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Abstract. Prayoga MK, Syahrian H, Rahadi VP, Atmaja MIP, Maulana H, Anas. 2022. Quality diversity of 35 tea clones (Camellia
sinensis var. sinensis) processed for green tea. Biodiversitas 23: 810-816. The development of sinensis clones in Indonesia is still
focused on increasing productivity and until now there has been no study on the level of genetic similarity and diversity based on quality
characters. Therefore, the purpose of this study was to examine the level of kinship and genetic diversity of 35 sinensis clones from the
collection of the Indonesia Research Institute for Tea and Cinchona. The study consisted of two stages, testing the content of chemical
compounds (polyphenols and caffeine) and organoleptic testing. The material used in both tests was fresh shoots consisting of peko + 3
young leaves (P+3). In organoleptic testing, shoots of 35 sinensis variety clones were first processed into green tea. Furthermore, the
processed green tea was tested organoleptically by three credible panelists. The data from the test results of chemical and organoleptic
compounds were then tested statistically to get the coefficient of variation (CV), which indicates data diversity. The level of genetic
closeness between clones based on quality characters was analyzed using the JMP 16.0 program (trial version), then arranged into
clusters. To see the contribution of each parameter to the quality diversity of 35 sinensis clones, a principal component analysis (PCA)
was carried out. The results of this study indicate that there are four main clusters grouping the 35 sinensis clones tested. The first cluster
excels in the character of taste and aroma, the second cluster excels in appearance, seductive colour, and infusion, the third cluster excels
in the character of polyphenols, while the fourth cluster excels in the character of caffeine. The characters that contributed to the genetic
diversity of the 35 clones tested were caffeine, appearance, and aroma.
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INTRODUCTION

Steeping tea is the drink with the highest consumption
rate globally after water. The per capita consumption of
processed Camellia sinensis leaves reaches 0.8 kg/year.
Along with the growth of the world’s population, the
consumption of brewed tea is predicted to continue to
increase. One type of tea that is quite popular globally is
green tea. Over the last five years, green tea production in
the world has increased by 4.21% (Soni et al. 2015;
Palanivel et al. 2018).

Indonesia ranks fourth as the most significant green tea
producer globally by supplying 1.37% of the world’s
needs. China is the first country in the world’s largest green
tea producer, which can supply 87% of the world’s green
tea needs. Meanwhile, Vietnam and Japan are in second
and third place, with a supply capability of 4.58% and
4.14% (Soni et al. 2015). However, as one of the largest
green tea producing countries globally, it turns out that the
quality of green tea from Indonesia is still not able to meet
international quality standards (Sriyadi 2011).

Most tea plants cultivated in Indonesia are hybrids of
natural crosses between C. sinensis var. assamica and C.
sinensis var. sinensis with properties that tend to Assamica

(Sriyadi 2011). The shoots of the Asamica variety can be
processed into green tea. However, the best raw material
for green tea is the shoots of the sinensis variety (Grechana
et al. 2020). This is thought to be the cause of the weak
competitiveness of Indonesian green tea compared to green
tea from China, Vietnam, and Japan.

Increasing the competitiveness of Indonesian green tea
can be done by developing quality tea clones of the sinensis
variety. There are many and varied varieties of sinensis in
Indonesia. However, the cultivation of tea sinensis has not
developed because the plant still comes from seeds with
low productivity. Therefore, sinensis tea has not been used
as a raw material for shoots to produce green tea with
international quality standards (Sriyadi 2011). Indonesia
Research Institute for Tea and Cinchona (IRITC) currently
has 35 clones of sinensis varieties whose quality characters
are unknown. As an initial stage in developing quality
clones of sinensis varieties, it is necessary to test the level
of quality diversity of the 35 sinensis clones owned by
IRITC. Thus, the purpose of this study was to determine
the level of quality diversity of 35 clones of sinensis
varieties that were processed into green tea.
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MATERIALS AND METHODS

Plants material

The plant materials used in this study were 35 tea
clones of the sinensis type collected from the Indonesia
Research Institute for Tea and Cinchona (IRITC) (Table 1).
The tea plants used have been planted in the Gambung
Experimental Garden of IRITC in West Java, Indonesia,
since 1994, so that when the 35 clones were picked, they
were approximately 27 years old. The material used was
fresh shoots consisting of peko leaves + 3 young leaves
(P+3). 100 g of shoots were used as a test material to
determine the total polyphenol and caffeine content and
500 g of shoots were used as raw material for green tea so
that the total shoots (P+3) were taken from each clone was
600 g.

Determination of total polyphenol and caffeine content

The sample used to determine of total polyphenol and
caffeine content was 100 g of P+3 shoots from 35 clones
tested. The tests were carried out at the IRITC laboratory.
Total polyphenol determination was using spectrophotometry
according to International standard 1SO 14502-1:2005
(Prawira-Atmaja et al. 2018), while caffeine content was
measured by the gravimetric method according to
Indonesian national standard SNI 3945:2016 (Prawira-
Atmaja et al 2018).

Green tea processing

Green tea processing is done by IRITC mini-processing
using the panning method. The Panning method is a
method of withering tea using a rotating hot cylinder so
that the withered tea leaves are directly in contact with the
hot cylinder, also known as the direct heating method
(Sheibani 2014). A total of 500 g of tea shoots (P+3)
withered using a rotary dryer (RD) for 7 minutes at a
temperature of 150°C, then manually rolled by hand for 20
minutes, then followed by drying at a temperature of 80°C.
for 15 minutes.

Sensory evaluation

Sensory evaluation was conducted by three expert
panellists according to Indonesian National Standard SNI
3945:2016. A total of 2 g of green tea samples from 35
clones were brewed using 100 mL boiling water at 96-98°C
and then left for 10 minutes. After that, it is separated
between the tea solution and the dregs. Parameters tested
include appearance, seductive colour, taste, aroma, and
infusion (Table 2).

Statistical analysis

The data from the test results of total polyphenoal,
caffeine content, and sensory evaluation were then tested
statistically to get the coefficient of variation (CV), which
indicates data diversity. The coefficient of variation (CV) is
a measure of relative variability. It is the ratio of the
standard deviation to the mean (average). Furthermore, the
CV value is included in the criteria of <10%: very homo-
geneous, 10-20%: homogeneous, 20-30% heterogeneous,
>30%: very heterogeneous (Matuszek et al. 2021).

The level of genetic closeness between clones based on
quality characters was analyzed using the JMP 16.0
program (trial version). The JMP 16.0 program can be used
to calculate genetic distance based on the similarity
between the objects studied, then arranged in a single unit
(cluster analysis) (Khan et al. 2021). The end of this
analysis will form a dendrogram that describes the extent
of the relationship between clones of diversity. To see how
far the contribution of each parameter to the quality diversity
of 35 clones of the sinensis variety, Principal Component
Analysis (PCA) was carried out after first standardizing the
data (ordinal scale) (Abdel-Hameed 2018).

Table 1. List of tested clones

Clone Clone
R3 11.4.32
1.1.100 1.2.34
1.2.188 11.1.32
11.3.38 11.2.108
Yabukita 11.4.149
1.1.101 1.2.85
1.1.70 S2
11.3.16 11.2.43
1.2.45 11.1.3
11.1.60 11.3.109
1.2.167 1.4.113
1.1.93 11.1.98
11.2.157 11.1.1
11.1.46 R1
SGMBA S1

S3 11.2.146
11.4.178 11.1.38
11.1.76

Table 2. Parameters of sensory evaluation based on Indonesian
National Standard

Parameters Score and criteria

Appearance 1: bad

2: unsatisfactory
3: fair

4: good

5: very good
1: red/bad
2: yellowish red/unsatisfactory

3: reddish yellow/fairly bright

4: bright greenish yellow/bright

5: very bright yellowish green/very bright
41-49: Good-very good

31-39: Fairly good—good

21-29: Bad-unsatisfactory

Aroma 1: no smell

: not smell good

> ordinary

: fragrant

: very fragrant

dull

: greenish

: fairly bright

: bright and coppery

: very bright and coppery

Seductive color

Taste

Infusion

TRWNRPORWN




812

RESULTS AND DISCUSSION

Total polyphenol and caffeine content

Polyphenols are a group of chemical substances found
in plants. This substance has a distinctive sign that it has
many phenol groups in its molecule (Mukkun et al. 2021).
Polyphenols are often found in polar glycosides and are
readily soluble in polar solvents (Alara et al. 2021). Several
necessary polymeric materials in plants such as lignin,
melanin, and tannins are polyphenolic compounds.
Sometimes, phenolic units are found in proteins, alkaloids,
and terpenoids (Lattanzio 2013). Polyphenol compounds
have a variety of health benefits. The health benefits of
polyphenols can come from their properties as antioxidant
molecules. As an antioxidant, this compound can control
excess free radicals. In addition to having an antioxidant
effect, polyphenols can also reduce inflammation in the
body (Hussain et al. 2016).

In tea plants, polyphenols are one of the chemical
compounds that play an important role in flavor formation
(Tounekti et al. 2013). The contents of amino acids,
polyphenols, as well as the ratio of polyphenol to amino
acids, are important to the quality of green tea (Peng et al.
2020). The laboratory tests showed that the average
polyphenol content in 35 clones of sinensis varieties was
17.75%. The coefficient of variation (CV) of the
polyphenol content of the 35 sinensis clones was 14.51%
(Table 3). According to Matuszek et al. (2021), if the CV
value ranges from 10-20%, the data is homogeneous. Thus,
the polyphenol content of the 35 sinensis clones tested was
generally uniform or homogeneous.

According to (Dilksha et al. 2020), green tea generally
contains 15-30% polyphenols. Of the 35 sinensis clones
tested, three clones with polyphenol content below 15%,
namely clone R3, Yabukita, and clone 11.4.32. In terms of
quality, the three clones did not meet the standards as raw
materials for green tea. Yabukita was the clone with the
lowest polyphenol content, namely 11.40%. In comparison,
the clone with the highest polyphenol content was clone
11.1.60 with a polyphenol content of 22.90%.

In contrast to the polyphenol content, the caffeine
content in 35 sinensis clones had a CV value of 9.96%
(Table 3). When referring to Matuszek et al. (2021)
explicitly, this value means less than 10%, which means
that the caffeine content in 35 sinensis clones is very
homogeneous. However, if the CV value of the caffeine
content were rounded off without a decimal, the value
would be 10%, which means that the caffeine content of
the 35 sinensis clones was homogeneous. Based on the
Indonesian National Standard (SNI) 01-4453-1998, green
tea quality requirements must have a caffeine content
between 1.30-2.60% (Prawira-Atmaja et al. 2018). The
average caffeine content of the 35 sinensis clones was
3.50% higher than the tea quality requirements based on
SNI, where clone S3 had the lowest caffeine, which was
3.00%, and clone 1.1.93 had the highest caffeine content,
which was 4.53% (Table 3).
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Tabel 3. Content of polyphenols and caffeine 35 clones variety
sinensis

Total polyphenols Caffeine
Clone (%) content (%)
R3 13.10 4.18
1.1.100 15.70 341
1.2.188 22.40 3.93
11.3.38 20.00 3.12
Yabukita 11.40 3.05
1.1.101 17.10 3.64
1.1.70 15.30 3.02
11.3.16 15.90 3.89
1.2.45 16.40 3.50
11.1.60 22.90 351
1.2.167 17.60 3.25
1.1.93 15.90 4.53
11.2.157 18.60 3.68
11.1.46 18.30 3.61
SGMBA 17.40 321
S3 16.70 3.00
11.4.178 17.50 351
11.1.76 20.20 3.54
11.4.32 14.20 3.56
1.2.34 18.80 3.50
11.1.32 18.40 3.53
11.2.108 19.70 3.28
11.4.149 19.00 3.32
1.2.85 20.40 3.09
S2 15.70 3.13
11.2.43 17.70 3.43
11.1.3 21.10 3.50
11.3.109 21.10 4.10
1.4.113 18.60 3.62
11.1.98 17.90 3.64
11.1.1 13.00 3.43
R1 20.20 3.74
S1 17.90 3.79
11.2.146 18.10 3.01
11.1.38 17.20 3.28
Average 17.75 3.50
Standard deviation 2.58 0.35
CV (%) 14.51 9.96

The caffeine content in tea is thought to be influenced
by the environment (Mutuku et al. 2016). An environmental
factor that affects caffeine content is altitude. The research
results by Owuor et al. (1990) showed differences in the
caffeine content of tea grown at different heights. Caffeine
levels grown at an altitude of 1,860, 1,940, 2,120, and
2,180 meters above the sea level (m ASL) varied, which
were 3.10%, respectively; 3.27%; 3.41%, and 3.57%. The
shoot samples of 35 tea clones tested in this study came
from the same plantation area, so the diversity of caffeine
levels was homogeneous. Caffeine is one of the essential
components that determine the quality of tea. The vital role
of caffeine is to determine tea taste, especially the bitter
taste (Ong et al. 2018; Tfouni et al. 2018). Therefore,
information on caffeine content in 35 sinensis clones is
very useful in supporting tea plant breeding activities. In its
development, breeders can determine the desired breeding
direction, whether low-caffeine tea or high-caffeinated tea.
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Basically, there are many other chemical compounds
contained in green tea such as polysaccharides, amino
acids, minerals, and vitamins, however, in this study, only
the total polyphenol and caffeine content were tested. This
is one of the weaknesses of this study. Therefore, further
research needs to be enriched by testing other chemical
compounds such as compounds in terpenoid pathways, or
in flavonoid pathways and amino acids.

Sensory evaluation

Sensory evaluation is based on the Indonesian National
Standard (SNI) on tea quality by brewing 2 g of dry green
tea dissolved in 100 mL of boiling water at a temperature
of 96-98°C. Parameters tested include appearance,
seductive colour, taste, aroma, and infusion. Appearance is
a combination of the elements of colour, shape, texture,
size uniformity, and foreign matter in dry green tea. The
higher the value, the better the appearance quality. The test
results from the three panelists obtained an average
appearance of 4.17 (Table 3) and were classified as good.
In general, the CV value on the appearance parameter is
shallow, namely 3.24%. Thus the quality diversity on the
appearance parameter is very heterogeneous because it is
below 10%.

The colour of the appearance dramatically affects the
quality of green tea, so that the chlorophyll content in the
leaves will affect the appearance of the appearance
(Ostadalova et al. 2015). The results of Prawira-Atmaja et
al. (2018) explained that the chlorophyll content in the
sinensis variety tea leaves ranged from 1.59-2.15 mg g*.
The higher the chlorophyll content in tea leaves, the better
the appearance of the colour. In addition, the level of leaf
bone strength also affects appearance because if the leaf
bone is strong, then the leaf is not quickly broken during
processing. The more broken leaves, the lower the
appearance value of green tea (Prasanth et al. 2019).

Another parameter related to appearance is the seductive
colour. This parameter assesses the colour that appears
after the dry tea is brewed. Colour is a physical parameter
formed when light hits an object and is reflected in the
sense of sight. The assessment results showed that the
average value of the seductive colour was 4,13. In general,
the steeping colour of the 35 sinensis clones tested was
bright greenish-yellow/bright and was classified as good.
The highest seductive colour value was 4.57 in clone
11.1.60, while the lowest value was 3.30 in clone 1.1.93
(Table 3). Like the appearance parameter, the CV value in
the seductive colour parameter is also low (<10%) at
6.37%. The chlorophyll content of the leaves influenced the
seductive colour. The higher the chlorophyll content in the
leaves, the better the seductive colour (Roshanak et al.
2016).

The third parameter in organoleptic testing is taste. The
taste assessment includes briskness, strength, and foreign
taste in green tea steeping water. Assessment of taste is
different from other parameters. Value for taste ranges
from 20-49. The higher the value, the better the taste of the
tea. The assessment results showed that the average taste of
the 35 sinensis clones was 41.29. Thus, the taste of the 35
clones is quite good. There were six clones with moderate-
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good taste, namely clone 1.1.100, 1.2.188, 11.3.38, 11.4.178,
11.2.108, and clone 11.1.98, then the rest were classified as
good-very good. The clone with the highest taste was clone
1.2.85, with a value of 44.33 (Table 3). As explained in the
previous subsection, tea taste is influenced by polyphenol
content, and it is proven that clone 1.2.85, which has a high
polyphenol content (20.40%), has the best taste to other
clones.

In enjoying green tea, besides taste, the parameter that
determines the quality is the aroma. The CV value of the
aroma parameter was 4.38%, meaning that the aroma of the
35 synthetic clones tested was classified as very
homogeneous. The average value of the aroma parameter is
4.08 and is classified as fragrant. Aroma is related to the
volatile compounds present in a material, where the more
volatile components, the stronger and sharper the aroma
will be. However, the unfortunate thing in this study was
that the test for volatile compounds was not carried out on
the 35 sinensis clones tested. The clone with the best aroma
was 1.1.101 with a value of 4.33 (Table 4).

Table 4. Sensory evaluation results 35 clones variety sinensis

Clone Appearance  Seductive Taste Aroma Infusion
colour
R3 4.40 4.00 41.67 4.27 4.13
1.1.100 4.27 4.37 37.67 3.93 4.37
1.2.188 3.90 4.13 38.00 3.83 4.10
11.3.38 4.00 4.17 39.00 4.23 4.00
Yabukita 4.47 4.50 41.67 3.70 4.23
1.1.101 4.40 4.17 41.00 4.33 4.13
1.1.70 4.27 3.93 40.00 4.17 4.23
11.3.16 4.03 3.97 41.67 4.10 4.00
1.2.45 4.13 3.97 4233 4.17 4.23
11.1.60 4.10 4.57 43.00 4.10 4.13
1.2.167 3.93 4.00 42.00 4.27 4.00
1.1.93 4.17 3.30 4133 3.67 3.93
11.2.157 4.10 4.07 43.00 4.27 4.17
11.1.46 4.37 4.23 43.00 4.27 4.17
SGMBA 4.07 4.07 42.33  4.03 3.90
S3 4.23 3.40 4133  3.57 4.23
11.4.178 4.07 4.07 38.67 3.83 3.97
11.1.76 4.17 4.20 4233 4.13 4.00
11.4.32 4.17 4.20 41.00 4.00 4.07
1.2.34 4.33 4.23 42,00 4.13 4.17
11.1.32 4.23 4.00 41.00 4.07 4.00
11.2.108 4.07 4.33 39.33  4.07 3.83
11.4.149 4.03 4.37 40.00 4.07 3.87
1.2.85 4.20 4.03 4433  4.13 4.33
S2 4.33 3.77 43.33  4.07 4.30
11.2.43 4.10 4.33 41.00 4.13 4.23
1.1.3 4.10 4.33 42,00 4.23 4.33
11.3.109 4.20 4.23 40.67 4.23 4.13
1.4.113 4.23 4.27 41.00 4.17 4.13
11.1.98 4.17 4.33 39.67 4.17 4.07
11.1.1 4.10 4.23 4200 4.23 4.00
R1 4.13 4.07 42.33 4.10 4.37
S1 4.00 3.87 4233 4.20 4.33
11.2.146 4.17 4.30 41.33 4.03 3.93
11.1.38 4.30 4.37 41.67 4.03 3.93
Average 4.17 413 4129  4.08 411
SD 0.14 0.26 1.50 0.18 0.15
CV (%) 3.24 6.37 3.64 4.38 3.67
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The last parameter in organoleptic testing is infusion.
The assessment of these parameters includes the evenness
of colour in the green tea brewed dregs. The test results
showed that the clone with the best infusion was clone
1.1.101 with a value of 4.37, while the clone with the
lowest infusion value was clone 11.2.108 with a value of
3.83. As with other parameters, the CV value in the
infusion parameter was below 10%, which means that the
infusion value of the 35 sinensis clones tested was classified
as very homogeneous.

In general, based on the results of CV analysis, 35
sinensis clones were tested classified as very homogeneous
based on organoleptic tests. However, the clones with the
highest values for each parameter were different. Thus, it is
assumed that each clone has its advantages. The level of
similarity in quality to the 35 clones was then analyzed
based on the genetic distance of the tested parameters.
Then, to determine the parameters that contributed to the
differences in the quality of 35 sinensis clones, Principal
Component Analysis (PCA) was conducted.

Cluster analysis and principal component analysis

The cluster analysis results based on the level of
similarity on the quality characters of 35 sinensis clones
obtained four main clusters. The first cluster consisted of
25 clones (R3, 1.1.101, 11.1.46, 1.2.34, 1.4.113, 11.2.43,
11.1.98, 11.3.1109, 11.1.60, 11.1.76, 11.1.32, 11.2.146, 11.1.38,
11.3.16, 11.4.32, 11.1.1, 1.2.167, SGMBA, 1.2.45, 11.2.157,
S1, 11.1.3, R1, 1.2.85, and S2), the second cluster consisted
of 3 clones (1.1.100, 1.1.70, and Yabukita), the third cluster
consisted of 5 clones (1.2.188, 11.4.178, 11.3.38, 11.2.108,
and 11.4.149), and the fourth cluster consisted of 2 clones
(1.1.93 and S3). In general, clones with a reasonably high
dissimilarity distance compared to other clones were clone
1.1.93 and clone S3, which were in the fourth cluster
(Figure 1). In tea plant breeding, information on the level
of genetic kinship is needed to support clone development
activities (Chaeikar et al. 2020). The farther the kinship of
a crossed clone, the higher the chance of forming a superior
clone (Govindaraj et al. 2015). Thus, kinship information
on 35 sinensis clones is beneficial in tea plant breeding
activities to engineer new clones that are superior in quality
characters. Based on the analysis results using the JMP
16.0 program (trial version), it turns out that each character
is interconnected with one another. For example, in Figure
1, it can be seen that the closely related characters are the
seductive colour characters with aroma and appearance and
infusion characters. In addition, based on the analysis
results, it was also found that each cluster has advantages
in certain characters.

The first cluster excels in the character of taste and
aroma. The average value of taste in the first cluster was
41.92 (good), while the average aroma value reached 4.15
(fragrant). Meanwhile, the second cluster excels in
appearance, seductive colour, and infusion characters, with
the average values of each character respectively being
4.34 (good), 4.27 (bright greenish-yellow/bright), and 4.28.
(bright and coppery). In the third cluster, the unique
character compared to other clusters is the polyphenols
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character, where the average polyphenols content in the
third cluster is 19.72%. Then in the fourth cluster, the
unique character compared to other clusters is the caffeine
content with an average of 3.77% (Table 5). Each
individual has their strengths and weaknesses (Simarmata
et al. 2021). Information about the superiority of each
character in each character is helpful in selection activities
to select superior clones based on specific quality
characters. In addition, this information is also valuable for
determining cross-cluster combinations to engineer new
clones that excel in quality characters.

This study shows that the principal component analysis
(PCA) has reduced the number of characters tested into
three main components. However, the existing diversity
still represents the total diversity. Principal component
analysis (PCA) shows the components of the characters
that contribute to the total diversity. The total diversity
comes from all the involved characters and can be seen
from the eigenvalues with more than one value (Al-Naggar
et al. 2020). The accumulation of eigenvalues in the three
main components has explained the diversity of the genetic
material in question by 64.32%.
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Figure 1. Cluster analysis of 35 sinensis clones based on quality
characters. Note: PF: polyphenols, COL: seductive colour, ARO:
aroma, KF: caffeine, APP: appearance, INF: infusion, TASTE:
taste, and the darker the colour, the higher the content in the
character
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Table 5. Comparison of the average value of each character in each cluster
Character Cluster 1 Cluster 2 Cluster 3 Cluster 4

Polyphenols (%) 17.91 14.13 19.72 16.30
Caffeine (%) 3.53 3.16 3.43 3.77
Appearance 4.18 4.34 4.01 4.20
Seductive Colour 4.15 4.27 421 3.35
Taste 41.92 39.78 39.00 41.33
Aroma 4.15 3.93 4.01 3.62
Infusion 4.13 4.28 3.95 4.08
Table 6. Eigenvalue, variability, cumulative, and loading factor on quality character

Principal component PC1 PC2 PC3 PC4 PC5 PC6 PC7
Eigenvalue 1.74 1.52 1.24 0.90 0.80 0.50 0.30
Variability (%) 24.79 21.77 17.76 12.84 11.42 7.10 431
Cumulative (%) 24.79 46.56 64.32 77.16 88.59 95.69 100.00
Polyphenols -0.52 0.28 0.24 -0.35 0.26 0.50 -0.39
Caffeine -0.09 -0.14 0.63 0.64 0.27 0.18 0.24
Appearance 0.59 0.11 -0.24 0.34 0.16 0.45 -0.48
Seductive Colour -0.27 0.43 -0.56 0.27 0.20 0.23 0.52
Taste 0.35 0.42 0.35 -0.22 -0.53 0.35 0.36
Aroma -0.14 0.64 0.13 0.36 -0.21 -0.49 -0.37
Infusion 0.39 0.32 0.19 -0.33 0.69 -0.31 0.18

The first principal component (PC1) with an eigenvalue
of 1.74 has a diversity contribution of 24.79% of the
appearance character. The second principal component
(PC2) with an eigenvalue of 1.52 contributed to the total
diversity of 21.77% from the aroma character. Meanwhile,
PC3 has an eigenvalue of 1.24 and contributes to the total
diversity of 17.76% from the caffeine character (Table 6).
Characters contributing to diversity in each PC are
identified if the character has a loading factor value >0.5
(Gour et al. 2017). In addition, according to Al-Naggar et
al. (2020), characters with a high loading factor and a
positive value contribute maximum to the diversity
contained in the genetic material used.

The most contributing characters to the diversity of 35
sinensis clones based on quality characters were caffeine,
appearance, and aroma. According to Rostini et al. (2020),
the appearance of plants is the result of the interaction
between genetics and the environment (G x E). Based on
this, it is suspected that the environmental influence on the
caffeine character, appearance, and aroma is relatively tiny.
Therefore, the character is thought to be the genetic
influence of each clone. Meanwhile, it is suspected that the
environment exceptionally influences other characteristics
such as polyphenols, seductive colour, taste, and infusion.

Research on the genetic diversity of tea in Indonesia
focuses more on morphological characters, as has been
done by Rahadi et al. (2016) and Martono and Syafaruddin
(2018). Until now, there has been no testing of the genetic
diversity of tea based on quality characters, so the
information in this study is essential for the development of
tea plant breeding that leads to quality. Furthermore, the
results of this study can be an illustration for breeders in
determining the parents of the cross to produce a more

targeted bastard population. Selection of parents should
avoid the level of kinship that is too close because it
increases the possibility of the accumulation of recessive
genes and causes "deep cross depression” in the offspring,
which is certainly not expected in the plant breeding
process (Labroo et al. 2021). However, it would be better
to strengthen the diversity and kinship information based
on this quality by molecular analysis at the gene,
chromosome, or DNA level.

In conclusion, thirty-five sinensis clones were tested
containing homogeneous polyphenols (CV: 14.51%) and
very homogeneous caffeine content (CV: 9.96%) and based
on the results of organoleptic tests also had appearance
characteristics (CV: 3.24%), seductive color (CV: 6.37%),
taste (CV: 3.64%), aroma (CV: 4.38%), and very
homogeneous infusion (CV: 3.67%). However, the cluster
analysis results showed four main clusters grouping the 35
sinensis clones tested. The first cluster consists of clones
R3, 1.1.101, 11.1.46, 1.2.34, 1.4.113, 11.2.43, 11.1.98,
11.3.1109, 11.1.60, 11.1.76, 11.1.32, 11.2.146, 11.1.38, 11.3.16,
11.4.32, 11.1.1, 1.2.167, SGMBA, 1.2.45, 11.2.157, S1, 11.1.3,
R1, 1.2.85, and S2, the second cluster consists of clones
1.1.100, 1.1.70, and Yabukita, the third cluster consisted of
clones 1.2.188, 11.4.178, 11.3.38, 11.2.108, and 11.4.149, the
fourth cluster consisted of clones 1.1.93 and S3. Each
cluster has advantages in certain characters. The first
cluster excels in the character of taste and aroma, and the
second cluster excels in appearance, seductive colour, and
infusion. The third cluster excels in the character of
polyphenols. In contrast, the fourth cluster excels in the
character of caffeine. The characters that contributed to the
genetic diversity of the 35 clones tested were caffeine,
appearance, and aroma.
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