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Abstract

This study investigated the bioactive potential of Cinnamomum camphora (L.) J. Presl (C. cam-
phora) leaf extracts obtained using hydrothermal extraction (HE) and ultrasound-assisted
extraction (UAE) with 30%, 50%, and 70% ethanol (v/v). Extracts were analyzed for
their phytochemical composition and biological activities. UAE extracts, particularly
with 70% ethanol, exhibited the highest total polyphenol (363.0 ± 1.40 mg GAE/g) and
flavonoid (174.5 ± 0.42 mg QE/g) contents. This extract also demonstrated strong antiox-
idant activities (IC50: 0.024 ± 0.001 mg/mL for DPPH; IC50: 0.363 ± 0.002 mg/mL for
ABTS; 3.080 ± 0.044 M Fe2+/g for FRAP) and potent enzyme inhibition (49.3 ± 0.35% for
tyrosinase; 24.8 ± 0.34% for elastase; 94.5 ± 0.12% for α-glucosidase and 77.5 ± 1.11% for
lipase). Antimicrobial activity was most effective against Gram-positive bacteria, notably
against Cutibacterium acnes, showing the largest inhibition zone (23.0 mm at 10 mg/disc).
Overall, antioxidant, enzyme inhibition and antimicrobial activities increased significantly
with increasing ethanol concentration, particularly at 70% ethanol. GC–MSD analysis
revealed that both HE and UAE extracts contained phenolic acids, terpenes, triterpenes,
and sesquiterpenes. Collectively, these findings indicate that the extraction method (UAE)
and solvent composition (70% ethanol) influence the bioactivity profile of C. camphora
leaf extracts, supporting further investigation of their relevance for cosmeceutical and
functional applications.

Keywords: Cinnamomum camphora (L.) J. Presl; extraction; phytochemical; bioactivity;
antioxidant

1. Introduction
Driven by the rapid expansion of the pharmaceutical and cosmeceutical sectors, medic-

inal plants enriched with multifunctional phytochemicals have become strategic resources
for the discovery of sustainable natural bioactive ingredients [1]. Cinnamomum camphora
(L.) J. Presl, an evergreen species of the Lauraceae family, has emerged as a promising
natural resource owing to its chemically diverse secondary metabolite profile [2]. Previous
studies have demonstrated that C. camphora leaves are abundant in phenolic compounds,
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terpenoids, and phenylpropanoids, which have been associated with antioxidant, anti-
inflammatory, and antimicrobial activities [3,4]. These biological activities are of particular
importance because oxidative stress, inflammation, and microbial infection represent key
pathological mechanisms underlying chronic diseases and skin disorders [5,6]. Notably,
major constituents such as eugenol, linalool, and cineole have been reported to exhibit
free radical scavenging, anti-inflammatory, and antibacterial effects, supporting continued
interest in C. camphora leaf extracts [7–10].

Despite C. camphora leaves being widely reported as a source of bioactive constituents,
existing studies have largely emphasized essential oils [11,12], providing limited insight
into how extraction parameters govern broader bioactivity outcomes. In particular, the role
of ethanol–water solvent polarity in shaping coordinated antioxidant responses, enzyme in-
hibition activities relevant to skin and metabolic health, and antimicrobial performance has
not been systematically evaluated using a unified experimental framework. Consequently,
the extent to which polarity-driven differences in extract composition translate into consis-
tent or divergent bioactivity patterns across multiple functional assays remains unclear.

Accordingly, this study aims to assess the influence of ethanol–water solvent polarity
on the multi-endpoint bioactivity profile of C. camphora leaf extracts through a comparative
evaluation across solvent compositions. By examining polarity-dependent trends across
complementary antioxidant, enzyme inhibition, and antimicrobial assays, this work seeks
to examine how extraction conditions modulate functional performance, thereby providing
an evidence-based basis for rational solvent selection in the development of plant-derived
bioactive materials.

2. Materials and Methods
2.1. Plant Material and Chemicals

Dried C. camphora leaves were purchased from an herbal medicine supplier in
Gangwon-do, Republic of Korea, in September 2024. Botanical identification of the plant
material was carried out by Prof. Woonjung Kim of the Department of Chemistry, Hannam
University, Republic of Korea. The corresponding voucher specimen has been archived in
the Herbarium of Hannam University, Daejeon, Republic of Korea, under accession number
HNU-CC-2024-0924.

Chemicals such as 2,2-diphenyl-1-picrylhydrazyl (DPPH) solution, 2,2′-azino-bis
(3-ethylbenzothizaoline-6-sulfonic acid) diammonium salt (ABTS), Folin and Ciocal-
teu’s phenol reagent, 3,4-dihydroxy-L-phenylalanine (L-DOPA), 2,4,6-Tris(2-pyridyl)-s-
triazine (TPTZ), Trizma® base, tyrosinase from mushroom, α-glucosidase from Sac-
charomyces cerevisiae, elastase from porcine pancreas, lipase from porcine pancreas, 3-
(N-morpholinoe)propanesulfonic acid (MOPS), p-Nitrophenyl α-D-glucopyranoside, N-
succinyl-(Ala)3-p-nitroanilide, gallic acid, kojic acid, L-ascorbic acid, quercetin, acarbose
and orlistat were purchased from Sigma-Aldrich (St. Louis, MO, USA). Sodium nitrite,
hydrochloric acid solution and iron (III) chloride hexahydrate were procured from Sam-
chum Chemical Co., Ltd. (Seoul, Republic of Korea). Sodium acetate anhydrous, iron (II)
sulfate heptahydrate and ethylenediaminetetraacetic acid (EDTA) were from Duskan Pure
Chemicals Co., Ltd. (Ansan-si, Gyeonggi-do, Republic of Korea). Potassium phosphate
dibasic anhydrous and calcium chloride anhydrous were purchased from Daejung Chemi-
cals & Metals Co., Ltd. (Siheung-si, Gyeonggi-do, Republic of Korea). For the antimicrobial
activity, dehydrated culture media such as Nutrient Agar (NA), Gifu Anaerobic Medium
Agar (GAM-A) and Gifu Anaerobic Medium Broth (GAM-B) were obtained from MB cell
(SeoCho-Gu, Seoul, Republic of Korea), and DifcoTM Nutrient Broth (NB) was acquired
from Becton, Dickinson and Company (Sparks, MD, USA). Only analytical-grade, HPLC or
extra-pure-grade chemicals and reagents were used throughout the study.
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2.2. Preparation of C. camphora Leaves

The dried leaves of C. camphora were ground into powder using a laboratory grinder
and sieved through an 80-mesh sieve to obtain uniform particle size. The resulting
powdered samples were sealed in air-tight zipper bags and stored at −20 ◦C until
further extraction.

2.3. Hydrothermal and Ultrasound-Assisted Extraction of C. camphora Leaves

Dried powder of C. camphora leaves was extracted with 30%, 50% and 70% ethanol
(v/v) in a solvent-to-sample ratio of 20:1 (v/w). Extractions were conducted separately
using a hydrothermal extractor (A-11096 KSP-240L 25L; Kyungseo E&P, Incheon, Republic
of Korea) at 60 ◦C for 3 h or an ultrasonic homogenizer (NE-500Z, All in LabTech, Jeonju-Si,
Republic of Korea) at ultrasonic power with a frequency of 50%, 25–26 kHz in pulse mode
(1 s on/1 s off) for 30 min. The resulting solutions were filtered through Whatman No. 2
filter paper (Global Life Sciences Solutions Operations, Little Chalfont, UK). The filtrate was
concentrated under reduced pressure at 50 ◦C using a rotatory evaporator (Eyela N-1300,
Sunil Instrument Co., Ltd., Gyeonggi-do, Republic of Korea) until ethanol was removed.
After that, concentration under reduced pressure using a rotary evaporator (Eyela N-1300,
Sunil Instrument Co., Ltd., Gyeonggi-do, Republic of Korea) at 50 ◦C was performed until
the ethanol removal was achieved. The concentrated extract solutions were reconstituted
in distilled water and used for all subsequent analyses. The extracts were designated as
HE 30%, HE 50%, and HE 70% for HE extracts and UAE 30%, UAE 50%, and UAE 70% for
UAE extracts. After preparation, the concentrated liquid extracts were stored at 4 ◦C in
sealed containers and protected from light.

2.4. Phytochemical Content
Total Polyphenol and Flavonoid Contents of HE and UAE Extracts of C. camphora Leaves

The total polyphenol content (TPC) was determined using the Folin–Denis method
with slight modifications [13]. Briefly, 12 µL of each extract solution was mixed with
12 µL of Folin–Ciocalteu’s phenol reagent and incubated at room temperature for 3 min.
Subsequently, 180 µL of a 10% (w/v) sodium carbonate solution was added, and the reaction
mixture was incubated in the dark for 1 h. The absorbance was measured at 765 nm using
a SpectraMax ABS Plus microplate reader (Molecular Devices, LLC, San Jose, CA, USA).
A standard calibration curve constructed with gallic acid was used to determine total
polyphenol content. The results were expressed as milligrams of gallic acid equivalents per
gram of sample (mg GAE/g).

The total flavonoid content (TFC) was performed according to the aluminum chloride
(AlCl3) colorimetric method [14] with minor modifications. Each extract solution (25 µL)
was mixed with 100 µL of distilled water and 7.5 µL of 5% (w/v) sodium nitrite (NaNO2).
The reaction mixture was incubated in the dark for 5 min, after which 15 µL of 10% (w/v)
aluminum chloride hexahydrate (AlCl3·6H2O) was added, and the mixture was further
incubated in the dark for 6 min. The reaction was completed by adding 50 µL of 1 M
sodium hydroxide (NaOH) and allowed to react for 11 min. The absorbance was measured
at 510 nm. A standard calibration curve constructed with quercetin was used to determine
total flavonoid content. The results were expressed as milligrams of quercetin equivalents
per gram of sample (mg QE/g).

2.5. Antioxidant Analysis (DPPH, ABTS Radical Scavenging Activities, and Ferric Reducing
Antioxidant Power (FRAP) Assay) of HE and UAE Extracts of C. camphora Leaves

The DPPH radical scavenging activity was performed following the previous
protocol [15] with slight modifications. Each extract solution (100 µL) was mixed with
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100 µL of 0.2 mM DPPH solution. The mixture was incubated in the dark at room tempera-
ture for 30 min. The absorbance was measured at 517 nm. L-ascorbic acid (Sigma-Aldrich,
St. Louis, MO, USA) was used as a positive control. The percentage of DPPH radical
scavenging activity was calculated using the following formula, and the 50% inhibition
activity (IC50) of each extract solution was evaluated.

DPPH radical scavenging activity (%) = [1− (A/B)]× 100

where A = absorbance of the extract solution and B = absorbance of the solvent (blank)
without sample.

The ABTS radical scavenging activity was assessed following the previous method [16]
with minor modifications. The ABTS radical solution was prepared by dissolving two
tablets of ABTS diammonium salt in 5 mL of distilled water, followed by the addition of
88 µL of 140 mM potassium persulfate. The mixture was incubated in the dark for 14–16 h
then diluted with absolute ethanol at a ratio of 1:88 (v/v) to achieve an absorbance of
0.70 ± 0.02 at 734 nm. For the scavenging activity, 10 µL of each extract solution was mixed
with 200 µL of the ABTS radical solution and incubated in the dark for 2.5 min, and the
absorbance was recorded at 734 nm. L-ascorbic acid was used as a positive control. The
percentage of ABTS radical scavenging activity was calculated using the following formula,
and the 50% inhibition activity (IC50) of each extract solution was evaluated.

ABTS radical scavenging activity (%) = [1− (A/B)]× 100

where A = absorbance of the extract solution and B = absorbance of the solvent (blank)
without sample.

The FRAP assay was conducted following the previous protocol [17]. A fresh FRAP
working solution was prepared by mixing 300 mM acetate buffer (pH 3.6), 10 mM 2,4,6-
Tris(2-pyridyl)-s-triazine dissolved in 40 mM hydrochloric acid, and 20 mM iron (III)
chloride hexahydrate in a 10:1:1 (v/v/v) ratio. A total of 180 µL of the preheated FRAP
working solution (37 ◦C for 10 min) was added to a reaction mixture consisting of 6 µL of
the extract solution and 18 µL of distilled water. The reaction was incubated at 37 ◦C for
10 min, and the absorbance was measured at 593 nm. The FRAP values were calculated
from a standard calibration curve constructed with iron (II) sulfate heptahydrate. The
results were expressed as M Fe2+ equivalents per gram of sample (M Fe2+/g).

2.6. Enzyme Activity Analysis
2.6.1. Tyrosinase and Elastase Inhibition Activities of HE and UAE Extracts of
C. camphora Leaves

The tyrosinase inhibition activity was evaluated by the previous methods [18,19] with
slight modifications. A 200 µL aliquot of 0.1 M potassium phosphate buffer (pH 6.8) was
mixed with 20 µL of the extract solution and 20 µL of 10 mM 3,4-dihydroxy-L-phenylalanine
(L-DOPA). Then, 10 µL of mushroom tyrosinase (100 unit/mL) was added, and the mixture
was incubated at 37 ◦C for 15 min. The absorbance was measured at 475 nm. Kojic acid was
used as a positive control. The percentage of tyrosinase inhibition was calculated using the
following formula.

Tyrosinase inhibition activity (%) = [1− (A− B)/C]× 100

where A = absorbance of the complete mixture containing the buffer, extract and enzyme
solutions, B = absorbance of the mixture without the enzyme solution and C = absorbance
of the mixture without the extract solution.
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The elastase inhibition activity was evaluated by the method of Lee et al. [20] with
slight modifications. A 140 µL aliquot of 0.2 M Tris-HCl buffer (pH 8.0) was mixed with
50 µL of 3.2 mM N-succinyl-(Ala)3-p-nitroanilide. Then, 50 µL of each extract solution was
added to the mixture, followed by the addition of 8 µL of elastase (Pancreatin from porcine
pancreas, PPE, 1 unit/mL). The reaction mixture was incubated at 37 ◦C for 20 min, and
the absorbance was measured at 405 nm. L-ascorbic acid was used as a positive control.
The percentage of elastase inhibition was calculated using the following formula.

Elastase inhibition activity (%) = [1− (A− B)/C]× 100

where A = absorbance of the complete mixture containing the buffer, extract and enzyme
solutions, B = absorbance of the mixture without the enzyme solution and C = absorbance
of the mixture without the extract solution.

2.6.2. α-Glucosidase and Lipase Inhibition Activities of HE and UAE Extracts of C.
camphora Leaves

The α-glucosidase inhibition activity was evaluated by the previous method [21]
with slight modifications. A 90 µL aliquot of α-glucosidase (0.1 U/ mL) was mixed with
50 µL of the extract solution and incubated at 37 ◦C for 15 min. Following incubation,
1 mM p-nitrophenyl-α-glucopyranoside (p-NPG; 100 µL) was added and incubated again
for about 5 min, and the absorbance was measured at 405 nm. Acarbose was used as a
positive control, and the percentage of α-glucosidase inhibition was calculated using the
following formula.

α-Glucosidase inhibition activity (%) = [1− (A/B)]× 100

where A = absorbance of the extract solution and B = absorbance of the solvent (blank)
without the sample.

The lipase inhibition activity was evaluated using the method described by Kim et al. [22]
with slight modifications. The lipase enzyme solution was prepared by dissolving porcine
pancreatic lipase (60 mg) in a mixture containing 6 mL of 10 mM MOPS buffer (3-(N-
morpholino) propanesulfonic acid) and 6 mL of 1 mM EDTA (pH 6.8). For the reaction
procedure, each extract solution (20 µL) was mixed with the prepared lipase enzyme so-
lution (6 µL) and 100 mM Tris-HCl buffer (170 µL; pH 7.0) containing 5 mM CaCl2, and
the mixture was incubated at 37 ◦C for 15 min. Subsequently, 4 µL of 10 mM 4-nitrophenyl
palmitate (p-NPP) was added, and incubation continued at 37 ◦C for an additional 15 min.
The absorbance was measured at 400 nm. Orlistat was used as a positive control, and the
inhibition percentage was calculated using the following formula.

Lipase inhibition activity (%) = [1− (B− b)/A]× 100

where B = absorbance of the complete mixture containing the buffer, extract and enzyme
solutions, b = absorbance of the mixture without the enzyme solution and A = absorbance
of the mixture without the extract solution.

2.7. Antimicrobial Activity

Four bacterial strains from the Korean Collection for type culture (KCTC) were se-
lected to evaluate the antimicrobial activity of C. camphora extracts. Staphylococcus aureus
(S. aureus) (KCTC 1621) and Cutibacterium acnes (C. acnes) KCTC 3314 were selected as
Gram-positive bacteria, whereas Escherichia coli (E. coli) KCTC 1112 and Pseudomonas aerug-
inosa (P. aeruginosa) KCTC 2450 were selected to represent Gram-negative bacteria. Each
bacterial strain was inoculated in Nutrient Broth (NB) and incubated at 30 ◦C, except for
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C. acnes, which was cultured in Gifu Anaerobic Medium Broth (GAM-B) and incubated
at 37 ◦C. All inoculated bacterial strains were subcultured three times at 24 h intervals to
ensure optimal growth conditions. After three subculturings, the optical density of each
bacterial suspension was measured at 600 nm using a UV–Vis spectrophotometer (Optizen
Pop-s, KLab Inc., Seoul, Republic of Korea) and adjusted to an absorbance range of 0.2–0.4
corresponding to approximately 1 × 105 CFU/mL.

The antimicrobial activity of the HE and UAE extracts of C. camphora leaves were
assessed using the paper-disc diffusion method [23]. A 200 µL aliquot of each bacterial
suspension was evenly spread onto the surface of sterilized agar media: Nutrient Agar
(NA) for most strains and Gifu Anaerobic Medium Agar (GAM-A) for C. acnes. Sterile
paper discs (8 mm diameter) were impregnated with 100 µL of each extract solution at
concentrations of 10 mg/disc and 5 mg/disc and allowed to air-dry. The treated paper discs
were then placed onto the inoculated agar plates and incubated at 30 ◦C for 24 h. However,
C. acnes plates were anaerobically incubated at 37 ◦C for 48 h. Following incubation, the
diameters of inhibition zones were recorded.

2.8. Gas Chromatography–Mass Spectroscopy Detection (GC-MSD) Analysis of HE and UAE
Extracts of C. camphora Leaves

GC-MSD analyses of HE and UAE extracts of C. camphora leaves were assessed using
an Agilent 5977B GC–MSD system (Agilent Technologies, Santa Clara, CA, USA). Chromato-
graphic separation was performed on an HP-5ms capillary column (30 m × 0.25 µm × 0.25 µm;
Agilent 19091S-433). Helium was employed as the carrier gas at a constant flow rate of
1.0 mL/min, and the injection volume was 1 µL. The front inlet was operated in splitless
mode with the injector temperature set at 230 ◦C. The oven temperature was initially main-
tained at 60 ◦C for 3 min, then increased to 300 ◦C at a rate of 10 ◦C/min, and maintained
at 300 ◦C for an additional 3 min, resulting in a total run time of 30 min. The MSD was
operated in Electron Ionization (EI) mode at 70 eV and scan mode (m/z 10–600) after a
2 min solvent delay. The MS source, MS quadrupole, and transfer line temperatures were
maintained at 230 ◦C, 150 ◦C, and 230 ◦C, respectively.

2.9. Statistical Analysis

All experiments, except antimicrobial activity, were conducted in triplicate, and the
results are presented as mean ± standard deviation (n = 3). The assumptions of normality
and homogeneity of variances were evaluated using the Shapiro–Wilk and Levene’s tests,
respectively. Subsequently, analysis of variance (ANOVA) followed by Duncan’s multiple
range test (DMRT) with IBM SPSS Statistics (Statistical Package for the Social Sciences)
software (version 27.0., 2021 SPSS Inc., Chicago, IL, USA) were performed to assess the
statistical significance (p < 0.05).

3. Results
3.1. Yields of HE and UAE Extracts of C. camphora Leaves

The yield was calculated on a volume basis by comparing the volume of the con-
centrated extract obtained after rotary evaporation with the volume of the extract after
vacuum filtration and is reported as a volume-based yield (%), as shown in Table 1. The
yield decreased with increasing ethanol concentration, with 30% ethanol producing the
highest yields, followed by 50% and 70%. Compared to the UAE method, the HE method
consistently resulted in higher extraction yields, reaching 41.5%, 20.0%, and 5.74% at 30%,
50%, and 70% ethanol, respectively, whereas the UAE yields were 29.5%, 10.7%, and 4.71%.
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Table 1. Volume-based yields of HE and UAE extracts of C. camphora leaves using 30%, 50% and
70% ethanol.

Extracts After Vacuum
Filtration (mL)

After Rotatory
Evaporation (mL) Yield (%, v/v) 1

HE 30% 328 136 41.5
HE 50% 350 70 20.0
HE 70% 470 27 5.74

UAE 30% 220 65 29.5
UAE 50% 290 31 10.7
UAE 70% 340 16 4.71

1 Yield (%) calculated against the volume of the concentrated extract obtained after rotary evaporation with the
volume of the extract after vacuum filtration.

3.2. Total Polyphenol and Flavonoid Contents of HE and UAE Extracts of C. camphora Leaves

Polyphenolic compounds are plant secondary metabolites that possess a wide range
of biological effects, which are largely attributed to radical scavenging and antioxidant
activities [24]. The results of the total polyphenol and flavonoid contents of HE and UAE
extracts of C. camphora leaves using 30%, 50% and 70% ethanol are expressed in Table 2.

Table 2. Total polyphenol and flavonoid content of HE and UAE extracts of C. camphora leaves using
30%, 50% and 70% ethanol.

Extracts Total Polyphenol Content
(mg GAE 1/g)

Total Flavonoid Content
(mg QE 2/g)

HE 30% 6.46 ± 0.35 f 5.87 ± 0.00 f3

HE 50% 28.72 ± 0.95 d 27.66 ± 0.42 d

HE 70% 163.7 ± 1.40 b 93.74 ± 0.42 b

UAE 30% 14.35 ± 0.35 e 13.22 ± 0.00 e

UAE 50% 90.84 ± 0.93 c 79.54 ± 0.86 c

UAE 70% 363.0 ± 1.40 a 174.5 ± 0.42 a

1 GAE: gallic acid equivalents. 2 QE: quercetin equivalents. 3 Mean ± Standard Deviation (n = 3). a–f Values with
different letters are significantly different (p < 0.05) by Duncan’s multiple range test.

As shown in Table 2, for HE extracts, the highest TPC was observed in the 70% ethanol
extract (163.7 ± 1.40 mg GAE/g), followed by the 50% (28.72 ± 0.95 mg GAE/g) and
the 30% (6.46 ± 0.35 mg GAE/g). A similar trend was observed for UAE extracts,
with the 70% ethanol extract exhibiting the highest TPC (363.0 ± 1.40 mg GAE/g), fol-
lowed by the 50% (90.84 ± 0.93 mg GAE/g) and the 30% (14.35 ± 0.35 mg GAE/g).
For the total flavonoid content, the highest TFC for HE extracts was observed in the
70% ethanol extract (93.74 ± 0.42 mg QE/g), followed by the 50% (27.66 ± 0.42 mg QE/g)
and the 30% (5.87 ± 0.00 mg QE/g). Similarly, the UAE extracts showed the highest
TFC in the 70% ethanol extract (174.5 ± 0.42 mg QE/g), also followed by the 50%
(79.54 ± 0.86 mg QE/g) and the 30% (13.22 ± 0.00 mg QE/g). For both extraction methods,
total polyphenol and flavonoid content showed a statistically significant decreasing trend
(p < 0.05). Overall, 70% ethanol proved to be the most effective solvent for extracting
polyphenolic and flavonoid compounds from C. camphora leaves.

3.3. Antioxidant Activities (DPPH, ABTS Radical Scavenging Activities and FRAP Assay) of HE
and UAE Extracts of C. camphora Leaves

The DPPH radical scavenging activity is a widely used spectrophotometric method
to evaluate antioxidant activity based on the reduction of the stable DPPH radical by a
hydrogen atom or electron transfer [25]. The ABTS radical scavenging activity assesses
antioxidant activity by detecting the radical scavenging effects of hydrogen-donating
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antioxidants in aqueous phases as well as chain-breaking antioxidants targeting lipid
peroxyl radicals [26]. The FRAP assay evaluates antioxidant reducing power by measuring
the ability of antioxidants to reduce the ferric–tripyridyltriazine (Fe3+–TPTZ) complex
to its ferrous form (Fe2+–TPTZ) under acidic conditions, resulting in the formation of a
blue-colored complex [27]. The antioxidant potential of the HE and UAE extracts was
evaluated using DPPH, ABTS, and FRAP assays, and the results are presented in Table 3.

Table 3. DPPH and ABTS radical scavenging activities and FRAP assay of HE and UAE extracts
using C. camphora leaves and using 30%, 50% and 70% ethanol.

Extracts DPPH Radical
Scavenging Activity IC50

1 (mg/mL)
ABTS Radical

Scavenging Activity IC50
1 (mg/mL)

FRAP Assay
(M Fe2+/g)

HE 30% 0.214 ± 0.008 a 2.508 ± 0.008 a 0.521 ± 0.029 e2

HE 50% 0.176 ± 0.011 b 1.195 ± 0.018 c 0.886 ± 0.037 d

HE 70% 0.081 ± 0.004 d 0.632 ± 0.014 e 2.178 ± 0.167 b

UAE 30% 0.146 ± 0.016 c 1.289 ± 0.007 b 0.609 ± 0.002 e

UAE 50% 0.048 ± 0.002 e 0.778 ± 0.006 d 1.187 ± 0.139 c

UAE 70% 0.024 ± 0.001 f 0.363 ± 0.002 f 3.080 ± 0.044 a

Positive Control 0.004 ± 0.002 g3 0.116 ± 0.009 g4 -
1 The concentration of the extracts and standard to scavenge 50% of DPPH and ABTS radicals. 2 Mean ± Standard
Deviation (n = 3). 3,4 L-ascorbic acid. a–g Values with different letters are significantly different (p < 0.05) by
Duncan’s multiple range test.

In the DPPH radical scavenging activity, IC50 values ranged from 0.081 ± 0.004 to
0.214 ± 0.008 mg/mL for HE extracts and from 0.024 ± 0.001 to 0.146 ± 0.016 mg/mL
for UAE extracts. In the ABTS radical scavenging activity, IC50 values varied between
0.632 ± 0.014 and 2.508 ± 0.008 mg/mL for HE extracts and between 0.363 ± 0.002 and
1.289 ± 0.007 mg/mL for UAE extracts. In the FRAP assay, reducing power increased
proportionally with ethanol concentration, ranging from 0.521 ± 0.029 to 2.178 ± 0.167 M
Fe2+/g for HE extracts and from 0.609 ± 0.002 to 3.080 ± 0.044 M Fe2+/g for UAE extracts.
The 70% ethanol extract consistently showed the highest antioxidant activities, with a
statistically significant difference (p < 0.05).

3.4. Tyrosinase and Elastase Inhibition Activities of HE and UAE Extracts of C. camphora Leaves

Tyrosinase plays a key role in melanin biosynthesis, and its inhibition is a fundamental
strategy for controlling skin hyperpigmentation, making tyrosinase inhibitors important
targets in cosmetic applications [28]. Elastase inhibition activity was evaluated to assess
the anti-aging potential of the extracts, as elastase plays a crucial role in the degradation
of elastin in the dermal extracellular matrix, leading to a loss of skin elasticity [29]. In this
study, the tyrosinase and elastase inhibition activities were evaluated at a concentration of
0.5 mg/mL for both the extracts and the corresponding positive controls, and the results
are presented in Table 4.

As shown in Table 4, tyrosinase inhibition activity in HE extracts increased with
ethanol concentration, with the highest inhibition observed for the 70% ethanol extract
(42.7 ± 0.09%), followed by the 50% (40.9 ± 0.23%) and the 30% (35.6 ± 0.23%). A similar
trend was observed for UAE extracts, where the 70% ethanol extract exhibited the highest
inhibition (49.3 ± 0.35%), followed by the 50% (44.8 ± 0.14%) and the 30% (41.8 ± 0.21%).
Kojic acid, used as a positive control, showed significantly higher inhibition (90.7 ± 0.32%)
than all extracts. For elastase inhibition activity, the 70% ethanol extract exhibited the
highest inhibition in HE extracts (22.7 ± 0.41%), followed by the 50% (14.7 ± 0.35%) and
the 30% (8.61 ± 0.17%). Similarly, UAE extracts showed the highest elastase inhibition at
the 70% ethanol extract (24.8 ± 0.40%), followed by the 50% (22.2 ± 0.40%) and the 30%
(18.0 ± 0.05%). The elastase inhibition activities of all extracts were significantly lower than

https://doi.org/10.3390/antiox15020227

https://doi.org/10.3390/antiox15020227


Antioxidants 2026, 15, 227 9 of 17

those of the positive control, L-ascorbic acid (75.3 ± 0.87%). Overall, extracts obtained using
higher ethanol concentrations exhibited higher tyrosinase and elastase inhibition activities
across both extraction methods (p < 0.05), with the UAE extracts showing consistently
higher inhibition activities than the corresponding HE extracts.

Table 4. Tyrosinase and elastase inhibition activities of HE and UAE extracts using C. camphora leaves
and using 30%, 50% and 70% ethanol.

Extracts Tyrosinase Inhibition
Activity (%) (0.5 mg/mL)

Elastase Inhibition
Activity (%) (0.5 mg/mL)

HE 30% 35.6 ± 0.23 g 8.61 ± 0.17 f1

HE 50% 40.9 ± 0.23 f 14.7 ± 0.35 e

HE 70% 42.7 ± 0.09 d 22.7 ± 0.41 c

UAE 30% 41.8 ± 0.21 e 18.0 ± 0.05 d

UAE 50% 44.8 ± 0.14 c 22.2 ± 0.40 c

UAE 70% 49.3 ± 0.35 b 24.8 ± 0.34 b

Positive Control 90.7 ± 0.32 a2 75.3 ± 0.87 a3

1 Mean ± Standard Deviation (n = 3). 2 Kojic acid. 3 L-ascorbic acid. a–g Values with different letters are
significantly different (p < 0.05) by Duncan’s multiple range test.

3.5. α-Glucosidase and Lipase Inhibition Activities of HE and UAE Extracts of C. camphora Leaves

α-Glucosidase is responsible for the hydrolysis of oligosaccharides into absorbable
glucose, and inhibition of this enzyme represents an effective strategy for controlling post-
prandial blood glucose levels; however, synthetic inhibitors including acarbose, miglitol,
and voglibose are associated with adverse gastrointestinal effects [30]. Pancreatic lipase
plays a central role in dietary fat digestion, and its inhibition is an effective strategy for
reducing fat absorption and managing obesity; consequently, plant extracts rich in polyphe-
nols and flavonoids have been widely investigated as natural lipase inhibitors [31]. The
α-glucosidase and lipase inhibition activities of C. camphora extracts and the corresponding
positive controls were evaluated at 0.5 mg/mL in this study, and the results are summarized
in Table 5.

Table 5. α-Glucosidase and lipase inhibition activities of HE and UAE extracts using C. camphora
leaves and using 30%, 50% and 70% ethanol.

Extracts α-Glucosidase Inhibition
Activity (%) (0.5 mg/mL)

Lipase Inhibition
Activity (%) (0.5 mg/mL)

HE 30% 56.4 ± 0.89 e 82.5 ± 0.75 c1

HE 50% 63.8 ± 0.58 d 89.1 ± 1.58 b

HE 70% 92.4 ± 0.49 b 98.0 ± 1.69 a

UAE 30% 80.2 ± 0.18 c 54.2 ± 0.39 f

UAE 50% 91.9 ± 0.14 b 69.2 ± 0.60 e

UAE 70% 94.5 ± 0.12 a 77.5 ± 1.11 d

Positive Control 51.9 ± 0.08 f2 82.4 ± 0.61 c3

1 Mean ± Standard Deviation (n = 3). 2 Acarbose. 3 Orlistat. a–f Values with different letters are significantly
different (p < 0.05) by Duncan’s multiple range test.

As shown in Table 5, α-glucosidase inhibition activity ranged from 56.4 ± 0.89% to
92.4 ± 0.49% in HE extracts, while UAE extracts exhibited inhibition activities ranging
from 80.2 ± 0.18% to 94.5 ± 0.12%. For both extraction methods, all extracts showed
higher inhibition activity than that of the positive control acarbose (51.9 ± 0.08%). The
lipase inhibition activity ranged from 82.5 ± 0.75% to 98.0 ± 1.69% in HE extracts, whereas
UAE showed lower inhibition activity ranging from 54.2 ± 0.39% to 77.5 ± 1.11%. HE
extracts exhibited statistically significant higher lipase inhibition than the corresponding
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UAE extracts (p < 0.05), with the 70% ethanol extract showing the highest inhibition activity
among all samples. Notably, the lipase inhibition activity of HE extracts was comparable to
or exceeded that of the positive control orlistat (82.4 ± 0.61%) under the same experimental
conditions. Overall, extracts obtained using higher ethanol concentrations exhibited higher
α-glucosidase and lipase inhibition activities across both extraction methods (p < 0.05).

3.6. Antimicrobial Activity of HE and UAE Extracts of C. camphora Leaves

Plant-derived antimicrobial agents have attracted growing interest as alternative or
complementary therapeutic options, as plants are rich sources of bioactive compounds
with established antibacterial and antifungal properties [32]. The antimicrobial activity of
C. camphora extracts are described in Table 6.

Table 6. Antimicrobial activity of HE and UAE extracts of C. camphora leaves using 30%, 50% and
70% ethanol against selected microorganisms.

Microorganisms Extracts
Diameter of Inhibition Zone (mm)

5 mg/disc 10 mg/disc

Gram-Positive

C. acnes

HE 30% - 1 9.0
HE 50% 12.0 16.0
HE 70% 15.0 21.0

UAE 30% - 10.0
UAE 50% 15.0 20.0
UAE 70% 17.0 23.0

S. aureus

HE 30% - -
HE 50% - 11.0
HE 70% 18.0 20.0

UAE 30% - 14.0
UAE 50% 10.0 15.0
UAE 70% 19.0 22.0

Gram-Negative

E. coli

HE 30% - -
HE 50% - 9.0
HE 70% - 13.0

UAE 30% - -
UAE 50% - 12.0
UAE 70% 11.0 14.0

P. aeruginosa

HE 30% - -
HE 50% - 10.0
HE 70% 11.0 12.0

UAE 30% - -
UAE 50% 11.0 13.0
UAE 70% 12.0 15.0

1 Not detected.

As shown in Table 6, the strongest antimicrobial activity was observed against C.
acnes, for which all extracts exhibited clear inhibition zones at 10 mg/disc. Notably, the
70% ethanol UAE extract showed the greatest activity, with an inhibition zone of 23.0 mm.
Against S. aureus, all extracts except the 30% ethanol HE extract produced measurable
inhibition at 10 mg/disc, with the highest activity again observed for the 70% ethanol UAE
extract (22.0 mm). In contrast, moderate antimicrobial activities were detected against the
Gram-negative strains, E. coli and P. aeruginosa, with the largest inhibition zones recorded
for the 70% ethanol UAE extract at 10 mg/disc (14.0 and 15.0 mm, respectively). Over-
all, antimicrobial activity increased with ethanol concentration and was generally more
pronounced in the UAE extracts, particularly against Gram-positive bacteria.
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3.7. Gas Chromatography–Mass Spectrometry Detection (GC-MSD) of HE and UAE Extracts of C.
camphora Leaves

The GC-MSD chromatograms of the HE and UAE extracts of C. camphora leaves are
presented in Figure 1, with the corresponding chemical constituents with their retention
times, classifications, major ions [m/z], and their CAS Nos. are summarized in Table 7.

The GC-MSD analysis identified a variety of predominant bioactive compounds,
including phenolic derivatives, monoterpenes, triterpenes, and sesquiterpenes, several
of which have been reported in the literature to be associated with antioxidant, antimi-
crobial, antidiabetic, anti-lipase and anti-inflammatory activities. For HE extracts, no
detectable peaks were observed in the 30% ethanol extract yielded, possibly due to low ex-
traction efficiency or limitations of the GC-MSD conditions for detecting these compounds.
The 50% ethanol extract was dominated by 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-
6-hydroxy-4,4,7a-trimethyl-(6S-cis) (29.5%), a compound previously reported to exhibit
antioxidant activity [33]. The 70% ethanol extract exhibited greater chemical diversity, con-
taining nine major compounds, with Pluchidiol (8.40%) as the most abundant, contributing
to its antioxidant activity [34]. For UAE extracts, alpha-Benzamido-2-hydroxycinnamic acid
(43.7%) and (trans)-Isoeugenol-Methyl Ether (26.5%) were the predominant compounds in the
30% ethanol extract, both of which have been reported to have antioxidant, antimicrobial, and
anti-inflammatory properties [35]. In the 50% and 70% ethanol extracts, 2(4H)-Benzofuranone
derivatives (6S-cis) and alpha-Benzamido-2-hydroxycinnamic acid were the predominant
compounds, consistent with their reported antioxidant-related properties [36].

 

(a) (b) 

(c) (d) 

Figure 1. Cont.
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(e) 

Figure 1. GC-MSD chromatograms of HE and UAE extracts of C. camphora leaves. (a) HE 50%; (b) HE
70%; (c) UAE 30%; (d) UAE 50%; (e) UAE 70%.

Table 7. Chemical constituents and peak areas of bioactive compounds detected in GC-MSD analysis
of HE and UAE extracts of C. camphora leaves using 30%, 50% and 70% ethanol.

Extracts Rt 1

(min) Compounds Classification Major Ions
m/z CAS No. Relative Peak

Area (%)

HE 50%

7.057 alpha-Benzamido-2-
hydroxycinnamic acid

Phenolic
derivative

148.10, 105.00,
77.00 2000418-22-6 27.5%

10.68 1H-Pyrrole-2,5-dione,
3-ethyl-4-methyl- Maleimide 139.10, 96.10,

67.10 020189-42-8 2.11%

14.85 2(4H)-Benzofuranone, 5,6,7,7a-
tetrahydro-4,4,7a-trimethyl Triterpene 180.10, 137.10,

111.00 015356-74-8 8.64%

17.52

2(4H)-Benzofuranone,
5,6,7,7a-tetrahydro-6-hydroxy-

4,4,7a-trimethyl-, (6S-cis)-
(Loliolide)

Terpene 178.10, 140.00,
111.10 005989-02-6 29.5%

HE 70%

7.495 Benzenemethanol Aromatic
alcohol

108.10, 79.10,
51.10 000100-51-6 1.14%

12.16 2-Oxabicyclo [2.2.2] octane,
1,3,3-trimethyl-(Eucalyptol)

Cyclic
monoterpene

oxide

142.10, 83.10,
43.00 000470-82-6 0.70%

13.08 Benzaldehyde,
4-hydroxy-3-methoxy (Vanillin)

Aromatic
aldehyde

137.10, 111.10,
84.00 000121-33-5 2.09%

14.46 Phenol,
2,4-bis(1,1-dimethylethyl)

Aromatic
hydrocarbon

191.20, 163.10,
84.00 000096-76-4 9 0.75%

14.86
2(4H)-Benzofuranone,

5,6,7,7a-tetrahydro-4,4,7a-
trimethyl-

Triterpene 180.10, 137.10,
111.00 017092-92-1 5.77%

17.59
1H-Cycloprop[e]azulen-7-ol,
decahydro-1,1,7-trimethyl-4-

methylene-(Spathulenol)
Sesquiterpene 163.10, 123.10,

93.10 006750-60-3 3.46%

17.72 Pluchidiol Phenolics 166.10, 124.10,
79.10 2000224-58-5 8.40%

18.53 Platambin Sesquiterpene 159.10, 133.10,
81.10 058556-80-29 3.41%

UAE 30%

7.052 alpha-Benzamido-2-
hydroxycinnamic acid

Phenolic
derivative

148.10, 105.00,
77.00 2000463-15-2 43.7%

14.86 2(4H)-Benzofuranone, 5,6,7,7a-
tetrahydro-4,4,7a-trimethyl Triterpene 180.10, 137.10,

67.10 015356-74-8 10.5%

17.52 (trans)-Isoeugenol-Methyl Ether Phenylpropene 178.10, 140.00,
111.10 2000138-02-1 26.5%
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Table 7. Cont.

Extracts Rt 1

(min) Compounds Classification Major Ions
m/z CAS No. Relative Peak

Area (%)

UAE 50%

7.059 alpha-Benzamido-2-
hydroxycinnamic acid

Phenolic
derivative

148.10, 105.00,
77.00 2000463-16-2 16.7%

10.68 1H-Pyrrole-2,5-dione,
3-ethyl-4-methyl Maleimide 139.10, 96.00,

67.10 020189-42-8 2.51%

14.86 2(4H)-Benzofuranone, 5,6,7,7a-
tetrahydro-4,4,7a-trimethyl Triterpene 180.10, 137.10,

111.10 017092-92-1 8.56%

17.52

2(4H)-Benzofuranone,
5,6,7,7a-tetrahydro-6-hydroxy-

4,4,7a-trimethyl-, (6S-cis)
(Loliolide)

Terpene 178.10, 140.00,
111.10 005989-02-6 33.7%

17.71
2-Cylcohexen-1-one,

4-hydroxy-3,5,6-trimethyl-4-(3-
oxo-1-butenyl)

Cyclic α,
β-unsaturated

ketone

166.00, 124.10,
95.00 077846-84-5 8.39%

UAE 70%

7.062 alpha-Benzamido-2-
hydroxycinnamic acid

Phenolic
derivative

148.10, 127.00,
105.00 2000463-15-2 10.3%

10.68 1H-Pyrrole-2,5-dione,
3-ethyl-4-methyl Maleimide 139.10, 96.00,

67.10 020189-42-8 2.95%

13.09 Benzaldehyde,
4-hydroxy,3-methoxy (Vanillin)

Aromatic
aldehyde

151.00, 123.10,
100.9 000121-33-5 2.22%

14.86 2(4H)-Benzofuranone, 5,6,7,7a-
tetrahydro-4,4,7a-trimethyl Triterpene 180.00, 137.10,

111.00 015356-74-8 7.71%

17.54
2(4H)-Benzofuranone,

5,6,7,7a-tetrahydro-6-hydroxy-
4,4,7a-trimethyl-, (6S-cis)

Triterpene 178.10, 140.00,
111.1 005989-02-6 29.1%

17.59 Terephthalic acid dihydrazide Fatty hydrazide
derivative

162.10, 135.10,
107.10 000136-64-1 3.19%

18.53 Platambin Sesquiterpene 159.10, 133.10,
107.10 058556-80-2 4.14%

18.71 4,4,8-Trimethyltricyclo
[6.3.1.0(1,5)] dodecane-2,9-diol

Sesquiterpene
alcohol

164.10, 135.10,
107.10 2000319-49-5 2.84%

1 Retention time.

4. Discussion
This study demonstrates that solvent composition and the extraction technique are

decisive factors governing the phytochemical profiles and bioactivities of C. camphora leaf
extracts. Hydrothermal extraction produced higher volume-based yields than ultrasound-
assisted extraction, reflecting differences in extract concentration after solvent removal
rather than an absolute recovery of chemical constituents. Such behavior is consistent with
moderate thermal conditions in enhancing solvent penetration and mass transfer. Similar
observations have been reported in previous studies, where elevated extraction yields under
thermal conditions did not necessarily correspond to increased phenolic enrichment [37,38].
In contrast, extracts prepared with 70% ethanol consistently exhibited the highest total
polyphenol and flavonoid contents, confirming that solvent polarity, rather than total yield,
is the primary determinant of phenolic recovery in this species. Intermediate ethanol–
water mixtures have been widely reported to provide optimal solvation for phenolic
compounds due to balanced polarity and hydrogen-bonding capacity [39]. Furthermore,
the UAE extracts contained significantly higher polyphenol and flavonoid contents than HE,
suggesting improved extraction selectivity under UAE conditions. This effect is commonly
attributed to ultrasonic cavitation, which enhances mass transfer and facilitates intracellular
release while minimizing prolonged thermal exposure [40,41].

The enhanced phenolic enrichment was reflected in antioxidant performance. UAE
extracts consistently exhibited stronger DPPH, ABTS, and FRAP activities, demonstrating
a close association between phenolic content and radical scavenging capacity. This relation-
ship is mechanistically supported by the redox properties of polyphenols and flavonoids,
which act as electron and hydrogen donors and chelate pro-oxidant metal ions [42]. Sim-
ilar positive relationships between total phenolic content and antioxidant capacity have
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been reported for other medicinal plant extracts, particularly when ultrasound-assisted or
hydro-alcoholic extraction methods were employed [43,44]. Collectively, these findings
indicate that phenolic compounds are major contributors to the antioxidant activity of C.
camphora leaf extracts in this study.

Enzyme inhibition activities relative to cosmetic and functional applications exhib-
ited a comparable trend. Tyrosinase, elastase, and α-glucosidase inhibition increased
with ethanol concentration and was consistently higher in UAE extracts, indicating that
extraction conditions favoring phenolic enrichment also enhance enzyme inhibitory po-
tential. Polyphenol- and flavonoid-rich extracts have been reported to inhibit tyrosinase
and elastase through hydrogen bonding and hydrophobic interactions at enzyme active
sites, supporting their relevance to skin-whitening and anti-aging applications [45–49].
Similarly, flavonoids and related compounds contribute to α-glucosidase inhibition through
hydrogen bonding and π–π stacking interactions [50,51]. These observations suggest that
enhanced phenolic and flavonoid compounds in the extracts is associated with increased
enzyme inhibition potential. In contrast, lipase inhibition was higher in HE extracts, which
may be associated with heat-induced differences in phytochemical composition under
hydrothermal conditions, resulting in an extract profile distinct from that obtained by
ultrasound-assisted extraction [52,53]. Previous studies have shown that lipase inhibition
is mediated by hydrophobic and π–π interactions involving moderately polar flavonoids
and related phytochemicals [54], which are not necessarily the primary contributors to
antioxidant activity. Therefore, the observed lipase inhibition likely reflects differences in
the overall phytochemical composition rather than the action of individual constituents.

Antimicrobial activity assessed using the paper-disc diffusion method revealed greater
activity against Gram-positive bacteria (C. acnes and S. aureus) than against Gram-negative
bacteria (E. coli and P. aeruginosa). A similar pattern has been widely reported for C. camphora
species and other plant extracts, where Gram-positive bacteria generally exhibit higher
susceptibility than Gram-negative strains [55]. The antimicrobial activity observed is likely
attributable to the combined action of multiple constituents, including phenolic acids and
oxygenated monoterpenes. These compounds can simultaneously target different bacterial
structures—such as cell wall synthesis and membrane permeability—enhancing the overall
efficacy of the extracts for anti-acne cosmetic applications [56–58].

The GC–MSD analysis, performed solely to identify the volatile and semi-volatile
constituents, provided a descriptive chemical profile present in the extracts. The results
indicate that both solvent composition and the extraction technique influenced the qualita-
tive composition and relative abundance of volatile compounds, providing an overview of
the volatile phytochemical composition of the extracts and characterizing how extraction
conditions affect their chemical profiles.

Overall, the enhanced antioxidant, enzyme inhibition, and antimicrobial activities
observed in the extracts obtained with higher ethanol compositions and ultrasound-assisted
extraction were closely associated with increased polyphenol and flavonoid enrichment.
These results support the study’s objective by demonstrating that extraction strategy and
solvent polarity critically influence the phytochemical composition and, consequently, the
functional bioactivity profile of C. camphora leaf extracts.

5. Conclusions
In conclusion, phytochemical composition in C. camphora leaves was significantly

influenced by the solvent polarity and extraction methods. The 70% ethanol extract ob-
tained from the UAE method exhibited the highest antioxidant, antimicrobial, and enzyme
inhibition properties. Conversely, the HE method was particularly effective in extracting
bioactive compounds with lipase inhibition activity. The GC-MSD analysis effectively
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characterized major volatile compounds, including phenolics, terpenes, triterpenes, and
sesquiterpenes, known for their reported diverse bioactivities. These findings highlight
the potential applications of hydrothermal and ultrasound-assisted extracts of C. camphora
leaves as antioxidants, as well as enzyme inhibitors and antimicrobial agents in the food,
cosmetic and pharmaceutical industries.
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