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This study describes the optimization of a method that involves the use of the natural deep eutectic solvents, 
choline chloride-sorbitol for extracting caffeine and chlorogenic acid from green coffee beans of Coffea 
canephora. Extensive screening of conditions based on response surface methodology, Box-Behnken design 
allowed establishing optimal extraction conditions as 4:1 for the mole ratio of choline chloride-sorbitol, 
60 min of extraction time, and 1:30 g/ml for the liquid-solid ratio, which yielded 5.87 mg/g of caffeine 
and 12.24 mg/g of chlorogenic acid. In case of the latter compound, this constitutes an increase of 297 % 
compared to the conventional maceration method. The evaluation of the extract obtained under optimal 
conditions for lipase inhibitory activity revealed that the extract inhibited porcine pancreatic lipase, with 
an IC50 value of 32.46 μg/ml. The combination of a natural deep eutectic solvent with ultrasound-assisted 
extraction technology constituted the basis for the development of an environmentally friendly and easy-
to-use extraction method.
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Coffea canephora Pierre ex A. Froehner, also known 
as Robusta coffee, is a native plant from Indonesia that 
is attracting increasing attention due to its potential 
benefits. From the seeds of the coffee tree that are 
processed without roasting, the green coffee beans 
(GCB), chlorogenic acid (CGA) and caffeine have been 
identified as secondary metabolites[1] whose inhibitory 
effect on lipase has been demonstrated[2].

Currently, the development of extraction methods 
that use environmentally friendly solvents for the 
extraction of secondary metabolites from plants 
constitutes an active area of research[3]. In this regard, 
natural deep eutectic solvents (NADES) have emerged 
as an environmentally friendly alternative for solvent 
extraction[4]. NADES contain a certain ratio of hydrogen 
bond acceptor (HBA) and hydrogen bond donor (HBD) 
from natural substances[5,6]. Examples of HBA are 
choline chloride (ChCl), betaine and L-proline and 
examples of HBD are urea, polyols, sugar and carboxylic 
acid[7]. A NADES has a high solubility for both polar and 
nonpolar compounds[8]. ChCl and sorbitol mixture as a 

NADES has been proven to extract compounds from 
Sophora japonica at a concentration of 100 mg/g[9] and 
from Tartary buckwheat hull[10]. In addition, hydroxy 
safflor yellow A, cartormin, and carthamin have been 
extracted from Carthamus tinctorius using the same 
NADES mixture. 

Very recently, the NADES mixture of ChCl and sorbitol 
has been studied for extracting caffeine and CGA from 
GCB of Coffea canephora[11]. As a continuation of 
that work, in the present investigation development of 
optimum conditions for the extraction of caffeine and 
CGA using response surface methodology (RSM), Box-
Behnken design was taken up to compare the yields 
obtained using the ChCl and sorbitol mixture with those 
of the conventional method (maceration). Furthermore, 
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the results of the test for lipase inhibitor activity of the 
NADES GCB extract having the maximum yield of 
caffeine and CGA are presented.

MATERIALS AND METHODS

The GCB used in this work was from Coffea canephora 
Pierre ex A. Froehner. The GCB was ground to a 
powder of 40/80 mesh in size. The designation and 
deposit of the voucher specimen was the same as 
in Yuniarti et al.[11]. ChCl was purchased from Xi’an 
Rongsheng Biotechnology Co., Ltd (Xi’an, China). 
Sorbitol powder was obtained from Vatican City, 
Roquette Freres, France (via Barentz, Ltd, Jakarta, 
Indonesia). CGA as 3-caffeoylquinic acid was bought 
from Wako Pure Chemical Industries, Osaka City. 
Acetonitrile and methanol of high performance 
liquid chromatography (HPLC) grade and acetic acid 
analytical grade were from Merck, Germany. Aqua pro 
injection (Ikapharmindo Putramas, Ltd) was bought 
from a local distributor. For the lipase inhibition test, 
Orlistat standard (Roche), lipase from porcine pancreas  
type II (PPL), p-nitrophenyl butyrate (p-NPB), 
morpholine propane sulphonic acid (MOPS), ethylene 
diamine tetra acetic acid (EDTA), free-flowing 
anhydrous calcium chloride, Trizma® hydrochloride 
(Tris HCl) reagent grade and dimethyl formamide 
(DMF) for molecular biology were obtained from Sigma 
Aldrich, USA, via Elo Karsa Utama, Inc-Indonesia.

A centrifuge (Heraeus-Christ GmbH, Osterode, 
Germany), HPLC system (Shimadzu LC 20 AD,  
Sil-20A-HT, CTO-20A, Kyoto, Japan) with a HPLC 
column Inertsil ODS-3 5 μm (4.6×150 mm; Tokyo, GL 
Sciences Inc, Japan), a vacuum drying oven (Yamato 
ADP200C, USA) and a rotary vacuum evaporator 
(Buchi) were used. For the enzyme assay, a 96-
well microplate (Thermo, China) and an incubator 
microplate reader (Glomax, USA) were used.

Maceration:

A modification of a previously reported method[12] 
was used for the maceration. GCB powder (2 g) was 
added to 100 ml of 70 % ethanol at room temperature. 
After immersion for 6 h, the mixture was stirred and 
then immersed again for 18 h in the dark. The resulting 
product was filtered and macerated again using the same 
volume of solvent for 24 h. The mixture was collected 
and concentrated in a rotary vacuum evaporator to 
obtain a thick extract. The thick extract was further 
dried in a vacuum oven. For the analysis of caffeine 

and CGA content, 10 000 μg/ml of GCB extract in 70 % 
ethanol was prepared and diluted to 200 μg/ml. 

Simultaneous quantitative analysis of caffeine and 
CGA by using HPLC:

Quantitative analysis of caffeine and GCA 
was performed using HPLC as described in  
Yuniarti et al.[11]. Acetic acid (0.1 %) as solvent A 
and acetonitrile as solvent B was used as the mobile 
phase. The gradient system was 90 % A and 10 % B 
for 20 min, 80 % A and 20 % B for 10 min, and, then, 
the original 90 % A and 10 % B for 5 min. For the 
simultaneous detection of caffeine and CGA, the liquid 
chromatography system was set to 272 nm at 3 min and 
326 nm at 11 min, respectively.

NADES preparation:

The NADES was prepared by mixing ChCl and sorbitol 
to obtain 2:1, 4:1, and 6:1 mole rations. The ChCl-
sorbitol mixtures were stirred using a magnetic stirrer in 
a glass beaker at 80° to obtain clear liquids[11,13]. Water 
was added (50 % v/v) and the mixture was shaken until 
a clear liquid was formed[11].

Extraction of samples with NADES:

A modified procedure reported by Duan et al. and 
Yuniarti et al. was used for the extraction[7,11]. GCB  
(1 g) was dissolved in ChCl sorbitol mixture (NADES) 
and extracted using ultrasound-assisted extraction 
(UAE). The following conditions were used to carry 
out the extraction, a. mole ratio of the ChCl-sorbitol 
mixture (2:1, 4:1 and 6:1), b. extraction time (10, 
35, and 60 min), c. liquid-solid ratio (10:1, 20:1 and  
30:1 ml/g). Next, these liquid samples were transferred 
and centrifuged at 5670× g for 10 min. Then, these 
liquid samples were filtered and sufficient volume of 
water was added to fill the flask. For HPLC analysis, 
the liquid sample was diluted 20 times with water. 

Optimization using RSM Box-Behnken design:

RSM-Box-Behnken design using Design-Expert  
10 software (Statease Inc., Minneapolis, USA) was 
used to investigate the relationship between the three 
different conditions as independent variables and to 
obtain the data on the optimum condition. As mentioned 
above, the variable conditions were mole ratio of the 
NADES (A), extraction time (B) and liquid-solid ratio 
(C). The experimental levels for each condition were 
chosen from the data reported by Yuniarti et al.[11]. In 
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this design, the optimum conditions corresponded to 
the highest yield of CGA and caffeine. 

In vitro lipase inhibitory activity:

A modified version of a previously reported method 
was used[14]. Tris-buffer solution (Tris HCl 100 mM, 
CaCl2 5 mM, pH 7.0), a p-NPB solution (10 mM in 
DMF), enzyme solutions (500 U/mg protein in 10 mM 
MOPS) and EDTA solution (1 mM), pH adjusted to 
6.8. Orlistat was used as an inhibitor of PPL enzyme 
to serve as the positive control. Test samples used were 
NADES extract with highest yield of caffeine and CGA 
and standard solutions of CGA and caffeine containing 
6.25, 12.5, 25, 50, 100, and 200 μg/ml each in NADES 
solvent were prepared.

Briefly, 20 μl of ChCl sorbitol extract of GCB with 
highest amount of caffeine and CGA, orlistat, CGA 
standard, caffeine standard, or NADES ChCl-sorbitol 
were added to the 96-well microplates. Then, 6 μl 
lipase and 170 μl Tris buffer were added to each well 
and the plate was incubated for 15 min at 37°. After 
incubation, 2 μl of 10 mM p-NPB substrate was added 
and the plate was incubated again for 30 min at 37°. 
A blank was prepared for each concentration without 
adding the enzyme solution. Lipase activity was 
determined by measuring the hydrolysis of p-NPB to 
p-nitrophenol using a microplate reader at a wavelength 
of 405 nm. The inhibitory activity (I) was calculated 
using the formula, % I= (1–B–b/A-a)×100, where % I 
is the inhibitory activity, A is the activity of the enzyme 
without inhibitor, a is the negative control without 

inhibitor, B is the activity of the enzyme with inhibitor, 
and b is a negative control with inhibitor.

The half maximal inhibitory concentration (IC50) was 
calculated from the activity exerted by 200, 200, 50, 
25, 12.5, and 6.25 µg/ml using a linear regression Eqn., 
y=a+bx, where x is the concentration of inhibitor sample 
or the logarithm of inhibitor sample concentration and 
y is the percentage of inhibitory concentration. 

RESULTS AND DISCUSSION

Analysis of 70 % ethanol extract of GCB using HPLC 
showed 3.08 mg caffeine and 3.03 mg CGA/g dry 
powder, which was lower than that previously reported 
by Navarra et al. of 36.5 mg/g and 150.5 mg/g caffeine 
and CGA, respectively[12]. However, the result obtained 
using NADES for extracting caffeine and CGA was 
higher than that obtained from maceration. 

Table 1 shows the results of the RSM-Box-Behnken 
design using Design Expert 10 software. Figs. 1 and 2 
show the relationship between the mole ratios of ChCl-
sorbitol (2:1, 4:1 and 6:1), extraction time (10, 35 and 
60 min) and liquid-solid ratio (10:1, 20:1 and 30:1 g/ml) 
with caffeine and CGA. From the relationship between 
the mole ration and extraction time, the highest yield of 
caffeine and CGA were obtained with 4:1 mole ration 
of ChCl and sorbitol and an extraction time of 60 min, 
whereas the lowest concentrations of caffeine and CGA 
were obtained with 6:1 mole ration of ChCl and sorbitol 
and an extraction time of 10 min. Meanwhile, from the 
relationship between the mole ratio of ChCl-sorbitol 
and liquid-solid ratio, the highest yields of caffeine and 

Ratio of ChCl: sorbitol (mol) Extraction time (min) Ratio liquid to solid (g/ml) Caffeine±SD (mg/g) CGA±SD (mg/g)
6:1 35 10:1 3.41±0.14 7.82±0.61
4:1 60 30:1 5.87±0.24 12.24±0.44
4:1 10 10:1 3.60±0.12 8.27±0,09
6:1 35 30:1 4.59±0.04 8.12±0.29
4:1 35 20:1 4.25±0.04 8.96±0.80
2:1 35 30:1 4.71±0.51 10.74±0.58
4:1 10 30:1 3.51±0.31 3.86±1.20
6:1 10 20:1 2.46±0.11 3.99±1.09
4:1 35 20:1 3.43±0.17 5.80±0.92
4:1 35 20:1 4.17±0.16 6.47±0.56
2:1 10 20:1 3.05±0.00 5.32±0.39
6:1 60 20:1 3.58±0.10 5.89±0.52
4:1 35 20:1 3.28±0.57 5.10±1.44
4:1 60 10:1 2.90±0,06 5.39±0.37
2:1 60 20:1 3.80±0,08 6.14±0.35
2:1 35 10:1 2.80±0.11 4.99±0.18
4:1 35 20:1 3.36±0.07 5.50±0.13

TABLE 1: CONDITION SCREENING BASED ON RSM-BOX–BEHNKEN DESIGN AND YIELDS OF CAFFEINE 
AND CGA IN THE NADES EXTRACT OF GCB 

ChCl is choline chloride, SD is standard deviation for n=3 observations
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CGA were still observed at a 4:1 ratio mole of ChCl-
sorbitol and at 30:1 (ml/g) liquid-solid ratio, whereas a 
mole ratio of ChCl-sorbitol 2:1 with a liquid-solid ratio 
of 10:1 (ml/g) afforded the lowest yield of caffeine and 
CGA. On the other hand, the result of the relationship 
between liquid-solid ratio and extraction time 
indicated that the highest values of caffeine and CGA 
were obtained with 30:1 (ml/g) liquid-solid ratio and  
60 min of extraction time and the lowest caffeine and 
CGA yields were obtained for the liquid-solid ratio of  
10:1 (ml/g) with 60 min of extraction time. Then, it can 
be concluded that the highest yield of caffeine and CGA 
were obtained using a 4:1 ratio mole of ChCl-sorbitol, 
a 30:1 (ml/g) liquid-solid ratio and 60 min of extraction 

time. These conditions correspond to the sample 
 number 2 (Table 1). On the basis of these results, the 
RSM-Box-Behnken design was used to obtain the 
optimal conditions. One of the 26 possible optimal 
conditions corresponded to a mole ratio of ChCl-sorbitol 
of 4.17:1, an extraction time of 59.94 min, and a liquid-
solid ratio of 29.96:1 (ml/g). Table 2 summarizes the 
yields of caffeine and CGA obtained using the RSM-
Box-Behnken design and those obtained experimentally. 
Moreover, the yields of caffeine and CGA obtained 
using maceration and those using the NADES ChCl-
sorbitol extraction of GCB are compared in Table 3, 
showing that, although the caffeine levels extracted 
with both methods were very similar, the yield of CGA 
was 297 % higher by the NADES extraction than by 
the maceration. Fig. 3 shows the chromatograms 
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Fig. 1: Three-dimensional surface response of the relationships 
for caffeine
(a) Extraction time and choline chloride, (b) liquid-solid ratio 
and choline chloride, and (c) liquid-solid ratio and extraction 
time vs. caffeine
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Fig. 2: Three-dimensional surface response of the relationships 
for CGA
(a) Extraction time and choline chloride, (b) liquid-solid ratio 
and choline chloride, and (c) liquid-solid ratio and extraction 
time vs. chlorogenic acid (CGA)
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than 0.05, indicates that the model was significant and 
suitable for our work.

The analysis of variance by RSM with quadratic 
regression models for CGA in a similar manner. Again, 
the value obtained for the correlation coefficient 
(r=0.8510) indicated that the independent variable 
affected the dependent variable (response). The standard 
deviation was calculated to be 1.34, and CV was 20.01 %. 
The F value from lack-of-fit test was 0.46 (p>0.05), 
suggesting the suitability of the model because noise 
was not significant to pure errors. The F value of the 
model (4.44) indicated that the model was significant 
and only 3.10 % of the probability of the model F value 
was due to interference. From the significance value of 
the model, the value of p Prop> F (0.0031) smaller than 
0.05, the model was significant and could be accepted.

Inhibition of PPL was investigated by measuring the 
absorbance of p-nitrophenol, which is the final product 
of the hydrolysis of the substrate p-NPB by PPL. Table 4 
displays the results of the inhibitory activity and 
IC50 values of the sample, orlistat, caffeine and CGA 
standard, and NADES ChCl-sorbitol. It was found that 
the NADES ChCl-sorbitol had no inhibitory activity 
against the PPL enzyme. IC50 values of orlistat, caffeine 
and CGA standards and the samples were 8.86, 15.59, 
11.90, and 32.46 µg/ml, respectively.

Differences in the results obtained with maceration in 
this study and those reported in Navarra et al. might 
be due to differences in the original raw materials, 
the process of maceration, and the tools used for 
the analysis[12]. As caffeine and CGA are secondary 
metabolites, their contents found in herbal products are 
influenced by environmental factors such as growing 
or geographical conditions that include land, altitude, 
season, and rainfall and other factors such as harvest 
time or planting density[15]. The process of maceration 
of GCB with 70 % ethanol described in Navarra et al. 
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Fig. 3: Chromatographic profile of caffeine and CGA
(a) Highest yield of choline chloride, sorbitol (4:1, NADES) 
extract of green coffee bean (GCB) powder, peak 1- chlorogenic 
acid (CGA) with tR of 9.5 min and peak 2-caffeine with tR of 12.5 
min (b) 70 % ethanol extract of GCB, peak 1- CGA with tR of 
9.5 min and peak 2- caffeine with tR of 12.6 min

Comparison Ratio of ChCl: 
sorbitol (mol)

Extraction 
time (min)

Ratio of liquid to 
solid (g/ml)

Caffeine level 
actual±SD (mg/g)

CGA level  
actual±SD (mg/g)

RSM-Box–Behnken design 4.17:1 59.94 29.96:1 5.90 12.26
Experimental results 4:1 60 30:1 4.35±0.47 11.21±0.088

TABLE 2: COMPARISON OF THE YIELDS OF CAFFEINE AND CGA OBTAINED BY RSM-BOX–BEHNKEN 
DESIGN AND EXPERIMENTAL RESULTS

RSM is response surface methodology, CGA is chlorogenic acid, ChCl is choline chloride, SD is standard deviation for n=3 observations 

corresponding to the conditions summarized in Table 3, 
in which the retention times for caffeine and CGA were 
observed at 9 and 12 min, respectively.

The analysis of variance by RSM with quadratic 
regression models for caffeine showed that the 
correlation coefficient (r) was 0.8987, indicating that 
the independent variable affects the dependent variable 
(response), the standard deviation was determined to be 
0.40 and CV was 10.81 %. The F value obtained from 
the lack-of-fit test was 0.33 (p>0.05), meaning that 
noise was not significant to pure errors, thus, suggesting 
the suitability of this RSM model. The F value of the 
model (6.09) shows that the model was significant, and 
only 0.93 % of the probability of the model F value 
was due to interference. Overall, the significance value 
of the model, the value of p Prop>F (0.0093) smaller 

TABLE 3: COMPARISON OF EXTRACTION BY MACERATION OF GCB POWDER AND UAE WITH CHCL AND 
SORBITOL NADES MIXTURE
Extraction method Caffeine (mg/g) CGA (mg/g) % increase in caffeine % increase in CGA
Maceration 3.03 3.08

93.72 % 297 %
NADES ChCl sorbitol (4:1) 5.87 12.24
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involved stirring with a magnetic stirrer for 24 h. In 
the present study, maceration was carried out with 
normal stirring after soaking for 6 h in accordance with 
procedures from Indonesian Herbal Pharmacopoeia. 
This difference in stirring could have affected the final 
yields. Thus, quick stirring using a magnetic stirrer 
would increase the speed of dissolution of secondary 
metabolites in ethanol. Moreover, magnetic stirring 
for 24 h would cause vibration with the concomitant 
increase in the kinetic energy. This increase in energy 
would be accompanied by an increase in the frequency of 
interactions between solvents and molecules of caffeine 
or CGA, which would dissolve quickly. Furthermore, a 
quick stirring can also reduce obstacle layers that might 
interfere with the dissolution of active substances[16]. 
The different methods and tools used for the analyses 
could also affect the results[17]. However, the amount of 
caffeine and CGA extracted by 70 % ethanol from GCB 
in this study is lower than the highest yield obtained from 
the GCB extracted using the NADES ChCl-sorbitol, 
demonstrating that the extraction method using the 
NADES ChCl-sorbitol with UAE was more effective 
than conventional methods. Additionally, it confirmed 
the good extraction capabilities of NADES[18]. In the 
preparation of the NADES ChCl-sorbitol, water was 
added (50 % v/v) to reduce viscosity[19]. The addition of 
water increased the transfer of compounds from the plant 
matrix to the solvent, thereby increasing the efficiency 
of the extraction[20]. It is worth noting that the NADES 
comprised of a large molecule with hydrogen bonds, 
and when the water content is higher than 50 % v/v, 
these interactions may become unstable. UAE is used 
to assist the extraction of GCB powder using ChCl-
sorbitol. In this study, the extraction with the NADES 
ChCl-sorbitol was combined with UAE to enhance 
the efficiency of the extraction and reduce excessive 
energy use, with the idea of developing an improved 
environmentally friendly extraction method[21]. Since 
the NADES ChCl-sorbitol is a biodegradable, natural, 
and nontoxic solvent[6], the NADES-UAE combination 

constituted a cheap, fast, environmentally friendly, and 
easy-to-use method that could be used on a laboratory 
scale[21,22]. 

NADES are mixtures of HBA and HBD compound with 
a certain ratio and the mixtures will make the eutectic 
system, because the mixtures have a melting point 
lower than the melting point of each compound[4,23]. 
Usually, that system form a liquid below 100o[24].  The 
eutectic mixture system could be used as a solvent. The 
presence of hydrogen bonds and the interaction of Van 
der Waals are the main drivers of this phenomenon[25]. 
In this study, the optimum mole ratio of ChCl-sorbitol 
was found to be 4:1. The smaller yield obtained with 
the mole ratio of 2:1 might be due to the decrease in the 
number of moles of ChCl resulting in the weakening 
of the hydrogen bonds in the NADES system, which 
could affect the mechanism of dissolution of active 
compounds in the extraction process[20]. On the other 
hand, in the case of the mole ratio of 6:1, the higher 
amount of ChCl affords a thicker NADES with reduced 
efficiency in the extraction of secondary metabolites 
from GCB[24]. In the present study, the NADES 
ChCl-sorbitol was stable for more than 7 d and no 
sedimentation was observed. The stability of NADES 
correlated with the presence of strong hydrogen bonds 
between solutes and solvent molecules, resulting in a 
higher extraction ability of the NADES[18]. It was found 
that the 60-min extraction time was the best condition 
for extracting the highest amount of caffeine and CGA, 
compared to the extraction times of 10 and 35 min. 
For CGA, it was necessary to consider the length of 
extraction time, since CGA is a polyphenolic compound 
that can be easily degraded by ultrasonic exposure[25]. 
Regarding the liquid-solid ratio, it was found that 30:1 
(ml/g) was the best condition for extracting caffeine 
and CGA in comparison with the ratios of 10:1 (ml/g) 
and 20:1 (ml/g). The liquid-solid ratio provides a 
comparison of the amount of solvent added (ml) to the 
GCB powder (g) that will be extracted. Higher amounts 

Concentration
of sample (µg/ml)

% Inhibition

Sample Orlistat Caffeine Standard CGA Standard NADES Choline Chloride–
Sorbitol (4:1)

200 82.02 93.29 83.88 200

-27.01
-31.09

100 78.58 89.41 81.44 100
50 77.94 77.31 76.19 50
25 68.01 55.57 64.60 25
12.5 48.93 52.38 38.64 12.5
6.25 44.71 50.60 34.04 6.25
IC50 (µg/ml) 32.46 8.86 15.59 11.90

TABLE 4: INHIBITORY ACTIVITY OF THE SAMPLE, ORLISTAT, CAFFEINE, CGA AND NADES SOLVENT

IC50 is the half maximal inhibitory concentration, CGA is chlorogenic acid, NADES is natural deep eutectic solvent
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of solvent accelerates the phenomenon of mass transfer 
due to the difference in concentration between matrix 
sample and solvent[26]. When considering the liquid-
solid ratio, the purity of the extract and the efficiency 
in extraction must also be taken into account. Thus, the 
process becomes costly if the amount of solvent used 
is excessive, whereas an insufficient amount of solvent 
may cause the extraction of secondary metabolites from 
the plant to be ineffective. The average liquid-solid ratio 
often used in research ranges from 4.6:1 to 60:1 ml/g[26].

The PPL enzyme activity was evaluated by measuring 
the absorbance of p-nitrophenol, the final product of 
the hydrolysis of the p-NPB substrate by PPL. The IC50 
of the GCB extracted using the NADES ChCl-sorbitol 
with the highest amount of caffeine and CGA was 
32.46 µg/ml. Since the approximate content of caffeine 
and CGA in the sample was 0.0027 and 0.0577 μg/ml, 
respectively, it can be concluded that the IC50 level for 
caffeine and CGA in the sample is lower than those in 
the caffeine and CGA standards. This demonstrated 
the potentiation effect in PPL enzyme inhibition by 
caffeine and CGA in the GCB extracted using the 
NADES ChCl-sorbitol. This study also proved that 
on the Robusta GCB extract obtained using NADES 
ChCl-sorbitol (4:1) with UAE exhibited PPL inhibitory 
activity. The compounds responsible for the inhibitory 
effect are most likely caffeine and CGA, since both the 
standards caffeine and CGA inhibited PPL enzyme. 
The mechanism of lipase inhibition by CGA has been 
reported to proceed through binding noncovalently 
and interacting with the catalytic triad in PPL (serine, 
histidine, and aspartic acid)[27]. Meanwhile, caffeine 
acts as a lipase inhibitor by binding free enzymes 
and enzyme-substrate complexes (short-chain fatty 
acid substrate)[28]. Thus, when binding free enzymes, 
caffeine hampers the reaction between the enzyme and 
the substrate, thereby preventing the formation of the 
product. Similarly, caffeine hinders the conversion of 
the substrate into products through the binding to the 
enzyme-substrate complex[29]. 

Based on the current data, an optimal green extraction 
method that involved the use of ChCl-sorbitol as 
NADES for the extraction of caffeine and CGA from 
Robusta GCB was developed. The combination of 
a biodegradable, natural, and nontoxic solvent with 
UAE provided access to a cheap, fast, environmentally 
friendly, and easy-to-use method for the extraction of 
active components from plants. A thorough screening 
of conditions based on RSM analysis revealed that the 
optimum conditions that led to the maximum yields of 

caffeine and CGA were a ChCl-sorbitol ratio of 4.17:1, 
59.94 min of extraction time, and a liquid-solid ratio of 
29.96:1 (ml/g). Noteworthily, the yield of CGA obtained 
using the NADES was 297 % higher than that obtained 
with the maceration (conventional) method. The GCB 
extract obtained using the present method inhibited the 
PPL enzyme, with an IC50 value of 32.46 μg/ml. 
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