Ag+ present on the surface of the
formed NPs; and third, adsorption of excess negatively
charged reducing agents ions on the surface of the formed
particles, achieving electrostatic stabilization and thus controlling their sizes. It has also been studied that the
antimicrobial activity of AgNPs depends on their size and
shape 6.
The current study explores the antibacterial activity of a
crude aqueous extract of Phyllanthus emblica L. (Amla) and
its application to synthesize benign nanostructure materials
as it is less toxic and eco-friendly and can serve as both
reducing and capping agents, due to its phytochemicals.

MATERIALS AND METHODS
Plant material and extraction
Fresh Phyllanthus emblica L. fruit were purchased from a
local market in Mumbai, India. The collected fruit was
identified and authenticated by Blatter herbarium at St.
Xavier’s College, Mumbai. Washed 100 gm P. emblica fruit
were deseed and crushed. The crushed material was filtered
using a muslin cloth and the fresh extract obtained was
collected into a sterile container. This extract was regarded
as 100% extract and was stored at 4°C for further use in the
study, after sterility testing of the extract.
Qualitative phytochemical studies
Phytochemical analysis of the P. emblica fruit extracts for the
presence of flavonoids (Shinoda’s test), triterpenoids
(Libermann Burchard test), glycosides (Borntrager’s test),
anthraquinones, and tannins (Ferric chloride test) was
conducted by previously described standard protocols 7,8.
Bacterial cultures
The crude extract of P. emblica fruit was tested for
antibacterial activity against eight pure cultures known to be
pathogenic to humans.
The cultures selected were
Salmonella typhi, Escherichia coli, Staphylococcus aureus,
Vibrio cholerae, Salmonella paratyphi A, Salmonella paratyphi
B, Shigella spp., and Bacillus cereus. The cultures were
obtained from Microbiology Department, K.C. college,
Churchgate, Mumbai.
Evaluation of antibacterial activity by agar well diffusion
The primary antibacterial activity of aqueous Phyllanthus
emblica fruit extract (APE) was screened by agar well
diffusion method using Mueller-Hinton (MH) agar (HiMedia,
Mumbai). The turbidity of each bacterial suspension was
adjusted to reach an optical comparison to that of 0.5
McFarland standards, resulting in suspension containing
approximately 1.5×108 cfu/ml 9. Further, 20 ml of molten
media (MH agar) containing 100 μl of test inoculum (1.5×108
cfu/ml) was poured into a sterile petri-dish and allowed to
solidify. Wells of 8 mm diameter were bored and various
concentrations of APE (25%, 50%, 75%, and 100%, v/v);
were prepared using sterile distilled water and then
subsequently added to the wells. The broad spectrum
standard antibiotic Amikacin (30 μg/ml), was used as
positive control and sterile distilled water was used as the
negative control. The plates were refrigerated for 1 h to
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diffuse the samples and incubated at 37°C for 24 h for
detection of antibacterial activity. The inhibition zone
diameter of the test samples were measured in mm. The
experiment was repeated in triplicates and the average
values were recorded 10,11.
Determination of MIC (minimum inhibitory
concentration) and MBC (minimal bactericidal
concentration) of APE
Minimum inhibitory concentration (MIC) of APE was
determined by broth macrodilution method and Mueller
Hinton broth (HiMedia, Mumbai) was used for the MIC assay.
APE was first diluted to the highest concentration (50%)
using MH broth and then serial two-fold dilution was done
to obtain concentration range from 50% to 1.56% (v/v) of
APE. 0.1 ml of standardized suspension of the eight bacterial
cultures (106 cfu/ml) was added to each tube containing APE
at the concentrations of 50.0, 25.0, 12.50, 6.25, 3.12, 1.56
(v/v) and 0% (control), in broth medium. The tubes were
incubated at 37°C for 24 h and observed for visible growth
after mixing the tubes gently. The lowest concentration of
the extract in a tube that failed to show any visible growth
(at the binocular microscope) was considered as the MIC of
APE against the particular bacterial strain. A tube containing
broth and inoculum but lacking APE was considered as
control 12,13.
The minimum bactericidal concentration (MBC) is defined as
the lowest concentration of antimicrobial agent needed to
kill 99.9% of the final inoculum after incubation for 24 h
under a standardized set of conditions. MBC can thus be
determined after broth macrodilution, by sub-culturing a
dilution yielding a negative microbial growth on the surface
of MH agar plates. The lowest concentration that yielded no
single bacterial colony after 24 h of incubation on the MH
agar plates was reported as MBC 14.
Biological synthesis of AgNPs using P. emblica fruit
extract
10 g of finely cut P. emblica fruit was weighed and boiled for
20 minutes with 100ml distilled water. The extract obtained
was filtered through Whatman No.1 filter paper and the
filtrate was collected in a flask. The filtrate was used as
reducing and capping agent of silver into silver nitrate ions
15. AgNO3 (HiMedia, Mumbai) was used as a precursor for
synthesis of AgNPs. 10 ml of P. emblica extract was added to
the 90 ml of 1.0 mM aqueous solutions of AgNO 3. The extract
was added drop-wise under continuous stirring at 50°C60°C. In this process, the P. emblica extract acts as the
reducing and stabilizing agent and change in its color to dark
brown, indicated the synthesis of AgNPs 4.
Characterization of the silver nanoparticles
The reduction of Ag+ was monitored by measuring the UVVIS spectrum. The spectrum was recorded throughout a
range of 300–700 nm, and the wavelength corresponding to
maximum absorption was determined. The shape and
particle size of AgNPs was studied by Field emission gunscanning electron microscopy (FEG-SEM) 4. The colloidal
solution of AgNPs made from P. emblica extract was
analyzed under UV-Vis spectroscopic technique and the
plasmon peak was recorded. The absorbance spectrum of
AgNPs was observed at 420 nm. The topography of the
nanoparticles was studied using FEG-SEM. The samples
were washed with Milli Q water and centrifuged. Thin films
of the sample were prepared on a carbon coated copper grid
by just dropping a very small amount of the sample on the
grid, extra solution was removed using a blotting paper and
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then the film on the SEM grid was allowed to dry and was
observed.

Table 1: Phytochemical analysis of Phyllanthus emblica L
Phytochemicals
Observations
Flavonoids
+
Tannins
+
Triterpenoids
+
Anthraquinones
+
Glycosides
Key –‘+’ – Present; ‘-‘ - Absent

Checking for antimicrobial activity of the nanoparticles
The antibacterial activity of AgNPs prepared using P. emblica
fruit extract were screened using eight cultures by agar well
diffusion method described above. The nanoparticles
prepared using P. emblica were tested along with AgNO3 as a
control. 50µl of AgNps formed and AgNO3 (control) were
added into the wells under conditions described earlier for
agar well diffusion assay. The inhibition zone diameter of the
test sample was measured in mm. The experiment was
repeated in triplicates and the average values were recorded
11.

RESULTS
The Phyllanthus emblica or Amla or Indian gooseberry is
known for its therapeutic properties and holds a reputed
position in the traditional system of medicine worldwide.
Bioactive molecules or phytochemicals are found to have
therapeutic significance. The phytochemical tests with the P.
emblica showed the presence of flavonoids, tannins,
triterpenoids and anthraquinones (Table 1).

The above table depicts the types of phytochemicals present
in APE.
The antibacterial activity of APE was carried out by the agar
well diffusion method and the average zone of inhibition for
the concentration of 25% (v/v) ranged from 10.7–15 mm
with a mean of 12.2±1.48 mm against the test cultures.
However, Salmonella typhi and Escherichia coli were not
inhibited at this concentration. The average zone of
inhibition for the concentration of 50% ranged from 13.3–
17.3 mm with a mean of 15.4±1.6 mm, and all test cultures
were inhibited. For 75% APE, the range was 14.7 – 18.7 mm
with a mean of 17±1.7 mm and for 100% it was in the range
of 16- 21.3 mm with a mean of 19±2.0 mm (Table 2).

Table 2: ZOI of APE against 8 pathogenic cultures by agar cup method
Mean Zone of inhibition ± SD in mm
Concentration (%) of APE
Salmonella typhi
Escherichia coli
Staphylococcus aureus
Vibrio spp
Salmonella paratyphi A
Salmonella paratyphi B
Shigella spp
Bacillus cereus

25%
15±0
11.3±0.58
12±0
10.7±0.58
12±0.58
10.9±1.5

50%
14±1.5
15±1
17.3±0.58
17±0
13.3±1.1
13.3±1.5
15±0
15.7±1.5

75%
18.3±1.1
17±0
19.3±1.5
18.3±1.1
14.7±0.58
15±0
15.7±1.5
18.7±0.58

100%
21±1
20.7±0.58
21.3±1.1
19.3±1.1
17.7±0.58
17±0
16±1
19.3±1.1

The above table depicts mean ± SD of zone of inhibition in mm for varying concentrations of APE (v/v) against the test cultures (n=3)

The MIC value of APE was determined by the broth
macrodilution method by using various concentrations of
APE. It was found that APE could inhibit the growth of all
test cultures indicating its effectiveness, except Salmonella
typhi, which could not be inhibited at the concentration of

50% (v/v). The MIC values were found to be in the range of
12.5% - 50%. The results were further confirmed by
determining MBC values. It was found that the concentration
of 50% APE could kill 75% (6/8) of the test cultures.

Table 3: MIC and MBC of APE by broth macrodilution method
Concentration of APE (%, v/v)
Salmonella typhi
Escherichia coli
Staphylococcus aureus
Vibrio spp
Salmonella paratyphi A
Salmonella paratyphi B
Shigella spp
Bacillus cereus
Percentage of cultures inhibited
Percentage of cultures killed
Key –‘+’ – Growth present; ‘-‘ – Growth absent
ISSN: 2250-1177
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MIC
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MIC
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MIC
MBC
MIC
MBC
MIC
MBC
MIC
MBC
MIC
MBC
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50
+
+
+
87.5
75

25
+
+
+
+
+
+
62.5
62.5

12.5
+
+
+
+
+
+
+
+
+
+
+
50
12.5

6.25
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
0
0

3.12
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
0
0

1.56
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
0
0
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The above table depicts MIC and MBC values of varying
concentrations of APE against the test cultures.

spectroscopy and FEG-SEM analysis. The change of color of
the solution in the flask to dark brown solution marked the
formation of silver nanoparticles. A surface-plasmon
resonance peak was obtained at 420 nm which confirmed
the formation of silver nanoparticles (Fig 1).

Further, in the study nanoparticles were formed using P.
emblica fruit extract and the characterization of the
nanoparticles was carried out by visual detection, UV-VIS

Absorbance

Characterization of AgNPs by UV-VIS
1.2
1.18
1.16
1.14
1.12
1.1
1.08
1.06
1.04
1.02
1
0.98
0.96
0.94
0.92
0.9
360

380

400

420

440

460

480

500

Wavelength (nm)

Figure 1: Line graph showing absorbance by AgNPs by UV-VIS spectrophotometer
The Field emission gun-scanning electron microscopy (FEGSEM) technique was used to visualize the particles and to
study the surface morphology, size and shape. From the FEGSEM images (Fig. 2), it is evident that AgNPs formed using P.

emblica fruit extract were mostly spherical in shape. The
measured average size of AgNPs was 30-40nm. Occasional
agglomeration of the AgNPs was observed.

Figure 2: Characterization of AgNPs by Field emission gun-scanning electron microscopy
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Antimicrobial activities of the synthesized AgNPs of P.
emblica fruit extract were determined by using the agar well
diffusion method. The size of ZOI for AgNPs formed was
found to be ranging from 21.3 to 29.3 mm, against the test
cultures used in the study. The maximum size of ZOI was
found to be against Salmonella paratyphi A at 100%
concentration, whereas minimum size of inhibition zone was
observed against spore producing, Bacillus cereus. However,

all the test cultures were inhibited by the AgNPs formed,
indicating potent antibacterial activity. The average zone of
inhibition measured 19.25±2.7 mm against the test cultures.
A control containing AgNO3 solution also inhibited the test
cultures, but the difference in ZOI between AgNO3 solution
and AgNPs formed using APE was statistically significant
(*P<0.05), indicating the efficacy of the AgNPs formed by
green synthesis in killing pathogenic bacteria.

Table 4: ZOI of AgNPs against 8 pathogenic cultures by agar cup method
Mean Zone of inhibition ± SD in mm
Control (AgNO3)

AgNp-PE (100%)

Salmonella typhi

20.7±0.6

26±1.0

Escherichia coli

19±0

21.3±0.6

Staphylococcus aureus

18.3±0.6

22.7±1.1

Vibrio spp.

15.7±0.6

21.3±1.5

Salmonella paratyphi A

24.7±0.6

29.3±0.6

Salmonella paratyphi B

19±0

24±0.0

19.7±0.6

25±1.0

17±0

20.7±0.6

Shigella spp.
Bacillus cereus

The above table depicts mean ± SD of zone of inhibition in
mm of AgNPs and AgNO3 solution against the test cultures
(n=3).

DISCUSSION
The current study investigated the ability of fresh crude
aqueous P. emblica fruit extract to inhibit the growth of eight
bacterial pathogens. The beneficial medicinal effects of
natural products are generally attributed to secondary
metabolites present in them. However, the antimicrobial
activity is not due to a single compound, but a combination of
the metabolites. Similarly, the crude APE was found to
contain a myriad of phytochemicals like flavonoids, tannins,
triterpenoids and anthraquinones, which is in corroboration
with the study by Hutchings, et al. 4. The findings suggested a
potent antimicrobial activity by APE. The antibacterial
activity of APE was studied by using agar well diffusion test
and 100% (v/v) APE could inhibit all the strains indicating a
effective antibacterial activity against the strains. The extract
exhibited a more enhanced antibacterial activity against
Gram-positive S. aureus in comparison to Gram-negative E.
coli. Our results are in agreement with the findings of
previous studies of Dharajiya et al. and Singh et al. 12,16. The
MBC studies also confirmed the strong antibacterial activity
of APE against Gram-positive S. aureus in comparison to
Gram-negative bacteria. The difference in susceptibility
between Gram-positive and Gram-negative bacteria could be
due to the morphological differences. Gram-negative bacteria
have a complex cell wall, comprising of an outer membrane
making it more resilient to damage 17. Thus, it could be said
that APE was effective in killing E. coli, Salmonella paratyphi
A, Salmonella paratyphi B, Vibrio spp, Shigella spp, and
Bacillus cereus; but was most effective against
Staphylococcus aureus. APE showed a reduced antibacterial
activity against Salmonella typhi, which was also observed in
a previous study by Singh et al. 16.
Silver nanoparticles are increasingly being used in
therapeutics and diagnosis due to their unique physical,
chemical and antibacterial properties. Many theories of
ISSN: 2250-1177
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antibacterial activity of colloidal silver solution have been
suggested, like it can cause alteration of the permeability of
cell membrane, release of lipopolysaccharides and
membrane proteins, generation of free radicals responsible
for the damage of the membrane and dissipation of the
proton motive force resulting in the collapse of the
membrane potential, however; the exact mechanism has not
been fully deciphered 18.
In the green synthesis of silver nanoparticles, capping agents
which aid in the stabilization of nanoparticles are organic
molecules. Numerous studies have been reported regarding
green synthesis of silver nanoparticles. However, there is a
paucity of documented studies on fresh aqueous P. emblica
fruit extract being used for synthesis of silver nanoparticles
and its antibacterial activity.
In the current study, formation of silver nanoparticles using
a fresh aqueous extract of Phyllanthus emblica fruit was
indicated by the colour change from colourless to dark
brown colour. Biosynthesized nanoparticles were
characterized by UV-VIS (surface plasmon resonance peak at
420 nm) and FEG-SEM analysis. The FEG-SEM images
provide further insight into the morphology and particle size,
shape, and distribution profile of the AgNPs. It was
determined that the nanoparticles were spherical in shape
and ranging from 30-40 nm in size. Antimicrobial activities
of the synthesized AgNPs were analyzed and all the test
cultures were inhibited by the AgNPs formed, with the
average zone of inhibition measuring 19.25±2.7 mm.
However, smaller ZOIs were reported by the study carried
out by Nayagam et al. 18. Variation may occur due to factors
like the geographical location of the plant’s collection, the age
of the plant, nutrient concentrations due to soil and
environmental growth conditions, the extraction method and
the biosynthesis method of AgNPs. The study reported by
Nayagam et al. synthesized nanoparticles from dried P.
emblica fruit residue, whereas in the current study fresh P.
emblica fruit extract was utilized for synthesis of AgNPs. The
size of AgNPs formed also affects the antibacterial activity,
CODEN (USA): JDDTAO
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smaller AgNPs having a large surface area available for
interaction, would have stronger anti-bacterial activity 18.
The size of AgNPs formed in the study by Nayagam et al. was
more in comparison to the current study, which may be
leading to the differences in the antibacterial activity.

6.

7.

CONCLUSION
Phytochemicals derived from plant products serve as a
prototype to develop less toxic and more effective AgNPs, in
controlling the growth of microbes. The results obtained
from the current study indicated that fresh aqueous P.
emblica fruit extract has potent antibacterial activity and
suggested its application in a safe and economic synthesis of
silver nanoparticles, as it was found to be a good
bioreductant and capping agent. The prepared AgNPs
possessed significant in-vitro antibacterial activity against
Gram-positive and Gram-negative bacteria. Remarkably,
Gram-negative bacteria were more susceptible to the effect
of AgNPs than Gram-positive bacteria.

8.
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