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Abstract 
 
Litsea oppositifolia Gibbs, an Indonesian plant with significant antioxidant properties, shows potential for combating UV-
induced skin aging. Still, crucial scientific data regarding its characteristics and optimal extraction for inhibiting elastase and 
tyrosinase enzymes remain limited. Therefore, the present study aimed to conduct a microscopic characterization of the L. 
oppositifolia stem, compare the efficacy of conventional and modern extraction techniques, and evaluate the potential of the 
resulting ethanolic extracts as dual inhibitors of elastase and tyrosinase for anti-photoaging applications. Microscopic and 
Scanning Electron Microscopy analyses of the L. oppositifolia stem successfully identified key characteristic fragments, 
including sclereids, fibers, and calcium oxalate crystals. Among the four extraction methods evaluated, reflux provided the 
highest extraction yield (5.22 ± 0.10%). In contrast, maceration yielded the highest total flavonoid content (2.80 ± 0.42 mg 
equivalent/g extract), suggesting that high-temperature methods may degrade thermolabile compounds. Furthermore, the 
macerated extract demonstrated a dose-dependent but weak inhibitory effect against tyrosinase, achieving only 16.46 ± 1.00% 
inhibition at 600 µg/mL, which was substantially lower than the kojic acid positive control (IC50 = 5.55 µg/mL). Similarly, the 
ultrasound-assisted extraction showed modest, dose-dependent elastase inhibition, reaching 15.63 ± 0.08% at 60 µg/mL, 
significantly weaker than the quercetin positive control (IC50 = 4.88 µg/mL). These findings indicate that although L. oppositifolia 
exhibits relatively low anti-tyrosinase and anti-elastase activity, it still demonstrates potential as a natural candidate for anti-aging 
and skin pigmentation management, with maceration identified as the most effective extraction method. 
 
Keywords: L. oppositifolia; Conventional extraction; Modern extraction; Total flavonoid; Tyrosinase inhibitor; Elastase inhibitor 
 
Introduction 
 
Long-term exposure to ultraviolet (UV) radiation is a main 
cause of skin damage (D'Orazio et al. 2013; Merin et al. 
2022). UV light can produce reactive oxygen species (ROS), 
which activate enzymes like elastase and tyrosinase (Jager et 
al. 2017; Wei et al. 2024). Elastase can break down elastin, 
reducing skin elasticity and causing wrinkles (Tsuji et al. 
2001), while tyrosinase can promote melanogenesis, leading 
to dark spots or hyperpigmentation (Thawabteh et al. 2023). 
These enzymes can speed up premature skin aging. For this 
reason, many studies are now focused on finding inhibitors of 
elastase and tyrosinase to help prevent skin aging and 
pigmentation problems (He et al. 2024). 

Litsea oppositifolia Gibbs a species of Lauraceae 
family, has drawn interest because of its phytochemicals, 
particularly flavonoids, which are often linked with 
antioxidant properties (Li et al. 2024). Plants from the 

Litsea genus have long been used in traditional medicine to 
ease ailments such as coughs, colds, headaches and arthritis. 
However, the potential of L. oppositifolia to inhibit elastase 
and tyrosinase has yet to be studied. In addition, detailed 
microscopic data needed for the identification and 
standardization of this species are still lacking. 

Recently our group extracted the stem of L. 
oppositifolia using 70% ethanol through maceration. The 
resulting extract demonstrated strong antioxidant activity in 
the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, with a half 
maximal inhibitory concentration (IC50) of 8.307 ± 0.04 
µg/mL (Ariestanti et al. 2024). This strong antioxidant 
activity is presumably linked to high flavonoid content of 
the extract. Flavonoids, as phenolic compounds, are well 
known for their ability to neutralize reactive oxygen species 
(ROS) and free radicals generated during oxidative stress 
(Syahputra et al. 2024). By reducing oxidative damage, 
flavonoids may play a protective role against skin aging and 
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hyperpigmentation as potential inhibitors of elastase and 
tyrosinase. Hence, in the present study, we further 
investigated L. oppositifolia stem extract as an anti-
tyrosinase and elastase, which can be potentially utilised as 
an anti-aging and pigmentation-regulating agent. 

However, prior studies have been limited to 
conventional extraction methods such as maceration. To the 
best of the author’s knowledge, no investigations have 
addressed the influence of extraction techniques, whether 
conventional extraction, including maceration and reflux, or 
modern methods, including ultrasound-assisted extraction 
(UAE) or microwave-assisted extraction (MAE), on 
extraction efficiency, the profile of bioactive compounds, 
and elastase and tyrosinase inhibitory activity. 

Therefore, the present work was aimed at to 
characterize the L. oppositifolia stem by microscopic 
analysis of the L. oppositifolia stem, investigate the effects 
of conventional and non-conventional extraction methods, 
and evaluate the potential of its ethanolic extracts as 
inhibitors of elastase and tyrosinase activity. 
 
Materials and Methods 
 
Experimental details and treatments  
 
Plant material: The plant material used in this research 
consisted of the stems of L. oppositifolia. The plant material 
was obtained from the Bogor Botanical Gardens in West 
Java, Indonesia. Taxonomic identification was conducted and 
confirmed at the Research Center for Plant Conservation and 
Botanic Gardens, Indonesian Institute of Sciences (LIPI) 
(Sample No: B-1612/IPH.3/KS/V/2019). The plant material 
is stored at the Faculty of Pharmacy, Universitas, Indonesia. 

In the present study, we examined L. oppositifolia 
stems extract for anti-tyrosinase and elastase. Prior to the 
extraction process, the sample was air-dried. The air-drying 
technique was utilised to minimise the loss of secondary 
metabolites that are prone to degradation upon exposure to 
elevated temperatures or direct sunlight. Furthermore, the 
reduction in particle size increases the total surface area of 
the stem, which facilitates solvent penetration during the 
extraction process more effectively.  
Chemicals: Chemicals used in this study were 3,4-
Dihydroxy-L-phenylalanine (L-DOPA) (Sigma Aldrich, 
USA), aluminum chloride, chloral hydrate, dimethyl 
sulfoxide (DMSO), distilled water, ethanol (analytical 
grade), hydrochloric acid, kojic acid (Sigma Aldrich, USA), 
mushroom tyrosinase enzyme (Sigma Aldrich, USA), N-
succinyl-(Ala)3-p-nitroanilide (SANA) substrate (Sigma 
Aldrich, USA), Porcine Pancreatic Elastase (PPE) E1250 
(Sigma Aldrich, USA), potassium dihydrogen phosphate, 
quercetin (Sigma Aldrich, USA), sodium acetate, sodium 
hydroxide, and Trizma® base (Sigma Aldrich, USA). 
Characterization of L. oppositifolia: L. oppositifolia 
stem powder was characterized to verify its identity. 
The evaluation included macroscopic analysis and 

microscopic examination using a light microscope (Nikon 
Eclipse E200, Japan) and a scanning electron microscope 
(SEM). The L. oppositifolia stem powder was dropped with 
the 70% chloral hydrate solution and then gently warmed 
prior to the observation under a light microscope. Moreover, 
L. oppositifolia stem powder was further examined under 
SEM with 130X and 500X magnifications. 
Extraction: Stems of L. oppositifolia were first sorted, 
cleaned, and then air-dried at room temperature for 
approximately one week. Then, the dried stem was ground 
using a mechanical grinder to obtain a fine powder (Fig. 1). 
To determine an optimal extraction procedure, we compared 
two traditional methods (maceration and reflux) with two 
modern techniques, which are UAE and MAE (Bitwell et 
al. 2023). All extraction methods were conducted in five 
replications. The extract was used for characterization by 
microscopic examination and the extraction process 
Maceration: The extraction was performed using three 
cycles of cold maceration with 10 g of stem powder. In each 
cycle, the powder was mixed with 70% ethanol (1:10 w/v) 
and left for 24 h, with occasional shaking. After each cycle, 
the liquid was collected, and the remaining powder was 
treated with fresh ethanol for the next cycle. When all cycles 
were finished, the liquids were combined, filtered, and the 
ethanol was removed using a rotary evaporator (Buchi 
Rotavapor-205, Switzerland) and a water bath to obtain the 
crude extract (Ariestanti et al. 2024). 
Reflux: Reflux extraction was conducted in three cycles. In 
each cycle, 10 g of stem powder were heated with 70% 
ethanol (1:10 w/v) at 80°C for 1 h. Fresh solvent was used for 
each cycle. After all cycles were finished, the liquids were 
combined, filtered, and the ethanol was removed using a 
rotary evaporator (Buchi Rotavapor-205, Switzerland) and a 
water bath to obtain the crude extract (Xing and Wang 2021). 
Ultrasound-assisted extraction (UAE): For the UAE 
method, 10 g of stem powder was mixed with 70% ethanol 
(1:30 w/v) and treated with ultrasound in three separate 30 
min cycles. After sonication, the liquid extract was filtered, 
and the ethanol was removed using a rotary evaporator 
(Buchi Rotavapor-205, Switzerland) and a water bath to 
obtain the crude extract (Irawan et al. 2021). 
Microwave-assisted extraction (MAE): For MAE method, 
10 g of stem powder was mixed with 70% ethanol (1:30 
w/v) and exposed to microwave energy at 70% power for 10 
min in three cycles. After extraction, the liquid was filtered, 
and the ethanol was removed using a rotary evaporator 
(Buchi Rotavapor-205, Switzerland) and a water bath to 
obtain the crude extract (XiaoGeng et al. 2001). 
 
Evaluation of 70% ethanol extract of L. oppositifolia 
stems 
 
Extraction yield: The yield of crude extract obtained from 
each extraction method was calculated using the equation of 
Ngamkhae et al. (2022):  
 

Extraction yield (%) = !"#$%&'(	'*#+$,#	-'%./#	0+12	'$,/	2'#/1(
3%#4'$	15514%#%016%$	7%""4	4#'24	51-('+	-'%./#

× 100%                (1) 
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Determination of total flavonoid content: The total 
flavonoid content was measured using the aluminium 
chloride colorimetric method, with quercetin as the 
reference standard (Ditjen 2017; Shraim et al. 2021). 
Quercetin was prepared in ethanol at concentrations of 3–9 
µg/mL. For the samples, 0.15 g of extract was dissolved in 
ethanol, sonicated for 30 min, and filtered. Then, 0.5 mL of 
the sample solution was mixed with 1.5 mL of ethanol, 0.1 
mL of 10% aluminium chloride, 0.1 mL of 1 M sodium 
acetate and 2.8 mL of distilled water. The mixtures were 
vortexed and left at room temperature for 30 min before 
measuring the absorbance at 438 nm using a UV–Vis 
spectrophotometer T80+ (PG Instruments Ltd., UK) 
(Sembiring et al. 2018; Ladeska et al. 2022; Nicolescu et al. 
(2025). The total flavonoid content was calculated using the 
following expression. 
 

Total flavonoid content (mg equivalent/g sample) =  
quercetin equivalent concentration (µg/mL) × dilution factor × volume (mL)

extract weight (g) × 1000
           (2) 

 
In vitro bioactivity assay 
 
The inhibitory activity of the 70% ethanol stem extract was 
then tested against both tyrosinase and elastase. The extract 
prepared via maceration was used for the anti-tyrosinase 
assay, whereas the anti-elastase assay utilised the extract 
obtained through UAE. 
Inhibition assay for tyrosinase activity: The tyrosinase 
enzyme concentration was optimized within the range of 
75–333 U/mL, while the L-DOPA substrate concentration 
was measured between 1 and 6.5 mM. The reaction was 
conducted by adding 120 μL of 0.5 mM phosphate buffer 
(pH 6.5), 40 μL of L-DOPA solution and 40 μL of 

tyrosinase solution into each well of a microplate. The 
mixture was subsequently incubated for 30 min at 25°C and 
agitated for 60 sec before the measurement at 490 nm with 
the microplate reader (VersaMax, Molecular Devices, USA). 

For the tyrosinase inhibition assay, a reaction mixture 
was prepared in each well by adding 80 μL of 50 mM 
phosphate buffer (pH 6.5), 40 μL of 4 mM L-DOPA 
solution, and 40 μL of 75 U/mL tyrosinase solution. To this 
mixture, 40 μL of either kojic acid solution (final 
concentrations of 4–12 μg/mL) or the extract solution (final 
concentrations of 300 and 600 μg/mL) was added and then 
incubated for 30 min at 25°C, followed by agitation for 60 
sec. The absorbance was measured at 490 nm using a 
microplate reader (VersaMax, Molecular Devices, USA). A 
sample control (without tyrosinase) and a blank (without 
enzyme and sample) were also measured. All experiments 
were conducted in triplicate (Ambarwati et al. 2021, 2022). 
The percentage of tyrosinase inhibition was calculated using 
the following expression. 
 

Inhibition (%) = Absorbance of (Blank - blank without enzyme) - (Sample - sample without enzyme) 
Absorbance of (Blank - blank without enzyme) 

       (3) 
 

Inhibition assay for elastase activity: Before the inhibition 
assay, the porcine pancreatic elastase (PPE) concentration, 
SANA substrate concentration, and incubation time were 
optimised. The amount of enzyme was added to 200 µL 
Tris-HCl buffer (pH 8) with final concentrations of 0.0110–
0.0330 U/mL and then incubated at 25°C for 20 min. The 
SANA substrate was then added to achieve final 
concentrations of 0.0650–0.2275 mM and incubated for 
30 min at 25°C. For incubation time optimisation, Tris-HCl 
buffer and 0.22 U/mL enzyme were added, followed by 
1.3 mM SANA substrate, and incubated at 25°C for 5–
60 min. Absorbance was measured at 405 nm using a 
microplate reader (VersaMax, Molecular Devices, USA). 
 For elastase inhibition assay, 30 µL of quercetin (final 
concentrations 1.5 – 13.5 µg/mL) or sample (final 
concentrations 15 and 60 µg/mL) was added to 120 µL of 
100 mM Tris-HCl buffer (pH 8) and 20 µL of porcine 
pancreatic elastase (0.22 U/mL) in each well, followed by 
incubation at 25°C for 20 min. Subsequently, 30 µL of 
1.3 mM SANA substrate was added and incubated for an 
additional 50 min. Absorbance was measured at 405 nm 
using a microplate reader (VersaMax, Molecular Devices, 
USA). A sample control was prepared for each test 
concentration without the enzyme, and a blank control was 
prepared without both elastase and the test sample. All 
experiments were performed in three replications. The 
percentage of elastase inhibition was calculated using Eq. 3 
(Desmiaty et al. 2018; Kim et al. 2016). 
 
Statistical Analysis 
 
To determine the significance of each parameter, extraction 
yield and total flavonoid content data were analysed by 
using GraphPad Prism 9.0 with a one-way analysis of 
variance (ANOVA) followed by a Tukey HSD post hoc test. 

 
 
Fig. 1: Macroscopic observation of L. oppositifolia stem powders 
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For the tyrosinase and elastase inhibition assay, data were 
analysed using a two-tailed Student’s t-test with GraphPad 
Prism 9.0. The data were expressed as the mean ± SD. A < 5% 
probability showed a significant difference between the groups. 
 
Results 
 
Characterization of L. oppositifolia 
 
The L. oppositifolia stems were sorted, cleaned, and air-dried 
at room temperature for approximately one week. 
Subsequently, the L. oppositifolia stems were ground into a 
powder using a mechanical grinder. The grinding process 
produced a fine, brown powder from the L. oppositifolia stems. 

The optical microscope imaging confirmed the 
specific fragments of the L. oppositifolia stem, which can be 
utilised as identification and standardisation (Fig. 2). In the 
outermost layer, the epidermal tissue with rectangular cells 
was identified (Fig. 2A). Moreover, parenchymatous tissue 
was found to be orange-brown pigmented cells (Fig. 2B). 
Furthermore, the periderm was represented by quadrangular 
and pentagonal layers of cork cells with morphologies (Fig. 
2C). In addition, the vascular bundles observed had 
thickened dots (Fig. 2D) and the fibers containing brownish 
pigments were observed in Fig. 2E–F. The microscopic 
analysis further revealed the presence of stone cells or 

sclereids with highly thickened and lignified walls (Fig. 
2G), as well as prismatic calcium oxalate crystals (Fig. 2H). 

The microscopic analysis of the L. oppositifolia stem 
was further performed under SEM to investigate the detailed 
fragments. The photographs revealed several key tissue 
types with distinct morphological characteristics, including 
fiber, parenchyma, and sclereids. Fiber fragments were 
characterized by an elongated morphology with tapering 
ends and were observed to be arranged both individually 
and in clusters (Fig. 3A with blue arrow). Moreover, the 
ground tissue was composed predominantly of parenchyma, 
characterized by thin-walled cells containing various 
organic and inorganic compounds, as indicated by pinkish-
colored patches (Fig. 3B with yellow arrow). Among the 
parenchyma cells are clusters of sclereids with irregular 
morphology, varying in size, and having heavily lignified 
secondary walls (Fig. 3A with green arrow). 
 
Extraction of L. oppositifolia 
 
In this present study, we examined the extraction process, 
both conventional and modern extraction, on the extraction 
yield. As shown in Fig. 4, the reflux method exhibited a 
significantly higher (P < 0.05) extraction yield (5.22% ± 
0.10%) compared to maceration (4.64% ± 0.35%) and 

 
 
Fig. 2: Microscopic observation of L. oppositifolia stems powder 
by using an optical microscope. (A) Epidermis (blue arrow), (B) 
Parenchyma containing orange pigment (yellow arrow), (C) Cork 
cells (grey arrow), (D) Vascular bundle with pitted thickening (red 
arrow), (E–F) Fibers (green arrow), (G) Stone cells (sclereids) 
(purple arrow) and (H) Prismatic calcium oxalate crystals (pink 
arrow) 

 
 
Fig. 3: Microscopic observation of L. oppositifolia stems by using 
a scanning electron microscope. (A) fibers (blue arrow) and 
sclereids (green arrow) within 130X magnification and (B) 
parenchyma cells (yellow arrow) within 500X magnification 
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modern extraction processes. Moreover, MAE exhibited a 
significantly higher (P < 0.05) extract yield (4.73% ± 
0.28%) compared to UAE (3.67% ± 0.20%) (P < 0.05). 
 
Total flavonoid content of L. oppositifolia 
 
The determination of total flavonoid content in the stem of 
L. oppositifolia was quantified using the aluminum chloride 
colorimetric method, by using quercetin at the maximum 
absorbance wavelength (λ max) of 438 nm (Fig. 5A). This 
wavelength was subsequently used for further 
measurements. The data from the calibration curve yielded a 
linear regression equation of y = 0.0756x + 0.0108, with a 
high correlation coefficient (r2) of 0.9994 (Fig. 5B). 

The total flavonoid content in the 70% ethanolic stem 
extract of L. oppositifolia was slightly higher when using 
the maceration method (2.80 ± 0.42 mg equivalent/g 

extract) compared to the reflux and UAE methods (Fig. 6). 
The reflux extraction exhibited only 2.61 ± 0.06 mg 
equivalent/g extract. Furthermore, the modern extraction 
methods showed a lower value compared to the 
conventional methods, both maceration and reflux. UAE 
showed only 2.39 ± 0.03 mg equivalent/g extract; whereas 
MAE exhibited 1.69 ± 0.01 mg equivalent/g extract (P < 
0.05).  
 
Inhibition assay for tyrosinase activity of 70% ethanol 
extract of L. oppositifolia by using the conventional 
extraction methods 
 
A preliminary tyrosinase enzyme assay was conducted to 
determine the optimal conditions between the tyrosinase 
enzyme and L-DOPA substrate. The enzyme concentration 
was optimized in the range of 75–333 U/mL, with only 75 
U/mL yielding an absorbance within the range of 0.2–0.8 
nm (Fig. 7A). Therefore, this concentration was selected for 
the tyrosinase inhibition assay on the positive control and 
samples. Furthermore, the L-DOPA substrate concentration 
was optimized in the range of 1– 6 mM using 75 U/mL of 
tyrosinase enzyme. According to Fig. 7B, the absorbance 
gradually increased at 1 to 3 mM, whereas no significant 
change was observed at 4 to 6 mM, indicating that the 
enzyme was saturated with substrate and the reaction rate 
had reached a steady-state condition. 

To evaluate the tyrosinase inhibition assay, kojic acid 
was used as a positive control due to its well-characterized 
competitive inhibitor of tyrosinase. Based on Fig. 7C, kojic 
acid at concentrations of 4–12 µg/mL produced an IC50 of 

 
 
Fig. 4: Extraction yield of 70% ethanol of L. oppositifolia Stems. 
Data represent mean ± SD (n = 5). *) P < 0.05 represents a 
significant difference between groups 

 
 
Fig. 5: UV-Vis analysis of quercetin standard for total flavonoid 
content determination. (A) Absorption spectrum and (B) 
Calibration curve of quercetin standard solution at 438 nm 
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5.55 µg/mL (R2 = 0.9985), demonstrating its strong inhibitory 
effect on tyrosinase activity. Present work revealed that 70% 
ethanolic stem extract of L. oppositifolia, obtained through 
the maceration, exhibited a significant and dose-dependent 
inhibitory effect against tyrosinase (Table 1). A twofold 
increase in concentration of extract from 300–600 µg/mL 
resulted in enhanced enzymatic inhibition from 8.62 ± 
0.65% to a statistically significant 16.46 ± 1.00% (P < 0.05). 
 
Inhibition assay for elastase activity of 70% ethanol 
extract of L. oppositifolia. by using the conventional 
extraction methods 
 
The preliminary elastase enzyme assay included the 
optimization of enzyme concentration, substrate 
concentration, and incubation time. Optimization of porcine 
pancreatic elastase enzyme concentration in the range of 
0.0110–0.0330 U/mL showed a progressive increase in 
absorbance, with the optimum concentration determined at 
0.022 U/mL (Fig. 8A). Moreover, the optimization of 
SANA substrate concentration was carried out in the range 
of 0.0650 – 0.2275 mM. The absorbance increased 
significantly up to 0.1950 mM, after which, a decline was 
observed at higher concentrations, indicating enzyme 

saturation by the substrate (Fig. 8B). Therefore, the 
substrate concentration of 0.195 mM was determined as the 
optimum substrate concentration. Additionally, optimization 
of incubation time was performed using the previously 
determined optimal concentrations of enzyme (0.022 U/mL) 
and substrate (0.195 mM). Fig. 8C showed that the 
absorbance increased progressively with incubation time, 
showing a significant rise between 10–50 min and reaching 
a plateau at 55 min. Therefore, 50 min was selected as the 
optimum incubation time for the elastase inhibition assay. 

Elastase inhibition by quercetin, as the positive 
control, was evaluated at various concentrations, ranging 
from 1.5 to 13.5 µg/mL. The elastase inhibition assay 
revealed that quercetin has an IC50 value of 4.8816 µg/mL, 
indicating strong inhibitory activity (Fig. 8D). Elastase 
inhibition by 70% ethanolic extract of L. oppositifolia stem 
was evaluated using the UAE extract, which had the highest 

 
 
Fig. 6: Total flavonoid content of 70% Ethanol of L. oppositifolia 
Stems. Data represent mean ± SD (n = 3). * P < 0.05 represents a 
significant difference between groups 

 
 
Fig. 7: Optimization of tyrosinase inhibition assay. (A) Enzyme 
concentration optimization with L-DOPA 3 mM, (B) L-DOPA 
optimization with enzyme tyrosinase 75 U/mL and (C) Tyrosiase 
inhibition by kojic acid. Data represents mean ± SD (n = 3) 
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flavonoid content. The assay was performed at 15 and 
60 µg/mL, demonstrating a statistically significant (P < 
0.05) and dose-dependent inhibitory effect on elastase 
activity, with elastase inhibition of 11.78 ± 0.60 and 15.63 ± 
0.08%, respectively (Table 2).  

Discussion 
 
The microscopic images showed specific fragments of the 
L. oppositifolia stem compared to other species. Epidermis, 
parenchyma, and vascular bundles were observed only in L. 
oppositifolia, whereas starch grains were only found in L. 
chinensis (Aeri et al. 2020). Stone cells, fibers, and calcium 
oxalate crystals, however, were present in both species. The 
microscopic images showed specific fragments in L. 
oppositifolia stem compared to other species. Epidermis, 
parenchyma, and vascular bundles were observed only in L. 
oppositifolia, whereas starch grains were only found in L. 
chinensis (Aeri et al. 2020). Stone cells, fibers, and calcium 
oxalate crystals, however, were present in both species. 

Maceration and reflux were conducted as conventional 
methods to extract the stem powder of L. oppositifolia 
because of their simplicity and cost-effectiveness compared 
to modern techniques. In addition, we also tested modern 
extraction methods, MAE and UAE, which are faster and 
more efficient (Bitwell et al. 2023). In our previous study, 
we found that flavonoids and phenolic compounds are the 
main antioxidants in the stem of L. oppositifolia. Because 
70% ethanol dissolves flavonoids well and is safe for 
traditional medicine use, we used it as the extraction solvent 
(Plaskova and Mlcek 2023).  

Reflux extraction showed the highest yield. Higher 
temperature in the reflux can enhance the extraction of 
secondary metabolites from plant matrix cells to the solvent. 
The lower viscosity and surface tension also help the 
compounds move into the solvent more easily (Mungwari et 
al. 2025). In our study, MAE exhibited a higher yield than 
UAE because microwaves provide more energy to break the 
plant cell walls. Both MAE and UAE produce heat, which 
stimulates the compounds to diffuse into the solvent 
(Chaves et al. 2020). However, excessive localized heating 
may also accelerate the degradation of flavonoids. 

In the present study, maceration exhibited the highest 
flavonoid content, probably because the room temperature 
can preserve flavonoid stability (Gao et al. 2022; 
Tourabi et al. 2025). Conversely, the reduced flavonoid 
content in other methods can be caused by thermal 

 
 
Fig. 8: Optimization of the elastase inhibition assay. (A) enzyme 
concentration optimization at incubation time of 30 mins, (B) 
substrate N-succinyl-(Ala)3-p-nitroanilide optimization at 
incubation time of 30 mins, (C) incubation time optimization with 
0.1950 mM substrate and (D) elastase inhibition by quercetin. 
Data represents mean ± SD (n = 3) 

Table 1: Tyrosinase inhibition assay of 70% ethanol extract of L. 
oppositifolia from the maceration method. Data represents mean ± 
SD (n = 3) 
 
Extract concentration (µg/mL) Tyrosinase inhibition (%) 
300 8.62 ± 0.65*) 
600 16.46 ± 1.00*) 
*) P < 0.05 represents a significant difference between groups 
 
Table 2: Elastase inhibition assay of 70% ethanol extract of L. 
oppositifolia from ultrasound-assisted extraction. Data represents 
mean ± SD (n = 3) 
 
Extract concentration (µg/mL) Elastase inhibition (%) 
15 11.78 ± 0.60*) 

60 15.63 ± 0.08*) 
*) P < 0.05 represents a significant difference between groups 
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degradation (Gao et al. 2022). In addition, localized high-
energy ultrasound and microwave can further degrade 
flavonoid content in the extract (Biesaga 2011). Hence, we 
further investigated the highest flavonoid content for 
conventional and modern extraction for the in vitro 
bioactivity assay. The maceration extract was further 
studied for the tyrosinase inhibition assay, whereas the 
elastase inhibition was evaluated using the UAE extract.  

Inhibition of tyrosinase activity was quantified by the 
accumulation of dopachrome from the enzymatic 
conversion of L-tyrosine to L-DOPA. The quantification of 
dopachrome was measured by using UV/Vis 
spectrophotometric absorbance at 490 nm (Fan et al. 2021) 
utilizing kojic acid as a positive control due to its ability to 
prevent the hydroxylation of L-tyrosine and the oxidation of 
L-DOPA to dopaquinone (Wang et al. 2022). L. 
oppositifolia stem extract showed a lower tyrosinase 
inhibition compared to kojic acid due to the presence of 
insufficient hydroxyl groups to stabilize the active site of 
tyrosinase. Another study revealed that rooibos (Aspalathus 
linearis) and longan peel (Dimocarpus longan) extracts 
display only weak tyrosinase inhibitory activity, achieving 
only around 7% at 500 µg/mL and 19.5 ± 0.6% at 
100 µg/mL, respectively, despite their abundance of potent 
antioxidants such as phenolics and flavonoids (Momtaz et 
al. 2008; Prasad et al. 2010). This could be because there 
are not enough hydroxyl groups to make strong bonds with 
the active site of the enzyme, which can change the 
conformation of tyrosinase (Liu et al. 2022). Interestingly, 
although the ethanolic extract of Sargassum polycystic did 
not block mushroom tyrosinase, it was still able to reduce 
tyrosinase activity and melanin production in B16F10 cells. 
In contrast, melanocyte tyrosinase is membrane-bound, 
which strongly indicates that screening for skin-whitening 
agents is more reliable using melanocyte-derived tyrosinase 
compared to mushroom tyrosinase (Chan et al. 2011). 

For the elastase inhibitor activity, we utilised quercetin 
as a positive control due to its non-competitive elastase 
inhibitory activity. The inhibition of elastase activity with 70% 
ethanolic stem extract of L. oppositifolia remained lower than 
that of quercetin. This result was supported by a study on 
Citrus unshiu, which showed that the fruit peels with the 
highest total flavonoid content had very low anti-elastase 
activity of 1–10% inhibition, while the flesh with lower 
flavonoid content exhibited significantly higher activity of 13–
29% (Eun et al. 2020). This may be attributed to the complex 
composition of crude extracts, whose constituents may not 
specifically interact with the elastase enzyme. Effective 
inhibition of elastase activity requires the presence of a catechol 
moiety on the B-ring of flavonoids, which plays a key role in 
modulating their inhibitory potential (Popoola et al.2015). 
 
Conclusion 
 
Conventional maceration and reflux methods yielded higher 
total flavonoid content and better preservation of flavonoid 

compounds compared to modern techniques (UAE and 
MAE), with maceration providing the optimal balance of yield 
and total flavonoid content. Furthermore, the maceration 
extract exhibited significant, dose-dependent tyrosinase 
inhibition, with an increase from 8.62 ± 0.65% to 16.46 ± 
1.00% at 300 to 600 µg/mL, respectively, despite being 
relatively lower than kojic acid (IC50 = 5.55 µg/mL). On the 
other hand, the UAE extract demonstrated a dose-dependent 
inhibition of the elastase enzyme with 11.78 ± 0.60% and 
15.63 ± 0.08% suppression at concentrations of 15 and 
60 µg/mL. However, its activity remained lower compared to 
quercetin (IC50 = 4.8816 µg/mL). These findings highlight the 
optimization of both conventional and modern extraction 
methods to maximize yield and bioactive potential for 70% 
ethanol L. oppositifolia stem extract, making it a promising 
candidate for future cosmeceutical applications. 
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