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Differentiation of Tea categories by the Composition of Tea polyphenols and Caffeine
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Polyphenols contained in tea plants largely consist of catechins. In green tea, which is unfermented tea,

most catechins are maintained, but in partially fermented Oolong tea and fully fermented black tea, a part of

the catechins is converted into theaflavins by enzymatic oxidization. Thus there is a relationship between the

composition of tea polyphenols and the category of tea. In this paper nine kinds of tea polyphenols

[(-)-epicatechin, (-)-epigallocatechin, (-)-epigallocatechin gallate, (-)-epicatechin gallate, gallic acid,

theaflavin, theaflavin-3-manogallate, theaflavin-3’-monogallate and theaflavin-3,3’-digallate] and caffeine

were simultaneously determined by HPLC. For discriminating four tea categories — green tea, Oolong tea,

black tea and dark tea — pattern recognition techniques were applied to the resultant data. The results of

principal component analysis and cluster analysis suggested possible splitting of the data into several clusters

corresponding to tea categories or origins. By canonical discriminant analysis and K-nearest neighbors, tea

samples were differentiated into the four categories.
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Tablel Tea samples
Class Sample Origin Notes
Greentea Gl CHINA(CN) JASMIN TEA(TEA BAG)
G2 CHINA(CN) JASMIN CHUNG FENG
G3 CHINA(CN) LONG JING
G4 CHINA(CN) PILUOCHUN
G5 CHINA(CN) HUANG SHAN MAO FENG
G6 CHINA(CN)
G7  CHINA(CN)
G8 CHINA(CN)
G9 CHINA(CN) JASMIN TEA
G10 CHINA(CN) JASMIN TEA
Gl11 JAPAN(JP) SEN CHA
G12 JAPAN(JP) SEN CHA
Oolong tea O1 TAIWAN(TW) FOUR SEASONS OOLONG TEA
02 TAIWAN(TW) FORMOSA OOLONG TEA
03 TAIWAN(TW) FORMOSA OOLONG TEA
04 TAIWAN(TW) DONG DING OOLONG TEA
05 TAIWAN(TW) WEN SHAN BAO ZHONG
06 TAIWAN(TW) (FLAVORED TEA)
07 TAIWAN(TW)
08 CHINA(CN) (TEA BAG)
09 CHINA(CN) TIE GUAN YIN CHA
010 CHINA(CN) HUANG JING YUI
o11 CHINA(CN) DA HONG PAO
012 CHINA(CN) (FLAVORED TEA)
013 CHINA(CN)
014  CHINA(CN)
015 CHINA(CN) (BLENDED TEA)
Black tea Bl ASSAM INDIA(AIN) DIKSAM FTGFOP
B2 ASSAM INDIA(AIN)  DIKSAM TGFBOP
B3 ASSAM INDIA(AIN) MORNING TEA
(ASSAM BASE FLAVORED TEA)
B4 ASSAM INDIA(AIN) CALCUTTAAUCTION
BS ASSAM INDIA(AIN)  SILONIBARI BPSCTC
B6 KENYA(KE) IMENTI
B7 KENYA(KE) MASINGI BPCTC
B8 KENYA(KE) KAPRORET GFOP
B9 SRI LANKA(LK) PURE CEYLON ELDORADO
B10 SRI LANKA(LK) UVA HIGHLANDS BOP
BI11 DARJEELING INDIA  DARJEELING FIRST FLUSH 2004
(DIN)
B12 DARJEELING INDIA  DARJEELING SECOND FLUSH 2004
(DIN)
B13 DARJEELING INDIA  (DARJEELING BASE FLAVORED TEA)
(DIN)
B14 DARJEELING INDIA  EARL GREY DARJEELING
(DIN) (FLAVORED TEA)
BIS DARJEELING INDIA  DARJEELING BPS
(DIN)
B16 CHINA(CN) KEEMUM IST GRADE
B17 CHINA(CN) KEEMUM SPECIAL GRADE
BI8 CHINA(CN) KEEMUN GONGFU
B19 CHINA(CN) DIANHONG GONGFU
B20 CHINA(CN) LAPSANG SOUCHONG
B2l  CHINA(CN) (FLAVORED TEA)
B22 CHINA(CN) (FLAVORED TEA)
B23 CHINA(CN) (KEEMUN BASE FLAVORED TEA))
B24 SRI LANKA(LK) BOGAWANA BOP
B25 MAURITIUS(MU) ILE MAURICE VANILLE(FLAVORED TEA)
B26 SRI LANKA(LK) POTHOTUWA FBOPF
B27 DARJEELING INDIA  VICTORIA'S PEAK
(D IN)
B28 DARJEELING INDIA  RISHEEHAT
(D IN)
Dark tea D1 CHINA(CN) PU-ERH TEA(TEA BAG)
D2 CHINA(CN) PU-ERH TEA
D3 CHINA(CN) PU-ERH TEA
D4 CHINA(CN) YUNNAN PU-ERH TEA
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Fig.2 Photodiode-array UV-VIS spectrum of caffeine and gallic acid
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Fig.3 Photodiode-array UV-VIS spectrum of catechins
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Fig.4 Photodiode-array UV-VIS spectrum of theaflavins
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Fig.5 Chromatograms of (a) a green tea sample, (b) an Oolong tea sample,
(c) a dark tea sample
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Fig.6 Chromatograms of black tea samples
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Table2 Contents(%) of caffeine and polyphenols in tea samples

27

Sample(Origin) CLASS GA EGC Caffeine EC EGCg ECg TF1 TF2 TF3 TF4
G1 (CN) Green tea 0.56 1.87 3.34 0.55 4.35 1.49 0.01 + + 0.03
G2 (CN) Green tea 0.77 1.54 3.86 0.50 4.33 1.36 - - - -
G3 (CN) Green tea 0.93 1.06 3.67 0.40 5.66 1.58 - - - -
G4 (CN) Green tea 1.33 0.34 430 0.26 4.50 1.62 - - - -
G5 (CN) Green tea 0.93 0.85 3.84 0.45 430 1.41 - - - -
G6 (CN) Green tea 0.55 1.52 3.56 0.41 4.49 1.03 - - - -
G7 (CN) Green tea 0.95 0.76 4.01 0.40 5.06 1.32 - - - -
G8 (CN) Green tea 2.13 0.58 4.66 0.39 522 3.02 - - - 0.01
G9 (CN) Green tea 0.78 1.50 3.75 0.50 4.27 1.44 - - - -
G10 (CN) Green tea 1.20 1.21 3.98 0.44 3.88 1.21 + + + 0.01
G11 (JP) Green tea 0.13 3.35 2.55 0.54 3.97 0.61 - - - -
G12 (JP) Green tea 0.14 2.99 2.52 0.49 4.04 0.69 + - - -
O1 (TW) Oolong tea 0.23 1.94 2.26 0.37 4.49 0.69 0.01 0.03 + +
02 (TW) Oolong tea 0.29 3.35 2.73 0.49 3.49 0.51 0.01 + + +
03 (TW) Oolong tea 0.36 2.84 2.07 0.42 3.51 0.48 0.01 + + +
04 (TW) Oolong tea 0.18 2.79 2.37 0.40 3.10 0.50 0.01 0.02 - -
05 (TW) Oolong tea 0.19 225 2.59 0.36 432 0.74 0.01 0.02 + +
06 (TW) Oolong tea 0.28 1.56 2.72 0.33 430 0.67 0.01 0.03 + 0.01
07 (TW) Oolong tea 0.14 321 1.96 0.36 3.31 0.40 + 0.01 0.01 -
08 (CN) Oolong tea 0.48 0.92 2.70 0.22 2.00 0.61 0.01 + 0.01 0.02
09 (CN) Oolong tea 0.12 2.26 1.69 0.32 3.48 0.55 0.01 0.02 + +
010 (CN) Oolong tea 0.11 2.67 3.42 0.55 3.43 0.66 0.02 0.01 + +
011 (CN) Oolong tea 0.28 1.74 3.12 0.34 2.74 0.53 0.05 0.05 0.03 0.06
012 (CN) Oolong tea 0.58 0.84 3.24 0.15 6.34 0.84 0.02 0.02 + 0.04
013 (CN) Oolong tea 0.67 0.80 4.10 0.13 6.46 0.86 0.01 0.02 + 0.03
014 (CN) Oolong tea 0.49 1.26 2.77 0.29 4.79 1.03 0.05 0.03 0.03 0.12
015 (CN) Oolong tea 0.35 0.92 2.75 0.23 2.31 0.54 0.01 + 0.00 0.01
BI(AIN) Black tea 0.73 0.09 3.16 0.07 0.34 0.40 0.06 0.12 0.09 0.25
B2(AIN) Black tea 0.40 0.04 248 0.04 0.15 0.19 0.05 0.09 0.06 0.15
B3(AIN) Black tea 0.73 0.11 3.84 0.10 0.54 0.49 0.09 0.16 0.11 0.29
B4(AIN) Black tea 0.76 0.09 3.48 0.07 0.49 0.32 0.10 0.18 0.13 0.32
B5(AIN) Black tea 0.52 0.07 3.29 0.06 0.38 0.22 0.11 0.17 0.10 0.24
B6 (KE) Black tea 0.93 0.21 2.92 0.26 0.67 0.52 0.24 0.25 0.17 0.17
B7 (KE) Black tea 0.41 0.03 2.53 0.04 0.12 0.11 0.14 0.22 0.15 0.25
B8 (KE) Black tea 0.98 0.39 3.23 0.28 1.36 0.87 0.09 0.12 0.08 0.13
B9 (LK) Black tea 0.65 0.88 3.48 0.43 1.47 0.72 0.11 0.12 0.08 0.14
B10 (LK) Black tea 0.94 0.23 3.78 0.23 1.02 0.82 0.15 0.19 0.12 0.21
B11 (DIN) Black tea 1.29 1.09 4.58 0.47 435 1.17 0.07 0.04 0.02 0.02
B12 (D IN) Black tea 0.91 0.54 391 0.31 3.24 1.24 0.11 0.08 0.05 0.08
B13 (D IN) Black tea 0.89 0.61 3.52 0.26 2.31 0.80 0.07 0.06 0.04 0.07
B14 (D IN) Black tea 0.99 0.81 3.75 0.35 3.38 0.98 0.06 0.03 0.02 0.04
B15 (D IN) Black tea 1.07 0.95 4.17 0.42 4.32 1.25 0.05 0.02 0.01 0.03
B16 (CN) Black tea 0.62 0.06 3.75 0.05 0.25 0.23 0.05 0.11 0.05 0.19
B17 (CN) Black tea 0.70 0.07 3.43 0.06 0.27 0.25 0.03 0.08 0.04 0.14
B18 (CN) Black tea 0.83 0.05 3.94 0.04 0.21 0.23 0.02 0.07 0.03 0.18
B19 (CN) Black tea 225 0.06 5.06 0.14 0.23 1.33 0.03 0.07 0.06 0.30
B20 (CN) Black tea 0.46 0.02 2.83 0.02 0.12 0.09 0.02 0.04 0.02 0.07
B21 (CN) Black tea 0.65 0.07 3.14 0.09 0.38 0.33 0.03 0.06 0.03 0.10
B22 (CN) Black tea 0.74 0.09 3.42 0.10 0.47 0.40 0.04 0.07 0.03 0.11
B23 (CN) Black tea 0.29 0.02 2.36 0.02 0.09 0.13 0.02 0.04 0.02 0.07
B24 (LK) Black tea 0.39 0.04 241 0.06 0.15 0.25 0.11 0.18 0.09 0.22
B25 (MU) Black tea 0.51 0.11 2.31 0.08 0.29 0.34 0.15 0.19 0.12 0.18
B26 (LK) Black tea 0.88 0.11 3.62 0.14 0.75 0.75 0.06 0.15 0.08 0.23
B27 (D IN) Black tea 0.87 0.10 3.59 0.31 3.36 1.69 0.07 0.07 0.03 0.10
B28 (D IN) Black tea 1.26 0.10 433 0.46 4.15 1.59 0.04 0.05 0.03 0.06
D1 (CN) Dark tea 0.74 0.05 3.05 0.06 + 0.04 - - - -
D2 (CN) Dark tea 0.47 0.03 3.55 0.04 + 0.02 - - - -
D3 (CN) Dark tea 1.04 0.05 2.57 0.06 0.01 0.01 - - - -
D4 (CN) Dark tea 1.71 0.12 2.61 0.06 + 0.06 - - - -
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Table3 A range of content of caffeine and each polyphenols(%)

GA EGC Caffeine EC EGCg ECg TF1 TF2 TF3 TF4
Greentea  Mean 0.87 1.46 3.67 0.44 4.51 1.40 + + + +
Max. 2.13 3.35 4.66 0.55 5.66 3.02 0.01 + + 0.03
Min. 0.13 0.34 2.55 0.26 3.88 0.61 - - - -
Oolong tea Mean 0.32 1.96 2.70 0.33 3.87 0.64 0.02 0.02 0.01 0.02
Max. 0.67 3.35 4.10 0.55 6.46 1.03 0.05 0.05 0.03 0.12
Min. 0.11 0.80 1.69 0.13 2.00 0.40 + + - -
Blacktea  Mean 0.81 0.25 344 0.18 1.25 0.63 0.08 0.11 0.07 0.16
Max. 2.25 1.09 5.06 0.47 4.35 1.33 0.24 0.25 0.17 0.32
Min. 0.29 0.02 2.31 0.02 0.09 0.09 0.02 0.02 0.01 0.02
Dark tea Mean 0.99 0.06 2.94 0.05 + 0.03 - - - -
Max. 1.71 0.12 3.55 0.06 0.01 0.06 - - - -
Min. 0.47 0.03 2.57 0.04 + 0.01 - - - -
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Fig.7 Dendrogram of cluster analysis
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Fig.8 Scatter plot of tea samples based on the first and second principal component scores
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Fig.9 Factor loadings of the first and second principal component
Table4 Canonical coeffients and standardized canonical coeffients (all samples)
1st vector 2nd vector 3rd vector
Component Coefficients Standardized Coefficients Standardized Coefficients Standardized
coeffcients coeffcients coeffcients
GA -1.376 -0.537 -2.078 -0.811 -0.499 -0.195
EGC 1.158 0.750 0.183 0.118 -1.238 -0.802
Caffeine -0.137 -0.088 0.128 0.082 0.623 0.399
EC -4.226 -0.527 1.587 0.198 7.904 0.986
EGCg 0.613 0.757 0.100 0.124 -0.379 -0.468
ECg 1.904 0.831 1.817 0.793 1.145 0.500
TF1 -44.426 -1.604 17.152 0.619 -51.331 -1.854
TF2 -4.688 -0.211 18.275 0.822 4.079 0.184
TF3 65.776 2.064 -50.437 -1.583 71.826 2.254
TF4 -11.218 -0.703 20.572 1.289 -15.734 -0.986
Constants -0.701 -2.826 -1.792
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Table5 The results of classification with canonical discriminant analysis

Predicted class
Green tea | Oolongtea | Black tea | Dark tea M;cr:]aslsgsled
Green tea 10 2 0 0(G11,G12
& |Oolong tea 0 15 0 0
O |Black tea 1 0 27 0|B28
Dark tea 0 0 0 4

Table6 Canonical coeffients and standardized canonical coeffients

(excluding dark tea samples)

1st vector 2nd vector
Component Coefficients Standardized | Coefficients Standardized
coeffcients coeffcients

GA -1.831 -0.696 -1.260 -0.479
EGC 1.185 0.789 -1.097 -0.731
Caffeine 0.197 0.128 0.956 0.622
EC -5.359 -0.688 6.497 0.834
EGCg 0.495 0.629 -0.454 -0.577
ECg 2.070 0.929 1.559 0.700
TF1 -45.700 -1.697 -48.717 -1.809
TF2 -10.096 -0.467 0.986 0.046
TF3 77.848 2,513 74.912 2.418
TF4 -15.342 -0.989 -16.536 -1.066
Constants -0.904 -2.219
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Fig.11 Canonical plot of tea samples excluding dark tea samples
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Table7 The results of classification with KNN method (K=3~7)

Fig.10 Canonical plot of all tea samples

Predicted class
Green tea | Oolong tea | Black tea | Dark tea Misclassfied
samples
Green tea 12 0 0 0
g |Oolong tea 1 14 0 0 02
O |Black tea 0 0 28 0
Dark tea 0 0 0 4
Table8 The results of cross validation (KNN  K=5)
Percentage recognition ability Percentage prediction ability
Green tea 12/12 100.0% 22/22 100.0%
Oolong tea 14/15 93.3% 21/24 87.5%
Black tea 28/28 100.0% 47147 100.0%
Dark tea 4/4 100.0% 717 100.0%
Total 58/59 98.3% 97/100 97.0%
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