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Einflufl der Catechin- und Theaflavingehalte 
auf den adstringierenden Geschmack von Teeaufgiissen 

Zusammenfassnng. Die Korre la t ion  der Gehal te  an den 
ffinf mengenm/igig bedeutendsten Catechinen und  den 
vier Haupt theaf lavinen zum sensorisch ermittelten ad- 
stringierenden Geschmack  wurde untersucht.  Catechine 
und  Theaflavingehalte wurden mittels H P L C  bestimmt. 
Es ergaben sich signifikante Korre la t ionen zum adstrin- 
gierenden Geschmack  ffir die Summe der Catechine und  
alle E inze lkomponenten  auBer Catechin.  Zwischen Thea- 
flavingehalten und  adstr ingierendem Geschmack  ergab 
sich keine Korrelat ion.  

Summary. The concentra t ions  o f  the five main  catechins 
(flavanols), epigallocatechin gallate, epicatechin gallate, 
epigallocatechin, epicatechin, catechin and four  main  
theaflavins, theaflavin, theaflavin-3'-gallate, theaflavin- 
3-gallate, theaflavin-3,3'-digallate in black tea brew and 
their effects on astr ingency were investigated. The cate- 
chins and theaflavins were assayed by H P L C .  Astrin- 
gency, which was scaled f rom 1 to 9, was est imated by a 
trained panel. The correlat ions between astr ingency and 
content  o f  total  catechins and  individual catechins, ex- 
cept catechin itself, were significant, whereas no correla- 
t ion between theaflavins and  astr ingency was observed. 

Introduction 

The quali ty assessment and the price evaluat ion o f  tea is 
determined by professional  tea tasters. For  a long time 
at tempts  have been made  to find a correlat ion between 
tea tasters ' results and  the consti tuents o f  tea as deter- 
mined by chemical analysis. In  part icular  the content  o f  
theaflavins (TFs) and thearubigins (TRs) have been 
claimed to correlate with tea tasters'  results (e.g. [1, 2]). 
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One o f  the criteria tea tasters use in determining quali ty 
is the astringent taste. It  is established that  polyphenols  
account  for the astringency. The objective o f  this s tudy 
was to find out  whether  a correlat ion o f  astr ingency (de- 
termined by sensory analysis) and the content  o f  the main  
catechins (Cs) and /or  TFs  (both determined by H P L C  
methods)  exists or  not.  

Material and methods 

Samples 

Fifteen commercial black teas from different producing area were 
obtained from local retail shops and the China National Native Pro- 
duce and Animal By-products Import and Export Shanghai Tea 
Branch: 1, Feinster Tippy-Yiinnan; 2, Darjeeling first flush; 3, Dar- 
jeeling second flush; 4, Darjeeling autumnal; 5, Assam Broken; 6, 
Assam Leaf; 7, Ceylon Lowgrown; 8, Ceylon Uva Highland; 9, 
Kenya; 10, China Black Tea 1; 11, China Black Tea 2; 12, China 
Black Tea 3; 13, China Black Tea 4; 14, China Black Tea 5; 15, 
China Black Tea 6. 

Chemical analysis 

Catechins. Tea brew preparation and clean-up by solid-phase ex- 
traction were as described previously [3]. The HPLC equipment was 
a solvent delivery module Beckman 110 B (San Ramon, USA), with 
an Altex 210 injection valve (San Ramon, USA) with a 20 gl loop, 
variable wavelength Knauer monitor (Berlin, FRG) (wavelength 
range from 190 to 600 nm) set at 278 nm, LDC/Milton Roy CI-10 
integrator (Shannon, Ireland); stainless steel column (250 x 4.6 mm 
i.d.) with Nucleosil C-18, 5 Ixm (Melz VDS, FRG). The eluents were 
(1) acetonitrile : 2% acetic acid aq. = 13 : 87 (v :v) for 6 min; (2) ace- 
tonitrile: 2% acetic acid aq. = 25: 75 (v: v) for 16 min both at a flow 
rate of 1.0 ml/min. 

Theaflavins. Tea was brewed by infusing 1.5 g untreated tea with 
90 ml boiling water on a hot plate for 5 min. The brew was filtered, 
transferred to a 100-ml flask and made up to volume with water 
while still hot. 

For liquid extraction, 50 ml hot brew (see above) was mixed with 
30 ml isobutyl methyl ketone (IBMK) in a separatory funnel and 
shaken for 2 rain. The water layer was extracted once more in the 
same way. The second water layer was discarded. Two extracts were 
pooled and centrifuged at 3000 rpm for 3 rain. The supernatant was 
evaporated to dryness to remove IBMK completely. The residue 



was dissolved in 25% acetonitrile (aq.), transferred to a 10-ml flask 
and made up to volume with 25% acetonitrile (aq.). This solution 
was used for HPLC determination. The HPLC equipment was as 
described above using as eluent acetonitrile:2% acetic acid aq. = 
26:74 (v:v). To check peak identity an HPLC device with a photo 
diode array detector was used at the beginning of the study. Calibra- 
tion and calculation was carried out using theaflavin isolated and 
purified by HPLC on a semipreparative scale, cf. [4]. 

Sensory analysis 

Panel. Eight tasters were selected from the institute staff by sensory 
tests. The tasters who gave sensitive and reproducible results were 
selected and trained to distinguish the astringency from other fac- 
tors of tea taste. 

Conditions. The sensory analysis was undertaken in a special sensory 
room that was kept dark and only a yellow light was given to each 
taster. Using brown cups the effect of eolour of the tea brew was ex- 
cluded. 

Tea brews. Tea (2 g) was infused by 150 ml boifing water for 5 min 
[5]. Infused leaves were discarded. The infusions were cooled down 
to 40-45 ~ C and used for tasting. 

Astringency scale. A 1-9 scale was used to score the astringency as 
follows: 1 = absent; 3 = slightly astringent; 5 = moderately astrin- 
gent; 7 = very astringent; 9 = extremely astringent. All samples 
were analysed in duplicate. 

Results and discussion 

The total amount of catechins in the black teas analysed 
varied from 2.02% to 12.48% (based on dry weight). 
Figure 1 shows an HPLC trace of a black tea. The results 
of HPLC analysis (including the amounts of theogallin, 
gallic acid and caffeine, which are not discussed here) and 
the corresponding sensory scores can be found in 
Table 1. The difference in the amounts of Cs partly de- 
pends on the origin of samples and partly depends on the 
processing methods and season. 

As precursors of TFs and TRs, Cs have often been an- 
alysed in black tea (e.g. [6-9]). Their role in green tea taste 
has also been researched in detail [10]. In the research 
here, we find that Cs also play an important part in black 
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Fig. 1. HPLC trace of a black tea sample (Darjeeling). For clean-up 
and HPLC parameters, see text: 1 theogallin; 2 gallic acid; 3 theo- 
bromine; 4 EGC; 5 C; 6 caffeine; 7 EC; 8 EGCG; 9 ECG 

tea taste. The linear correlations between astringency and 
the amount of total Cs and individual Cs except C are sig- 
nificant (Table 2). The contents of total Cs and epicate- 
chin gallate (ECG) have highly significant effects on the 
astringency of black tea. The correlations between these 
two parameters and astringency are conform more 
closely to a logarithmic function. The former appears in: 
y=0.21296 + 2.7742 In X (r=0.91520) (see Fig.2), 

Table 2. Correlation coefficient between eatechins and astringency 

Cateehin Correlation coefficient (r) Significant level 

C 0.5050 ro.o5 =0.5139 
EC 0.6903 b ro.ol = 0.6411 
EGC 0.6378 a ro.ool = 0.7603 
ECG 0.7615 c 
EGCG 0.6723 b 

Catechins 0.8672 c 

a Weakly significant 
b Significant 

Highly significant 

Table 1. Catechins in black tea (g/100 g 
dry matter) and astringency (scale 1-9, see 
text) Sen, sensory score; TG, theogallin; 
GA, gallic acid; Caf, caffeine; EGC, epigal- 
locatechin; C, catechin; EC, epicateehin; 
EGCG, epigallocatechin gallate; EGG, epi- 
catechin gallate; E Cat, total cateehins 

Sample TG GA Car EGC C EC EGCG ECG Z Cat Sen 
No. 

1 1.93 0.42 2.94 2.15 0.46 0.51 0.14 1.98 5.24. 4.6 
2 1.09 0.18 2.55 2.13 0.13 0.39 4.32 1.19 8.16; 5.6 
3 0.81 0.25 2.39 1.50 0.10 0.26 2.79 1.23 5.881 4.7 
4 1.22 0.27 2.37 1.51 0.11 0.21 2.70 0.99 5.52; 4.9 
5 1.33 0.45 3.52 2.72 0.21 0.14 1.21 1.03 5.31 5.3 
6 1.40 0.37 3.05 2.13 0.15 0.13 1.02 0.79 4.22 3.8 
7 0.79 0.36 2.33 1.05 0.07 0.06 0.40 0.46 2.04 2.2 
8 1.18 0.23 2.32 3.87 0.28 1.10 5.09 2.19 12.48 7.3 
9 1.52 0.40 2.23 2.21 0.22 0.19 0.84 0.74 4.20 4.0 

10 1.40 0.29 2.64 1.07 0.30 0.58 0.42 2.38 4.7.'; 6.0 
11 1.06 0.35 2.45 1.08 0.20 0.35 1.12 1.61 4.36 5.1 
12 0.76 0.26 2.29 1.14 0.13 0.32 0.56 1.11 3.26 2.6 
13 0.48 0.32 2.59 1.23 0.07 0.08 0.36 0.28 2.02 2.3 
14 0.67 0.27 1.99 1.26 0.17 0.29 0.78 0.70 3.20 2.7 
15 0.37 0.27 2.09 1.23 0.13 0.17 0.37 0.46 2.36 3.0 
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where y = sensory score and X = S catechins (g/100 g 
dry matter).  The latter is given by: y = 4.3382 + 2.0091 
In X ( r =  0.81529), where y =  sensory score and x = 
E C G  (g/100 g dry matter).  F r o m  the viewpoint  o f  the 
threshold values, the concentra t ions  o f  individual Cs are 
low (Table 3), especially that  o f  C, which is much  lower 
than its threshold value. So it is reasonable for  C no t  to 
have any effect on  the astr ingency o f  black tea. It  is no-  
table that  the concent ra t ion  o f  epicatechin (EC), which 
has a significant correlat ion with astr ingency is also very 
low. It  should be stressed that  these threshold values were 
determined in pure water. In  a tea brew system the situ- 
at ion might  be different. There exists a certain a m o u n t  o f  
interaction a m o n g  all the c o m p o u n d s  in the system. In  
the case here EC m a y  enhance the effects o f  other  com-  
pounds  with astr ingency a l though itself no t  contr ibut ing 
to the astr ingent taste [11]. The concentra t ions  o f  epi- 
gallocatechin (EGC),  epicatechin gallate (ECG),  and  epi- 
gallocatechin gallate ( E G C G )  are still low, but  for  each 
c o m p o u n d  there are several samples with a concent ra t ion  
higher than its threshold value and more  than hal f  the 
samples have a concent ra t ion  higher than its half- 
threshold value. Especially for  ECG,  twelve out  o f  fifteen 
samples had  concentra t ions  higher than  its ha l f  threshold 
value. Wi th  respect to possible interactions,  they all had 
significant correlat ions with astringency. 

The levels o f  TFs  in black tea were very low (Table 4), 
especially in Darjeeling tea samples in which the concen-  
trations o f  total  TFs  were f rom 9.5 to 14.7 mg  L -  1. The  
patterns o f  the four  main  TFs  in teas f rom Kenya,  Sri 
Lanka  lowlands and China  tended to be similar. Those  in 
teas f rom Darjeeling, Sri L a n k a  highlands and Assam 
were distinct f rom the other. The former  two (samples 2, 
3, 4, 8) had a high a m o u n t  o f  T F  and lower amounts  o f  
theaflavin-3,3'-digallate (TF-3,3'-dig).  In  contrast ,  As- 
sam teas (samples 5, 6) had lower amounts  o f  T F  and 
higher amounts  o f  TF-3,3'-dig.  F o r  all the samples, the 
amounts  o f  theaflavin-3'-gallate (TF-Y-g) and thea- 
flavin-3-gallate (TF-3-g) were less different. Fur ther  
work  is necessary to clarify this aspect. 
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Fig. 2. Graphic plot of the correlation between catechins (sum, g/ 
100 g dry matter) and sensory score (astringency), see text 

Table 3. Concentrations of catechins in black tea brew (mg L- 1). 
For sensory scores see Table 1 

Sample C EC EGC ECG EGCG Z Catechins 

1 61 68 287 264 19 699 
2 17 52 284 159 576 1088 
3 13 35 200 t64 372 784 
4 15 28 201 132 360 736 
5 28 19 363 137 161 708 
6 20 17 284 105 136 362 
7 9 8 140 61 53 271 
8 37 146 509 292 679 1663 
9 29 25 295 99 112 560 

I0 40 77 143 317 56 633 
11 27 47 144 215 149 582 
12 17 43 152 148 75 435 
13 9 11 164 37 48 269 
14 23 39 168 93 104 427 
15 17 23 164 61 49 314 

Threshold 510 460 350 180 200 
value a 

a Adopted from M. Nakagawa [11] 

Table 4. Concentrations (Cone) oftheafla- 
vins (TF) in black tea brew (rag L-*) and 
relative amounts of TF (percentage of total 
TF determined); Sensory scores cf. Table 1: 
TF-3'-g, Theaflavin-3'-gallate; TF-3-g, 
theaflavin-3-gallate; TF-3,3'-dig, theaflavin- 
3,3'-digallate 

a Adopted from Sanderson [12] 

Sample TF 

Conc % 

1. 12 25.5 
2. 6 60.0 
3. 6 4O.0 
4. 6 46.2 
5. 21 19.1 
6. 16 17.8 
7. 8 22.2 
8. 23 59.0 
9. 15 23.8 

10. 19 26.0 
11. 21 25.9 
12. 20 29.4 
13. 9 23.0 
14. 12 27.9 
15. 18 31.6 

Threshold 800 
value a 

TF-3'-g TF-3-g TF-3,3'-dig 

Cone % Cone % Cone % 

Z TF 
Cone 

19 40.4 5 10.7 11 23.4 47 
2 20.0 1 10.0 1 10.0 10 
5 33.4 2 13.3 2 13.3 15 
4 30.8 1 7.6 2 15.4 13 

32 29.1 16 14.5 41 37.3 110 
28 31.1 14 15.6 32 35.5 90 
14 38.9 4 11.1 10 27.8 36 
9 23.1 5 12.8 2 5.1 39 

24 38.1 8 12.7 16 25.4 63 
29 39.7 8 11.0 17 23.3 73 
29 35.8 10 12.3 21 25.9 81 
25 36.8 9 13.2 14 20.6 68 
15 38.5 4 10.3 11 28.2 39 
15 34.9 6 14.0 10 23.2 43 
20 35.1 7 12.3 t2 21.0 57 

360 125 600 
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Table 5. Correlation coefficient between TFs and astringency 

Theaflavin Correlation coefficient (r) Significance level 

TF 0.3001 ro.o5 = 0.5139 
TF-3'-g - 0.1084 ro.o 1 = 0.6411 
TF-3-g 0.1160 ro.oo 1 =0.7603 
TF-3,3'-dig - 0.0741 
S TF -0.0067 

The relationship between the content of TFs and qual- 
ity or price of black tea has often been investigated. In 
some papers a significant correlation between price and 
TF content has been reported [13-15]. Other authors 
found no statistically significant correlation [1]. This was 
probably due to different sample origin, different index 
of quality and to the fluctuation of market price. In our 
research here, no correlation with tea price or tea tasters' 
assessment should be checked. The objective of this study 
was not an attempt to set up another correlation between 
tea tasters' assessment and the content of a group of tea 
constituents. Among all the sensory parameters, only one 
factor, the astringent taste, was considered. The sensory 
method used here excluded the effects of other sensory 
factors such as brightness, bitterness, colour and appear- 
ance. The results indicate that neither concentration of 
total TFs nor those of the four main TFs (TF, TF-3'-g, 
TF-3-g, TF-3,3'-dig) has any correlation with astringency 
(Table 5). Comparing their concentrations with the 
threshold values, it is obvious that they are too low to 
have a strong influence on astringent taste. 

In black tea brews, the concentrations of Cs are much 
higher than that of TFs, although there are large differ- 
ences among samples. On the other hand, the astringent 
threshold values of Cs are lower than those of TFs. 
Therefore Cs are more important when black tea taste is 
researched. The concentrations of Cs should be one of the 
major chemical parameters of black tea taste. 

Conclusions 

Catechins remain in black tea in a considerable amount, 
although they decrease during the processing procedure 
due to oxidation and polymerisation. Additionally they 
are highly soluble in water, so their concentration in 
black tea brews is still high. 

Theaflavins are one of the principle products of poly- 
phenol oxidation during black tea manufacture. It is un- 

doubted that TFs are characteristic substances that might 
affect tea tasters' results due to their contribution to col- 
our, brightness and formation of "cream" in black tea 
brews, but the concentration in black tea brews is very 
low. The total amount of Cs has a signifcant effect on as- 
tringency, while TFs have no statistical correlation with 
astringency. 

When the effect of certain compounds on tea taste is 
estimated, the threshold values of these compounds may 
not be ignored. It is not difficult to interpret the above- 
mentioned phenomena. The concentrations of TF are 
low compared with their threshold values for astringent 
taste. Therefore they are much less important in the as- 
tringency of black tea. 

The concentrations of Cs are much higher than those 
of TFs in black tea brews; moreover, their astringent 
threshold values are lower than those of TFs. Catechins 
are more important when tea taste is researched and 
strongly influence black tea astringency. 
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