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Abstract: Gynura procumbens is known as one of the herbal medicinal plants found in Indonesia and has
been used from time to time. It is claimed to have various efficacy such as anti-hyperglycemic, anti-
hypertension, anti-microbial, anti-cancer, and antioxidant. Other studies mention that G.
procumbens possessed high antioxidant compounds and had been used as a natural-based medicinal
supplement. However, further studies on optimizing the extraction process of Gynura procumbens in
Indonesia have yet to be reported. Therefore, this study aimed to optimize the extraction condition of G.
procumbens leaves by maceration with three variables: solvent concentration, extraction time, and the
ratio of solid-liquid used. Each of those variables contained three different levels. Determination of total
flavonoid and antioxidant activity was measured using aluminium chloride colourimetric assay and 2, 2-
diphenyl-1-picryl-hydrazil (DPPH) assay, respectively. In the optimization process, Response Surface
Methodology (RSM) was used to explore the main effects and interaction between parameters and their
correlations with dependent variables. The results were analyzed using the Box-Behnken method using
Minitab software 17. This study shows that the most significant effect of the variable for both flavonoid
and antioxidant activity was solvent concentration, with a P<0.05. The results showed that the extraction
process to obtain G. procumbens extract with optimal flavonoid content and antioxidant activity (ICso) was
predicted at 70% solvent concentration, 1 h maceration time, and a solid-liquid ratio of 1:9.8 w/v, with
results of 17.599 mg QE/g extract and 0.211 mg/mL, respectively. This study was expected to
complement other studies and can be used as an additional reference for the development of the
extraction process on a larger scale.
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1. INTRODUCTION

Gynura procumbens or "Sambung Nyawa"-as local
people said- is one of the herbal medicines widely
known for its efficacy as anti-hypertension, anti-
hyperglycemia, anti-cancer, anti-microbial,
antioxidant, and also anti-inflammation (1). As the
American people said, this longevity spinach
possesses high antioxidant activity (2), which can
be a source of longer-lasting health quality, like the
origin of the name. Antioxidant itself is one of the

chemical compounds used to prevent oxidative
stress in the biological system within the body that
has the potential to cause diseases (3). Antioxidant
compounds eliminate free radicals through specific
mechanisms and can be obtained from
endogenous (enzymes within the body) or
exogenous sources (food, nutritional supplements,
or pharmaceuticals) (4). The previous study
mentioned that Sambung Nyawa leaves contains
phenolics compounds such as gallic acid,
protocatechuic acid, hydroxybenzoic acids (HBA),
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vanillic acid, and syringic acid, while other study
reported that it has flavonoid compounds like rutin,
quercetin, kaempferol, myricetin, and apigenin that
can be served as an antioxidant and an anti-
photoaging agents (5,6).

This study focused on the optimization process
which was conducted by using Response Surface
Methodology (RSM), a technique to optimize the
response from the experiment as influenced by its
variables. This tool is helpful for modelling and
analysis using mathematical and statistical
approaches (7), selecting and constructing the
variables needed to produce reliable results in the
response optimizer. RSM has been used in the
optimization process to reduce experimental trials.
Thus, the study can be less expensive and less
time-consuming (8-10). The most common design
used in RSM is Box-Behnken Design, which requires
three central points in the experiments (James
Regun Karmoker). However, the final results
generated from one experiment to another might
have slight differences because of the variance in
setting each variable within a specific range (11).
The extraction process is commonly influenced by
multiple variables. Therefore, the effects should be
evaluated simultaneously to obtain accurate
results.

In this study, the extraction process was conducted
using a traditional maceration technique and
assisted with stirring to increase the effectiveness
of the process (12). Maceration was a method to
get plant extracts easily and effectively. This
process can be easily upgraded on a lab, pilot, or
larger scale, like for a manufacturer. Despite the
extraction technique, the extract's quality can be
affected by many other factors, such as time of
extraction, temperature, type and concentration of
the solvent, and the solid-liquid ratio between the
dry sample and solvent (13).

Based on previous studies, many studies of the
antioxidant activity of this plant have been carried
out, including the influence of the part of the plant
used (14) and the effect of different solvents used
in the extraction process (2,15). Another study also

showed that this plant could be cultivated and
produced in large quantities as a natural and
affordable health supplement, especially in tropical
countries (16). Hence, this study aims to equip
previous studies by finding the maximum operating
conditions in the extraction process using
Response Surface Methodology to produce an
extract with high total flavonoid content (TFC) and
antioxidant activity. Besides, this study also aimed
to find a contribution between each independent
variable with the result within the extraction
process.

2. EXPERIMENTAL SECTION

2.1. Chemical and reagents

Quercetin =95% (HPLC), 2, 2-diphenyl-1-picryl-
hydrazil (DPPH), and Aluminum chloride were
purchased from Sigma Chemical Company (St.
Louis MO, USA). Potassium acetate was purchased
from BDH Chemicals Ltd (Poole, England). HPLC-
grade methanol was obtained from Merck, 96%
food-grade ethanol was obtained from a local
supplier, and all other solvents were analytical or
HPLC grade.

2.2. Plant collection

Sambung nyawa or Gynura procumbens
leaves were harvested from cultivation by BRIN in
Sulusuban, Lampung. Fresh leaves of G.
procumbens were dried using an oven with a
temperature of up to 60 °C, then ground into a
semi-powder using a milling machine before use.

2.3. Extraction

30 g of powdered leaves of G. procumbens were
extracted in glassware with a magnetic stirrer
using food-grade ethanol with various levels of
solvent concentration, time of extraction, and solid-
liquid ratio (w/v). Each variable contains 3 levels,
as stated in the experiment design in Minitab
below. The stirring process was conducted at 500
rom using an IKA magnetic stirrer, and then the

filtrate was filtered using filter paper and
concentrated using a Buchi rotary vacuum
evaporator.

Table 1: The design of the variable used in the experiment.

Levels of Variables

Independent Variables
-1 0

Dependent Variables
1

Ethanol Concentration (X1, %) 30
Time for Maceration (X5, h) 1 2
Solid-Liquid Ratio (X3, w/v) 1:8

50

1:10

70 Yield (Y1, %)
3 TFC (Y2, mg QE / g extract)
1:12 IC 50 (Y5, mg/mL)

The yield extract of G. procumbens obtained from the experiment was then calculated using the equation

below:

Mass of extract(g)

x 100 (1)

Yield (% |=

2.4. Determination of total flavonoid assay

Mass of G . procumbens leaves
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The total flavonoid content (TFC) of the extracts
was determined by the aluminium chloride
colourimetric method by Dyah (17) with a slight
modification. Quercetin solution in methanol with
various concentrations from 15-50 ppm was used
as a standard. A standard solution and a viscous
extract of G. procumbens leaves in methanol with
an amount of 0.5 mL were put into the test tube
containing 1.5 mL of methanol. Then 0.1 ml of AICl;
(10%) and 1 M CHsCOOK were added into the test
tube, respectively. The solution was then
homogenized and incubated for 30 minutes. Then,
using a UV-Vis spectrophotometer (Genesys 10 UV,
Thermo Electron Corporation, USA), the samples
were measured in wavelength 433 nm (Optimum
for Quercetin). The absorbance of the standard
series of concentrations shows y= 0.0151x -
0.0055 with the value of R? = 0.9992. Then, the

total flavonoid content from G.
procumbens extracts was obtained using the
formula below:
X
TFC(mgQE/ gextract)= CxV (2)
(-3)
Total Flav . Cont.|%| =SV > [PX10 "~ 109
Wu
With
C : TFC from the standard equation (mg/mL)
\Y : Volume extract (mL)
M : Mass extract (g)

2.5. Determination of antioxidant activity
Free radical scavenging activity fromG.
procumbens extract was determined by using 0.5
mM DPPH (2, 2-diphenyl-1-picryl-hydrazil)
according to Pant (18), with some modifications. A
series of concentrations from each sample
extract G. procumbens were made to determine
ICso. Briefly, 240 uL extract of G. procumbens and
60 uL were added to 96-well plates, respectively.
Then the samples were homogenized and
incubated for 30 minutes in a dark place. Using an
Elisa Thermo Multiskan Ascent 354 microplate
reader, the absorbance of samples was measured
at wavelength 520 nm. The free radical scavenging
activity (or inhibition percentage) and ICso value
were obtained using the formula below:

_ Abs of Blank — Abs of Sample

Inh(%|= 100
nh(%| Abs of Blank X

(3)

IC50= sob—a )

with a = intercept and b = slope from linear

regression.

2.6. Statistical Analysis

Data processing and the design of the experiment
were conducted using Minitab 17 with response
surface methodology (RSM). Box-Behnken was
chosen as a design planner, using three variables
with three levels in each variable. It was more
efficient than the 2 level factorial (19) because the
number of runs can be deducted. The relationship
between independent variables and the response
will be provided by a second-order polynomial
equation. Thus, the total number of runs with two-
times replication was 30.

3. RESULTS

3.1. Effect of extraction condition and its
correlation in each variable response

The results of experimental data obtained from
Box-Behnken are shown in Table 2. The experiment
result showed that a more significant yield was
obtained at the lowest concentration of ethanol. On
the contrary, the higher TFC and ICso values were
obtained at the highest concentration of the
solvent.

The maximum vyield resulting from the experiment
was obtained at a configuration of 30% solvent
concentration, 3 hours maceration time, and a 1:10
ratio of solid-liquid with a value of 54.78%.
Meanwhile, the extract with the highest flavonoid
content (TFC), 18.89 mg QE/g extract, can be
obtained at a setting of 70% solvent concentration,
2 hours maceration, and a 1:12 sol:lig ratio,
whereas the same solvent concentration, 3 hours
maceration time, and a 1:10 ratio of sol:lig can
produce the lowest ICs, values at 0.28 mg/mL. The
higher amount of extract and flavonoid content
showed a higher value of yield (Y;) and TFC (Y>),
while the lower value of ICs, (Y3) showed the more
prominent free radicals scavenging (antioxidant)
activity.

427



Permatasari D, Purwati Al, Bahua H, Supriyono A. JOTCSA. 2023; 10(2): 425-434. RESEARCH ARTICLE

Table 2: Result of each dependent variable; Yield, TFC, and ICs, from the experiment and predicted models from RSM.

Predicted Dependent
Independent Variables Dependent Variables Variables
Time for Solid- TFC TFC
Run order cnanol o, Maceration Liquid Yield (Ya, IC 50  Yield (Y, mg '€ 3°
oncentration h o (Y3, o (Ys,
(X 0/) ratio (Yll A)) mg QE / 9 m /mL) (Yln A’) QE / g m /mL)
L 7 (X3, h) (X3, w/v) Extract) 9 Extract) 9

35.60 +

1 30 1 10 6.60 0.32 £ 0.01 1.66 +0.38 38.65 0.09 1.79
14.43 + 17.62 +

2 70 1 10 1.37 0.23 0.32 £ 0.05 16.57 17.65 0.22
54.78 +

3 30 3 10 13.60 0.33+£0.06 1.89 +£0.18 52.64 0.29 1.99
14.75 + 16.16 +

4 70 3 10 1.01 3.14 0.28 = 0.07 11.70 16.39 0.14
43.44 +

5 30 2 8 3.50 0.25 £ 0.01 2.64% 0.32 43.21 0.85 2.40
12.86 + 15.81 +

6 70 2 8 1.32 1.57 0.28 = 0.07 13.54 16.15 0.28
49.54 +

7 30 2 12 0.95 0.25 £ 0.03 1.82 = 0.04 48.87 -0.08 1.82
15.30 + 18.89 +

8 70 2 12 0.75 2.19 0.29 = 0.07 15.53 18.28 0.53
15.26 +

9 50 1 8 0.99 3.29 +£1.32 0.29 £ 0.08 12.45 2.92 0.39
14.11 +

10 50 3 8 0.44 2.09 £ 0.14 0.35 = 0.07 16.49 1.52 0.49
18.12 +

11 50 1 12 0.64 2.10 £ 0.01 0.40x0.11 15.75 2.66 0.26
18.01 +

12 50 3 12 1.26 2.61+0.75 0.37 £0.12 20.83 2.99 0.28
17.77 +

13 50 2 10 0.90 2.33+£0.30 0.42 +0.16 17.19 2.11 0.40
16.83 +

14 50 2 10 0.75 1.86 =+ 0.13 0.42 +0.01 17.19 2.11 0.40
16.98 +

15 50 2 10 1.53 2.13+£0.27 0.35 +0.03 17.19 2.11 0.40

“(Data expresses as mean = SD, n = 2)
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The interaction between independent and
dependent variables was processed with ANOVA.
The variable that held a significant effect in the
experiment expressed with a P-value <0.05,
indicates that the model’'s prediction was
significant at 5% (20). Table 3 below showed that
solvent concentration (X;) had the most significant
effect on all dependent variables (Y1, Y2, Y3) with

P<0.001. In addition, for the dependent variable
yield, extraction time (X;) and its correlation with
solvent concentration (X1X;) showed a significant
impact in the experiment with P=0.046 and
P=0.005 successively. Furthermore, the correlation
between solvent concentration and sol:lig ratio
(X1X3) proved to be significant with P<0.05 for
Antioxidant/ICs, values (Ys).

Table 3: Correlation of yield, TFC, and antioxidant activity to each independent variable in the

experiment.

Eactor Yield (Ys:, %) Z)':tcrag’;' mg QE/9 e (Y., mg/mL)

F-value P-value F-value P-value F-value P-value
Regression 34.16 < 0.001 134.98 < 0.001 45,51 < 0.001
X1 216.67 < 0.001" 952.21 < 0.001" 283.52 < 0.001"
X2 4.54 0.046" 0.96 0.339 0.29 0.595
X3 3.19 0.089 1.21 0.283 2.73 0.114
X1Xz 9.71 0.005" 0.9 0.353 0.93 0.345
X1X3 0.37 0.552 3.96 0.06 8.38 0.009°
XaX3 0.03 0.865 1.25 0.277 0.08 0.777
X412 71.31 < 0.001" 253.21 < 0.001" 106.75 < 0.001"
X2 0.15 0.704 0.08 0.787 3.08 0.095
X5 0.02 0.895 0.58 0.457 1.42 0.247
Lack of fit 2.49 0.096™ 1.13 0.367" 6.77 0.003™

*Significant for P <0.05; * Significant for lack of fit P > 0.05; ™ "Non-significant lack of fit P > 0.05

3.2. Fitting the RSM model

Several conditions must be fulfilled to prove the
suitability of the experiment with the RSM model,
which was the P-value of the model <0.05
(significant) and the P-value for the lack of fit being
>0.05 (non-significant), and coefficient
determination (R?) (21). The lack of fit from Table
3 showed that it was non-significant (P>0.05) for
Yield (Y1) and TFC (Y,); therefore, the RSM model
fitted well with the prediction from the experiment
(20). Although the condition of lack of fit in ICso was
significant (P<0.05) and did not meet the
requirement, the model can still be used (21).
Normality and residual plot were also considered
as additional information to ensure the suitability
of the predicted RSM model with the experiment
(19). The experiment’'s results were considered

good, showing homogeneous data distribution
around the linear line in the normality plot and
heterogeneous data distribution in the residual
plot. Each dependent variable in this experiment
shows that the experimental data were normally
distributed (data not shown). Thus, mathematical
models from the experimental data were
expressed as equations 5-7 below:

Y, = 17.194 - 15.754X; + 2.281X, +1.911X; -
4.717X:X; - 0.916X1X5 + 0.261X>X5 + 13.303X:? -
0.608X;? - 0.210X3? (5)

Y. = 2.108 + 8.415X; - 0.267X; + 0.301X; -
0.367X:1X; + 0.768X1X5 + 0.431X:X5 + 6.388X:% +
0.110X,* + 0.305X3? (6)

Ys = 0.396 - 0.854X; + 0.027X; - 0.084X; -
0.069X:X; + 0.208X1X3 - 0.021X;Xs + 0.772X:? -
0.131X,* + 0.089X3? (7)
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Table 4: Differences in coefficient of equation between experimental and predictional study.

. TFC (mg QE/g
Yield (%) Extract) 1Cso (mg/mL)
Factor
Exp. Pred. Exp. Exp.
Coef Coef Coef Pred. Coef Coef Pred. Coef
Constant 17.194 85.502 2.108 40.151 0.396 11.466
X1 -15.754 -3.413 8.415 -1.331 -0.854 -0.281
Xz 2.281 15.199 -0.267 -1.946 0.027 0.828
X3 1.911 2.889 0.301 -2.764 -0.084 -0.726
X1Xz -4.717 -0.236 -0.367 -0.018 -0.069 -0.003
X1X3 -0.916 -0.023 0.768 0.019 0.208 0.005
XaXs3 0.261 0.131 0.431 0.216 -0.021 -0.010
X412 13.303 0.033 6.388 0.016 0.772 0.002
X2’ -0.608 -0.608 0.110 0.110 -0.131 -0.131
X3? -0.210 -0.053 0.305 0.076 0.089 0.022
Adjusted Adjusted Adjusted
R? R? R? R? R? R?
93.89% 91.14% 98.38% 97.65% 95.34%  93.25%
The experiments also resulted in model models (24). Values of the dependent variable from

predictions, as shown in Table 4 above. Compared
with the experimental data, the coefficients of the
predicted models were drastically different.
However, the predicted model was still considered
valid because of R? and Adj. R? was still around 0.9
for all dependent variables, meaning 90% of the
total variation can be explained by the models. R?
was used to evaluate the accuracy between
predicted and experimental values (22). The closer
value of R? to 1 indicates the fitness of the models
and the experimental data (23). The difference
value between R? and Adj. R? means the
percentage of total variation not explained by the

the predicted RSM models are shown in Table 4.

3.3. Optimization of extraction condition
Contour plot graphs below visualized the
correlation between Xi, X;, X3, and Y, Y2, and Y3
more easily. From Figure 1, the maximum TFC
value (dark green area) was obtained in the range
of higher solvent concentrations (X;) and sol:liq
ratios (X3). Meanwhile, extraction time (X,) did not
significantly affect the response. Thus, the
maximum TFC value can be obtained using a 70%
solvent concentration with a 2-hour extraction time
and a 1:12 sol:liq ratio.

3.0

25

Time (Hours)
N
)

15

1.04
3 40 50 60

Solvent Concentration (%)

11

10

Sol-Liq Ratio (w/ v)

30 40 50

Sol-Liq Ratio (w/ v)

Hold Values
Solvent Concentration (%) 50

Figure 1: Contour plot on TFC in correlation with; a) time vs solvent concentration, b) sol:liq ratio vs
solvent concentration, and c) sol:liq ratio vs time.

430



Permatasari D, Purwati Al, Bahua H, Supriyono A. JOTCSA. 2023; 10(2): 425-434. RESEARCH ARTICLE

In contrast with Figure 2, the highest antioxidant
activity/the lowest ICs, value obtained was marked
with a light green colour. Higher levels of X,
increase the antioxidant activity proportionally,
while X; and X; have almost no effect. For the
sol:lig ratio variable (X3), the antioxidant activity
content did not show any alteration as the ratio
increased. The details of the plots can be seen in

Figure 2. To sum up, determining exact values in
each parameter to produce the lowest ICs, values
was more challenging in this case than in the TFC,
except for the solvent concentration. Therefore, a
response optimizer was used to gain more reliable
setting parameters by combining calculations from
experimental and predicted models.

25 Wiso 20
> 20 s

- Hold Vall 3
g Sol P10 2
i 2
I 20 5
g ;
£ 5
&

30 70

40 50 60
Solvent Concentration (%)

Solvent Concentration (%)

1C50 Ic%
< o0s W < ox
05 - 10 W ox- o0x
W 0- 15 M ox0- o3
W 1s- 20 035 - 040
W - 20 040 - 045
W ooss - 050

Hold Vaues
Time (Hours) 2 M o0 - 05
] 0s5

Hold Values
Solvent Concentration (%) 50

Sol-Liq Ratio (w/ v)

60 7

Figure 2: Contour plot on ICsoin correlation with; a) time vs solvent concentration, b) sol:lig ratio vs
solvent concentration, and c) sol:liq ratio vs time.

Optimization was carried out to produce an extract
with  maximum TFC and antioxidant activity.
Response optimizers were used by adding
dependent variables like TFC and ICso at the
maximum setting. Response optimizer from Figure
3 showed that to obtain the maximum content of
flavonoid and antioxidant activity, the extraction

concentration, 1 hour extraction time, and almost a
1:10 ratio in the sol:lig ratio. This condition was
likely to have a similar result as predicted since the
composite desirability was considered high (>0.9).
However, the result will not produce a high-yield
extract since it was excluded from the optimizer,
and the correlation of yield with the desired
parameters was the opposite.

condition should be set at 70% solvent
: Solvent Time (! Sol-Li
5 tioh 738 39 [9121321
ur . . 3
0.92729 |ow 30.0 10 .0
Composite
Desirability
0.92729
TFC
Maximum
y =17.5092
d = 0.85986
IC 50
Minimum
y=0.2114
d =1.0000

Figure 3: Optimization plot of operation process for extraction of G. procumbens for high TFC and ICs,.

4. DISCUSSION

The bioactivities of the plant medicines, especially
antioxidant activity, were strongly influenced by
the solvent concentration, while other variables did
not show a significant effect (8). Solvent
concentration plays a major role in the amount of
flavonoid, antioxidant, and other bioactive
compounds (23). The extraction of G.
procumbens with methanol has more TPC and
antioxidant activity than extraction with ethanol or
water (25). However, the extract with ethanol still
contained the high antioxidant quality of extract
(8,15). A solvent with more water composition was
likely to draw the polysaccharides inside the
sample out, resulting in a higher yield obtained and
lower activity. Meanwhile, the extraction time only
affected the yield produced and did not affect the

antioxidant activity (26). Therefore, this variable
did not appear to be significant (24).

Sol:liq variable in this study did not appear to hold
any significance in antioxidant and total flavonoid
content. Meanwhile, in correlation with solvent
concentration, it did contain a significant role in
determining antioxidant activity (20,24,27-29) as
others because of the maximum amount of solvent
that penetrated the sample. A solvent with a higher
ethanol composition has a lower dielectric constant
that can disrupt the plant matrices easier, as the
extraction process involves the mass transfer
between solid and liquid. Mass transfer depends on
driving forces and resistance within the process.
Different concentrations, as a result of the sol:liq
ratio, lead to a higher driving force and diffusion
rate (27,29).
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Long exposures in variables such as sol:liq ratio,
extraction temperature, and time resulted in the
extract with the highest yield. Nevertheless, as the
temperature increased, the antioxidant activity
decreased (20). Extraction temperature is likely to
have more influence on maximizing the yield
produced while affecting the antioxidant activity
content within it (22,30). TFC and radical
scavenging activity decreased as the temperature
rose due to the degradation of bioactive
compounds, which are commonly sensitive to heat
(23,30).

Many compounds can be classified as having
antioxidant activity, including flavonoid
compounds. It was known to have potent
scavengers of free radicals and was potentially
used as medicine for oxidative damage and
degenerative diseases such as cancer (31).
Previous studies stated that the ethyl acetate
fraction of G.  procumbens extracts exhibits
antioxidant activity with ICso values of 0.05 mg/mL
(2) and 0.2 mg/mL (5). This ethyl acetate fraction
contains some flavonoid compounds such as
myricetin, quercetin, rutin, apigenin, and
kaempferol that are responsible for antioxidant
activity within the fraction. Another experiment
showed crude methanol extract contains a TFC
value of 10.33 mg QE/g DW and an ICs, 0.47
mg/mL, proving that both variables have some
correlation (5). However, the result can not be
compared with this experiment due to the
differences in the solvent used. Medicinal plants
were known to have very high antioxidant activity
with ICso less than 0.05 mg/mL and high with ICso
around 0.05-0.1 mg/mL, while the ICs, around 0.1-
0.15 mg/mL and 0.15-0.2 mg/mL were mentioned
as medium and low antioxidant capacity (32). The
value was still higher than ICs, obtained in this
experiment (0.28 mg/mL). However, judging from
previous studies, further purification of this extract
allows for an increase in the antioxidant activity of
this plant.

5. CONCLUSION

To be concluded, the established RSM models were
adequate for determining extraction conditions for
certain goals. This experiment shows that for
obtaining an extract with both maximum TFC and
antioxidant activity, extraction conditions must be
held at 70% solvent concentration, 1 hour
extraction time, and a 9.8 sol:lig ratio with an
estimated value of 17.599 mg QE/g extract and
0.211 mg/ml, respectively. Further, this experiment
still needs some validation of the result suggested
by the optimizer. Besides, this method can also be
used for other traditional medicines. It can be
developed as an optimization tool for the purified
extract to elevate the effectiveness of the
traditional medicines used.
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