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ABSTRACT. Orthosiphon aristatus (Java tea) is a medicinal plant known for its high polyphenol content and antioxidant 
properties. Unlike previous studies that focused solely on solvent type or temperature, this study simultaneously optimizes 
temperature and pH extraction parameters to achieve maximal bioactive compound recovery. This study aimed to optimize 
extraction parameters—temperature and pH—to enhance polyphenol yield and antioxidant activity in methanolic extracts of 
Java tea leaves. Samples were extracted at temperatures ranging from 30 °C to 80 °C (pH 7) and pH levels from 2 to 6 (at 
room temperature). Total phenolic content (TPC) and total flavonoid content (TFC) were determined to quantify polyphenol 
levels, and antioxidant activity was evaluated using four complementary in vitro assays: DPPH, ABTS, FRAP, and CUPRAC. 
The highest TPC (9.68 mg GAE/g DW) and TFC (6.53 mg QE/g DW) were observed at 70 °C and 80 °C, 
respectively. Maximum antioxidant activities were observed at 70–80 °C and pH 2–3, with peak values of 102.71 µmol TE/g 
DW (ABTS), 101.9 µmol TE/g DW (FRAP), and 56.12 µmol TE/g DW (CUPRAC). A strong correlation was found between 
phenolic content and antioxidant capacity. These findings highlight the critical role of extraction conditions in maximizing the 
biofunctional potential of O. aristatus and support its application in pharmaceutical and nutraceutical formulations. The 
study provides a scientific basis for developing standardized extraction protocols to improve functional ingredient consistency 
in herbal product development. 
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INTRODUCTION  

Over the past few decades, there has been a global 
shift in disease prevalence from infectious diseases to 
chronic degenerative conditions. This epidemiological 
transition has prompted heightened interest in 
understanding the underlying mechanisms of chronic 
diseases, with oxidative stress emerging as a central 
pathogenic factor. Oxidative stress is caused by an 
imbalance between the excessive generation of 
reactive oxygen species (ROS) and the body’s 
antioxidant defense systems, leading to cumulative 
damage at the cellular and molecular levels. 
Numerous studies have established that oxidative 
stress contributes to the pathogenesis of a wide range 
of degenerative diseases, including cardiovascular 
disorders, type 2 diabetes mellitus, neurodegenerative 
diseases such as Alzheimer's and Parkinson's, certain 
cancers, and dysfunctions of the liver and kidneys 
(Baccouri & Rajhi, 2021; Korovesis et al., 2023; Prata 
et al., 2024; Kumari, 2023). 

To counteract oxidative stress and mitigate its 
deleterious consequences, exogenous antioxidants are 
often required to complement endogenous systems. 
Although synthetic antioxidants are readily available 
and often highly potent, they are increasingly 

associated with toxicological concerns and 
bioavailability limitations, raising questions about their 
long-term safety and therapeutic applicability (Zahra 
et al., 2024; Prata et al., 2024). Consequently, 
scientific and industrial communities have turned to 
natural antioxidants derived from plants, especially 
polyphenols and flavonoids, which are considered 
safer and offer broader health-promoting properties 
with fewer side effects (Hassanpour & Doroudi, 2023; 
Baccouri & Rajhi, 2021; Nardini, 2022; Zahra et al., 
2024). 

Among the wide array of medicinal plants 
investigated for their antioxidant 
potential, Orthosiphon aristatus, commonly known as 
Java tea, has garnered particular interest. This plant is 
native to Southeast Asia and has been traditionally 
used for its diuretic, anti-inflammatory, and 
antidiabetic properties. Its pharmacological activity 
has been attributed to the high concentrations of 
polyphenolic compounds such as rosmarinic acid, 
caffeic acid, sinensetin, eupatorin, and cirsimaritin 
(Guo et al., 2019; Kusmala et al., 2023; Sari et al., 
2023). In addition, O. aristatus contains orthosiphol 
A, a diterpene compound that has demonstrated 
strong α-glucosidase inhibitory activity, indicating its 
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potential role in glycemic regulation and diabetes 
management (Damsud et al., 2014; Wang et al., 
2022). These bioactive constituents contribute 
synergistically to the plant’s antioxidant, anti-
inflammatory, and hypoglycemic effects (Rekasih et 
al., 2021; Faramayuda et al., 2025). 

Despite its promising phytochemical profile, the 
practical application of O. aristatus in nutraceuticals 
and pharmaceuticals is challenged by the need for 
effective extraction methods that ensure both high 
yield and preservation of antioxidant bioactivity. The 
efficiency of extracting polyphenols from plant 
matrices is highly dependent on process parameters 
such as solvent type, extraction temperature, and pH. 
Elevated temperatures generally improve solubility 
and facilitate the breakdown of plant cell walls, 
thereby enhancing polyphenol release (Vuong et al., 
2010). However, excessive heat may lead to the 
degradation or oxidation of thermolabile compounds 
such as certain phenolic acids and flavonoids (Artika 
et al., 2018; Hwang & Nhuan, 2014). Likewise, 
solvent pH influences polyphenol solubility, ionization 
state, and oxidation–reduction balance, which can 
alter both yield and bioactivity (Antony & Farid, 2022; 
Hamad & Hartanti, 2023). 

Given the significant impact of these parameters, 
the optimization of extraction conditions is essential to 
maximize the recovery of functional compounds while 
maintaining their stability and biological effectiveness. 
However, most prior studies have examined extraction 
parameters such as temperature or pH in isolation. For 
example, studies have either focused on solvent 
composition and concentration, or temperature 
gradients, without considering interactive effects. 
Moreover, limited attention has been given to how pH 
modulation might affect the solubility and oxidative 
stability of key polyphenolic compounds (Motikar et 
al., 2020; Purnomo et al., 2023). 

Emerging research highlights the need for more 
integrative approaches to extraction optimization. 
Recent findings suggest that the combination of high 
temperature and acidic pH could be particularly 
effective in enhancing polyphenol extraction, provided 
degradation is minimized (Mai et al., 2020; 
Faramayuda et al., 2025). Nevertheless, few studies 
have systematically investigated these parameters 
together in a controlled and comparative manner, 
which restricts the ability to establish standardized 
protocols for industrial or pharmaceutical use. 
Addressing these knowledge gaps is essential for 
improving the consistency, efficacy, and scalability 
of O. aristatus as a functional ingredient in health-
promoting formulations. 

In light of these considerations, the present study 
was designed to evaluate the combined effects of 
extraction temperature and pH on the total phenolic 
and flavonoid content, as well as antioxidant activity, 
of methanolic extracts from O. aristatus leaves. By 
simultaneously optimizing two critical parameters 

under controlled experimental conditions, this study 
aims to establish a scientific foundation for the 
development of standardized extraction protocols. 
Furthermore, it seeks to validate the correlation 
between polyphenol content and antioxidant activity 
using four complementary antioxidant assays: DPPH, 
ABTS, FRAP, and CUPRAC. The findings are expected 
to support the practical application of O. aristatus in 
the formulation of high-quality nutraceuticals and 
plant-based therapeutics. 
 
EXPERIMENTAL SECTION 
Chemicals and Reagents 

All analytical grade chemicals were used as 
obtained from the suppliers. Methanol (pro-analysis), 
Folin–Ciocalteu reagent (a mixture of 
phosphomolybdic-phosphotungstic acid complexes), 
gallic acid, ammonium acetate buffer, CuCl₂, K₂S₂O₈, 
neocuproine, AlCl₃, FeCl₃, HCl, NaOH, and quercetin 
were obtained from Merck-Millipore (Darmstadt, 
Germany). Trolox, ABTS, DPPH, sodium carbonate, 
and glacial acetic acid were procured from Sigma-
Aldrich (St. Louis, MO, USA). Additional reagents such 
as 2,4,6-tripyridyl-s-triazine (TPTZ) and acetic acid 
were purchased from Sisco Research Laboratories Pvt. 
Ltd. (Maharashtra, India).  

Sample Preparation 
Leaves of O. aristatus were sourced from the 

Tropical Biopharmaca Research Center at IPB 
University, Bogor, Indonesia. The plant material was 
dried at 50 °C for 48 hours and then ground to a fine 
powder, which was subsequently passed through an 
80-mesh sieve for uniformity.  

Extraction Conditions and Design 
Five grams of the dried Java tea leaf powder were 

extracted using maceration with 50 mL of 50% 
methanol in a ratio of 1:10 (w/v) for 24 hours at 
various temperatures (30, 40, 50, 60, 70, and 80 °C) 
at neutral pH in a water bath shaker (Memmert, 
Schwabach, Germany). For pH optimization, 
maceration was conducted at room temperature using 
0.1 M HCl to achieve the desired pH levels (2, 3, 4, 5, 
and 6). Post-extraction, the mixture was filtered 
through Whatman No.1 filter paper and adjusted to a 
final volume of 50 mL (0.1 g/mL extract 
concentration). 

Total Phenolic Content (TPC) 
TPC was determined using the Folin–Ciocalteu 

method with gallic acid as the standard, as described 
by Khumaida et al. (2019). A standard curve (25–100 
ppm gallic acid) was prepared. In a 96-well 
microplate, 20 μL of extract was added to 120 μL of 
10% Folin–Ciocalteu reagent and incubated for 5 
minutes in the dark. Then, 80 μL of 10% Na₂CO₃ was 
added, followed by 30 minutes of incubation at room 
temperature. Absorbance was measured at 750 nm 
using a SPECTROstarNano spectrophotometer (BMG 
LABTECH, Germany). Results were expressed as mg 
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gallic acid equivalents per gram dry weight (mg 
GAE/g DW). 

Total Flavonoid Content (TFC) 
TFC was assessed using a modified method from 

Khumaida et al. (2019) with quercetin as the standard 
(100–900 ppm). In a 96-well plate, 10 μL of extract 
was mixed with 60 μL methanol, 10 μL of 10% AlCl₃, 
10 μL of 1 M glacial acetic acid, and 120 μL distilled 
water. After 30 minutes of incubation at room 
temperature, absorbance was recorded at 415 nm. 
Results were expressed in mg quercetin equivalents per 
gram dry weight (mg QE/g DW). 

DPPH Radical Scavenging Assay 
DPPH antioxidant capacity was determined based 

on Arista et al. (2022), using Trolox as standard (10–
50 μM). In a 96-well plate, 100 μL of extract or Trolox 
solution was added to 100 μL of 125 μM DPPH 
solution. After 30 minutes of incubation in the dark, 
absorbance was measured at 517 nm. Results were 
expressed in µmol Trolox equivalents per gram dry 
weight (µmol TE/g DW). 

ABTS Radical Scavenging Assay 
Following Nurcholis et al. (2022), ABTS solution 

was mixed with potassium persulfate and incubated 
overnight. In a 96-well plate, 20 μL of extract or Trolox 
(50–500 μM) was added to 180 μL of ABTS solution. 
After 6 minutes incubation in the dark, absorbance 
was read at 734 nm. Results were reported as µmol 
TE/g DW. 

FRAP Assay 
FRAP capacity was assessed as per Arista et al. 

(2022) using Trolox standards (100–700 μM). A 
mixture of 10 μL sample and 300 μL FRAP reagent was 
incubated for 30 minutes. Absorbance was measured 
at 593 nm. Results were expressed in µmol TE/g DW. 

CUPRAC Assay 
Following Nurcholis et al. (2021), CUPRAC 

antioxidant activity was measured by mixing 50 μL of 
sample or Trolox (50–600 μM) with 50 μL CuCl₂, 50 
μL neocuproine, and 50 μL ammonium acetate buffer. 
After 30 minutes, absorbance was read at 450 nm. 
Results were expressed in µmol TE/g DW. 

Statistical Analysis 
All data were expressed as mean ± standard 

deviation (n = 3) and analyzed using IBM SPSS version 
25. One-way ANOVA and Tukey's post hoc test (α = 
0.05) were used to identify significant differences. 
Pearson correlation analyses between polyphenol 
content and antioxidant activity were conducted using 
GraphPad Prism version 9. 
 
RESULTS AND DISCUSSION 
Effect of Extraction Temperature and pH on Phenolic 
and Flavonoid Contents 

As shown in Figure 1, the total phenolic content 
(TPC) and total flavonoid content (TFC) of O. 
aristatus leaf extracts were significantly influenced by 

extraction temperature. The TPC increased with 
temperature and reached its maximum value of 9.68 
mg GAE/g DW at 70 °C, followed by a slight decline 
at 80 °C. In contrast, the TFC continued to increase 
and peaked at 80 °C with a value of 6.53 mg QE/g 
DW. This difference indicates that certain flavonoid 
compounds exhibit higher thermal stability than some 
phenolic acids, which are more susceptible to heat-
induced degradation. Elevated extraction 
temperatures enhance the solubility of phenolic and 
flavonoid compounds, promote disruption of plant cell 
wall structures, and reduce solvent viscosity, thereby 
improving mass transfer efficiency from the plant 
matrix into the solvent (Liao et al., 2021; 
Supasatyankul et al., 2022; Safrina et al., 2022). 
These mechanisms explain the enhanced recovery of 
polyphenols observed at 70–80 °C. Nevertheless, 
temperatures exceeding optimal levels may negatively 
affect compound stability. Several major phenolic 
constituents, including chlorogenic acid and gallic 
acid, have been reported to undergo significant 
thermal degradation at temperatures above 60 °C 
(Panyatip et al., 2022; Vargas-Sánchez et al., 2021), 
which likely accounts for the reduction in TPC at 80 °C. 
These findings are consistent with previous studies 
demonstrating that moderate heating improves 
extraction efficiency, whereas excessive thermal 
exposure can compromise the integrity of thermolabile 
bioactive compounds. Therefore, precise control of 
extraction temperature is crucial to achieving a 
balance between maximizing polyphenol yield and 
preserving antioxidant stability in O. aristatus extracts 
intended for nutraceutical and pharmaceutical 
applications. 

The pH of the extraction solvent significantly 
influenced both TPC and TFC in O. aristatus leaf 
extracts, as shown in Figure 2. The highest values were 
observed at pH 2, with TPC reaching 5.62 mg GAE/g 
DW and TFC at 1.79 mg QE/g DW. This enhancement 
under acidic conditions can be attributed to the 
protonation of hydroxyl groups in phenolic and 
flavonoid structures, which improves solubility and 
promotes stronger interactions with the solvent 
(Mikucka et al., 2022; Zhai et al., 2024). In addition, 
low pH facilitates the hydrolysis of ester bonds in 
phenolic glycosides and stabilizes these compounds by 
minimizing oxidative degradation (Motikar et al., 
2020; Mai et al., 2020). In contrast, TPC and TFC 
declined significantly above pH 3, likely due to 
increased oxidation, polymerization, or precipitation 
of phenolics in their deprotonated state, which reduces 
solubility and structural stability (Li et al., 2025). 
Although some reports suggest that pH values around 
5 may optimize antioxidant activity due to reduced 
polyphenol oxidase activity and improved compound 
stability (Lee et al., 2025), this study demonstrates that 
for O. aristatus, maximum extraction efficiency occurs 
under more acidic conditions. Compared to a previous 
study  using  Java tea  genotypes  without  pH  control,  
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Figure 1. Total phenolic content (A) and total flavonoid content (B) in methanolic extracts of O. aristatus (Java 
tea) leaves extracted at different temperatures (30–80 °C). Different letters (a–f) indicate significant differences 
according to Tukey’s post hoc test at p < 0.05. 

 

 
Figure 2. Total phenolic content (A) and total flavonoid content (B) in methanolic extracts of O. aristatus leaves 
at various pH levels (2–6). Different letters (a–d) represent significant differences based on Tukey’s post hoc test 
(p < 0.05). 

 
which reported TPC and TFC ranges of 1.79–8.46 mg 
GAE/g DW and 0.20–1.46 mg QE/g DW, respectively 
(Bovani et al., 2024), the current results indicate 
superior yields. These findings reinforce the 
importance of pH control as a critical parameter in 
designing extraction protocols aimed at maximizing 
polyphenol yield and stability in O. aristatus. 

Antioxidant Activity under Different Extraction 
Conditions 

The antioxidant activity of O. aristatus leaf 
extracts, evaluated through DPPH, ABTS, FRAP, and 
CUPRAC assays, showed significant variation across 
different extraction temperatures and pH conditions 
(Figures 3 and 4). The highest DPPH and ABTS values 
were recorded at 80 °C, with activities reaching 8.95 
µmol TE/g DW and 102.71 µmol TE/g DW, 
respectively. In contrast, maximum FRAP and CUPRAC 
activities were observed at 70 °C, with values of 101.9 
µmol TE/g DW and 56.12 µmol TE/g DW. These 
discrepancies are closely related to the underlying 
mechanisms of each assay. While DPPH and ABTS 
evaluate radical scavenging through hydrogen atom 
or electron donation to stabilize free radicals, FRAP 
and CUPRAC measure reducing power and electron 
transfer capability (Munteanu et al., 2021). The rise in 
antioxidant activity with increased temperature is 
largely attributable to enhanced extraction of phenolic 
compounds, facilitated by increased solubility and 

mass transfer at elevated thermal conditions (Ickovski 
et al., 2022; Irakli et al., 2021). These results 
corroborate prior evidence suggesting that phenolic-
rich extracts exhibit high antioxidant potential due to 
their redox-active hydroxyl groups and conjugated 
structures (Moreira et al., 2017). 

Under varying pH conditions, DPPH activity was 
highest at pH 3, with slightly lower but comparable 
values at pH 2 and 4. FRAP and CUPRAC assays 
showed optimal results at lower pH (2–3), indicating 
that acidic environments favor the extraction and 
stabilization of antioxidant constituents. Conversely, 
ABTS activity peaked at pH 6, likely due to the greater 
stability of the ABTS radical in near-neutral conditions, 
whereas its performance decreases in strongly acidic 
environments because of radical instability and 
spectral degradation (Tang & Zhuang, 2015; Ferri et 
al., 2013). These findings highlight the pH-dependent 
behavior of different assay systems and their 
interactions with extracted compounds. As the 
ionization state of phenolics changes with pH, their 
chemical reactivity and interaction with assay radicals 
also shift (Ronca et al., 2024; Uwineza et al., 2021). 
Additionally, structural features of individual phenolic 
compounds such as rutin and chlorogenic acid greatly 
influence assay responses, with certain compounds 
exhibiting superior scavenging or reducing power 
depending on the test used (Janiak et al., 2023; Mihai 
et al., 2025). 
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Figure 3. Antioxidant activity of O. aristatus leaf extracts under different temperature treatments (30–80 °C) 
evaluated using: DPPH (A), FRAP (B), ABTS (C), and CUPRAC (D) assays. Different letters (a–f) indicate statistically 
significant differences based on Tukey’s post hoc test (p < 0.05). 
 

 
Figure 4. Antioxidant activity of O. aristatus leaf extracts at varying pH levels (2–6) measured using DPPH (A), 
FRAP (B), ABTS (C), and CUPRAC (D) assays. Different letters (a–e) denote statistically significant differences 
based on Tukey’s post hoc test (p < 0.05). 
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Compared to previous studies using conventional 
or non-optimized methods (Chandra et al., 2023; Ho 
et al., 2014), the antioxidant activities recorded in this 
study were markedly higher, reflecting improved 
extraction efficiency through simultaneous 
optimization of temperature and pH. Although 
CUPRAC activity was slightly lower than that reported 
in phenotypic variation studies (Nurcholis et al., 2022), 
this variation may stem from differences in genotype, 
plant age, or solvent composition. Ultimately, these 
results affirm that carefully optimized extraction 
conditions are vital for maximizing antioxidant 
recovery from O. aristatus, and they offer a scientific 
basis for developing standardized procedures in 
herbal product formulation. 
Correlation Analysis 

Correlation analysis revealed substantial 
relationships between polyphenol content and 
antioxidant activity in O. aristatusextracts under both 
temperature and pH variations (Figures 5 and 6). 
Under temperature treatments, strong positive 
correlations  were  observed  between TPC and FRAP 
(r = 0.99), TFC and FRAP (r = 0.97), as well as 
between TPC  and CUPRAC (r = 0.97) and TFC and 
CUPRAC (r = 0.99). These results suggest that electron 
transfer-based assays such as FRAP and CUPRAC are 
highly responsive to the total electron-donating 
capacity of phenolic compounds, particularly those 
with polyhydroxylated  structures  that facilitate redox 
activity (Apak et al., 2016; Rainatou et al., 2023). In 
contrast, DPPH showed only moderate correlations 
with TPC (r = 0.61) and TFC (r = 0.69), indicating that 
steric accessibility, radical type, or specific compound 
reactivity may limit its sensitivity (Sadowska-Bartosz & 
Bartosz, 2022; Akpotu et al., 2023).  

Under pH variation, ABTS displayed a strong 
negative correlation with both TPC and TFC (r = –
0.93), likely due to the known instability of ABTS 
radicals in acidic media, which may compromise 
accurate measurement of scavenging activity (Ferri et 
al., 2013). Meanwhile, FRAP and CUPRAC maintained 
high positive correlations with polyphenol content 
under acidic conditions, underscoring their robustness 
in such environments. Additionally, the strong 
correlation between TPC and TFC under both 
temperature (r = 0.95) and pH (r = 0.85) conditions 
supports the notion that flavonoids constitute a major 
subclass within the broader group of phenolic 
compounds (Singh et al., 2016; Seleshe et al., 2022). 
Similar findings have been widely reported in the 
literature across different plant species, where TPC 
and TFC are consistently linked with antioxidant 
performance across multiple assay types (Al-Hajj, 
2021; Puangpronpitag et al., 2021; Monteiro et al., 
2022).  

For instance, studies on papaya seed and wild 
plant extracts reported near-perfect correlations (r ≈ 
0.999) between phenolic content and antioxidant 
activity  across  DPPH,  ABTS, and FRAP assays (Al-
Hajj, 2021; Seleshe et al., 2022). These findings 
emphasize that both the concentration and chemical 
structure of polyphenolic compounds significantly 
affect antioxidant performance, further validating the 
use of multi-assay approaches for comprehensive 
evaluation (Elejalde et al., 2022). The current study 
aligns with this broader evidence, reinforcing the 
pivotal role of phenolic and flavonoid compounds in 
determining antioxidant capacity and the necessity of 
optimized extraction strategies to capture their full 
functional potential.

 

 

Figure 5. Correlation matrix of polyphenol content and antioxidant capacity of methanol extract of 
Java tea leaves with different temperature treatments. 
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Figure 6. Correlation matrix of polyphenol content and antioxidant capacity of methanol extract of 
Java tea leaves with different pH treatments. 

 
CONCLUSIONS 

This study demonstrated that extraction 
temperature and pH significantly affect the phenolic 
and flavonoid contents as well as the antioxidant 
capacities of O. aristatus leaf extracts. Optimal results 
were observed at higher temperatures (70–80 °C) and 
acidic pH levels (2–3), leading to increased 
polyphenol yield and antioxidant activity, which are 
essential for ensuring extract quality and consistency. 
The correlation analysis confirmed a strong 
relationship between polyphenol content and 
antioxidant performance, particularly in FRAP and 
CUPRAC assays. These findings highlight the critical 
role of extraction parameters in enhancing the 
functional properties of Java tea and provide a 
scientific foundation for developing standardized 
protocols for industrial-scale extraction in 
nutraceutical and pharmaceutical formulations.  

 
CONFLICT OF INTEREST 

The authors declare no conflict of interest.  
 
ACKNOWLEDGMENTS 

The authors would like to thank the Department of 
Biochemistry and the Tropical Biopharmaca Research 
Center, IPB University, for the provision of plant 
materials and laboratory support.  
 
REFERENCES 
Akpotu, A. E., Ghasi, S. I., Ajibo, D. N., Ike, A. O., 

Akhator, A. J., Enya, J. I., & Onyeleonu, I. 
(2023). Free radical scavenging activity and 
phytochemical investigation of ethanol leaf 
extract of Dryopteris dilatata. Journal of 
Complementary and Alternative Medical 
Research, 22(2), 37–48. https://doi.org/ 
10.9734/JOCAMR/2023/v22i2455 

Al-Hajj, N. Q. M. (2021). In vitro evaluation of 
antimicrobial and antioxidant activity of Carica 
papaya L. Seeds grown in the Republic of 
Yemen. Electronic Journal of University of Aden 
for Basic and Applied Sciences, 2(3), 93-102. 
https://doi.org/10.47372/ejua-ba.2021.3. 103  

Antony, A., & Farid, M. (2022). Effect of temperatures 
on polyphenols during extraction. Applied 
Sciences, 12(4), 2107. https://doi.org/10. 
3390/app12042107 

Apak, R., Özyürek, M., Güçlü, K., & Çapanoğlu, E. 
(2016). Antioxidant activity/capacity 
measurement. 1. Classification, 
physicochemical principles, mechanisms, and 
electron transfer (ET)-based assays. Journal of 
Agricultural and Food Chemistry, 64(5), 997–
1027. https://doi.org/10.1021/acs.jafc.5b04 
739 

Arista, R., Priosoeryanto, B., & Nurcholis, W. (2022). 
Profile volatile compounds in essential oils on 
different parts of cardamom with antioxidant 
activity. Biointerface Research in Applied 
Chemistry, 13(4), 328. https://doi.org/ 
10.33263/briac134.328 

Artika, I. M., Ambarsari, L., & Nurcholis, W. (2018). 
Evaluasi faktor yang mempengaruhi ekstraksi 
rimpang temu ireng berdasarkan aktivitas 
penghambatan α-glukosidase (Evaluation of 
factors affecting the extraction of black turmeric 
rhizome based on α-glucosidase inhibitory 
activity). Jurnal Jamu Indonesia, 3(2), 75–79. 
https://doi.org/ 10.29244/jji.v3i2.57 

Baccouri, B., & Rajhi, I. (2021). Potential antioxidant 
activity of terpenes. In S. Perveen & A. M. Al-
Taweel (Eds.), Terpenes and terpenoids - Recent 
advances. IntechOpen. https://doi.org/10. 
5772/intechopen.96638  

https://doi.org/
https://doi.org/10.47372/ejua-ba.2021.3.%20103
https://doi.org/10
https://doi.org/10.1021/acs.jafc
https://doi.org/
https://doi.org/
https://doi.org/10


Molekul, Vol. 21. No. 1, March 2026: 109 – 118 

116 

Bovani, R. P., Liwanda, N., Batubara, I., Ambarsari, L., 
& Nurcholis, W. (2024). Phytochemical content 
and antioxidant capacity of ethyl acetate 
extracts from fifteen Orthosiphon aristatus 
leaves genotypes. Biodiversitas, 25, 763–
769. https://doi.org/10.13057/biodiv/d250236 

Chandra, M. A., Ambarsari, L., Syamsu, K., Fatimah, 
N., & Nurcholis, W. (2023). Increasing 
polyphenol antioxidant in Orthosiphon 
stamineus Benth leaves with fermentation 
extraction by Saccharomyces cerevisiae ATCC-
9763. Journal of Applied Biology & 
Biotechnology. https://doi.org/10.7324/jabb. 
2024.149026 

Damsud, T., Grace, M. H., Adisakwattana, S., & 
Phuwapraisirisan, P. (2014). Orthosiphol A 
from the aerial parts of Orthosiphon aristatus is 
putatively responsible for hypoglycemic effect 
via α-glucosidase inhibition. Natural Product 
Communications, 9(5). https://doi.org/ 
10.1177/1934578x1400900512 

Elejalde, E., Villarán, M. C., Armentia, I. L. d., Ramón, 
D., Murillo, R., & Alonso, R. M. (2022). Study of 
unpicked grapes valorization: A natural source 
of polyphenolic compounds and evaluation of 
their antioxidant capacity. Resources, 11(3), 33. 
https://doi.org/ 10.3390/resources11030033 

Faramayuda, F., Riyanti, S., Suryasaputra, D., 
Guntina, R. K., & Sukarno, W. A. (2025). 
Potential of Orthosiphon aristatus Blume Miq 
as larvicide and repellent (review). Current 
Traditional Medicine,11(5),166173. 
https://doi.org/10.2174/0122150838280257
240328084532 

Ferri, M., Gianotti, A., & Tassoni, A. (2013). 
Optimisation of assay conditions for the 
determination of antioxidant capacity and 
polyphenols in cereal food components. 
Journal of Food Composition and Analysis, 
30(2), 94–101. https://doi.org/10.1016/ 
j.jfca.2013.02.004 

Guo, Z., Liang, X., & Xie, Y. (2019). Qualitative and 
quantitative analysis on the chemical 
constituents in Orthosiphon stamineus Benth. 
using ultra high-performance liquid 
chromatography coupled with electrospray 
ionization tandem mass spectrometry. Journal 
of Pharmaceutical and Biomedical Analysis, 
164, 135–147. https://doi.org/10.1016/ 
j.jpba.2018.10.023 

Hamad, A., & Hartanti, D. (2023). Effects of extraction 
time on total phenolic and flavonoid contents 
and antioxidant activities of a polyherbal 
drink. IOP Conference Series: Earth and 
Environmental Science, 1200, 012047. 
https://doi.org/10.1088/17551315/1200/1/
012047 

Hassanpour, S. H., & Doroudi, A. (2023). Review of 
the antioxidant potential of flavonoids as a 

subgroup of polyphenols and partial substitute 
for synthetic antioxidants. PubMed, 13(4), 354–
376. https://doi.org/10.22038/ajp.2023. 
21774 

Ho, S., Tan, C., Thoo, Y., Abas, F., & Ho, C. (2014). 
Ultrasound-assisted extraction of antioxidants in 
misai kucing (Orthosiphon stamineus). 
Molecules, 19(8), 12640–12659. https://doi. 
org/10.3390/molecules190812640 

Hwang, E.-S., & Nhuan, D. T. (2014). Effects of 
extraction and processing methods on 
antioxidant compound contents and radical 
scavenging activities of laver (Porphyra tenera). 
Preventive Nutrition and Food Science, 19(1), 
40–48. https://doi.org/10.3746/pnf.2014.19. 
1.040 

Ickovski, J. D., Palić, I. R., Đorđević, A. S., Stankov 
Jovanović, V. P., Mitić, V. D., & Stojanović, G. 
S. (2022). Total phenolic content, antioxidant 
capacity, and antimicrobial activity 
of Origanum heracleoticum L., extracted with 
different solvents. Chemia Naissensis, 5(2), 36–
49. https://doi.org/10.46793/ChemN5.2.36I 

Irakli, M., Skendi, A., Bouloumpasi, E., Chatzopoulou, 
P., & Biliaderis, C. G. (2021). LC-MS 
identification and quantification of phenolic 
compounds in solid residues from the essential 
oil industry. Antioxidants, 10(12), 2016. 
https://doi.org/10.3390/antiox10122016 

Janiak, M. A., Karamac, M., Sulewska, K., Amarowicz, 
R., Denev, P., & Slavova-Kazakova, A. (2023). 
Phenolic profile and antioxidant potential of 
beverages from buckwheat and side streams 
after beverages production. Processes, 11(11), 
3205. https://doi.org/10.3390/pr11113205 

Khumaida, N., Syukur, M., Bintang, M., & Nurcholis, 
W. (2019). Phenolic and flavonoid content in 
ethanol extract and agro-morphological 
diversity of Curcuma aeruginosa accessions 
growing in West Java, Indonesia. Biodiversitas 
Journal of Biological Diversity, 20(3), 656–663. 
https://doi.org/10.13057/biodiv/d200306 

Korovesi, D., Rubio-Tomás, T., & Tavernarakis, N. 
(2023). Oxidative stress in age-related 
neurodegenerative diseases: An overview of 
recent tools and findings. Antioxidants, 12(1), 
131. https://doi.org/10.3390/antiox12010 131 

Kumari, R. (2023). Role of medicinal plants as 
antioxidants in the treatment of oxidative stress-
related human health disorders. Journal of 
Medicinal and Aromatic Plant Sciences, 45(1–
2), 28–33. https://doi.org/10.62029/ jmaps. 
v45i1.kumari 

Kusmala, Y. Y., Fathiyya, N., Khanza, N., Fatimah, A., 
& Riyanti, S. (2023). Potentials of the cat’s 
whisker plants (Orthosiphon aristatus) for 
kidney health. Journal of Health and Dental 
Sciences, 2(3), 387–404. 

https://doi.org/10.13057/biodiv/
https://doi.org/10.7324/jabb
https://doi.org/
https://doi.org/
https://doi.org/10.1016/
https://doi.org/10.1016/
https://doi.org/10.22038/ajp.2023
https://doi/
https://doi.org/10.3746/pnf.2014.19
https://doi.org/10.3390/antiox
https://doi.org/10.62029/


Optimization of Extraction Conditions   Dimas Febriyanto, et al. 

117 

Lee, Y.-C., Chiang, Y.-C., Chen, M.-H., & Chiang, P.-
Y. (2025). Micronization combined ultrasound-
assisted extraction enhances the sustainability 
of polyphenols from pineapple and lemon peels 
utilizing acidified ethanol. Foods, 14(16), 
2872. https://doi.org/10.3390/foods14162872 

Li, G., Bao, C., Zhang, H., & Bai, L. (2025). 
Ultrasound-assisted extraction of polyphenols 
from Lonicera japonicaleaves and their α-
glucosidase inhibition. Frontiers in Nutrition, 
12, 1542217. https://doi.org/10.3389/fnut. 
2025.1542217 

Liao, J., Guo, Z., & Yu, G. (2021). Process 
intensification and kinetic studies of ultrasound-
assisted extraction of flavonoids from peanut 
shells. Ultrasonics Sonochemistry, 76, 
105661. https://doi.org/10.1016/j.ultsonch.2
021.105661 

Mai, X., Liu, Y., Tang, X., Wang, L., Lin, Y., Zeng, H., 
Luo, L., Fan, H., & Li, P. (2020). Sequential 
extraction and enrichment of flavonoids from 
Euonymus alatus by ultrasonic-assisted 
polyethylene glycol-based extraction coupled to 
temperature-induced cloud point extraction. 
Ultrasonics Sonochemistry, 66, 105073. 
https://doi.org/10.1016/j.ultsonch.2020.105073 

Mihai, R. A., Vivanco Gonzaga, R. F., Cubi Insuaste, 
N. S., Maza Morocho, N. R., & Catana, R. D. 
(2025). Unveiling the antioxidant power and 
secondary metabolites of Tabebuia 
chrysantha (Jacq.) leaves and flowers from 
Ecuador. Pharmaceuticals, 18(5), 649. https:// 
doi.org/10.3390/ph18050649 

Mikucka, W., Zielinska, M., Bulkowska, K., & 
Witonska, I. (2022). Recovery of polyphenols 
from distillery stillage by microwave-assisted, 
ultrasound-assisted and conventional solid–
liquid extraction. Scientific Reports, 12, 
3232. https://doi.org/10.1038/s41598-022-
07322-0 

Monteiro, F., Shetty, S. S., Ranjitha, K., Shetty, V., 
Shetty, P., Patil, P., … & N., S. K. (2022). 
Phytochemical profiling, total flavonoid, total 
phenolic content and in-vitro antioxidant 
evaluation of Citrus maxima extract. 
Biomedicine, 42(5), 912-919. 
https://doi.org/10.51248/.v42i5.1883 

Moreira, M. M., Barroso, M. F., Boeykens, A., 
Withouck, H., Morais, S., & Delerue-Matos, C. 
(2017). Valorization of apple tree wood 
residues by polyphenols extraction: 
Comparison between conventional and 
microwave-assisted extraction. Industrial Crops 
and Products, 104, 210–220. 
https://doi.org/10.1016/j.indcrop.2017.04.038 

Motikar, P. D., More, P. R., & Arya, S. S. (2020). A 
novel, green environment-friendly cloud point 
extraction of polyphenols from pomegranate 
peels: a comparative assessment with 

ultrasound and microwave-assisted extraction. 
Separation Science and Technology, 56(6), 
1014–1025. https://doi.org/10.1080/ 
01496395.2020.1746969 

Munteanu, I. G., & Apetrei, C. (2021). Analytical 
methods used in determining antioxidant 
activity: A review. International Journal of 
Molecular Sciences, 22(7), 3380. https:// 
doi.org/10.3390/ijms22073380 

Nardini, M. (2022). Phenolic compounds in food: 
Characterization and health benefits. 
Molecules, 27(3), 783. https://doi.org/ 
10.3390/molecules27030783 

Noubigh, A. (2024). Thermodynamic modeling of the 
solid-liquid equilibrium of two phenolic 
compounds in several solvents at temperatures 
ranging from 283.15 K to 323.15 K. Bulletin of 
the Chemical Society of Ethiopia, 38(3), 799–
810. https://doi.org/10.4314/bcse.v38i3.19 

Nurcholis, W., Alfadzrin, R., Izzati, N., Arianti, R., 
Vinnai, B. Á., Sabri, F., Kristóf, E., & Artika, I. M. 
(2022). Effects of methods and durations of 
extraction on total flavonoid and phenolic 
contents and antioxidant activity of java 
cardamom (Amomum compactum Soland ex 
Maton) fruit. Plants, 11(17), 2221–2221. 
https://doi.org/10.3390/plants11172221 

Nurcholis, W., Mahendra, R., Fiorella, M., 
Khoirunnisa, S., Kurnia, M. A. C., & Harahap, 
H. H. (2022). Phytochemical, antioxidant and 
antibacterial screening of Orthosiphon 
stamineus leaf extract two phenotypes. Jurnal 
Jamu Indonesia, 7(3), 121–129. 
https://doi.org/10.29244/jji.v7i3.280 

Nurcholis, W., Sya’bani Putri, D. N., Husnawati, H., 
Aisyah, S. I., & Priosoeryanto, B. P. (2021). Total 
flavonoid content and antioxidant activity of 
ethanol and ethyl acetate extracts from 
accessions of Amomum compactum fruits. 
Annals of Agricultural Sciences, 66(1), 58–62. 
https://doi.org/10.1016/j.aoas.2021.04.001 

Panyatip, P., Padumanonda, T., Yongram, C., 
Kasikorn, T., Sungthong, B., & Puthongking, P. 
(2022). Impact of tea processing on tryptophan, 
melatonin, phenolic and flavonoid contents in 
mulberry (Morus alba L.) leaves: Quantitative 
analysis by LC-MS/MS. Molecules, 27(15), 
4979. https://doi.org/10.3390/molecules271
54979 

Prata, C., Angeloni, C., & Maraldi, T. (2024). 
Strategies to counteract oxidative stress and 
inflammation in chronic-degenerative diseases 
2.0. International Journal of Molecular 
Sciences, 25(9), 5026. https://doi.org/10. 
3390/ ijms25095026 

Puangpronpitag, D., Tankitjanon, P., Sumalee, A., & 
Konsue, A. (2021). Phytochemical screening 
and antioxidant activities of the seedling extracts 
from ınca peanut Plukenetia volubilis. 

https://doi.org/10.3389/fnut
https://doi.org/10.1016/j.ultsonch.2021.105661
https://doi.org/10.1016/j.ultsonch.2021.105661
https://doi.org/10.1080/
https://doi/
https://doi.org/10.%203390/
https://doi.org/10.%203390/


Molekul, Vol. 21. No. 1, March 2026: 109 – 118 

118 

Pharmacognosy Journal, 13(1), 52-58. 
https://doi.org/10.5530/pj.2021.13.8 

Purnomo, D., Putri, A. Y., Hisyam, H. M., Rimatunnisa, 
R., Indriani, D. R., Adinda, P. R., Hasanah, Y. 
R., & Hamad, A. (2023). Effect of drying method 
on antioxidant activity and total flavonoid 
content of Java tea crude drug (Orthosiphon 
aristatus). Research in Chemical Engineering 
(RiCE), 2(1), 29–33. https://doi.org/10. 
30595/rice.v2i1.87 

Rainatou, B., Belem-Kabré, W. L. M. E., Kaboré, B., 
Compaoré, S., Koala, M., & Ouédraogo, N. 
(2023). Phytochemical study and in 
vitro biological activities of Hibiscus 
panduriformis Burm. f. (Malvaceae), 
Alternanthera pungens Kunth 
(Amaranthaceae), and Wissadula rostrata 
(Schumach.) Hook. f. (Malvaceae). BioMed 
Research International, 2023, Article ID 
8289750. https://doi.org/ 10.1155/2023/ 
8289750 

Rekasih, M., Muhandri, T., Safithri, M., & Wijaya, C. 
H. (2021). Antihyperglycemic activity of Java 
tea-based functional drink-loaded chitosan 
nanoparticle in streptozotocin-induced diabetic 
rats. Hayati Journal of Biosciences, 28(3), 212–
222. https://doi.org/10.4308/hjb.28.3.212 

Ronca, C. L., Marques, S. S., Ritieni, A., Giménez-
Martínez, R., Barreiros, L., & Segundo, M. A. 
(2024). Olive oil waste as a source of functional 
food ingredients: Assessing polyphenolic 
content and antioxidant activity in olive 
leaves. Foods, 13(2), 189. https://doi.org/ 
10.3390/foods13020189 

Sadowska-Bartosz, I., & Bartosz, G. (2022). Evaluation 
of the antioxidant capacity of food products: 
methods, applications and limitations. 
Processes, 10(10), 2031. https://doi.org/10. 
3390/pr10102031 

Safrina, U., Wardiyah, & Cartika, H. (2022). 
Evaluation of total flavonoid, total phenolic, 
and antioxidant activity of Etlingera 
elatior (Jack) R.M.Sm flower, fruit, and 
leaf. Traditional Medicine Journal, 27(1), 51–
59. https://doi.org/10.22146/mot.72210 

Sari, I. P., Handayani, K. Y., Putri, T., & Suryaneta. 
(2023). Phytochemical screening and free 
radical-scavenging activity of Orthosiphon 
stamineus (cat whiskers) leaves. Indonesian 
Journal of Cosmetics, 1(1), 36–
41. https://doi.org/10.35472/ijcos.v1i1.1639 

Seleshe, S., Ameer, A., & Kang, S. N. (2022). 
Exploration of the antioxidant chemical 
constituents and antioxidant performance of 
various solvent extracts of eighteen 
plants. Preventive Nutrition and Food Science, 
27(2), 212–222. https://doi.org/10.3746/pnf. 
2022.27.2.212 

Singh, G., Passsari, A. K., Leo, V. V., Mishra, V. K., 
Subbarayan, S., Singh, B. P., Kumar, B., Kumar, 
S., Gupta, V. K., Lalhlenmawia, H., & 
Nachimuthu, S. K. (2016). Evaluation of 
phenolic content variability along with 
antioxidant, antimicrobial, and cytotoxic 
potential of selected traditional medicinal plants 
from India. Frontiers in Plant Science, 7. 
https://doi.org/10.3389/fpls.2016.00407 

Supasatyankul, B., Saisriyoot, M., Klinkesorn, U., 
Rattanaporn, K., & Sae-Tan, S. (2022). 
Extraction of phenolic and flavonoid 
compounds from mung bean (Vigna 
radiata L.) seed coat by pressurized liquid 
extraction. Molecules, 27(7), 2085. 
https://doi.org/10.3390/molecules27072085 

Tang, N., & Zhuang, H. (2015). Studies on the 
antioxidative stability of corn antioxidant 
peptide Leu-Pro-Phe. Journal of Chinese 
Institute of Food Science and Technology, 
15(2), 49–55. https://doi.org/10.16429/ 
j.1009-7848.2015.02.008 

Uwineza, P. A., Gramza-Michałowska, A., Bryła, M., 
& Waśkiewicz, A. (2021). Antioxidant activity 
and bioactive compounds of Lamium 
album flower extracts obtained by supercritical 
fluid extraction. Applied Sciences, 11(16), 
7419. https://doi.org/10.3390/app11167419 

Vargas-Sánchez, R. D., Torrescano-Urrutia, G. R., 
Torres-Martínez, B. M., Ríos-Rincón, F. G., 
Ibarra-Arias, F. J., & Sánchez-Escalante, A. 
(2021). Physicochemical, antioxidant, and 
antibacterial properties of heat-treated edible 
mushroom extracts. Acta Universitaria, 31, 
e3234. https://doi.org/10.15174/au.2021.3234 

Vuong, Q. V., Golding, J. B., Nguyen, M., & Roach, P. 
D. (2010). Extraction and isolation of catechins 
from tea. Journal of Separation Science, 
33(21), 3415–3428. https://doi.org/10.1002/ 
jssc.201000438 

Wang, Q., Wang, J., Li, N., Liu, J., Zhou, J., Zhuang, 
P., & Chen, H. (2022). A systematic review 
of Orthosiphon stamineus Benth. in the 
treatment of diabetes and its 
complications. Molecules, 27(2), 444. https:// 
doi.org/10.3390/molecules27020444 

Zahra, M., Abrahamse, H., & George, B. P. (2024). 
Flavonoids: Antioxidant powerhouses and their 
role in nanomedicine. Antioxidants, 13(8), 
922. https://doi.org/10.3390/antiox13080922  

Zhai, F.-H., Yan, M.-Q., & Wang, Y. (2024). Extraction 
optimization, identification using UPLC–tandem 
mass spectrometry, and antioxidant properties 
of polyphenols from the fruit body of Morchella 
sextelata. Journal of Food Science, 89, 9214–
9229. https://doi.org/10.1111/1750-
3841.17578 

 

https://doi.org/10
https://doi.org/
https://doi.org/
https://doi.org/10
https://doi.org/10.3746/pnf.%202022.27.2.212
https://doi.org/10.3746/pnf.%202022.27.2.212
https://doi.org/10.16429/
https://doi.org/10.1002/

