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	Antioxidants from natural ingredients such as medicinal plants are crucial to improving endogenous antioxidant defense system. The aim of the study was to evaluate the antioxidant activity and capacity of boiled and infused Indonesian herbals using DPPH (2,2-diphenyl-1-picrylhydrazyl) assay. The DPPH assay was conducted with triplicate repetitions to 10 herbals (Phyllanthus niruri, Lantana camara, Piper crocatum, Curcuma xanthorrhiza, Moringa oleifera, Tamarindus indica, Kaempferia galanga, Citrus aurantifolia, Hibiscus sabdariffa, and Zingiber officinale), each consisting of boiled and infused samples. The antioxidant activities of those herbals were (boiled and infused samples, respectively): 91.88 %, 91.30 % (P. niruri), 92.14 %, 86.60 % (L. camara), 53.39 %, 58.99 % (P. crocatum), 18.73 %, 20.86 % (C. xanthorrhiza), 51.35 %, 59.96 % (M. oleifera), 63.60 %, 16.95 % (T. indica), 13.14 %, 18.82 % (K. galanga), 20.46 %, 69.24 %. (C. aurantifolia), 34.49 %, 34.40 % (H. sabdariffa), and 27.16 %, 26.01 % (Z. officinale). P. niruri and L. camara reached the high R2 value. P. niruri and L. camara reached the stable antioxidant activity after 50 minutes, while the other herbals after 60 minutes. P. niruri and L. camara were the 2 herbals with the highest antioxidant activity and slightly lower antioxidant capacity. The other herbals had lower antioxidant activity and higher antioxidant capacity. There was no significant difference in antioxidant activity between boiled and infused samples of all herbals, except T. indica and C. aurantifolia.
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[bookmark: _Hlk495995833][bookmark: InstructionText]Introduction 
In daily life, cells will be exposed to free radicals continuously.1 In small amounts, the function of free radicals is to maintain the cell homeostasis.2 The excessive free radicals can cause oxidative stress, which leads to DNA damage.1 If DNA damage occurs, cell death will also occur through necrosis or apoptosis, which can cause tissue damage. Tissue damage causes various diseases and contributes to the aging process of the body.3 The excessive free radicals can be countered by the antioxidant defense system.1 Antioxidants play a role in neutralizing free radical inside the body through scavenging process, so it can prevent the tissue damage (oxidative damage).3 The antioxidant molecules can deactivate the radical species through single electron transfer (hydrogen donation).2 However, the antioxidant production is often insufficient for the scavenging process against all excessive free radical, so it is necessary to supply antioxidants from outside the body, for example, from natural ingredients.3 Antioxidants from natural ingredients are very important to improve endogenous antioxidant defense system.4
Plant is one of the natural sources which has abundant antioxidant content. Several kinds of plants have abundant phytochemical content which is redox active.5 Indonesia is a country with the second highest biodiversity in the world, after the Amazon rainforest. Indonesia has high amount of native medicinal plants.6
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It makes Indonesia a country that has large quantities of herbal ingredients availability from various types of medicinal plants. In this study, 10 herbals were used (with different part for each plant) i.e., Phyllanthus niruri (leaves), Lantana camara (flowers), Piper crocatum (leaves), Curcuma xanthorrhiza (rhizomes), Moringa oleifera (leaves), Tamarindus indica (leaves), Kaempferia galanga (rhizomes), Citrus aurantifolia (fruit mesocarp or albedo), Hibiscus sabdariffa (flowers), and Zingiber officinale (rhizomes). The selection of those plants parts was based on the use of medicinal plants which have been traditionally used to treat tuberculosis (TB), and also based on their antioxidant capacity and antibiotic properties.
There are 2 common herbals preparation: boiling and infusion. Boiling is one of the herbal preparation methods which is widely used in Asia. This method is conducted by heating the herbal sample in water until it boils.7,8 Meanwhile, infusion is conducted by dissolving the herbals in water. Herbal infusion is the source of biologically active natural compounds. It is easily prepared, consumed, and absorbed.9
To evaluate the potential of free radical absorption by herbal, it is necessary to analyze the activity and capacity of antioxidants. The antioxidant activity shows the overall antioxidant status in a biological sample and the calculation of the total number (concentration) of scavenged free radical. Meanwhile, the antioxidant capacity shows the reaction kinetics (rate) between antioxidant and radical, which describes the antioxidant ability in blocking the propagation stage in oxidative chain.10 There are various methods to analyze the activity and capacity of antioxidants, one of which is the DPPH assay. The main principle of DPPH assay is the scavenging reaction between antioxidants and DPPH (free radicals), and the antioxidant activity at the end of reaction will be determined colorimetrically (absorbance measurement by UV-Vis spectrophotometry). In DPPH assay, the purple chromogen radical (DPPH·) will be reduced by antioxidants (AH), so it can produce the pale-yellow hydrazine (DPPH-H).11 It is expected that the DPPH assay can provide the proper information about the antioxidant activity and capacity of 10 Indonesian herbals. No other research has ever been done to evaluate and to compare the antioxidant activity and capacity of those 10 Indonesian herbals, so this research was crucial to be conducted. The aim of the study was to evaluate the antioxidant activity and capacity of boiled and infused Indonesian herbals using DPPH (2,2-diphenyl-1-picrylhydrazyl) assay.

Materials and Methods
Herbal preparation
The herbals used in this study were the 90 mesh-sized simplicial powder from 10 herbal plants with different plant parts obtained from Materia Medica Batu (Table 1). There were 2 ways of herbal preparations i.e., boiling and infusion. Each boiled herbal plant was prepared from 10 grams of powder herbals which was dissolved in 200 ml of aquadest (1:20), then was boiled to 100 °C for an hour,7,8 centrifuged at 2500 rpm for 10 minutes, and filtered using Whatman filter. Each infused herbal plant was prepared from 10 grams of powder herbals that was dissolved in 200 ml of aquadest (1:20),9 then was stirred using a magnetic stirrer for 24 hours at room temperature. Both infused and boiled herbals were then freeze-dried.

Analysis of antioxidant activity and capacity using DPPH assay 
The DPPH stock solution was prepared first using 24 mg of DPPH powder which was dissolved in 100 ml of methanol. The DPPH working solution was then prepared using 25 ml of DPPH stock solution which was diluted in 200 ml of methanol. The absorbance of the DPPH working solution was adjusted to 0.751 Å in the wavelength of 517 nm.11 The researchers tested herbals at 4 different concentrations (0.0125 mg/ml, 0.025 mg/ml, 0.05 mg/ml, and 0.1 mg/ml). All herbals were compared to ascorbic acid. Four different concentrations of ascorbic acid (1.1 mg/ml, 4.4 mg/ml, 8.8 mg/ml, and 17.6 mg/ml) were used.
Four milliliters of DPPH working solution was added to each sample and ascorbic acid solution. The DPPH absorbance of those solutions were measured in 517 nm using a UV-Vis spectrophotometer (Thermo Scientific GENESYS 10S UV-Vis Spectrophotometer). The DPPH absorbance of each sample was then used to calculate the DPPH scavenging percentage (antioxidant activity) with the Equation (1). The absorbance was measured every 10 minutes for 60 minutes.12 The antioxidant capacity was determined based on the increase rate of antioxidant activity.

(1)

Table 1. The parts of the plants taken used in the study

	Name of the plant
	Plant part taken

	Phyllanthus niruri
	Leaves

	Lantana camara
	Flowers

	Piper crocatum
	Leaves

	Curcuma xanthorrhiza
	Rhizomes

	Moringa oleifera
	Leaves

	Tamarindus indica
	Leaves

	Kaempferia galanga
	Rhizomes

	Citrus aurantifolia
	Fruit mesocarp (albedo)

	Hibiscus sabdariffa
	Flowers

	Zingiber officinale
	Rhizomes



Statistical analysis and data presentation 
The DPPH assay was conducted with triplicate repetitions. The data of scavenging percentage of herbals and ascorbic acid in the same concentration (25 µg/ml) were analyzed using one-way ANOVA (p < 0.05) followed by Tukey HSD tests in IBM SPSS Statistics 25.  The average data of scavenging percentage of 10 herbals were presented in graphical form (line graph) using Microsoft Excel (duration (minute) as the x-axis and scavenging percentage as the y-axis), with standard deviation as error bars. The data of scavenging percentage of herbals and ascorbic acid in the same concentration (25 µg/ml) were presented as mean ± standard deviation in tabular form. The R2 value was obtained from the linear regression graph, by plotting the concentration series on the x-axis and the scavenging percentage on the y-axis, and the data was presented in tabular form. All data were analyzed descriptively.

Results and Discussion
The antioxidant activity shows the overall antioxidant status in a biological sample and the calculation of scavenged free radical, while the antioxidant capacity shows the reaction rate between antioxidant (from herbals) and free radical (DPPH).10 The antioxidant activity can be described through the calculation result of scavenging percentage. Meanwhile, the antioxidant capacity can be described through the time for each herbal plant to reach the steady state of the graph of the increase of scavenging percentage, marked by the black oval line in each graph. The increase rate of antioxidant activity indicates the scavenging reaction kinetics between antioxidant (from herbals) and free radical (DPPH).  The scavenging percentage is referred to the percentage of antioxidant activity from herbal samples against DPPH radical which was added to the solution. The faster a sample reaches the high scavenging percentage (almost 100 % scavenging), then the lower its antioxidant capacity. The DPPH assay was conducted with triplicate repetitions. Based on the average of the scavenging percentage of 3 repetitions, the varied results were obtained. There are 3 groups of scavenging percentage i.e., high (the highest percentage reached 86% - 92%), medium (the highest percentage reached 51% - 69%), and low (the highest percentage reached 13% - 34%). In herbal samples, the concentration series of 0.1 mg/ml had the highest scavenging percentage. This indicates that the more herbal sample amount on a solution, the higher the antioxidant activity on that solution. The 10 minutes time interval only resulted in slight difference of scavenging percentages.
There were 2 herbals which had the highest scavenging percentage after 1 hour: Phyllanthus niruri and Lantana camara (both boiled and infused samples). The scavenging percentages of those herbals were 91.88 % (boiled P. niruri), 91.30% (infused P. niruri), 92.14% (boiled L. camara), and 86.60% (infused L. camara) (Figure 1). The scavenging percentages of Phyllanthus niruri and Lantana camara were close to the scavenging percentage of ascorbic acid as comparison compound (which reached 98.36% for the highest concentration of ascorbic acid solution). The boiled and infused samples of P. niruri and L. camara reached the steady state of the scavenging percentage graph faster than any other herbals (after 50 minutes) (Figure 1), which means that P. niruri and L. camara had slightly lower antioxidant capacity. The time to reach the steady state of scavenging percentage marked by the black oval line in each graph.
The phytochemicals (such as phenolics and flavonoids) are found in various plants. The phytochemicals have potential to prevent ROS-induced diseases.13 The 10 herbals in this research contain many kinds of phytochemicals which affect the antioxidant activity of herbals. Among the 10 herbals, the boiled and infused samples of P. niruri and L. camara had the highest antioxidant activity. It was presumably caused by the phytochemicals content in P. niruri and L. camara which affect the high antioxidant activity of both plants. P. niruri contains many phytochemicals such as flavonoids, alkaloids, terpenoids, lignans, polyphenols, tannins, coumarins, and saponins14, while L. camara contains flavonoid, tannins, saponins, alkaloids, cardiac glycosides, triterpenoids.15 The antioxidant activity of phenolic acids is related to the number and position of the –OH group present in the aromatic ring.2,16 The more the number of hydroxyl group (–OH), the higher the antioxidant activity of phenolic compounds.17 It was presumably that P. niruri and L. camara had high number of –OH group in the aromatic ring of their phenolic compounds, so both plants had high antioxidant activity.
On the results of the other research, it was stated that the extract of P. niruri had 85.54 % scavenging activity, obtained from concentration of 10 µg/ml.14 One of the flavonoids contained in P. niruri, quercetin, had higher scavenging activity than the extract of P. niruri itself from concentration 10 µg/ml (89.16%).14 This correlates with our result that P. niruri had the high scavenging percentage. The high scavenging activity of P. niruri was probably caused by its active compound content, especially quercetin (flavonoid). Along with P. niruri, L. camara also had the highest antioxidant activity among the 10 herbals used in this study. The DPPH free radical scavenging activity of L. camara flowers was 87.2 %.18 Meanwhile in the other research, the DPPH radical scavenging activities of extracts from flowers of L. camara were 72.30 % (80 % methanol), 67.07 % (80 % ethanol), 70.69 % (absolute methanol), and 58.46 % (absolute ethanol).19
Some herbals had the medium scavenging percentages because they were not as high as the scavenging percentage of Phyllanthus niruri and Lantana camara, but also not as low as the other herbals. The scavenging percentages of this group were not more than 70% for the highest concentration of sample solution (0.1 mg/ml) after an hour. The herbals which had the medium scavenging percentage were: Piper crocatum (boiled and infused samples), Moringa oleifera (boiled and infused samples), Tamarindus indica (boiled sample), and Citrus aurantifolia (infused sample).
The boiled Piper crocatum sample reached 53.39 % of the scavenging percentage (Figure 2A), while the infused sample reached 58.99 % of the scavenging percentage (Figure 2B). The scavenging percentage of boiled Moringa oleifera sample reached 51.35 % (Figure 2C), while the infused sample reached 59.96 % (Figure 2D). The boiled and infused samples of P. crocatum and M. oleifera reached the steady state of the scavenging percentage graph after 60 minutes (Figure 2), which means that P. crocatum and M. oleifera had high antioxidant capacity. The time to reach the steady state of scavenging percentage marked by the black oval line in each graph.
The boiled sample of Tamarindus indica had medium scavenging percentage, while its infused sample had the low scavenging percentage. The scavenging percentage of boiled Tamarindus indica reached 63.60 % (Figure 3A), while the scavenging percentage of infused Tamarindus indica sample reached 16.95 % (Figure 3B). On the contrary, the infused sample of Citrus aurantifolia had medium scavenging percentage, while its boiled sample had the low scavenging percentage. The scavenging percentage of infused Citrus aurantifolia reached 69.24 % (Figure 3D), while the scavenging percentage of boiled Citrus aurantifolia sample reached 20.46 % (Figure 3C). The boiled and infused samples of T. indica and C. aurantifolia reached the steady state of the scavenging percentage graph after 60 minutes (Figure 3), which means that T. indica and C. aurantifolia had high antioxidant capacity.
The boiling and infusion methods aimed to evaluate the difference in antioxidant activity between herbals, based on whether or not the effect of heat treatment is present. In this study, there was no significant difference between all boiled samples and infused samples, except T. indica and C. aurantifolia. The boiled sample of T. indica had medium antioxidant activity, while the infused sample of T. indica had low antioxidant activity. The increase in antioxidant activity of boiled T. indica was presumably caused by the release of phenolic compounds through the breakdown of cellular constituents during the heat treatment. The content of phenolic compounds would be increased, so it would also increase the antioxidant activity.8 Otherwise, the infused sample of C. aurantifolia had medium antioxidant activity, while the boiled sample of C. aurantifolia had low antioxidant activity. The decrease in antioxidant activity of boiled C. aurantifolia was presumably caused by the enzymatic degradation of phenolic compounds, the thermal degradation of phytochemicals, and the loss of antioxidant enzyme activity during the heat treatment.8 It also proved that the heat treatment did not affect the antioxidant activity of other herbals. This analysis result of antioxidant activity can be the serving suggestions, that T. indica is better consumed with boiling preparation first, while C. aurantifolia is better consumed by brewing it without heat treatment, so both plants will give the highest antioxidant activity that they can reach. Meanwhile, the other herbals can be served with or without heat treatment (boiling or infusion), because both methods give the similar results of antioxidant activity. This can be beneficially that all 10 herbals in this study (except C. aurantifolia) can get through thermal processing for consumption purpose without reducing their antioxidant ability.20
The last group of herbals was the herbals which had the low scavenging percentage. This group reached the scavenging percentages not more than 35%. The increase of scavenging percentage of this group from the lowest to the highest concentration were not significant, even some of those herbals had graphs which tend to be flat.
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Figure 1: The antioxidant activity based on reaction duration with DPPH radical. A: boiled P. niruri, B: infused P. niruri, C: boiled L. camara, D: infused L. camara. The black oval line marked the time for P. niruri and L. camara to reach the steady state of the graph of scavenging percentage (50 min).


The herbals which had the low scavenging percentage were: Curcuma xanthorrhiza (boiled and infused samples), Kaempferia galanga (boiled and infused samples), Hibiscus sabdariffa (boiled and infused samples), Zingiber officinale (boiled and infused samples), Tamarindus indica (infused sample), and Citrus aurantifolia (boiled sample).
The scavenging percentage of boiled Curcuma xanthorrhiza sample reached 18.73 % (Figure 4A), while the infused sample reached 20.86 % (Figure 4B). The scavenging percentage of boiled Kaempferia galanga sample reached 13.14 % (Figure 4C), while the infused sample reached 18.82 % (Figure 4D). The boiled and infused samples of C. xanthorrhiza and K. galanga reached the steady state of the scavenging percentage graph after 60 minutes (Figure 4), which means that C. xanthorrhiza and K. galanga had high antioxidant capacity.
The scavenging percentage of boiled Hibiscus sabdariffa sample reached 34.49 % (Figure 5A), while the infused sample reached 34.40 % (Figure 5B). The scavenging percentage of boiled Zingiber officinale sample reached 27.16 % (Figure 5C), while the infused sample reached 26.01 % (Figure 5D). The boiled and infused samples of H. sabdariffa and Z. officinale reached the steady state of the scavenging percentage graph after 60 minutes (Figure 5), which means that H. sabdariffa and Z. officinale had high antioxidant capacity.
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Figure 2. The antioxidant activity based on reaction duration with DPPH radical. A: boiled P. crocatum, B: infused P. crocatum, C: boiled M. oleifera, D: infused M. oleifera. The black oval line marked the time for P. crocatum and M. oleifera to reach the steady state of the graph of scavenging percentage (60 min).
[image: ][image: ]
(A)	(B)
[image: ][image: ]
(C)	(D)


Figure 3. The antioxidant activity based on reaction duration with DPPH radical. A: boiled T. indica, B: infused T. indica, C: boiled C. aurantifolia, D: infused C. aurantifolia. The black oval line marked the time for T. indica and C. aurantifolia to reach the steady state of the graph of scavenging percentage (60 min).





DPPH is a nitrogen radical species that has a long life and is dark in color (bluish or purplish). In organic solutions, DPPH can be detected at a wavelength of 517 nm by UV-Vis spectrophotometry. The mechanism of DPPH scavenging by antioxidants is based on the acceptance of electrons by DPPH from antioxidants (AH). When the DPPH radical meets an electron donor substrate such as an antioxidant, the radical will be scavenged and its absorbance will decrease. The purple chromogen radical (DPPH·) will be reduced by antioxidants (AH), so it will produce pale yellow hydrazine (DPPH-H).11 Phenolics from medicinal plants can donor electron to DPPH radical, so DPPH radical will lose its chromophore and its colour will turn to yellow. 








The higher the concentration of phenolics or the degree of hydroxylation of phenolic compounds, the higher DPPH radical scavenging activity (antioxidant activity).19
The scavenging percentages of herbals were compared to ascorbic acid. The average of scavenging percentage of ascorbic acid in the concentrations 1.1 mg/ml to 17.6 mg/ml reached 98.18 % to 98.36 % (Figure 6). The scavenging ability of ascorbic acid is affected by its ability to donate electrons. Ascorbic acid has a high ability as an electron donor.2 Ascorbic acid is a compound which can scavenge free radicals by suppressing chain initiation or breaking chain propagation reactions of free radical. Free radicals neutralized by ascorbic acid will become harmless species.2 With the low concentration (1.1 mg/ml), ascorbic acid was able to scavenge 98.18 % of free radicals DPPH. 
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Figure 4. The antioxidant activity based on reaction duration with DPPH radical. A: boiled C. xanthorrhiza, B: infused C. xanthorrhiza, C: boiled K. galanga, D: infused K. galanga. The black oval line marked the time for C. xanthorrhiza and K. galanga to reach the steady state of the graph of scavenging percentage (60 min).
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 (C)	(D)Figure 5: The antioxidant activity based on reaction duration with DPPH radical. A: boiled H. sabdariffa, B: infused H. sabdariffa, C: boiled Z. officinale, D: infused Z. officinale. The black oval line marked the time for H. sabdariffa and Z. officinale to reach the steady state of the graph of scavenging percentage (60 min).









However, the DPPH scavenging percentages by ascorbic acid with the higher concentrations (4.4 mg/ml to 17.6 mg/ml) were not much different with concentration 1.1 mg/ml (98.27 % - 98.36 %). It was probably due to the electrons in ascorbic acid donated almost entirely to scavenge DPPH free radicals. Ascorbic acid is a compound able to scavenge the free radicals (DPPH) quickly. Ascorbic acid reached the stable antioxidant activity and high percentage scavenging (almost 100 % scavenging) in shorter time than herbals (after 10 minutes) (Figure 6), so the antioxidant capacity of ascorbic acid was much lower than herbals. The low antioxidant capacity of ascorbic acid was related to its negative impact if consumed in excess. In excess, ascorbic acid (vitamin C) can reduce the metal ions so it can promote the formation of free radical in Fenton system.2 Herbals are better than ascorbic acid, because they can donate electron to scavenge the excessive free radicals in body in a longer time (50 – 60 minutes). The 
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herbals with the highest antioxidant activity had slightly lower antioxidant capacity than any other herbals, because it was relatively faster in reaching a high scavenging percentage (almost 100 % scavenging).

[image: ]
Figure 6. The antioxidant activity of ascorbic acid.


Table 2: The antioxidant activity (%) in the same concentration (25 µg/ml) of herbal samples and ascorbic acid. The different letters indicate a significant difference (p < 0,05) between groups based on Tukey HSD test

	Sample
	Boiled (%)
	Infused (%)

	Phyllanthus niruri
	34.87 ± 4.80f
	35.90 ± 6.55f

	Lantana camara
	50.17 ± 1.18g
	31.56 ± 1.22ef

	Piper crocatum
	22.39 ± 1.27cd
	27.30 ± 6.22def

	Curcuma xanthorrhiza
	10.77 ± 3.11a
	12.28 ± 3.23ab

	Moringa oleifera
	19.97 ± 2.27bcd
	23.78 ± 1.68cde

	Tamarindus indica
	24.22 ± 2.10cde
	11.73 ± 1.83ab

	Kaempferia galanga
	11.03 ± 3.54ab
	12.00 ± 3.30ab

	Citrus aurantifolia
	12.51 ± 0.37ab
	23.90 ± 1.18cde

	Hibiscus sabdariffa
	17.63 ± 0.81abc
	17.37 ± 1.36abc

	Zingiber officinale
	12.41 ± 1.09ab
	13.23 ± 2.02ab

	Ascorbic acid
	62.58 ± 0.28h




Table 2 is the average comparison of the 3 repetitions of antioxidant activity between herbal samples and ascorbic acid in the same concentration, 25 µg/ml. As previously, the highest antioxidant activities were reached by P. niruri and L. camara, with scavenging percentage of 34.87 % (boiled P. niruri), 35.90 % (infused P. niruri), 50.17 % (boiled L. camara), and 31.56 % (infused L. camara). Meanwhile, the scavenging percentages of boiled and infused samples of the other herbals were ranged from 10.77 % to 27.30 %. In the same concentration as herbal samples, ascorbic acid had 62.58 % scavenging percentage.
The higher the R2 value indicates that the increase rate of the DPPH radical scavenging has a high correlation with herbal sample concentration. Ascorbic acid had the highest R2 value (0.99). Herbals had the lower R2 value than ascorbic acid. P. niruri and L. camara had high R2 value (ranged from 0.95 to 0.97) (Table 3). This indicated that the concentration series of P. niruri and L. camara had a strong correlation to the increase of DPPH radical scavenging activity. The R2 of the quercetin from P. niruri was 0.99, which was higher than the R2 of the extract (0.96).14 The DPPH radical scavenging activity of L. camara flowers had a good correlation (R2=0.81) with the total phenolics of L. camara. The antioxidant activity of medicinal plant is highly correlated with the total phenolics and flavonoids contained in it. The good correlation between DPPH radical scavenging activity and total phenolics indicates that phenolics have an important role as free radical scavengers, chain breakers, and electron donors.19 The other herbals with lower antioxidant activity such as C. xanthorrhiza, K. galanga, H. sabdariffa, Z. officinale, the infused sample of T. indica, and the boiled sample of C. aurantifolia had the lower R2 value, which ranged from 0.62 to 0.90 (Table 3). It shows that the concentration series of those herbals had lower correlation to the increase of antioxidant activity.

Conclusion
Among the ten herbals, Phyllanthus niruri and Lantana camara were the herbals with the highest antioxidant activity, with lower antioxidant capacity (50 minutes). Meanwhile, the other 8 herbals had lower antioxidant activity, with the higher antioxidant capacity (60 minutes). There was no significant difference in antioxidant activity between boiled and infused samples of all herbals, except T. indica and C. aurantifolia. The antioxidant activity of boiled sample of T. indica was significantly different and higher than the infused one. On the contrary, the antioxidant activity of boiled sample of C. aurantifolia was significantly different and lower than infused one. The difference was presumably due to the heat treatment in boiled samples.
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Table 3: The R2 value of herbal samples and ascorbic acid

	Sample
	R2 Value

	Ascorbic acid
	0.99

	Infused Citrus aurantifolia
	0.97

	Infused Lantana camara
	0.97

	Boiled Tamarindus indica
	0.96

	Boiled Phyllanthus niruri
	0.96

	Boiled Lantana camara
	0.95

	Boiled Moringa oleifera
	0.95

	Infused Phyllanthus niruri
	0.95

	Infused Moringa oleifera
	0.94

	Boiled Piper crocatum
	0.93

	Boiled Zingiber officinale
	0.90

	Infused Piper crocatum
	0.89

	Boiled Hibiscus sabdariffa
	0.87

	Infused Hibiscus sabdariffa
	0.86

	Infused Zingiber officinale
	0.86

	Infused Curcuma xanthorrhiza
	0.80

	Boiled Curcuma xanthorrhiza
	0.80

	Boiled Citrus aurantifolia
	0.78

	Infused Kaempferia galanga
	0.75

	Infused Tamarindus indica
	0.73

	Boiled Kaempferia galanga
	0.62
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