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Abstract 

Solanum lasiocarpum Dunal, commonly known as ‘terung asam,’ is a fruit-vegetable extensively cultivated on Borneo Island. 

This study aimed to fractionate chlorogenic acid (CGA) from S. lasiocarpum fruit crude extract (SLFCE) using solid-phase 

extraction and to evaluate its antioxidant and anti-obesity properties. Various ethanol concentrations were tested to determine 

the fraction yield (FY), total phenolic content (TPC), and CGA content. Antioxidant capacity was assessed using DPPH, 

ABTS, and FRAP assays. Anti-obesity potential was investigated through in silico molecular docking and in vitro pancreatic 

lipase inhibition assays. The 80% ethanol fraction exhibited the highest FY (81.10 ± 0.50%), TPC (34.47 ± 1.41 mg GAE/g), 

and CGA concentration (7.09 ± 0.27 mg/g). Antioxidant activity was also greatest at this concentration, with DPPH scavenging 

activity at 91.32 ± 0.61%, ABTS at 85.98 ± 0.09%, and FRAP at 819.53 ± 0.30 mg TE/g. Molecular docking analysis showed 

that CGA had a stronger binding affinity (–8.3 kcal/mol) than orlistat (–7.6 kcal/mol). In vitro, SLFCE and its optimal fraction 

demonstrated IC₅₀ values of 44.12 ± 0.08 µg/mL and 16.54 ± 0.05 µg/mL, respectively, while CGA and orlistat exhibited IC₅₀ 

values of 8.45 ± 0.03 µg/mL and 12.71 ± 0.03 µg/mL. These results suggest that SLCFE has promising potential as a functional 

food ingredient and dietary supplement with notable antioxidant and anti-obesity effects. 

 

Keywords: Solanum lasiocarpum, chlorogenic acid, solid-phase extraction, antioxidant, anti-obesity

Introduction 

Among physical methods, solid-phase extraction 

(SPE) is a highly regarded technique for fractionating 

complex mixtures, particularly in analytical chemistry 

and biochemistry. It simplifies the processes of 

separation, purification, and concentration of 

bioactive substances, making it valuable for 

applications in pharmaceuticals, biological samples, 

natural compounds, pesticides, environmental 

pollutants, and food and beverages. SPE serves as an 

efficient alternative to liquid–liquid extraction by 

addressing issues such as excessive organic solvent 

usage, lengthy procedures, multiple steps, risk of 

errors, and high costs [1]. Its ability to separate 

components with varying polarity makes it especially 

effective for processing complex matrices such as 

plant extracts. 

 

Solanum lasiocarpum Dunal, native to the tropical 

regions of Southeast Asia, particularly Sarawak, 

Malaysia, and commonly known as ‘terung asam’, is 

a prominent member of the Solanaceae family. It is 

highly valued for its culinary use as a flavouring agent 

and its potential as a functional food, being rich in 

nutrients such as vitamins, minerals, and antioxidant 

phytochemicals [2]. Soon and Ding [3] examined 

ethnobotanical records that highlight its use in India 

for treating fever, vomiting, sore throat, gonorrhoea, 
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and female reproductive disorders. The berries and 

roots are noted for their anti-tussive, anti-asthmatic, 

anti-rheumatic, anti-viral, anti-cancer, and 

spermicidal properties. However, research on the 

medicinal applications of this plant remains scarce. 

Chlorogenic acid (CGA), as shown in Figure 1, is a 

major polyphenolic compound widely recognised for 

its health benefits. It is commonly found in various 

plant sources, particularly green coffee beans, and its 

structure is formed through the conjugation of the 

hydroxyl group of quinic acid with the carboxyl group 

of caffeic acid [4,5]. CGA exhibits a wide range of 

biological activities, including neuroprotection in 

neurodegenerative disorders and diabetic neuropathy, 

as well as anti-inflammatory, antioxidant, 

antimicrobial, and anti-tumour effects. It also 

mitigates cardiovascular and skin diseases, diabetes, 

and liver and kidney injuries, primarily by regulating 

inflammation, oxidative stress, and metabolic 

homeostasis [5].  

 

Despite significant advancements in extraction 

techniques, isolating bioactive compounds such as 

CGA from complex plant matrices remains 

challenging, particularly for underutilised plants like 

S. lasiocarpum. The limited understanding of efficient 

fractionation-based extraction methods and their 

impact on compound yields and bioactivity 

underscores the need for systematic investigation. 

This study aims to optimise the recovery of fraction 

yield (FY), total phenolic content (TPC), and CGA 

from S. lasiocarpum fruit crude extract (SLFCE) 

using SPE, while evaluating its antioxidant and anti-

obesity properties. By leveraging efficient and 

sustainable extraction techniques, this research seeks 

to establish an optimised method for CGA isolation 

and explore its potential as a functional food and 

dietary supplement. 

 

Materials and Methods 

Chemicals and reagents 

NADES consisting of choline chloride and lactic acid, 

together with methanol, ethanol, acetonitrile, and 

acetic acid (all obtained from Merck, Darmstadt, 

Germany), were employed as solvents for the 

extraction process. Sigma-Aldrich (Burlington, MA, 

USA) provided ascorbic acid (AA), aluminium 

chloride, potassium dichromate, 2,2-diphenyl-1-

picrylhydrazyl (DPPH) reagent, Folin–Ciocalteu (F–

C) reagent, sodium carbonate, gallic acid, 2,2-azino-

bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 

reagent, potassium persulfate, Trolox, acetate buffer, 

2,4,6-tripyridyl-s-triazine (TPTZ), hydrochloric acid 

(HCl), ferric chloride, dimethyl sulfoxide (DMSO), 

porcine pancreatic lipase, and p-nitrophenyl butyrate 

(PNPB). 

 

Plant materials 

S. lasiocarpum fruits were purchased from a vendor at 

a local market in Sarawak, washed with distilled water 

to remove dirt and impurities, arranged on aluminium 

trays, and dried in an oven (ED 23, Binder, 

Neckarsulm, Germany) at 50 °C for 140 min. The 

dried fruits were then ground into a fine powder 

(< 2 mm). 

 

Preparation of crude extract  

The dried and ground fruit of S. lasiocarpum (5 g) was 

extracted in 148.40 mL of natural deep eutectic 

solvent (NADES), composed of choline chloride and 

lactic acid, with a solid-to-solvent ratio of 1:29.68 

g/mL. The mixture underwent ultrasound-assisted 

extraction using an ultrasonic probe (Q500 Sonicator, 

QSonica, Newtown, CT, USA) operating at 57% 

amplitude for 8.93 min. The solid residues were then 

filtered using filter paper. To concentrate the crude 

extract yield, the excess NADES solution was 

removed using a rotary evaporator (Laborota 4000, 

Heidolph, Schwabach, Germany) at 50 °C. Finally, the 

SLFCE was dried in an oven at 50 °C for 24 h.  

 

Fractionation using solid-phase extraction  

SPE was performed according to the protocol by 

Awang et al. [6] with slight modifications, where the 

dried SLFCE was reconstituted in ethanol (1 mL). The 

solution was loaded onto a prepared and activated 

reversed-phase cartridge, Chromabond C18 

(Macherey-Nagel, Düren, Germany), with a 

specification of 45 µm, 6 mL/500 mg, to fractionate 

the SLFCE into individual fractions (FR–SLFCE). 

The cartridge was activated by sequential elution with 

10 mL of deionised water followed by 10 mL of 

ethanol. The activated cartridge was then connected to 

an SPE vacuum manifold system. Fractionation was 

conducted by gradually eluting the SLFCE solution 

with an eluent system (0%, 20%, 40%, 60%, 80%, and 

100% v/v ethanol concentrations) into collection tubes 

at a controlled flow rate under a constant pressure of 

20 kPa. The compound-saturated eluent collected 

from the cartridge outlet was dried, and its FY was 

determined and calculated based on Equation (1). 

 

FY (%) = 
Mass of collected fraction (g)

Mass of loaded SLFCE (g)
× 100 

(1) 
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Figure 1. Chemical structure of CGA.

Total phenolic content  

The method used to determine the TPC of FR–SLFCE 

was adapted from Mohd Rosdan et al. [7] with some 

modifications, employing the F–C method. 

Approximately 0.5 mL of FR-SLCFE was mixed with 

0.5 mL of 10% F–C reagent. After 3 min, 1.5 mL of 

20% sodium carbonate was added to the mixture. The 

mixture was then kept in the dark at room temperature 

for 2 h. Absorbance was measured at 765 nm using an 

ultraviolet-visible (UV–Vis) spectrophotometer 

(Lambda 25, PerkinElmer, Waltham, MA, USA). 

Gallic acid was used as the standard reference for 

constructing the calibration curve. Results were 

expressed as mg GAE per g of extract, as shown in 

Equation (2). 

 

TPC (mg GAE/g) = 
𝑐 × V

𝑚
 (2) 

 

where c represents the concentration of FR-SLCFE 

(mg/mL) obtained from the standard curve of TPC, V 

represents the sample volume (mL), and m represents 

the sample mass (mg). 

 

Chlorogenic acid quantification  

The quantitative analysis of CGA was performed 

using high-performance liquid chromatography, 

adapted from a previous study by Ivanović et al. [8] 

with slight modifications. A Waters system (Milford, 

MA, USA), consisting of a binary pump, system 

controller (Model 2690), automatic sampler, and 

photodiode array detector (Model 966) was employed 

for chromatographic separation. The analysis was 

conducted using a C18 reversed-phase column 

(Phenomenex, Torrance, CA, USA) with a particle 

size of 5 µm and dimensions of 250 × 4.6 mm. The 

mobile phase consisted of acetonitrile (mobile phase 

A) and acetic acid (mobile phase B), delivered via 

isocratic elution. The flow rate was maintained at 

0.80 mL/min, with an injection volume of 20 µL. 

CGA was detected at 325 nm, and the column 

temperature was set at 30 °C. The CGA content was 

calculated using Equation (3). 

 

CGA (mg/g) = 
Mass of CGA (mg)

Dried mass of FR–SLFCE (g)
 

   (3) 

Antioxidant assays  

The DPPH inhibition activity was estimated using the 

method of Awang et al. [9] with minor modifications. 

A 1 mL aliquot of 1 mg/mL FR–SLFCE was mixed 

with 1 mL of 0.1 mM DPPH solution and incubated in 

the dark at room temperature for 30 min. Absorbance 

was measured at 517 nm using a UV–Vis 

spectrophotometer. A blank DPPH solution served as 

the negative control, while AA was used as the 

positive control. The DPPH inhibition activity was 

calculated using Equation (4). 

 

DPPH inhibition activity (%) = 
Ac – As

Ac

× 100 
(4) 

 

where Ac represents the absorbance of the control, and 

As represents the absorbance of the sample. 

 

The ABTS inhibition activity was determined 

according to the method of Wołosiak et al. [10] with 

slight modifications. Equal volumes of ABTS solution 

(7 mM) and potassium persulfate (2.45 mM) were 

mixed, and the reaction was carried out in the dark at 

room temperature for 12 h. The resulting ABTS 

solution was diluted with acetate buffer at pH 3.6, and 

its absorbance was adjusted to 0.70 ± 0.02 at 734 nm 

using a microplate reader (Multiskan SkyHigh, 

Thermo Fisher Scientific, Waltham, MA, USA). A 

20 µL aliquot of 1 mg/mL FR–SLFCE was then mixed 

with 120 µL of the ABTS solution. The reaction was 

allowed to proceed for 6 min, after which the 

absorbance was measured again at 734 nm. A blank 

ABTS solution served as the negative control, while 

Trolox was used as the positive control. The ABTS 

inhibition activity was calculated using Equation (5). 

 

ABTS inhibition activity (%) = 
Ac – As

Ac

× 100 
     (5) 

 

where Ac represents the absorbance of the control, and 

As represents the absorbance of the sample. 

 

The ferric reducing antioxidant power (FRAP) assay 

was conducted as described by Russo et al. [11] with 

slight modifications. The FRAP reagent was freshly 

prepared before each measurement by mixing acetate 
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buffer (300 mM), TPTZ solution (10 mM in 40 mM 

HCl), and ferric chloride (20 mM) in a ratio of 10:1:1 

(v/v/v), followed by incubation at 37 °C for up to 

30 min. For the analysis, 180 µL of FRAP reagent was 

mixed with 20 µL of FR–SLFCE and incubated for 

10 min at 37 °C before measuring the absorbance at 

593 nm. Trolox was used as the standard antioxidant 

to generate a calibration curve based on linear 

regression, as calculated in Equation (6). 

 

FRAP (mg TE/g) = 
𝑐 × V 

𝑚
 (6) 

 

where c represents the concentration of FR–SLFCE 

(mg/mL) obtained from the standard curve of FRAP, 

V represents the sample volume (mL), and m 

represents the sample mass (mg). 

 

In silico molecular docking  

Molecular docking was performed following the 

method of Li et al. [12] with some alterations. In this 

study, CGA was selected as the target ligand (Table 

1), while orlistat served as the reference ligand. The 

3D molecular structures of the ligands were retrieved 

from PubChem and converted to .pdb format using 

BIOVIA Discovery Studio Visualiser software 

(Version 4.5). Pancreatic lipase (PDB ID: 1ETH) was 

used as the binding target, and its 3D structure was 

obtained from the RCSB PDB 

(https://www.rcsb.org/). Docking between the ligands 

and the protein was conducted using the CB-Dock2 

web server (https://cadd.labshare.cn/cb-dock2/). CB-

Dock2 predicts protein binding sites and determines 

their centres and sizes using a curvature-based cavity 

detection approach. The server is integrated with 

AutoDock Vina software (Version 1.2.4) and is 

optimised to achieve over 70% success in model 

prediction. The analysis was performed using protein 

files in .pdb format and ligands in .sdf format, with 

five potential binding cavities identified. The cavity 

with the lowest binding energy was selected based on 

the Vina score. The best binding conformation was 

further evaluated for molecular interactions with 

receptor residues using the same software. Validation 

was performed by comparing the docking structure of 

pancreatic lipase (1ETH) with its co-crystallised 

ligands, hydroxyethyloxytri(ethyloxy)octane (C8E) 

and CGA. 

 

Table 1. Characteristics of ligands used in docking 

analysis 

 Ligand PubChem 

ID 

Target CGA 1794427 

Reference Orlistat 3034010 

 

 

In vitro anti-lipase assay  

The enzymatic inhibition assay for anti-lipase activity 

was adopted from Estribillo et al. [13] with minor 

adaptations. The optimal FR–SLFCE (1 mg) was 

dissolved in 10 mL of 100 mM phosphate buffer 

containing 0.5% Triton X-100 at pH 7.2 to prepare a 

100 µg/mL stock solution. From this, working 

solutions at concentrations of 20, 40, 60, 80, and 

100 µg/mL were prepared. Orlistat, used as the 

positive control, was prepared in DMSO. The assay 

began by adding 25 µL of FR–SLFCE or orlistat to 

50 µL of pancreatic lipase solution and mixing gently. 

This was followed by the addition of 100 µL of buffer 

solution and 25 µL of PNPB (substrate), and the 

mixture was mixed gently. The blank was prepared by 

replacing FR–SLFCE or orlistat with 100 mM 

phosphate buffer. The reaction mixture was then 

incubated for 30 min at 37 °C. Pancreatic lipase 

activity was determined by measuring the hydrolysis 

of PNPB to p-nitrophenol at 400 nm using a 

microplate reader. The percentage of pancreatic lipase 

inhibition was calculated using Equation (7). 

 

Lipase inhibition activity (%) = 
Ac – As

Ac

× 100 
(7) 

 

  

  

 

 

 

    

 

 

 

 

 

  

 

  

 

 

 

 

 

   

where  Ac  represents the absorbance  of the  control,  and

As  represents  the  absorbance  of  the  sample.  The

results  were  expressed  as  IC₅₀  values  (half-maximal

inhibitory concentration), obtained  through regression

analysis,  representing  the  concentration  required  to
achieve 50% inhibition of lipase activity.

Statistical  analysis

Data  were  presented  as  mean ± standard  deviation

(SD),  based  on  triplicate  measurements.  Statistical

significance  was  assessed  using  one-way  ANOVA,

followed by  Tukey’s Honestly Significant Difference

(HSD)  test  at  a  95%  confidence  level  (p  <  0.05),

conducted  using  GraphPad  Prism  software  (Version

10).

Results and Discussion

Effect  of ethanol concentration on  FR–SLFCE  of 
FY, TPC, and CGA

Figures 2(a),  2(b), and  2(c)  illustrate the influence of

ethanol concentration on FY, TPC, and CGA content

in  FR–SLFCE.  Initially,  SLFCE  was  analysed  using

HLPC,  yielding  1.89 mg/g  of  CGA.  The

chromatograms  of  CGA,  SLFCE,  and  optimal  FR–

SLFCE  are shown in  Figure 3. As depicted in  Figure

2(a), FY significantly (p  < 0.05) increased with rising

ethanol  concentrations  from  0%  to  100%,  with  the

highest FY observed at 80% ethanol (81.10 ± 0.50%),

followed  by  60%  (78.67 ± 0.96%)  and  40%

(77.90 ± 1.39%)  ethanol.  No  significant  differences

were  noted  at  20%  (74.56 ± 0.92%)  and  100%

(74.43 ± 0.55%)  ethanol  (p  > 0.05),  while  the  lowest

https://www.rcsb.org/
https://cadd.labshare.cn/cb-dock2/
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FY was recorded at 0% ethanol (41.99 ± 1.63%). 

Figure 2(b) shows that TPC increased from 0% to 

80% ethanol, with the highest value at 80% ethanol 

(34.47 ± 1.41 mg GAE/g), followed by 60% 

(22.09 ± 0.19 mg GAE/g), 40% (15.00 ± 1.22 mg 

GAE/g), and 20% (9.82 ± 0.56 mg GAE/g) ethanol. A 

decline was observed at 100% ethanol (7.13 ± 1.27 mg 

GAE/g), likely due to degradation, while the lowest 

TPC occurred at 0% ethanol (4.84 ± 0.09 mg GAE/g). 

Figure 2(c) further shows that CGA content 

significantly (p < 0.05) increased with ethanol 

concentration, peaking at 80% ethanol (7.09  

± 0.27 mg/g), followed by 60% (5.22 ± 0.08 mg/g) 

and 40% (5.11 ± 0.12 mg/g) ethanol, with no 

significant difference between the latter two 

(p > 0.05). This was followed by 20% ethanol 

(2.87 ± 0.05 mg/g), while the lowest CGA content was 

recorded at 0% ethanol (0.64 ± 0.01 mg/g). A slight 

decline was also noted at 100% ethanol 

(0.79 ± 0.10 mg/g). Overall, CGA content in the 

optimal FR–SLFCE increased substantially from 

1.89 mg/g in SLFCE to 7.09 mg/g at 80% ethanol, 

indicating effective enrichment. 

 

The eluent composition influences van der Waals 

interactions between the sorbent and compounds 

present in the crude extract [6], thereby affecting the 

quality of the resulting fractions as different 

compounds are selectively recovered. Increasing 

ethanol concentration reduces the polarity of the 

eluent system, enabling the elution of relatively non-

polar to semi-polar compounds from the SPE 

cartridge. Ethanol, particularly at concentrations 

between 50% and 95%, is widely recognised as an 

effective solvent for extracting phenolic compounds 

due to its ability to solubilise both polar and non-polar 

constituents, thus enhancing the recovery of bioactive 

compounds [14]. Mixtures of ethanol and water (e.g., 

75–80% ethanol) have been shown to produce higher 

TPC values by more effectively solubilising a broader 

spectrum of phenolic compounds compared to 100% 

ethanol [15,16]. This is supported by findings from El 

Mannoubi [17], who reported the highest yield using 

80% ethanol in the extraction of Opuntia stricta fruit. 

Likewise, a study on honeysuckle reported a sharp 

increase in CGA content when ethanol concentration 

was raised from 50% to 70%, followed by a decline 

beyond this point [18]. An increase in ethanol 

concentration enhances mass transfer dynamics, 

improving solvent penetration and CGA dissolution. 

However, excessively high ethanol concentrations 

may reduce CGA solubility and increase the presence 

of alcohol-soluble impurities, ultimately leading to a 

decline in yield. Supporting this, Oziembłowski et al. 

[19] demonstrated that 68% ethanol was more 

effective than 95% ethanol for CGA extraction from 

elderberry flowers and reduced extraction time from 

30 to 20 days. It can be hypothesised that the reduced 

yield observed at 100% ethanol may be attributed to 

either the depletion of extractable compounds in the 

raw material or their increased retention on the 

adsorbent surface [20].

   
(a) (b) (c) 

Figure 2. Different ethanol concentrations of FR–SLFCE affecting (a) FY, (b) TPC, and (c) CGA eluents. Data 

are presented as mean ± SD (n = 3). Different letters indicate significant differences (p < 0.05) based on one-way 

ANOVA followed by Tukey’s HSD test 

 

   
(a) (b) (c) 

Figure 3. Chromatograms of (a) CGA, (b) SLFCE, and (c) 80%–FR–SLFCE. The retention times of SLFCE 

(10.300 min) and FR–SLFCE (10.390 min) were compared with that of CGA (10.339 min), showing a high degree 

of similarity
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Effect of ethanol concentration of FR–SLFCE on 

antioxidant activity 

The DPPH inhibition activity of FR–SLFCE is shown 

in Figure 4(a), with AA used as the positive control. 

The results indicated that the 80% ethanol exhibited 

the highest inhibition (91.32 ± 0.61%) with significant 

differences (p < 0.05), followed by 60% 

(89.76 ± 0.25%), 40% (88.69 ± 0.21%), and 20% 

(87.21 ± 0.39%) ethanol, among which no significant 

differences were found (p > 0.05). This was followed 

by 100% ethanol (85.68 ± 0.13%), while the lowest 

inhibition was recorded at 0% ethanol 

(63.38 ± 0.59%). Similarly, the ABTS inhibition 

activity of FR–SLFCE is presented in Figure 4(b), 

with Trolox used as the positive control. The 80% 

ethanol showed the highest inhibition 

(85.98 ± 0.09%), followed by 60% (85.66 ± 0.09%) 

and 40% (85.53 ± 0.04%) ethanol, which differed 

slightly but significantly (p < 0.05). This was followed 

by 100% (85.42 ± 0.04%) and 20% (85.39 ± 0.04%) 

ethanol, between which no significant differences 

were observed (p > 0.05). The lowest ABTS inhibition 

was seen at 0% ethanol (85.12 ± 0.09%).  

 

Additionally, the FRAP activity of FR–SLFCE is 

presented in Figure 4(c). The highest activity was 

recorded at 80% ethanol (819.53 ± 0.30 mg TE/g), 

showing a significant difference (p < 0.05) compared 

to 100% (791.48 ± 5.39 mg TE/g) and 60% 

(633.67 ± 8.12 mg TE/g) ethanol. Meanwhile, 40% 

(570.05 ± 0.59 mg TE/g) and 20% (557.14 ± 0.15 mg 

TE/g) ethanol did not differ significantly (p > 0.05). 

The lowest FRAP activity was observed at 0% ethanol 

(174.14 ± 9.93 mg TE/g). 

 

The highest antioxidant activity was observed at 80% 

ethanol concentration for DPPH, ABTS, and FRAP, 

indicating that FR–SLFCE contains higher 

antioxidant compounds when extracted with 80% 

ethanol as the eluent. Research demonstrates that 80% 

ethanol effectively elutes compounds due to its 

moderate polarity, which reduces the co-elution of 

unwanted substances. A previous study supports these 

findings, showing that stevia leaf extracts exhibited 

higher antioxidant properties, particularly in DPPH 

and ABTS inhibition, when using 80% ethanol [21]. 

Similarly, a study on Nephelium mutabile rind 

reported that among ethanol concentrations (40%, 

60%, and 80%), 80% ethanol yielded the highest 

DPPH inhibition and FRAP activity [22]. Phenolic 

compounds in SLFCE dissolve effectively in aqueous 

ethanol under optimal conditions. Polar solvents 

efficiently extract phenolic compounds by disrupting 

hydrogen bonds within polyphenol structures, thereby 

enhancing their solubility in organic solvents [23]. 

Additionally, ethanol disrupts cell walls by weakening 

hydrogen bonds and dissolving lipid membranes, thus 

facilitating the release of intracellular metabolites, 

including polyphenols, which contribute to 

antioxidant activity. 

 

CGA often shows a stronger correlation in DPPH 

assays compared to ABTS and FRAP. The chemical 

structure and antioxidant mechanism of CGA make it 

more compatible with the DPPH assay. CGA reacts 

rapidly with DPPH radicals, leading to a quick and 

measurable change in absorbance, which enhances the 

sensitivity and accuracy of the DPPH assay. Research 

indicates a high correlation between DPPH and TPC 

in various plant extracts, suggesting that phenolic 

compounds like CGA are effectively measured by 

DPPH assays [24]. While the ABTS assay is also 

based on radical scavenging, it involves a different 

radical (ABTS) and may not be as sensitive to the 

specific type of antioxidant activity exhibited by CGA 

[25]. The FRAP assay measures the reducing power of 

antioxidants by assessing their ability to reduce Fe³⁺ to 

Fe²⁺ [26]. The antioxidant activity of CGA is more 

related to hydrogen atom donation, making it less 

directly comparable to the focus of the FRAP assay on 

electron transfer.

   
(a) (b) (c) 

Figure 4. Different ethanol concentrations of FR–SLFCE affecting (a) DPPH, (b) ABTS, and (c) FRAP for 

antioxidant activity. Data are presented as mean ± SD (n = 3). Different letters indicate significant differences (p 

< 0.05) based on one-way ANOVA followed by Tukey’s HSD test
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In silico molecular docking of pancreatic lipase 

Table 2 presents the binding affinity of CGA against 

the pancreatic lipase receptor, with orlistat as the 

reference ligand. Since binding affinity reflects the 

inhibitory properties of selected inhibitors, the results 

indicate that CGA exhibits better binding affinity to 

pancreatic lipase than orlistat. The docked CGA 

yielded a Vina score of –8.3 kcal/mol, demonstrating 

its ability to interact with pancreatic lipase with higher 

affinity compared to orlistat, which yielded a Vina 

score of –7.6 kcal/mol. A negative Vina score 

indicates that the interaction between the ligand and 

the target protein requires minimal energy to occur, 

signifying a thermodynamically favourable binding 

process [27]. This result suggests a strong affinity 

between the two molecules, as lower binding energy 

generally corresponds to more stable and effective 

molecular interactions. 

 

The docked pose of CGA formed interactions through 

five hydrogen bonds, one π–π T-shaped interaction, 

and two π–π stacked interactions (Figure 5). 

Molecular docking studies have demonstrated that 

ligands can exhibit significant binding interactions 

through various non-covalent forces, including π–π 

interactions. For instance, in a study involving the 

docking of compounds to a receptor, strong π–π 

interactions with specific amino acid residues were 

shown to enhance binding affinities [28]. These 

findings highlight the importance of such interactions 

when evaluating the potential of new drug candidates. 

In this study, CGA formed interactions with His264, 

Ser154, and Asp80, with hydrogen bond distances of 

3.54 Å, 2.35 Å, and 2.54 Å, respectively. Similarly, 

orlistat interacted with His264 and Asp80, forming a 

hydrogen bond at 4.25 Å and an electrostatic 

interaction at 4.24 Å, respectively (Figure 6). The 

binding of CGA to pancreatic lipase likely involves 

multiple amino acid residues within the active site of 

the enzyme. Key residues such as Ser153, Asp177, 

and His264, which form the catalytic triad essential 

for lipase activity, are believed to contribute to 

enhanced binding affinities for both CGA and orlistat 

[29,30]. 

 

The amino acids that occupy the same binding pore in 

both the co-crystallised protein and the CGA 

compound are Asp80, Ile79, His152, Phe78, and 

Val260, with a binding affinity of –3.2 kcal/mol. This 

indicates that Asp80, Ile79, His152, Phe78, and 

Val260 are in the same positions (binding sites) in both 

the protein structure (with the original co-crystallised 

ligand) and the CGA compound. These amino acids 

are part of the protein active site or binding region 

where interaction with the ligand (in this case, the 

CGA compound) occurs. If the CGA compound fits 

into the protein binding site in a manner like the 

original co-crystallised ligand, it suggests that the 

binding mechanism is comparable [31]. This implies 

that docking validation was successful. Binding 

affinity reflects how strongly the compound (CGA) 

binds to the protein. The lower (more negative) the 

value, the stronger the binding interaction [32]. A 

value of –8.3 kcal/mol suggests that the binding 

between the CGA compound and the lipase protein is 

reasonably strong.

Table 2. Docking results for CGA and orlistat: Vina scores, interactions, and bond distances 

Ligand Vina Score (kcal/mol) Interacting 

Amino Acid 

Types of Bonds Distance (Å) 

CGA –8.3 Arg257 Conventional 

hydrogen bond 

2.04 

Asp80 2.54 

Ser154 2.35 

His152 Carbon hydrogen bond 3.46 

His264 3.54 

Phe78 π–π T-Shaped 3.93 

Tyr115 π–π Stacked 5.04 

Phe216 5.18 

Orlistat –7.6 Phe78 Conventional 

hydrogen bond 

5.44 

His152 4.22 

Gly77 3.29 

Asp80 Attractive charge 4.24 

His264 Carbon hydrogen bond 4.25 

Ala216 Alkyl 4.92 

Ile79 4.65 

Pro181 5.90 

Phe216 π–Alkyl 6.30  

4.55 

Tyr115 4.77 

4.36 
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(a) 

  
(b) (c) 

Figure 5. Visualisation of CGA docking interaction with pancreatic lipase: (a) 3D representation of the interaction 

between CGA and amino acid residues; (b) 3D representation of the hydrophobicity surface; (c) 2D representation 

illustrating CGA binding to the active site of pancreatic lipase 

 

 
(a) 

  
(b) (c) 

Figure 6. Visualisation of orlistat docking interaction with pancreatic lipase: (a) 3D representation of the 

interaction between orlistat and amino acid residues; (b) 3D representation of the hydrophobicity surface; (c) 2D 

representation illustrating orlistat binding to the active site of pancreatic lipase
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(a) (b) 

Figure 7. Pancreatic lipase inhibitory activity of CGA, orlistat, SLFCE, and 80%–FR–SLFCE. (a) Inhibition at 

different concentrations; (b) IC₅₀ values of inhibition. Data are presented as mean ± SD (n = 3). Different letters 

indicate significant differences (p < 0.05) based on one-way ANOVA followed by Tukey’s HSD test

In vitro anti-lipase activity of pancreatic lipase 

Figure 7 compares the lipase inhibitory activity of 

CGA, orlistat, SLFCE, and 80%–FR–SLFCE against 

pancreatic lipase. The results indicate that standard 

CGA exhibited the lowest IC₅₀ value (8.45 ± 0.031 

µg/mL), signifying the highest inhibitory activity, 

followed by orlistat (IC₅₀ = 12.71 ± 0.03 µg/mL). The 

80%–FR–SLCFE showed greater inhibitory activity, 

with an IC₅₀ of 16.54 ± 0.05 µg/mL, compared to 

SLFCE (IC₅₀ = 44.12 ± 0.02 µg/mL), reflecting the 

increased purity of CGA in the FR–SLFCE. Research 

demonstrates that CGA inhibits pancreatic lipase 

through a mixed-type inhibitory mechanism, allowing 

binding to both the free enzyme and the enzyme–

substrate complex with varying affinities [33], as 

evidenced by in silico molecular docking, which 

revealed interactions between CGA and key residues 

such as His264, Asp177, and Ser153 within the 

catalytic triad essential for lipase function. 

Additionally, the presence of phenolic compounds in 

SLFCE may contribute to the overall inhibitory effect, 

as phenolics inhibit pancreatic lipase by targeting core 

pathways, including PI3K–Akt, MAPK, prolactin, 

and cAMP signalling pathways, highlighting potential 

therapeutic targets for obesity management [34]. 

Furthermore, fractionation enhances bioactivity by 

isolating more potent compounds, as observed in 

80%–FR–SLFCE, thereby increasing efficacy in 

lipase inhibition. Supporting this, a study on the ethyl 

acetate fraction of Cynometra cauliflora leaves found 

it to be an active lipase inhibitor with strong 

bioactivity [35]. 

 

Conclusion 

This study demonstrates the efficacy of SPE using 

80% ethanol in optimising the fractionation of FY 

(81.10 ± 0.50%), TPC (34.47 ± 1.41 mg GAE/g), and 

CGA (7.09 ± 0.27 mg/g) from SLFCE. The resulting 

extract also exhibited high antioxidant potential, as 

indicated by DPPH (91.32 ± 0.61%), ABTS (85.98 ± 

0.09%), and FRAP (819.53 ± 0.30 mg TE/g) values. 

In silico molecular docking revealed that CGA shows 

promising activity in inhibiting pancreatic lipase, 

comparable to orlistat. In vitro, the IC₅₀ of 80%–FR–

SLFCE (16.54 ± 0.05 µg/mL) demonstrated potent 

activity, slightly lower than CGA (8.45 ± 0.031 

µg/mL) and orlistat (12.71 ± 0.03 µg/mL), but 

significantly stronger than SLFCE (44.12 ± 0.02 

µg/mL). These findings indicate that 80%–FR–

SLFCE serves as a rich source of phenolic 

compounds, particularly CGA, with strong 

antioxidant and anti-obesity potential, highlighting the 

suitability of this extract as a valuable ingredient for 

functional foods and dietary supplements. 
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