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Introduction: All parts of the Phyllanthus emblica Linn. plant, notably the fruit, 
are utilised for therapeutic purposes. In traditional medicine, it is used to treat di-
arrhoea, jaundice, and inflammation. Studies have documented that P. emblica has 
antimicrobial, antiallergic, analgesic and antipyretic, adaptogenic, hepatoprotective, 
antitumor and antiulcerogenic activities.

Objective: The present study aims to evaluate the total phenolic content and an-
tioxidant potential of P. emblica extracts isolated by cold maceration with various po-
larity solvents such as methanol, ethanol, and n-hexane.

Methods: The fruits of P. emblica were extracted by cold maceration method using 
three different extraction solvents (methanol, ethanol and n-hexane). The determina-
tion of total phenolic content was performed by UV-Spectrophotometry. The antioxi-
dant activity of each extract was performed using DPPH (2,2 diphenyl-1-1picrylhydra-
zyl) method. The characterization of each P. emblica extract was done by using FTIR 
Spectrometry.

Results: Methanol was found as the best extracting solvent for extraction of phe-
nolics and antioxidants compared to ethanol and n-hexane. Methanol extract of P. 
emblica had the highest of total phenolic content (99.01 mg GAE/g) while n-hexane 
extract had the lowest total phenolic content (56.29 mg GAE/g). The highest antioxi-
dant activity was given by methanol extract of P. emblica fruit with IC50 0.035 sssg/
ml whereas the lowest antioxidant activity was given by n-hexane extract with IC50 
10.93 𝜇g/ml.

Conclusion: The results imply that the methanolic extract of P. emblica fruit ex-
hibited stronger antioxidant activities and might be considered as a potential plant 
source of antioxidants, which have free radical scavenging activity and might be use-
ful for cyto- hepato-and radioprotection, as well as reducing oxidative stress in many 
pathological conditions.
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Introduction
Medicinal plants are nature’s gift to mankind which help to pro-

mote a disease-free healthy life. The use of traditional medicines, 
primarily derived from plant sources, has played a significant role 
in the management of many chronic ailments including diabetes, 
particularly in Asian nations. Traditional medicines all over the 
world are currently being revalued by an extensive activity of re-
search on many plant species and their medicinal properties. Ac-
cording to WHO report, 80% of the populations living in the de-
veloping countries rely almost exclusively on traditional medicine 
for their primary healthcare requirements. Herbal medicines have 
been utilised by mankind since time immemorial to treat various 
illnesses and provide an alternative to synthetic compounds as 
plants have traditionally been thought of as either non-toxic or less 
toxic [1]. Phyllanthus emblica Linn. also known as Indian gooseber-
ry or Amla, is a typical folk remedy used in the Indian indigenous 
system of medicine to treat a variety of diseases. P. emblica was at-
tributed by Linneaus in reference to the unique feature of the plant. 
The branches of this tree are peculiarly flattened in the shape of a 
leaf; the flowers bloom from the edges of these leaf-like branches. 
Hence, the name Phyllanthus, which comes from the Greek works 
“phyllon” (leaf) and “anth`os” (flower). The name Emblica is almost 
certainly derived from the “corruption” of the Sanskrit name “Am-
lika”, although some experts believe it could derive from the “cor-
ruption” of the Arabic word name “Embelgi’ which used by Arabic 
physicians to identify its fruits. (Tables 1-3) shows the language, 
common names in different places and scientific names of Phyllan-
thus emblica Linn, respectively.

Table 1: International and local common names of Phyllanthus 
emlica.

Language Common Names

English emblic; emblic myrobalan; 
Myrabolan; Indian gooseberry

French emblique officinale; groseilllier de 
Ceylan

Chinese dianganlan; ganlanshu; yougan; 
youganzi

Table 2: Common names in different places.

Country Common Names

Germany Amalanbaum; Amblabaum; Graue 
Myrobalane

India amla; amlika; usiriki

Indonesia kimalaka

Indonesia / Java kemloko

Laos khaam poomz

Malaysia Melacca

Myanmar ta-sha-pen

Nepal amala

Philippines nelli

Thailand Ma-kham-pom

Table 3: Scientific names of Phyllanthus emblica.s

Scientific Names

Emblica officinalis Gaertn.

Phyllanthus mairei Léveillé

Cicca emblica (L.) Kurz

Mirobalanus embilica Burm.

Dichelactina nodicaulis Hance

Diasperus emblica (L.) Kuntze

Distribution and Taxonomic Classification
P. emblica is widely distributed throughout most tropical and 

subtropical countries and is native to South and Southeast Asia. 
This plant belongs to the family Euphorbiaceae which can be found 
in India, Sri Lanka, Uzbekistan, Pakistan, China, Indonesia, Malay-
sia, and Thailand. P. emblica can be grown on a hillside up to 200 
metres high and cultivated. Phyllanthus is a very large genus of 
approximately 550-750 species which is subdivided into 10 to 11 
subgenera. The taxonomic classification of P. emblica is followed in 
Table 4 [2]. P. emblica tree is a small to medium-sized deciduous 
tree with an average height of 8-18m, with a greenish-grey bark 
that exfoliates in small thin irregular flakes, revealing the fresh sur-
face of a different colour beneath the older bark. The main stem 
has an average girth of 70cm. Most of the time, the main stem is 
separated into 2-7 scaffolds near the base. The leaves are 10-13mm 
long, 3mm broad and are densely set in pinnate fashion, giving the 
branches a feathery appearance. Leaves appear after the fruits have 
set. Flowers are unisexual, 4-5mm long, pale green in colour and 
borne in clusters of 6-10 in leaf axils. Fruits are fleshy, almost glo-
bose in shape, with a diameter of 2.1-2.4cm, a weight of 5.3-5.7g  
and a volume of 4.5-5.0ml. The fruit’s stone is 6 ribbed, separating 
into three segments, each with two seeds; seeds are 4-5mm long 
and 2-3mm wide, weighing 572-590mg each [2]. Figure 1 shows 
the different parts of the plant.

Table 4: Taxonomic hierarchy of Phyllanthus emblica.

Domain Eukaryota

Kingdom Plantae

Division Flowering plant

Phylum Spermatophyte

Subphylum Angiospermae

Class Dicotyledonae / Magnoliopsida

Order Euphorbiales / Malpighiales

Family Euphorbiaceae

Tribe Phyllantheae
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Sub tripe Flueggeinae

Genus Phyllanthus

Species Phyllanthus emblica

Note: A: leaf; B: stem; C: flower; D, E: fruit; F: seed

Figure 1: Plants of Phyllanthus emblica.

Chemical Constituents
It contains alkaloids, tannins and phenols. Fruits have 28% of 

the total tannins distributed in the whole plant. The fruit contains 
two hydrolysable tannins, Emblicanin A and Emblicanin B, which 
have antioxidant activity; one on hydrolysis gives Gallic acid, ellagic 
acid and glucose wherein the other gives ellagic acid and glucose 
respectively. The fruit also contains phyllembin. Furthermore, nu-
merous phytochemicals, including Gallic acid, corilagin, furosin and 
geraniin, were discovered using activity directed fractionation. Fla-
vonoids like quercetin, alkaloids like phyllantine and phyllantidine 
are also found in P. emblica. Along with these, it largely contains 
amino acids, carbohydrates and other compounds given in Table 5. 
Its fruit juice contains the highest concentration of vitamin C. The 
vitamin C levels are even more than those in oranges, lemons or 
tangerines [2].

Table 5: Chemical constituents of Phyllanthus emblica.

Hydrolysable Tannins

Emblicanin A and B, Punigluco-
nin, Pedunculagin, Chebulinic 
acid (Ellagitannin), Chebulagic 

acid (Benzopyran tannin), 
Corilagin (Ellagitannin), Ger-
aniin (Dehydroellagitannin), 

Ellagotannin

Alkaloids Phyllantine, Phyllembein, Phyllan-
tidine

Phenolic compounds Gallic acid, Methyl gallate, Ellagic 
acid, Trigallayl glucose

Amino acids Glutamic acid, Proline, Aspartic 
acid, Alanine, Cystine, Lysine

Carbohydrates Pectin

Vitamins Ascorbic acid

Flavonoids Quercetin, Kaempferol

Organic acids Citric acid

According to the two mains Indian Ayurvedic classic books, 
Charaka Samhita and Sushruta Samhita, P. emblica is regarded as 
“the best among rejuvenator” and “the best among the sour fruits”. 
It is a major component in well-known medicinal formulas like 
Triphala (“three fruits”) and Chyawanprash, a general tonic for peo-
ple of all ages that boosts mental and physical health. Among the 
myths, Chyawanprash was purportedly invented to rejuvenate an 
old ancient sage by Chyavana Maharishi, a great meditator in Hindu 
faith, upon his marriage to a young wife. The beneficial therapeutic 
properties of P. emblica, including hypoglycemic effect, have been 
recorded in “Materia Medico”, a classical Indian literature on the 
Ayurvedic system of medicine. There are two historical events in 
which this plant was employed for medical purposes: the famine 
of 1939-1940 and cases of scurvy in the Indian army in Nassirdab, 
today called as Rajasthan, in 1837[1]. Viewing from the pharmaco-
logical aspect, P. emblica is shown to display a wide array of biolog-
ical activities. All parts of the plant, notably the fruit, are utilised for 
therapeutic purposes. In traditional medicine, it is used to treat di-
arrhoea, jaundice and inflammation. Studies have documented that 
P. emblica has antimicrobial, antiallergic, analgesic and antipyretic, 
adaptogenic, hepatoprotective, antitumor and antiulcerogenic ac-
tivities. Plants are also used to treat fever, cough, bronchitis, skin 
disease, enlarged spleen and liver [1]. In addition, P. emblica is said 
to exhibit potent antioxidant and free radical scavenging activity, 
which will be further discussed in this paper.

Antioxidant Activity
Emblicanin A and Emblicanin B have a very strong antioxidant 

effect. It has been discovered that these two novel tannins can pro-
tect erythrocytes against the oxidative stress induced by asbestos, 
a generator of the superoxide radical. Tannins prevent polymeriza-
tion of vincyclic monomers (MMA) to polymers (PMMA) due to the 
presence of a hydroxyl radical. The antioxidant properties of free 
and bound phenolic fractions of P. emblica have been investigated 
using their reducing power and DPPH (diphenylpicrylhydrazyl) 
free radical scavenging ability [1]. The phenolic compounds are 
good electron donors with a redox pattern that allows them to 
scavenge free radical (FR) and reactive oxygen species (ROS) and 
prevent their damaging effects [3]. Thus, the aim of the present 
study is to comprehensively evaluate the total phenolic content and 
antioxidant potential of P. emblica extracts isolated by conventional 
extraction method with various polarity solvents such as methanol, 
ethanol, and n-hexane.
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Materials and Methods
Collection and Preparation of Plant Material

The fruits for the present study were purchased of the respec-
tive plant Phyllanthus emblica were collected from Chinese shop 
as shown in Figure 2. The fresh fruits were well washed with clean 
and distilled water to remove impurities and dirt. Then, the seeds 
were separated from the fruits using sharp knife and the fruit pulps 
were cut into small pieces as shown in Figure 3. The small pieces of 
fruits were crushed with mortar and pestle to obtain a thick plant 
material.

Figure 2: Phyllanthus emblica fruits.

Figure 3: Small cut pieces of Phyllanthus emblica fruits.

Maceration Method

Figure 4: Phyllanthus emblica methanolic, ethanolic and 
n-hexane dry extracts (from left to right).

Phyllanthus emblica fruits cut pieces of 250g were transferred 
with 400 ml of solvent containing 95% ethanol was into the con-
ical flask and swirled. The methanol and n-hexane solvents were 
added separately as stated above for ethanol and were allowed to 
stand for the maceration process for seven days. After seven days, 
the liquid was strained off and clarified by filtration using muslin 

cloth. The filtrate was then collected and evaporated using a rota-
ry evaporator to get a dark brown viscous extract. The ethanolic, 
methanolic and n-hexane extracts, after evaporation were obtained, 
labelled and stored in the refrigerator for further studies as shown 
in Figure 4, respectively

Total Phenolic Content (TPC)
Preparation of Phyllanthus Emblica Ethanol, Methanol, and 
N-Hexane Extracts

A stock solution of 1 mg/ml was prepared by dissolving 10 mg 
of extract in 10 ml of methanol. Only one concentration of each ex-
tract was prepared and used for the test.

Preparation of Different Concentrations of Gallic Acid Standard

Gallic acid was used as the standard for this assay. Six different 
concentrations of standard solution were prepared in 10, 20, 40, 
60, 80 and 100 𝜇g/ml. The concentration was prepared by serial
dilution methods. A stock solution of 1 mg/ml was prepared by dis-
solving 100 mg of Gallic acid in 100 ml of methanol. Then, from the 
freshly prepared stock solution of Gallic acid, 1.0, 0.8, 0.6, 0.4, 0.2, 
0.1 ml were pipette out into the volumetric flask and make up to 10 
ml by methanol individually to produce 10, 20, 40, 60, 80 and 100 
𝜇g/ml respectively. Table 6 shows the preparation of various Gallic
acid standard concentrations for TPC by serial dilution.

Total Phenolic Content Test
The total phenolic content was performed according to experi-

mental protocol given in standard references with slight modifica-
tions. A 2.5 % sodium carbonate solution was prepared by dissolv-
ing 2.5 g of sodium carbonate in 100 ml of distilled water. 1 ml of 
extract was added into a test tube by using a micropipette. The test 
tube containing extract was added with 1ml of Folin-Ciocalteu re-
agent and 2 ml of 2.5% sodium carbonate solution. Standard Gallic 
acid of different concentrations was prepared by using the same 
procedure by replacing extract with different concentration of 
standard gallic acid. Then followed by addition of 1 ml of Folin-Ci-
ocalteu reagent and 2 ml of 2.5 % sodium carbonate solution. Sim-
ilarly, control solution was prepared by replacing the extract with 
1 ml of methanol and addition of 1 ml of Folin-Ciocalteu reagent 
and 2 ml of 2.5 % sodium carbonate solution. A blank solution was 
prepared only with 3 ml of methanol. All the test tube containing 
different concentrations of standard Gallic acid, extract, control as 
well as blank, were allowed for stand for two hours. Next, all the 
test tube containing different concentrations of standard gallic acid, 
extract, control and blank were subjected to UV visible analysis. 
Approximately 2 ml content of each test tube was transferred into 
the quartz cuvette and measured for the absorbance at 760 nm in 
UV-Visible spectrometer [4]. The absorbance values of each differ-
ent concentration of standard Gallic acid, extract, control and blank 
were recorded. The total phenolic content was expressed in mg 
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of Gallic acid equivalents per g dry extract (mg GAE/g). All points 
were plotted to line graph where x-axis was concentration of Gallic 
acid and y-axis was absorbance. The following formula was applied 
to calculate the total concentration of phenolic content [5]:

Total phenolic content, c c v
m

=
×

Where,

𝐶 = total phenolic content mg GAE/g dry extract

𝑐 = concentration of Gallic acid obtained from calibration curve
in mg/ml, 

V =  volume of extract in ml,

m =  mass of extract in gram.

DPPH Antioxidant Assay
Preparation of Different Concentration of Phyllanthus emblica 
Ethanolic, Methanolic and n-Hexane Extracts

The Phyllanthus emblica extract was prepared according to the 
experimental protocol. Six different concentration of extract solu-
tion were prepared in 10, 20, 40, 60, 80 and 100 𝜇g/ml. A stock
solution of 1 mg/ml was prepared by dissolving 100 mg of extract 
in 100ml of ethanol. The concentration was prepared by serial dilu-
tion method. Then, from the freshly prepared extract solution, 1.0, 
0.8, 0.6, 0.4, 0.2, 0.1 ml were pipette out into the volumetric flask 
and make up to 10 ml by ethanol individually to produce 10, 20, 40, 
60, 80 and 100𝜇g/ml respectively. Table 7: Preparation of various
concentrations of extract for DPPH by serial dilution is shown in 
Table 7.

Table 6: Preparation of various Gallic acid standard 
concentrations for TPC by serial dilution.

Concentration (𝝁g/
ml)

Volume of Stock 
Solution (ml)

Volume of Methanol 
(ml)

100 1 9

80 0.8 9.2

60 0.6 9.4

40 0.4 9.6

20 0.2 9.8

10 0.1 9.9

Table 7: Preparation of various concentrations of extract for 
DPPH by serial dilution.

Concentration

(𝝁g/ml)
Volume of Stock 

Solution (ml)
Volume of Methanol 

(ml)

100 1 9

80 0.8 9.2

60 0.6 9.4

40 0.4 9.6

20 0.2 9.8

10 0.1 9.9

Preparation of different Concentration of Ascorbic Acid 
Standard

Ascorbic acid was used as the standard for this assay. Six dif-
ferent concentrations of standard solution were prepared in 10, 
20, 40, 60, 80 and 100 𝜇g/ml. The concentration was prepared by
serial dilution methods. A stock solution of 1 mg/ml was prepared 
by dissolving 100 mg of ascorbic acid in 100 ml of ethanol. Then, 
from the freshly prepared stock solution of ascorbic acid, 1.0, 0.8, 
0.6, 0.4, 0.2, 0.1 ml were pipette out into the volumetric flask and 
make up to 10 ml by ethanol individually to produce 10, 20, 40, 60, 
80 and 100 𝜇g/ml respectively. Table 8 represents preparation of
various concentrations of ascorbic acid standard for DPPH by serial 
dilution.

Table 8: Preparation of various concentrations of ascorbic acid 
standard for DPPH by serial dilution.

Concentration (𝝁g/
ml)

Volume of Stock 
Solution (ml)

Volume of Methanol 
(ml)

100 1 9

80 0.8 9.2

60 0.6 9.4

40 0.4 9.6

20 0.2 9.8

10 0.1 9.9

DPPH Antioxidant Test
The DPPH (1,1-Diphenyl2-picryl hydrazyl) Radical Scavenging 

Assay was performed according to experimental protocol given 
in standard references with slight modifications. 0.3mM of DPPH 
(1,1-Diphenyl2-picryl hydrazyl) reagent was prepared by dissolv-
ing 11.83 mg in 100 ml of ethanol. 2.5 ml of different concentra-
tion of extract was added into different test tube respectively. All 
the test tubes were then covered with aluminium foil as DPPH is 
light photosensitivity reagent. The aluminium foil covered test 
tube containing different concentration of extract were added with 
1ml of 0.3 mM of alcoholic solution of DPPH reagent in each test 
tubes. Standard ascorbic acid of different concentrations was pre-
pared by using the same procedure by replacing extract with dif-
ferent concentration of standard ascorbic acid. Then followed by 
addition of 1 ml of 0.3 mM of alcoholic solution of DPPH. Similarly, 
control solution was prepared by replacing the extract with etha-
nol and addition of 1 ml of 0.3 mM of alcoholic solution of DPPH. 
A blank solution was prepared only with 3 ml of 95 % ethanol. All 
the test tube containing different concentrations of standard ascor-
bic acid, extract, control as well as blank were allowed for stand 
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for 30 minutes in dark cupboard. Next, all the test tube containing 
different concentrations of standard ascorbic acid, extract, control 
and blank were subjected to UV visible analysis in a dark condition. 
Approximately 2 ml content of each test tube was transferred into 
the quartz cuvette and measured for the absorbance at 518 nm in 
UV-Visible spectrometer. The absorbance values of each different 
concentrations of standard ascorbic acid, extract, control and blank 
were recorded. The percentage of DPPH scavenging activity (SA) is 
calculated using the following equation:

( )%   0  1 /  0   100SA A A A x= −

where % SA =  percentage scavenging activity, 

 A0 =  absorbance of control,

 A1 =  absorbance of sample.

Then, curves are constructed by plotting percentage of inhi-
bition against concentration in µg/mL. The equation of this curve 
allowed to calculate the IC50 corresponding to the sample concen-
tration that reduced the initial DPPH absorbance of 50% [6].

Characterization of Phyllanthus Emblica 
Extracts by FTIR Spectrometry

The IR Measurement Was Carried Out Using a Spectrum GX 
FTIR Spectroscopy Instrument. The crystal area was cleaned with 
isopropyl alcohol and the infrared background was collected. A 
small quantity of methanolic extract was obtained with a spatula 
and placed onto the small crystal area. The whole crystal must be 
covered with the sample to get an ideal result. Once the solid had 
been placed on the crystal area, the pressure arm should be posi-

tioned over the crystal/sample area. PerkinElmer’s revolutionary 
Spectrum™ FT-IR software utilizes a “Preview Mode” which allows 
the quality of the spectrum to be monitored in real-time while fine 
turning the exerted force. Once the user was satisfied with the spec-
trum shown in this “Preview Mode”, the data was then collected in 
the normal manner. After the spectrum had been collected, which 
typically take no more than 32 seconds, the user must return to the 
“Preview Mode”. This mode was now used to check that the crystal 
area was clean before placing the next sample on the crystal [7]. 
The whole procedure was repeated for ethanolic and n-hexane ex-
tracts. The spectrum obtained was recorded and documented.

Results and Discussion
Total Phenolic Content (TPC)

The method used to determine the total phenolic content was 
Folin-Ciocalteu assay in order to assess the presence and level of 
phenolic compounds in each sample. Phenolic compounds have 
been proved to be responsible for the antioxidant activity of em-
blica fruit. A spectrophotometer in range of 690 to 760 nm is capa-
ble to detect the reduced Folin-Ciocalteu reagent. Generally, higher 
absorbance produced usually shows higher total phenolic content. 
The total phenolic assay was conducted according to the proce-
dures described and the results obtained are showed in (Tables 
9-10). The Gallic acid is used as the reference standard compound 
and the results are expressed as Gallic acid equivalents (mg/ml). 
The standard calibration curve for Gallic acid is given in Graph 1. 
Phenolic compounds are important plant constituents with redox 
properties responsible for antioxidant activity and also highly dis-
tributed in various plant species. These compounds are

Graph 1: Calibration curve for Gallic acid (standard).
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Table 9: Total phenolic absorbance value for Gallic acid.

Concentration (𝝁g/
ml) Absorbance of standard at 760 nm

Value Mean ± SD

10

0.123

0.142

0.104

0.123±0.038

20

0.238

0.282

0.29

0.270±0.052

40

0.538

0.546

0.548

0.544±0.010

60 0.839 0.846±0.017

80

0.856

0.843

1.148

1.152

1.15

1.150±0.004

100

1.555

1.507

1.528

1.530 ± 0.048

Table 10: Total phenolic absorbance value for different 
extracts. 

Extract (𝝁g/
ml)

Absorbance of standard at 760 nm

Value Mean ± SD
Equivalent 

Gallic acid (Mg 
GAE/g)

Methanol

1.472

1.486

1.464

1.474±0.022 99.01

Ethanol

1.216

1.227

1.247

1.230±0.011 83.17

N-hexane

0.828

0.803

0.817

0.816±0.025 56.29

secondary plant metabolites comprising one (phenolic acid) or 
more (polyphenols) aromatic rings with attached hydroxyl groups 
in their structures. Their antioxidant capacities are related to these 
hydroxyl groups and phenolic rings [8]. It has been reported that 
phenolic compounds act as antioxidants to exert antiallergic, an-
ti-inflammatory, antidiabetic, antimicrobial, antipathogenic, anti-
viral and vasodilatory actions as well as prevent diseases such as 
heart problems, eye disorders, cataracts, cancer and Alzheimer’s 

[9]. The total phenolic content of various extracts was assessed us-
ing Folin-Ciocalteu (F-C) method using Gallic acid as the standard. 
A calibration curve was constructed by using the absorbance val-
ues obtained at various concentration of Gallic acid. The F-C meth-
od showed a greenish blue colour complex which resulted from the 
transfer of electrons in alkaline medium from phenolic compounds 
to phosphomolybedic phosphotungstic acid complexes, that are 
determined spectrophotometrically at 760 nm [10]. Total phenolic 
content of the extracts was calculated from the regression equation 
of calibration curve (𝑦 = 0.0154𝑥 - 0.0508; R2 =  0.997) as shown in 
Graph 1, which was then reported as mg of gallic acid equivalents 
(GE) per gram of sample in dry weight (mg/g). The results are pre-
sented in (Tables 9-10). It was found that the phenolics of P. emblica 
were higher in a polar solvent such as methanol and ethanol, imply-
ing that most polyphenols in these fruits are polar compounds. The 
methanolic extract exhibited higher TPC as compared to the ethan-
olic and n-hexane extracts which are approximately about 99.01 mg 
GAE/g for methanolic extract, 83.17 mg GAE/g for ethanolic extract 
and 56.29 mg GAE/g for n-hexane extract. Higher phenolic content 
in the methanolic extract is responsible for bioactivity; therefore, 
this extract is expected to exhibit good result in antioxidant activ-
ities. In addition, there was evidence that P. emblica extracts had a 
lot of phytochemicals such as tannins, Gallic acid and ascorbic acid, 
which contributed to their antioxidant properties [11]. Comparing 
the extraction methods, methanol is found to be the best solvent for 
the extraction of phenolics.

Calculation of Antioxidant Activity with Gallic Acid Equivalent 
(GAE) from the Equation Obtained from the Standard Curve 
(Gallic acid) 

 0.0154  0.0508y x= −

 

0.0508
0.0154

yc xvalue +
= =

c c v
m

=
×

Where, 𝑐 = concentration of gallic acid (mg/ml)

V =  extract volume used (ml)

m =  extract weight (g).

DPPH Antioxidant Assay

The antioxidant activity of the fruits of Phyllanthus emblica 
methanolic, ethanolic and n- hexane extract were assessed by DPPH 
scavenging method. The DPPH antioxidant assay was conducted 
according to the procedure described. Ascorbic acid was served 
as a reference standard for this experiment. The results obtained 
are given in the (Tables 11-14). The different calibration curves for 
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DPPH assay from different solvents (Ascorbic acid, Methanolic ex-
tract, Ethanolic extract and n-hexane extract) are shown in (Graphs 
2-5), respectively. Graph 6 and represents the percent inhibition of 

DPPH radical of different extracts of the plant and standard at dif-
ferent concentrations. (Table 15-16) shows the IC50 values of the 
plant extracts.

Graph 2: Calibration curve of ascorbic acid (standard).

Graph 3: Calibration curve of Phyllanthus emblica methanolic extract.
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Graph 4: Calibration curve of Phyllanthus emblica ethanolic extract.

Graph 5: Calibration curve of Phyllanthus emblica n-hexane extract.
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Graph 6: Percent inhibition of DPPH radical of Phyllanthus emblica extracts and standard at different concentrations.

For methanol extract, For ethanol extract, For n-hexane extract,

0.0508
0.0154
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0.0508
0.0154

x y +
=

0.0508
0.0154
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 1.474 0.0508
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x = +  1.230 0.0508
0.0154

x = +  0.816 0.0508
0.0154

x = +

=  99.01 𝜇g/ml

 

=  83.17 𝜇g/ml

 

=  56.29 𝜇g/ml

 

=  0.09901 mg/ml

 

=  0.08317 mg/ml

 

=  0.05629 mg/ml

 

c c v
m

=
× c c v

m
=

× c c v
m

=
×

0.09901 10
0.01

=
× 0.08317 10

0.01
=

× 0.05629 10
0.01

=
×

=  99.01 mg/g =  83.16 mg/g =  56.29 mg/g 

Table 12: Absorbance values and DPPH scavenging activity of various concentration of ascorbic acid (standard).

Concentration 
(𝝁g/ml) Absorbance Value at 518 nm

Control Test 1 Test 2 Test 3 Mean ± SD SA (%)

10 1.117 0.205 0.214 0.21 0.210±0.009 81.23
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20 1.117 0.174 0.177 0.18 0.177±0.006 84.15

40 1.117 0.076 0.068 0.072 0.072±0.008 93.55

60 1.117 0.044 0.045 0.05 0.046±0.006 95.85

80 1.117 0.034 0.042 0.045 0.040±0.011 96.39

100 1.117 0.03 0.037 0.039 0.035±0.009 96.84

Table 13: Absorbance values and DPPH scavenging activity of various concentration of Phyllanthus emblica methanol extract.

Concentration 
(𝝁g/ml) Absorbance Value at 518 nm

Control Test 1 Test 2 Test 3 Mean ± SD SA (%)

10 1.036 0.526 0.514 0.498 0.513±0.028 50.51

20 1.036 0.38 0.373 0.456 0.403±0.083 61.1

40 1.036 0.273 0.269 0.274 0.272±0.005 73.75

60 1.036 0.134 0.228 0.169 0.177±0.094 82.92

80 1.036 0.065 0.06 0.063 0.063±0.005 93.95

100 1.036 0.035 0.038 0.036 0.036±0.003 96.49

Table 14: Absorbance values and DPPH scavenging activity of various concentration of Phyllanthus emblica ethanol extract.

Concentration 

(𝝁g/ml)
Absorbance Value at 518 nm

Control Test 1 Test 2 Test 3 Mean ± SD SA (%)

10 0.879 0.456 0.464 0.448 0.456±0.016 48.12

20 0.879 0.361 0.331 0.399 0.364±0.068 58.63

40 0.879 0.191 0.238 0.304 0.244±0.113 72.2

60 0.879 0.11 0.204 0.207 0.174±0.097 80.24

80 0.879 0.097 0.27 0.138 0.168±0.173 80.85

100 0.879 0.106 0.119 0.086 0.104±0.033 88.21

Table 15: Absorbance values and DPPH scavenging activity of various concentration of Phyllanthus emblica n-hexane extract.

Concentration 

(𝝁g/ml)
Absorbance Value at 518 nm

Control Test 1 Test 2 Test 3 Mean ± SD SA (%)

10 0.973 0.492 0.468 0.568 0.509 47.65

20 0.973 0.457 0.465 0.513 0.478 50.84

40 0.973 0.265 0.27 0.409 0.315 67.66

60 0.973 0.241 0.255 0.338 0.278 71.43

80 0.973 0.219 0.12 0.324 0.221 77.29

100 0.973 0.132 0.101 0.233 0.155 84.04

Table 16: IC50 values of Phyllanthus emblica extracts.

Compounds IC50 (𝝁g/ml)

Phyllanthus emblica methanol extract <10

Phyllanthus emblica ethanol extract <10

Phyllanthus emblica n-hexane extract 10.93

Discussion
It is generally recognised that the free radicals produced in the 

body has a role in the development of cancer and other chronic 
diseases. Dietary antioxidants that are capable of scavenging free 
radicals can lower the risk of developing the disease. Therefore, it is 
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crucial to determine the radical scavenging effect of antioxidants in 
the P. emblica fruits [12]. The DPPH assay aims to employ 2,2 diphe-
nyl-1-1picrylhydrazyl (DPPH; C18H12N5O6) to determine the antioxi-
dant activity of compounds. DPPH is a stable free radical which has 
an unpaired valence electron at one atom of nitrogen rendering it 
strong absorption at 518 nm [8]. This assay is based on the capabil-
ity of an antioxidant to donate a hydrogen radical or an electron to 
DPPH radical, which is a stable nitrogen-centered free radical with 
deep violet colour. When an odd electron becomes paired off in the 
presence of antioxidant agent or free radical scavenger, DPPH radi-
cals get reduced to corresponding hydrazine, DPPH-H form and the 
solution get decolorized form its initial deep violet (picrylhydrazyl) 
to light yellow colour (picrylhydrazine), in a concentration-depen-
dent manner as shown in Figure 5. The degree of fall in the absor-
bance is measured spectrophotometrically and is proportional to 
the concentration of the antioxidant [10].

Figure 5: Reaction Mechanism of DPPH with antioxidant 
(30).

Extracting antioxidants from plant material most often involves 
the method of solvent extraction. The choice of solvent has been 
shown to have a significant influence on the concentration of an-
tioxidants extracted. From the results obtained from the tables 
above, it was clearly showed that the increases in the concentration 
P. emblica extract will results in decreases in the absorbance value 
and thus the percentage of scavenging activity increases. The same 
goes to the ascorbic acid standard. All of these P. emblica extracts 
showed appreciable free radical scavenging activities as compared 
with the standard ascorbic acid. The result in Graph 6 revealed that 
the scavenging effect and the concentration increased simultane-
ously. Percent free radical scavenging activity of P. emblica ranged 
from 47.65% to 96.49%, with maximum values in methanol ex-
tract. Among these samples tested in this study, the methanol ex-
tract showed the strongest radical scavenging activity (96.49%), 
followed by ethanol extract (88.21%) while the n-hexane extract 
exhibited the lowest radical scavenging activity (84.04%).

Calculation of IC50 by Using the Formula Below

y mx c= +

50
50C cI

m
=

−

For methanol for methanol for n-hexane,

    0.5123 49.982y x= +  

0.414 49.984y x= +

 0.414 49.984y x= +

50
50 49.982

0.5123
IC =

−

 

50
50 49.984

0.414
IC −

=
 

50
50 45.575

0.4047
IC =

−

10 /g mlµ=<

 10 /g mlµ=<  

10 /g mlµ=<

The abilities of the studied extracts to scavenge DPPH were as-
sessed based on their IC50. The IC50 of an antioxidant is defined as 
the amount of the antioxidant needed to decreased the radical con-
centration by 50%. [13]. IC50 value of DPPH scavenging activities 
was contradistinction with percentage of DPPH scavenging activi-
ties. It means that the highest antioxidant activity was indicated by 
the lowest value of IC50 [14]. IC50 value of each extract was shown 
in Table 15. The lowest IC50 was detected in the methanolic extract 
followed by ethanol extract and n-hexane extract with IC50 value of 
<10 𝜇g/ml, <10 𝜇g/ml and 10.93 𝜇 g/ml, respectively. As the lowest
IC50 value possesses higher antioxidant activity, the methanol ex-
tract has a higher ability to scavenge free radical compared to eth-
anol and n- hexane extracts. High antioxidant activity showed by 
the methanolic extract has a positive relationship with TPC activity, 
where high TPC gives a high antioxidant capacity due to the linear 
correlation between the two parameters. Phenolics are big groups 
of secondary plant metabolites which include anthocyanin, vanillin, 
flavonol, caffeic acid, ferulic acid and Gallic acid. Phenolics had a 
wide range of useful qualities, primarily due to their antioxidant ca-
pacity. Hence, according to the results of total phenolic content and 
scavenging activity, methanol extract was found to have the highest 
potential to use as antioxidant substances [11]. 

Characterization of Phyllanthus Emblica Extracts by FTIR 
Spectrometry

The FTIR Spectrometry is one of the methods to characterize 
the functional groups present in the extracts. The FTIR spectra was 
recorded at room temperature using potassium bromide (KBr) 
pellet technique in the wavenumber range 4000-450 cm-1 (mid 
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IR range). The characterization of the plant extracts was evaluat-
ed according to the procedures described. The results so obtained 
are given in (Figures 6-8). (methanolic, ethanolic and n-hexane ex-
tracts), respectively. 

Figure 6: FTIR spectra of methanol extract.

Figure 7: FTIR spectra of ethanol extract.

Figure 8: FTIR spectra of n-hexane extract.

Discussion
Fourier transform infrared spectroscopy (FTIR) is a rapid, eco-

nomical and non-destructive technique available to scientist all 
over the globe. FTIR was originally utilised as a spectroscopic tech-
nique for the identification of functional groups of various chem-
ical constituents, but in recent years it has been widely used and 
applied for the identification, quality control and manufacturing 
process supervision of pharmaceutical drugs [15]. FTIR technique 
is based on the identification of functional groups in molecules 
where such groups vibrate either through stretching or bending 

in different ways when exposed to particular light wavelengths. 
These vibrations and their intensity (% transmission) are plotted 
against the frequency of light (cm-1) to which the sample is exposed 
to produce an FTIR spectrum [16]. The position and intensity of a 
vibrational band reflect the underlying molecular motion and the 
conformation of the atoms involved in the chemical bond. Thus, 
bands in a characteristic spectral region are produced by a specific 
sub-molecular group. These characteristic bands serve as the em-
pirical basis for interpreting the vibrational spectra. Furthermore, 
characteristic absorption bands can be used for compound-specific 
detection [17].

FTIR analysis was conducted between the range 4000-450 cm-1 
for the identification of functional groups present in the extract. In 
Figure 15, the FTIR spectrum of methanol extract showed the first 
band stretching at 3269.66 cm-1. This broad band located between 
2500 and 3300 cm-1 is the characteristic of the -OH group in carbox-
ylic acid [18]. This feature is considerably broader than most of the 
other features in infrared spectra due to strong hydrogen bonding. 
Besides, the sharp absorption peak at 1717.26 cm-1 (1685-1715 cm-

1) was assigned to C= O stretching vibration in carbonyl compounds 
[19-35]. The presence of a narrow and sharp peak at 1038.11 cm-1 
may indicates the presence of C-O group in the extract. Moreover, 
an observed broader band at 3188.77 cm-1 is the characteristic of 
-OH group in carboxylic acid indicated the presence of hydroxy 
compounds in P. emblica ethanol extract as shown in Figure 7. A 
sharp peak was also noticed at 1650.99 cm-1 due to the presence 
of carbonyl (C= O) group. In addition, the FTIR spectrum of n-hex-
ane extract shown in Figure 17 displayed a characteristic peak at 
3206.75 cm-1 which was associated to the -OH group in carboxylic 
acid whereas the peak at 2973.75 cm-1 could be possibly attributed 
to the -CH stretching vibrations of various groups such as methyl, 
methylene or methoxy groups. A sharp peak was also observed at 
1717.54 cm-1, which was assigned to the C= O stretching in carbonyl 
group. Lastly, the presence of a characteristic peak at 1039.11 cm-1 
may indicates the presence of C-O group in the P. emblica n-hexane 
fruit extract.

Conclusion
P. emblica is one of the most popular Ayurvedic medicinal 

plants due to its diverse pharmacological properties to treat sever-
al human ailments. However, its most extraordinary features are its 
antioxidative and anti-inflammatory properties. Scientific research 
on the pharmacological effects of P. emblica suggests the clinical 
significance of this plant species. It is one of the richest sources of 
vitamin C found in the nature and is essential in avoiding a wide 
range of illnesses. It is regarded as a safe herbal medicine without 
any adverse effects. Thus, it can be concluded that Indian gooseber-
ry is a traditionally and clinically proven fruit for its efficacy and ap-
plication. Today, research on Indian traditional medicine plants has 
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gained a new recommence. Although the other medicine systems 
are efficient, they come with a number of undesired side effects that 
frequently result in life-threatening complications. Being natural, 
herbal medicine alleviates all of these problems. 

The present study reports the extraction of P. emblica fruits 
using three different solvent such as methanol, ethanol and n-hex-
ane. Among the solvent tested, methanol was found as the best 
extracting solvent for extraction of phenolic compounds and anti-
oxidants for P. emblica fruit. This is due to methanol extract of P. 
emblica fruits showed a very high phenolic content and scavenging 
activity compared to ethanol and n-hexane extract. All the extracts 
have a high DPPH scavenging activity but the antioxidative activity 
of methanol extract (96.49 𝜇g/ml) was very close to the standard
ascorbic acid (96.84 𝜇g/ml). The antioxidant activity of P. emblica
fruits showed a clear correlation with the phenolic content prov-
ing that the activity is due to the presence of bioactive compounds. 
Polar solvents especially methanol and ethanol showed higher effi-
ciency in extracting the phenolic compounds of P. emblica, resulting 
in higher antioxidative activity. The results imply that the methan-
olic extract of fruits of P. emblica are potentials sources of natural 
antioxidants, which have free radical scavenging activity and might 
be useful for hepato- and radio- protection, as well as reducing ox-
idative stress in many pathological conditions. Consumer demand 
for health promoting products provides an opportunity to develop 
antioxidant rich functional foods, as well as pharmaceutical grade 
or nutraceutical products. The antioxidant rich Indian gooseberry 
can be investigated for the above said properties which would be a 
great benefit and advantage to the health food industry.
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