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Quantitative Determination of Caffeine
and Catechins in Tea Drinks

Yoshihiro Hisanobu, Masashi Asaka, Ryoko Matsuda, Kyoko Hara,
Shinichi Suematsu and Yoshihiro Komatsu

To clarify the behaviour of functional constituents in tea drinks, a method for the quantita-
tive determination of caffeine and catechins by high performance liquid chromatography was
established.

High recoverly yields were obtained for both methods which determine caffeine after
separation of catechins and simultaneously with catechins. A high recoverly yield was also
obtained for catechins in simultaneous determination of caffeine. In the simultaneous
determination method, no influence was observed on the recoverly yields of caffeine and
catechins by the addition of 5% sugars such as glucose, fructose and sucrose to tea drinks.
Effect of pH of infusion in a range of 3.0 to 7.3 by the addition of L-ascorbic acid and its
sodium salt, citric acid and its sodium salt, and sodium hydrogen carbonate on the recoverly
yield of caffeine and catechins was not observed.

Key words: tea drinks, caffeine, catechins, high performance liquid chromatography, simulta-
neous determination.
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Fig.1. Calibration curves of caffeine standard solution.
(a): Method of Ikegaya.

(b): Method of Terada et al.

e, MFMLELEHCTIHH L 7 24 L HE (3, PVPPHEME ook
NAHER) ToZoe bt 77 8% RKOIER (Fig 2) , HFERUFPVPPIRMETIEA 7
24 YAE=7HMICRHAERDDE =T BN N 724 o DE—2 LTl 2, ZoodHiah
WETRE A 724 LA E=23E DL T2,

61, INHDHEE M TSR TORMEBIRR % 45 U724 R (Table 1) , i
WELPVPPHMERRMRTEA 724 oD E= 2R 5 H8Ic8 T2 a2xEb SN
AL, 7 ooh A TIIEMTLERA101~103% TEIMERA1.1~1.2% L BEL Tw
AR

—hH, 74 TR UOBERBCERTA2FMONFET, B 724 > DEHESEHW



72

THREHRE RO TALER (Fig. 1), 2724 81 mg/100meH &20mg,/100meNFEH (2 51>
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Fig.2. HPLC chromatograms of several preparations prepared
from tea drinks.
(a): Hot water (80°C) extract.
(b): PVPP treatment for (a).
(¢): Extract from (b) with chloroform.

Table 1. Recovery of caffeine determined by HPLC.

Caffeine content (mg/100ml) zVariance of

Determined . Recovery
coefficient
Original ® Added Total (mg/100ml) (%) (%)
1.98 0.90 2.88 2.98 1.4 103.5
(a) 1.98 1.80 3.78 3.89 1.6 102.9
1.98 2.1 4.69 4.84 1.5 103.2
2.06 0.90 2.96 3.03 5.6 102.4
(b) 2.06 1.80 3.86 4,02 4.5 104.4
2.06 2.71 4,77 5.02 2.4 105.2
1.86 0.90 2.76 2,79 1.0 101.1
(¢) 1.86 1.80 3.66 3.76 1.1 102.7
1.86 2.71 4.57 4.69 1.1 102.6

(a) : Hot water (80°C) extract.

(b) : PVPP treatment for (a).

(¢) : Extract from (b) with chloroform.
® Average of four determination.

T, HMEEA0.9999 & ¥ <+ e ERAED S B,
g2, My BOKFELFRLOFETO—KNRRDERIRL>TWEDIE, FHELOKNE
TlATFXHERRERT 2L S, RBEEZDL > FOFEDN2T2nmE £ ) 280nm & LT



73

WBHLTHS,
? )
=
i & 2
= =
'-t-c 3 |
=5 ©
2
of| 2 )
& [ ) =
Q o Q & |
@] [S] 1
meo
| m
! MUJL,,

0 10 20 30 40

Rt (min)
Fig.3. A HPLC chromatogram of caffeine
and catechin components in green

tea drink.

Table 2. Recovery of caffeine determined by HPLC.

Caffeine content (mg/100ml) Determined * Recovery
Original ¥  Added Total  (mg/100ml) (%)
2.37 1.52 3.89 3.91 100.5
2.37 3.04 5.41 5.41 100.0
2,37 4.56 6.93 6.97 100.6

% Average of four determination.
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—A— (+)—Catechin i
Y=3.842X/10°4+0.057
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Fig.4. Calibration curves of catechins standard solution.
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Table 3. Recovery of catechins determined by HPLC.

Catechins Catechins content (mg/100m/) Determined  Recovery
Original ® Added Total {mg/100m!) (%)

6.95 3.98 10.98 10.80 98.8
—~EGC 6.95 7.96 14,91 14.80 99.3
6.95 11.94 18.89 19.02 100.7
0.14 0.93 1.07 1.12 104.7
+C 0.14 1.86 2.00 2.02 101.0
0.14 2.79 2.93 3.01 102.7
1.99 0.89 2.88 2,90 100.7
—EC 1.99 1.78 3.77 3.76 99.7
1.99 2.67 4.66 4.69 100.6
5.39 2.96 8.35 8.91 106.7
—EGCg 5.39 5.92 11.31 11.85 104.8
5.39 8.88 14.27 14.82 103.9
0.85 0.66 1.51 1.52 100.7
—ECg 0.85 1.32 2.17 2.10 96.8
0.85 2.98 2.83 2,77 97.9

# Average of four determination.

Z, Y270 —RRFETFTTHOEULKERZ KM L7244 (Table 4) , BEFRME IS L CELH
(399~103% L v fili &R L 72, & 512, FURmMERE % v TIRHGE L AR BIN R 2 K L
72454 (Table 5) , BHERMXICH L CTEMUI$IZ9~101% LW ERL, TREKE~D 5 %LL
PO & 5 BEIEBE~DBBIIED b 72,

7, BEHREFEMPOWUETRICBLWTHERMIFTFHENSZL-As A (T0mg,/100me) , 7>
f (50mg/100m¢) , L-7 X2 fF FY 74 (300g,/100me) , KW (5mg/100me) 17
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Table 4. Recovery of caffeine and catechins in standard solution containing
sugars by HPLC.

Additives Caffeine! Catechins (%) %!
Compound (%) (%) —EGC +C —EC —EGCg —ECg
(mg/100m)%%  (2.26)  (2.40)  (2.34)  (2.93) (2.45) (2.49)
0 100.0 100.0 100.0 100.0 100.0 100.0
Glucose 2.5 100.1 101.1 99.4 100.0 100.7 100.8
5.0 100.2 100.7 100.2 100.8 102.1 100.8
(mg/100ml)3%2  (2.24) (2.38) (2.32) (2.91) (2.44) (2.48)
0 100.0 100.0 100.0 100.0 100.0 100.0
Fructose 2.5 101.2 102.0 101.3 101.4 102.3 101.4
5.0 101.8 102.7 102.2 101.7 101.8 101.7
(mg/100ml)3%%  (8.90) (7.90) (2.80) (3.10) (7.90) (3.10)
0 100.0 100.0 100.0 100.0 100.0 100.0
Sucrose 2.5 99.7 100.0 99.3 99.4 99.4 100.0
5.0 100.2 100.8 99.6 100.9 100.0 99.7

#' Average of three determination.

%2 Contents of caffeine and catechins in standard solution.

Table 5. Recovery of caffeine and catechins in tea drinks containing sugars

by HPLC.

Additives Caffeines ! Catechins (%)% !
Compound (%) (%) —EGC +C —~EC —-EGCg —ECg
(mg/100m)%*  (23.4) (40.5) ( 1.8) (15.6) (40.9) (11.4)
0 100.0 100.0 100.0 100.0 100.0 100.0
Glucose 2.5 99.7 99.2 98.9 100.4 100.2 100.0
5.0 99.7 99.5 98.9 100.1 99.9 99.7
(mg/100m)%®  (23.4)  (40.5) ( 1.8)  (15.6)  (40.9)  (11.4)
0 100.0 100.0 100.0 100.0 100.0 100.0
Fructose 2.5 99.6 99.1 100.0 100.4 99.5 99.2
5.0 100.2 99.1 98.7 99.9 98.9 99.7
(mg/100ml)3%?  (23.4) (40.1) (200 (15.3) (39.0) (11.1)
0 100.0 100.0 100.0 100.0 100.0 100.0
Sucrose 2.5 100.2 100.0 100.0 99.7 99.7 99.8
5.0 99.8 99.6 100.0 99.5 99.5 99.6

%% Average of three determination.

%2 Contents of caffeine and catechins in tea drinks.
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Table 6. Recovery of caffeine and catechins in tea drink containing additives

by HPLC.
. Caffeine ' Catechins (%)
Additives

(%) —EGC +C —-EC  —-EGCg —ECg
(mg/100m!)3%? (23.4) (40.5) ( 1.8) (15.6) (40.9) (11.4)
Non 100.0 100.0 100.0 100.0 100.0 100.0
L-Acorbic acid(a) 99.4 100.0 100.0 100.7 100.3 101.3
Citric acid(b) 100.0 99.7 100.0 100.0 100.3 100.0
(a)+(b) 99.9 99.8 100.1 100.2 100.2 100.9
Sodium L-Ascorbic acid(c) 99.9 99.7 99.2 99.7 99.8 99.7
Sodium bicarbonate(d)  99.8 99.7 99.0 99.8 99.9 99.6
(¢)+(d) 99.9 99.8 98.8 99.9 99.9 99.8
(a)+(b)+(c)+(d) 99.9 99.7 99.9 100.1 100.2 100.3

(a) : 70mg/100ml, (b) : 50mg/100ml, (c) : 30mg/100m!, (d) : 5mg/100ml.
#%' Average of three determination.
#? Contents of caffeine and catechins in tea drink.

TFToOBRALRER 2 s L /oS (Table 6) , £ERMERICx L MPIXHIZ99~101% & @i fifiz kL,
RKE~D R SFMBOTMIC & 3 ELE~DRRBIEBD LWL h T,

CoNir s, LRBERBEMNIIECT, IHLFNHHREEPICKEL T, SN
TH 724 Y RUATFX B3+ aERERDIEHEZ LN B,
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Wkt 7 = o8, L-AsA, 7 8P4, WEFEMLUTpHERARLZLD
OWPLRER 2 JHE L2450 (Table 7) , pHABEBXIZAH L, pH 3.00~4.9200 R MIX o> BT
$1399~101% L S\ ili2 R L, S DOREANTIIRKEIOPHERIZ & 2 I E~DBIIZH 5
Nigh-iz,

Table 7. Recovery of caffeine and catechins in tea drink adjusted pH with
additives by HPLC,

Additives oH Caffeine ' Catechins (%) !
(%) —EGC +C —EC —EGCg —ECg
(mg/100m{) 3% 2 (17.1)  (25.6) (1.0) (11.2) (19.4) { 4.7)
Non 6.00 100.0 100.0 100.0 100.0 100.0  100.0
3.00 996  100.1 99.9 99.7  100.2 99.8

Citric acid 4.01 100.2 100.2 100.1 98.9 99.9 99.6
4.92 100.4 99.9 100.0 99.4 99.9 100.9

Sodium citric 7.00 100.2 99.5 102.6 99.1 99.7 100.9
acid 7.30 100.5 99.0 104.1 98.1 99.3 100.1
L-Ascorbic 3.10 99.9 99.4 100.1 99.8 99.9 100.2
acid 4.00 99.5 99.6 100.2 100.4 99.4 100.2
4.80 100.7 100.0 100.1 100.0 100.1 99.6

Sedium 6.60 100.3 99.8 102.7 100.3 100.0 100.9

bicarbonate 7.30 100.4 99.8 106.2 100.0 100.0 100.9

%! Average of three determination,

#2 Contents of caffeine and catechins in tea drink.
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