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Genetic Diversity of the Contents of Caffeine, Catechins, and Free Amino

acids in Tea Leaves Collected from Northern Mountain Areas of Vietnam
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Nguyen Le THAN and Atsushi NESUMI

Synopsis

We collected tea shoot samples from the northern mountain areas of Vietnam. All of the collected tea
plants were classified into Camellia sinensis var. assamica. The differences in leaf morphology and qual-
ity of green tea, Vietnamese tea plants are classified into two groups, Shan tea (large leaf and high qual-
ity) and Trungdu tea (small leaf and low quality). In the present study, the contents of caffeine, indi-
vidual catechins, and free amino acids in collected tea shoot samples were analyzed by
high-performance liquid chlomatogram (HPLC). Shan tea and Trungdu tea have high amounts of caffeine
and catechins. On the other hand, Vietnamese tea has a low amount of free amino acids. The HPLC
analysis results also suggested that Vietnamese tea genetic resources have high variations for the com-
position ratio of these three chemical components. The genetic resources of Trungdu tea are equal to

Shan tea as important breeding materials of the functional tea components for human health benefit.

Key Words: Vietnam, Camellia sinensis var. assamica, tea genetic resources, caffeine, catechins, free ami-

no acids
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Fig.1 Differences in mature leaf morphology of Shan tea

and Trungdu tea.
Shan tea leaves were collected from Suoi Giang village (Point 7)

and Trungdu tea leaves were collected from the Lien Son tea
factory (Point 8).
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Fig.2 Collection points of tea genetic resources in northern mountain areas of Vietnam
A: synoptic map of collection points of tea genetic resources;
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Photographs of each collection point of tea genetic resources in Vietnam.
Point 1: Moc Chau Tea Field; Point 2: To Mua Commune; Point3: Shin Chai Village;

Point 4: Tam dong city; Point 5 :Thang Binh farm; Point 6: Thang Binh Farm;

Point 7: Suoi Giang Village; Point 8: Lien Son tea factory.
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Fig.4 Classifications of caffeine, total catechins and free amino acids in dried tea shoot samples of each collection

point in Vietnam.

The columns in each of the three sections of the figure indicate the frequencies of classified caffeine, total catechins and total free amino acids
contents for each collection point. The numerical data in the rectangles in the three sections indicate the amount of each chemical component.
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Tablel. Percentages of caffeine in Vietnamese dried tea shoot samples
0dodoooboOoOoOOoO00ooOooOoo4.190000d

Percentage of dried leaf sample

C . Number of 00000000000 000000MmO0O00 8.46
ollection collected (wW/w) cv
point . . 0000ooooboooobOoobobObO0o000oaO 3.5400
sample Average Maximum Minimum
1. .1

1 5 297 3 33 2.60 .28 aooo 00000 s5.10000000000080

2 19 2.61 3.73 1.15  30.51 000 3.9800000%O00000 30000000

3 7 2.99 4.17 2.03  28.90 0o000000oooooOoon 14.2100000

4 17 2.75 4.57 1.33  36.80

5 16 3.73 4.39 2.17 13.98

) . 110 ses  3g sq4 0 000D00000DO00DOO0O0DOO0OO

7 27 3.54 5.10 1.39 24.49 oad

8 18 3.98 4.94 2.78  14.21 HPLCOOOOO0OO0O00O00O0000000mMmOn

CV0O Coefficient of variation

obomocoo-rbobooomECcO @™ -000
OO00D0MEGCO M -x-O0ODODO0OO0O MM ECGHM

Table2. Percentages of individual catechins in Vietnamese dried tea shoot samples

Percentage O w/w’ Percentage w/wl

Pointl Average Maximum Minimum cv Point5 Average Maximum Minimum cv
gc 0.29 0.66 0.00 87.05 oc 0.20 0.74 0.00 109.62
EC 1.87 3.20 0.90 43.16 EC 1.60 3.75 0.58 51.16
ECG 3.97 6.98 2.59 32.31 ECG 4.29 5.72 2.82 19.99
EGC 2.70 4.18 1.79 35.36 EGC 3.11 6.20 1.68 37.97
EGCG 8.00 11.35 3.65 32.90 EGCG 12.36 16.86 5.28 24.09
EGCG3"ME 0.77 1.49 0.40 43.90 EGCG3"ME 0.77 1.81 0.22 49.15

Total 17.58 22.73 13.82 14.68 Total 22.34 27.91 17.49 13.59
. Percentage O w/w0O . Percentaged w/wlO

Point2 Average Ma);imum Minimum cv Point6 Average Maximum Minimum cv
oc 0.40 0.66 0.00 50.38 oc 0.17 0.85 0.00 131.99
EC 1.55 4.20 0.67 48.13 EC 1.34 2.39 0.66 35.62
ECG 2.95 5.37 1.62 29.34 ECG 4.58 6.78 2.80 23.71
EGC 3.68 6.37 0.52 37.50 EGC 2.90 4.95 1.46 35.33
EGCG 9.38 14.66 3.52 38.68 EGCG 13.16 16.08 9.80 13.99
EGCG3"ME 0.44 0.87 0.16 53.86 EGCG3"ME 0.64 1.20 0.20 45.95
Total 18.39 23.47 10.78 22.69 Total 22.78 28.53 18.28 10.22

. Percentage O w/w0 . Percentaged w/wl

Point3 Average Mafimum Minimum cv Point7 Average Maximum Minimum cv
gc 0.39 0.74 0.06 67.91 gc 0.38 0.90 0.00 63.40
EC 2.31 3.59 1.30 39.02 EC 2.88 7.56 1.33 44.09
ECG 3.85 6.43 1.75 39.82 ECG 5.37 8.68 2.95 26.76
EGC 3.22 5.18 2.00 37.42 EGC 3.16 5.10 1.39 24.49
EGCG 7.77 13.96 5.31 39.86 EGCG 9.54 13.26 2.32 27.77
EGCG3"ME 0.47 1.14 0.18 78.09 EGCG3"ME” 0.59 1.99 0.17 60.95
Total 18.01 24.08 12.61 23.13 Total 21.91 25.87 13.15 12.19

. Percentage O w/w0 . Percentaged w/wlI

Point4 Average Mafimum Minimum cv Point8 Average Maximum Minimum cv
gc 0.31 0.84 0.00 80.73 gc 0.80 2.02 0.08 79.06
EC 1.82 3.23 0.47 33.56 EC 1.19 2.64 0.41 46.45
ECG 4.27 5.65 3.09 18.02 ECG 3.08 4.68 1.56 29.04
EGC 2.71 4.39 0.85 28.04 EGC 3.65 10.10 1.18 56.10
EGCG 8.83 11.11 3.48 25.50 EGCG 10.56 14.78 5.01 25.81
EGCG3"ME 0.36 0.96 0.16 64.28 EGCG3"ME 0.94 1.90 0.34 48.83
Total 18.30 21.58 13.20 13.08 Total 20.22 27.61 13.06 20.81

U Perecentage[] w/wl indicates the percentage of weight of individual catechins to the total weight of dried tea shoots.
"Abbreviations in this table are as follow: CV:Coefficient of variation, [ C:0 O Crcatechin, EC:0 -[repicatechin,

EG( -[Fepigalloicatechin, EC{I -[Fepicatechin gallate, EGC(] -[Fepigallocatechin gallate, EGCG3" Me:
epigalloicatechin 3-OF] 3-O-methyl[ gallate, Total:Total contents of catechins.
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Classifications of contents of individual catechins in dried tea shoot samples of each collection point in Vietnam.

Abbreviations in this figure are as follow, O CO O O-catechin, ECO -O-epicatechin, EGC:(-)-epigalloicatechin, ECG:(-)-epicatechin gallate,
EGCG:(-)-epigallocatechin gallate, EGCG3"Me: epigalloicatechin 3-0-(3-0- methyl) gallate. The columns in each of the six sections of the figure
indicate the frequencies of classified individual catechin contents for each collection point. The numerical data in the rectangles in the six

sections indicate the amount of individual catechins.
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Table3. Percentages of individual free Amino acids in Vietnamese dried tea shoot samples
Percentage of free amino acids in dry tea shoots[d w/wll

Ala Arg Asn Asp Gln Glu Ser Thea Total

Pointl Average 0.02 0.05 0.01 0.10 0.07 0.25 0.04 1.15 1.69
Maximum 0.02 0.12 0.01 0.15 0.11 0.35 0.06 2.47 3.12

Minimam 0.01 0.02 0.00 0.06 0.03 0.14 0.02 0.36 0.63

Cv 26.80 63.10 47.40 29.60 38.00 21.50 26.50 50.00 40.27

Point2 Average 0.01 0.01 0.01 0.07 0.02 0.16 0.03 0.46 0.77
Maximum 0.02 0.03 0.07 0.11 0.04 0.22 0.06 1.54 1.88

Minimam 0.01 0.01 0.00 0.03 0.01 0.09 0.01 0.03 0.20

(0% 44.00 42.50 223.30 34.90 46.20 24.30 31.80 85.80 58.10

Point3 Average 0.01 0.02 0.01 0.11 0.04 0.16 0.04 0.66 1.07
Maximum 0.02 0.03 0.02 0.16 0.06 0.19 0.06 1.00 1.41

Minimam 0.01 0.01 0.00 0.07 0.03 0.12 0.03 0.30 0.60

Ccv 17.60 27.10 61.70 28.35 25.90 15.11 25.20 41.20 27.40

Point4 Average 0.01 0.04 0.02 0.09 0.07 0.17 0.05 1.03 1.50
Maximum 0.03 0.13 0.05 0.14 0.15 0.24 0.08 1.92 2.68

Minimam 0.01 0.01 0.00 0.03 0.02 0.12 0.02 0.31 0.54

Ccv 43.40 74.40 69.60 33.80 47.30 20.60 37.30 45.70 40.10

Pointb Average 0.01 0.11 0.04 0.11 0.05 0.19 0.04 0.87 1.44
Maximum 0.03 0.27 0.08 0.18 0.08 0.27 0.07 1.58 2.26

Minimam 0.00 0.01 0.01 0.06 0.02 0.10 0.02 0.26 0.51

CcVv 55.30 80.00 38.50 32.30 38.60 24.70 32.10 42.80 36.20

Point6 Average 0.02 0.08 0.06 0.17 0.05 0.21 0.04 0.89 1.53
Maximum 0.03 0.17 0.11 0.25 0.17 0.28 0.08 1.38 2.13

Minimam 0.01 0.02 0.02 0.11 0.02 0.14 0.03 0.52 1.04

(% 30.90 53.10 45.20 23.50 53.50 16.30 21.60 30.00 21.40

Poimt7 Average 0.01 0.03 0.01 0.07 0.03 0.17 0.04 0.78 1.16
Maximum 0.03 0.13 0.05 0.14 0.09 0.30 0.09 2.43 3.23

Minimam 0.00 0.00 0.00 0.01 0.01 0.04 0.01 0.02 0.17

Ccv 59.40 125.10 111.50 49.70 55.40 43.10 54.80 82.20 71.10

Point8 Average 0.02 0.05 0.03 0.12 0.02 0.18 0.04 0.56 1.04
Maximum 0.02 0.20 0.06 0.17 0.05 0.23 0.05 1.12 1.71

Minimam 0.01 0.01 0.00 0.05 0.01 0.11 0.02 0.13 0.39

CVv 30.80 101.10 50.70 28.70 41.30 17.30 23.30 49.30 36.50

Abbreviations in this table are as follows: CV:Coefficient of variation, Ala:Alanine, Arg:Arginine, Asn:Asparagine,
Asp:Asparatic acid, Gln:Glutamine, Glu:Glutamic acid, Ser:Serine, Thea: Theanine, Total: Total free amino acid contents.

Tabled. A typical ratio of components of caffeine, catechins and free amino acids for individual Vietnamese tea shoot samples

Percentages of contents of caffeine and catechins in dry tea shoot& w/wl

Percentages of contents of free amino acids in dry tea shootsl w/wl]

Poini-No. " e OC EC K6 EGC  EGOG BGCGIMe TowlC Al Asn Asp Gl Ser  Thea  Totald
22 L5 060 1.3 L& 269 52 05 123 00 00l 0.0 0.04 00 0.09 00 003 020
24 1% 05 13 L& 0532 64 03| 108 000 001 000 0.07 00 0I5 002 02 054
29 L7 005 2.00 2.4 6.37 6.8 062 185 000 001 000 0.03 00 013 003 014 0.3
36 222 0.2 33 643 218 649 0.0 1978 0.00 002 000 007 003 014 003 030 059
618 | 528 028 200 63 415 .07 069 25 002 005 010 0.2 0.0 0.2 005 052 120
72 299 048 207 344 1 546 022 1305 0.00 000  0.00 002 000 005 000 0.07 0.1
76 U 042 4130 868 23 83 030 2424 0.0 0.0 000 006 004 014 003 048 0.9
77 46 053 23 812 145 1000 0.5 2319 0.02 0.0 000 008 003 019 004 072 LIl
6 47 000 1.3 48 2.3 1326 L9 2.9 002 0.02 0.0 0.09 004 0.2 005 L4 2.2
7 018 ol mE 550 Ll 232 0% 1800 000 002 000 0.05 002 003 003 002 0.2
70 48 007 231 44 2.9 1004 052 037 002 013 005 0.4 009 0.8 007 243 3.3
85 7 0.3 26 3450 1040 1075 0.3 2760 0.00 004 003 011 002 020 004 0.5 12
89 480202 032 200 3.9 902 0.8 1830  0.02 003 0.02 010 002 017 005 027 0.70

Total C: Total contents of catechins, Total A: Total contents of free amino acids.

Yellow highlights indicate chalacteristic chemical constructions.
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Fig.6 Classifications of contents of major free amino

acids in dried tea shoot samples of each collection
point in Vietnam.
The columns in each of the six sections of the figure indicate the
frequencies of classified individual free amino acid contents for
each collection point. The numerical data in the rectangles in the
six sections indicate the concentration of the amount of individual
free amino acid.
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Table5. Percentages of caffeine and individual catechins
in dried samples of 'Yabukita’ and ’Benifuuki’
autumn shoots

Caffeine OC EC ECG EGC EGCG EGCG3Me . ot
Catechin

Yabukita 2.68 0.00 0.41 2.16 1.40 7.69 trace 11.66
Benifuki 2.74 0.01 0.93 3.27 3.25 11.09 1.63 20.18

Abbreviations in this table are as follow: 0 C: (O )-catechin, EC: (-)-epicatechin,
EGC:(-)-epigalloicatechin, ECG:(-)-epicatechin gallate, EGCG:(-)-epigallocatechin
gallate, EGCG3"Me: epigalloicatechin 3-0-(3-O-methyl) gallate.
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Genetic Diversity of the Contents of Caffeine, Catechins, and Free Amino

acids in Tea Leaves Collected from Northern Mountain Areas of Vietnam

Katsuyuki Yosuipa, Akiko OGiNo, Akiko MATSUNAGA, Le Van Duc,

Nguyen Le THAN and Atsushi NESUMI
Summary

It is believed that the location of the origin of tea (Camellia sinensis (L.) O. Kuntze) is the border area of
Vietnam, Laos, Thailand, Myanmar, and China. Therefore, research of the diversity of tea genetic resources
in Vietnam is important for tea science. A collaborated mission to explore and collect tea genetic resources
in Vietnam was conducted from 23 November to 14 December 2003. During this mission, we collected 135
tea shoot samples from the northern mountain areas of Vietnam. All of the collected tea plants were classi-
fied into Camellia sinensis var. assamica. Based on the differences of leaf morphology and quality of green
tea, Vietnamese green tea plants are classified into two groups, Shan tea (large leaf and high quality) and
Trungdu tea (small leaf and low quality). The green tea quality of Shan tea is superior to Trungdu tea, so,
Vietnamese tea scientists are very interested in Shan tea. In the present study, the contents of caffeine, in-
dividual catechins, and free amino acids in collected Vietnamese tea shoot samples were analyzed by
high-performance liquid chlomatogram (HPLC). Most Shan tea and Trungdu tea have high amounts of caf-
feine and catechins. However, some plants contained low amounts, such as green tea cultivars 'Yabukita’
bred from C. sinensis var. sinensis. A few plants of Shan tea and Trungdu tea contained a high concentra-
tion (above 1.5% of dry leaf weight) of epigallocatechin 3-O-(3-O-methyl) gallate, which has an
anti-allergic function. The composition ratio of catechins of Vietnamese tea shoot differed according to the
point where it was collected. HPLC analysis results also suggested that Vietnamese tea has low contents of
free amino acids and the composition ratio of free amino acids differed according to the point where it was
collected. These results suggested Vietnamese tea genetic resources have high variations for the composi-
tion ratio of these three chemical components. Our results also suggested that the genetic resources of
Trungdu tea are equal to Shan tea as important breeding materials of the functional tea components for hu-

man health benefit.
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