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The effects of different types of solvents and extraction method were investigated to determine the presence
of antioxidant contents and activity from the P. niruri plant. The aim of this study is to determine which
extraction method will give higher natural antioxidant contents and antioxidant activity. The content of
natural antioxidant and antioxidant activity were analysed by total phenolic content (TPC), total flavonoid
content (TFC) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity assay. The
results showed that extracts from a supercritical fluid extraction (SFE) method without the addition of
modifier showed the highest content of total phenolic (187.66 mg GAE/ g) and flavonoid (1100.93 mg
QE/g) in P. niruri compared to the other methods of extraction with different type of solvents. The extract
of P. niruri from different extraction methods showed antioxidant activity on DPPH radical scavenging
assay. The soxhlet extraction method by methanol showed the lowest IC 50 compared to the other methods
of extraction. The results revealed that P. niruri extracts had different content of antioxidant and antioxidant
activity. The solvent polarity and different methods of extraction play significant roles in determining the
most suitable method for production of antioxidant contents and antioxidant activity from P. niruri extracts.
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1.0 INTRODUCTION
The famous herbs from Phyllantus species are widely used in folk
medicine like the Ayurvedic medical system for more than 3000
years are herbs which useful in the treatment of kidney problems,
urinary bladder disturbances, diabetes, pain, jaundice, gonorrhoea,
chronic dysentery, skin ulcers, and hepatitis B. [1] In Brazilian folk
medicine, P. niruri from Euphorbiaceae is well known as ‘quebra
pedra’ or ‘stone breaker’ have strong impact on kidney stones and
gallstones. [2] The curing and relieving ability of P. niruri on
certain diseases have been attributed to different classes of
constituents including lignans [3], alkaloids (non polar) [4],
flavonoids (medium polar) [5], terpenoids [6], phenylpropanoids
[7] and the hydrolysable tannin, corilagin [8].
The traditionally used of P. niruri for the treatment of urolitic
and as a diuretic in Paraguay was found to possess inhibitory
activity against angiotensin converting enzyme (ACE) by 70%
ethanol extracts of P. niruri from the screening test for biological
activity. The presences of Corilagin are verified in several
chromatographic studies in leaves and extracts of different species
of the genus Phyllantus [9]. The biological activities of P.niruri
have interesting relation with traditionally used as folk medicine.
The whole parts of P. niruri by aqueous extract can inhibit the
endogenous DNA polymerase of hepatitis B virus in vitro and in

vivo [10]. In the ethanolic extracts of P. niruri from whole parts of
the plant showed the presence of alkaloids, steroids, terpenes,
coumarins, polyphenolic compounds such as phenolic acids and
flavonoids by phytochemical analysis using TLC [11].
Antioxidants are the substances that can neutralize free
radicals. Oxygen is a radical agent that can produces reactive
oxygen species (ROS) which is highly toxic and causes various
damages especially to human. ROS are considered to be the major
causes of skin aging, cancer and certain skin disorder [12].
Although ROS usually have a short half-life, they can react with
DNA, proteins and unsaturated fatty acids. Thus, as a defence
systems against these free radicals, human need the substances that
can neutralize and counter the free radicals. The harmful ROS can
be defended by consuming the additional of antioxidants through
herbs, foods or supplements [13]. The types of ROS such as
superoxide radical anion, hydroperoxyl radical are produced in
cells from byproducts of metabolism which are major contributor
for a large number of degenerative diseases such as cardiovascular
disease (CVD), diabetic, cirrhosis and several cancers [14]. The
antioxidant activity and hepatoprotective potential [15] was found
in P. niruri.
From the previous research found that the total phenolic
compound (TPC), DPPH Scavenging Assay (DPPH) and FRAP
Antioxidant Assay (FRAP) posses the highest content and activity

68:5 (2014) 47–52 | www.jurnalteknologi.utm.my | eISSN 2180–3722 |

48

Mohd Azizi Che Yunus et al. / Jurnal Teknologi (Sciences & Engineering) 68:5 (2014), 47–52

of antioxidants compared to the other species of phyllantus using
water and methanol extract [16]. The methanol extracts produced
the highest contents and activity of antioxidant compared to water
extract. The leaves and fruits part of P. niruri by methanolic and
aqueous extract also had inhibition of membrane lipid peroxidation
(LPO), scavenging of 1, 1-diphenyl-2picrylhydrazyl (DPPH)
radical and inhibition of reactive oxygen species (ROS) in vitro
[15]. The effects towards anti-HIV using three different types of
solvents (water, methanol, 50% ethanol) in pharmacology study of
P. niruri was also reported [17]. Among the three types of solvents,
50% of ethanol extract can inhibit the most replication of the
reverse transcriptase virus compare to the other solvents and the
extracts also contains 1.10% geraniin and 2.28% (w/w) corilagin.
In recent years, the functional foods are widely preferred by
consumers due to the functional ingredient from the traditional
foods that possess ingredients which are able to provide a useful
action for human health. These natural ingredients are chosen by
consumers and usually extracted from natural sources such as
plants, food byproducts or even algae and microalgae. Among
many ingredients in natural sources, antioxidants compounds are
being the most studied. In this study, the extraction of P. niruri by
soxhlet is done using various solvents which are methanol, ethanol,
ethyl acetate and n-hexane as extracting solvents because these
might extract different compositions. However, this traditional
extraction methods used to attain these sorts of products have
several shortcoming thus they are time consuming, laborious and
have low selectivity. Moreover, these techniques occupy large
amounts of toxic solvents. To overcome these circumstances, a new
extraction method which is supercritical fluid extraction (SFE) is
being studied. These extraction methods give higher selectivity,
shorter extraction times and do not utilize toxic solvents.
2.0 EXPERIMENTAL
2.1 Plant Material
P. niruri was purchased from Herbagus, Penang and pre treated
using sun dried method. The sun dried P. niruri was grind to
become powdered form. The particle size of P. niruri was 3 mm.
The sample was divided into several parts for different extraction
methods which are supercritical fluid extraction carbon dioxide
with and without modifier and soxhlet.

extraction vessel was sealed tightly. Then, the desired temperature
was set (60ºC). Pressure within the extraction vessel was from a
constant carbon dioxide flow rate and regulated by automated back
pressure regulator. The SFE extraction was started after the
desirable temperature (60ºC) and pressure (30 MPa) were achieved.
The whole extraction process for P. niruri took around 90 minutes
and the yield of P. niruri extraction was measured. After the
completion of extraction, the extraction vessel was depressurized
and the yield was collected.
2.4 Determination of Antioxidant Content
2.4.1 Total Phenolic Content (TPC)
Total phenolic content (TPC) of P. niruri was performed based on
the method done by previous study with a slight modification [18].
0.1 mL of sample or standard stock solution was transferred into
test tube. Then, 1.0 mL of Folin-Ciocalteu reagent was mixed with
the sample or standard stock solution and the mixture was left for
three minutes. After three minutes, 300 µL of sodium carbonate
solution was added into the test tube and the mixture was left for
90 minutes. After 90 minutes standing at room temperature, the
absorbance was read at 725 nm by automated microplate reader,
Multiskan GO. The analyses were performed in triplicate and the
standard curve with serial gallic acid solution (ranging from 0.020.64 mg/mL) was used for calibration. The results of total phenolic
content were expressed as mg of gallic acid equivalents (GAE) per
1g of extract.
2.4.2 Total Flavonoid Content (TFC)
Total flavonoid content (TFC) test of P. niruri was performed
based on the previous study with a slight modification [19]. 250 µL
of standard or samples solutions were added with 1.25 mL distilled
water and mixed with 75 µL 5% NaNO2 solution. The mixture was
left at room temperature for 6 minutes. Then, 150 µL of 10% AlCl3
was added into the mixture for five minutes. After five minutes, 0.5
mL 1M NaOH and 275 µL distilled water were added to the
mixture. The analyses were performed in triplicate and the standard
curve with serial quercetin solution (0.02, 0.04. 0.08, 0.16, 0.32,
and 0.64 mg/mL) was used for calibration. The absorbance was
read at 510 nm by automated microplate reader using Multiskan
GO. The results of total flavonoid content were expressed as mg of
quercetin equivalents (QE) per 1 g of extract.

2.2 Soxhlet Extraction (SE)
2.4.3 DPPH Free Radical Scavenging Activity
Twenty grams of P. niruri sample were weighed and placed in
thimbles for four different solvent which are methanol, ethanol,
ethyl acetate and n-hexane. Then, the thimbles were transferred into
soxhlet extractors and cotton was inserted on the top of sample in
thimbles to make sure that the sample will not spill out from the
thimble during extraction. Four different types of solvents were
added into each round flask, which is connected to the extractor and
condenser. The extraction periods are 6 hours for each solvent.
After the completion of extraction process, solvents were removed
a rotary evaporator to obtain the crude extracts of P. niruri.
2.3 Supercritical Fluid Extraction (SFE)
P. niruri was extracted by supercritical carbon dioxide extractor
with and without modifier (methanol) as a co-solvent using staticdynamic extraction. The pressure applied was 30 MPa and the
temperature was 60ºC. P. niruri samples were taken from freezer
and keep in room temperature for thawing purposes. After the
thawing of samples, five grams of P. niruri samples were weighed
by weighing scale and placed into a 1 L extraction vessel and the

The ability of P. niruri to scavenge 2,2-diphenyl-1-picrylhydrazyl
(DPPH) was determined by DPPH free radical scavenging activity
assay. The scavenging effects of samples for DPPH were
performed based on the method in the previous study with a slight
modification [20]. Ascorbic acid was used as positive control. 1
mM of DPPH solution was prepared by diluting 3.94 mg DPPH in
10 mL of methanol. 200 µL of standard and P. niruri solution (800,
400, 200, 100, 50, 25, 12.5 and 6.25 µg/mL) were added into
microplate 96 well. Then, 50 µL of 1 mM DPPH solution was
mixed into each well. The mixture of standard or P. niruri solution
was left at room temperature in the dark place for 30 minutes. After
30 minutes of incubation period, the absorbances were read at 517
nm by automated microplate reader using Multiskan GO. The
blank sample was 200 µL methanol and 50 µL of 1 mM DPPH. All
samples were made in triplicate. The ability of P. niruri extracts
and positive controls to scavenge the DPPH free radical was
calculated using the following formula:
I % = [(Ablank - Asample) / Ablank] x 100%
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Ablank is the absorbance of 1 mM of DPPH solution with methanol
while Asample is the absorbance of the P. niruri extracts and positive
controls solution. The lower absorbance indicates a higher
scavenging activity followed by decreasing the intensity of purple
to yellow colour. The radical scavenging activity of P. niruri
extracts were interpreted via IC50 value. The IC50 is a concentration
that can scavenge the 50% of DPPH free radical.
All experiments were done in triplicate. The results are given
as mean standard deviation. T-test was used for comparison
between the two means and a one-way analysis of variance
(ANOVA) was used for comparison of more than two means. A
difference was considered statistically significant when p < 0.05.

Table 1 shows the extraction yields of different solvents. The
extraction yield was found to be reliant on extraction solvent. The
extraction yields of P. niruri extracted by soxhlet using various
types of solvents ranged from 2.56% to 18.44%, while SFE using
CO2 and CO2 with addition of co-solvent had an extraction yield
ranging from 2.22% to 5.28%. Extraction of P. niruri by soxhlet
using methanol as solvent showed the highest yield of extract
followed by ethanol, ethyl acetate and n-hexane, while SFE using
carbon dioxide showed the highest yield of extract compared to
SFE with addition of 10 mL methanol as co-solvent. With ethyl
acetate or n-hexane as the solvent, the extraction yield found with
soxhlet is close to that of the SFE using CO2 and modifier.
3.2 Contens of Total Phenolics and Total Flavonoids

3.0 RESULTS AND DISCUSSION
It has been proposed that the phenolic content of plant materials is
related with their antioxidant activity [22]. The broadly used of
TPC assay is usually to estimate relative amounts of phenolic
compounds present in an extract. The simplest form of a phenolic
compound which is gallic acid was used to express the TPC results
as g gallic acid equivalents. A complex redox reaction with
phosphotungstic and phosphomolybdic acids which is present in
the TPC reagent is occurred in the extract with the presence of
phenolic compounds [23]. The different reaction can be observed
in conditions of the color changes due to oxidation of the TPC
reagent depending on the number of phenolic groups present [16].

3.1 Solvent Extraction Yield
The frequently used technique to attain antioxidants from plant
materials is solvent extraction. Due to the variation in solubility and
polarity, it has been suggested that there is no single solvent that
can extract all the antioxidants from food [21].
Table 1 Various solvents extraction yields of P. niruri by different methods
of extract.
Solvents

Extraction yield (% w/w)
Soxhlet
SFE
18.44
9.24
5.15
2.56
5.28
2.22

Methanol
Ethanol
Ethyl acetate
N-Hexane
CO2
CO2 with 10 mL
methanol

Table 2 Total phenolic content and total flavonoid content by different solvents and extraction method
Solvents

Methanol
Ethanol
Ethyl acetate
N-Hexane
CO2
CO2 with 10 mL methanol
Values are presented as means ± SD (n=3)

mg gallic acid equivalent / g extract

mg quercetin equivalent / g extract

Soxhlet

SFE

Soxhlet

SFE

121.25 ± 7.31
101.54 ± 5.16
52.7 ± 2.02
34.28 ± 0.25

187.66 ± 9.43
57.41 ±0.65

186.8 ± 5.88
274.8 ± 13.06
346.1 ± 21.34
241 ± 11.09
-

1101.8 ± 100.71
262.1 ± 6.40
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The research found that the major components of P. niruri are
active hydrolysable tannins which are semi polar compounds like
ellagitannins and gallotannins that can be extracted using the
mixture of ethanol and water [24]. The above results may be due to
the fact that phenolics are frequently extracted in higher amounts
using more polar solvents and the content of phenol is decreasing
with semi or less polar solvents. The method of extract by SFE
showed the contrary effects in TPC. The extract using CO2 only
possesses the highest contents of phenol compared to the soxhlet
and SFE using addition of 10 mL of methanol. The higher yield
may be due to low temperature used in SFE as compared to soxhlet.
The high temperature and long period in processing conditions
might result in the loss of natural antioxidants because heat may
speed up their oxidation and other degenerative reactions. The
reduction of antioxidant activity in the apple juice from 20-40%
was occurred when an accelerated shelf-life test was performed at
80 °C for 4 days [25]. The other studies found that the heating at
100 °C for nine days can decrease the antioxidant activities up to
61% [26]. There was a statistically significant differences (p<0.05)
in the mg gallic acid equivalents (GAE)/ g extracts among different
solvents in soxhlet and SFE.
The other types of plant secondary metabolites are flavonoids
such as flavonols, flavones and condensed tannins. The intake of
foods like fruits and vegetables which possess flavonoid has been
linked to protection against cancer and heart disease [27]. The total
flavonoid content ranging from 186.8 mg to 346.1 mg and 262.1
mg to 1101.8 mg quercetin equivalent/g extract, respectively, was
noted with the extracts of P. niruri by soxhlet and SFE. P. niruri
extracted by soxhlet using ethyl acetate as solvent possessed the
highest content of flavonoid followed by ethanol, n-hexane and
methanol, respectively while SFE using CO2 had highest content of
flavonoid compared to CO2 with addition of 10 mL methanol as co-

solvent. Based on the result, SFE is the best method of extract for
production of P. niruri compared to soxhlet. The above results
might be due to the influence of temperature involved in extraction
process. High temperature and long period of extract by soxhlet
may degrade the compounds in P. niruri extracts.
In previous study they found that the using of heating
extraction process produced lower flavonoid contents compared to
maceration, due to the higher temperature can degrade the
flavonoid compound [28]. The results proved that high temperature
can lower the flavonoid compound in P. niruri. Thus, the method
of SFE is more preferable compared to soxhlet in extracting of the
flavonoid compound in P. niruri. There was a statistically
significant differences (p<0.05) in the mg quercetin equivalents
(QE)/ g extracts among different solvents in soxhlet and SFE.
3.3 DPPH Radical-Scavenging Effect
The dose in mass of the antioxidants resources which is extract or
reference standard needed to inhibit the initial DPPH radical
activity by 50% is known as IC50. The smaller IC50 value indicates
the high scavenging activity and strong antioxidants compound
[29].
In the DDPH assay, 1,1-Diphenyl-2-picrylhydrazyl is the
focal chemical broadly consumed for the determination of free
radical scavenging activity of antioxidant compounds in extracts
[30].
Diphenylpicrylhydrazl
will
be
reduced
to
diphenylpicrylhydrazine when added to the plant extract which
contain antioxidant compounds. The colour will be changed from
purple to yellow during the process. One of the common ways to
express the antioxidant activity is referring to a common reference
standard. The common reference standard used for in this study is
ascorbic acid.

Table 3 DPPH free radical scavenging activity effects by different solvents and methods of extract
Solvents

Methanol
Ethanol
Ethyl acetate
N-Hexane
CO2
CO2 with 10 mL methanol

% of inhibition at 6.25
µg/mL
13.76
6.26
3.077
-

DPPH free radical scavenging activity effects
IC50 (µg/mL) by Soxhlet
% of inhibition at 6.25
µg/mL
26
77
500
7.07
8.035

IC50 (µg/mL) by SFE
540
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The IC50 of P.niruri extracted by different technique and
solvents presented in Table 3 ranged from 26-540 ug/mL. The
extract of P. niruri by soxhlet using methanol as a solvent showed
the lowest IC50 which is 26 µg/mL indicates high capacity of P.
niruri to scavenge free radical of DPPH. There was no IC50 in
soxhlet using n-hexane and SFE without modifier. The
concentration of seriel dilution should be increased more than 1
mg/mL in order to achieve the IC50. The structural factors like the
number of phenolic, hydroxyl or methoxyl groups, flavones
hydroxyl, keto group, free carboxylic groups and other structural
features may influence the antioxidant activities of the individual
compound which is present in the extracts [31,32]. The increase of
sample or standard concentration can increase the scavenging
effects on the DPPH radical [33]. There was a statistically
significant differences (p<0.05) in the percent of inhibition among
different solvents used in soxhlet while there was not statistically
significant different (p<0.05) in the percent of inhibition among
two groups of solvents in SFE.
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