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Abstract 
 
Andrographis paniculata, a member of the Acanthaceae family, is renowned for its 
secondary metabolites and bioactivity. Optimization of the extraction of these compounds 
can be achieved by selecting the appropriate solvent. In this research, extraction was 
carried out using water, acetone, and ethanol as solvents, both individually and in 
combination. The study aimed to evaluate the total phenolic content (TPC) and antioxidant 
capacity of the stems and leaves of Andrographis paniculata using solvent extraction. The 
research employed a completely randomized design with three replications, using dry 
powder of A. paniculate as the sample. TPC was analyzed using the Folin-Ciocalteu 
method, while antioxidant capacity was evaluated via the FRAP and ABTS assays. The 
results showed that the water-acetone solvent (50%:50%) produced the highest TPC 
(7.4±0.50 mg GAE/g DW) and FRAP antioxidant capacity (41.96±1.11 µmol TE/g DW). 
The highest antioxidant capacity using the ABTS method was obtained with the ethanol-
acetone combination (50%:50%), with a value of 4.26±0.02 mol TE/g DW. A positive 
correlation between TPC and FRAP antioxidant capacity was observed (r = 0.6821), 
indicating that the phenolic content of Andrographis paniculata is strongly linked to its 
FRAP-based antioxidant activity. Overall, the extraction solvent combination significantly 
influenced the TPC content and antioxidant capacity of Andrographis paniculata stems and 
leaves. 
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1. Introduction 
 
Andrographis paniculata is a plant that belongs to the Acanthaceae family, with a height of 
approximately 30 to 110 cm, dark green stems, and leaves that measure up to 8 cm in 
length and 2.5 cm in width. The plant prefers moist and shady habitats and is widely 
distributed across Asia countries including Indonesia, China, Myanmar, Malaysia, 
Thailand, Hong Kong, the Philippines, and Bangladesh (Akbar, 2011; Benoy et al., 2012; 
Kumar et al., 2012; Hossain et al., 2014; Hossain & Urbi, 2016). Research on A. paniculata 
has been extensive, highlighting its various bioactive properties, such as antibacterial, 
antihyperlipidemic, antidiabetic, antioxidant, and anticancer properties (Sule et al., 2011; 
Sivananthan, 2013). The aerial parts and roots of the plant contain various metabolites 
including terpenoids, flavonoids, xanthones, proteins, and noriridoids. Among these, 
andrographolide, the plant’s most well-known diterpenoid lactone, has been identified as a 
key bioactive compound (Okhuarobo et al., 2014). 

The extraction of phytochemical compounds from crude plant material is a crucial 
step in separating these compounds for further analysis and application (Salomon et al., 
2014). Various extraction methods, such as ultrasonic-assisted extraction (UAE), are 
commonly employed due to their efficiency and ability to obtain metabolites from different 
plant materials (Assami et al., 2012; Liu et al., 2015; Ma et al., 2016; Rocha et al., 2017). 
This method has several advantages, including high extraction yields, low extraction 
temperature, and shorter extraction time (Dey & Rathod, 2013). Choosing the appropriate 
solvent is equally critical, as previous research has demonstrated that solvent selection 
influences the extraction of phenolic compounds and antioxidant capacity in A. Paniculata. 
For example, ethanol has been shown to be more effective than water for extracting 
bioactive compounds from this plant (Adedapo et al., 2015). Similarly, Majhi et al. (2023) 
reported that while water has polar properties, it is limited in its ability to break hydrogen 
bonds effectively, necessitating the use of organic solvents to improve extraction efficiency.  

Previous studies have focused on individual solvents for extracting compounds 
from A. paniculata, but the combined use of solvents has not been explored extensively. 
This study seeks to fill that gap by evaluating the effect of solvent combinations on the 
extraction of phenolic compounds and antioxidant capacity. The objective of this research 
is to determine which solvent or solvent combination optimizes the total phenolic content 
(TPC) and antioxidant capacity of A. paniculata. In this study, three solvents with varying 
polarity levels—water, ethanol, and acetone—were used in different combinations to 
identify the optimal solvent system that provides the strongest correlation between TPC 
and antioxidant capacity. 

 
2. Materials and Methods 

 
2.1 Sample preparation 
 
The study was carried out at the Research Laboratory of IPB University in Bogor, Indonesia 
from February to May 2023. The plant used in this research was Andrographis paniculata, 
which was sourced from the Tropical Biopharmaceutical Research Center (TropBRC) 
garden of LPPM IPB University. The stems and leaves of the plant used as the research 
samples were dried in an oven at 40°C for leaves and 50°C for stems for 24 h. The two 
parts of the plant were then ground into 80 mesh powder (Nurcholis et al., 2022).  
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2.2 Sample extraction 
 
To obtain A. paniculata plant extract, a UAE (ultrasound-assisted extraction) method based 
on Nurcholis et al. (2022) with modifications was used. The sample used was dry powder 
of the A. paniculate plant resulting from a composite of leaves and stems (1:1) made in 60 
mesh size. The extract was prepared by adding 4 g of A. paniculata plant powder to 20 mL 
of solvent in an Erlenmeyer flask. The experiment design was completely randomized 
design with three replications. The types of solvents used consist of water, ethanol and 
acetone. The compositions of the solvents used in this study were water 100% (w); water-
ethanol 50%:50% (we); water-acetone 50%:50% (wa); ethanol 100% (e); ethanol-acetone 
50%:50% (ea); acetone 100% (a); and water-acetone-ethanol 33.33%:33.33%:33.33% 
(wae). The mixture was sonicated for 30 min at room temperature, centrifuged at 10,000 × 
g at 4°C for 15 min, and the supernatant was separated from the pellet. The volume was 
adjusted to obtain an extract concentration of 0.2 g/mL. All sample extracts obtained were 
stored at 4°C for further analysis. 
 
2.3 Total phenolic content analysis 
 
The Folin-Ciocalteu method, as described by Nurcholis et al. (2022), was utilized to 
determine the total phenolic content. To perform the assay, 20 µL of sample extract was 
combined with 120 µL of 10% Folin-Ciocalteu in a microplate and incubated in the dark for 
5 min. Then, 80 µL of 10% Na2CO3 was added to the solution, and the mixture was 
incubated in the dark for an additional 30 min. The absorbance of the solution was 
measured at a wavelength of 759 nm using a nano spectrophotometer (SpectrostarNano 
BMG LABTECH). To establish a calibration curve, a gallic acid standard with 
concentrations ranging from 0 to 300 ppm was used. 
 
2.4 Antioxidant activity quantification 
 
2.4.1 FRAP (Ferric Reducing Antioxidant Power) assay 
 
The present study utilized the FRAP method, as originally described by Nurcholis et al. 
(2022), with some modifications. To prepare the FRAP reagent, 10 µM tripyridyl-s-triazine 
(in 40 mM HCl) and 20 mM FeCl₃ were dissolved in acetate buffer (pH 3.6) in a ratio of 
1:1:10 (v/v/v). The reagent was stored in the dark for 30 min before use. A total of 10 µL of 
sample extract was then mixed with 300 µL of FRAP reagent in a microplate and incubated 
in the dark for 30 min. Absorbance was measured at a wavelength of 593 nm using a nano 
spectrophotometer (Spectrostar Nano, BMG LABTECH). To establish a calibration curve, 
Trolox was used with concentrations ranging from 0 to 400 µM. 
 
2.4.2 ABTS (2,2-Azinobis-3-ethylbenzothiazoline-6-Sulfonic acid) assay 
 
The method for measuring the antioxidant capacity of ABTS was based on a modification 
of the procedure described by Nurcholis et al. (2022). To prepare the ABTS reagent, 7.7 
mM ABTS (w/v in distilled water) and 2.4 mM K2S2O8 (w/v in distilled water) were mixed in 
a ratio of 2:1 (v/v) and incubated in the dark at room temperature for 6 min. The absorbance 
of the reagent should be in the range of 0.7±0.02 with the addition of distilled water. The 
sample extract (20 μL) was then reacted with 280 μL of ABTS reagent in a microplate and 
incubated in the dark at room temperature for 6 min. The absorbance was measured using 
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a nano spectrophotometer (SPECTROstar Nano BMG LABTECH) at a wavelength of 734 
nm. The antioxidant capacity of ABTS was calculated based on standard Trolox 
concentrations of 0-500 µM. 
 
2.5 Statistical analysis 
 
The data were analyzed using the ANOVA method in IBM SPSS Statistics 25, resulting in 
a mean±standard deviation (SD) of three replications. The Tukey test was conducted with 
a confidence level of α = 0.05, and the Pearson correlation test was used to determine the 
relationship between TPC and antioxidant capacity, which was visualized as a graph using 
GraphPad Prism 8. 
 

3. Results and Discussion 
 
Phenolic compounds are a type of secondary metabolite produced by plants to defend 
themselves (Nakatani, 2000; Zaynab et al., 2018). In this study, the Folin-Ciocalteu method 
was used to measure the total phenolic content. The method involves mixing the Folin-
Ciocalteu reagent with phenolic compounds in an alkaline medium, resulting in the 
formation of a blue complex with a maximum absorbance of 765 nm. The absorbance is 
directly proportional to the total phenolic content, which is determined as gallic acid 
equivalent (Molole et al., 2022). The total phenolic content (TPC) obtained from A. 
paniculata extract based on solvent combinations showed different results (Figure 1a). The 
water-acetone solvent combination produced the highest total phenolic content (7.40±0.50 
mg GAE/g DW), while the lowest was produced by 100% ethanol solvent, with a value of 
0.95±0.02 mg GAE/g DW.  

In this study, the combination of solvents used came from variations in the 
dependent variable so it was not possible to determine the right formula to optimize the 
total phenolic and antioxidant content. However, this research can be used as an initial 
reference to determine what solvent combinations need to be optimized for further research 
such as response surface methodology design. The combination of solvents used in 
extracting plant compounds has a prominent role in extracting phenolic compounds. 
Generally, acetone is more effective in extracting phenolic compounds with high molecular 
weights such as tannins (Mokrani & Madani, 2016). In this case, the water-acetone solvent 
combination produced the highest yield among other solvents. Besides that, the water-
acetone solvent combination showed significantly different results from the 100% acetone 
solvent. These results indicate that adding water can increase the yield of phenolic 
compounds during extraction. Water is classified as a polar solvent (Rajhard et al., 2021), 
while acetone is classified as a semi-polar solvent (Adaramola & Onigbinde, 2016). The 
combination of the two solvents typically produces a semi-polar solvent, which suggests 
that most of the phenolic compounds extracted from the leaves and stems of A. paniculata 
were semi-polar. This is supported by the principle of "like dissolves like," which states that 
polar solvents dissolve polar compounds (Zhuang et al., 2021). It is worth noting that using 
100% ethanol and 100% water solvents tends to result in a low yield of phenolic 
compounds. This further supported that the phenolic compounds extracted from  A. 
paniculata were semi-polar. 
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Figure 1. Evaluation results of total phenolic content (a), FRAP antioxidant capacity (b), 
and ABTS antioxidant capacity (c) from A. paniculata extract. Each value is presented as 
the mean of three replicates±standard deviation (SD). Mean values marked with different 
letters illustrate significant differences (p < 0.05) in Tukey's test. w = water, e = ethanol, 

and a = acetone. 
 

The antioxidant capacity of the extracts was evaluated using the FRAP (Ferric 
Reduction Antioxidant Power) and ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic 
acid)) methods. The FRAP method measures the ability of antioxidant compounds to 
reduce Fe3+ ions to Fe2+, indicating their antioxidant power. Compounds with reducing 
power tend to act as antioxidants by donating electrons or hydrogen atoms to stabilize free 
radicals, making the radical compounds more stable (Raharjo & Haryoto, 2019). The ABTS 
method assesses the ability of antioxidant compounds to neutralize free radicals by 
donating protons, indicated by the fading of the greenish-blue color to colorless as the 
ABTS radical cation is reduced (Al-Hmoud et al., 2014; Sukweenadhi et al., 2020). 
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The highest antioxidant capacity, as measured by FRAP, was found in the water-
ethanol-acetone solvent mixture (41.96±1.11 µmol TE/g DW). The lowest capacity was 
observed in 100% water solvent (5.01±0.17 µmol TE/g DW) (Figure 1b). The highest 
antioxidant capacity for ABTS was found in the ethanol-acetone solvent combination 
(4.26±0.02 µmol TE/g DW) (Figure 1c). The antioxidant capacity obtained from the ethanol-
acetone solvent combination was not significantly different from that of the other solvents 
tested, including 100% ethanol, water-ethanol-acetone, and water-ethanol. The water-
acetone solvent combination produced the lowest ABTS antioxidant capacity (average of 
0.36±1.93 µmol TE/g DW) among all the solvent combinations tested. The two methods 
used in this research have distinct mechanisms, leading to significantly different antioxidant 
capacities. In the FRAP method, the ability of a natural extract to reduce iron (FRAP) 
indicates that the extract contains electron-donating compounds, which can react with free 
radicals to form more stable products that can halt radical chain reactions (Raharjo & 
Haryoto, 2019). The antioxidant capacity of an extract is strongly related to the solvent 
used. Differences in the polarity of solvents result in variations in the antioxidant potential 
(Boeing et al., 2014). Additionally, the unique bioactive groups that each solvent can extract 
contribute to the differences in the antioxidant capacity obtained through both the FRAP 
and ABTS methods (Ngo et al., 2017).  
 The antioxidant capacity of A.  paniculata, as determined by FRAP method, was 
found to be positively correlated with its total phenolic content. This correlation was 
evaluated through a Pearson correlation coefficient analysis, which revealed a significant 
positive relationship between TPC and FRAP (r = 0.6821) in this study (Figure 2a). This 
finding is consistent with previous research by Zhang et al. (2018), who reported a high 
positive Pearson correlation value (r = 0.90) between TPC and FRAP in vegetable juice. 
These results suggest that the majority of TPC compounds extracted successfully were 
also FRAP antioxidants. While a significant negative correlation (r = -0.676) was obtained 
from the relationship between TPC and ABTS antioxidant activity (Figure 2b). The Pearson 
correlation value between TPC and ABTS obtained in this study showed a value of opposite 
sign to the study of Wootton-Beard et al. (2011). Wootton-Beard et al. (2011) found a 
positive correlation (r = 0.89) between TPC and ABTS from vegetable juice. The negative 
correlation indicates that the phenolic compounds extracted from the leaves and stems of 
A. paniculate had a power reducing antioxidant mechanism, such as FRAP (Munteanu & 
Apetrei, 2021), and did not possess a free radical scavenging mechanism, such as ABTS 
(Atere et al., 2018). The FRAP method involves the reduction of metal ions (such as Fe3+ 
to Fe2+), and this is achieved using antioxidant compounds (Gliszczyńska-Świgło, 2006; 
Müller et al., 2011). Meanwhile, in the ABTS method, ABTS· radicals interact with 
antioxidants to reduce them and become more stable (Ilyasov et al., 2020), resulting in the 
formation of a green-blue color that can be measured at a maximum wavelength of 734 nm 
(Prior et al., 2003; Calvindi et al., 2020). The Pearson correlation results suggest that the 
higher the total phenolic content obtained, the greater the antioxidant capacity as 
measured by FRAP. Conversely, the higher the TPC, the lower the antioxidant capacity 
(measured by ABTS) produced by A.  paniculata. 
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Figure 2. Simple linear correlation of total phenolic content and antioxidant capacity of 
FRAP (a) and ABTS (b) methods obtained from A. paniculata extract. r, coefficient value 

of Pearson correlation, *** represents highly significant at P < 0.05. 
 

4. Conclusions 
 
The evaluation of the total phenolic content and antioxidant capacity of A.  paniculata using 
a combination of water, ethanol, and acetone solvents resulted in significant effects. 
Among the solvent combinations, the water-acetone solvent combination showed the 
highest efficiency in extracting TPC, with an average of 7.40±0.50 mg GAE/g DW. The 
water-ethanol-acetone solvent combination produced the highest FRAP antioxidant 
capacity, at 41.96±1.11 µmol TE/g DW. Meanwhile, the ethanol-acetone solvent 
combination resulted in the highest ABTS antioxidant capacity, at 4.26±0.02 µmol TE/g 
DW. Additionally, the TPC extracted from the leaves and stems of A. paniculata showed a 
stronger correlation with FRAP antioxidant capacity compared to ABTS antioxidant 
capacity, indicating that the phenolic content is more closely related to the antioxidant 
activity measured by the FRAP assay.  
 
 



Liwanda et al.         Curr. Appl. Sci. Technol. 2025, Vol. 25 (No. 2), e0261033 
 
 

8 

5. Acknowledgements  
 
The authors would like to express their gratitude to the laboratory staff at the Department 
of Biochemistry, Faculty of Mathematics and Natural Sciences, IPB University, for their 
valuable assistance and technical support during this research. 
  

6. Conflicts of Interest 
 
The authors declare that there are no conflicts of interest regarding the publication of this 
paper. 
 
ORCID 
Novian Liwanda  https://orcid.org/0000-0002-0238-949X 
Waras Nurcholis  https://orcid.org/0000-0001-7047-5093 
 

References 
 
Adaramola, B., & Onigbinde, A. (2016). Effect of extraction solvent on the phenolic content, 

flavonoid content and antioxidant capacity of clove bud. IOSR Journal of 
Pharmaceutical and Biological Sciences, 11(3), 33-38. 

Adedapo, A. A, Adeoye, B. O, Sofidiya, M. O., & Oyagbemi, A. A. (2015). Antioxidant, 
antinociceptive and anti-inflammatory properties of the aqueous and ethanolic leaf 
extracts of Andrographis paniculata in some laboratory animals. Journal of Basic 
Clinical Physiology and Pharmacology, 26(4), 327-334. https://doi.org/10.1515/jbcpp-
2014-0051 

Akbar, S. (2011). Andrographis paniculata: A review of pharmacological activities and 
clinical effects. Alternative Medicine Review, 16, 66-77. 

Al-Hmoud, H. A., Ibrahim, N. E., & El-Hallous, E. I. (2014). Surfactants solubility, 
concentration and the other formulations effects on the drug release rate from a 
controlled-release matrix. African Journal of Pharmacy and Pharmacology, 8(13), 
364-371. https://doi.org/10.5897/AJPP2013 

Assami, K., Pingret D., Chemat S., Meklaty B. Y., & Chemat, F. (2012). Ultrasound induced 
intensification and selective extraction of essential oil from Carum carvi L seeds. 
Chemical Engineering and Processing: Process Intensification, 62, 99-105. 
https:doi.org/10.1016/j.cep.2012.09.003 

Atere, T. G., Akinloye, O. A., Ugbaja, R. N., Ojo, D. A., & Dealtry, G. (2018). In vitro 
antioxidant capacity and free radical scavenging evaluation of standardized extract of 
Costus afer leaf. Food Science and Human Wellness, 7(4), 266-272. 
https://doi.org/10.1016/j.fshw.2018.09.004 

Benoy, G. K., Animesh, D. K., Aninda, M., Priyanka, D. K., & Sandip, H. (2012). An 
overview on Andrographis paniculata (Burm. F.) Nees. International Journal of 
Research in Ayurveda & Pharmacy, 3, 752-760.  

Boeing, J. S., Barizao, E. O., Silva, B. C., Montanher, P. F., Almeida, V. C., & Visentainer 
J. V. (2014). Evaluation of solvent effect on the extraction of phenolic compounds and 
antioxidant capacities from the berries: application of principal component analysis. 
Chemistry Central Journal, 8(48), 1-9. https://doi.org/10.1186/s13065-014-0048-1 

Calvindi, J., Syukur, M., & Nurcholis, W. (2020). Investigation of biochemical characters 
and antioxidant properties of different winged bean (Psophocarpus tetragonolobus) 

http://dx.doi.org/10.1515/jbcpp-2014-0051
http://dx.doi.org/10.1515/jbcpp-2014-0051
https://doi.org/10.5897/AJPP2013
https://dx.doi.org/10.1016/j.cep.2012.09.003
https://doi.org/10.1186/s13065-014-0048-1


Liwanda et al.         Curr. Appl. Sci. Technol. 2025, Vol. 25 (No. 2), e0261033 
 
 

9 

genotypes grown in Indonesia. Biodiversitas Journal of Biological Diversity, 21(6), 
2420-2424. https://doi.org/10.13057/biodiv/d210612 

Dey, S., & Rathod, V. K. (2013). Ultrasound assisted extraction of b -carotene from 
Spirulina platensis. Ultrasonics-Sonochemistry, 20(1), 271-276. 

Gliszczyńska-Świgło, A. (2006). Antioxidant activity of water-soluble vitamins in the TEAC (trolox 
equivalent antioxidant capacity) and the FRAP (ferric reducing antioxidant power) 
assays. Food Chemistry, 96(1), 131-136. https://doi.org/10.1016/j.foodchem.2005.02.018 

Hossain, M. S., & Urbi, Z. (2016). Effect of naphthalene acetic acid on the adventitious 
rooting in shoot cuttings of Andrographis paniculata (Burm.f.) Wall. ex Nees: an 
important therapeutical herb. International Journal of Agronomy, 2016, 1-6. 
https://doi.org/10.1155/2016/1617543 

Hossain, M. S., Urbi, Z., Sule, A., & Rahman, K. M. H. (2014). Andrographis paniculata 
(Burm. f.) Wall. ex Nees: A review of ethnobotany, phytochemistry, and 
pharmacology, The Scientific World Journal, 2014, Article 274905. https://doi.org/ 
10.1155/2014/274905. 

Ilyasov, I. R., Beloborodov, V. L., Selivanova, I. A., & Terekhov, R. P. (2020). ABTS/PP 
decolorization assay of antioxidant capacity reaction pathways. International Journal 
of Molecular Sciences, 21(3), Article 1131. https://doi.org/10.3390/ijms21031131 

Kumar, A., Dora, J., Singh, A., & Tripathi, R. (2012). A review on the king of bitter (Kalmegh). 
International Journal of Research in Pharmacy and Chemistry, 2(1), 116-124. 

Liu, Y., Zhang, H., & Wei, S. (2015). Ultrasonic-assisted extraction of pigments from 
Hylocereus undatus flowers: optimization, antioxidant activity, and HPLC analysis. 
Royal Society of Chemistry Advances, 5(58), 46598-46607. 
https://doi.org/10.1039/C5RA04089B 

Ma, T., Sun, X., Tian, C., Luo, J., Zheng, C., & Zhan, J. (2016). Polysaccharide extraction from 
Sphallerocarpus gracilis roots by response surface methodology. International Journal of 
Biological Macromolecules, 88, 162-170. https://doi.org/10.1016/j.ijbiomac.2016.03.058 

Majhi, R., Maharjan, R., Shrestha, M., Mali, A., Basnet, A., Baral, M., Duwal, R., 
Manandhar, R., & Rajbhandari, P. (2023). Effect of altitude and solvent on Psidium 
guajava Linn. leaves extracts: phytochemical analysis, antioxidant, cytotoxicity and 
antimicrobial activity against food spoilage microbes. BMC Chemistry, 17, Article 36. 
https://doi.org/10.1186/s13065-023-00948-9 

Mokrani, A., & Madani, K. (2016). Effect of solvent, time and temperature on the extraction 
of phenolic compounds and antioxidant capacity of peach (Prunus persica L.) 
fruit. Separation and Purification Technology, 162, 68-76. 

Molole, G. J., Gure, A., & Abdissa, N. (2022). Determination of total phenolic content and 
antioxidant activity of Commiphora mollis (Oliv.) Engl. resin. BMC Chemistry, 16, 
Article 48. https://doi.org/10.1186/s13065-022-00841-x 

Müller, L., Fröhlich, K., & Böhm, V. (2011). Comparative antioxidant activities of 
carotenoids measured by ferric reducing antioxidant power (FRAP), ABTS bleaching 
assay (αTEAC), DPPH assay and peroxyl radical scavenging assay. Food 
Chemistry, 129(1), 139-148. https://doi.org/10.1016/j.foodchem.2011.04.045 

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

Nakatani, N. (2000). Phenolic antioxidants from herbs and spices. Biofactors, 13(1-4), 141-
146. 

Ngo, T., Scarlett, C. J., Bowyer, M. C., Ngo, P. D., & Vuong, Q. V. (2017). Impact of different 
extraction solvents on bioactive compounds and antioxidant capacity from the root of Salacia 
chinensis L. Journal of Food Quality, 2017, 1-8. https://doi.org/10.1155/2017/9305047 

https://doi.org/10.13057/biodiv/d210612
https://doi.org/10.1016/j.foodchem.2005.02.018
https://doi.org/10.1155/2016/1617543
https://doi.org/10.3390/ijms21031131
http://dx.doi.org/10.1039/C5RA04089B
http://dx.doi.org/10.1016/j.ijbiomac.2016.03.058
https://doi.org/10.1186/s13065-022-00841-x
https://doi.org/10.1016/j.foodchem.2011.04.045
https://doi.org/10.3390/ijms22073380
https://doi.org/10.1155/2017/9305047


Liwanda et al.         Curr. Appl. Sci. Technol. 2025, Vol. 25 (No. 2), e0261033 
 
 

10 

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), 1-13. https://doi.org/10.3390/plants11172221  

Okhuarobo, A., Falodun, J.E., Erharuyi, O., Imieje, V., Falodun, A., & Langer, P. (2014). 
Harnessing the medicinal properties of Andrographis paniculata for diseases and 
beyond: a review of its phytochemistry and pharmacology. Asian Pacific Journal of 
Tropical Disease, 4(3), 213-222. https://doi.org/10.1016/S2222-1808(14)60509-0 

Prior, R. L., Hoang, H. A., Gu, L., Wu, X., Bacchiocca, M., Howard, L., & Jacob, R. (2003). 
Assays for hydrophilic and lipophilic antioxidant capacity (oxygen radical absorbance 
capacity (ORACFL)) of plasma and other biological and food samples. Journal of 
Agricultural and Food Chemistry, 51(11), 3273-3279. https://doi.org/10.1021/jf0262256 

Raharjo, D., & Haryoto, H. (2019). Antioxidant activity of mangrove Sonneratia caseolaris 
L using the FRAP method. Proceedings of the international summit on science 
technology and humanity (pp. 623-629). Surakarta. 

Rajhard, S., Hladnik, L., Vicente, F. A., Srčič, S., Grilc, M., & Likozar, B. (2021). Solubility 
of luteolin and other polyphenolic compounds in water, nonpolar, polar aprotic and 
protic solvents by applying ftir/hplc. Processes, 9(11), Article 1952. 
https://doi.org/10.3390/pr9111952 

Rocha, J. D. C. G., Procópio, F. R., Mendonça, A. C., Vieira, L. M., Perrone, Í. T., Barros, 
F. A. R. D., & Stringheta, P. C. (2017). Optimization of ultrasound-assisted extraction 
of phenolic compounds from jussara (Euterpe edulis M.) and blueberry (Vaccinium 
myrtillus) fruits. Food Science and Technology (Campinas), 38(1), 45-53. 
https://doi.org/10.1590/1678-457X.36316 

Salomon, S., Sevilla, O., Betancourt, R., Romero, A., Nuevas-Paz, L., & Acosta-
Esquijarosa, J. (2014). Extraction of mangiferin from Mangifera indica L. leaves using 
microwave assisted technique. Emirates Journal of Food & Agriculture, 26(7), 616-
622. https://doi.org/10.9755/ejfa.v26i7.18188 

Sivananthan, M. (2013). Pharmacological activities of Andrographis paniculata, Allium 
sativum and Adhatoda vasica. International Journal of Biomolecules and Biomedicine, 
3(2), 13-20. 

Sukweenadhi, J., Yunita, O., Setiawan, F., Siagian, M. T., Danduru, A. P., & Avanti, C. 
(2020). Antioxidant activity screening of seven Indonesian herbal extract. 
Biodiversitas Journal of Biological Diversity, 21(5), 2062-2067. 
https://doi.org/10.13057/biodiv/d210532 

Sule, A., Ahmed, Q. U., Samah, O. A., & Omar, M. N. (2011). Bacteriostatic and bactericidal 
activities of Andrographis paniculata extracts on skin disease causing pathogenic 
bacteria. Journal of Medical Plants Research, 5(1), 7-14. 

Wootton-Beard, P. C., Moran, A., & Ryan, L. (2011). Stability of the total antioxidant 
capacity and total polyphenol content of 23 commercially available vegetable juices 
before and after in vitro digestion measured by FRAP, DPPH, ABTS and folin-
ciocalteu methods. Food Research International, 44(1), 217-224. 
https://doi.org/10.1016/j.foodres.2010.10.033 

Zaynab, M., Fatima, M., Abbas, S., Sharif, Y., Umair, M., Zafar, M. H., & Bahadar, K. 
(2018). Role of secondary metabolites in plant defense against pathogens. Microbial 
Pathogenesis, 124, 198-202. https://doi.org/ 10.1016/j.micpath.2018.08.034 

Zhang, H., Yang, Y.-F., & Zhou, Z.-Q. (2018). Phenolic and flavonoid contents of mandarin 
(Citrus reticulata Blanco) fruit tissues and their antioxidant capacity as evaluated by 
DPPH and ABTS methods. Journal of Integrative Agriculture, 17, 256-263. 
https://doi.org/10.1016/S2095-3119(17)61664-2 

https://doi.org/10.3390/plants11172221
http://dx.doi.org/10.1016/S2222-1808(14)60509-0
https://doi.org/10.1021/jf0262256
https://doi.org/10.3390/pr9111952
https://doi.org/10.13057/biodiv/d210532
https://doi.org/10.1016/j.foodres.2010.10.033
https://doi.org/10.1016/S2095-3119(17)61664-2


Liwanda et al.         Curr. Appl. Sci. Technol. 2025, Vol. 25 (No. 2), e0261033 
 
 

11 

Zhuang, B., Ramanauskaite, G., Koa, Z. Y., & Wang, Z.-G. (2021). Like dissolves like: A first-
principles theory for predicting liquid miscibility and mixture dielectric constant. Science 
advances, 7(7), Article eabe7275. https://doi.org/10.1126/sciadv.abe7275 


