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ABSTRACT

Natural deep eutectic solvent combined with Microwave-assisted extraction (MAE) is considered as a potential green
substitute for conventional extraction methods because of its selectivity and shorter extraction time. Eleutherine
bulbosa Mill Urb. (E. bulbosa) bulbs, is renowned for having a high concentration of bioactive substances, primarily
phenolics compounds with various therapeutic characteristics. This study aims to increase the level of total phenolics
content (TPC) in E. bulbosa bulbs extract by applying a citric acid-glycerol (CA-Gly)-MAE and to optimize its
extraction conditions using response surface methodology-based box-behnken design. In this study, we extracted
dried samples under various conditions including microwave irradiation time and power, solid-liquid, sample-solvent
ratio, and CA-Gly ratio. The measurements of TPC value were done spectrophotometrically and gallic acid was used
as standard reference. The recommended optimum conditions were at 50% microwave power for 15 minutes, ratio of
1:14 g/ml, and CA-Gly ratio of 1:1 g/g, resulting in a predicted TPC value of 74.749 + 3.716 mg GAE/g DW extract.
Confirmation experiments were conducted using the recommended optimal extraction parameters, and the obtained
TPC value was 84.653 = 0.918 mg GAE/g DW extract. Our result demonstrates the potential of the CA-Gly-MAE
for obtaining a higher yield of polyphenols from E. bulbosa bulbs.
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INTRODUCTION

In recent years, the search for environmentally
friendly and sustainable extraction techniques for natural
products has been intensively studied. Extraction methods
using green solvents have attracted much attention because of
their potential to reduce harmful environmental impacts and
improve the quality of extracted compounds. Various efforts
to find innovative and efficient extraction techniques such as
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minimizing extraction time and selection of selective solvents to
obtain higher yield of desired compounds have been conducted
[1,2]. The selection of solvent types greatly affects the extraction
results. One of the extraction solvent types that is widely being
developed is natural deep eutectic solvent (NADES). The use of
NADES as an alternative to conventional organic solvents has
become a promising green chemistry approach.

NADES is a mixture of compounds that exist in a
liquid state at room temperature. They are formed by hydrogen
bonding acceptors and donors and are composed of common
substances found in everyday food or pharmaceutical excipients.
It may be produced rapidly, safely, and in an environmentally
sustainable manner [3-5]. Due to the formation of hydrogen
bonds between its components, the NADES has a lower melting
point than that of the individual component [6,7].
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The selection of NADES composition at least
should contain components that function as balanced acceptor
hydrogen bonds (HBA) and donor hydrogen bonds (HBD) to
match the characteristics of the target compound. After mixing,
these hydrogen bonds produce a strong interaction, resulting in
a eutectic mixture, typically liquid in closed-space conditions.
This green solvent has many advantages over conventional
organic solvents, such as low toxicity, biocompatibility, and
being environmentally friendly. Also, the obtained extracts can
be directly used as the final product [8,9].

Microwave-assisted extraction (MAE) is considered
efficient in various extraction processes since it offers many
benefits including rapid, more selectivity, and improved overall
efficiency [10,11]. However, opting for the correct solvent
system is crucial to enhance further extraction processes and
the results of target compounds. Therefore, combining NADES
with MAE is one of the innovative extraction methods that
are easy, fast, and effective in extracting secondary metabolite
targets of natural products [12].

Eleutherine bulbosa Mill. Urb. is a plant species rich
in bioactive compounds such as polyphenols. It has drawn
interest from the pharmaceutical, nutraceutical, and cosmetic
industries because of its various medical traits or biological
activity. Natural polyphenols have been proven to exhibit
several beneficial effects in treating diseases including cancer,
cardiovascular disease, diabetes, obesity, digestive disease, and
neurodegenerative diseases [13].

Eleutherine bulbosa is a member of the Iridaceae
family and indigenous to Kalimantan. The local ethnic
communities in the area have been using this plant for many
generations to treat various illnesses [14]. To optimize its
potential, an efficient extraction method is required to get the
optimum results for the target bioactive compounds.

Recently, we have developed an extraction method
called NADES-based MAE for polyphenol enrichment from
E. bulbosa bulbs. Several compositions of NADES have been
applied including glucose and citric acid [15], sucrose and
lactic acid [16], choline chloride and sorbitol [17], and an
optimized extraction method using ethanol as a solvent [18].
Various types of compositions can increase levels of targeted
secondary metabolites. In addition, NADES composition is
carefully considered to adjust the desired final pharmaceutical
products. Therefore, NADES-type exploration is needed to
obtain a suitable composition. One of the NADES compositions
studied in this research is citric acid and glycerol.

Response surface methodology (RSM) in the design-
expert software is often used to observe the reciprocal influence
between extraction conditions and responses. The box—behnken
design (BBD) of RSM operates at three levels (low, medium,
and high) and requires few experiments. RSM is a highly
effective technique utilized to optimize intricate extraction
processes that involve a multitude of variables [19-21].

In this study, we have formulated and tested citric acid
and glycerol as NADES composition for their potential as an
alternative solvent with MAE of total polyphenol content (TPC)
in E. bulbosa bulbs. Microwave irradiation power and time, the
ratio of solid to liquid in the mixture of NADES and MAE,
and the NADES (CA-Gly) ratio are a few extraction factors

that can be employed as variables. The RSM can be applied
to create optimization strategies. By examining the correlations
between various factors in the response, RSM is a statistical
technique that may determine the best state of MAE based on
the type of the target’s secondary metabolites [19]. This study
aims to evaluate and improve the performance of the NADES
(CA-Gly)-based MAE extraction conditions on the yield value
of TPC using RSM with BBD.

MATERIAL AND METHODS

Materials and equipment

The plant material of E. bulbosa bulb (voucher
specimen number: 112/RIIM-LP/FFUNMUL/II/2023) was
collected from Kutai-Kertanegara District Indonesia and
authenticated by Prof. Paulus Matius in the Laboratory of
Dendrology, Universitas Mulawarman. The chemicals and
equipment used in this study were glycerol and citric acid
(Merck); distilled water, ethanol, and methanol (PT SmartLab
Indonesia, Indonesia); Na,CO3, gallic acid, and Folin-
Ciocalteau reagent (Merck). A UV-VIS spectrophotometer
double beam (Shimadzu, Japan), a food dehydrator
(Wiratech, Indonesia), and a microwave 900 watts (Modena,
Buono-MV 3002, USA), the purity of the chemical material
was checked to ensure it met the required standards before
the experiment.

Preparation of NADES from citric acid and glycerol

Citric acid and glycerol were combined to generate
citric acid-glycerol (CA-Gly) NADES [22]. The mixture of CA
and Gly was heated in a water bath at 50°C for 30—40 minutes
with continuous stirring. After a viscous CA-Gly NADES
was obtained, 30% of distilled water from the total volume of
NADES was added to the solution. The CA-Gly NADES liquid
was kept at room temperature, until further use [15].

Extraction procedure

The MAE was conducted by following previous
studies and using a combination of glycerol and citric acid as
NADES composition [15-18]. Briefly, dried E. bulbosa bulb
powder (8 g) and a NADES CA-Gly solution were mixed, and
then extracted under a certain MAE condition (Table 1). Then,
the extract solution was filtered using a Buchner filter, which
took around 20 minutes to complete at room temperature. The

Table 1. Experimental design of CA-Gly-based NADES-MAE.

Levels

Parameter .
factors Symbols  Units  Minimum Mean Maximum

(-1) (0) 1)
Power of X, % Watts 10 30 50
microwave
Extraction time X, Min 15 20 25
Ratio of solid- X, g/mL 1:10 1:12 1:14
liquid
NADES (CA- X, g/g 1:1 1:2 1:3
Gly) ratio
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extract solution obtained was concentrated and dried using a
food dehydrator. Condensed or dry extracts are stored in tightly
closed containers until the TPC determination is done.

Determination of yield value of TPC

The TPC value was determined by following previous
studies [16], with some modifications. Briefly, 50 ml of aqua
demineralization was added to 1 ml (100 g/ml) of the diluted
extract along with 5 ml of Folin-Ciocalteau solution. The
mixture was incubated for 5 minutes. Subsequently, 2 ml of
diluted NaCO, was added to the preparation, which was re-
incubated for 30 minutes. The final absorbances were quantified
with a wavelength of 761 nm UV-VIS spectrophotometer. The
equation of ¥ = 0.0046X-0.0075 with R?> = 0.9994 is used to
express the yield value of TPC (mg GAE/g DW extracts) at
different concentrations [15,17], where X is the yield value of
TPC and Y is the absorbance.

Screening of single-factor

The main factors affecting the CA-Gly-based MAE on
TPC value including microwave irradiation power, irradiation
time, solid-liquid ratio, and NADES CA-Gly ratio were tested
by single-factor experiments.

Single-factor screening aims to determine each
extraction condition’s level (minimum, mean, and maximum).
The screening process was carried out in accordance with
our previous studies. The level of investigated factor was
varied, while other parameters were kept consistent [16,17].
In detail, the effects of microwave power were screened by
setting various percentages of power (%Watts) at 10%, 30%,
50%, 70%, and 90% Watts while keeping the other tested
factors constant. As for the variation of irradiation times, it
ranged from 10, 15, 20, 25, and 30 minutes. The effects of
NADES ratio were screened by varying the ratio of CA-Gly
at the ratio of 2:1, 1:1, 1:2, 1:3, and 1:4 g/g. For the ratio of
solid—liquid effects, it was observed by modifying the ratio
at 1:8, 1:10, 1:12, 1:14, and 1:16 g/ml. When a factor was
screened, the other three factors were set constant as the
following conditions: CA-Gly ratio of 1:1, extraction time
of 15 minutes, microwave power of 30% Watts, and solid-
to-liquid ratio of 1:10. Five grams of the dried sample was
used in each screening process. Each level of factors was
performed in triplicate.

Statistical analysis for optimization

To optimize the condition of CA-Gly-based MAE,
statistical analysis of RSM using BBD was performed. Based
on the results from screening of single factors, the TPC
values were employed as responses or dependent variables to
determine the optimum extraction conditions, while each factor
(i.e., extraction time, solid-liquid ratio, microwave power, and
NADES CA-Gly ratio) was used as an independent variable
(Table 1). Using a 4-factor and 3-level design method, BBD
of RSM generated 29 runs (each with one block and five
center points) for response surface testing created, and the
ideal processing conditions were identified. The multilinear
quadratic regression model analysis was estimated with the
Design Expert v13 program.

RESULT AND DISCUSSION

Single-factor effect

The total polyphenolic compounds from E. bulbosa
bulbs were enriched utilizing a mixture of glycerol and citric
acid as a NADES composition, and the impact of a single
component at the screening stage of numerous extraction
conditions at different levels was assessed. Several levels of
each factor were used in a single-factor analysis, as indicated in
Table 1. Figure 1 displays the impact of a single element on the
TPC value in the meantime.

The power of the microwave at 10%—-90% affects
the yield value of TPC, as demonstrated in Figure 1A. The
graph displays the highest TPC value at 30% or 270 watts of
microwave power. These results align with our previous studies
[15,16]. The temperature rises when the microwave power is
increased. A high-temperature increase may cause the sample
matrix to deteriorate, which may also change the structure of the
target compounds [21,23]. As a result, 30% of the microwave
power was employed for the extraction process optimization in
this investigation.

The extraction time impacts the yield of the TPC
during the extraction process, where the expected condition
is to get a high TPC with a short extraction time. Figure 1B
illustrates the effect of extraction time as a single factor on TPC
value using NADES Ca-Gly-MAE. Overall, 20 minutes was the
optimum condition for the extraction time in the single-factor
screening. The given chart shows that there was an increase in
TPC as the extraction time increased from 10 to 20 minutes.
However, the yield value of TPC reduced steadily over a 20
to 30-minute period as time went on. This may be due to the
hydrolysis of phenolic compounds at a high temperature for
more than 20 minutes. In addition, a longer extraction process
may cause the polyphenolic hydroxyl groups of the samples to
be oxidized [22,24].

The effectiveness of extraction using different ratios
of sample (solid) to solvent (liquid) is shown in Figure 1C.
The TPC yield increased as the ratios of solid—liquid decreased
from 1:8 to 1:12 g/ml. However, the yield decreased as
solid-liquid ratio continued to decrease from 1:14 to 1:16 g/
ml. The sample-to-solvent ratio of 1:12 g/ml was found to be
the optimum ratio to attract the phenolic compounds in the
sample. The driving force, mass transfer rate, and ease of solute
dissolution in the solvent all rise with an enormous difference
in solute concentration, improving extraction effectiveness.
Moreover, as the solvent-to-sample ratio decreases, the surface
area between the solvent and the plant matrix rises [2]. On the
other hand, the reason for the decline in the TPC yield upon
decreasing the solid/solvent ratio from 1:12 to 1:16 g/ml was
the insufficient solvent volume to facilitate the extraction of
phenolics content from the material matrix [25]. The excessive
volume of solvent-dissolving impurities and the targeted solute,
where these unwanted impurities/compounds can prevent the
solute from being extracted by the solvent. In addition, overly
declining the solvent ratio can result in poor extraction (waste of
solvent) [6,26,27]. As a result, the ratio between the sample and



192 Ahmad et al. / Journal of Applied Pharmaceutical Science 14 (09); 2024: 189-197

60 - (A)
50 4 46.117+0.366

El +
40 36.888+0.747 34,543+ 0.738

I
I 29.376 + 0.602
10 30 50 70 9

Microwave Power (% Watts)

23.409 +£0.135

TPC (mg GAE/g DW extract)
W
=1

(=1

50 (©)
o 45 43.987It 0.999
<
E
5 35 33.366.+ 0.599
27.677+0.588

27.420+0.479

g 25 22.434 £ 0.556 I
320
215
o 10
-9
=5

0

1:16

1:8 1:10 1:12 1:14
Solid-Liquid Ratio (g/mL)

(B)

54,822f 0.616
49.6094+0.595 48493 + 0.405

20 25 30

Extraction Time (Min)

4 37.302+0.230
30.337+£0.336

TPC (mg GAE/g DW extract)
—_ 353 (%3 B wn [ ~
(=] (=] (=] (=] (=] (=) (=] (=)

10 15

=
(=]
)

(D)

D
(=]
L

57.165f 0.141

w
(=}
L

42.202 +0.140 44.0931i 2.877

o
(=]
.

[o8)
(=1
L

21.365£0.610 20368 +0.275

1553
(=]
L

TPC (mg GAE/g DW extract)
S

(=1

2:1 1:1 1:2 1:3 1:4
NADES (CA-Gly) Ratio (g/g)

Figure 1. The effect of a single-factor of NADES-MAE method on the yield value from E. bulbosa bulbs (in triplicate).

solvent was 1:12 g/ml, which was chosen for further condition
optimization.

The ratio of the citric acid and glycerol combination
affects the yield of TPC in several different ranges, including
2:1, 1:1, 1:2, 1:3, and 1:4 g/g. Figure 1D shows that the highest
TPC yield was obtained at NADES CA-Gly 1:2 g/g ratio.
Citric acid and glycerol act as HBA and HBD respectively in
the NADES [25,28-30]. The combination of HBA-HBD at a
certain concentration will form a stable solution that can affect
the physicochemical properties and behavior of the eutectic
solvent phase at a certain point. The components will form
hydrogen bond interactions leading to an eutectic phenomenon
[31].

Statistical analysis and the model fitting

After the single-factor screening was conducted, an
investigation into experimental design was applied. To determine
the ideal extraction condition and investigate the interactions
between each factor, a BBD with 29 trials and four factors with
three levels each were used. The 29 trials were conducted in
the laboratory to obtain the actual data (TPC yield) after which
the data were inserted into the software (Design Expert v13) to
generate the best equation based on the statistical parameters
such as coefficient correlation (R), predicted R?, adjusted R?,
F-value, p-value, and Lack of Fit value.

The data from Table 2 were treated for quadratic
regression analysis and ANOVA as suggested by the outcomes
of statistical computations (Table 3). Fit Summary gathers
crucial data to choose the best model starting circumstances.

According to the ANOVA (Table 4), the p-value of
the model (with an F-value of 15.35) was < 0.0001, which
indicates that this model is highly significant. These results
illustrate that the independent variables of the selected
extraction conditions (power, time, solid-liquid, and NADES
ratio) have an interaction effect that causes significant
variations in the resulting responses. Each coefficient that has
p-values not greater than 0.05 (p < 0.05) indicates remarkable
influences on TPC values. Four linear coefficients including
the power of microwave (X)), extraction time (X)), ratio
of solid-liquid (X,), and NADES (CA-Gly) ratio (X,), two
interactive coefficients (X X, and X X,), and two quadratic
coefficients (X,*and X,?). In addition, the coefficients with
p-values greater than 0.05 (p > 0.05) are not considered as
significant factors in the extraction process. For instance,
the interactive coefficients between the microwave power
and the extraction time (X,X,); and the interaction between
the extraction time and the solid-liquid ratio (X,X,) did not
significantly affect the TPC value. Furthermore, the lack-of-
fit F-value and p-value were 0.9564 and 0.5759, respectively,
indicating that it is not significant in comparison to imply
the lack (nonsignificant lack-of-fit is acceptable). Therefore,
the regression equation model may adequately explain the
outcomes and predict ideal conditions with high precision.
The Fit Statistic parameters (namely coefficient correlation
(R?), predicted R?, and adjusted R?) suggested by the software
(DesignExpert v13) were used to obtain the best coefficient
regression model. Based on the p-value and resulting Fit
Statistics, the coefficients can be included or excluded as a
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Table 2. Experimental results of TPC from E. bulbosa bulb.
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Run Microwave power  Extraction time Solid-liquid ratio NADES (CA-Gly) ratio TPC valuz:::agchE/g bW
X, (YoWatts) X, (Min) X, (g/ml) X, (g/g) Actual Predicted
1 50 (1) 20 (0) 1:14 (1) 1:2(0) 54.55 49.83
2 10 (1) 20 (0) 1:10 (-1) 1:2 (0) 23.63 26.46
3 30 (0) 20 (0) 1:10 (-1) 1:3(1) 28.36 28.46
4 30 (0) 20 (0) 1:12 (0) 1:2 (0) 32.57 32.17
5 50 (1) 25 (1) 1:12 (0) 1:2(0) 37.58 39.56
6 30 (0) 25 (1) 1:10 (-1) 1:2(0) 37.31 33.22
7 30 (0) 15 (-1) 1:14 (1) 1:2 (0) 39.86 42.87
8 30 (0) 15(-1) 1:10 (-1) 1:2(0) 41.09 41.94
9 30(0) 25 (1) 1:12 (0) 1:3 (1) 28.42 30.19
10 10 (-1) 25 (1) 1:12 (0) 1:2(0) 26.34 25.53
11 30 (0) 25(1) 1:14 (1) 1:2 (0) 43.38 41.45
12 30 (0) 25 (1) 1:12 (0) 11 (=1 43.08 46.15
13 30 (0) 20 (0) 1:14 (1) 1:3(1) 31.22 32.67
14 30 (0) 20 (0) 1:14 (1) 11 (=1 44.48 48.63
15 10 (-1) 15(-1) 1:12 (0) 1:2(0) 24.85 25.84
16 50 (1) 20 (0) 1:12 (0) 1:3 (1) 28.77 29.68
17 30 (0) 15(-1) 1:12 (0) 11 (-1 55.05 51.22
18 50 (1) 20 (0) 1:10 (-1) 1:2 (0) 34.37 34.44
19 30 (0) 20 (0) 1:12 (0) 1:2(0) 29.34 32.17
20 30(0) 20 (0) 1:12 (0) 1:1(=1) 58.28 56.25
21 50 (1) 20 (0) 1:12 (0) 1:2(0) 39.15 32.17
22 30 (0) 20 (0) 1:12 (0) 1:2 (0) 32.26 32.17
23 50 (1) 15(-1) 1:12 (0) 1:2 (0) 45.63 49.60
24 10 (-1) 20 (0) 1:12 (0) 1:3(1) 20.54 21.49
25 30 (0) 15 (-1) 1:12 (0) 1:3 (1) 40.06 35.26
26 30 (0) 20 (0) 1:10 (-1) 11 (-1 43.43 44.05
27 10 (1) 20 (0) 1:14 (1) 1:2 (0) 22.19 20.22
28 30 (0) 20 (0) 1:12 (0) 1:2(0) 28.54 32.17
29 10 (-1) 20 (0) 1:12 (0) 1:1(-1) 28.83 26.84
Table 3. Fit summary.
Source Sequential p-value p-value of lack-of-fit Adjusted R? Predicted R?
Linear <0.0001 0.1827 0.6623 0.5693
2FI 0.2348 0.2079 0.6997 0.4632
Quadratic 0.0104 0.4883 0.8408 0.6282 Suggested

Cubic 0.4199 0.4596 0.8578 —0.4452 aliased

model to obtain R? which is close to the value of 1, and the
value difference between the predicted and adjusted model is
not more than 0.2. These conditions describe the best model
to be included. According to the R? = 0.9201, the model can
explain 92.01 % variation. As demonstrated by the data, the
model can forecast most of the variability in the extraction
results. The Predicted R* of 0.7153 and the Adjusted R? differ
by less than 0.2, which is relatively consistent [19,32—34].

The following equation shows the linear correlation
between the four independent factors and the yield value
of TPC as a response, ¥ = 278.778 + 0.172X, — 10.022X, —
22.630X, - 14.057X, - 0.024X X, + 0.135X X, - 0.265X X, +
0.182X, X, —0.005X >+ 0.201X >+ 0.670X > + 3.509X ?, where
Y is dependent variable (TPC value) as a response, X, X, X,
and X, are dependent variables or factors (extraction condition).
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The estimates of the coefficients, if all other variables
remain constant, show the anticipated change in reaction when
the factor value changes by one unit (As can be seen in Table 5).
The overall average reaction across all trials in an orthogonal
design is known as the intercept. Using the factor settings as a
guide, the coefficient modifies the average value. The variance

Table 4. ANOVA for reduced quadratic model.

Sum of Mean

Source F-value p-value
squares square
Model 2,543.66 12 21197 1535  <0.0001 Significant
X, —Power 1,060.06 1 1,060.06 76.78  <0.0001
of microwave
X, - 77.16 1 77.16 5.59 0.0311
Extraction
time
X,—Ratio of 62.87 1 62.87 4.55 0.0487
solid-liquid
X,—~NADES 76429 1 76429 55.36 <0.0001
(CA-Gly)
ratio
XX, 22.75 1 22.75 1.65 0.2176
XX, 116.95 1 116.95 8.47 0.0102
XX, 112.64 1 112.64 8.16 0.0114
XX, 13.32 1 13.32 0.9644  0.3407
Xz 28.93 1 28.93 2.10 0.1671
X} 163.82 1 163.82 11.87 0.0033
X2 46.53 1 46.53 3.37 0.0851
X} 79.87 1 79.87 5.78 0.0286
Residual 22091 16  13.81
Lack-of-fit 163.82 12 13.65 0.9564  0.5759 Not
significant
Pure error 57.10 3
Cor total 2764.57 28
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inflation factor (VIF), greater than 1, denotes the presence
of multicollinearity and will be equal to 1 if the factors are
orthogonal. The more substantial the correlation between the
components, the higher the VIF score. A VIF score of less than
ten is typically considered appropriate [35-37].

Based on the equation correlating with the actual
factors, each element exhibits a specific response level that can
be predicted. It is essential to express the levels of each factor in
their order of appearance. However, when using this equation to
calculate the relative value of each feature, care must be taken
because the cutting is not in the middle of the design space. In
addition, the obtained coefficients are only adjusted to represent
all factors’ units [36,38].

The optimization condition of CA-Gly NADES-based MAE

The interplay between the two variables may impact
the extraction efficiency. Simulating and examining the relative
significance level of each interaction between these factors is
possible, as depicted in Figure 2. The interaction of process
variables with response values can be seen using a three-
dimensional graph of the response surface, and the slope of
the surface corresponds to the apparent interaction effect. The
regression equation and this graph are combined to explain the
response surface pattern. The relationship between microwave
power and the NADES (CA-Gly) ratio (X X,) is contrasted
with the relationship between other parameters in Figure 2. The
yield value of TPC increases with the increase in the percentage
of microwave power at a low NADES (CA-Gly) ratio, or vice
versa, although it is still significantly influenced by the other
two factors.

Therefore, the optimal conditions determined by the
RSM were used in the validation experiment. These optimal
conditions were obtained through RSM analysis, namely
50% microwave power for 15 minutes, 1:14 g/ml solid-liquid
ratio, and 1:1 g/g ratio of NADES CA-Gly with a predicted
yield value TPC of 74.749 + 3.716 mg GAE/g DW extract.
Confirmation experiments were carried out using this optimal

Table 5. The predicted change in responsiveness for each unit change is shown by the coefficient estimate.

i 1
Factor estiil(;etfeﬁ(c/;irztlal) df St::‘l:)ird 95%, Low . 95% High VIF
Intercept 278.778 1 1.66 28.65 35.69

X, — Power of Microwave 0.172 1 1.07 7.12 11.67 1.0000
X, — Extraction Time 10.022 1 1.07 -10.25 =5.71 1.0000
X,— Ratio of Solid-Liquid 22.630 1 1.07 0.0149 4.56 1.0000
X, —NADES (CA-Gly) Ratio 14.057 1 1.07 —-10.25 =5.71 1.0000
XX, 0.024 1 1.86 -9.25 -1.37 1.0000
XX, 0.135 1 1.86 —6.32 1.55 1.0000
XX, 0.265 1 1.86 —2.11 5.76 1.0000
XX, 0.182 1 1.86 1.47 9.35 1.0000

Xz 0.005 1 1.46 0.4162 6.60 1.08

X} 0.201 1 1.46 1.93 8.12 1.08

X2 0.670 1 1.46 -5.20 0.9811 1.08

X2 3.509 1 1.46 —0.4146 5.77 1.08
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Figure 2. Contour plot response surface diagrams (three-dimensional) of each factor show the comprehensive effects of experimental factors
Cis X,X,,and D is X X..

extraction parameter three times, and the resulting TPC value
was 84.653 + 0.918 mg GAE/g DW extract. The model’s
accuracy is calculated and reaches 88.3% for the TPC value
obtained based on the confirmation results, with values within
the low and high 95% confidence interval (CI), indicating that
the response model used has good reliability for optimization.
In the present study, the use of NADES CA-Gly (1:1)
with a certain condition resulted in the highest level of TPC
compared to other NADES compositions. Based on our previous
studies, the extraction of TPC in E. bulbosa bulbs using MAE
and NADES with different compositions including choline
chloride-sorbitol (1:1) [17], citric acid-glucose (1:1) [15], lactic
acid-sucrose (4:1) [16] resulted 39.88 mg GAE/ g, 61.63 mg
GAE/g, and 82.43 mg GAE/ g sample, respectively. Moreover,
the extraction of the phenolic on the dried powder of E. bulbosa
bulbs using maceration with 96% ethanol yielded a TPC value
of 2.5 mg GAE/g [39]. These findings show that using a mixture
of citric acid and glycerol as a NADES composition has proven
to be more effective than the previously reported NADES
composition, with successive levels of effectiveness [15-18].

The results of this investigation shed light on the possibility of
the NADES CA-Gly solvent system as an efficient and long-
lasting method of extracting polyphenols from E. bulbosa bulbs.

The results of this work can contribute to the
development of more environmentally friendly and efficient
extraction techniques for natural product research, offering
application opportunities in various industries, including
pharmaceuticals, nutraceuticals, and cosmetics.

CONCLUSION

In this work, we revealed that a mixture of citric
acid and glycerol as a NADES composition as an alternative
green solvent could extract polyphenols from E. bulbosa
bulbs, which is better or the same compared to the NADES
composition in our previous studies. A variety of NADES
composition options are expected to provide considerations for
selecting solvents based on the intended final pharmaceutical
dosage form. Based on the RSM analysis results, the ideal
parameters were a 1:14 g/ml solid-liquid ratio, a 1:1 g/g
NADES (CA-Gly) ratio, and 50% microwave power for 15
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minutes. It has now been established that these conditions can
result in extracts with higher TPC values. However, given that
NADES species are selective in extracting chemicals from
the polyphenol group, additional study is required to evaluate
each extract from various types of NADES composition for
activity.
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