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ABSTRACT: This study explores the bioactive properties of Thai Durio zibethinus 
(Montong durian) peel extracts, focusing on their potential for therapeutic applica-
tions in the nutraceutical and cosmetic industries. The extracts were evaluated for their 
cytotoxic, antioxidant, anti-inflammatory, and photoprotective activities. The n-hexane 
extract demonstrated potent cytotoxic effects against HCT116 colorectal cancer cells, 
achieving 98.23% inhibition at 50 µg/mL, with an IC50 value of 43.04 ± 4.64 µg/mL. 
The EtOAc extract displayed significant anti-inflammatory effects, inhibiting nitric oxide 
production in LPS-stimulated RAW 264.7 macrophage cells, with an IC50 of 6.02 ± 
0.65 µg/mL. Antioxidant activity, measured through DPPH and ABTS assays, was the 
highest in the EtOAc extract. The photoprotective potential was confirmed through SPF 
evaluation, indicating UV protection across tested concentrations. GC/MS analysis of the 
n-hexane extract identified key bioactive constituents, including phytosterols. Guided by
bioactivity results, 10 compounds were isolated from the n-hexane and EtOAc extracts,
with compounds 3, 4, and 5 identified for the first time from the Durio genus. Structural
elucidation using 1D and 2D NMR spectroscopy confirmed the identities of these com-
pounds. These findings highlight the promising applications of D. zibethinus peel extracts
as sources of bioactive compounds for health-related industries.
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1. INTRODUCTION

Durian (Durio zibethinus Murr.) is widely regarded as one
of the most popular and sought-after fruits in Thailand and 

Southeast Asia. It is valued for its rich nutritional content and 
distinctive flavor (He et al., 2023). In 2019, the area under 
durian cultivation in Malaysia was 72,536 hectares, yielding 
an output of 384,170 tons. In 2020, production of durian was 
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1.2 million tons in Indonesia and 110,000 tons in Thailand 
(Zhan et al., 2021). However, consumption of durian gener-
ates substantial waste, as the peels, seeds, and other inedible 
parts constitute 40–55% of the entire fruit (Pimsamarn et al., 
2024). The outer shell alone accounts for over half of the 
durian’s total weight, leaving only 15–30% as the edible por-
tion. Consequently, about 70–85% of the fruit is discarded 
as waste, leading to environmental concerns if not properly 
handled (Payus et al., 2021).

Current research on durian primarily emphasizes the 
preservation of its pulp and various processing techniques 
(Phoengmak et al., 2023; Tan et al., 2020). Regarding waste 
management, existing studies have investigated the potential 
of using durian peel waste for energy production (Numee 
et al., 2024; Pimsamarn et al., 2024). However, research on 
developing medicinal products from durian shells is limited, 
leading to an underutilization of potentially valuable medic-
inal resources. This issue is particularly notable in Thailand, 
one of the largest producers of durian peel waste, where var-
ious parts of the durian tree including the leaves, bark, pulp, 
seeds, and peel are recognized for their nutritional benefits 
and applications in traditional medicine across Southeast 
Asia. Specifically, durian leaves are utilized in the prepara-
tion of medicinal baths for the treatment of jaundice, while 
the pulp is known for its anti-helminthic effects. In addition, 
ash from burned durian peel is traditionally ingested follow-
ing childbirth, and the bark sap is employed as a treatment 
for malaria (Charoenphun and Klangbud, 2022; Zhan et al., 
2021). 

Previous phytochemical investigations of durian fruits 
have facilitated the isolation and identification of secondary 
metabolites such as flavonoids, fatty acids, sulfur- containing 
compounds, and polysaccharides (Charoenkiatkul et al., 
2016; Cuong et al., 2023; Feng et al., 2016; Feng et al., 2018; 
Kongkachuichai et al., 2010). Durian peel has shown potential 
for antioxidant, anti-inflammatory, and anticancer properties. 
Feng and colleagues reported that durian peel from China 
contains triterpenoids and glycosides with anti- inflammatory 
effects, specifically inhibiting lipopolysaccharide (LPS)-
induced nitric oxide (NO) production in the RAW 264.7 cell 
line (Feng et al., 2018). In contrast, it has been noted that 
only the inner peel of durian harvested in Thailand demon-
strates anti-NO and antioxidant activities (Charoenphun and 
Klangbud, 2022). However, the specific bioactive compounds 
responsible for these effects remain unidentified. Moreover, 
fruit peel extracts from durian cultivated in Hanoi, Vietnam, 
have demonstrated cytotoxic activity against MCF7, HepG2, 
and SK-LU-1 cancer cell lines (Cuong et al., 2023). To date, 
comparable cytotoxic properties have not been documented 
for durian peel waste originating from Thailand, highlighting 
a gap in investigating its potential bioactive constituents.

Given these findings, identifying and purifying the 
active compounds responsible for the anticancer, anti- 
inflammatory, and antioxidant properties of agricultural 
waste products in Thailand is essential for evaluating their 
potential in cosmetic and pharmaceutical applications. This 
study focuses on assessing the anti-inflammatory, anticancer 
(HCT116 cell line), antioxidant, and photoprotective activi-
ties of extracts, aiming to isolate and identify the active com-
pounds responsible for these effects. The results are expected 
to support waste reduction efforts by converting durian peel 
into valuable nutraceuticals and exploring potential applica-
tions in functional foods, cosmetics, and pharmaceuticals for 
enhanced health benefits.

2. MATERIALS AND METHODS

2.1. General experimental procedures

NMR spectra were acquired on a Bruker Avance 400 
NMR spectrometer (Bruker, Germany) using CDCl3 and 
CD3OD as solvents. Chemical shifts were recorded in δ 
(ppm) using the solvent’s residual peak (1H NMR) or the 
solvent’s peak (13C NMR) as internal standards. Column 
chromatography (CC) was carried out on MERCK silica 
gel 60 (230–400 mesh) (Merck, Darmstadt, Germany), and 
Sephadex LH-20 was used for CC. Thin-layer chromatogra-
phy (TLC) was carried out with pre-coated MERCK silica 
gel 60 PF254 (Merck, Darmstadt, Germany); the spots were 
visualized under UV light (254 and 365 nm) and further 
stained by spraying p-anisaldehyde and then heated until 
charred. Unless otherwise noted, all chemicals were obtained 
from commercially available sources and were used without 
further purification.

2.2. Plant material

Durian peels were obtained from Montong durian fruits 
(D. zibethinus) cultivated in the Rayong Province, Thailand. 
The preparatory procedures prior to use were conducted in 
accordance with the methodologies outlined in our previous 
publication (Pimsamarn et al., 2024).

2.3. Chemical analysis

2.3.1. Determination of total phenols 
Total polyphenol content was quantified spectrophoto-

metrically via the Folin–Ciocalteu method, measuring absor-
bance at 765 nm. Gallic acid was used as the calibration 
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standard, and results were expressed in milligrams of gallic 
acid equivalents (mg GAE) per gram of dry weight (DW), 
as described by the previous report (Arancibia-Avila et al., 
2008).

2.3.2. GC/MS analysis
The GC/MS analysis was conducted employing an Agilent 

7697A GC/MS system, which was connected to an Agilent 
7890B (Agilent Technologies Inc, Santa Clara, CA). For 
the separation of chemical components, the HP5 column 
(30 m × 0.25 mm, 0.25 mm film thickness) was utilized, and 
helium (purity 99.99%) served as the carrier gas at a flow rate 
of 1.2 mL/min. The GC oven temperature was initially set at 
70°C for 10 minutes, followed by a gradual increase to 300°C 
at a rate of 5°C/minutes, and then held constant at 300°C for 
an additional 10 minutes. A split ratio of 20:1 was employed. 
The injector temperature was adjusted to 250°C, and mass 
spectra were acquired with the MS quad temperature set at 
150°C and the MS source temperature at 230°C. The mass 
range for the analysis was configured from 20 to 400 m/z. 
The chemical compositions were identified by comparing 
their mass spectra with those from the NIST Mass Spectra 
Library (NIST 08 Mass Spectra Library, Version 2.0 f ). The 
relative amounts of individual components were calculated 
based on the GC peak area (FID response) without applying 
a correction factor. 

2.3.3. Extraction and isolation 
The air-dried powdered peels of Monthong durian (3.0 

kg) were extracted with MeOH (each, 3 × 10 L) by macer-
ation in a solvent at room temperature for 3 days. Removal 
of the solvent under reduced pressure gave the crude MeOH 
(175.0 g). The crude MeOH was suspended in water (1 L) 
and then sequentially extracted with n-hexane (1 L), EtOAc 
(1 L), and n-butanol (1 L) to afford n-hexane extract (52.0 g, 
1.73 % w/w dry powder), EtOAc extract (45.0 g, 1.5 % w/w 
dry powder), and finally n-butanol extract (68.0 g, 2.27 % 
w/w dry powder).

Thirteen grams of the n-hexane extract was further frac-
tionated by silica gel CC using an n-hexane gradient with 
increasing polarity. Each fraction (150 mL) was monitored by 
TLC, and those with similar TLC profiles were combined to 
yield five main fractions labeled DH1−DH5. Fraction DH4 
was purified by silica gel CC using an isocratic system of 
n-hexane (8:2), resulting in a mixture of compounds 8 and 9 
(5.0 g) as white amorphous powders. 

Forty grams of the crude EtOAc extract was fractionated 
on silica gel using a gradient system of n-hexane followed by 
EtOAc, with increasing polarity, to yield six fractions (DE1–
DE6). Fraction DE3 was further fractionated on Sephadex 
LH-20 using 100% MeOH, resulting in three subfractions 

(DE3.1–DE3.3). Subfraction DE3.3 was subsequently puri-
fied by silica gel CC with an isocratic elution of CH2Cl2 
(9:1), yielding compounds 6 (20.0 mg) and 7 (9.0 mg) as 
white amorphous solids. Fraction DE4 was subjected to silica 
gel CC, following a similar gradient system as that used for 
the crude EtOAc extract, making four subfractions (DE4.1–
DE4.4). Subfraction DE4.4 was further purified by silica gel 
CC with an isocratic elution of n-hexane:EtOAc (7:3), yield-
ing compounds 1 (10.2 mg), 2 (8.5 mg), and 3 (15.2 mg) as 
white amorphous solids. Compounds 4 (4.5 mg) and 5 (7.6 
mg) were isolated as white amorphous solids by further puri-
fication with Sephadex LH-20 using 100% MeOH. Fraction 
DE6 was washed with EtOAc to afford compound 10 (30.2 
mg) as a white amorphous solid.

2.4. Biological activities 

2.4.1. Cell culture and cytotoxicity assay
HCT116 and Vero (CCL-81) cells were purchased from 

the American Type Culture Collection. The cells were 
routinely grown in Dulbecco’s Modified Eagle Medium 
(DMEM) (Gibco) supplemented with 10% FBS (Cytiva) 
and 1% penicillin-streptomycin solution (Gibco) at 37°C, 
5% CO2 in a humidified atmosphere in an incubator. The 
cells were passaged every 3 days. The cytotoxic activity of 
samples was evaluated by MTT assay. HCT116 (7 × 103) 
and Vero (2 × 103) cells were plated into a 96-well plate. After 
16–18 h, the attached cells were replenished with a fresh cul-
ture medium containing various concentrations of each sam-
ple and incubated for another 72 h. At that time, the treated 
cells were replaced with fresh culture medium supplemented 
with 0.5 mg/mL MTT solution. After 3 h of incubation, 
the medium was discarded, and the formed purple for-
mazan crystals were completely dissolved by adding 50 µL of 
DMSO. Absorbance was measured at 570 and 630 nm as a 
measurement and reference wavelength, respectively. To gen-
erate a nonlinear regression curve, a dose-dependent experi-
ment was conducted over a concentration range of 4.69–300 
µg/mL for Vero cells and 6.25–200 µg/mL for HCT116 col-
orectal cancer cells. The IC50 value was determined using the 
Prism11 software. Doxorubicin was used as a positive control 
drug.

2.4.2. NO inhibition and cell viability assays
2.4.2.1. Cell culture

RAW 264.7 cells were cultured in RPMI supplemented 
with 10% heat-inactivated FBS, 1% penicillin–streptomycin 
solution, and 5% L-glutamine under 37°C, 5% CO2, and 
90% relative humidity incubator (Tabtimmai et al., 2024). 
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standard (Sonklin et al., 2021). The scavenging potency was 
expressed as the percentage inhibition (%) calculated using 
Equation (2):

 1 1

1

Hydroxyl radical scavenging activity %

A min (blank) A min (sample)
100

A min (blank)

− −

−

=

∆ − ∆
×

∆

 (2)

2.5.3. Superoxide anion radical scavenging activity
The superoxide anion radical scavenging efficacy of each 

sample was determined according to previously established 
protocols, using trolox as the standard (Sonklin et al., 2021). 
The percentage inhibition of scavenging activity was calcu-
lated using Equation (3):

 1 1

1

Superoxide radical scavenging activity %

A min (blank) A min (sample)
100

A min (blank)

− −

−

=

∆ − ∆
×

∆

 (3)

2.5.4. Hydrogen peroxide radical scavenging activity
The hydrogen peroxide radical scavenging efficacy of dif-

ferent solvent extracts was measured following previously 
reported methodologies (Sonklin et al., 2021). The scaveng-
ing activity was expressed as the percentage inhibition accord-
ing to Equation (4): 

 1 1

1

Hydroxyl radical scavenging activity %

A min (blank) A min (sample)
100

A min (blank)

− −

−

=

∆ − ∆
×

∆

 (4)

2.5.5. Ferric reducing antioxidant power (FRAP)
The FRAP assay was performed according to a modified 

method, as described by Karamać et al. (2016). A standard 
curve was generated using FeSO4·7H2O (0.03–0.9 µmol/mL). 
The absorbance of each sample was converted to mmol Fe2+ 
reduced per gram of sample, based on the regression slope of 
the standard curve.

2.6. SPF in vitro of the crude extracts

The photoprotective potential of D. zibethinus peel 
extracts was assessed using the method described by Mota 
et al. (2020) with modifications. Crude extract solutions 
were prepared at final concentrations of 100, 500, and 1000 
ppm. Absorbance measurements for each concentration were 
conducted in triplicate using a VICTOR® Nivo™ Multimode 
Plate Reader (PerkinElmer), within the UV spectrum 
range of 290–320 nm at 5 nm increments, with ethanol as 

2.4.2.2. Cell viability assay
The assays were carried out in triplicate using the same 

approach as in the prior publication with minor modifications 
(Tabtimmai et al., 2024). Briefly, Raw 264 cells (10,000 cell/
well) were seeded in a 96-well plate overnight. Then, the cells 
were treated with different concentrations (4.69–300 µg/mL) 
of sample for 24 h. After that, the medium was removed and 
the cells were incubated with 150 µL of 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) 
(0.5 mg/mL) for 4 hours. The formazan crystal was dissolved 
with DMSO and the absorbance at 570 nm was detected 
using spectrophotometer. The percentage of cell viability was 
calculated as compared to the absorbance of treated cells with 
untreated cells.

2.4.2.3. NO production assay
The assays were carried out in triplicate using the same 

approach as in the prior publication with minor modifications 
(Tabtimmai et al., 2024). Briefly, Raw 264 cells (10,000 cells/
well) were seeded in a 96-well plate overnight. The treated 
cells were stimulated by adding 1µg/mL LPS for another 24 
hours. Then, the cells were treated with 150 µL of difference 
concentrations (4.69–300 µg/mL) of extract samples for 24 
hours. For pure compounds (1–7), the concentration of 75 
µM was used to screen the NO suppression. LPS-stimulated 
cells were used as a positive control. At the time, the condi-
tioned medium was collected to determine released NO using 
Griess’s reagent. The amount of released NO was calculated 
regarding the NO calibration curve. The remaining cells were 
assessed for cell viability using the MTT method as described 
above.

2.5. Determination of free radical scavenging activity

2.5.1. 1,1-Diphenyl-2-picrylhydrazyl radical (DPPH•)  
scavenging activity

The DPPH radical scavenging activity of the samples was 
evaluated following the method described in previous studies, 
with trolox used as the standard (Sonklin et al., 2021). The 
percentage of DPPH radical scavenging activity was calcu-
lated using Equation (1):

b s

b

A A
DPPH radical scavenging activity (%) 100

A
−

= ×  (1)

where Ab is the absorbance of the blank, and As is the 
absorbance of the sample.

2.5.2. Hydroxyl radical scavenging activity
The hydroxyl radical scavenging efficacy of each sample 

was assessed as previously described, with trolox used as the 
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Suite 5.5 (Cambridge Crystallographic Data Center, 
Cambridge, UK) (Figure 1). The crystal structure of the 
TLR4/MD2/neoseptin-3 receptor complex (PDB ID: 5ijc) 
was prepared by removing water molecules and ligands 
using Discovery Studio 2017 R2 Client (Dassault Systèmes 
BIOVIA, BIOVIA Workbook, Release 2017; BIOVIA 
Pipeline Pilot, Release 2017; San Diego: Dassault Systèmes). 
The structures of 1 and 2 were drawn in ChemDraw 
(ChemDraw Professional 17.1) and subsequently subjected 
to energy minimization using HyperChem 8.0 (HyperChem, 
Release 8.0 for Windows, Molecular Modeling System: 
HyperCube, 2007). Flexible docking of compounds 1 and 
2 was performed within the TLR4/MD2 receptor complex 
(Chains B and C) at the neoseptin-3 binding site, using 
a 6 Å radius. The GOLD docking procedure was executed 
with 10 GA runs and a search efficiency of 200%, while all 
other parameters were set to default. Docking accuracy was 

the blank. SPF values were then determined according to 
Equation (5).

 
320

290

SPF CF EE( )I( )Abs( )λ λ λ= ⋅∑   (5)

where CF is the correction factor, set to 10; the erythemal 
effect spectrum, denoted as EE(λ); the solar intensity spec-
trum, represented by I(λ); and Abs(λ), the absorbance of the 
extract at each wavelength (λ). The values of EE × I are con-
stant values (Albuquerque Nerys et al., 2022).

2.7. Molecular docking

The interaction between compounds 1 and 2 and the 
TLR4/MD2 receptor complex was predicted using GOLD 

MD2

MD2

TLR4

van der Waals
Conventional hydrogen bond
Carbon hydrogen bond
Pi-Pi stacked
Pi-Pi T-shaped
Alkyl
Pi-Alkyl

Interactions

van der Waals
Conventional hydrogen bond
Carbon hydrogen bond
Pi-Pi stacked
Pi-Pi T-shaped
Alkyl
Pi-Alkyl

Interactions

TLR4

(A)

(B)

Figure 1. Interaction of compounds 1 (A) and 2 (B) with the TLR4/MD2 receptor complex. The images were created and modified 
using Discovery Studio 2017 R2 Client. In the figures, amino acids from the MD2 subunit are labeled as C, while those from the 
TLR4 subunit are labelled as B.
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extract exhibited strong antioxidant potential, with IC50 val-
ues of 0.109 ± 0.01 mg/mL and 0.051 ± 0.002 mg/mL in the 
DPPH and ABTS assays, respectively. The n-butanol extract 
showed moderate antioxidant activity, achieving IC50 val-
ues of 0.199 ± 0.002 mg/mL and 0.077 ± 0.006 mg/mL in 
the DPPH and ABTS assays, respectively. Subsequently, the 
EtOAc and n-butanol extracts, as the most active extracts, 
were further evaluated using hydroxyl radical (•OH), super-
oxide anion (O•–), and FRAP assays. The results confirmed 
a similar trend, with EtOAc consistently exhibiting potent 
activity across assays, while the n-butanol extract showed 
inactivity in the O₂•– assay. The EtOAc and n-butanol 
extracts achieved FRAP values of 0.053 ± 0.003 and 0.034 ± 
0.01 mM Fe2+/mg, respectively. Collectively, these findings 
underscore the fact that the EtOAc extract is the most effec-
tive antioxidant among those tested.

3.3. Anti-inflammatory property evaluation of D. zibethinus  
crude extracts

The anti-inflammatory properties of the three crude 
extracts from D. zibethinus peels were evaluated through NO 

validated by self-docking of neoseptin-3 into its binding 
site, yielding an RMSD of less than 2 Å. The 1 or 2 com-
plexes with the highest GOLD fitness score was selected for 
representation. The types of interactions were analyzed using 
Discovery Studio 2017 R2 Client.

3. RESULTS 

3.1. Cytotoxic activity evaluation of D. zibethinus crude extracts

The cytotoxic potential of D. zibethinus peel extracts against 
HCT116 colorectal cancer cells was evaluated using the 
MTT assay. Among the extracts tested, the n-hexane extract 
demonstrated notable cytotoxicity, with an inhibition rate of 
98.23% at 50 µg/mL, significantly surpassing the inhibitory 
effects of the ethyl acetate (EtOAc) and n-butanol extracts, 
which exhibited inhibition rates below 50% at the same con-
centration. The IC50 for the n-hexane extract was determined 
as 43.04 ± 4.64 µg/mL (Table 1). These findings highlight 
the superior inhibitory efficacy of the n-hexane extract on 
HCT116 cells relative to EtOAc and n-butanol extracts. To 
identify the bioactive constituents contributing to this cyto-
toxicity, gas chromatography-mass spectrometry (GC-MS) 
analysis and chromatographic methods were employed to elu-
cidate the metabolite profile of the n-hexane extract.

3.2. Evaluation of antioxidant activities of D. zibethinus  
crude extracts

The antioxidant activities of the D. zibethinus peel extracts 
(n-hexane, EtOAc, and n-butanol) were initially assessed 
through IC50 values in DPPH and ABTS radical scavenging 
assays to guide further antioxidant evaluation. The n-hex-
ane extract demonstrated no notable antioxidant activity 
(>2 mg/mL) in both assays (Table 2). In contrast, the EtOAc 

Table 2 
Antioxidant activities of n-hexane, EtOAc, and n-butanol extracts of D. zibethinus peels.

Samples IC50 (mg/mL) FRAP

DPPH ABTS •OH O•- mM Fe2+ /mg

n-hexane In In In In In

EtOAc 0.109 ± 0.01 0.051 ± 0.002 0.329 ± 0.09 0.188 ± 0.07 0.053 ± 0.003

n-butanol 0.199 ± 0.002 0.077 ± 0.006 1.40 ± 0.11 In 0.034 ± 0.01

Trolox* 0.003 ± 0.0001 0.006 ± 0.0001 88.79 ± 2.37%** 0.3486 ± 0.039 0.668 ± 0.07

In = inactive (IC50 > 2 mg/mL).
*Positive control (mM).
**Activity value was determined at 0.1 mg/mL of trolox.

Table 1 
Cytotoxicity of extracts in HCT116 colorectal cancer and Vero 
cells by MTT assays.

Crude extracts IC50 (μg/mL)

HCT116 Vero

n-hexane 43.04 ± 4.64 160.89 ± 2.53

EtOAc ND 184.64 ± 10.00

n-butanol ND 182.38 ± 3.27

ND = not determined.
In = inactive.
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suppression activity, measured by their IC50 values for inhib-
iting NO production in LPS-activated RAW 264.7 macro-
phage cells. Among the extracts, the EtOAc extract exhibited 
the most potent NO inhibition, with an IC50 value of 6.02 ± 
0.65 µg/mL, without any cytotoxicity observed, indicating 
strong anti-inflammatory activity. In comparison, the n-bu-
tanol extract showed moderate NO suppression, with an 
IC50 value of 15.36 ± 1.47 µg/mL, without any cytotoxicity 
observed. Conversely, the n-hexane extract displayed no sig-
nificant NO suppression activity. These results highlight the 
EtOAc extract of D. zibethinus peels as the most promising 
candidate for anti-inflammatory applications, followed by the 
n-butanol extract. Given its potent anti-inflammatory and 
antioxidant activities compared to the other two extracts, the 
EtOAc extract was selected for further purification and iden-
tification of specialized metabolites. Using CC and spectro-
scopic methods, we aimed to elucidate the structures of the 
isolated compounds.

3.4. Metabolic profiling of D. zibethinus peels

3.4.1. Total phenolic content (TPC)
The TPC of the EtOAc and n-butanol extracts was deter-

mined using the Folin–Ciocalteu method. The results were 
57.70 ± 0.10 mg GAE/g sample of sample for the EtOAc 
extract and 34.98 ± 0.10 mg GAE/g sample for the n-butanol 
extract.

3.4.2. Volatile compound analysis
To comprehensively identify the components from the 

fraction that inhibited the HCT116 cell line, GC-MS anal-
ysis was conducted using an optimized temperature program 
and split ratio. The total ion chromatogram is presented in 
Figure 2. Compounds were identified by comparison to ref-
erence spectra from the NIST Mass Spectral Library (NIST 
08 Mass Spectral Library, Version 2.0f ). As a result, 11 
major compounds were identified in Table 3, predominantly 

Table 3 
Major compounds identified in the n-hexane extract of D. zibethinus peels through GC/MS analysis.

Peak no. RT (min) Compound Molecular formula Abundance (%)

1 26.560 n-Hexadecanoic acid C16H32O2 25.55

2 29.880 Octadecanoic acid C18H36O2 1.07

3 40.717 Campesteryl acetate C30H50O2 2.20

4 43.478 Stigmastan-3,5,22-trien C29H46 2.20

5 43.542 Campesterol C28H48O 2.90

6 45.398 6-Methylcholesterol C28H48O 2.04

7 45.844 Stigmasterol C29H48O 5.04

8 46.790 β-Sitosterol C29H50O 41.05

9 47.449 β-Sitosterol acetate C31H52O2 1.43

10 49.422 9,19-Cyclochloestene-3,7-diol, 4,14-dimethyl-, 3-acetate C31H52O3 1.96

11 50.198 4,4-Dimethylcholest-5-enol C29H50O 1.25

12 50.280 Stigmastane-3,6-dione C29H48O2 1.05

Total identified compounds 86.49%

Figure 2. Total ion chromatogram of the n-hexane extract of D. zibethinus peels. Compound peaks were ranked by number.
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phytosterols, followed by aliphatic derivatives. The total iden-
tified compounds accounted for 86.49%. 

3.4.3. Isolated compounds of D. zibethinus peels 
Ten compounds, cleomiscosin A (1) (Feng et al., 2016), 

jatrocin A (2) (Feng et al., 2016), calodenone (3) (Messanga 
et al., 1992), lophirone A (4) (Messanga et al., 1992), lophi-
rone G (5) (Tih et al., 1990), scopoletin (6) (Feng et al., 
2016), methyl 3,4-dihydroxybenzoate (7) (Rudiyansyah 
and Garson, 2006), stigmasterol (8), β-sitosterol (9), and 
 β-sitosterol-D-glucoside (10) were isolated from the EtOAc 
extract. Stigmasterol (8) and β-sitosterol (9) were isolated 
from the n-hexane extract of the peel, yielding the highest 
quantities among the compounds. Notably, compounds 3, 4, 
and 5 were identified from the Durio genus for the first time. 
The structures of these compounds were elucidated using 1D 
and 2D NMR spectroscopy, with their identities confirmed 
by comparison to previously reported data. The structures of 
the isolated compounds are shown in Figure 3. 

3.5. Inhibition of NO production by isolated compounds from  
D. zibethinus peels

Selected compounds (1–7) were evaluated for their NO 
inhibitory activity in LPS-activated RAW 264.7 macrophage 
cells to assess their anti-inflammatory effects. Compounds 
1, 2, and 5 demonstrated significant inhibition of NO pro-
duction, with suppression rates of 78.89 ± 0.98%, 50.52 ± 
4.42%, and 66.93 ± 1.1%, respectively. The positive control, 

diclofenac, achieved a suppression rate of 54.17 ± 2.67% at a 
concentration of 250 µM. In contrast, compounds 3, 4, and 
7 exhibited no significant inhibitory activity at the screening 
concentration of 75 µM, with suppression levels remaining 
below 50%.

3.6. Molecular docking

Molecular docking was used to investigate the interaction 
between compounds 1 and 2 and TLR4/MD2 receptor com-
plex. Molecular docking predicted that compounds 1 and 2 
bound with TLR4/MD2 receptor complex, achieving GOLD 
fitness scores of 55.16 and 55.45, respectively. Hydrogen 
bonds, hydrophobic interactions, and van der Waal interac-
tions were the main interactions. The amino acids involved 
with the interactions were shown in Figures 4A and 4B.

3.7. SPF in vitro of crude extracts from D. zibethinus peels

The photoprotective capacity of D. zibethinus peel extracts 
was evaluated across three crude extracts, n-hexane, EtOAc, 
and n-butanol, and three concentrations as 100, 500, and 
1000 ppm, with SPF values measured using a UV–visible spec-
trophotometer. Results showed a concentration-dependent 
increase in SPF values across all crude extracts (Figure 4A). 
For n-hexane extract, SPF values ranged from 3.27 to 5.83 
at 100–1000 ppm. The EtOAc extract exhibited the highest 
SPF values, from 4.40 to 16.85, at the same concentration, 

Figure 3. Isolated compounds from the active fractions of D. zibethinus peels.
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(A) (B)

Figure 4. Sun Protection Factor (SPF) of D. zibethinus peel extracts (A) and linear plot of in vitro at different concentrations (B).

indicating strong UV-blocking potential in this extract. The 
n-Butanol extract showed intermediate SPF values, from 3.60 
to 10.40, at the same concentration. Based on the data, lin-
ear equations and coefficients (Figure 4B and Table 4) can be 
derived for each extract to estimate the concentration needed 
to achieve a desired SPF value. These equations provide 
a practical tool for predicting the required amount of each 
extract for specific photoprotective applications. 

4. DISCUSSION

Montong durian (D. zibethinus) is often called the “king 
of fruits” in Thailand because of its distinct flavor, rich nutri-
tional profile, and economic importance (Doraiswamy and 
Saminathan, 2020; Ho and Bhat, 2015). This durian vari-
ety is particularly popular for its creamy texture and sweet 
taste, and it is highly valued in both local and international 
markets. Montong durian contains numerous bioactive 
compounds, including antioxidants like flavonoids, pheno-
lic acids, and carotenoids, contributing to its health benefits 
(Charoenkiatkul et al., 2016; Zhan et al., 2021). Studies 
suggest that these compounds possess potential anti-in-
flammatory, anticancer, and antioxidant properties, making 
Montong durian more than just a culinary delicacy but also 
a promising source for functional ingredients in nutraceuti-
cals and cosmetics. Fruits are rich in bioactive compounds, 
especially phenolic antioxidants, known for their substantial 
health benefits (Charoenphun and Klangbud, 2022). These 
molecules help combat oxidative stress by neutralizing free 
radicals in the body, reducing the risk of chronic diseases like 
cardiovascular disease, cancer, and neurodegenerative dis-
orders. Besides phenolics, fruits also contain vitamins (such 
as C and E) and carotenoids, which further contribute to 
their antioxidant capacity (Doraiswamy and Saminathan, 
2020). Regular consumption of fruits, therefore, supports 

Table 4
Equations relating the concentration and SPF of D. zibethinus 
peel extracts.

Extract Linear equation R2 value

n-hexane SPF = 0.0028[Conc.] + 3.1098 0.99

EtOAc SPF = 0.014[Conc.] + 3.2384 0.99

n-butanol SPF = 0.0076[Conc.] + 2.9542 0.99

overall health by enhancing the body’s antioxidant defenses 
and reducing inflammation. Because of the reported bioactive 
properties of compounds derived from D. zibethinus, there is 
significant interest in their therapeutic potential. The choice 
of extraction solvent is a crucial determinant in isolating bio-
active compounds, particularly phenolic compounds, as it 
directly impacts the yield, chemical composition, and biolog-
ical activity of the resulting extracts. In this study, the antiox-
idant activities of D. zibethinus peel extracts were evaluated 
using solvents with varying polarities, including  n-hexane, 
EtOAc, and n-butanol, through five radical scavenging 
assays: DPPH, ABTS, hydroxyl (•OH), superoxide (O•−), and 
FRAP. The n-hexane extract exhibited negligible antioxidant 
activity, whereas the EtOAc and n-butanol extracts demon-
strated significant radical scavenging potential across multiple 
assays. These findings are consistent with previous studies by 
Charoenphun and Klangbud (Charoenphun and Klangbud, 
2022), which reported a strong correlation between TPC and 
antioxidant activity in durian from Thailand. Phenolic com-
pounds are well-recognized for their ability to donate hydro-
gen atoms or electrons to neutralize free radicals, thus playing 
a central role in antioxidant mechanisms. The higher TPC 
observed in the EtOAc extract corresponds with its superior 
antioxidant activity, suggesting that phenolic constituents 
are key contributors to the extract’s  bioactivity. Since pheno-
lic compounds are known for their strong radical scavenging 
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the observed suppression of NO production. These molecular 
docking insights strongly support the NO-suppressive activity 
of the EtOAc extract. The effective interactions of compounds 
1 and 2 with the TLR4/MD2 complex reinforce their role 
as key contributors to the bioactivity of the EtOAc extract, 
highlighting its potential as a promising candidate for further 
anti-inflammatory research.

In Hanoi, Vietnam, durian peel extracts have demon-
strated cytotoxic activity against MCF7, HepG2, and 
SK-LU-1 cancer cell lines. However, their cytotoxic poten-
tial against HCT116 colorectal cancer cells has not yet been 
explored. Considering that colorectal cancer is the third most 
common cancer in Thailand, with a rising incidence in both 
males and females (Lohsiriwat et al., 2020), investigating 
effective therapeutic strategies is a critical public health pri-
ority. This study specifically focused on evaluating the cyto-
toxic activity of durian peel extracts against the HCT116 cell 
line, aiming to bridge the existing knowledge gap and explore 
their potential as a source of bioactive compounds for the 
treatment of colorectal cancer. In evaluating the cytotoxic 
potential of D. zibethinus peel extracts against HCT116 col-
orectal cancer cells using the MTT assay, the n-hexane extract 
demonstrated notable cytotoxicity, significantly surpassing 
the inhibition rates of the EtOAc and n-butanol extracts, 
which were both below 50% at the same concentration. To 
comprehensively identify the components responsible for 
the activity against the HCT116 cell line, GC-MS analy-
sis (Figure 2) identified phytosterols, stigmasterol (8), and 
 β-sitosterol (9) as the major components. These two com-
pounds were also isolated from this extract in this work. They 
are members of the phytosterol group, a class of plant-derived 
steroids that exhibit structural and functional similarities to 
cholesterol. β-Sitosterol is the most prevalent phytosterol, 
widely distributed across various plant-based foods and com-
monly found in numerous traditional Thai medicinal herbs. 
Notably,  β-sitosterol has been identified in Diospyros fili-
pendula (Wisetsai et al., 2021), Allophylus cobbe (Sangsopha 
et al., 2020), and Rhodamnia dumetorum (Lakornwong et al., 
2018), among others.  β-sitosterol has a wide range of biolog-
ical functions, including antipyretic, analgesic, antidiabetic, 
and, most notably, anticancer activities. Extensive research 
has shown that it exhibits significant antiproliferative effects 
on various cancer cell lines, including colon cancer cells 
like HCT116. Studies have highlighted its ability to reduce 
cell viability and induce apoptosis in these cells, suggesting 
its role as a chemopreventive and chemotherapeutic agent. 
Specifically, β-sitosterol interferes with key regulatory path-
ways that govern cancer cell survival, including those involved 
in apoptosis and cell cycle regulation. For colon cancer, such 
as in the HCT116 cell line, β-sitosterol isolated from Vicia 

activity, it is reasonable to hypothesize that the extracts exhib-
iting high antioxidant potential could also reduce inflam-
matory responses. The anti-inflammatory properties of the 
three crude extracts from D. zibethinus peels were assessed 
based on their NO suppression activity, quantified through 
IC50 values. The EtOAc extract demonstrated the most potent 
NO inhibition among the extracts, highlighting its superior 
anti-inflammatory potential. The n-butanol extract exhibited 
moderate NO suppression, while the n-hexane extract lacked 
significant activity. These findings position the EtOAc extract 
as the most promising candidate for anti-inflammatory 
applications, supported by its combined potent antioxidant 
and anti-inflammatory activities. Consequently, the EtOAc 
extract was prioritized for further purification and identifica-
tion of specialized metabolites, which may provide an insight 
into the bioactive compounds responsible for its remarkable 
bioactivity. 

From the EtOAc extract, 10 compounds were isolated 
and identified using a combination of CC and 1D and 2D 
NMR spectroscopic techniques. The structures of the isolated 
compounds are depicted in Figure 3. Notably, compounds 
calodenone (3), lophirone A (4), and lophirone G (5) were 
identified in the Durio genus for the first time. Compounds 
1–7 were screened for their NO-suppressive effects, with 
only compounds 1, 2, and 5 demonstrating the ability to 
suppress NO production induced by LPS activation. These 
findings are consistent with previous studies, which have 
reported that cleomiscosin A (1) and jatrocin A (2) exhibit 
anti-inflammatory properties, with IC50 values of 28.88 µM 
and 21.70 µM, respectively (Feng et al., 2016). The molecular 
docking analysis supports these observations, as compounds 1 
and 2 (corresponding to cleomiscosin A and jatrocin A, 
respectively) bound effectively to the TLR4/MD2 receptor 
complex. These interactions were mediated by hydrophobic 
interactions, hydrogen bonds, and van der Waals forces with 
key residues in both the MD2 and TLR4 subunits (Figure 1). 
Specifically, 1 interacted with Val82, Phe126, Pro127, and 
Ile153 in the MD2 subunit, while 2 formed interactions 
with Val82, Phe126, and Pro127, all essential residues for 
LPS binding (Kawasaki et al., 2003). Additional interactions 
included Arg90 and Ile124 for D1, and Leu78, Arg90, and 
Ile124 for D2, which are known targets for small anti-in-
flammatory agents (Wang et al., 2024). Since LPS induces 
inflammation by binding to the MD2 subunit, activating 
inflammatory signaling pathways and increasing the produc-
tion of pro-inflammatory mediators, such as NO, PGE2, and 
TNF-α (Ciesielska et al., 2021; Su et al., 2011), the dock-
ing results suggest that compounds 1 and 2 could interfere 
with LPS binding by partially occupying its binding site. This 
interference potentially reduces inflammation, as reflected in 
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