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ABSTRACT  

Objective: This research aimed to find modeling and optimization of a novel kinetic-assisted infundation for rich-epigallocatechin gallate (EGCG) 
and polyphenols extraction from white tea leaf (Camellia sinensis L.). 

Methods: The optimal conditions for the best extraction of kinetic-assisted infundation were determined using central composite design. The 
content of EGCG, catechin, gallic acid, caffeine, theobromine, and theophylline was quantified using high-performance liquid chromatography with 
ultraviolet detection (HPLC/UV-detection). The total polyphenolic content (TPC) and total flavonoid content (TFC) was measured using the 
spectrophotometric method. The semi-purified extract was characterized by HPLC, fourier transform infrared spectrophotometry-universal 
attenuated total reflectance (FTIR-UATR), and powder-X ray diffraction (P-XRD). The extraction mechanism of target compounds was analyzed 
using scanning electron microscopy (SEM) qualitatively.  

Results: The optimum process for the rich-EGCG and polyphenolic extraction using kinetic-assisted infundation was the concentration of simplicia 
14.75 %, the stir rate 440 rpm, and extraction time 12.31 min. The yield of extracts, TPC, TFC, EGCG, caffeine, gallic acid, and theobromine contents 
in the optimal extraction process were 9.34 %, 70.97 %, 13.95 %, 29.02 %, 11.95 %, 1.33 %, and 0.33 %, respectively. 

Conclusion: The kinetic-assisted infundation method proved to be easy to apply with good results as an alternative technique for extracting 
polyphenolic compounds and rich-EGCG from white tea leaves.  
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INTRODUCTION 

White tea of Camellia sinensis L. is produced from the youngest part 
of the leaf (leaf bud). The most common active compounds are 
polyphenols such as epigallocatechin gallate (EGCG) and other 
catechin derivatives [1, 2]. Other ingredients found in white tea are 
caffeine, theobromine, and theophylline. Epigallocatechin gallate has 
robust pharmacological activities as an antioxidant agent and 
oxidative stress inhibitor. White tea contains EGCG reported to have 
multiple pharmacological effects, such as antidiabetic [3], 
antiobesity [4], antihypercholesterolemic [4], neuroprotection [5], 
anticancer and DNA protective [6]. Based on many references, 
polyphenols have been shown to have extensive pharmacological 
activities [7–9]. Therefore, it is exciting to develop polyphenol 
extraction techniques in order to obtain the active compound of 
quality natural ingredients. 

Kinetic-assisted infundation (KAI) is an extraction technique 
developed from conventional infundation (CIn) methods. 
Conventional methods have disadvantages such as slow-moving 
compound transfer processes caused by low solvent penetration [10, 
11]. In other conditions, advanced methods such as ultrasound-
assisted extraction (UAE) and microwave-assisted extraction (MAE) 
are not necessarily suitable for the extraction of active compounds 
from white tea. The supercritical fluid, UAE, and MAE are applied to 
reduce the use of organic solvents and to shorten the extraction 
process. However, such methods require high energy consumption 
and limit applications in large-scale industries [12]. In our previous 
research, KAI was able to deliver excellent results compared to 
conventional techniques. With the existing limitations provide 
results that are not too far from the UAE method.  

In this study, essential extraction factors in KAI consisting of 
concentration, stir rate, and extraction time were optimized. Several 
studies related to the optimization of the extraction process of white 
tea have been done. However, the report is limited to brewing and 
infusion techniques with variable temperature, extraction time and 

ethanol concentration [13, 14]. Optimization of phenolic extraction 
from green tea using UAE method [12]. Our the best knowledge, 
there are no research reports on modeling and optimization of rich-
EGCG and polyphenols extraction process using KAI technique with 
the central composite design approach. The optimum semi-purified 
extracts were analyzed and characterized using HPLC, FTIR-UATR, 
P-XRD, and SEM to extraction mechanism analyzed. 

MATERIALS AND METHODS 

Plant materials and chemicals 

The white tea product of Camellia sinensis L., Theaceae, was obtained 
from Gamboeng Tea Company member of the Research Institute of 
Tea and Cinchona Gamboeng, Jawa Barat, Indonesia. The standard 
EGCG, catechin, gallic acid, caffeine, theobromine, and theophylline 
were purchased from Sigma Aldrich (St. Louis, MO, USA). The 
methanol and acetonitrile HPLC-grade were purchased from Fisher 
Scientific (Loughborough, Leics, UK). The Folin-ciocalteu reagent 
was purchased from Merck (Darmstadt, Germany). 

Kinetic-assisted infundation procedure 

KAI extraction techniques are developed from CIn. In this technique, 
mechanical stirring is added which differentiates from conventional 
methods. The solvent used was water by indirect heating at 90 °C 
and continued with fractionation using ethyl acetate. The ethyl 
acetate-soluble target compound was evaporated until the powder 
was obtained. The semi-purified extracts of white tea obtained were 
calculated as a percentage of yields. 

Optimization design 

The design of experiment (DoE) approach using a central composite 
design (CCD) was applied to find modeling and to optimize the 
extraction process of polyphenols (rich-EGCG) in white tea. 
Quantitative data from experiments are modeled, evaluated, and 
analyzed using response surface methodology (RSM). This analysis 
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with mathematical and statistical techniques is appropriate for 
problems solving in responses that are influenced by several 
variables [14]. The main factors as independent variables studied for 
the development of extraction methods are concentration (water to 
a material ratio) (%, A), stirring rate (rpm, B), and extraction time 
(min, C). The responses determined included yields (%, Y1), TPC 

(% b/b GAE, Y2), TFC (% b/b CAE, Y3), EGCG (% b/b, Y4), caffeine 
(% b/b, Y5), gallic acid (% b/b, Y6), and theobromine (% b/b, Y7

 

). 
Based on CCD from the factors entered, 20 runs experiments were 
obtained. The complete design of all trials is presented in table 1. 
Each runs with each extraction condition in table 1 was repeated as 
many as three replications. 

Table 1: Design of CCD and experimental results for optimization of KAI uses three dependent variables and seven main responses 

Run Std Dependent variable Responses (Y)* 
A: Conc. 
(%) 

B:Stirr 
rate (%) 

C: Time 
(min) 

Y1

Yields (%) 
: Y2

TPC (%) 
: Y3

TFC (%) 
: Y4

EGCG (%) 
: Y5

Caf (%) 
: Y6

GA (%) 
: Y7

TB (%) 
: 

1 3 10 600 10 6.41 71.56 14.93 27.46 15.98 0.110 0.418 
2 8 20 600 20 3.60 67.51 12.87 26.72 15.26 0.158 0.482 
3 1 10 200 10 6.63 70.26 14.81 25.99 15.67 0.103 0.409 
4 20 15 400 15 9.20 72.06 13.82 27.54 11.61 0.162 0.327 
5 9 5 400 15 8.20 68.52 14.76 26.84 19.05 0.094 0.418 
6 16 15 400 15 9.41 70.84 13.28 28.30 12.23 0.115 0.349 
7 12 15 800 15 4.10 69.88 14.35 26.25 16.41 0.161 0.488 
8 5 10 200 20 6.20 69.50 13.04 24.63 15.07 0.166 0.329 
9 11 15 0 15 4.50 70.04 13.82 28.43 13.58 0.134 0.386 
10 7 10 600 20 5.10 68.25 14.25 26.65 19.34 0.137 0.417 
11 18 15 400 15 9.35 70.76 13.54 26.89 12.65 0.127 0.343 
12 6 20 200 20 3.88 66.76 12.17 26.66 13.80 0.161 0.374 
13 17 15 400 15 10.50 72.87 13.87 27.52 11.62 0.144 0.336 
14 4 20 600 10 3.90 70.46 13.67 29.57 14.29 0.130 0.376 
15 10 25 400 15 2.50 67.50 12.78 28.07 14.75 0.145 0.458 
16 14 15 400 25 2.89 65.15 13.16 25.23 15.79 0.164 0.430 
17 15 15 400 15 9.85 71.99 14.01 27.67 11.11 0.114 0.344 
18 13 15 400 5 5.03 68.34 14.28 31.86 14.38 0.106 0.370 
19 2 20 200 10 4.06 69.35 13.28 29.72 14.51 0.111 0.377 
20 19 15 400 15 9.95 71.05 14.21 25.86 12.73 0.127 0.325 

*result expressed in mean (n=3) 
 

Prediction and verification 

The model of each response (Y) is used to predict the optimal 
conditions of the extraction process. The optimal condition 
prediction is obtained by determining the priority value of each 
response in Design-Expert software. Verification procedures for 
optimal conditions obtained using six replication data from the 
experiment. Data were analyzed with one sample t-test sample using 
SPSS software and analyzed from 95 % confidence interval (CI) and 
95 % prediction interval (PI) from Design-Expert software. 

Total phenolic content (TPC) assay 

The standard used for the determination of TPC is gallic acid [15–17]. 
Determination of TPC uses the folin-ciocalteu reagent with the formation 
of a stable blue color as an important indicator in the reaction. The 
wavelength used in the absorbance measurement at 740 nm. 

Total flavonoid content (TFC) assay 

Determination of TFC using aluminum chloride (2 %, b/v) added to 
the sample and sodium nitrite (5 %, b/v). Sodium hydroxide solution 
is used to stop the reaction. The sample absorbance was measured 
at a wavelength of 510 nm using the Hitachi U-2900 (Hitachi, Japan) 
spectrophotometer. 

High-performance liquid chromatography 

Quantification of EGCG, catechins, gallic acid, caffeine, theobromine, 
and theophylline using Hitachi-2000 HPLC instruments (Hitachi, 
Japan) equipped with UV-Vis L-2420 detector and D-2000 Elite 
software. The column used for the separation of compounds is 
LiChrocart reverse phase C18 (Merck, Darmstadt, Germany). 
Membrane size of 0.45 μm is used in filtering the sample, and 20 μl 
was injected into the HPLC system. The quantification of compounds 
is calculated based on a calibration curve that has been validated 
previously with a wavelength of 280 nm. 

Characterization using FTIR-UATR spectrophotometer 

The FTIR-UATR spectrometer instrument used by Nicolet iS5 
(Thermo Scientific, USA) and equipped with Omnic software 

(Thermo Scientific, USA) for processing data. The sample powder is 
loaded in the holder on the instrument. Spectra were recorded in 
areas of 4000 to 500 cm-1 and a resolution of 4 cm-1. 

Characterization using P-XRD 

Characterization of samples from semi-purified extracts of white tea was 
determined using the MiniFlex600 benchtop X-ray diffractometer 
(Rigaku, Tokyo, Japan) with the MiniFlex600 PDXL2 software as a data 
processor. The sample is loaded in a sliding glass and operated at a 
voltage of 30 kV and 10 mA with a scan speed of 10 deg/min. 

Comparison of extraction methods 

As a comparison, CIn and UAE were used. In the CIn process, the white 
tea powder is soaked in water at 90 °C using indirect heating. In the UAE 
technique, ultrasonic baths (Krisbow, Indonesia) were used with 220-
240 AC power, 50-watt voltage, and 47 kHz frequency. Quantification 
using HPLC and characterization using FTIR-UATR and P-XRD. 

Extraction mechanism analysis using SEM 

Extraction mechanism analysis was carried out by comparing the 
morphology of tea powder before and after the extraction process using 
SEM with instrumentation JSM-6510 (Jeol, Tokyo, Japan) based on 
existing literature [12,13]. Briefly, the sample is sprinkled on a carbon 
plate to form a conductive surface. Operating procedures by setting 
electron parameters such as high voltage 10 kV and spot size 40. 

Statistical analysis 

Responses and models in optimization were analyzed (including 
statistical analysis) using Design-Expert software (Stat-Ease Inc., 
Minneapolis, MN, USA). The quantification data from the HPLC 
method were statistically analyzed with the help of SPSS software 
(SPSS Inc, Chicago, IL, USA) with significance at p<0.05. 

RESULTS AND DISCUSSION 

Optimization studies using CCD 

The effect of concentration (A), stirring rate (B), and extraction time 
(C) on extraction response is theoretically expected to increase yield 
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and polyphenolic compounds (rich-EGCG). The specified extraction 
factor or variable strongly supports polyphenol compounds to 
dissolve well [18–20]. In order to obtain high levels of EGCG and 
polyphenols, a strategy is needed in regulating the material ratio 
with solvent, temperature, stirring rate, and extraction time. In 
various literature, EGCG and catechin derivatives will be easily 
damaged at temperatures above 100 °C [10, 12, 13]. However, at 
temperatures lower than 100 °C for a long time, the EGCG obtained 
decreases [11, 21]. Another challenge is the presence of purine 
alkaloid compounds which are also found in tea leaves, especially 
caffeine. 

Extraction techniques such as conventional maceration and 
infundation have an equilibrium point [18]. Likewise, with the KAI 
technique developed. Extraction time is a factor that must be 
considered in CIn techniques. In the extraction mechanism, there is a 
minimum time needed for the solvent to penetrate the cell and 
expand. This condition will make the solvent more effective in 
dissolving the target compounds contained in cells [14, 19]. This KAI 
technique regulates a fixed temperature at 90 °C referring to the 
basic technique. Temperature and stirring speed can affect 
extraction time [13, 18, 19, 22]. Temperature dramatically 
influences solubility of solutes, diffusion coefficients and dielectric 
water constants [15, 19, 23]. So the KAI technique determines the 

stirring rate and the extraction time be included in the optimization 
variable. 

The optimization procedure using the DoE approach refers to 
studies that have been conducted [13, 14, 24, 25]. Optimization of 
the extraction process with the DoE approach using the Design-
Expert software. The design used in DoE is the CCD method part of 
RSM. The RSM method in many studies is constructive in evaluating 
and predicting optimal conditions with very complex variables and 
responses. A CCD is chosen because of its flexibility, easy to 
understand, and accuracy in predicting optimal conditions [26]. The 
design in the experimental design uses three independent variables 
as the main factor and seven main responses. Extraction conditions 
in each experiment were presented in table 1. 

Based on analysis of variance (ANOVA) of the suggested model Design-
Expert software, the seven responses showed a significant model 
(p<0.05) and the lack of fit value was not significant (p>0.05) (table 3). 
Based on statistical analysis, the equation model of the seven responses 
(Y1, Y2, Y3, Y4, Y5, Y6, and Y7

 

) evaluated can be used to predict the 
optimum conditions of the extraction process. Each response to 
extraction results can be illustrated by the equations model obtained 
(table 2). Regression equation (table 2) provides an overview of the 
effect of each factor on the seven responses evaluated. Each component 
of the factors (A, B, and C) affects the increase or decrease of the 
response. 

Table 2: The regression equation for each response results of the experiment 

Response Regressed equation 
Yields (Y1 Y) 1 = 9.55–1.27A–0.16B–0.41C+0.11AB+0.16AC–0.13BC–1.17A²–1.43B²–1.52C² 
TPC (Y2 Y) 2

TFC (Y
 = 71.62–0.47A+0.10B–1.00C+0.23AB–0.18AC–0.36BC–0.88A²–0.40B²–1.20C² 

3 Y) 3

EGCG (Y
 = 13.75–0.56A+0.22B–0.41C  

4 Y) 4

Caffeine (Y
 = 27.39+0.65A–0.06B–1.33C 

5 Y) 5

Gallic acid (Y
 = 12.13–1.05A+0.72B+0.36C–0.42AB–0.31AC+0.70BC+1.29A²+0.82 B²+0.84C² 

6 Y) 6

Theobromine (Y
 = 1.30+0.10A+0.05+0.17C 

7 Y) 7 = 0.34+0.01A+0.03B+0.01C+0.001AB+0.023AC+0.024BC+0.025A2+0.024B2+0.015C2 

 

An equation model in optimization can provide accurate prediction 
results by considering the parameters of press value, coefficient of 
determination (R2), adjusted R2, predicted R2, and adequate precision 
(table 3). The model meets the criteria if the difference between the 

adjusted R2 and predicted R2 values are not more than 0.2, the R2

 

 value 
is more than 0.7, and the adequate precision value is more than 4. The 
press value describes the good fit of a model, and its value is relatively 
small compared to other models that are being considered. 

Table 3: The results of fit statistics of the experimental design 

Response Model Status SD CV Press R Adj. R2 Pred. R2 Adeq. preci. 2 
Yields (Y1 Quadratic ) Model significant, Lack of fit not 

significant  
0.72 11.50 33.48 0.9618 0.9274 0.7534 14.1554 

TPC (Y2 Quadratic ) Model significant, Lack of fit not 
significant 

0.77 1.11 24.12 0.9198 0.8475 0.6739 12.4831 

TFC (Y3 Linear ) Model significant, Lack of fit not 
significant  

0.33 2.40 2.80 0.8304 0.7986 0.7274 16.1523 

EGCG (Y4 Linear ) Model significant; Lack of fit not 
significant  

1.04 3.80 29.67 0.6707 0.6089 0.4360 11.4668 

Caffeine (Y5 Quadratic ) Model significant, Lack of fit not 
significant  

0.72 4.97 26.66 0.9455 0.8964 0.7197 14.2884 

Gallic acid (Y6 Linear ) Model significant, Lack of fit not 
significant  

0.13 9.93 0.41 0.7142 0.6606 0.5555 11.9532 

Theobromine 
(Y7

Quadratic 
) 

Model significant, Lack of fit not 
significant  

0.01 3.08 0.008 0.9707 0.9444 0.8268 18.7813 

 

The response of yields (Y1) from a measurement of 20 experiments 
scattered around the diagonal line on the normal plot of residuals 
curve (fig. 1-A). This result indicates that the data is usually 
distributed and meets the requirements for the ANOVA test. 
Functional modeling is indicated by the absence of suggestions for 
transforming the Design-Expert software. Predicted vs. actual curves 
are used to detect values, or groups of values, that are not easily 
predicted by the model. The predicted and actual values of yields are 
not much different (fig. 1-B) with the adjusted R2 and predicted R2

Low or too high concentrations and stirring rates tend to reduce 
yields. The optimal yields are marked in the reddish-orange area 
(fig. 1-C and 1-D). The p-value in the Y

 
difference indicators of 0.17 (less than 0.2). This result indicates that 

there is no significant difference between the observation data and 
the predicted data from the suggested model. 

1  model is less than 0.05 
indicating a significant model requirement. In this case factors A, 
C, A², B², C² are significant models with the selected type of 
model is quadratic. The yields (Y 1 ) will be optimal in a specific 
concentration range (A) and decrease the yields by increasing 
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the concentration (A²). The addition of extraction time (C²) will 
reduce the yields; the more extraction time is indeed not 

desirable in production. The stirring rate (B) affects the yields, 
especially the increase in stirring will reduce the extracts. 

 

Fig. 1: Model analysis results for response yields (Y1

 

The yield ranges from 2.5 to 10.5 % and is significantly influenced by 
concentration, stirring rate and extraction time at a 0.05 significance 
level. The yields value of 2.5 % is obtained with the following 
extraction conditions, 25 % for concentration, 400 rpm for stirring 
rate, and 15 min for extraction time. The yield value of 10.5 % is 
obtained by extraction conditions similar to the difference in 
concentration of 15 %. Extraction results (especially yields) 
obtained are better than existing studies [10, 13, 14]. 

), normal plot of residuals curves (A), prediction vs. actual curves (B), contour plots 
(C), and 3D surface plots (D) 

Systematically and scientifically, the DoE approach will provide a better 
interpretation. The relationship between the response (Y) and factors (A, 
B, and C) is presented in contour plots (fig. 2) and 3D surface plots (fig. 
3). Contour plots on fig. 2, describes the relationship between the factors 
determined by the response of TPC, TFC, EGCG, caffeine, gallic acid, and 
theobromine. All responses have data spread in a diagonal line on the 
normal plot of residuals curve. Therefore, the seven equation models in 
the response meet the requirements in the ANOVA test. 
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Fig. 2: Contour plots from TPC (A), TFC (B), EGCG (C), caffeine (D), gallic acid (E), and theobromine (F) responses 

Contour plots on linear and quadratic models have different 
characteristics, as well as 3D surface plots. In models with linear types, 
contour plots (fig. 2-B, 2-C, and 2-E) areas are marked with diagonal 
lines. Model with quadratic type, area marked with circular lines (fig. 
2-A, 2-D, and 2-F). The quadratic model has the optimal value of the 
response in the range constraints so that the area is marked with a 
circular line. For the 3D surface plot, the model with linear type 
surface looks flat (fig. 3-B, 3-C, and 3-E), while for quadratic the surface 
will look concave or convex (fig. 3-A, 3-D, and 3-F). 

As with the Y1 response, the response for TPC (Y2

 

) has significant A, 
C, A², B², C² factors on the quadratic model. Increasing concentration 
(A²), stirring rate (B²), and extraction time (C²) will reduce TPC. 
Based on 20 experimental runs, obtained TPC values of 65.15 to 
72.87 % (GAE % b/b). Extraction conditions at run 1 (table 1) 
produce the highest TFC, which is 14.93 % (CAE % b/b). The highest 
EGCG was 31.86 % b/b which was found at run 18, while the lowest 
value was 24.63 % b/b at run 8. The EGCG levels in some tea leaf 
extraction techniques ranged from 1.5 to 30 % b/b [13, 14]. 

 

Fig. 3: 3D surface plots from TPC (A), TFC (B), EGCG (C), caffeine (D), gallic acid (E), and theobromine (F) responses 
 

For optimization purposes, especially the selection of responses, 
catechin and theophylline data were excluded because the extract 
samples were too low (results of measurement orientation with 
HPLC/UV-detection). Also, the primary target is EGCG while still 
considering caffeine as a representative of purine alkaloids (both 

compounds have high levels). Therefore, catechins and theophylline 
can be ignored because they do not affect the results of extraction. 

The optimum conditions for extraction and verification 
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Desirability value is used as an important indicator in determining 
optimum conditions. Desirability values close to 1 indicate proximity 
to predicted values. The extraction condition with desirability value 
0.678 will give 9.32 % for yields, 71.86 % b/b GAE for TPC, 14.04 % 
b/b CAE for TFC, 28.06 % b/b for EGCG, 12.33 % b/b for caffeine, 
1.21 % b/b for gallic acid, and 0.34 % b/b for theobromine. The 
point of intersection of optimal conditions can be seen in the contour 
plot with a desirability value of 0.678 (fig. 4). 

Predictive values are obtained through prediction of points which 
consist of 95 % CI and 95 % PI. The confidence interval is the 
average range of observations at a 95 % confidence level. Prediction 
interval is the range of individual predictive values observed at 95 % 
level of confidence [26]. 

 

Fig. 4: Desirability value at optimal conditions of extraction 
process using KAI 

 

Table 4: The predictive value of optimum conditions and verification range 

Response Prediction Observation* Shapiro- One  
t-test** 

95 % CI 95 % PI 
 (%) (%) Wilk test** Low High Low High 
Yields (Y1 9.32 ) 9.34±0.05 0.495 0.314 8.69 9.95 7.60 11.05 
TPC (Y2 71.86 ) 70.97±1.29 0.668 0.154 71.19 72.54 70.02 73.71 
TFC (Y3 14.04 ) 13.98±0.46 0.968 0.631 13.85 14.22 13.31 14.76 
EGCG (Y4 28.06 ) 29.02±0.95 0.522 0.057 27.48 28.65 25.78 30.35 
Caffeine (Y5 12.33 ) 11.95±0.99 0.341 0.396 11.70 12.96 10.60 14.05 
Gallic acid (Y6 1.21 ) 1.33±0.12 0.374 0.075 1.14 1.28 0.93 1.49 
Theobromine (Y7 0.34 ) 0.33±0.01 0.071 0.134 0.33 0.35 0.31 0.37 

*result expressed in mean n=6±standard deviation (SD), **p>0.05) 

The yields at optimum conditions were 9.34±0.05 %, theoretically 
included in the 95 % CI verification range (8.69 to 9.95 %) and from 
the 95 % PI range (7.60 to 11.05 %) well verified. Verification can be 
determined from one sample t-test with a p-value of more than 0.05 
(table 4). This one sample t-test test shows that the yields are not 
significantly different from the predicted value. TPC, TFC, EGCG, 
caffeine, gallic acid, and theobromine levels were also well verified 
(based on 95 % CI range, 95 % PI range, and one sample t-test). 

Observation results for each response enter the range of predictive 
values. Accuracy in predicting response is related to modeling 
obtained from CCD results and excellent statistical analysis. 
Polyphenolic compounds with parameters of TPC, TFC, EGCG, and 
gallic acid at optimal extraction conditions obtained high results, 
were 70.97±1.29 %, 13.98±0.46 %, 29.02±0.95 %, and 1.33±0.12 %, 

respectively. In this study, caffeine and theobromine compounds 
were set minimum in the prediction priority assessment. The results 
of extraction using KAI obtained 11.95±0.99 % for caffeine and 
0.33±0.01 % for theobromine. 

Characterization of semi-purified extract using HPLC 

The optimal condition of the extraction process from the KAI technique 
is then characterized using the HPLC, FTIR-UATR and PXRD methods. 
The HPLC chromatogram profile shows the presence of EGCG, caffeine, 
gallic acid, and theobromine compounds with a stronger intensity (fig. 
5). In fig. 5-A, the six standards can be appropriately separated. EGCG in 
white tea extract (fig. 5-B) has a peak with a tendency to be the same as 
the standard. The HPLC results in the extract showed low intensity for 
catechin and theobromine compounds. 

 

 

Fig. 5: The HPLC chromatogram of standards (A) and profile of white tea extracts from kinetic-assisted infundation (B), Peaks: gallic acid 
(1), theobromine (2), theophylline (3), catechin (4), caffeine (5), and epigallocatechin gallate (6) 

 

Fig. 6 presents the levels of several active compounds resulting from 
extraction techniques using KAI, CIn, and UAE. EGCG compounds are 
the main target in the development of extraction techniques in this 

study. However, other compounds such as caffeine and theobromine 
remain measured (fig. 6). EGCG levels in semi-purified extract of 
white tea obtained from KAI, CIn, and UAE were 29.02±0.95 %, 
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24.26±0.63 %, 30.44±0.74 %, respectively. Caffeine is a class of 
purine alkaloids; this compound is also found in black tea, green tea, 
and white tea [27,28]. The caffeine content in the semi-purified 
extract sample was 11.95±0.99 for KAI, 15.51±0.60 % for CIn, and 
18.06±0.57 % for UAE. Caffeine and theobromine in KAI are lower 

than those of CIn and UAE, and these results are as expected. 
Ultrasonic wave penetration in the UAE causes cells or tissues to be 
damaged so that all compounds can quickly dissolve in the solvent. 
In KAI optimization results, the model and priority determination 
are set so that alkaloids such as caffeine can be minimized. 

 

 

Fig. 6: Comparison of white tea extract using KAI, CIn, and UAE, yield of extracts (A), TPC and TFC (B), EGCG and Caffeine (C), and gallic 
acid, and theobromine (D), (n=6) 

For the purpose of comparing the extraction results from KAI, CIn, 
and UAE, the levels of catechins and theophylline were measured, 
although in the optimization analysis these two parameters were not 
determined. Catechins and theophylline in white tea extracts 
produced by KAI and CIn were relatively lower than other 
compounds. Catechins in CIn were not detected, but in UAE 
techniques were relatively higher than KAI and CI. The catechin and 
theophylline levels in UAE techniques are caused by ultrasonic 
waves which can assist in attracting compounds. 

Profiling using FTIR-UATR spectrophotometer 

High polyphenols content (especially EGCG) in white tea extract 
powder will be easily analyzed using FTIR instruments [29]. In 
general, hydroxyl and carbonyl groups provide vibration bands that 
are easily detected [30–32]. Analysis using FTIR has been done to 
characterize extracts and medicinal raw materials. Fig. 7, shows the 
FTIR-UATR spectrum of white tea extract powder produced by KAI, 
CIn, UAE, EGCG standard, and caffeine. 

 

 

Fig. 7: FTIR-UATR spectra of white tea extracts using KAI (1), CIn (2), UAE (3), standard EGCG (4), and caffeine (5) 

 

Extract results from the UAE and CIn provide a spectral pattern that 
is similar qualitatively to the KAI method. Based on the spectra, 
there are strong and broad O-H stretch bands in the area of 3600 to 

2800 cm-1 for extract powder produced by KAI, CIn, UAE, and EGCG. 
Spectra at a wavelength of 1800 to 800 cm-1 prove the presence of 
carbonyl polyphenols. The spectrum with an area of 3600 to 2800 
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cm-1 is the first unique feature, and the area of 1800 to 800 cm-1 is a 
sign of the second unique feature. Characteristics of polyphenols are 
seen in the number of OH in the area of 3500 to 3100 cm-1 [31]. 
Bands in the 1689.84 cm-1 for KAI, 1690.11 cm-1 for CIn, and 
1689.60 cm-1 are related to the vibration of the carboxyl group 
stretching, stretching C=O flavonoids. A band 1552.16 cm-1 for the 
KAI sample related to aromatic stretching C=C. Stretching of 
aromatic carbon at 741.18 cm-1 for the KAI spectra is similar to the 
EGCG spectrum pattern at 740.20 cm-1. 

Referring to caffeine spectra, extract powder from KAI, CIn, and UAE 
results have a weak peak in the area of 3100 to 2900 cm-1. Caffeine 
has a unique spectral pattern on the 3111.93 cm-1 bands and 
2953.90 cm-1 bands. As with EGCG, caffeine has a typical spectrum 
at 1800-800 cm-1 with different patterns. Therefore, semi-purified 
extract powder from white tea has a spectral pattern combined 
between catechin derivatives (mainly EGCG) and purine alkaloids 
(which are dominated by caffeine). 

Profiling using powder X-ray diffraction 

Characterization of material from the existing literature can be done 
using the XRD diffractogram pattern [33–36]. The diffractogram 
sample of powdered white tea extract is shown in fig. 8. The 
characteristic peaks of white tea extract centered at 10 and 20 
degrees (2-theta) according to the crystallographic field, which 
indicates a highly crystalline material in samples. The diffractogram 
pattern of extracts of KAI and CIn has similarities with higher 
intensity in KAI. The sample extract from UAE has a much lower 
intensity than KAI and conventional techniques with almost the 
same pattern. In this study, the diffractogram pattern was used as a 
unique fingerprint marker that distinguished between KAI, UAE, and 
CIn extraction techniques. 

The crystalline form of the chemical in the powder X-ray diffraction 
pattern can form unique fingerprints. In one chemical compound, 
there can be more than one crystal form; this phenomenon is known 
as polymorphism. Different polymorphs of the same compound can 
show very different solubility and bioavailability properties. 
 

 

Fig. 8: The XRD pattern semi-purified extracts of white tea using 
KAI (black), CIn (red), and UAE (green) 

 

Extraction mechanism 

Several studies have reported changes in cell wall surface morphology 
due to the extraction process [37–39]. Analysis using SEM 
instrumentation aims to evaluate changes in cell wall surface with 
more specific morphological observations [37]. Based on the results of 
SEM, there were significant physical changes to the surface of the cell 
walls of white tea powder matrix before and after KAI treatment (fig. 
9). White tea powder before extraction (fig. 9-A) has good morphology 
with intact cell walls. The remaining white tea powder from KAI and 
CIn shows the cell wall that has been damaged. In the KAI technique, 
the cell wall suffered more severe damage. 

From the matrix morphology, there was an evident microstructure 
change from white tea powder after extraction using KAI compared 
to conventional techniques. Extraction efficiency using KAI can be 
attributed to optimum stirring rate conditions and extraction time to 
cause damage to the cell wall surface. The effect of the damaged cell 
wall facilitates the release of solutes in the sample matrix into the 
solution [37, 39]. This theory correlates with the results of the 
content of TPC, TFC, and EGCG resulting from the extraction process. 
The efficiency of the KAI method is higher than the CIn method 
which causes damage to the cell wall surface of white tea powder. 
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Fig. 9: SEM micrograhp of powder white tea before extraction (A), after extraction using KAI (B), and CIn (C) 

 

CONCLUSIONN 

Optimization of the extraction process using the DoE with CCD 
approach was successfully applied to evaluate and obtain optimal 
conditions from the KAI technique. A novel technique for extracting 
white tea using KAI was successfully developed and proved to 
provide better results than conventional techniques. The optimum 
conditions in the KAI technique include 14.75 % concentration 
(water to the material ratio), 440 rpm for the stirring rate, and 12.31 
min for the extraction time. 
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