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Response surface methodology (RSM) was employed to optimize the 
extraction conditions of phenolic and antioxidant compounds from matcha 
green tea (Camellia sinensis) using central composite design (CCD). The 
desirability function was used to find the optimum extraction conditions. 
The highest polyphenol and antioxidant content yield were reached at a 
temperature of 80 °C, an extraction time of 20 min, a liquid-to-solid ratio of 
100 mL/g, and a desirability value of 0.948. The experimental values for 
total phenolics under the optimum extraction conditions were 317.62 ± 
3.45 mg GAE/g and 29.21 ± 0.38 mg RE/g for the total flavonoids. The 
antioxidant activity (AA) was evaluated using 2,2 diphenyl-1-picrylhydrazyl 
(DPPH) and 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), 
which showed radical scavenging activities at 88.28 ± 0.14% and 90.02 ± 
0.14%, respectively. The high performance liquid chromatography (HPLC) 
analysis at the optimum condition revealed 14 compounds. Among the 
analyzed compounds, matcha green tea extract (MGTE) had the highest 
content of epigallocatechin gallate (EGCG) with 95.48 mg/g, followed by 
epicatechin gallate (ECG) at 74.48 mg/g, and catechin at 28.94 mg/g. The 
results suggested that the optimized parameters of heat-assisted 
extraction provide an ideal green extraction method for the extraction of 
the high polyphenol and antioxidant content in matcha green tea.  
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INTRODUCTION 
 

Camellia sinensis (green tea) has been studied extensively for its biological 

properties and food applications (Musial et al. 2020). Green tea is distributed commercially 

in loose, bagged, and powdered leaf form. Matcha is a fine powdered green tea made from 

sunlight-protected Camellia sinensis leaves. Matcha tea has gained recent attention and  

market demand, but not much research has been carried out on this resource (Jakubczyk et 

al. 2020). The natural bamboo growth provides shade for the green tea leaves for most of 

their growth period. This natural form of sun protection allows the green tea plants to 

produce massive amounts of bioactive compounds (Jakubczyk et al. 2020). As a result of 

its conventional method of cultivation, matcha tea is notably rich in antioxidants (Sano et 

al. 2018). 
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Polyphenolics are of significant physiological and morphological importance for 

plants as they can act as phytoalexins, antifeedants, contributors to plant pigmentation and 

reproduction, UV-light protectors, and antioxidants (Siracusa and Ruberto 2014). The 

polyphenolic compounds in green tea primarily contain flavonoids, flavanols, phenolic 

acids, and related substances. Tea polyphenols are flavonoid derivatives with a basic 

structure, generally known as catechins, with a-phenyl-benzopyran that is approximately 

18% to 36% of the dry weight of the teas (Yan et al. 2020). Phenolic antioxidants play a 

significant role in shielding the human body from oxidative stress, triggered by an 

imbalance between the generation of reagent oxygen species and the elimination of them, 

and in delaying several chronic diseases (Xu et al. 2012).  

A variety of techniques, such as ultrasonic extraction, supercritical fluid extraction, 

microwave extraction, and pressurized liquid extraction have been used to extract 

polyphenols from plant matrices (Ameer et al. 2017). However, the solvent extraction 

technique is widely used for industrial production because of its flexibility, reliability, and 

minimal equipment cost. The polarity of the solvents plays an important role in the 

selective extraction of numerous bioactive materials. Ethanol and water are the favored 

solvents because they are non-toxic and ecological. Water in particular is a suitable solvent 

in the food sector because it is environmentally sustainable and less expensive than organic 

solvents (Tan et al. 2014). It is important that a modern, environmentally friendly, and 

sustainable approach be developed to meet the demands of sustainable growth.  

Sustainable extraction techniques can consume less energy and chemicals. 

Convential extraction techniques tend to involve more time, a high solvent cost, and a low 

selectivity. Response surface methodology (RSM) can be used to achieve an optimal 

solution by the study of individual factor level combinations. Relative to complete factorial 

design, RSM requires fewer experimental runs, it is more cost-effective, and more user-

friendly. Therefore, RSM can minimize the number of trials and thereby decrease the cost 

and length of an experiment without sacrificing the reliability of the data (Ani et al. 2019). 

Matcha green tea is viewed as a new potential health-beneficial food ingredient for use in 

the functional food industry. Therefore, the aim of this study was to optimize the heat 

assisted extraction conditions for matcha green tea with a higher amount of polyphenols 

and antioxidant activity using RSM. In this study, a rapid and efficient method was 

developed to extract the antioxidant polyphenols from matcha green tea by heat assisted 

extraction, a method for which there is little published research. 

  

 
EXPERIMENTAL 
 

Raw Materials and Heat Assisted Extraction Procedure  
The raw powdered matcha green tea was purchased from MRM (80015, Tokyo, 

Japan). The extraction was conducted using the heat assisted method. The extraction was 

performed according to the procedures outlined in Sayuti et al. (2020), although different 

parameter ranges were used. Powdered samples (1 g) of matcha green tea were extracted 

with deionized water at various parameters (Table 1) that were established by the Design-

Expert software (Version 6.0.4; Stat Ease Inc., Minneapolis, MN). The samples were 

exposed to various extraction times (X1) that ranged between 6 min and 74 min, 

temperatures (X2) that ranged from 2 °C to 100 °C, and liquid-to-solid ratios (X3) that 

ranged between 6 mL/g and 124 mL/g. The extract was then filtered with Whatman No. 1 

filter paper (Cytiva, Little Chafont, United Kingdom). The filtrate was classified as sample 
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extract and concentrated at 60 °C under medium pressure using a Buchi rotary evaporator 

(Rotavapor R-210, Flawil, Switzerland). The crude extract was then dried at 50 °C in the 

oven for a maximum period of 72 h before the dry crude extract was ready for analysis. 

The total percentage of  the yield was determined according to Eq. 1, 

𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑌𝑖𝑒𝑙𝑑 (%) =
𝑥

𝑦
× 100      (1) 

where x is the mass of the dry extract and y is the mass of the dry initial sample. 

 
Determination of the Total Phenolic Content (TPC)  

The total phenolic contents (TPC) were assayed using a modified version of the 

method described by Yusri et al. (2012). The matcha green tea extract (MGTE) (100 μL) 

previously prepared with 500 μL of a Folin-Ciocalteu reagent was added and mixed for 10 

s. Then, 400 µL of 7.5% sodium carbonate (Na2CO3) solution was added, and the mixture 

was incubated at 40 °C for 1 h. After 1 h, 200 µL of the reaction mixture was loaded into 

a 96 wells microplate. The standard curve was constructed using gallic acid and the TPC 

was calculated from the standard curve, as seen in Eq. 2,  

𝑦 = 0.0049𝑥 − 0.0123       (2) 

with an R2 value equal to 0.9982. The absorbance was then measured with a microplate 

reader (BioTek Instruments, Winooski, VT) at 765 nm. The findings were expressed as 

milligrams (mg) of the gallic acid equivalent (GAE)/g sample. 

 
Determination of the Total Flavonoid Content (TFC) 

The total flavonoid content (TFC) of the extract was measured by the colorimetric 

method as previously reported (Yusri et al. 2012) with modification. The MGTE (100 µL) 

was mixed with 100 µL of 10% aluminium chloride (AlCl3). The reaction mixture then 

was incubated for 10 min at room temperature in the dark and the absorbance was measured 

at 435 nm. The standard curve of rutin, as seen in Eq. 3,  

𝑦 = 0.0077𝑥 + 0.0304       (3) 

had an R² value equal to 0.9918. The standard curve of rutin was used to quantify the TFC 

in the MGTE. The TFC was expressed in terms of mg rutin equivalent (RE)/g of sample. 

 
Determination of the Antioxidant Activity (AA) 
The 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical cation inhibition 

antioxidant assay 

The free radical scavenging activity of the extracts was examined by the 2,2-

azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical cation inhibition assay 

(Re et al. 1999) with modifications. The ABTS cation radical was prepared by the reaction 

with 7.8 mg of ABTS in 40 mL of deionized water and 13.24 mg of potassium persulfate 

(K2S2O8). The solution was stored in the dark for 16 h at room temperature prior to use. 

The ABTS solution was then diluted with deionized water and was ready to be mixed with 

the extract. The reaction consumed 0.1 mL of extract in 900 mL of diluted ABTS solution, 

and the mixture was kept in a dark room for 1 h at room temperaute. The absorbance of 

themixture was measured after 1 h of incubation at 735 nm using the microplate reader. 

All the assays were performed in triplicate in order to obtain a precise reading of 

absorbance. The formula for the percentage of the ABTS scavenging activity is shown in 
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Eq. 4,  

𝐴𝐵𝑇𝑆 𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%) =
𝐴𝐵−𝐴𝐴

𝐴𝐵
× 100    (4) 

where AB is the absorbance of the control sample and AA is the absorbance of the tested 

sample.  

 

DPPH radical scavenging ability assay 

The radical scavenging ability was determined according to a modified version of 

the procedures outlined by Ramadan et al. (2003). The DPPH solution was prepared by 

dissolving 4.2 mg of powdered DPPH in 50 mL of methanol. The mixture was shaken 

vigorously to allow the DPPH to dissolve completely. The solution was incubated for 2 h 

at room temperature in a dark room before it was reacted with the extract. A volume of 50 

µL of extract was mixed with 195 µL of the 2,2 diphenyl-1-picrylhydrazyl (DPPH) solution 

in the 96 wells plate and the plate was kept in the dark for 1 h. Then, the absorbance of the 

solution was measured at 540 nm using the microplate reader. The percentage of inhibition 

was calculated according to the ABTS scavenging activity formula (Eq. 4). 

 

Validation of the Model and the Statistical Analysis 
All the responses were analyzed under the optimized conditions of the extraction 

(generated by the Design Expert software). The Design Expert software was also used to 

analyze the regression coefficient and the analysis of variance (ANOVA) for the 

experimental results and to estimate the optimum values and extraction conditions of three 

independent variables. The reliability of the fitted model was calculated based on the R2 

coefficient. The differences in the means were considered statistically significant at p < 

0.05.  

In order to verify the validity of the model, the experimental data were statistically 

compared with the predicted values generated by design expert software based on the 

coefficient of variation (CV) and the independent t-test. The independent t-test was 

performed using the IBM SPSS Statistics 21 software (Armonk, NY) to determine the 

validity of the model and to check the significant difference between the predicted and 

actual experimental data.  

 

Determination of the Green Tea Polyphenols (GTPs) using High 
Performance Liquid Chromatography (HPLC) 

The qualitative and quantitative of the green tea polyphenols (GTPs) were 

performed according to a modified procedure described by Sayuti et al. (2020). An HPLC 

system equipped with an autosampler (Agilent Technologies, Santa Clara, CA), a C18 

column (150 mm × 4.6 mm), and an ultraviolet (UV) visible detector (Agilent 

Technologies, Santa Clara, CA) were employed for the analyses.  

A 0.5% formic acid in deionized water (v/v) solution (solvent A) and acetonitrile 

(solvent B) were used as the mobile phase for the gradient elution. The solvent 

compositions were changed according to the following gradient: 0 min, 5% B; 10 min, 35% 

B; 15 min, 65% B; 18 min, 5% B. The phenolic compounds were identified with the UV 

detector at 280 nm and the injection volume was set at 10 µL with a constant flow rate of 

0.5 mL/min. 
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RESULTS AND DISCUSSION 
 
Fitting the Models  

The optimization of the extraction condition for the matcha green tea was generated 

via RSM. A central composite design (CCD) was used to analyze the relationship between 

the responses and the independent variables. The matrix of the CCD for the variables and 

the responses is shown in Table 1. The equations were obtained from a 20-batch run using 

the Design-Expert software. The quadratic, the reduced quadratic, and the reduced cubic 

model could best fit the experimental data. All the models were generated after removing 

the non-significant model terms with p-values < 0.05. 

 

Table 1. Experimental Data Obtained for the Four Responses Based on the CCD 
Matrix 

 
 

Run 
No. 

 Independent Variables Dependent Variables 

 X1 X2 X3 Y1 Y2 Y3 Y4 Y5 

Type Time 
(min) 

Tempera
-ture (°C) 

Liquid-
to-solid  

Ratio 

Yield 
(%) 

TPC 
(mg 

GAE/g) 

TFC 
(mg 

RE/g) 

ABTS 
(%) 

DPPH 
(%) 

1 Fact 20 22 100 35.33 255.24 34.45 91.31 87.79 

2 Fact 20 80 30 28.79 251.39 26.01 90.97 89.84 

3 Axial 74 51 65 31.63 230.56 34.67 90.70 88.61 

4 Fact 60 80 30 24.16 271.86 35.10 91.04 89.14 

5 Axial 40 2 65 26.20 226.06 17.57 90.70 90.00 

6 Center 40 51 65 31.69 252.93 33.41 90.63 88.77 

7 Center 40 51 65 35.45 250.13 21.33 90.50 89.96 

8 Center 40 51 65 31.20 238.91 19.13 90.56 89.26 

9 Center 40 51 65 29.26 242.20 16.96 90.36 89.67 

10 Fact 20 22 30 22.34 202.24 19.17 90.97 89.67 

11 Center 40 51 65 30.59 248.14 23.84 90.56 89.43 

12 Fact 20 80 100 34.35 199.84 37.91 90.97 88.40 

13 Fact 60 80 100 33.50 201.38 14.67 90.84 90.16 

14 Axial 40 100 65 34.64 232.73 37.09 90.90 88.16 

15 Axial 40 51 124 32.75 160.37 21.55 90.29 87.87 

16 Axial 40 51 6 12.70 192.10 26.74 89.88 89.55 

17 Center 40 51 65 30.79 271.76 28.26 90.50 89.55 

18 Fact 60 22 100 33.40 233.76 23.89 91.24 89.88 

19 Axial 6 51 65 31.11 297.94 43.63 90.22 87.49 

20 Fact 60 22 30 23.27 228.16 23.80 91.17 85.83 

 

The regression coefficients of the dependent variables are shown in Table 2. The 

regression coefficient analysis showed the relationship between the response variables and 

one or more of the predictor variables. The sign of regression analysis coefficient shows 

whether there is a positive  or negative correlation between each independent variable. For 

a positive coefficient, as the value of the independent variable increases, the mean of the 

independent variable also tends to increase. For a negative coefficient, as the independent 

variable increases, the dependent variable tends to decrease. 

Overall, the linear effect for the extraction temperature (X2) was found to have a 

significant effect on the yield and the TFC. Meanwhile, the liquid-to-solid ratio (X3) had a 

high positive significant effect on the yield. However, the extraction time (X1) had an 

insignificant effect on all the responses. The quadratic effect of the extraction time (X1
2) 

was found to be significant only on the TFC. However, the quadratic effect of the extraction 
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temperature (X2
2) produced a high positive significant effect on the ABTS and the quadratic 

effect of the liquid-to-solid ratio (X3
2)  had  significant negative effect on the yield and the 

TPC. The interaction between the extraction time and the liquid-to-solid ratio (X1X3) had a 

significant effect on the TFC and DPPH. Meanwhile,  the interaction between the 

extraction temperature and the liquid-to-solid ratio (X2X3) had a significant effect with p < 

0.01 on the TPC. The lack of fit for all the model terms were found to be insignificant with 

p > 0.05, which indicated that the models fit well and the variables had a significant effect 

on the responses. The three-dimensional (3D) response surface graphs for each response 

were generated by the Design Expert software to show the interaction between the 

independent variables and the responses. The relationship between extraction variables and 

response was visualized by the 3D response surface graphs (Fig. 1 through Fig. 5). 

 

Table 2. Regression Coefficient (β), the Coefficient Determination (R2), and the 
F-test Value for the Yield, the Antioxidant Compound, and the Antioxidant 
Activities 
 

Regression Coefficient (β) 

 Yield (%) TPC (mg 
GAE/g) 

TFC (mg RE/g) ABTS (%) DPPH 
(%) 

Intercept X0 31.50 250.74 24.31 90.50 89.38 

X1 -0.41 -6.36 -2.57 0.063 ND 

X2 1.51* 1.19 3.31* -0.040 ND 

X3 5.25*** -8.55 ND 0.065 ND 

X1
2 0.28 6.83 4.59** 0.12 -0.42 

X2
2 -0.055 -5.49 ND 0.24** ND 

X3
2 -2.78*** -24.28*** -0.72 ND -0.19 

X1 X2 -0.56 2.20 -1.03 ND 0.35 

X1 X3 0.11 -8.29 -5.94** -0.059 1.05** 

X2 X3 -1.03 -22.58** -2.99 -0.076 -0.32 

X1
3 ND ND ND ND 0.087 

X2
3 ND ND ND ND ND 

X3
3 ND ND ND ND ND 

X1 X2 X3 ND ND ND ND -0.70 

R2 0.9440 0.8747 0.7837 0.7122 0.7000 

F-value (model) 15.00*** 6.20*** 5.18** 3.53* 3.19* 

F-value 
(lack of fit) 

0.76 6.95 5.42 5.91 5.12 

*Note: X1 = Extraction time (min), X2 = Extraction temperature (°C), and X3 = Liquid-to-solid  
ratio, ND = not determined. Level of significance: *p < 0.05, **p < 0.01, ***p < 0.001. 

 

Effect of the Extraction Variables on the Extraction Yield  
The linear effect of the extraction temperature (X2), the liquid-to-solid ratio (X3), 

and the quadratic effect of the liquid-to-solid ratio (X3
2) were significant model terms for 

the extraction yield. Based on the β-value, the extraction temperature (X2)  and the liquid-

to-solid ratio (X3) had a significant positive effect on the extraction yield, with p < 0.05 and 

p < 0.001, respectively. Meanwhile, the quadratic effect of the liquid-to-solid ratio (X3
2) 

showed a significant negative effect. The non-significant process variables were excluded 

from the model, and the coded yield equation was shown as Eq. 5, 

𝑌𝑌𝑖𝑒𝑙𝑑 = 31.50 − 0.41𝑋1 + 1.51𝑋2 + 5.25𝑋3 + 0.28𝑋1
2 − 0.055𝑋2

2 − 2.78𝑋3
2 −

0.56𝑋1𝑋2 + 0.11𝑋1𝑋3 − 1.03𝑋2𝑋3       (5) 
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The 3D response surface plot was generated with the fixed liquid-to-solid ratio (X3) 

at 65 mL/g. The yield increased as the extraction temperature increased and the extraction 

time decreased (X1X2), as can be seen in Fig. 1a. The temperature is a major variable in the 

extraction yield as the heat activation initiates the release of the phenolic compound from 

the plant matrices by solvent extraction (Kamarudin et al. 2020). Figure 1b demonstrates 

the interaction effect between the extraction time and the liquid-to-solid ratio (X1X3). At a 

fixed extraction temperature (X2) of 51 °C, the yield of the extract increased gradually by 

increasing the liquid-to-solid ratio and decreasing the extraction time (X1X3). The theory of 

mass transfer may describe this interaction (X1X3), in which the higher solid-to-solvent 

ratio contributed to a higher diffusion rate (Wong et al. 2013). Figure 1c showed the effect 

of the extraction temperature and the liquid-to-solid ratio (X2X3) at a fixed extraction time 

(X1) of 40 °C. The extraction yield increased as the extraction temperature and the liquid-

to-solid  ratio (X2X3) increased. The same pattern was reported by Fan et al. (2019), where 

the yield increased gradually as the liquid-to-solid ratio increased. In the solvent 

environment, a higher water content contributed to the swelling of the plant material, which 

increased the interaction with the plant matrix and the solvent, thus increasing the yield 

(Sulaiman et al. 2017). Therefore, the extraction temperature and the liquid-to-solid ratio 

are critical to optimize the extraction yields for the MTGE and enrich the phenolic 

components.  

 

 
                                       (a)                                                  (b)  

 
(c) 

 
Fig. 1. The RSM model for effects of the a) the extraction temperature and the extraction time, b) 
liquid-to-solid ratio and the extraction time, and c) the extraction temperature and the liquid-to-solid  
ratio 
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The Effect of the Extraction Variables on the TPC  
The quadratic effect of the liquid-to-solid ratio (X3

2) and the interaction effect 

between the extraction temperature and the liquid-to-solid ratio (X2X3) were significant 

model terms. The quadratic effect of the liquid-to-solid ratio (X3
2) showed a high 

significant negative effect on the TPC with p < 0.001. Meanwhile, the interaction between 

the extraction temperature and the liquid-to-solid ratio (X2X3) showed a positive significant 

effect on TPC with p < 0.01. The non-significant variables were removed and the coded 

equation for the TPC can be seen in Eq. 6,  

𝑌𝑇𝑃𝐶 = 250.74 − 6.36𝑋1 + 1.19𝑋2 − 8.55𝑋3 + 6.83𝑋2
2 − 5.49𝑋2

2 − 24.28𝑋3
2 +

2.2𝑋1𝑋2 − 8.29𝑋1𝑋3 − 22.58𝑋2𝑋3       (6) 

Figure 2a shows the effect of the interaction between the extraction time and the 

temperature (X1X2) on the TPC. At a fixed liquid-to-solid ratio (X3) 65 mL/g sample, a high 

value of TPC was obtained (297.9 mg GAE/mg) as the extraction time decreased and the 

extraction temperature (X1X2) increased.  

  

 
                                    (a)                                                         (b) 

 
(c)  

 
Fig. 2. The RSM model for the interaction effect of the extraction on the TPC. a) the extraction 
time and the extraction temperature, b) the extraction time and the liquid-to-solid ratio, and c) the 
extraction temperature and the liquid-to-solid ratio 

 

The content of bioactive compounds in green tea will be influenced by sample 

preparation and extraction conditions. Komes et al. (2010) observed that catechins tend to 

degrade during prolonged extraction time, as well as by using higher water temperatures. 

Larrauri et al. (1997) reported that phenolic antioxidants exhibit significant decomposition 

at extraction temperatures above 60 °C. At high extraction temperature and prolonged 

extraction time, some desired compound will eventually degrade. Figure 2b shows as the 

extraction time decreased and the liquid-to-solid ratio (X1X3) increased at a fixed extraction 
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temperature (X2) at 51 °C, the TPC gradually increased. The influence of the extraction 

temperature and the liquid-to-solid ratio (X2X3) on the TPC is shown in Fig. 2c. At a fixed 

extraction time (X1) of 40 min, as the extraction temperature and the liquid-to-solid ratio 

increased (X2X3), the TPC increased. The temperature is a crucial variable for the 

processing of the TPC since heat activation, by way of solvent extraction, initiates the 

diffusion of the phenolic material from the plant matrices. However, at a certain 

temperature level, the performance of the TPC can only be achieved through thermal 

lability (Roselló-Soto et al. 2019). In the present analysis, the highest amounts of TPC 

yielded 317.62 ± 3.45 mg GAE/g from the MGTE under the optimized extraction 

conditions. A higher amount of TPC was obtained compared to a study conducted by Zhao 

et al. (2019), which profiled the 30 tea infusions and obtained a TPC in range of 24.77 ± 

2.02 to 252.65 ± 4.74 mg GAE/g dry weight. Meanwhile, Luo et al. (2020) obtained 243 ± 

7 mg GAE/g dw of TPC in green tea using ultrasound-assisted extraction (UAE) and the 

deep eutectic solvents (DESs) approach. Furthermore, a study conducted by Koláčková et 

al. (2020) investigated the TPC in various type of matcha green tea and obtained a TPC 

value in range of 64.4 ± 1.0 to 93.9 ± 1.0  mg GAE/ for water extracts, which was lower 

than what was obtained  in the present study. This shows that this optimization successfully 

yielded a higher amount of TPC in the water extract compared to previously reported 

studies which used different extraction techniques.  

 

The Effect of the Extraction Variables on the TFC 
The linear effect of the extraction temperature (X2), the quadratic effect of the 

extraction time (X1
2), and the interaction effect between the extraction time and the liquid-

to-solid ratio (X1X3) were significant model terms. The extraction temperature (X2) and the 

quadratic effect of the extraction time (X1
2) showed a positive effect on the TFC with p < 

0.05 and p < 0.01, respectively. On the other hand, the interaction effect between the 

extraction time and the liquid-to-solid ratio showed a negative significant effect on the TFC 

with p < 0.01. The non-significant variables were excluded and the coded value equation 

in the TPC experimental data can be seen in Eq. 7, 

𝑌𝑇𝐹𝐶 = 24.31 − 2.57𝑋1 + 3.31𝑋2 + 4.59𝑋2
2 − 0.72𝑋3

2 − 1.03𝑋1𝑋2 −
5.49𝑋1𝑋3 − 28.52𝑋2𝑋3        (7) 

Figure 3a shows the interaction effect between the extraction time and the liquid-

to-solid ratio (X1X3). At a fixed extraction temperature of 51 °C, as the extraction time 

decreased and the liquid-to-solid ratio increased, the TFC yield increased. Abu Bakar et al. 

(2020) and Sheng et al. (2013) reported the same pattern as the TFC steadily increased as 

the liquid-to-solid ratio increased. This could be because of the increase in the driving force 

for the mass transfer of the TFC, which led to the high TFC recorded after the analysis (Liu 

et al. 2010). The interaction between the extraction temperature and the liquid-to-solid  

ratio (X2X3) can be seen in Fig. 3b. At a fixed extraction time of 40 min, the extraction 

temperature decreased and the liquid-to-solid ratio (X2X3) increased, which slowly 

increased the TFC. Meanwhile, at a fixed liquid-to-solid ratio (65 mL/g), as the extraction 

time decreased and the extraction temperature increased (X1X2), the TFC gradually 

increased (Fig. 3c). The same pattern was reported by Tay et al.  (2014), as the TFC yield 

decreased gradually as the extraction time increased. Long extraction times will increase 

the sensitivity to light and oxygen, which will eventually contribute to the phenolic 

oxidation of flavonoids (Tay et al. 2014).  
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(a)                                                          (b) 

 
(c) 

 
Fig. 3. The RSM model for the interaction effect of the extraction on the TFC. a) the extraction 
time and the liquid-to-solid ratio, b) the extraction temperature and the liquid-to-solid ratio, and c) 
the extraction temperature and the extraction time  
 

 

The Effect of the Extraction Variables on the AA using DPPH and ABTS 
The ABTS and DPPH tests represented the AA as the proportion (%) of the 

inhibition. The quadratic effect of the extraction temperature (X2) on the ABTS had a 

positive significant effect with p < 0.01. Meanwhile, the interaction between the extraction 

time and the liquid-to-solid ratio (X1X3) showed a significant effect with p < 0.01 on the 

DPPH. The other terms did not significantly affect the ABTS and the DPPH. The coded 

equation after the exclusion of the non-significant factors for both the ABTS and the DPPH 

can be seen in Eqs. 8 and 9,  

𝑌𝐴𝐵𝑇𝑆 = 90.50 + 0.063𝑋1 − 0.040𝑋2 + 0.065𝑋3 + 0.12𝑋1
2 + 0.24𝑋2

2 −
0.059𝑋1𝑋3 − 0.076𝑋2𝑋3        (8) 

𝑌𝐷𝑃𝑃𝐻 = 89.38 − 0.42𝑋1
2 − 0.19𝑋3

2 + 0.35𝑋1𝑋2 + 1.05𝑋1𝑋3 − 0.32𝑋2𝑋3 +
0.087𝑋1

3 − 0.70𝑋1𝑋2𝑋3        (9) 

The ABTS’s interaction effect between the extraction temperature and the liquid-

to-solid ratio (X2X3) and between the extraction time and the liquid-to-solid ratio (X1X3) 

can be seen in Figs. 4a and 4b, respectively. The ABTS was only significantly affected by 

the quadratic effect of the extraction temperature (X2). The interaction between the 

extraction time (X1), the extraction temperature (X2), and the liquid-to-solid ratio (X3) did 

not show any significant effect on the ABTS assay. Meanwhile, the interaction between 

the extraction time and the liquid-to-solid ratio (X1X3) showed a significant positive effect 
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on the DPPH, as shown in Fig. 5a.  

  

 

 
(a)                                                                   (b) 

 

Fig. 4. The RSM model for the interaction effect of the extraction on the AA for the ABTS. a) the 
extraction temperature and the liquid-to-solid ratio and b) the extraction time and the liquid-to-solid  
ratio 
 

 
 

                                     (a)                                                                (b) 

 
(c) 

Fig. 5. The RSM model for the interaction effect of the extraction on the AA of the DPPH. a) the 
extraction time and the liquid-to-solid ratio, b) the extraction temperature and the liquid-to-solid  
ratio, and c) the extraction temperature and the extrraction time 

 

At a fixed extraction temperature of 51 °C, as the extraction time and the liquid-to-

solid ratio increased, the AA of the DPPH slowly increased (Fig. 5a). Comparatively, Lee 

et al. (2013) performed an ultrasonic extraction and obtained an 82.7% AA of the DPPH 

of the green tea ethanol extract. The optimized MGTE in this study yielded a higher AA 

(90.6%). Figure 5b shows the interaction between the extraction temperature and the 
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liquid-to-solid ratio (X2X3). At a fixed extraction time of 40 min, as the extraction 

temperature decreased and the liquid-to-solid ratio increased, the DPPH increased. This 

can be explained by the long extraction periods and high temperatures, which  will result 

in degradations and epimerisation of catechins and lower the green tea extract AA (Lee et 

al. 2013). The interaction between the extraction time and the extraction temperature 

(X1X2) can be seen in Fig. 5c. At a fixed liquid-to-solid ratio of 65 mL/g, an increased 

extraction time and temperature caused the DPPH to slightly increase. The most frequently 

detected group of catechins, notably in green tea infusions, was the main contributor to the 

green tea AA (Zhao et al. 2019). Based on these results, the high antioxidant capacity of 

the MGTE can be attributed to the high TPC in both the ABTS and the DPPH, as shown 

from the findings of the TPC and TFC analyses.   

 

Validation of the Optimal Extraction Conditions  
The optimum extraction parameters were obtained by optimizing the desirability of 

the responses. The optimal conditions for the extraction and the response were used and 

subsequently validated using the above mentioned method. The validation suggested that 

the optimized extraction conditions for determining the yield, the TPC, the TFC, and the 

AA were at an extraction time of 20 min, an extraction temperature of 80 °C, an extraction 

volume of 100 mL/g sample, and a desirability value of 0.912. The experimental data of 

the optimized conditions were compared between the predicted values, as shown in Fig. 6. 

The experimental data of the extraction yield, the TPC, and the TFC were significantly 

different compared to the predicted values. Therefore, the optimized heat-assisted 

extraction procedure for enhancing the GTPs and the antioxidant content in MGTE had 

benefits of saving time and energy. 

  

 
Fig. 6. The actual experimental value (optimized) versus the predicted value of MGTE for the yield, 
the TPC, the TFC, and the of the ABTS and the DPPH. The values are expressed as the mean ± 
the standard deviation (n=3). Significant differences were observed between the actual and the 
predicted values (*p < 0.05). 
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Quantification of the GTPs  
The qualitative analysis for the identification of specific GTP compounds was 

carried out via HPLC. The peak compound identification in the extracts was achieved by 

comparing the HPLC retention time (RT) of the standards with those found in the 

chromatograms of the prepared extract. The quantification was achieved through a 

calibration curve with the phenolic standards, as shown in Table 4.  

 

Table 4. Chromatographic Parameters of the Standards for the Phenolic 
Compounds Analyzed by HPLC  

 

The peak compound identification of the MGTE was achieved by comparing the 

HPLC retention time of the standard with the retention time of the MGTE. Overall, 14 

compounds were successfully identified and quantified from the optimized extract of the 

green tea (Fig. 7). Among the analyzed compounds, the MGTE had the highest content of 

epigallocatechin gallate (EGCG) with 95.48 mg/g, followed by epicatechin gallate (ECG) 

at 74.48 mg/g, and catechin at 28.94 mg/g. The amount of each identified compounds could 

be arranged as follows: EGCG > ECG > Catechin > Rutin > Tannic acid > Myricetin > 

Chlorogenic acid > Gallic acid > Epicatechin > Syringic acid > Cinnamic acid > 

Rosmarinic acid > Luteolin > Kaempferol. Ahmad et al. (2014) reported a similar pattern 

as the EGCG was the highest catechin detected in the MGTE followed by epicatechin, 

EGCG, and ECG after it was extracted for 20 min. Epigallocatechin gallate is the most 

abundant green tea catechin, so it is recognized as the main AA component in green tea 

Sample 
No. 

Compounds RTcompound 
(min) 

RTMGTE 
(min) 

Quantity 
(mg/g) 

Regression 
Equation 

R2 

1 Tannic Acid 7.22 ± 0.03 6.84 ± 0.11 9.59 ± 0.39 Y =4.4971x + 
114.38 

0.9642 

2 Gallic Acid 7.32 ± 0.01 7.31 ± 0.01 1.19 ± 0.08 Y =27.718x + 
752.93 

0.9932 

3 Catechin 9.73 ± 0.02 9.31 ± 0.03 28.94 ± 
3.33 

Y =10.839x + 
96.737 

0.9998 

4 Chlorogenic 
Acid 

9.92 ± 0.02 9.78 ± 0.03 2.85 ± 0.58 Y = 22.13x + 
14.281 

0.9986 

5 Epicatechin 10.50 ± 0.14 10.23 ± 
0.27 

0.95 ± 0.36 Y =14.656x + 
5.5891 

0.9998 

6 EGCG 10.67 ± 0.03 10.64 ± 
0.05 

95.48 ± 
0.29 

Y =11.611x + 
170.51 

0.9988 

7 Syringic Acid 11.03 ± 0.01 11.32 ± 
0.01 

0.66 ± 0.19 Y =31.287x + 
631.03 

0.9878 

8 ECG 12.11 ± 0.02 11.70 ± 
0.01 

74.48 ± 
0.59 

Y =23.224x + 
2593.5 

0.9903 

9 Rutin 12.22 ± 0.07 12.16 ± 
0.06 

19.71 ± 
1.19 

Y =12.77x - 
204.75 

0.9976 

10 Rosmarinic 
Acid 

13.63 ± 0.05 13.40 ± 
0.17 

0.14 ± 0.02 Y =444.24x + 
9.143 

0.9982 

11 Myricetin 14.30 ± 0.11 14.48 ± 
0.02 

4.54 ± 0.01 Y =14.718x + 
37.542 

0.9797 

12 Luteolin 16.75 ± 0.17 16.53 ± 
0.05 

0.05 ± 0.10 Y =2.964x + 
11.099 

0.9984 

13 Kaempferol 17.16 ± 0.02 17.14 ± 
0.12 

0.02 ± 0.01 Y =65.019x – 
0.5652 

0.9973 

14 Cinnamic Acid 17.39 ± 0.15 17.31 ± 
0.20 

0.18 ± 0.21 Y =19.617x + 
1.5597 

0.9995 
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(Kim et al. 2016). Different amount and type of compound present in green tea were 

influenced by extraction technique and conditions. Komes et al. (2010) studied the effect 

of multiple extractions on various green tea forms, including loose-leaf, bagged and 

powder. In order to obtain the first, second and third extract, Komes et al. (2010) extracted 

each sample three times under the same extraction conditions, 80°C for 3 min. This 

multiple extraction technique resulted in a lower TPC yield and TFC as the polyphenols 

compound was observed to degrade during the second and third extract. The practice of 

reusing tea samples is not an effective way of drinking since most health-promoting 

compounds decompose (Astill et al. 2001).  

 

  

 

 
Fig. 7. The HPLC analysis for the MGTE. The detection was done at 280 nm. The numbered peaks 
and their corresponding authentic standards were 1: tannic acid, 2: gallic acid, 3: catechin, 4: 
chlorogenic acid, 5: epicatechin, 6: EGCG, 7: syringic acid, 8: ECG, 9: rutin, 10: rosmarinic acid, 
11: myricetin, 12: luteolin, 13: kaempferol, and 14: cinnamic acid. 

 
 
CONCLUSIONS 
 

1. The effect of the various extraction conditions (time, temperature, and the liquid-to-

solid  ratio) on the phenolic compounds and the antioxidant potential of the matcha 

green tea extract (MGTE) were examined. The best extraction conditions based on the 

central composite design (CCD) were observed at an extraction time of 20 min, a 

temperature of 80 °C, and a liquid-to-solid  ratio of 100 mL/g sample. 

2. Taken together, these optimized conditions are promising to improve the total phenolic 

content (TPC) and antioxidant activity (AA) in MGTE, which can maximize the health 

benefits of green tea plants.   

3. The findings from this study found an optimized method to extract antioxidant 

polyphenols from MGTE, which can provide a sustainable and inexpensive approach 

for industrial applications. 
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