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Abstract: Several green tea leaf extraction studies only describe the results of the extraction method or
the different types of solvents that produce the highest levels of polyphenols or caffeine without further
analysis by statistical analysis. In addition, the statistical analysis method still often used is a statistical
analysis of variance, which has weaknesses. This study used PCA and CA methods to analyze samples
based on the solvent's effect on temperature and pH. The solvents used in extracting green tea leaves
were hot distilled water at £95°C, distilled water, citrate buffer pH 4.3, and phosphate buffer pH 7.4
without heating (£25°C). The parameters analyzed were yield, water content, total ash content, acid
insoluble ash content, total polyphenol content, and caffeine in green tea leaf extract (Camellia sinensis
(L.) Kuntze). Classification with PCA results in a 2-dimensional data reduction that represents all data.
Therefore, PC1 can extract as much as 68.7% of the information, and PC2 can extract 22.9% of the
information. Cumulatively, PC1 and PC2 extracted as much as 91.5% of the information. Classification
with CA resulted in 3 clusters. The third cluster, namely numbers 2 and 3, is the cluster that has the
closest similarity with the distance between the cluster centroids of 2.08564 and the similarity level of
56.7850%.

Keywords: CA (Cluster Analysis); green tea leaf (Camellia sinensis (L.) Kuntze); caffeine;
chemometrics; PCA (Principal Component Analysis); polyphenols.
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1. Introduction

One of the chemometric approach methods is a PCA (Principal Component Analysis)
and CA (Cluster Analysis). PCA is the most frequently used method to process multivariate
data with unknown samples or multiple variable analysis methods that aim to simplify the
observed variables by reducing (reducing) their dimensions. At the same time, CA is a method
for grouping entities (individuals and objects) into separate groups based on the similarities
(similarities) between samples [1].

Many studies on green tea leaf extract only describe the results of the extraction method
or the different types of solvents that produce the highest levels of polyphenols or caffeine
without further analysis by statistical analysis. So that in this study, PCA and CA methods were
used to analyze the similarity and correlation between the effect of temperature and pH of the
extraction solvent on the yield, water content, total ash content, acid insoluble ash content, total
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polyphenol content, and caffeine in green tea leaf extract and grouping the samples into several
clusters.

The solvents used in extracting green tea leaves were hot distilled water at +95°C,
distilled water, citrate buffer pH 4.3, and phosphate buffer pH 7.4 without heating (£25°C).
The choice of the type of solvent is based on the nature of polyphenols and caffeine.
Polyphenolic compounds and caffeine tend to dissolve in polar and semipolar solvents [2,3].
Polyphenol compounds are weak acids, and caffeine compounds are weak bases. The nature of
the compound will determine the form of the analyte in a certain atmosphere or environment
according to the Henderson—Hasselbalch equation. If you want to obtain an ionized form, the
extraction pH used for alkaline compounds is approximately 2 levels below the pKa of the
analyte [4].

The analysis results using PCA and CA methods are in the form of screen plots, score
plots, loading plots, biplots, and dendrograms. Based on this background, the authors are
interested in researching the implementation of the use of PCA and CA methods to analyze the
effect of temperature and pH of the solvent with the yield parameters, water content, total ash
content, acid insoluble ash content, total polyphenol content and caffeine in the green tea leaf
extract (Camellia sinensis (L.) Kuntze) by UV-Vis spectrophotometric method.

2. Materials and Methods

2.1. Materials and reagents.

This study used ingredients in the form of green tea leaves (Camellia sinensis (L.)
Kuntze) obtained in Banjar Mayungan Yet, Baturiti Village, Baturiti District, Tabanan
Regency, Bali, Indonesia. Citric acid; sodium citrate (Merck®); NaOH; KH2PO4; ethyl acetate
(Brataco®); ethanol; aquadest (Brataco®); ash-free sari paper (Whatman TM); Aluminum
coating; FeCls 1%; HCI 10%; HCI 2N; LP Mayer; Dragendorff LP; LP Wagner; Folin-
Ciocalteu reagent (Merck®); Na.COs; gallic acid standard (Sigma); and the caffeine standard
(Sigma).

2.2.Sample collection and preparation.

A total of 5 kg of fresh leaves was prepared from the plant (Camellia sinensis (L.)
Kuntze). Wet sorting is done by selecting the shoots and three leaves below the shoots. The
fresh leaf samples that had been sorted were wet and then washed thoroughly with running
water. Furthermore, the weathering process was carried out at a temperature of 90°C for 8
minutes. After that, the process of rolling and drying is carried out. There are 2 drying stages;
the first stage is at a temperature of 130°C for 30 minutes, followed by the second stage drying
process at a temperature of 80°C for 80 minutes until dry leaves are obtained. Furthermore, the
dried leaves are powdered with a blender to produce simplicia powder. Finally, the simplicia
powder was sieved with a mesh sieve No. 40 to obtain a fine powder with a uniform size.

2.3.Green tea leaf extraction.

Ten grams of dry green tea powder were extracted in 100 mL of hot distilled water at a
temperature of £95°C for 20 minutes using a magnetic stirrer at 200 rpm. The temperature of
the distilled water before use was controlled to £95°C directly on a magnetic stirrer. Next, the
extract solution was cooled on ice for 10 minutes and fractioned with 100 mL ethyl acetate.
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The solution was shaken for 5 minutes and allowed to stand for 15 minutes until two phases
were formed, namely the ethyl acetate and aqueous phases. The phase taken is the ethyl acetate
phase. The tea leaf powder was re-extracted in the same way. Extraction was carried out twice.
The solvent was evaporated using a water bath at 50°C to obtain a dry extract. Extraction with
other solvents is carried out in the same way.

2.4. Determination of extract moisture content.

Determination of water content is done by the gravimetric method. An empty weighing
bottle was weighed (W1), the dry extract of green tea leaves was added and weighed 1 gram in
a weighing bottle (W2), then placed in the oven at 105°C for 30 minutes, then weighed (W3).
Weighing is carried out at a distance of 1 hour until the difference in 2 consecutive weighings
is not more than 0.25% [5].

2.5. Determination of total ash content of extracts.

The total ash content test was carried out by weighing 1 gram of extract (W1) put in a
porcelain dish that had been ignited and weighed beforehand. It is slowly ignited in a kiln (with
the temperature being increased gradually to 600 + 25°C until the charcoal runs out. After that,
it is cooled in a desiccator and weighed to a constant weight (W2). The total ash content is
calculated [5].

2.6. Determination of acid insoluble ash content of extracts.

The ash obtained to determine the total ash content was boiled with 25 mL of
concentrated hydrochloric acid for 5 minutes, collected the acid-insoluble portion separated by
filtering using ash-free filter paper, and the residue was rinsed with hot water. The filtered ash
and the filter paper were put back in the same silicate crucible. After that, the extract was
ignited using a kiln slowly (with the temperature being increased gradually to 600 £ 25°C until
the charcoal was used up. Then weighed to a constant weight (W3) [5].

2.7. Determination of total polyphenol content of green tea leaf extract (Camellia sinensis
(L.) Kuntze).

Weighed 25 mg of green tea extract and dissolved in 25 mL of citrate buffer pH 4.3 to
the limit mark, then diluted again in a 10 mL volumetric flask by pipetting 2.5 mL to obtain a
concentration of 250 ppm. The solution with a concentration of 250 ppm was pipetted as much
as 0.5 mL and put into a test tube. 5 mL of Folin-Ciocalteu 10% reagent was added, then
sonicated for 5 minutes. Leave it for 5 minutes. Added 4 mL of 7.5% Na.COz and incubated
for 46 minutes. The test solution was made triple. The absorbance was measured using a
spectrophotometer at a wavelength of 763 nm. The concentration of polyphenols in the test
solution was calculated from the calibration plot, and the total polyphenol content was
expressed in the mg GAE/gram sample [5].

2.8. Determination of caffeine levels in green tea leaf extract (Camellia sinensis (L.) Kuntze).

The sample assay was carried out by weighing 10 mg of green tea extract and dissolved
in 10 mL of phosphate buffer pH 7.4 to the limit mark, then diluted again in a 10 mL volumetric
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flask by pipetting 0.4 mL to obtain a concentration of 40 ppm. Then sonicated for 5 minutes.
Then the absorbance was measured using a UV-VIS spectrophotometer at 273 nm.

2.9. Data analysis.

Data analysis in this study was carried out with a chemometric approach using the PCA
(Principal Component Analysis) and CA (Cluster Analysis) methods. Data collection for each
sample was repeated three times. Data are expressed in mean + standard deviation (SD) using
Ms. Excel. Then PCA and CA chemometric analysis was carried out using Minitab software
version 17 with the variables that produced the scree plot used to determine how many PCs
should be taken to reduce the variable, and the score plot was used to classify and represent the
closeness between samples expressed by PC1 and PC2, loading plots were used to provide an
evaluation of the correlation between variables based on the angle formed between the
variables used, the biplot is a combination of score plots and loading plots, and dendrograms
are used to group samples into several clusters.

3. Results and Discussion

3.1. Sample preparation.

The sample used in this study was green tea leaves (Camellia sinensis (L.) Kuntze)
obtained from Banjar Mayungan Yet, Baturiti Village, Baturiti District, Tabanan Regency,
Bali, Indonesia. The dry extract obtained has organoleptic characteristics of blackish green to
brownish-green. Then the thick extract that has been obtained is colled and then weighed. The
weight of the extract was used to determine the yield produced from 30 g of green tea leaf
powder. As is known, the yield can be determined using the following formula:

Extract Weight

%Yield =
eld Sample Weight

x 100%

From the yield formula above, the yield data obtained are shown in Table 1. The
extraction results of tea leaves with hot distilled water at £95°C, distilled water, citrate buffer
pH 4.3, and phosphate buffer pH 7.4 without heating (£25°C) resulted. The percentages of
different yields are shown in Table 1. The solvent is selected based on the solubility and
stability of the target compound. The yield of extraction using hot distilled water at £95°C
produced the highest percentage compared to other extractions, which was 12.63%. The higher
the temperature and the extraction time, the higher the yield of green tea extract will be because
the extraction temperature will increase the solution's kinetic energy so that the solvent's
diffusion into the tissue cells also increases [6].

Table 1. Percentage of Extract Yield.

Solvents Weight Powder (g) Extract Weight (g) Yield
(Yow/w)
Hot water temperature 30 3.7789 12.63
+95°C
Aquades 30 3.1140 10.38
Citrate buffer pH 4.3 30 3.5592 11.86
Phosphate buffer pH 7.4 30 2.9541 9.85

Before the quantitative test was carried out on the dry extract of green tea leaves, sample
preparation was first carried out to obtain a sample stock solution that would be used for the
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total polyphenol and caffeine test. The total polyphenol test sample was prepared by weighing
as much as 25 mg of green tea extract and dissolving in 25 mL of citrate buffer pH 4.3 to the
limit mark. Then the solution was sonicated for 5 minutes. Then it was diluted in a 10 mL
volumetric flask using a 2.5 mL pipette to obtain a concentration of 250 ppm; each sample was
replicated 3 times. At the same time, the preparation of the caffeine test sample was carried out
by weighing 10 mg of dry extract and dissolved in 10 mL of phosphate buffer pH 7.4. Then the
solution was sonicated for 5 minutes. Then diluted in a 10 mL volumetric flask by pipetting
0.4 mL to obtain a concentration of 40 ppm, each sample was replicated 3 times.

3.2. Standardization of simplicia and extract quality.

Quality standardization means that simplicia or extracts to be used as raw materials
must meet the qualification requirements listed in the official monograph [5]. The results of
standardization of simplicia and extract quality can be seen in Table 2.

Table 2. Results of Quality Standardization of Simplicia Powder and Extract

Samples Water Content Total Ash Content Acid Insoluble Ash
(Yow/w) (Yow/w) Content (Yow/w)
Simplicia Powder 2.99 +0.209* - -
Hot water temperature 2.21 £0.054* 6.32 £ 0.048* 0.67 £0.094*
+95°C
Aquadest 6.83 £ 0.155* 6.21 +0.143* 0.75+0.019*
Citrate buffer pH 4.3 7.47 £0.417* 6.42 +0.079* 0.65 + 0.029*
Phosphate buffer pH 6.76 £ 0.096* 7.02 +0.114* 0.88 +0.021*
7.4

The results of testing the water content of simplicia powder and green tea leaf extract
using hot distilled water at +95°C, distilled water, citrate buffer pH 4.3, and phosphate buffer
pH 7.4 were 2.99 £ 0.209% w/w, respectively; 2.21 + 0.054%wi/w; 6.83 + 0.155%w/w; 7.47
0.417%w/w; and 6.76 + 0.096%w/w. By the requirements of SNI 3945-2016 [7] regarding
green tea, the good water content of green tea is a maximum of 8%, so the water content in
simplicia powder and green tea leaf extract meets the standard.

The results of testing the total ash content of green tea leaf extract using hot distilled
water at +95°C, distilled water, citrate buffer pH 4.3 and phosphate buffer pH 7.4 were 6.32 +
0.048% w/w; 6.21 + 0.1435%w/w; 6.42 £ 0.079%w/w; and 7.02 £ 0.114% w/w and the acid
insoluble ash content of the extract was 0.67 £ 0.094% w/w, respectively; 0.75 + 0.019%w/w;
0.65 + 0.029%w/w; and 0.88 = 0.021% w/w. By the requirements of SNI 3945-2016 [7]
regarding green tea, a good total ash content of green tea is 4-8%, while the requirement for
acid-insoluble ash content is a maximum of 1%, so that the total ash content and acid insoluble
ash content in green tea leaf extract using different extraction solvents have met the standard.

3.3. Determination of total polyphenol content.

The determination of total polyphenol content in this study used the Folin-Ciocalteu
method concerning several modifications. This method is the most frequently used method to
determine the phenolic content [8,9]. TPC is expressed in mg gallic acid equivalent/g sample
(mg GAE/qg), the number of mg gallic acid equivalents in a 1-gram sample. In this study, the
standard curve of the relationship between the standard concentration of gallic acid (x-axis)
and the absorbance of gallic acid was obtained after being reacted with the Folin-Ciocalteu
https://biointerfaceresearch.com/ "50f14
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reagent (y-axis) with the equation y = 0.0077x + 0.2355 and the value of the coefficient of
determination (r2) = 0.9962 as shown in Figure 1.

Gallic Acid Standard Calibration Curve

0.9

0.8 y=0.0077x +0.2356
® 0.7 R2=10.9962
S 06
Zos
-
S 04
)
j 0.3

0.2

0.1

0
0 10 20 30 40 50 60 70 80 %0

Concentration (ppm)

Figure 1. Gallic acid standard calibration curve.

The sample which reacts with the Folin Ciocalteau reagent produces a yellow color
which indicates that it contains phenolics. After that, it is added to the Na,COs solution as an
alkaline agent. During the reaction, the hydroxy!l groups of the phenolic compounds react with
Folin Ciocalteau, forming a blue molybdenum-tungsten complex that a spectrophotometer can
detect. The blue color formed will be more concentrated, equivalent to the concentration of
phenolic ions formed [10]. The results of the measurement of total polyphenol levels can be
seen in Table 3.

Table 3. Results of determination of total polyphenol content of green tea leaf extract.

Solvents Replication Total Polyphenol Average Value of Total
Content (mg GAE/g) Polyphenol Content (mg
GAE/g) £ SD
Hot water 1 257.97 250.33 £6.73
temperature +95°C 2 247.79
3 24524
Aquadest 1 213.19 221.35+7.06
2 225.35
3 225.50
Citrate buffer pH 4.3 1 235.06 239.75+ 4.36
2 24051
3 243.68
Phosphate buffer pH 1 218.23 220.36 £1.84
7.4 2 221.29
3 22155

Extraction using hot distilled water at a temperature of £95°C resulted in the highest
total polyphenol content of 250.33 mg GAE/g. The results obtained are comparable to previous
studies conducted by Balci and Ozdemir [11] on the extraction of green tea leaves by the
brewing method using hot distilled water at a temperature of +95°C for 20 minutes showing
the highest total phenol content gain of 131.3 mg GAE/g compared to the treatment other. The
extraction results using citrate buffer pH 4.3 resulted in a higher total polyphenol content value
compared to phosphate buffer pH 7.4, which was 239.75 mg GAE/g. The research of Vuong
et al. [12] stated that to minimize the degradation of polyphenols and maximize the extraction
yield, the pH in the extraction process was maintained at an acidic condition, in the pH range
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of 3.0-5.3. This is because the higher the pH of a solution, the greater the percentage of
degraded polyphenols [13].

3.4. Determination of caffeine content.

In this study, the caffeine content test used a caffeine standard, and a standard curve of
the relationship between the concentration of caffeine standard (x-axis) and caffeine
absorbance (y-axis) was obtained with the equation y = 0.039 + 0.1332, and the coefficient of
determination (r2) = 0.9853 as in Figure 2. Based on the research that has been done shows
that the acquisition of caffeine content from each sample from different extraction solvents
produces different levels. The data listed in Table 4 shows that there are differences in the
caffeine content of each sample. Extraction using hot distilled water at a temperature of £95°C
resulted in the highest caffeine content of 168.69 mg/g.

Caffeine Standard Calibration Curve

0.7 y=0.039x +0.1332
R2=10.9853

Absorbance
(=]
-

0 2 4 6 8 10 12 14 16
Concentration (ppm)

Figure 2. Caffeine standard calibration curve.

Table 4. Results of determination of caffeine contents in the green tea leaf extract.

Solvents Replication Caffeine Contents (mg/g) Average Value of Caffeine
Contents (mg/g) £ SD

Hot water 1 169.62 168.69 + 0.96
temperature £95°C 2 167.69
3 168.78

Aquades 1 110.32 113.09 +3.33
2 116.79
3 112.18

Citrate buffer pH 4.3 1 103.14 102.86 +0.26
2 102.82
3 102.63

Phosphate buffer pH 1 114.29 116.54 +2.35
7.4 2 116.35
3 118.97

The extraction results using phosphate buffer pH 7.4 resulted in a higher value of
caffeine content compared to citrate buffer solvent pH 4.3, which was 116.54 mg/g. This is
comparable to research conducted by Bekhterev [14] and Vuong et al. [12]. The results of
Bekhterev's research [14] on caffeine extraction with several solvent pH treatments resulted in
a higher % caffeine recovery in the pH range of 6-7, which was 87%. While the research results
of Vuong et al. [12], the caffeine content extracted at pH values of 1 to 9 ranged from 25.1 to
27.6 mg/g. In addition, previous research by Kim et al. [15] found that the caffeine
concentration increased when the pH of the extraction solution was increased from 4 to 7. Thus,
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in general, the caffeine content increased when the pH of the solution was alkaline, i.e., above
pH 7.

3.5. Chemometric analysis.

3.5.1. Principal component analysis.

At this stage, the yield data, water content, total ash content, acid insoluble ash content,
total polyphenol content, and caffeine dry extract of green tea leaves were analyzed using
chemometric principal component analysis (PCA) and cluster analysis (CA) techniques with
Minitab software (Windows). PCA is a multivariate data reduction technique when the
variables are correlated with each other. Samples with almost the same PC (Principle
Component) will have almost the same physical and chemical properties so that PCA can be
used for grouping [16-18]. One way to determine how many PCs to take to reduce a variable
is to use a scree plot [19]. The scree plot is a plot of eigenvalue data obtained from PCA data
analysis shown in Table 5. The scree plot is shown in Figure 3. From Figure 3 it can be seen
that two principal components have eigenvalues of more than one, so it can be concluded that
as many as two principal components can already be used to analyze the data.

Table 5. Eigen analysis of correlation matrix.

No Eigen Value Proportion Cumulative
1 4.1194 0.687 0.687

2 1.3734 0.229 0.915

3 0.5072 0.085 1.000

4 0.0000 0.000 1.000

5 0.0000 0.000 1.000

6 -0.0000 -0.000 1.000

Scree Plot of Yield, ..., Caffeine Content

Eigenvalue
~N

Component Number

Figure 3. Scree plot of the relationship of each PC with eigenvalues.

Eigenvalue shows the value of the contribution given to the diversity of the data. The
eigenvalues obtained (Table 5) show that PC1 and PC2 contributed 68.7% and 22.9% of the
variance of the variables, respectively. In this study, PC1 and PC2 were used, which
represented 91.5% of the variables.
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Score Plot of Yield, ..., Caffeine Content

4 Phosphate buffer pH 74
10 Hct:ster
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Second Component
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®

Citrate buffer pH 43
|

) 1 0 1 2 3
First Component

Figure 4. Score Plot PCA.

The score plot is used to classify and represent the closeness between samples as stated
by the First Principle Component (PC1), which calculates the largest variation of all variables,
and the Second Principle Component (PC2), which calculates the second largest variation of
all variables [20-24]. Based on the score plot (Figure 4), it can be seen that the extraction results
with these solvent variations do not have physical and chemical similarities because each
sample is not in one quadrant. The loading plot shows how strongly each variable affects the
PC by depicting it as a vector. The two variables are positively correlated if the two vectors
form an angle less than 900. If it forms an angle of about 90°, the two variables are unlikely to
be correlated. Meanwhile, if it forms a wider angle (more than 90°) or around 180°, the two
variables show a negative correlation [25-27].

Loading Plot of Yield, ..., Caffeine Content

Caffeing Content

Total Ash Content

Acid Irsc‘vﬁble\i.sh Congent
g \
Ny
\

0.50

€ 025
[
c
o
o \
g \\\ Total Polyphenol Content
v 0.00
v
L
wv

-0.25

-0.50 Water Content

-0.50 -0.25 0.00 0.25 0.50

First Component

Figure 5. Loading Plot PCA.

Based on the loading plot as shown in Figure 5, the extract yield is positively correlated
(high correlation) with the total polyphenol content because it has an angle of less than 90°
which is supported by the correlation coefficient (r) in the scatter plot as shown in Figure 6
with a value of r = 0.9888 and r? = 0.9778, where the yield contributed 97.78% to the total

polyphenol content obtained. While the yield does not correlate significantly (medium
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correlation, not too low or high) to the caffeine content because it has an angle close to 90°,
which is supported by the correlation coefficient (r) on the scatter plot as shown in Figure 7
with r = 0.6061 and r2. = 0.3673, the yield contributed 36.73% to the caffeine content.

Scatter Plot yield with total polyphenol
content

y = 11.231x + 107.39
6 R2=0.9778

Total Polyphenol Content
(mg GAE/qQ)

Yield (Yow/w)

Figure 6. Scatter plot between yield and total polyphenol content.

Likewise, the correlation between caffeine content and total polyphenol content is not
significantly correlated (medium correlation, not too low or high) because it has an angle close
to 90°, which is supported by the correlation coefficient value (r) on the scatter plot as shown
in Figure 8 with a value of r = 0.6593 and r? = 0.4347.

Scatter Plot yield with caffeine content

A180
D160 y = 13.889x - 29.982 »
(@)]

E140 R? = 0.3673
120 >

100 °

80

60

40

20

0

215 220 225 230 235 240 245 250 255

Yield (Yow/w)

Caffeine Con

Figure 7. Scatter plot between yield and caffeine content.
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Scatter Plot of caffeine content with
total polyphenol content
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Figure 8. Scatter plot between total polyphenol content and caffeine content.

The correlation between the total ash content and the acid insoluble ash content of the
extract based on the loading plot is positively correlated because it has an angle of less than
90° which is supported by the correlation coefficient (r) on the scatter plot as shown in Figure
9 with a value of r = 0.7908 and r? = 0.6254, where the total ash content contributed 62.54% to
the acid insoluble ash content of the extract. In contrast, the correlation between total ash
content or acid insoluble ash content and caffeine content does not show a correlation because
the angle formed is close to 90°.

Scatter Plot total ash content with
acid insoluble ash content

6.9 y = 2.7429x + 4.4696
6.8 R2=0.6254

o
>
O

6.2 (©)

0 0.2 04 06 0.8 1
Total Ash Content (Yow/w)

Acid Insoluble Ash Content
(Yow/w)

Figure 9. Scatter plot between total ash content and acid insoluble ash content.

In addition, the negative correlation shown in the loading plot is between yield and
other variables such as water content, total ash content, and acid insoluble ash content because
the angle formed between these variables is more than 90° or close to 180°. Likewise, between
water content and variables such as caffeine content, total polyphenol content is negatively
correlated because it forms an angle close to 180°. This means that the higher the value of
caffeine content and total polyphenol content, the lower the value of the water content of the
extract produced. To see which variables contribute negative or positive values for the first and
second principal components can be seen in the biplot curve generated by the PCA process
with Minitab in Figure 10.

https://biointerfaceresearch.com/ 11 of 14


https://doi.org/10.33263/BRIAC134.335
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.335

Biplot of Yield, ..., Caffeine Content

2 o *
Total Ash Content C..ffen‘jc\.ﬂer‘t
Acid Insoluble Xsh.Conteny s
= 0.5 '\\_5\\\ //
g
2 e il
] - b | ol
g. i e Total Polyphenol Content
6 S T T Vi
(v] e
- i
o
c -
S 05 7
73 ol *
w Water Content
1.0
u
-1.5 4
-2 -1 0 1 2 3

First Component

Figure 10. PCA biplot curve.

Variables that contribute to the formation of the large values of PC1 and PC2 can be
seen from the biplot curve in Figure 10. Based on the biplot curve, the variables that contribute
positively to the formation of the first principal component (PC1) are yield (%),total
polyphenol content (mg GAE/g), and caffeine content (mg/g), and variables that contributed
negatively were total ash content (%w/w), acid insoluble ash content (%w/w), and water
content (%ow/w). While the variables that contributed positively to the formation of the second
principal component (PC2) were total ash content (%w/w), acid insoluble ash content (%ow/w),
total polyphenol content (mg GAE/g), and caffeine content ( mg/g) and the variables that
contributed negatively were the yield (%) and water content (%ow/w).

3.5.2. Cluster analysis.

Figure 11 shows the dendrogram of the Cluster Analysis results from the sample (1)
extracted using hot distilled water at a temperature of £95°C, (2) the results of the extraction
using distilled water, (3) the extraction results using citrate buffer pH 4.3, and (4) the results
extraction using phosphate buffer pH 7.4. In the dendrogram, it can be seen that on the x-axis
is the number of objects (observations) and on the y-axis is the degree of similarity (similarity)
between clusters in percent (%).

Dendrogram

Single Linkage, Euclidean Distance

32.31

54.87

Similarity

100.00
A 2 3 4

Observations
Figure 11. Dendrogram CA.
The cluster grouping shown in Figure 11 shows that there are 3 groups. The first cluster

is cluster numbers 1, 2, 3, and 4, with a similarity level of 32,3120%. The second cluster
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numbers 2, 3, and 4, with a similarity level of 46.1773%. Furthermore, the third cluster is
numbers 2 and 3 with a similarity level of 56.7850% and is the cluster has the closest
resemblance to the distance between the cluster centroids of 2.08564.

4. Conclusions

This study concludes that the solvent's effect on the solvent's temperature and pH in the
extraction of green tea leaves (Camellia sinensis (L.) Kuntze) can be classified using PCA and
CA multivariate analysis methods. The results obtained by the PCA analysis have formed 4
groups that have different physical and chemical properties. Of the 4 groups, the extraction
results using distilled water and citrate buffer pH 4.3 had the closest distance compared to the
extraction results with other solvents. The results of the PCA analysis are also supported by the
analysis using CA, namely, the results of extraction using distilled water and citrate buffer pH
4.3 into one cluster with a distance between cluster centroids of 2.08564 and a similarity level
of 56.7850%. Thus, the extraction result using distilled water is equivalent to or the same as
the extraction result using citrate buffer pH 4.3.
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