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ABSTRACT 

 
To study the results of two extracting solvents, DI-water and ethyl acetate (EA), using maceration technique on antioxidant 

activity of extracts of agarwood tea leaves. The results show that EA extract had the lowest antioxidant activity calculated in IC50 

(the half maximal inhibitory concentration) 0.023 mg/ml for DPPH assay, whereas the DI-water extract shows the highest total 
flavonoid content, 15.41 mg quercetin equivalent(QE)/g of agarwood tea leaves. The total flavonoid content was determined by 

colorimetric aluminum chloride (AlCl3) method. The conditions of the extraction from agarwood tea leaves were optimized by 

Box–Behnken Design (BBD) and Response Surface Methodology (RSM). There are three independent variables, namely extraction 
temperature (30-80 °C), extraction time (1-3 day) and shaking speed (0-160 rpm). The mathematical model developed by RSM was 

well fitted to the experimental data. DI-water was considered the better solvent to obtain higher extraction yields. 
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INTRODUCTION 
 

 Agarwood is a resinous, fragrant and highly 

valuable heartwood. The scientific name is 

Aquilaria. They are widely planted in many Asian 

countries. The international trade involves various 

forms, such as tree trunks, large branches, barks and 

flakes, powder, or the essential oil [1]. The trees 

require more than 5 years for maturation, before they 

are ready for inoculation to promote resin formation. 

Their leaves were dumped as waste. Later, local 

people started using the leaves for herbal tea 

production and found that they could benefit health. 

Nowadays agarwood tea leaves is sold in many 

countries including Thailand. It is claimed that 

agarwood tea leaves is a natural detoxifier, can relief 

blood pressure and possesses many medicinal 

properties, such as antidiarrheal, antidiabetic and 

antibacterial activities. However, the scientific 

evidence is still limited.  

 The extracts of A. subintegra leaves with ethyl 

acetate solvent had antimicrobial activities [2]. There 

were reported on antibacterial, antioxidant [3], 

antipyretic and analgesic [4] activities of the DI-

water extracts from A. crassna leaves. Antioxidants 

play a major role to protect our body from the 

formation of free radicals and prevent or delay the 

occurrence of lipid peroxidation. Flavonoids are 

subdivided into subclasses including flavonols, 

flavones, flavanones, flavan-3-ols, anthocyanidins, 

and isoflavones [5]. Flavonoids have antiviral, anti-

allergic, antiplatelet, anti-inflammatory, antitumor 

and antioxidant activities. In addition, there was 

reported on potential cancer preventive effects of 

flavonoids [6]. In this study, extractions of tea leaves 

from A. subintegra by DI-water and ethyl acetate 

(EA) were investigated. Evaluation of total flavonoid 

content and antioxidant activity of the extracts was 

performed. 

 

2. Objectives: 

 The objective of this study was to optimize the 
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DI-water extraction and EA extraction of total 

flavonoid content from agarwood tea leaves using 

RSM and BBD. The antioxidant activity of the 

extract was investigated. 

 

Materials and Methods 

 

Materials: 

 A. subintegra tea leaves were from Thai Rung 

Agriculture-Srivichai (Sadao) Community 

Enterprise, Songkhla. The dried tea leaves were cut 

into an average size of 2 mm and kept in a dried 

container until used. Gallic acid was from Merck 

Millipore Company, Thailand and quercetindihydrate 

was from FlukaBiochemika, Thailand. EA and all 

solvents were analytical reagent grade and from RCI 

Labscan Company, Thailand. 

 

Experimental Design:  

 RSM with BBD was applied to determine the 

optimal conditions of extraction of A. subintegra tea 

leaves. The extraction temperature (X1), extraction 

time (X2) and shaking speed (X3) were independent 

variables to optimize total flavonoid content and 

antioxidant activity. The experimental data were 

fitted to the second-order polynomial model, Eq. 1 
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 Where Y is response, β0, βj, βjj, βij are constant 

coefficients of intercept, linear, quadratic, and 

interaction terms, respectively. Xì and Xj are coded 

independent variables. The variables were coded 

according to Eq. 2 

 

XCoded=
XActual-(XHi+XLow) 2 

(XHi-XLow) 2 
                                         (2) 

 

 The statistical testing of the models was 

performed with Analysis of variance (ANOVA). The 

P value (probability) with 95% confidence level was 

used as a tool to check the significance of each 

coefficient [7]. The coefficient of variance (CV) is 

considered reproducible when less than 10%. 

 

Extraction Method:  

 The dried A. subintegra tea leaves were 

extracted by DI-water and EA at the ratio 5:40 g/ml 

with controlled temperature and shaking speed using 

water bath shaker (Memmert WNB45, Schwabach, 

Germany). The studied variable ranges were the 

extraction temperature (30-80°C), the extraction time 

(1-3 day) and the shaking speed (0-160 rpm). The 

extracts were filtered through Whatman filter paper 

(No. 40) using a Buchner funnel, and concentrated 

using a rotary evaporator. The received crude 

extracts were then freeze-dried before calculating the 

extraction yields and analyzing flavonoid content and 

antioxidant activity. 

 

Total Flavonoid Analysis:  

 The total flavonoid content was estimated by 

AlCl3 colorimetric method. Quercetin was used as 

the standard and expressed as quercetin equivalent 

(QE) [8]. The standard curve of QE was prepared 

and tested with five concentrations of quercetin 

standard solution, 0, 25, 50, 75 and 100 mg/L. 

Testing was performed using test tubes, 1 ml of each 

standard solution was reacted with 3 ml of 95% 

ethanol, 0.2 ml of a 10% AlCl3 reagent, 0.2 ml of 1 

M potassium acetate, and 5.6 ml of DI-water. The 

mixtures were mixed thoroughly by the vortex mixer 

for about 30 s and left at room temperature for 15 

min. Absorbance readings were taken by a 

UV/Visible Spectrophotometer at 415 nm. Total 

flavonoid content of the extracts was determined by 

replacing QE with the extracts. 

 

Antioxidant Activity:  

 The potential antioxidant of the extracts was 

tested by 1,1-Diphenyl-2-picryl-hydrazyl-hydrate 

(DPPH) radical scavenging assay. 0.5 ml of the 

extract solutions, 0.1, 0.05, 0.025, 0.0125 and 

0.00625 mg/ml were added to 0.5 ml of 6 ×  10−5 M 

solution of DPPH radicals in ethanol. The mixtures 

were shaken vigorously and left at room temperature 

for 10 min. The absorbance of the received solution 

was measured at 517 nm and converted to percentage 

of antioxidant activity using Eq. 3 [9] 

 

DPPH scavenged(%) = [(A0-A1)/A0] × 100        (3) 

 

 A0 is the absorbance of control and A1 is 

absorbance of test. The antioxidant activity of the 

extracts was expressed as IC50 values and compared 

with gallic acid standard. The IC50 values were 

defined as the concentrations (in mg/ml) of the 

extracts that scavenge the DPPH radicals by 50%. 

 

Results and Discussions 

 

 Total flavonoid contents of the DI-water extracts 

were significantly higher than those EA extracts as 

seen in Table 1. The maximum actual total flavonoid 

content of 15.41 mg QE/g agarwood tea leaves was 

obtained by the extraction with DI-water at 80°C, 

shaking speed 80 rpm for 1 day. Through RSM 

models, the determination coefficients (R
2
) were 0.96 

for total flavonoid contents by DI-water extraction 

and 0.98 for EA extraction, respectively. The 

predicted R
2
 (0.88, 0.88) were in agreement with the 

adjusted R
2
 (0.94, 0.96). The low value (<10%) of 

the coefficient of variation (CV) indicated that the 

model was reproducible. The adequate precision 

(Precision index) greater than 4 was desirable [10]. 

In this study, the Precision indexes were 28.60 and 

32.45 for DI-water extraction and EA extraction, 

respectively. Then the total flavonoid contents by DI-

water extraction (Y1) and EA extraction (Y2) were 

shown in Eq. 4 and Eq. 5 
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Y1 =  8.832 + 0.682X3  + 1.673X2
2  − 4.514X1X2 −            3.672X1X3  + 1.024X2X3                                  (4) 

 

Y2 =  3.1 + 0.857X1  + 0.133X2  + 0.179X3 − 0.441X1
2 −            0.626X2

2  − 1.189X3
2  + 0.215X1X2      (5) 

 
Table 1: Experimental variables and results. 

Case Temperature 

(C) 

x1 (X1) 

Time 

(day) 

x2 (X2) 

Speed 

(rpm) 

x3 (X3) 

Total flavonoid content 

(mg QE/g agarwood tea leaves) 

DPPH (IC50, mg/ml) 

DI-water (Y1) EA (Y2) DI-water (Y3) EA (Y4) 

1 30 (-1) 1 (-1) 80 (0) 6.92±0.0012 1.15±0.0000 0.047±0.0025 0.034±0.0042 

2 30 (-1) 2 (0) 0 (-1) 5.35±0.0035 0.57±0.0025 0.032±0.0020 0.033±0.0044 

3 30 (-1) 2 (0) 160 (1) 12.94±0.0015 0.88±0.0010 0.058±0.0000 0.041±0.0035 

4 30 (-1) 3 (1) 80 (0) 15.16±0.0010 0.97±0.0050 0.034±0.0030 0.043±0.0015 

5 55 (0) 1 (-1) 0 (-1) 9.90±0.0006 1.10±0.0012 0.030±0.0015 0.046±0.0050 

6 55 (0) 1 (-1) 160 (1) 10.33±0.0000 1.18±0.0020 0.039±0.0015 0.031±0.0006 

7 55 (0) 2 (0) 80 (0) 8.14±0.0050 3.23±0.0000 0.032±0.0010 0.056±0.0049 

8 55 (0) 2 (0) 80 (0) 8.88±0.0020 3.01±0.0035 0.034±0.0045 0.055±0.0006 

9 55 (0) 2 (0) 80 (0) 8.00±0.0038 3.05±0.0015 0.033±0.0010 0.056±0.0010 

10 55 (0) 3 (1) 0 (-1) 8.09±0.0012 1.25±0.0012 0.044±0.0035 0.050±0.0025 

11 55 (0) 3 (1) 160 (1) 12.62±0.0044 1.61±0.0006 0.028±0.0025 0.038±0.0012 

12 80 (1) 1 (-1) 80 (0) 15.41±0.0000 2.67±0.0050 0.025±0.0000 0.032±0.0038 

13 80 (1) 2 (0) 0 (-1) 12.81±0.0000 1.87±0.0042 0.024±0.0010 0.039±0.0010 

14 80 (1) 2 (0) 160 (1) 5.71±0.0035 2.56±0.0010 0.056±0.0020 0.028±0.0000 

15 80 (1) 3 (1) 80 (0) 5.59±0.0006 3.34±0.0000 0.047±0.0025 0.023±0.0000 

 

 For water extraction the extraction time was the 

most important parameter, followed by shaking 

speed. There were interactions between extraction 

temperature and extraction time, extraction 

temperature and shaking speed and extraction time 

and shaking speed. For EA extraction there were 

impacts of all parameters on total flavonoid contents 

with only interaction between extraction temperature 

and extraction time. The response surface curves 

were plotted to show the interactions among different 

factors as shown in Fig. 1 and Fig. 2. The total 

flavonoid content increased when raising the 

extraction time from 1 to 3 day. For DI-water 

extraction, yield can be increased with the increase 

extraction time and shaking speed as shown in Fig. 1. 

Therefore, at a fixed extraction time and by 

increasing the shaking speed the result was as good 

as increasing the extraction temperature and the 

experimental models were significant (P < 0.05). As 

extraction time and shaking speed have a stronger 

effect compared to time for agarwood tea leaves 

extraction, it's could be seen in Fig. 2. The highest 

yield of total flavonoids was obtained on DI-water 

extraction for 1 day (Fig. 1). The predicted yield 

gave higher 20.40 mg QE/g agarwood tea leaves than 

actual yield and showed the optimum conditions 

from RSM approach were extraction temperature 

30°C, extraction time 3 days and shaking speed 160 

rpm. In other words, the longer extraction time gave 

the higher total flavonoid content. However, the 

degradation of flavonoids is possible under changing 

temperature or the exposure to air and light during 

oven drying or air drying of samples [11]. 

 

 
 

Fig. 1: Plotted response surface of the extraction time (X2) and the shaking speed (X3) on total flavonoid 

content from agarwood leaf tea extracted with DI-water (Y1). 
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Fig. 2: Plotted response surface of the extraction time (X2) and the shaking speed (X3) on total flavonoid 

content from agarwood leaf tea extracted with EA (Y2) (Y1). 

 

 The results of DPPH assay of DI-water and EA 

extract shown in table 1. The decrease in absorbance 

of the DPPH radical was due to the scavenging of the 

radical by hydrogen donation. A lower value of IC50 

indicates a higher antioxidant activity DPPH radical 

scavenging activity of each extracts is directly 

proportional to the concentration of total flavonoid of 

extracts. From the ANOVA F-test showed the DI-

water and EA extracts are to be compared. The 

results presented that the DI-water extract was not 

significantly different from the EA extract. The 

quadratic effect of the extraction temperature and the 

extraction time were significant (P < 0.05). The IC50 

related to the coded terms of the extraction 

temperature (X1), the extraction time (X2) and the 

shaking speed (X3) as shown in Eq. 6 (DI-water 

extracts) and Eq. 7 (EA extracts). 

 

Y3 =  0.05567 + 0.00638X3  + 0.00875X1X2        (6) 

Y4 =  0.05567 − 0.00363X1  − 0.00375X3  − 0.01433X1
2  −            0.00833X2

2  − 0.00608X3
2 −

0.0045X1X2  −            0.0047X1X3         (7) 

 

5. Conclusions: 

 The extracts of agarwood tea leaves used EA 

solvent obtained the better antioxidant activity and 

greater IC50, when compared to the extraction by DI-

water solvent which gained higher antioxidant 

extracts yields and total flavonoid contents. It was 

obvious that the extracts of agarwood tea leaves had 

higher antioxidant activity than any other plants. The 

model developed by RSM was well fitted to the 

experimental data for total flavonoid content. The 

high regression coefficient value designated that the 

variables were highly fitted to the regression 

equation total flavonoid content for both of DI-water 

(R
2
 = 0.961) and EA (R

2
 = 0.983). The optimum 

condition of yield of total flavonoid content from 

RSM approach was the extraction temperature at 

30°C, the extraction time for 3 days and the shaking 

speed at 160 rpm. Lastly, among three parameters 

tested, extraction time was found to be the most 

prominent factor affecting the efficiency of 

agarwood tea leaves extraction. 
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