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Abstract

The risk of degenerative diseases is increasing due to unhealthy lifestyles. Many people
consume junk food, smoke, and do not protect themselves from sun exposure and
pollution, exposing their bodies to free radicals. Free radicals can cause oxidative stress,
necessitating the need for antioxidants to neutralize them. The leilem plant (Clerodendrum
minahassae) is an endemic plant from North Sulawesi that is often used in traditional
dishes and medicine. Moreover, leilem leaves are believed to be a source of natural
antioxidants. This study aimed to determine the efficacy of leilem leaf ethanol extract as
a source of antioxidants. The antioxidant potential was evaluated using phytochemical
screening and antioxidant assays such as 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) and Ferric
Reducing Antioxidant Power (FRAP) methods, with ascorbic acid as a comparison. The
level of antioxidant activity was measured by determining the ICso value, which
corresponds to the concentration of extract required to inhibit 50% of free radicals. The
results of phytochemical screening showed that the ethanol extract of leilem
(Clerodendrum minahassae) leaves contains active compounds such as phenols,
flavonoids, saponins, tannins, steroids/triterpenoids, and alkaloids, indicating a high
potential for antioxidant activity. The ICs value for the DPPH method was 78.799 ppm,
and the ICsovalue for the FRAP method was 92.127 ppm. These results demonstrate that
the ethanol extract of leilem leaves has strong antioxidant activity in both the DPPH and
FRAP methods.
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1. Introduction

Every year, around 41 million people die from
degenerative diseases worldwide (WHO, 2022) [1]. The
risk of these diseases is increasing due to unhealthy
lifestyles such as eating junk food, smoking, drinking
alcohol, and not protecting themselves from excessive

Free radicals are molecules that are highly reactive and
unstable because they have unpaired electrons on their
outer layer [4]. If excessive free radicals are not
neutralized, this can lead to oxidative stress which causes
damage to cells and tissues. Antioxidants are needed by
the body to prevent oxidative stress. Antioxidants donate
electrons to neutralize free radicals [5]. Antioxidants can

exposure to air pollution and sunlight so that the body is
exposed to free radicals [2, 3].
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be found in vegetables, fruits, nuts, chocolate, tea, coffee,
and certain herbs [6, 7].

Indonesia is rich in plants that can be used for medicine
[8-10]. One notable medicinal plant in Indonesia is the
leilem plant (Clerodendrum minahassae), which is endemic
to North Sulawesi. This plant is believed to be a source of
antioxidants and has been traditionally used to treat
stomach pain, worms, and mouth ulcers. In addition to its
medicinal properties, the leaves of the leilem plant are
often used as vegetables and seasonings in local cuisine.

Antioxidant activity assessment can be done by various
methods [11]. However, in this study, DPPH and FRAP
methods were used. The principle of the 2,2-Difenil-1-
Pikrilhidrazil (DPPH) method is that the DPPH radical will
react with hydrogen atoms and be reduced. The
advantages of this method are that it requires low cost,
simple procedures, high sensitivity, and only requires a
few samples [12]. The Ferric Reducing Antioxidant Power
(FRAP) method principle is that antioxidants from plant
extracts will reduce ferric complexes (Fe3) to ferrous
complexes (Fe?*). This method has advantages such as
easy-to-prepare reagents, fairly simple procedures, fast
and not requiring special equipment [13].

Several studies have been conducted on the antioxidant
activity of leilem leaf extract using DPPH and FRAP
methods. Research has been conducted by Rachmatia et
al. on the antioxidant test of methanol extracts with the
DPPH method. The study results were weak antioxidant
activity with an I1Cso value of methanol extract of 300.57
g/ml [14]. Another study was conducted by Pratiwi et al.
using the DPPH method, which obtained an ICso value of
ethanol extract of leilem leaves of 13.8 ppm, which
means very strong antioxidant activity [15]. Research on
antioxidant testing of leilem leaves was also conducted
by Kairupan et al. using the DPPH and FRAP methods. The
results of this study obtained the ICso value of leilem leaf
ethanol extract for the DPPH method of 565.45 g/ml and
the FRAP method of 123.62 g/ml [16]. Based on several
existing studies, there is a gap in the ICso value in the
DPPH method, and research on the antioxidant test of
leilem leaves with the FRAP method is still very limited.
Therefore, this study aims to identify active compounds
and the antioxidant activity of ethanol extract of leilem
leaves using DPPH and FRAP methods.

2. Materials and Methods

This research was conducted at the Laboratory of the
Faculty of Medicine, Sam Ratulangi University, and the
Microbiology Laboratory of the Faculty of Mathematics
and Natural Sciences, Sam Ratulangi University, Manado,
Indonesia. The samples used were leilem leaves obtained
from Rumoong Atas Village, Tareran District, Minahasa

Regency at an altitude of 600 meters above sea level
located between 1.2210676 north latitude and
124.7367846 east longitude and Kayuuwi Village, West
Kawangkoan District, Minahasa Regency at an altitude of
700 meters above sea level located between 1° 12'
35.2656" north latitude and 124° 46' 28.1892" east
longitude.

2.1. Sample Preparation

The young leaves of the leilem plant are picked and then
cleaned with running water until clean and drained. After
that, leilem leaves are dried by aerating indoors for a
week. The dried leaves were then pulverized with a
blender to obtain dry simplisia powder and sieved using
a mesh sieve to obtain a fine and uniform simplisia
powder. Then, the weight of the simplisia powder was
measured using an analytical balance.

2.2. Extract Preparation

The extraction method used in this study is maceration.
400 g of simplisia powder was put into a glass jar, and
2000 ml of 96% ethanol solution was added. The glass jar
was then closed and left for three days at room
temperature while occasionally stirring. After three days,
filtering was carried out using filter paper to obtain
filtrate I. Then, remaceration was carried out by mixing
the dregs with 500 ml of new 96% ethanol solution, and
then the dregs were allowed to stand for two days while
occasionally stirring. After two days, filtration was carried
out to obtain filtrate II. Filtrate | and Il were combined and
evaporated using an oven. The thick extract was then
allowed to stand at room temperature until the solvent
evaporated. After that, the thick extract was weighed
using an analytical balance and stored in a closed
container.

2.3. Qualitative Phytochemical Screening

The sample extract solution was made by mixing 2 g of
thick extract of leilem leaf with 20 ml of 96% ethanol.

2.3.1. Triterpenoids and Steroids

Add 2 ml of sample extract into a test tube and 2 ml of
glacial CH3COOH to it. After that, add 2 ml of H2SOa. For a
few minutes, positive steroids will form a green-blue-
black color, and positive triterpenoids will form a purple-
red color [17].

2.3.2. Phenols and Tannins

add 2 ml of sample extract to the test tube with 5-10
drops of FeCI3 1%. Phenols and tannins are positive if a
blue-black or green color is formed [17].
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2.3.3. Flavonoids

Add 2 ml of sample extract into a test tube and then heat
it. Furthermore, five drops of HCL and 0.1 g of
magnesium powder were added to the solution. The
solution will form a dark red color, which indicates that it
is positive for flavonoids [17].

2.3.4. Saponins

2 ml of extract solution in a test tube was heated, and
then 20 drops of water were added to it and
homogenized for approximately 1 minute. A stable foam
formed indicates positive saponins [17].

2.3.5. Alkaloids

add 2 ml of sample extract into the test tube, then add 5
ml of chloroform, 5 ml of ammonia, and three drops of
H2SO4. After that, the test tube was homogenized and
allowed to stand for 3 minutes. The top layer was then
pipetted and put into three test tubes. Each test tube was
dripped with ten drops of Mayer, Wager, and Dragendorff
reagents. Alkaloids are positive if a white or yellow
precipitate is formed for the Mayer reagent, a brown
precipitate for the Wager reagent, and an orange
precipitate for the Dragendorff reagent [17].

2.4. DPPH Reagent Preparation

DPPH solution was prepared by mixing 4 mg of DPPH
powder with 100 ml of 96% ethanol.

2.4.1 Sample Solution Preparation

The 1000 ppm stock solution was made by weighing 10
mg of leilem leaf extract and then dissolved with 10 ml of
96% ethanol. From 1000 ppm stock solution, a sample
solution was made with concentration variations of 20
ppm, 40 ppm, 80 ppm, and 100 ppm. The 1000 ppm stock
solution was pipetted 0.2 ml, 0.4 ml, 0.8 ml, and 1 ml,
respectively, in a 10 ml volumetric flask, then sufficed
with 96% ethanol until the limit line.

2.4.2 Antioxidant Activity Test Using 2,2-Difenil-1-
Pikrilhidrazil (DPPH) Method

Sample solutions with various concentrations (20 ppm,
40 ppm, 80 ppm, 100 ppm) were taken as much as 2 ml
each and added with 2 mI DPPH solution into 5 test tubes,
then vortexed to make it homogeneous. The mixture was
then incubated for 30 minutes at room temperature. The
sample solution that changes color is then measured for
absorbance at a wavelength of 517 nm using a UV-Vis
spectrophotometer and recorded as the absorbance of
the sample. The absorbance of control was obtained by
measuring the absorbance of the DPPH solution. The

measurement was done three times with ascorbic acid as
the standard, and the same treatment was given to the
sample. The absorbance value obtained was used to find
the % inhibition value (Equation 1). Making a curve where
X as concentration (ppm) against y as % inhibition, then
obtained a linear regression equationy = ax + b. From the
linear regression equation, the ICso value was obtained
[18].

Ac — As

% Inhibition = x100% D
where Ac represents the absorbance of the control and
As represents the absorbance of the sample

2.5. FRAP Reagents Preparation

The FRAP reagents were prepared as follows: a
phosphate diluent solution was made by dissolving 0.8 g
of NaOH and 2.72 g of KH2PO4 in distilled water to 100
ml each, then 39.1 ml of NaOH solution and 50 ml of
KH2PO4 solution were combined in a 200 ml volumetric
flask and filled with distilled water; a 1% potassium
ferricyanide solution was made by dissolving 1 g of
potassium ferricyanide in distilled water to 100 ml; a 0.1%
iron (Il1) chloride solution was made by dissolving 0.1 g of
FeClI3 in distilled water to 100 ml; a 10% trichloroacetic
acid solution was made by dissolving 10 g of TCA in
distilled water to 100 ml; and a 1% oxalic acid solution
was made by dissolving 1 g of oxalic acid in distilled water
to 100 ml.

2.5.1. Sample Solution Preparation

The 1000 ppm stock solution was made by weighing 10
mg of leilem leaf extract and then dissolved with 10 ml of
96% ethanol. From 1000 ppm stock solution, a sample
solution was made with concentration variations of 20
ppm, 40 ppm, 60 ppm, and 80 ppm. The 1000 ppm stock
solution was pipetted 0.2 ml, 0.4 ml, 0.6 ml, and 0.8 m|,
respectively, in a 10 ml volumetric flask, then sufficed
with 96% ethanol to the limit line.

2.5.2 Antioxidant Activity Test Using Ferric Reducing
Antioxidant Power (FRAP) Method

A total of 1 ml of sample solution of each concentration
(20 ppm, 40 ppm, 60 ppm, 80 ppm) was added to 1 ml of
phosphate buffer solution and 1 ml of KsFe(CN)e. The
mixture was then homogenized and incubated for 20
minutes at 50°C. After that, the solution was added with
1 ml of TCA and centrifuged for 10 minutes at 3000 rpm.
The top layer (supernatant) was then taken as much as 1
ml, mixed with 1 ml of distilled water and 0.5 ml of FeCls
0.1%, and allowed to stand for 10 minutes. The sample
solution that changes color is then measured for
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Table 1. Phytochemical screening test results of Clerodendrum minahassae.

No. Phytochemical Tested Reagents Results Description
1 Phenol FeCls + Blue-black color formed
HCL +
2 Flavonoids Magnesium Brick red color formed
powder
3 Saponins Aquades There is a little forth
4 Tannins FeCls Blue-black edge
Steroids/ H>S04
5 Triterpenoids Acetic Acid + Purple-brown color formed
Wagner There is a red-brown sediment
6 Alkaloids Mayer + There is a white sediment
Dragendorff There is an orange sediment

"+" indicates a compound contained in the extract.

absorbance at a wavelength of 720 nm using a UV-Vis
spectrophotometer. Measurements were taken three
times. In the FRAP method, ascorbic acid is used as a
standard that is given the same treatment as the sample.
The absorbance value obtained is used to find the %
reducing power value (Equation 2). Making a curve where
X as concentration (ppm) against y as % reducing power
(%RP), then obtained a linear regression equation y = ax
+ b. From the linear regression equation, the ICso value
was obtained [19].
As

% Reducing Power = [1 - (1 - A_c>x 100%] @)
where 4s represents the absorbance of the sample and
Ac represents the absorbance of the standard (ascorbic
acid).

3. Results and Discussion
3.1. Leilem Leaf Extraction Result

The extraction process is carried out so that the
compounds contained in the plant can be separated from
the mixture or simplisia. The extraction process uses the
maceration method because the solvent will penetrate
the cell wall of the material and then enter the cell cavity
containing active compounds. The difference in
concentration between the active compounds inside and
outside causes the concentrated solution to be pushed
out [20]. For solvent selection, ethanol is used because it
is semi-polar, which can dissolve polar and nonpolar
compounds and attract secondary metabolite
compounds [21]. 400 grams of leilem leaf simplisia
powder was extracted by maceration using 96% ethanol
solvent. Then, the filtrate was evaporated using an oven
for three days. This process obtained 28.84 g of thick
extract with a yield of 7.21%.

3.2. Phytochemical Screening Test Results

Based on the results of phytochemical screening (Table
1), ethanol extract of leilem leaves contains active
compounds such as phenols, flavonoids, saponins,
tannins, steroids/triterpenoids, and alkaloids where
these compounds can act as antioxidants. Each
compound has its mechanism for reducing free radicals.
Phenol can donate hydrogen atoms, reducing free
radicals to a more stable form. Tannins have hydroxyl
groups whose hydrogen atoms can be donated to free
radicals so that they become more stable forms.
Steroids/triterpenoids play a role in the primary
antioxidant mechanism of action, which can break the
chain reaction and convert free radicals into a more
stable form. Saponins can reduce superoxide by forming
hyperoxide intermediates so that biomolecular damage
by free radicals can be prevented [22]. Flavonoids act as
antioxidants because the aromatic ring carbon has a
hydroxyl group, so free radicals generated from fat
peroxidation reactions can be captured [23]. Alkaloids act
as antioxidants because they contain nitrogen atoms
with free electron pairs to reduce free radical activity [24].

3.3. Analysis of Antioxidant Activity Using 2,2-Difenil-1-
Pikrilhidrazil (DPPH) Method

An antioxidant activity test using the DPPH method uses
the principle that antioxidant compounds will react with
DPPH by donating hydrogen atoms to get a pair. The
color change that occurs is then measured using a UV-Vis
spectrophotometer with a wavelength of 517 nm to
obtain the absorbance value. The absorbance value
obtained is then entered into the formula for the percent
inhibition [18].

Table 2 shows the absorbance value and % inhibition of
ethanol extract of leilem leaves, and Table 3 shows the
absorbance value and % inhibition of ethanol extract of
ascorbic acid as a control. Based on the measurement
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Table 2. Absorbance value of leilem leaf extract with DPPH method.

Ethanol Extract of Leilem Leaves
Absorbance

Concentration

(ppm) (Mean £ SD) % Inhibition
20 0.485 + 0.004 41.425
40 0.473 £ 0.006 42.874
80 0.450 +£0.013 45.652
100 0.352 +0.012 57.488

Table 3. Absorbance value of ascorbic acid with DPPH method.

Ethanol Extract of Leilem Leaves

Concentration

(ppm) :\“l;s;:;b:r;;e) % Inhibition
0.5 0.516 £ 0.044 37.681
1 0.436 + 0.056 47.343
6 0.343 +£0.023 58.575
9 0.331 + 0.009 60.024

The linear regression equation is obtained by plotting the

70 concentration of the test solution with % inhibition,
e y=0,1745x + 36,389 @ where concentration is the abscissa and % absorbance is
é — e f‘.z..:.ﬂ,JGz.z-"' the ordinate. Figure 1 is a linear regression equation of
% el - leilem leaf ethanol extract. The equation obtained is y =
:f 30 0.1745x + 36.389 with a correlation coefficient value of
<20 0.7622. Figure 2 is the linear regression equation of
10 ascorbic acid as a control. The equation obtained isy =
0 2.3493x + 41.215 with a correlation coefficient value of
0 20 40 60 80 100 120 0.8405.

Concentration (ppm)
In the linear regression equation y = ax + b, y is the %

antioxidant activity, a is the slope constant, b is the

Figure 1. Relationship graph of leilem leaf ethanol extract intercept constant, and x is the concentration of the test
concentration and % inhibitien. solution. The ICso value is obtained through the linear

regression equation, with the y variable worth 50 and the

70 x variable being the ICso value, which is interpreted as the
60 = 2’324,3%5-?--4-1’2'15”‘ amount of solution concentration that can reduce 50% of
c 50 e Rl A0S DPPH free radicals. The determination of the ICso value is
% 8 e based on the concentration of the solution that can
£ 30 reduce 50% of DPPH free radicals. If the ICso value is less
® 20 than 50 ppm, it indicates a very strong antioxidant, |Cso
10 50-100 ppm (strong antioxidant), ICsp 100-150 ppm
0 (moderate antioxidant), and ICso 150-200 ppm (weak
0 2 4 6 8 10 antioxidant), and 1Cso more than 200 ppm indicates a very
Concentration (ppm) weak antioxidant [25].
Based on the results of these calculations, the ICso value
Figure 2. Relationship graph of ascorbic acid concentration to of ethanol extract of leilem leaves of 78.799 ppm is
% inhibition. included in the strong category and the ICso value of
ascorbic acid of 3.739 ppm is included in the very strong
results for both leilem leaf ethanol extract and ascorbic category.
acid, it can be seen that the greater the concentration of
the test solution, the lower the absorbance value and the 3.4. Analysis of Antioxidant Activity Using Ferric Reducing
higher the percent inhibition, indicating antioxidant Antioxidant Power (FRAP) Method

activity in trapping DPPH free radicals.
Antioxidant activity test with the FRAP method uses the

principle that the antioxidant will reduce the ferric
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Table 4. Absorbance value of leilem leaf extract with FRAP method.

Ethanol Extract of Leilem Leaves

Concentration

(ppm) :\“l;set;;b:r;;? % Reducing Power
20 0.498 + 0.031 44.785
40 0.505 + 0.009 45.414
60 0.530+0.019 47.622
80 0.547 + 0.034 49.191

Table 5. Absorbance value of ascorbic acid with FRAP method.

Ethanol Extract of Leilem Leaves

Concentration

(ppm) :\“l;s;:;b:r;;e) % Reducing Power
0.5 0.516 £ 0.044 37.681
1 0.436 + 0.056 47.343
6 0.343 +£0.023 58.575
9 0.331 +0.087 60.024

50
49 y=0,0771x + 42,897 @
g R?=0,9622 .-
o 48
a o
2 a7 £
o
>
g 46
o R )
X 45 =
44
0 20 40 60 80 100

Concentration (ppm)

Figure 3. Relationship graph of leilem leaf ethanol extract
concentration and % reducing power.

70
60 y=2,34g3x + 41,2159
8 .. R22'0,8405
50 f—g——eweeenst ’
E L
00 40 ®
C
T 30
2 20
o
X 10
0
0 2 4 6 8 10

CONCENTRATION

Figure 4. Relationship graph of ascorbic acid concentration and
% reducing power.

complex (Fe3+), which is yellow, to ferrous complex
(Fe2+), which is bluish green due to electron donors from
antioxidant compounds. The color change that occurs is
then measured using a UV-Vis spectrophotometer with a
wavelength of 720 nm to obtain the absorbance value.16
The absorbance value obtained is then entered into the
formula with the absorbance of the ascorbic acid

standard at the maximum concentration tested (6 ppm),
whichis 1.112, to obtain the % reducing power (%RP) [19].

Table 4 is the absorbance value and % reducing the
power of leilem leaf ethanol extract, and Table 5 is the
absorbance value and % reducing the power of ascorbic
acid as control. Based on the measurement results for
both leilem leaf ethanol extract and ascorbic acid, it can
be seen that the greater the concentration of the test
solution, the more the absorbance value increases and
the more the % reducing power increases.

The linear regression equation is obtained by plotting the
concentration of the test solution with the % reducing
power, where concentration is the abscissa and %
reducing power is the ordinate. Figure 3 is a linear
regression equation of leilem leaf ethanol extract. The
equation obtained is y = 0.0771x + 42.897, with a
correlation coefficient value of 0.9622. Figure 4 is the
linear regression equation of ascorbic acid as a control.

In the linear regression equation y = ax + b, y is the %
antioxidant activity, a is the slope constant, b is the
intercept constant, and x is the concentration of the test
solution. The ICso value of ethanol extract of leilem leaves
is obtained through a linear regression equation, with the
y variable being 50 and the x variable being the ICso value,
which is interpreted as the amount of solution
concentration that can reduce 50% of Fe3* ions to Fe?*.
The determination of the ICso value is based on the
concentration of solution that can reduce 50% of Fe3*
ions to Fe?. If the ICso value is less than 50 ppm, it
indicates a very strong antioxidant, ICsp 50-100 ppm
(strong antioxidant), ICso 100-150 ppm (moderate
antioxidant), 1Cso 150-200 ppm (weak antioxidant), and
ICso more than 200 ppm indicates a very weak antioxidant
[19].
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Based on the results of these calculations, the ICsp value
of ethanol extract of leilem leaves is 92.127, which is
included in the strong category, and the ICso value of
ascorbic acid is 4.614 ppm, which is included in the very
strong category.

3.5. DPPH and FRAP methods

Based on the results, both with DPPH and FRAP methods,
the antioxidant activity of ethanol extracts of leilem
leaves is included in the strong category. The results of
this study are in line with several studies that have been
conducted previously that there is an antioxidant activity
in the leilem leaf extract. The research conducted by
Maesaroh et al. shows that the DPPH method is the most
effective and efficient compared to the FRAP and FIC
methods, but the DPPH and FRAP methods have a very
high correlation (R>0.98). This shows that free radical
silencing and reduction of iron ion compounds are closely
related, thus increasing the possibility that these two
methods can influence each other and even replace each
other [26].

However, the results of the antioxidant activity of ethanol
extracts of leilem leaves can be influenced by several
factors, such as the flavonoid content contained in the
extract is still in an impure state; it is recommended that
fractionation be carried out in the hope of obtaining the
ICso value of specific compounds such as flavonoids that
have antioxidant activity [27]. The viscous extract is not
used directly; it is recommended that it be used directly
for better results. In this study, the thick extract was not
used directly; it is recommended to be used directly for
better results. In addition, the study used the indoor wind
to dry the leaves, so the time required was very long; it is
recommended to use an oven. This study also used an
oven to evaporate the solvent, so it is recommended to
use a rotary evaporator for a shorter time.

4. Conclusions

Based on the research that has been done, ethanol
extract of leilem leaves contains active compounds such
as phenols, flavonoids, saponins, tannins,
steroids/triterpenoids, and alkaloids that can act as
antioxidants and are classified as "strong" antioxidant
activity, both using the DPPH and FRAP methods as
indicated by the ICso values of 78.799 ppm and 92.127
ppm, respectively. However, further research is needed,
such as fractionation, to obtain the ICso value of specific
compounds with stronger antioxidant activity.
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