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ABSTRACT 

 
Antioxidants have the capacity to donate electrons, thereby neutralizing free radicals responsible for 

oxidative damage linked to various disease. Aquilaria malaccensis possesses strong antioxidant potential 
and is a promising herbal source due to its polyphenolic compounds. However, antioxidant compounds such 
as polyphenols are unstable and require optimized extraction methods. This study aimed to examine the 
impact of solvent polarity and extraction time on the antioxidant properties of A. malaccensis leaves. The 
leaves were standardized, subjected to phytochemical screening, and extracted using ethanol:water 
mixtures with varying polarity ratios (96:0 to 0:100) at 60–70°C for 30 minutes. Extraction time was further 
varied from 30 to 120 minutes using water at 90–100°C. Each extract was assessed for its antioxidant 
activity, total phenolic content (TPC) and total flavonoid content (TFC). The results of phytochemical 
screening showed that the standardized leaves contained all secondary metabolite components. All extracts 
exhibited high antioxidant activity (IC50 values ranging from 14.82 to 84.57 µg/mL), TPC (60.75 to 280.15 
mg GAE/g extract), and TFC (6.25 to 39.19 mg QE/ g extract). The highest antioxidant activity TPC, and TFC 
were obtained from extraction using ethanol: water (96:0) at 60-700C for 30 minutes. These findings 
suggest that solvent polarity and extraction time significantly influence the antioxidant capacity of                      
A. malaccensis extracts.     
Keywords: Antioxidant; Aquilaria malaccensis; Flavonoid; Phenolic; Phytochemical; Standardized 
 

INTRODUCTION  
Free radicals are molecules containing 

unpaired electrons within covalent bonds, 
unstable, highly reactive, and difficult to dissociate. 
These properties cause oxidative damage to 
biological macromolecules, including DNA, 
proteins, and lipids (Martemucci et al., 2022; 
Kumar et al., 2012). The interaction between 
reactive oxygen species (ROS) and biomolecules 
leads to gene mutations, disruption of enzyme 
activity, and changes in cell membrane 
permeability. Antioxidants can neutralize free 
radicals by donating electrons to stabilize the 
reactive species and oxidative damage 
(Martemucci et al., 2022; Kumar et al., 2012; Alok 
et al., 2014; Kasote et al., 2015).  

Plant-derived antioxidants are especially 
valuable, as increasing their intake can help 
prevent or reduce oxidative damage (Xu et al., 
2017). Natural antioxidants, especially phenolic 
acids and flavonoids, have significant                     
health      impacts.     Therefore,      standardization,  
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phytochemical screening, and optimization of 
extraction processes is essential to obtain highly 
active antioxidant compounds from plants 
(Hussein & El-Anssary, 2018; Roopan & 
Madhumitha, 2018). The growing public 
awareness and acceptance of herbal medicines 
have increased the need for standardization to 
ensure their quality, purity, efficacy, safety, and 
reproducibility (Kunle, 2012; Bhairam et al., 2013). 
Plant secondary metabolites are responsible for 
pharmacological activities, often acting 
individually or synergistically to promote health 
(Hoang et al., 2023). 

Hence, optimizing extraction processes to 
yield high concentrations of bioactive compounds 
is a key step in developing effective herbal 
medicine. Factors such as the solvent, temperature, 
time, liquid-to-solid ratio, and particle size of the 
analyte all contribute to the extraction process 
(Stephane et al., 2021; Wu        et al., 2011). The 
selection of solvents plays a critical factor in 
extraction, as solvents with polarity index similar 
to those of the solute improve extraction (Zhang et 
al., 2018). Higher temperatures can enhance 
solubility and solvent diffusion, but excessive heat 
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https://jurnal.ugm.ac.id/TradMedJ/index
http://creativecommons.org/licenses/by-nc-nd/4.0/


The Effect of Solvent Polarity and Extraction Time on The Antioxidant 

Majalah Obat Tradisional, 31(1), 2026  141 

may cause compound degradation or solvent 
evaporation. Similarly, the prolonged extraction 
time can improve efficiency, it does not affect the 
solute balance. Increasing the solid-to-solvent 
ratio can enhance extraction yield but may require 
more time to obtain the active compound. 
Conversely, smaller particle sizes facilitate solvent 
infiltration and solute diffusion (Zhang et al., 
2018).  

A. malaccensis, commonly known as 
agarwood, belongs to the genus Indo-Malayan 
Aquilaria in the family Thymelaecae (Mutha et al., 
2021; Kharnaior & Thomas, 2021). A. malaccensis 
is known source of antioxidant, and its leaves used 
for anti-infection, antibacterial, antidiabetic, anti-
inflammatory, anti-trypanosome, and anti-allergic 
(Kamaluddin et al., 2017; Fitriani & Erlyn, 2019; 
Apridamayanti et al., 2018; Nugraha & Ginting, 
2015; Dyary et al., 2014;  Korinek et al., 2016). The 
antioxidant activity is due to the presence of 
phenolic and flavonoid groups, including flavones, 
flavonols, and isoflavones (Nugraha & Ginting, 
2015). Polyphenols act by disrupting free radical 
chains, thereby protecting against oxidative 
damage-related disease.  However, polyphenol 
compounds have unstable and require an 
appropriate extraction methods (Sulaiman et al., 
2017). 

In this study, we investigate the 
phytochemical compound and the impact of 
solvent polarity and extraction time on 
antioxidants activity of A. malaccensis leaves. Prior 
to extraction, A. Malaccensis leave will undergo 
standardization and phytochemical screening. 
 

MATERIALS AND METHODS 
Materials 

The material used in this study were 
aluminum chloride (Merck), 96% ethanol (Smart 
Lab), ethyl acetate (Merck), DPPH (2,2-diphenyl-1-
picrylhydrazyl) (Sigma-Aldrich), gallic acid 
(Merck), methanol (Merck), plat silica gel 60 F254 
TLC (Merck), sodium carbonate (Merck), sodium 
acetate (Merck), phytochemical screening reagents 
including Dragendorff’s, Bouchardat’s, Mayer’s, 
amyl alcohol, FeCl₃, Liebermann–Burchard, 
Molisch, H₂SO₄ (Merck), potassium bromide 
(Sigma-Aldrich) and quercetin (Sigma-Aldrich). 

The instrument used in study were              
FTIR Spectroscopy (Prestige-21, Shimadzu), 
Spectrophotometer UV-Vis (UV-1800, Shimadzu), 
Rotary vacuum evaporator (RE-300, Stuart), and 
UV Lamp (UV Lamp 4, CAMAG®). 
 
 
 
 

Methods 
Sample Preparation 

A. malaccensis was obtained from Langkat, 
North Sumatera, Indonesia. The plants were 
authenticated at Herbarium Medanese, University 
of Sumatera   Utara.   Fresh   A.   malaccensis   were  
washed, sorted, washed with running water,         
and drained. Then, the leaves were dried at               
40-600C for 1-2 days. Then once the leaves          
dried, they were processed to powder. 

 
Fourier Transform Infrared (FTIR) Analysis 

The dry powder of A. malaccensis has been 
identified for the types of chemical bonds using 
FTIR spectroscopy. The sample was ground and 
forged with KBr (potassium bromide) powder with 
a comparison 1:100. The sample was loaded in 
FTIR Spectroscopy in the region 4,000-400 cm-1 

(Sumantri et al., 2020). 

 
Qualitative Phytochemical Profiling 

Phytochemical profiling was qualitatively 
performed using specific reagents: Dragendorff’s, 
Bouchardat’s, and Mayer’s for alkaloids; amyl 
alcohol for flavonoids; FeCl₃ for tannins; 
Liebermann–Burchard for steroids; hot water and 
shaking for saponins; and Molisch reagent with 
H₂SO₄ for glycosides. 

 
Standardization of A. malaccensis Leaves 

Standardization was carried out according 
to the Indonesian Herbal Pharmacopoeia                
with specific (authentication, organoleptic, 
macroscopic, microscopic, water-ethanol soluble 
content, chromatographic profile) and non-specific 
parameters (water, total ash, and acid insoluble 
ash content) and contamination (heavy metal, 
microorganism, and aflatoxin) (Kemenkes RI, 
2017).   

 
Extraction  

Extraction was performed based on solvent 
polarity variations and extraction time in high 
temperatures. The solvent polarity was varied 
using ethanol: water at ratios of 96:0, 60:40, 40:60, 
20:80, and 0:100 at 60-700C for 30 minutes. The 
effect of extraction time was evaluated for 30, 60, 
and120 minutes using water at 90-1000C. The 
solid-to-liquid ratio as fixed at 1:10 with uniform 
particle size. The extracts were concentrated using              
rotary evaporator at 50 ± 2°C the stored in          
bottle at 4°C in dark condition (Kemenkes RI, 
2017).  
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Chromatograph Profile of A. Malaccensis 
Extract  

The chromatography profile of A. 
malaccensis was carried out according to the 
Indonesian Herbal Pharmacopoeia. A. malaccensis 
was prepared in ethanol. The stationary and 
mobile phases were TLC Silica gel 60 F254 plate and 
ethyl acetate: methanol: water (100:13.5:10). The 
standard solution was 1,000 µg/mL quercetin in 
ethanol. 20 µl of A. malaccensis and 5 µl of standard 
solution were spotted in the TLC plate, then 
sprayed with AlCl3 and UV at 366 nm (Kemenkes 
RI, 2017). 

 
Antioxidant Activity  

The antioxidant activity was evaluated 
utilizing the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
scavenging method.  Respectively, 1 mL of 200 
𝜇g/mL DPPH solution in methanol was added to 4 
mL of extract with various concentrations in 
methanol, then shake it. After incubation for 30 
minutes at room temperature, the absorbance was 
recorded at 516 nm (Molyneux P, 2004). The IC₅₀ 
value was used to indicate antioxidant strength, 
and radical scavenging activity (%) was calculated 
using the formula below:  

𝐷𝑃𝑃𝐻 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%)

=
𝑎𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑎𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝑎𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 𝑥 100 

 

Total Phenolic Content (TPC) Evaluation 
TPC of each extract were evaluated through 

a Follin-Ciocalteu colorimetric method with 
reference standard using 500 µg/mL gallic acid in 
methanol. A standard curve was established from 
serial dilutions (0 to 500 µg/mL). Sample solutions 
in methanol were prepared at 1000 µg/mL and 
each solution (0.1 mL) was mixed with distilled 
aqua (7.9 mL) and Folin-Ciocalteu reagent (0.5 
mL). After vortex for 1 minute, 20% w/v Na2CO3 
solution (1.5 mL) was added. The mixtures were 
incubated for 90 minutes. The absorbance was 
determined at 765 nm. The results were calculated 
as milligrams of gallic acid equivalents (GAE) per 
gram of extract (Sumantri et al., 2020). 

 
Total Flavonoid Content (TFC) Evaluation 

TFC of each extract were evaluated through 
an Aluminum chloride colorimetric method with 
reference standard using 100 µg/mL quercetin in 
methanol. A standard curve was established from 
0 to 23.5 𝜇g/mL (0, 6, 10, 14.5, 19, and 23.5 
µg/mL). Sample solutions in methanol were 
prepared at 1000 µg/mL and each solution (2 mL) 
was mixed with AlCl3 (0.1 mL). After vortex for 1 
minute,   CH3COONa   (0.1 mL)   and  distilled   aqua      

(2.8 mL) was added. The reaction mixtures were 
incubated for 40 minutes. The absorbance               
was determined at 431.5 nm. The results               
were calculated as milligrams of quercetin 
equivalents (QE) per gram of extracts (Sumantri et 
al., 2020). 

 

Data Analysis 
Data were analyzed using Pearson’s 

correlation (SPSS IBM version 22 Software) to 
estimate the linearity relationship between two 
variables (DPPH, TPC, and TFC). 

 

RESULTS  
Functional groups and phytochemical 
compounds in A. malaccensis 

The functional group of A. malaccensis were 
analyzed using FTIR spechtroscopy (Figure 1).  The 
spectra (cm-1) showed 3,340.71 referring to 
alcohol phenolic O-H stretch, 2,927.94, 1,442.75, 
1,373.32 referring to C-H stretching of alkanes, 
1,612.49 referring to C=C stretching of alkenes, 
1,319.31, 1,249.71 referring to C-N stretching of 
amines, 1,064.71 referring to C-O stretching of 
carboxylic acids, dan 887.26 referring to C-H 
bending of aromatics. Phytochemical screening 
demonstrated A. malaccensis contain all of 
secondary metabolites including alkaloid, 
flavonoid, tannin, saponin, glycoside, and 
terpenoid or steroid components (Table I).  
 
Standardization of A. malaccensis 

The standardization of A.malaccensis is 
presented in Table II. A. malaccensis simplicia used 
in this study meets all specific and nonspecific 
parameters according to the Indonesian Herbal 
Pharmacopoeia, WHO, and the Indonesian FDA. 
Standardization of specific parameters aims to 
establish and verify the authenticity, identity, and 
purity of medicinal plant (Amir et al., 2022). The 
leaves appeared slightly brownish-green, with           
a characteristic aroma and chelate taste. 
Macroscopically, the leaves were oval, smooth-
surfaced, blunt-tipped, and featured a prominent 
midrib with visible veins on the lower surface. The 
microscopic characteristics of A. malaccensis          
are shown in Figure 2, including trichomes      
(Figure 2a), anomocytic stomata (Figure 2b), 
xylem vessels (Figure 2c), and palisade cells 
(Figure 2d). 

 
The effect of solvent polarity and extraction 
time on antioxidant activity 

The effect of solvent polarity and extraction 
time on the antioxidant activity of A. malaccensis 
leaves are shown in Table III including TLC profile 
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compared to the quercetin standard, IC50 value 
against DPPH free radical, total phenolic and 
flavonoid contents. The TLC profile is also shown 
in Figure 3. The chromatographic profiles of each 
extract showed difference in color intensity and Rf 
values. Extraction using ethanol: water solvent 

ratios of 96:0, 60:40, 40:60, 20:80, and 0:100 at 60-
70°C for 30 minutes (Figure 3.a-e) showed a 
gradual decrease in color intensity and Rf value as 
the solvent polarity increased. In contrast, 
extraction using water at 90-100°C with varying 
times   of  30,  60,  and  90   minutes   (Figure 3.f-g)  

 
Figure 1. FTIR spectrum of A. malaccensis 

 

 
 

Figure 2. The microscopic of A. malaccensis 
 

(A = trichomes; B = anomocytic stomata; C = wooden vessels; D = palisade) 

 

Table I. Phytochemical compound of A. malaccensis 
 

Phytochemical constituent Reagent A. Malaccensis 

Alkaloids 
Dragendorf + 
Bouchardat + 
Meyer + 

Flavonoids Amyl Alcohol + 
Tannins FeCl3 + 
Saponins Hot water + shaken + 
Glycosides  Molish + H2SO4 + 
Terpenoids/Steroids Lieberman-Bouchard + 
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Figure 3. The chromatograph profile of A. malaccensis extract 
 

(extracting using factor: a = ethanol: water 96:0 at 60-70°C for 30 minutes;  b = ethanol: water 60:40 at 60-70°C for 30 minutes;    
c = ethanol: water 40:60 at 60-70°C for 30 minutes; d = ethanol: water 20:80 at 60-70°C for 30 minutes; e = ethanol: water 0:100 
at 60-70°C for 30 minutes; f = water at 90-100°C with for 30 minutes; g = water at 90-100°C with for 60 minutes; h = water at 90-
100°C with for 120 minutes) 

 

Table II. Standardization of A. malaccensis 
 

No Parameters A. Malaccensis Specification 
1. Water content (%) 8.66±1.15 Not more than 10% 
2. Total ash content (%) 5.49±0.01 Not required 
3. Acid insoluble ash content (%) 2.82±0.29 Not required 
4. Heavy metal contamination 

Pb (µg/mL) 
As (µg/mL) 
Hg (µg/mL) 

 
0.00 
0.00 
0.00 

 
≤ 10.0 µg/mL 
≤ 5.0 µg/mL 
≤ 0.5 µg/mL 

5. Microbial contamination 
TPC (CFU) 
TYMC (CFU) 
Escherichia coli 
Salmonella typhi 
Pseudomonas sp. 
Shigella sp. 
Staphylococcus sp. 

 
0.7865.10-3 
0.7350.10-4 

Negative 
Negative 
Negative 
Negative 
Negative 

 
≤ 106 CFU 
≤ 104 CFU 
Negative 
Negative 
Negative 
Negative 
Negative 

6. Aflatoxin contamination Negative Total (B1, B2, G1, and 
G2) ≤ 20 µg/kg with 
limit of B1 ≤ 5 µg/kg 

7. Water-soluble content 19.33±1.15 NA 
8. Ethanol-soluble content 27.33±2.52 NA 

 

NA = Not Available 
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showed that color intensity increased with longer 
extraction times. However, all extracts exhibited Rf 
values matching that of the quercetin standard 
(Figure 3.i). 

In this study, the antioxidant activity of each 
A. malaccensis extract indicated its antioxidant 
potency. As shown in Table III, extractions with 
ethanol: water ratios from 96:0 to 0:100 at 60-70°C 
for 30 minutes yielded IC50 values against DPPH 
radicals ranging from 14.82 to 84.57 µg/mL, 
indicating very strong to strong antioxidant. 
Antioxidant activity tended decrease   as   solvent 
polarity increased. TPC and TFC obtained from 
ethanol: water extractions (96:0 to 20:80) ranged 
from 280.15 to 60.75 mg GAE/g extract and 39.19 
to 6.25 mg QE/g extract, respectively. However, 
TFC and TPC increased when using pure water 
(0:100) as solvent, reaching 75.31 mg GAE/g 
extract compared to the 20:80 solvent and 9.72 mg 
QE/g extract compared to the 40:60 solvent. For 
extractions with water at 90-100°C and varied 
extraction times (30 to 120 minutes), IC50 values 
ranged from 51.71 to 27.05 µg/mL (strong to very 
strong activity), TPC and TFC ranged from 84.18 to 
140.19 mg GAE/g extract and 8.07 to 22.73 mg 
QE/g extract.  Compared to ethanol: water  (0:100) 

extraction at 60-70°C, extraction at 90-100°C 
resulted in better antioxidant activity and higher 
TPC, but lower TFC. 

Figure 4 illustrate the correlation analysis 
with Pearson’s correlation coefficients. The color 
scale represents the strength of the correlation 
coefficient (r).  The statistical correlation result 
indicated variations of solvent polarity and 
extraction time exhibited a strong positive 
correlation between TPC and TFC. In contrast, the 
antioxidant capacity against DPPH demonstrated a 
strong negative correlation with both TPC and   
TFC. This correlation indicates that phenolic 
compounds contribute to antioxidant potential by 
neutralizing free radicals. The observed negative 
correlation arises from the inverse relationship 
between IC₅₀ values and antioxidant strength, 
where a lower IC₅₀ value denote greater 
antioxidant efficiency. 

 

DISCUSSION 
Plants are well-known sources of secondary 

metabolites with significant potential for use as 
herbal medicines. The global use of herbal 
medicine is increasing due to the trend of “Back to 
nature”, which is preferred because of its low side 

Table III. The effect of polarity solvent and extraction time on A. malaccensis leaves antioxidants 
 

Extraction Factor 

TLC 
 

Antioxidant 
Activity 

Total 
Phenolic 
Content 

Total 
Flavonoid 

Content 
(No. of peaks); 

Rf values 
IC50 

(µg/mL) 
(mg GAE/g 

extract) 
(mg QE/g 
extract) 

Ethanol: Water 
(96:0) 

(05); 0.25, 0.38, 
0.50, 0.75, 0.94 

14.82±0.00 280.15±0.21 39.19±0.01 

Ethanol: Water 
(60:40) 

(05); 0.25, 0.38, 
0.50, 0.75, 0.94 

15.37±0.00 177.21±0.00 16.62±0.00 

Ethanol: Water 
(40:60) 

(05); 0.25, 0.38, 
0.50, 0.75, 0.94 

28.68±0.01 99.31±0.02 7.67±0.00 

Ethanol: Water 
(20:80) 

(04); 0.25, 0.50, 
0.75, 0.94 

38.81±0.00 60.75±0.00 6.25±0.00 

Ethanol: Water 
(0:100) 

(02); 0.50, 0.94 84.57±0.03 75.31±0.02 9.72±0.00 

Water (30 
minutes) 

(04); 0.25, 0.50, 
0.75, 0.94 

51.71±0.01 84.18±0.02 8.07±0.00 

Water (60 
minutes) 

(04); 0.25, 0.50, 
0.75, 0.94 

54.58±0.02 86.03±0.02 17.68±0.00 

Water (120 
minutes) 

(04); 0.25, 0.50, 
0.75, 0.94 

27.05±0.00 140.19±0.02 22.73±0.00 

Quercetin (01); 0.94 1.37 ± 0.06 - - 
 



Imam Bagus Sumantri 

146  Majalah Obat Tradisional, 31(1), 2026 

effects (Ekor, 2014). To ensure the safety, quality, 
and efficacy of herbal medicines, standardization is 
essential in both research and development. 
Standardization ensure quality, therapeutic effects, 
and amounts of active compounds (Wu et al., 2011; 
Sumantri et al., 2020). Furthermore, validation and 
analytical characterization are essential to confirm 
the reproducibility and reliability of herbal 
medicines (Depkes RI, 2000). In this study, the 
standardization of non-specific parameters was 
performed to ensure the safety of A. malaccensis, 
including assessments of water content, total ash, 
acid-insoluble ash, and contamination by heavy 
metals, microorganisms, and aflatoxins. While, the  
specific parameters related to the content of active 
compounds and therapeutic effects related to 
phytochemical compounds. The phytochemical 
compounds of A. malaccensis revealed the 
presence of flavonoids, glycosides, tannins, and 
steroids/terpenoids, all of which are known to 
contribute to its antioxidant properties (Batubara 
et al., 2017; Ulfah et al., 2021; Wahid & Safwan, 
2019; Nugraha & Ginting, 2015). FTIR 
spectroscopy further confirmed the presence of 
various functional groups in A. malaccensis (Sravan 
Kumar et al., 2015). The FTIR spectrum showed 
characteristic peaks corresponding to hydroxyl (-
OH), aliphatic C–H, alkenic C=C, carboxylic or 
alcoholic C–O, and aromatic C–H groups, indicating 
the presence of polyphenolic compounds. 
Polyphenols are characterized by aromatic rings 
with one or more hydroxyl groups, and their 
structure and substitution pattern determine      
their chemical properties and biological activity 
(Lamponi, 2021). In addition, the presence                  

of C–N functional groups suggests amine or      
amide compounds, which are commonly found        
in antioxidant structures (Diamante et al.,         
2019).  

The chromatographic profile (TLC) of              
A. malaccensis extracts revealed Rf values 
consistent with the quercetin standard, indicating 
the presence of flavonoid compounds. Quercetin is 
a flavonoid derivative composed of two aromatic 
rings connected by a three-carbon bridge forming 
an oxygenated heterocyclic ring (C-ring), with five 
hydroxyl groups (Kazemi, 2014). This compound is 
one of the most potent naturally occurring 
antioxidants and plays a crucial role in neutralizing 
free radicals (Gu et al., 2009).  

The efficiency of polyphenol extraction from 
plant materials is influenced by several factors, 
including solvent polarity, extraction temperature, 
and duration. Polyphenols generally contain one or 
more aromatic rings linked to hydroxyl groups, 
while flavonoids, the main class of polyphenols, 
comprise 15 carbon atoms arranged in three 
aromatic rings. Structural variations among 
polyphenols affect their solubility, polarity, degree 
of conjugation, and interactions with the plant 
matrix (Vergara-Salinas et al., 2012; Alara et al., 
2021; Nawaz et al., 2020). In general, polyphenolic 
compounds are more soluble in organic solvents 
that are less polar than water (Haminiuk et al., 
2014; Srinivas et al., 2010). Therefore, the 
efficiency of extraction is highly dependent on the 
proper selection of solvents,  as  well  as  optimized  
temperature  and extraction time, to maximize the 
yield of antioxidant compounds (Zhang et al., 2018; 
Nafiu et al., 2017; Dhanani et al., 2017).  

 
 

Figure 4. Correlation plots between DPPH, total phenolic content (TPC), and total flavonoid 
content (TFC) 

 

(A) solvent polarity; (B) extraction time 
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In this study, extractions were conducted 
using various ethanol:water ratios (96:0, 60:40, 
40:60, 20:80, and 0:100) at 60–70°C. Higher 
extraction temperatures help soften plant tissues 
and increase cell membrane permeability, thereby 
facilitating the release of phenolic compounds into 
the solvent (Sulaiman et al., 2017). The polarity of 
the solvents followed the order: ethanol–water 
96:0 < 60:40 < 40:60 < 20:80 < 0:100. The results 
showed that antioxidant activity, reflected by 
lower IC₅₀ values, increased as solvent polarity 
decreased. Extraction using pure water exhibited 
the lowest antioxidant activity (IC₅₀ = 84.57 ± 0.03 
µg/mL, classified as strong), while ethanol:water 
mixtures yielded significantly higher antioxidant 
activities (IC₅₀ = 14.82–38.81 µg/mL, classified as 
very strong). These findings indicate that solvent 
polarity plays an important role in the DPPH free 
radical scavenging activity of A. malaccensis 
extracts (Sulaiman et al., 2017). The highest total 
phenolic content (TPC) was obtained from the 
ethanol:water 96:0 extraction, at 280.15 ± 0.21 mg 
GAE/g extract, while the lowest was observed in 
the 20:80 solvent ratio (60.75 ± 0.00 mg GAE/g 
extract). TPC decreased with decreasing the 
ethanol concentration. Interestingly, extraction 
with pure water (0:100) produced a higher TPC 
(75.31 ± 0.02 mg GAE/g extract) than the 20:80 
ratio. Similarly, the highest total flavonoid content 
(TFC) was observed in the 96:0 extraction (39.19 ± 
0.01 mg QE/g extract), while the lowest was found 
in the 20:80 ratio (6.25 ± 0.00 mg QE/g extract). 
Free polyphenols, which exist in forms such as 
aglycones, glycosides, and oligomers, are more 
effectively extracted with ethanol solvents (Mojzer 
et al., 2016). However, the TFC obtained from the 
0:100 extraction (9.72 ± 0.00 mg QE/g extract) was 
higher than that of the 40:60 and 20:80 ratios. The 
presence of water in the solvent system enhances 
plant tissue swelling, thereby improving the 
interaction between the plant matrix and solvent, 
which facilitates the release of phenolic and 
flavonoid compounds (Sulaiman et al., 2017). 
Recently, water has been considered an 
increasingly popular solvent in extracting 
polyphenol compounds. Water minimize 
environmental impact, produce less toxic waste, 
improve by-product efficiency, and suitable for 
industrial application with the most crucial feature 
of producing healthy quality and nutrition (Mojzer 
et al., 2016). 

The results of this study also revealed that 
antioxidant activity, total phenolic content, and 
total flavonoid content increased with longer 
extraction times when using water at 90–100°C. 
Although extraction for 30 to 60 minutes produced 
comparable antioxidant activity (IC₅₀ = 51.71–

54.58 µg/mL, classified as strong), extending the 
extraction time to 120 minutes significantly 
enhanced antioxidant activity (IC₅₀ = 27.05 ± 0.00 
µg/mL, classified as very strong). Both TPC and 
TFC were also higher at 120 minutes than at 30–60 
minutes. Temperature and extraction time 
influence the hydrolysis reaction and solubility of 
active compounds (Ong et al., 2006). Hydrolysis 
can accelerate the release of polyphenolic 
compounds (Pérez-Jiménez & Torres, 2011), while 
prolonged exposure to the solvent allows sufficient 
time for the compounds to diffuse into the solvent 
(Sulaiman et al., 2017). The dielectric constant of 
water decreases substantially at higher 
temperatures and pressures, at around 250°C, it 
approaches that of ethanol. The disruption of 
hydrogen bonds at elevated temperatures reduces 
polarity, allowing water to dissolve both organic 
and inorganic compounds (Mojzer et al., 2016). In 
this study, extraction using water at 90–100°C for 
120 minutes yielded antioxidant activity, TPC, and 
TFC values comparable to those obtained with 
ethanol:water 60:40 at 60–70°C. Moreover, water 
extraction at 90–100°C for 30 minutes resulted in 
higher antioxidant activity, TPC, and TFC than 
ethanol:water 0:100 extraction at 60–70°C for the 
same duration. These findings suggest that water 
extraction at 90–100°C represents an optimal 
condition for obtaining phenolic-rich extracts. 
Degradation of polyphenolic compounds typically 
occurs at temperatures above 150°C (Vergara-
Salinas et al., 2012), indicating that the extraction 
conditions used in this study remained within             
a safe range for preserving antioxidant 
compounds. 

 

CONCLUSION 
A. malaccensis was extracted using different 

ethanol:water ratios (96:0–0:100) at 60–70°C for 
30 minutes and with varying extraction times (30–
120 minutes) in water at 90–100°C. All extracts 
demonstrated high antioxidant activity and 
significant polyphenolic content, although 
variations were observed in IC₅₀ values, total 
phenolic, and flavonoid contents. Extraction 
assisted by heating and using a semi-polar solvent, 
such as 96% ethanol, produced the highest 
antioxidant capacity. Meanwhile, extraction with 
water at 90–100°C for 120 minutes also resulted in 
a marked increase in antioxidant capacity. These 
findings demonstrate that solvent polarity, 
extraction temperature, and duration significantly 
affect the antioxidant activity and phenolic 
compound yield of A. malaccensis. Therefore, the 
selection of solvents, temperature, and extraction 
time are important factors for obtaining 
antioxidant and phenolic compounds.  
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