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ABSTRACT 

Objective: The main purpose of this study is to give recommendations for the ideal extraction conditions for improving the extraction yield and 
antioxidant activity of R. tomentosa leaves.  

Methods: First, the extraction total phenolic yields of five choline chloride-based Natural Deep Eutectic Solvents (NADES) were evaluated. Then, 
Box Behnken designs of Response Surface Methodology (RSM) were conducted in order to optimize the extraction condition. The extraction 
variables investigated were extraction time, water content in NADES, and solid-to-liquid ratio. Meanwhile, total phenolic and 2,2′-azinbis (3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS) free radicals scavenging activity were used as responses.  

Results: NADES with combination of choline chloride and propylene glycol with a molar ratio of 1:1 was found to be the best solvent for extracting 
phenolic compound. The total phenolic compound obtained was 29.6351 mg GAE/g dried leaves with ABTS scavenging activity about 96.84% under 
the optimum extraction condition (extraction time of 60 min, 25% water content in NADES, and solid-to-liquid ratio of 0.02 g/ml). Better results 
were shown compared to extracts with conventional solvents.  

Conclusion: In sum, the use of choline chloride-based NADES as extraction solvent under optimum condition was proven to be effective in 
increasing the extraction efficiency of phenolic compounds and antioxidant activity from R. tomentosa leaves. 
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INTRODUCTION 

Rhodomyrtus tomentosa is flowering small tree plant a member of 
the family Myrtaceae. In Indonesia, especially Kalimantan, it is 
known as Karamunting. Its fruit is widely used as traditional 
medicine, and its compounds and biological activities have been 
studied [1]. The continuous availability of raw materials presents 
unique challenges for the preparation of herbal medicines using fruit 
parts as raw materials. Therefore, the leaf part was selected to be 
developed in this study as a promising raw materials candidate for 
herbal medicine. The potential of plant secondary metabolite 
compounds as antioxidants was demonstrated by our earlier 
research [2]. Phenolic compounds are the largest group of 
compounds found in plants and have been proven to be responsible 
for the biological activity of plants as herbal medicines and 
cosmetics [3]. There are many factors that influence the phenolic 
compounds obtained from a plant, including the extraction method 
used, type of solvent, extraction time and temperature, and many 
other extraction variables [4]. The different phenolic compound 
yields in a plant extract due to different extraction conditions affect 
the antioxidant capacity [5]. 

Thus far, organic solvents have been used for R. tomentosa leaves 
extraction in several studies [6, 7]. The use of volatile organic 
solvents in the extraction process can have negative impacts on the 
environment [8-11]. Our previous study succeeded in optimizing 
environmentally friendly extraction methods using Natural Deep 
Eutectic Solvent (NADES), which can increase extraction yields two 
times higher than ethanolic extract [2, 12, 13]. The use of green 
solvents as an alternative to organic solvents is included in the 
application of green extraction principles. NADES, a type of green 
solvent, have recently attracted a lot of attention because of their 
several advantages, including their effectiveness as an alternative 
solvent to replace organic solvents in the extraction process and as a 
raw material for cosmetics [14, 15]. NADES are formed from a 

mixture of hydrogen bond acceptors (HBAs) and hydrogen bond 
donors (HBDs) in certain molar ratios. Numerous studies have 
demonstrated the high effectiveness of choline chloride in plant 
metabolite extraction, which has led to its widespread use as HBD 
for NADES. It may be possible to formulate the NADES-containing 
extract straight away without first undergoing a solvent separation 
procedure, so it can be applied as a strategy for reducing the amount 
of energy and excipients utilized. 

It is important to optimize extraction conditions using the suitable 
solvent for each plant in order to get the highest extraction yield [4]. 
In the current study, the Response Surface Methodology (RSM) has 
been used for designing, analyzing, and forecasting the extraction 
conditions. One benefit of RSM is that it can be used to predict the 
ideal extraction condition and comprehend how different extraction 
factors relate to one another. 

Ultrasound-assisted extraction (UAE) is a non-conventional 
extraction method that is often used in green extraction 
applications. The cavitation phenomenon caused by ultrasonic 
waves facilitates increased contact between solvent and sample, 
increases the efficiency of extraction time solvent use, and reduces 
energy consumption so that extraction results can be improved [16]. 
This can support the application of the green extraction principle, 
which uses environmentally friendly extraction methods with 
minimal energy use. 

To the best of our knowledge, study optimizing the extraction of R. 
tomentosa is still limited, and only its fruit. Moreover, the 
publications that optimize the extraction of Karamunting leaves 
using NADES solvent have never been reported elsewhere. The aim 
of this research was to investigate the ability of NADES-UAE to 
increase the extraction efficiency of R. tomentosa leaves and 
recommend the optimal extraction conditions that provide the 
highest total phenolic and antioxidant activity simultaneously. 
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MATERIALS AND METHODS 

Materials 

All of the HBA and HBD compound used for the extraction in this 
study were pharmaceutical grade, included choline chloride (Xi'an 
Rongsheng Biotechnology Co, Ltd, China); propylene glycol, sorbitol, 
glycerol, polyethylene glycol 400 (Merck, Germany). Meanwhile, 
2,2′-azinbis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) and 
Gallic acid were purchased from Sigma Aldrich, USA. 

Preparation of NADES 

In this research, NADES were prepared using a heating method 
where choline chloride as HBA was stirred with various types of 
HBD with appropriate molar ratios. This was carried out constantly 

at a temperature of 50 C for 30 min until a stable, clear and 
homogeneous solution was formed. All the choline chloride-based 
NADES used in this study and their abbreviations and molar ratios 
are listed in table 1. 

 

Table 1: List of NADES used in this study with the abbreviation 

Combination of HBA and HBD Molar ratio Abbreviation 
Choline chloride-Propylene glycol 1:1 ChPg1 
Choline chloride-Propylene glycol 1:4 ChPg4 
Choline chloride-Sorbitol 1:2 ChSb 
Choline chloride-Glycerol 1:2 ChGl 
Choline chloride-polyethylene glycol 400 (PEG400) 1:2 ChPeg 

 

Sample collection and extract preparation 

The R. tomentosa leaves used in this study were collected from 
Palangkaraya, Central Kalimantan, Indonesia. The authenticity of the 
sample was verified by the Center for Traditional Medicine 
Information and Development, Faculty of Pharmacy, University of 
Surabaya. The fresh leaves were sorted, washed, and dried in the 
shade, then sifted using a 30 mesh to obtain dried leaf powder. The 
powdered leaves preserved in a dry environment and sealed 
container for later use. 

The UAE method was conducted to obtain all the R. tomentosa 
extract in our current study. Initially, the selection of NADES was 
carried out to choose the best solvent for extraction optimization. In 
this stage, about 0.5 g of dried leaves were sonicated with 10 ml 
NADES for 20 min at room temperature with a frequency of 40 kHz. 
Meanwhile, at the extraction optimization stage, R. tomentosa leaves 
were sonicated with a solid-to-liquid ratio, extraction time, and 
water content, which have been determined using RSM analysis. All 
the extract obtained were centrifuged at 1500 rpm for 15 min, and 
the filtrates were collected. Every extraction process used in this 
study was carried out three times. 

Experimental design for optimization using the response 
surface method (RSM) 

A Box-Behnken design (BBD) of the response surface method using 
three factors with three levels of each factor has been carried out to 
optimize the phenolic compounds and antioxidant activity of R. 
tomentosa leaves. The selected levels of three factors and their codes 
in this study are represented in table 2. A total of 15-run 
experiments ordered by RSM to be carried out for experimental 
verification. The final result of the Box-Behnken design is to 
formulate a second-order polynomial regression model, which is 
then used to predict optimal extraction conditions for phenolic 
compounds and antioxidant activity from R. tomentosa leaves. 

Y =  β0 + ∑ βj

3

j=1

Xj + ∑ βjj

3

j=1

Xj
2 + ∑ ∑ βijXiXj

3

j=i+1

2

i=1

 

Where Y is the response variable (total phenolic content or 
antioxidant activity); β0 is a constant and represents the intercept; 
βj, βj, βij are the linear, squared and interaction coefficients, 
respectively [17]. 

 

Table 2: The code, range, and level of each variable 

Variables Code Range and level (xi) 
-1 0 1 

Extraction Time (min) X1 20 40 60 
Water Content in NADES (%) X2 20 25 30 
Solid-to-liquid ratio (g/ml) X3 0.02 0.05 0.10 

 

Determination of total phenolic content (TPC) 

The total phenolic content of the R. tomentosa extracts was 
determined spectrophotometrically (UV-1900, Shimadzu Corp., 
Kyoto) using the Total Phenolic Index (TPI) method, which refers to 
the method of Aleixandre-Tudo et al. [18] with slight modifications. 
About 0.5 ml of each extract filtrate was pipetted quantitatively into 
a 10.0 volumetric flask, and then water was added until the total 
volume. After being homogenized, all the solutions were read at a 
wavelength of 280 nm as the total phenolic index (TPI) equivalent to 
gallic acid. The total phenolic content was calculated using a 
standard curve of Gallic acid with a concentration ranging from 10 to 
50 mg/l with y = 0.0245x – 0.0609 (R2 = 0.9996). Total phenolic 
level was analyzed in triplicate and expressed as mg GAE per g dried 
leaves (mg GAE/g dried leaves). 

Evaluation antioxidant activity 

Antioxidant activity becomes a measurable parameter in extraction 
optimization procedures. The antioxidant activity was evaluated 
using the ABTS method according to previous studies conducted by 
Jacob et al. [19] and Oktaviyanti et al. [13] with modifications. 

Firstly, ABTS free radical was prepared by mixing and dissolving 7.1 
mg ABTS and 3.5 mg K2S2O8 in deionized water until a total volume 
of 25.0 ml. This mixture turned into an ABTS free radical solution 
after 16 h of incubation. Each extract solution was pipetted about 
160 µl**, added with 40 µl** of ABTS free radical solution, and then 
incubated for 5 min at room temperature and then measured at 730 
nm using microplate reader (BMG Labtech, Germany). All the 
antioxidant activity were calculated as percentage inhibition using 
equation below and performed in triplicate. 

% inhibition =  
A − B

A
× 100% 

Where A is free radicals solution absorbance; B is the sample 
absorbance after mixing and incubating with free radicals solution. 

Statistical analysis 

Total phenolic level data obtained at the initial stage of NADES 
screening were compared by analysis of variance (ANOVA) with a 
significance level of p<0.05 using SPSS software version 18 for 
Windows (IBM, New York, United States). 
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Design Expert Software v. 13 (Stat-Ease Inc., Minneapolis, MN, USA) 
was used for performing the RSM and predicting the optimum 
extraction conditions for total phenolic and antioxidant activity from 
R. tomentosa. In order to assess the quality of the statistical model, 
ANOVA was also done. 

All of the data in this study, both total phenolic content and 
percentage inhibition in the text, tables, and figures, are presented 
as the meanSD. 

RESULTS AND DISCUSSION 

Screening of NADES for the extraction of total phenolic 
compound 

The result showed that different types of HBD used in NADES 
preparation can affect the total phenolic yields. The total phenolics 
level of five different choline chloride-based NADES was evaluated. 
Fig. 1 showed that the combination of choline chloride and 
propylene glycol at a molar ratio of 1:1 demonstrated the highest 
(P<0.05) yields of total phenolic compounds. Surprisingly, because 
these results are similar to our previous studies, which showed that 
this combination also provided high extraction yield and excellent 

bioactivity from Ixora javanica flowers [2, 13]. Various HBA and HBD 
compositions have been shown in earlier research to have an impact 
on the physicochemical properties including polarity of NADES as 
well as their extraction efficiency [20]. The viscosity of the NADES 
also plays an important role in their extraction efficiency [21, 22]. In 
this study, ChSb and ChGl showed higher vicosities than other 
NADES, and they provided lower extraction yields of phenolic 
compounds. Additionally, steric hindrance can also inhibit the 
formation of chemical bonds, such as hydrogen bonds. This can 
explain the lower yield of phenolic compounds by ChPeg compared 
to other solvents due to the complexity of its structure. 

Moreover, not only the type of HBA and HBD, but the molar ratio 
also affects NADES extraction capability. Our result showed that the 
phenolic compound yields decreased due to increasing the 
propylene glycol molar ratio. The formation of hydrogen bonds 
decreased with increasing levels of propylene glycol and decreasing 
levels of choline chloride. On the other hand, the primary process in 
NADES that increases extraction efficiency is hydrogen bond 
formation [23]. Thus, combination of choline chloride and propylene 
glycol with molar ratio of 1: 1 was selected for subsequent 
extraction and analysis procedures. 

 

 

Fig. 1: Comparison of total phenolic compound yields among the different NADES data are expressed as mean±SD (n=5; *P<0.05) 

 

Table 3: 15-run experimental responses 

Run Independent variable Responses 
 X1a X2b  X3c TPC (mg GAE/g dried leaves) ABTS scavenging activity (%) 

1 0 1 -1 11.6193 61.05 
2 1 1 0 15.5615 66.94 
3 -1 0 1 8.0421 52.38 
4 -1 0 -1 23.3408 81.34 
5 0 -1 -1 12.2224 61.99 
6 -1 -1 0 5.9471 43.65 
7 0 -1 1 5.5945 44.37 
8 0 0 0 12.9797 63.56 
9 -1 1 0 3.7645 44.24 
10 0 0 0 12.9199 62.56 
11 0 1 1 0.5316 40.50 
12 1 -1 0 19.1300 72.45 
13 1 0 1 26.6502 91.22 
14 0 0 0 12.9657 62.56 
15 1 0 -1 29.6351 96.84 

aX1 is extraction Time (min); b X2 is water content in NADES (%); c X3 Solid-to-liquid ratio (g/ml) 
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Optimization UAE condition using RSM 

The independent variables optimized in this study were extraction 
time, water content, and solid-to-liquid ratio, while the responses 
were total phenolic yields and antioxidant activity from R. tomentosa 
leaves. The responses obtained from experiments in the laboratory 
for each combination are presented in table 3. Then, using Design 
Expert software, all of the responses were examined to create a 
regression equation-a model that predicts each response that 
represented in table 4. 

The results are also represented as response surface plot on 3D 
surface graphs (fig. 2 and 3). Extraction time is closely related to the 
chance of contact between the solvent and the sample. Along with 
increasing contact time, the opportunity for substance diffusion will 

also increase. Thus, the extraction yields also increase which is in 
agreement with previous findings conducted by [24]. As mentioned 
above, viscosity becomes the common problem when applying 
NADES as solvent extraction. Several studies have added water to 
the NADES mixture to solve the viscosity problem [25, 26]. However, 
the addition of excess water can weaken the hydrogen bonds formed 
between the solvent and the sample and can even cause a change in 
the polarity of the NADES [27, 28]. The ratio between plant 
materials and volume of the solvents is known as the solid-to-liquid 
ratio. The compound solubility increased when the solid-to-liquid 
ratio is lower due to larger volume of extraction solvents. Whereas, 
when the solvent volume greater than the required amount, more 
impurities were dissolved out and prevented the dissolution of the 
compound. A similar result was also shown in previous work 
conducted by Jing et al. [29]. 

 

Table 4: Regression model 

Response Model equation 
Total phenolic content (mg GAE/g 
dried leaves) 

𝑦 = 12.96 + 6.24𝑥1 − 1,43𝑥2 − 4.50𝑥3 − 0.3465𝑥1𝑥2 + 3.08𝑥1𝑥3 − 1.11𝑥2𝑥3 + 6.29𝑥1
2 − 8.14𝑥2

2 + 2.68𝑥3
2 

ABTS radical scavenging activity (%) 𝑦 = 62.89 + 13.23𝑥1 − 1,22𝑥2 − 9.09𝑥3 − 2.53𝑥1𝑥2 + 5.84𝑥1𝑥3 − 0.7316𝑥2𝑥3 + 11.20𝑥1
2 − 17.27𝑥2

2

+ 6.36𝑥3
2 

 

Table 5, 6 presents the results of an ANOVA that was conducted to 
assess the model quality. There is strong agreement between the 
experimental results and the predicted yield, as indicated by the R2 
values of all the models. The model can express variances of more 
than 99.93% (R2 = 0.9993) and 98.94% (R2 = 0.9894) for total 
phenolic yield and antioxidant activity, respectively. The result also 
demonstrate that the responses are significantly impacted by the 
variables (p-value<0.05). Based on the p-value, it can also be seen 

that the variables interact with each other to have an effect on the 
response. In addition, the models indicate that the statistical 
insignificance of the lack of fit (p-value>0.05), with the phenolic and 
antioxidant models showing p-values of 0.0660 and 0.2892, 
respectively. A model can be categorized as a good model if it has an 
insignificant lack-of-fit value that indicates the model's inability to 
adequately represent the data is not significant, so it is suitable to 
predict the response [30]. 

 

Table 5: ANOVA for total phenolic content prediction model 

Source Sum of squares Degrees of freedom Mean square F-value p-value 
Model 984.20 9 109.36 12444.91 <0.0001 
X1 311.03 1 311.03 35396.10 <0.0001 
X2 16.29 1 16.29 1854.27 <0.0001 
X3 161.99 1 161.99 18435.16 <0.0001 
X1X2 0.4802 1 0.4802 54.65 0.0007 
X1X3 37.91 1 37.91 4313.98 <0.0001 
X2X3 4.97 1 4.97 565.88 <0.0001 
X1

2 145.87 1 145.87 16600.24 <0.0001 
X22 244.63 1 244.63 27839.94 <0.0001 
X32 26.45 1 26.45 3010.27 <0.0001 
Residual 0.0439 5 0.0088   
Lack of Fit 0.0420 3 0.0140 14.30 0.0660 
Pure Error 0.0020 2 0.0010   
Cor total 984.24 14    

 

Table 6: ANOVA for ABTS radical scavenging activity prediction model 

Source Sum of squares Degrees of freedom Mean square F-value p-value 
Model 4077.62 9 453.07 691.72 <0.0001 
X1 1400.40 1 1400.40 2138.05 <0.0001 
X2 11.86 1 11.86 18.10 0.0081 
X3 661.57 1 661.57 1010.05 <0.0001 
X1X2 9.31 1 9.31 14.21 0.0130 
X1X3 136.22 1 136.22 207.97 <0.0001 
X2X3 2.14 1 2.14 3.27 0.1304 
X12 462.91 1 462.91 706.74 <0.0001 
X22 1101.32 1 1101.32 1681.43 <0.0001 
X3

2 149.14 1 149.14 227.70 <0.0001 
Residual 3.27 5 0.6550   
Lack of Fit 2.61 3 0.8694 2.61 0.2892 
Pure Error 0.6667 2 0.3333   
Cor Total 4080.90 14    
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(a) 

 

(b) 

 

(c) 

Fig. 2: 3D response surface graphs of total phenolic yield versus (a) extraction time (x1) and water content (x2); (b) extraction time (x1) 
and solid-to-liquid ratio (x3); (c) water content (x2) and solid-to-liquid ratio (x3) 
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(a) 

 

(b) 

 

(c) 

Fig. 3: 3D response surface graphs of ABTS scavenging activity versus (a) extraction time (x1) and water content (x2); (b) extraction time 
(x1) and solid-to-liquid ratio (x3); (c) water content (x2) and solid-to-liquid ratio (x3) 
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The present study employed all the experimental results to 
forecast the ideal extraction conditions for enhancing total 
phenolic content and antioxidant activity from R. tomentosa leaves. 
The statistically analysis using RSM software showed that the ideal 
NADES-UAE conditions for R. tomentosa leaves are an extraction 
time of 60 min, 25% water content, and a solid-to-liquid ratio of 
0.02 g/ml. 

Table 7 demonstrates that the model was suitable to predict the 
data. This can be seen from the optimal values from 
experimental tests and software predictions, which are close to 
each other. We also succeeded in proving that our optimal 
extraction condition showed better total phenolic and 

antioxidant activity compared to an ethanolic extract of R. 
tomentosa leaves. 

We tried to investigate the relationship between phenolic compounds 
and antioxidant activity, and the results can be seen in fig. 4. The result 
showed that the R2 value between total phenolic vs ABTS scavenging is 
0.986 that indicates there is a good correlation and the activity 
antioxidant is mediated by phenolic compounds. This result is in 
accordance with research conducted by Lestari et al. [31], where there 
was consistency between the levels of phenolic compounds in the 
samples and their antioxidant activity. This also ensures that in our 
recent study we succeeded in extracting maximum phenolic compounds 
and antioxidant activity simultaneously from R. tomentosa leaves. 

 

Table 7: Value of all response variables, both experimental and predicted, under ideal UAE conditions and comparison to ethanolic extract 

Response Experimental value Predicted value Ethanolic extract 
Total phenolic content (mg GAE/g dried leaves) 29.6351 29.6351 22.5674  0.2669 
ABTS scavenging activity (%) 96.84 96.93 73.12  0.64 

 

 

Fig. 4: Graphs represent correlation curve between total phenolic content vs antioxidant activity 

 

CONCLUSION 

A green extraction optimization-facilitated Response Surface 
Methodology (RSM) was successfully carried out to obtain the 
extraction condition of R. tomentosa leaves with the highest 
extraction yield of total phenolic compound and anti-oxidant activity 
simultaneously. The environmentally friendly extraction method 
using NADES-UAE has been successfully develop. The best 
extraction conditions that this study recommended were extraction 
time of 60 min, water content of 25%, and a solid-to-liquid ratio of 
0.02 g/ml. Our finding demonstrated that using NADES consisting of 
choline chloride and propylene glycol at a molar ratio of 1:1, along 
with the UAE method, under our ideal extraction conditions, can be 
an acceptable alternative for conventional organic solvent extraction 
methods that are both more efficient and environmentally friendly. 
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