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Moringa oleifera is a plant with high levels of metabolites that possess pharmacological effect
such as antioxidant. Therefore, it is crucial to study the extraction conditions of this plant to
obtain the optimal amount of metabolites and pharmacological benefits. This research aimed to
determine the optimal extraction time, ethanol concentration, and solid-solvent ratio for M.
oleifera extraction using MAE method based on RSM to generate the highest total phenolic
content (TPC), total flavonoid content (TFC), and antioxidant activities of 2,2-diphenyl-1-
picrylhydrazyl (DPPH), ferric-reducing antioxidant power (FRAP), and cupric ion-reducing
antioxidant capacity (CUPRAC). RSM was designed using Design Expert version 13.0. TPC
and TFC were measured using the calorimetry method. Antioxidant capacities were evaluated
using DPPH, FRAP, and CUPRAC method. RSM resulted in a quadratic model for all
dependent variables. The highest TPC, TFC, and CUPRAC was found with extraction time (A)
of 3 minutes, ethanol concentration (B) of 60%, and solid-solvent rasio (C) of 15 mL/g while the
DPPH and FRAP methods were found with 1 minute, 60% ethanol, and 15 mL/g. The optimum
formulation was obtained with 2.119 minutes, 57.618%, and 1:15 g/mL. The verification results
showed that the optimum formulation was accurate with %RSE of <10%. RSM succeeded in
optimizing the extraction conditions of M. oleifera by varying the extraction time, ethanol
concentration, and solid-solvent ratio. The optimal conditions obtained for the extraction of M.
oleifera can be applied to the exploration of the potential development of M. oleifera as a

medicinal plant.
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Introduction

Moringa oleifera L., often known as "Kelor" in Indonesia,
is a plant with high nutritional value and low antinutritional content.
Studies on the plant's pharmacology suggest that it possess anticancer,
antioxidant, anti-obesity, local anaesthetic, and anti-allergic
properties.' Various parts of M. oleifera such as leaves, roots, seeds,
bark, fruit, flowers, and pods can be used as antioxidants, diuretics,
antihypertensives, cholesterol-lowering agents, and antispasmodics.**
Previous research have identified nine compounds in the ethanol
extract of M. oleifera leaves: tannins, carbohydrates, saponins,
glycosides, reducing sugars, steroids, terpenoids, flavonoids, and
alkaloids, whereas fresh M. oleifera leaves contain carotenoids such as
lutein, B-carotene, and zeaxanthin.* The ethanol extract of M. oleifera
leaves also contains minerals, such as Mn and Cu, which act as
catalytic cofactors and activators of antioxidant enzymes, such as
superoxide dismutase.’
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The polyphenol content of these plants varies depending on the region
of the plant, with phenolics and flavonoids being the principal
components.

Phenolic acids have antioxidant and anticancer properties while
flavonoids have the ability to remove oxygen-free radicals in the
body.e'7 Gallic acid, ellagic acid, ferulic acid, and chlorogenic acid are
phenolic group components extracted from M. oleifera, whereas
myricetin, quercetin, isorhamnetin, and kaempferol are flavonoid
group compounds.®®

Optimization of the extraction of secondary metabolites from plants is
crucial and involves the use of independent variables, such as solid-
solvent rasio,™ extraction time,"* and solvent type.? The effect of
these independent variables can be improved to create extracts with
the maximum metabolite content; one of the approaches is the
response surface methodology (RSM). RSM is a popular approach for
optimizing extraction parameters, such as the solid-solvent ratio,
solvent concentration, and extraction duration. Rodriguez-Pérez et
al.”® discovered the best solvent concentration and temperature
extraction formula from M. oleifera using the RSM approach.
Furthermore, the RSM approach was used to determine the optimum
formula for independent variables, such as the solid-solvent ratio,
solvent concentration, simplicia size, and extraction time from C.
cristata.* However, no research has been conducted to optimize
microwave-assisted extraction (MAE) using independent variables,
such as solid-solvent ratio, solvent concentration, and extraction
duration, to yield dependent variables, such as total phenolic content
(TPC), total flavonoid content (TFC), and antioxidant activity of M.
oleifera based on RSM. This research aimed to determine the optimal
extraction time, ethanol concentration, and solid-solvent ratio for M.
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oleifera extraction using the MAE method based on RSM to generate
the highest TPC, TFC, and antioxidant activities of 2,2-diphenyl-1-
picrylhydrazyl (DPPH), ferric-reducing antioxidant power (FRAP),
and cupric ion-reducing antioxidant capacity (CUPRAC).

Materials and Methods

Materials

Ethanol (pro-analysis), ammonium acetate buffer, CuCl,, neocuproine,
AICI;, Folin-Ciocalteu, sodium carbonate (Na.COs), quercetin, and
HCI were obtrained from Merck-Millipore (Darmstadt, Germany).
Trolox, glacial acetate acid, and DPPH were obtained from Sigma-
Aldrich (St. Louis, USA). Gallic acid (C7HgOs.H,0), 2,4,6-tripyridyl-
s-triazine (TPTZ), and FeCl; were obtained from Sisco Research
Laboratories Pvt. Ltd. (Maharashtra, India).

Plant material and sample preparation

Moringa oleifera leaves (BMK0128092016) were collected in March
2023 from the Tropical Biopharmaca Research Center, IPB
University, West Java, Indonesia (6°35'15.7"S 106°48'05.0"E). The
leaves were washed and dried in an oven at 50°C for three days.
Simplicia is created by blending dried leaves and filtering them
through a 60-mesh sieve. Subsequently, simplicia was employed for
the extraction stage.

Experimental design and extraction

The experimental design for the response surface methodology (RSM)
was created using Design Expert® 13.0 software (Stat-Ease Inc.,
Minneapolis, USA). The variables studied included extraction time
(minutes), ethanol concentration (%), and solid-to-solvent ratio
(mL/g), with the comparison according to Table 1. Based on the
model, these factors were investigated to produce the optimum total
phenol content (TPC), total flavonoid content (TFC), and antioxidant
activity.

The extraction process was carried out by dissolving 2 gram of dried
M. oleifera leaves with ethanol in an Erlenmeyer flask in proportion
according to the RSM design that had been designed (Table 1). The
microwave assisted extraction (MAE) method was used to extract the
components by placing the Erlenmeyer flask in to the microwave
(Sharp R-21D0(S)-IN) 135 W. The solution was then filtered and the
volume was calibrated according to the initial extraction volume.

Total phenolic content (TPC)

Moringa oleifera's total phenolic content is determined using a
standard calibration of gallic acid (y = 0.0044x - 0.0078 and R® =
0.9936) and follows Putra et al.'® with slight modification. A 96-well
microplate (BiologiX) was prepared and 20 pL of the sample was
added, followed by 120 pL of 10% (v/v) Folin-Ciocalteu. The solution
was incubated for 5 minutes, after which 80 puL of Na,CO3z 10% (b/v)
was added and the solution was incubated for 30 minutes in the dark.
A nano spectrophotometer (SPECTROstarNano BMG LABTECH,
Germany) was used to measure the absorbance of the solution at 750
nm. Measurement were carried out with three repetitions. The results
are expressed in milligrams gallic acid equivalent per gram of dried
weight (mg GAE/g DW).

Total flavonoid content (TFC)

The total flavonoid content in M. oleifera was determined using
aluminium chloride calorimetry as reported by Nurcholis et al.’® with
a standard calibration of quercetin (y = 0.0014x + 0.0157 and R? =
0.9852). With three repetitions, 120 pL of water was mixed with 10
pL of sample, 10 uL of 10% (b/v) alumunium chloride (AICl3), 10 uL
of glacial acetic acid, and 50 pL of ethanol pro analysis. The
absorbance was measured at 415 nm using a nano spectrophotometer
after incubation at room temperature and in the dark for 30 min. The
results are expressed in milligrams of quercetin equivalent per gram of
dry weight (mg QE/g DW).

Determination of antioxidant capacity
The antioxidant activity analyzed in this research is the radical
scavenging of DPPH, the reducing power of Fe*" ions to Fe?" (FRAP
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assay), and the reducing power of Cu?" to Cu* (CUPRAC assay) with
three repetitions, which is similar to Nurcholis et al.’® with slight
adjustments. All procedures used the Trolox standard, with findings
expressed as micromol Trolox equivalent per gram of dried weight
(umol TE/g DW). DPPH free radical scavenging was measured by
mixing 100 pL of sample with 100 puL of 125 uM DPPH on a 96-well
microplate. After 30 minutes of incubation in a dark room, the
absorbance at 515 nm was measured with a nano spectrophotometer.
FRAP reagent was prepared by mixing acetate buffer (pH 3.6), FeCls
(20 mM), and 10 mM tripyridyl-s-triazine (TPTZ) (in HCI 40 mM) in
a ratio of 10:1:1 (v/v/v). Antioxidant activity was determined by
pipetting a 10 pL sample into a 96-well microplate and adding 300 pL
FRAP reagent. After 30 minutes, the absorbance of the mixture was
measured with a nano spectrophotometer at a wavelength of 593 nm.
For CUPRAC assay, 50 pL of the samgle was added to 96-well
microplate with 50 pL of CuCl2.6H,0 10 M, 50 uL of 7.5 x10° M
neocuproine, and 50 pL of ammonium acetate buffer (pH 7). After 30
minutes of incubation in the darkroom, the absorbance of the mixture
was measured at 450 nm using a nano spectrophotometer.

Statistical analysis

Data analysis was conducted in accordance with the method described
by Makkiyah et al.'” with slight adjustment. The responses data were
analyzed using OneWay ANOVA (a = 0.05) and Tukey’s HSD
follow-up test (a. = 0.05) using IBM SPSS Statistics 25. The results of
Design Expert optimization (Stat-Ease Inc., Minneapolis, MN ) were
chosen as the most optimal based on the highest desirability value.
The optimization results were confirmed through three repetitions
based on the per cent residual standard error (RSE) value.

Table 1. Experimental design of response surface
methodology (RSM) with three independent variables:
extraction time, ethanol concentration (%), and solvent ratio
(mL/g).

Independent variables

Run Extraction time Ethanol concentration

(minutes) (%) (mL/g)
1 1 60 5
2 2 80 5
3 1 60 15
4 2 80 15
5 2 60 10
6 3 60 15
7 3 40 10
8 2 60 10
9 2 60 10
10 3 80 10
11 3 60 5
12 1 40 10
13 2 60 10
14 2 40 5
15 2 60 10
16 2 40 15
17 1 80 10

Results and Discussion

Optimization of extraction by response surface methodology

Response surface methodology (RSM) is a design of experiment
optimization method that uses statistical methods and mathematical
equations to determine the impacts of numerous independent variables
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being investigated on the creation of the expected dependent variable
values.”® The optimization concept integrates independent variable
data and experimental data to construct an equation that produces the
theoretical value of the dependent variable being researched based on
a new independent variable formula. This strategy during the
optimization stage saves time and allows for more efficient laboratory
testing.

Table 2 shows the results of the experimental testing of the
independent variable formula based on RSM, which produces the
dependent variable value. The highest TPC (17.8977 mg GAE/g DW),
TFC (5.6454 mg QE/g DW), and CUPRAC (64.415 pmol TE/g DW)
were recorded in experiments on M. oleifera leaf extract using 60%
ethanol, a solid-solvent ratio of 15 mL/g, and an extraction time of 3
min (R6). The highest levels of DPPH radical scavenging and FRAP
method were produced in extracts with a proportion of 60% ethanol,
solid-solvent ratio of 15 mL/g, and extraction time of 1 min (R3), with
values of 1.2555 and 72.7148 pumol TE/g DW, respectively. In
contrast, extracts with a solvent ratio of 5 mL/g and too high or too
low ethanol concentration produced the lowest TPC (R2), TFC (R14),
DPPH (R1), FRAP (R2), and CUPRAC (R14).

Fitting models

A suitable model for each dependent variable was selected by
analyzing it using analysis of variance (ANOVA). The ANOVA
results were used to evaluate the model that met the requirements at
the 95% confidence interval (Table 3 and 4). Some parameters used to
evaluate the model statistically were p-value, F-value, R? value, and
Adeq precision.

The implementation of the experimental design generated a statistical
model that represented the impact of the independent variable on the
dependent variable. The R? value of the model describes excellent
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prediction efficiency, approaching 1.0 (10). In this research, all
dependent variables created a significant quadratic model (p-value <
0.05; F-value > p-value), with R? values of 0.9091 (TPC), 0.8923
(TFC), 0.8408 (DPPH), 0.9696 (FRAP), and 0.9644 (CUPRAC). An
F-value greater than the p-value indicates a more significant
coefficient.’® The Adeq precision was used to measure the noise ratio,
which compares the range of predicted values at design points with an
average prediction error of an ideal value greater than four.?® In this
research, all models of the response variables had an Adeq precision
of > 4.

The quadratic model for TPC depicts the positive effect of the
independent variables, including ethanol concentration (B), solid-
solvent ratio (C), extraction time interaction with ethanol
concentration (AB), and extraction time interaction with solid-solvent
ratio (AC). In contrast, the quadratic model in TFC represents only a
positive effect on the variable solid-solvent ratio (C), extraction time
interaction with the solid-solvent ratio (AC), and ethanol
concentration interaction with the solid-solvent ratio (BC). The
antioxidant activity tests showed a positive quadratic model with the
variables of solid-solvent ratio (C) and extraction time interaction with
solid-solvent ratio (AC) (Table 4). The impact of independent
variables on antioxidant activity was categorised according to the
mechanism. The extraction time (A), solid-solvent ratio (C), extraction
time interaction with solid-solvent ratio (AC), square of extraction
time (A%, and square of solid-solvent ratio (C?) all had favourable
effects on DPPH. This model contrasts with the quadratic models
produced by the FRAP and CUPRAC methods, which show that the
solid-solvent ratio (C), extraction time interaction with solid-solvent
ratio (AC), and ethanol concentration interaction with extraction time
(BC) have a positive effect on antioxidant activity.

Table 2: Response surface methodology for M. oleifera optimization extraction of TPC, TFC, and antioxidant capacity

Run A B C TPC TFC Antioxidant Activity (umol TE/g DW)

(mg GAE/g DW) (mg QE/g DW) DPPH FRAP CUPRAC
1 1 60 5 87841+0517 3.0389 + 0.03" 0.2187 + 0.001% 33.6229 + 1.392" 31.5383 + 1.037"
2 2 80 5 61932£021 2.2782 +0.12' 0.4192 + 0.005’ 25,5844 +1.413" 24.8217 + 0.609"
3 1 60 15 15.4295+0.35%° 5.5168 + 0.13% 1.2555 + 0.007° 72.7148 + 1.056% 63.3150 + 1.502°
4 2 80 15 12.7614+0.34™ 49382 £ 0.22° 0.5199 + 0.012"" 61.3494 + 1.006% 61.3650 + 0.826™
5 2 60 10 14.6894 +1.06™ 5.2779 + 0.21% 0.6312 + 0.018" 53.5535 + 1.038™ 52.2100 + 2.207%
6 3 60 15 17.8977 +0.62° 5.6454 + 0.07° 1.2377 + 0.036° 70.2917 + 3.122° 64.4150 + 1.540°
7 3 40 10 11.4318+0.69™ 3.6921 £ 0.14% 0.8199 + 0.001° 46.3612 + 1.037" 40.7433 + 0.203"
8 2 60 10 14.0530 % 0.49" 5.0993 + 0.08% 0.5903 % 0.007% 58.2458 + 2.082% 55.8767 +2.150"
9 2 60 10 15.6591  0.59% 5.6350 + 0.10° 0.6286 + 0.016" 62.2073 + 3.073" 58.0100 + 0.666°™
10 3 80 10 7.50760.20% 2.6850 + 0.05% 0.4403 + 0.004™ 38.3612 + 2.035%" 36.2767 + 0.674%"
1 3 60 5  7.9053%0.43% 2.7425 + 0.112% 0.1197 +0.011' 29.6613 + 0.437" 30.5550 + 0.492"
12 1 40 10 13.7803+0.79° 4.1636 £ 0.10° 0.5033 £ 0.0134%" 47.9381 + 0.329° 44,5767 + 1,593
13 2 60 10 14.4621+0.41" 5.3064 + 0.16™ 0.5495 * 0.013 55.7073 + 0.674°* 53.6767 + 1.093%
14 2 40 5  6.4205%0.48" 1.4746 % 0.03° 0.4279 +0.016" 23.3344 +0.234’ 21.1050 + 0.535'
15 2 60 10 13.4318 +0.59" 4.8636 + 0.19" 0.5468 + 0.021" 53.5150 + 1.812% 52.3100 + 1.436%
16 2 40 15 12.3977 +0.89° 2.6239 +0.03 1.1289 + 0.015" 56.0994 + 0.173°* 475650 + 0.541°
17 1 80 10 10.5227 +0.76°"° 41493 +0.1° 0.2965 + 0.014 46.4765 + 1.231" 453433 +1.717"

Description: Numbers in the same column followed by the same letter indicate no significant differences (p > 0.05) based on Tukey’s HSD test (o =
0.05). The data are presented as mean + standard error. A: extraction time (minutes), B: ethanol concentration (%), C: solid-solvent ratio (mL/g), TPC:
total phenolic content, TFC: total flavonoid content, DPPH: 2,2-diphenyl-1-picryl hydrazyl, FRAP: ferric reducing antioxidant power, CUPRAC: cupric
ion-reducing antioxidant capacity, GAE: gallic acid equivalent, QE: quercetin equivalent, TE: Trolox equivalent, DW: dry weight.
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Effect of extraction time, ethanol concentration, and solid-solvent
ratio on TPC and TFC

The TPC and TFC of M. oleifera were presented in Figure 1 and 2,
where the highest content (17.8977 mg GAE/g DW in TPC and
5.6454 mg QE/g DW in TFC) were obtained at a solid-solvent ratio of
15 mL/g with 60% ethanol (Figure 1a and 2a), solid-solvent ratio of
15 mL/g with an extraction time of 3 minutes (Figure 1b and 2b), and
60% ethanol with an extraction time of 3 minutes (Figure 1c and 2c).
An increase in the solid-solvent ratio (mL/g) and extraction time led to
higher TPC and TFC in the M. oleifera extract (Figure 1 and 2).
Conversely, an increase in ethanol concentration does not always
result in higher levels of these response variables. According to Dent
et al., ! the extraction of polyphenolic compounds depends on the type
and polarity of the solvent used, and the solubility of these
compounds. As the ethanol concentration increased, the polarization
of the solvent decreased, leading to consistent polarization of the
phenolic group.?

These findings are consistent with prior research, which found that the
best conditions for total phenolic extraction from red grapes® and
Padina australia® were obtained using 60% ethanol as a solvent. In a
study by Le et al.” on maximising total phenolic and total flavonoids
of Docynia indica fruit using the microwave-assisted extraction
method, the best formula was produced utilizing 65% ethanol
concentration.

A solvent mixture of ethanol and water has been found to produce the
best results in extracting polyphenols, with water acting as a plant-
swelling agent and ethanol acting to destroy the interactions between
solutes and the plant matrix.** Appropriate quantities of water and
ethanol can improve the extraction efficiency of bioactive
compounds.”® This is corroborated by Dahmoune et al.,”® who argue
that the solvent concentration gradient in the plant matrix is the
driving force for the extraction process, with the compounds
developing equilibrium between the solvent and the plant tissue.
Increasing the solid-solvent ratio can increase the extraction yield by
preventing saturation of the extraction media. An increase in the solid-
solvent ratio also increases the concentration gradient, which increases
the compound's diffusion rate from the sample to the solvent.*

In the time extraction variable, the longer M. oleifera leaves extract
was exposed to micro-radiation, the higher the total phenolics and
flavonoids. However, excess extraction time reduces extraction yields
owing to the increased breakdown of the polymer matrix and
increased viscosity, which encapsulates the extracted chemicals.?’
These findings are consistent with those of Nurcholis et al.,"* who
found that exposure to micro-radiation for 3 min delivered the best
results compared to exposure for 1 and 2 min in extracted A.
compactum.

Effect of extraction time, ethanol concentration, and solid-solvent
ratio on antioxidant capacity

Antioxidants play a significant role in neutralising free radicals.
Antioxidant analysis can be divided into two types based on the
principle of total antioxidant capacity (TAC): hydrogen atom transfer
(HAT) (for example, DPPH) and single-electron transfer (SET)
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(example, FRAP and CUPRAC). Antioxidant chemicals neutralise
synthetic radicals by donating hydrogen during HAT. The SET
mechanism uses a reduction-oxidation (redox) interaction between
oxidants and antioxidants as a signal for an endpoint reaction.”®
Because of this difference in mechanisms, it is not appropriate to rely
solely on one approach to screen for antioxidant activity, as one
chemical reaction method does not provide realistic results when
compared to a set of experiments that include different chemical
reactions.”

The highest DPPH radical scavenging and FRAP were found at 60%
ethanol concentration (Figure 3a and Figure 4a), solid-solvent ratio of
15 mL/g (Figure 3b and Figure 4b), and 1-minute extraction time
(Figure 3c and 4c). These results are in line with the research of Wen
et al.,*® who optimized MAE for blackberries' antioxidant activity
using the DPPH method, which improved antioxidant activity by
utilizing 40%-60% ethanol solvent but required a 3-minute extraction
time. The compounds recovered from the sample may be responsible
for the discrepancy in extraction time. On the other hand, the
antioxidant activity of M. oleifera was evaluated using the CUPRAC
method, showing the maximum activity at a 60% ethanol solvent (Fig.
5a), solid-solvent ratio of 15 mL/g (Fig. 5b), and a 3-minute extraction
time (Fig. 5c¢), but not significantly different from the extraction time
of 1 min (Table 2). As shown in Fig. 5a, b, and c, the highest activity
was 64.4150 umol TE/g DW based on these independent variables.
The same results were reported by Doldolova et al.,* where the
reducing power of Curcuma longa L. increased with increasing
extraction time and solid-solvent ratio.

Optimum formulation and confirmation

RSM used the Design Expert 13.0 software to formulate 14
independent variable formulas to optimize the extraction of M.
oleifera leaves. The optimal formula was selected based on the
maximum desirability (approximately 1.0), indicating the validity of
the optimum formula results. The results of numerical analysis, aiming
to maximise the value of dependent variables, generated the best
formula with a desirability of 0.936, which suggests an accuracy of
93.6% (Fig. 6). Moreover, the independent variables obtained from
this optimization was verified using the same M. oleifera simplicia.
The RSM method successfully integrates independent variable data
with experimental data, thereby producing predictive values for the
dependent variable. The optimum formula for the independent
variable obtained was an extraction time of 2.119 min, a solid-solvent
ratio of 15 mL/g, and 60% ethanol. This optimum formula can predict
the value of the dependent variable of 16.9660 mg GAE/g DW (TPC),
5.3500 mg QE/g DW (TFC), 1.1160 pmol TE/g DW (DPPH), 70.6460
umol TE/g DW (FRAP), and 64.7140 umol TE/g DW (CUPRAC),
with desirability value of 0.936. The verification results were
evaluated based on the residual standard error (RSE) value, which
according to Salbi et al.,* is below 10%. The verification results
(Table 5) show that all dependent variables met the established
tolerance limits, indicating that the formula for the independent
variable resulting from the optimization of RSM M. oleifera extraction
can be considered reliable for further research on this plant extract as a
natural herbal remedy.

Table 3: Results of analysis of variance (ANOVA) response variables on optimizing the extraction of M. oleifera

TPC TFC DPPH FRAP CUPRAC
Quadratic models
F 7.77 6.45 4,11 24.80 21.05
p-value 0.0065 0.0113 0.0379 0.0002 0.0003
R? 0.9091 0.8923 0.8408 0.9696 0.9644
Adjusted R? 0.7921 0.7539 0.6362 0.9305 0.9186
Adeq precision 9.2264 7.7123 6.8136 16.5839 14.5234

Description: TPC: total phenolic content, TFC: total flavonoid content, DPPH: 2,2-diphenyl-1-picryl hydrazyl, FRAP: ferric reducing antioxidant
power, CUPRAC: cupric ion-reducing antioxidant capacity.
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Table 4.: Equations of response surface analysis for the investigated TPC, TFC, and antioxidant capacity

Response Model Equation

TPC Quadratic Y = -1949.47 — 2016.68A + 41.28B + 47.09C + 21.93AB + 22.44AC — 0.0454BC — 517.68A” — 3.53B° —
1.29C?

TFC Quadratic Y =-273.69 — 280.66A — 14.13B + 7.31C — 7.45AB + 3.19AC + 0.378BC — 70.54A% — 1.49B% — 0.922C?

DPPH Quadratic Y =-19.30 +18.07A — 2.66B + 1.55C — 1.30AB + 0.6090AC — 0.1501BC + 4.34A% — 0.0791B? + 0.1138C?

FRAP Quadratic Y = -3223.34 — 3332.80A — 95.05B + 40.84C — 49.04AB + 11.54AC + 0.75BC — 846.34A% — 10.92B% — 4.13C?

CUPRAC Quadratic Y = -6665.39 — 6903.59A — 74.15B + 46.29C — 39.25AB + 15.62AC + 2.52BC — 1773.01A% — 10.71B% -
4.99C*

Description: TPC: total phenolic content, TFC: total flavonoid content, DPPH: 2,2-diphenyl-1-picryl hydrazyl, FRAP: ferric reducing antioxidant
power, CUPRAC: cupric ion-reducing antioxidant capacity.

TPC (mg GAE/g DW)

TPC (mg GAE/g DW)

166667
A: Extraction time (min)

TPC (mg GAE/g DW)

B: Ethanol concentration (%) A: Extraction time (min)

Figure 1: The interplay effect of the independent variables ethanol concentration (%) with solvent-solid ratio (mL/g) (A), solvent-solid
ratio (mL/g) with extraction time (min) (B), and ethanol concentration (%) with extraction time (min) (C) on total phenolic content
(TPC)

Table 5: Verification results on TPC, TFC, and antioxidant capacity under optimal extraction conditions

A B C TPC TFC DPPH FRAP CUPRAC Desirability
Prediction 2.119 57.618 15.00 16.9661 5.3496 1.1155 70.6460 64.7107
Actual 2.120 57.618 15.00 17.5265 5.4561 1.1975 71.6571 70.2483 0.936
%RSE 3.30 1.99 7.35 1.43 8.56
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Conclusion

Response surface methodology was used to formulate the independent
variables (extraction time, ethanol concentration, and solid-solvent
ratio) to optimize the dependent variables (TPC, TFC, DPPH, FRAP,
and CUPRAC) of M. oleifera leaves extraction. According to Design
Expert 13.0, the optimum formula used an ethanol concentration of
57.618% and a solid ratio of 15 mL/g, with an extraction time of 2.119
min. The effect of the optimum formula for the independent variable
on the dependent variable is very good, based on the verification
results with an analysis of the %RSE value < 10%, which indicates a
good level of optimization accuracy. The optimized extraction
conditions for M. oleifera obtained in this study can be utilized to
explore its potential as a medicinal plant.
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Figure 3: The interplay effect of the independent variables ethanol concentration (%) with solvent-solid ratio (mL/g) (A), solvent-solid
ratio (mL/g) with extraction time (min) (B), and ethanol concentration (%) with extraction time (min) (C) on DPPH

FRAP (umol TE/g DW)

€: Solid-to-solvent ratio (mL/g) A: Extraction time (min)

FRAP (umol TE/g DW)

8: Ethanol concentration (%)

Figure 4: The interplay effect of the independent variables ethanol concentration (%) with solvent-solid ratio (mL/g) (A), solvent-solid
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Figure 5: The interplay effect of the independent variables ethanol concentration (%) with solvent-solid ratio (mL/g) (A), solvent-solid
ratio (mL/g) with extraction time (min) (B), and ethanol concentration (%) with extraction time (min) (C) on CUPRAC
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