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0.1mL, €% 9 (1/15 M Na:HPO,, 1/15 M KH.POq4, pH 8.0) 0.05mL, 2] ok
2% ninhydrin (CsHsO3 -H-0) 0.05mL, I8l ZFH5 0.2mL = 25mL
Zg AT ¥ & g24%(Daihan Labtech Co., Ltd.) & o] &3}o] 95°CofA
15 & 719st & ¥ E o)gsta A¢l bl THTE AL 79 25mL =
o5  EFFEA(UV-1990i, Shimadzu CORP., Japan)®

[e)

=2

Louice, MO, USA)E 100 mg

sMsy mEgdow

%_%]:(mL)’ Lo: T']:_L =

0.1mL, &5 (1/15 M KH,POy, ,

T e §EFY AFe 98 A
pH 7.5) 1.5mL, W2 Alek (0.1% FeSO4, 0.5% C,H4OsKNa « 4H.0) 0.05mL 2}
Y Eskdth ol EFFEA (UV-1990i,
gallic acid(Shigma—

Z55 0.04mLE A E T
Shimadzu CORP., Japan) & &%

Aldrich Chemical Co., St. Louice, MO, USA)
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AAEA (2) & o] &3eto] F EYdE TFS AEsHT 289 gallic acid?

FFATE 39142 A §E Ao EHE 3.914mgel st

= ZYHE (D, 155 715)={(A540%3.914)/1000} X {(L1 X 100)/(LaXxMXm)} (2)
[3.914: gallic acid &] Asipo T334 Li: AN T2 (mL), Lo: B4 o AR

G N (mL) M AF FA1(g), m: A =]

Ptk &E%

ol

71 W 7 91S Liang et al., (2001)92] #41 WS 43
A 98l AAdN 0.05 mL & 3 A5HF 0.05mL o 1:1 H]&= 3|43
&3t tbSo) 0.45 um syringe filter & o] ¥3 1S HPLC (LC—20AT,
Shimadzu COPR., Japan)E ©]&3te] AFs3lvh. 7t 9 7419
ETEAZ = Shigma—Aldrich Chemical Co.,2] A%< (=) —epicatechin (EC),

(=) —epigallocatechin (EGC), (=) —epicatechin gallate (ECG), (—)—epigallo

catechin gallate (EGCG), (+)—catechin (C), (+)—gallocatechin (GC), (—)—

catechin gallate (CG), (—)—gallocatechin gallate (GCG), 1&]il caffein =
ARgsol o HPLC o #4] %318 Table 1 3 2t}

M ofm Al @ glold o] 42 Moon et al, (2020)9 +4 o=
T F=F AFe fld FF e 0.0ImL £ 0.02N HCT 0.01mL °f 1:1
H&2 34 & &3t & 0.45 mm syringe filter & 33| olu]w=Al #4]7]
(LA8080, Hitachi, Ltd., Japan)® A%=3stt. ¥T-=2 2+ 39 £ amino
acids mixture standard solution (Fujifilim Wako Pure Chemical Corp.,

Japan) & AME-3FSI T



Table 1. HPLC analytic conditions for measuring catechins and caffeine content infused with

hot water infusion in Japanese green teas

Parameter Conditions
Column 5 pm—DiamonsilTMC18, 4.5 mm x 250 mm
Temperature 35°C

A: Acetonitrile:acetic acid:water [6:1:193(v/v/v)]

Mobile phase
B: Acetonitrile:acetic acid:water [60:1:139(v/v/v)]
Gradient 30% mobile phase A to 100% mobile phase B for over 45 min
Flow rate 1 mL-min-1
Detector Shimadzu SPD ultraviolet detector, 280 nm
Injection volume 10 L
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Table 2. Characteristics of major components in Japanese green teas manufacture with different tea plant cultivars

Component (%) Yabukita Fushun Okumidori Benifuki Significance
Total amino acids 3.0£0.0%bY 3.0+0.0b 3.9+0.1a 1.4+0.0c *
Theanine 1.9+0.2b 1.5+0.2¢c 2.2+0.4a 1.1+0.4d *
Caffeine 2.6+0.2b 2.7+0.1b 2.9+0.1b 3.3+0.1a *
Total polyphenols 12.2+0.1b 12.5+0.1b 13.1+0.5b 17.3+0.7a *
Total catechins 10.5+0.2b 10.6+0.8b 10.7+0.8b 11.3+1.6a *
GC 0.6+0.2 0.6+0.3 0.6x0.3 0.6x0.2 ns
EGC 2.0+0.4b 2.1+0.5ab 1.9+0.5b 2.2+0.7a *
C 0.4£0.2 0.4£0.1 0.42£0.1 0.4x0.3 ns
EC 0.8+0.3 0.8+0.2 0.9£0.2 0.9£0.1 ns
EGCG 5.3+0.6a 5.3+0.6b 5.3+0.3b 5.5+0.4b *
GCG 0.4+0.3b 0.4+0.2ab 0.5+0.2ab 0.5+0.3a *
ECG 0. 9+0.5b 0.9+0.2b 1.0+0.4b 1.1+£0.4a *
CG 0.1+0.0 0.1+0.1 0.1+0.0 0.1+0.2 ns

ZAll values represent meantSE (n=3).

YMean separation within rows by Duncan’s multiple range test at 5% level.

GC: gallocatechin, EGC: epigallocatechin, C: catechin, EC: epicatechin, EGCG: epigallocatechin gallate, GCG: gallocatechin gallate, ECG: epicatechin
gallate, CG: catechin gallate
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Fig. 1. Average score by sensory test of tea flavor, afterglow, umami, sweetness, astringent
taste, bitterness and colour in the tea liquor brewed from Japanese green teas manufactured

individually with different tea cultivars.
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Fig. 2. Infusion rate (%) of total amino acid at different water temperature and time in Japanese
green teas manufactured with “Yabukita’, ‘Fushun’, ‘Okumidori’, and ‘Benifuki’, respectively.

Vertical vars show the mean+SE (n=3) and letters indicate significant differences at 5% level.
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Fig. 3. Infusion rate (%) of theanine at different water temperature and time in Japanese green
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Vertical vars show the mean+SE (n=3) and letters indicate significant differences at 5% level.
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Fig. 4. Infusion rate (%) of polyphenols at different water temperature and time in Japanese
green teas manufactured with “Yabukita’, ‘Fushun’, ‘Okumidori’, and ‘Benifuki’, respectively.

Vertical vars show the mean£SE (n=3) and letters indicate significant differences at 5% level.
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Table 3. Infusion rate (%) of catechins brewed at different water temperature and time in Japanese green tea steam-manufactured with ‘Yabukita’ cultivar

Temperature  Infusion GC EGC C EC EGCG GCG ECG CG Total
°C) time (min)

20 1 2.5+0.3% 5.1+0.1 1.9£0.1 3.7+0.3 6.0£0.3 3.6£0.2 2.9+0.3 1.6+£0.3 4.9+0.2
2 4.0£0.0 10.4+.0.1 4.3+0.3 6.7+0.7 8.6+0.5 5.6+0.0 6.8+0.2 2.5+0.3a 8.4+0.2

significance * * * * * * * * *
40 1 10.7+1.1 21.6x.2.7 6.0+0.5 9.6£0.8 13.7+0.3 11.3+1.0 12.1+0.7 5.9£0.8 14.1+£0.5
2 17.6x1.4 30.6£1.5 9.1£1.2 13.1+0.4 18.6+0.7 16.7+1.3 18.6+£0.9 7.5+0.5 19.8+0.4

significance * * * * * * * * *
60 1 25.1+1.3 39.7+1.0 11.8+0.2 21.9+1.2 26.1£0.6 21.5¢1.3 27.6+£0.8 10.6+0.8 27.5+0.4
2 33.1+0.6 46.3+0.9 16.3+0.4 30.3+1.9 33.3+0.9 29.6+0.6 34.0+0.7 15.6+0.5 34.6+0.5

significance * * * * * * * * *
80 1 40.4+1.5 54.2+1.1 20.6+1.2 48.5+1.8 44.3+1.8 34.0+2.4 42.8+0.5 22.1+£2.0 44.6+0.9
2 49.2+1.3 62.0+1.3 26.5+1.6 54.8+0.6 54.1+1.3 45.9+1.0 48.2+2.0 26.2+1.6 53.2+0.8

significance * * * * * * * * *
100 1 58.1+1.3 69.5+0.9 34.6+1.6 65.8+1.5 61.8+0.7 55.0«0.5 64.5+0.9 37.7£0.1 62.0+0.3
2 62.7+£1.9 76.1+0.7 41.5£1.9 70.5+1.3 67.5+1.4 59.8+0.7 72.1+£0.9 43.9+1.0 67.9+0.8

* k * * * % * % *

significance

*All values represent mean+=SE (n=3).
YMean separation within columns by T-test at 5% level.

GC: gallocatechin, EGC: epigallocatechin, C: catechin, EC: epicatechin, EGCG: epigallocatechin gallate, GCG: gallocatechin gallate, ECG: epicatechin

gallate, CG: catechin gallate
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Table 4. Infusion rate (%) of catechins brewed at different water temperature and time in Japanese green tea steam-manufactured with ‘Fushun’ cultivar

Temperature - Infusion GC EGC C EC EGCG GCG ECG CG Total
(°O) time (min)
20 1 3.6+0.3% 6.0+0.1 2.0£0.0 3.940.0 6.2+0.0 4.1£.00 3.1£0.0 1.3+0.1 5.1£0.2
2 5.4+0.3 10.2+0.5 4.5+0.3 7.3+0.2 9.1+0.0 7.4+0.2 6.4+0.3 2.3+0.1 8.4+0.3
significance * * * * * * * * *
40 1 11.6+0.5 25.3+1.4 7.3+0.5 10.8+0.5 14.940.5 12.5+0.6 12.9+0.4 5.8+0.3 14.3+£0.4
2 18.2+0.5 33.0+0.2 9.8+0.4 15.5+0.7 19.5+0.3 18.2+0.5 20.0+0.8 7.6£0.3 19.940.8
significance
60 1 24.3+0.4 40.3+0.5 13.2+0.1 22.5+0.5 26.8+0.6 22.5+0.4 30.2+0.5 10.8+0.5 27.9+1.0
2 34.6+0.3 46.3+0.8 16.2+0.2 31.240.2 35.0+£0.9 29.5+0.5 36.6+0.7 15.9+0.9 35.0£1.9
significance * * * * * * * * *
80 1 39.5+0.5 542+1.4 21.6+0.7 48.4+0.4 46.3+0.3 34.1+0.9 44.44+0.5 22.440.5 46.2+0.3
2 46.8+0.7 63.6+0.8 26.5+0.3 54.2+0.4 54.4+0.4 44.6x1.1 49.3+0.5 27.5+1.0 53.4+1.1
significance * * * * * * * * *
100 1 54.5£1.3 70.2+0.5 32.9+0.6 64.6+£0.6 62.1£0.4 54.2+0.2 62.8+£1.3 34.5+0.5 61.4+0.6
2 65.8+1.3 76.7+0.7 39.7+0.4 71.0£0.7 68.4+1.2 60.4+1.8 71.1£0.8 42.1+0.8 67.5£0.6
significance * * * * * * * * *

“All values represent mean+SE (n=3).

YMean separation within columns by T-test at 5% level.

GC: gallocatechin, EGC: epigallocatechin, C: catechin, EC: epicatechin, EGCG: epigallocatechin gallate, GCG: gallocatechin gallate, ECG: epicatechin
gallate, CG: catechin gallate
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Table 5. Infusion rate (%) of catechins brewed at different water temperature and time in Japanese green tea steam-manufactured with ‘Okumidori’ cultivar

Temperature Infusion GC EGC C EC EGCG GCG ECG CG Total
°C) time (min)
20 1 3.740.5% 6.1+0.0 2.1£0.0 3.9+0.1 6.2+0.0 4.240.0 3.1£0.0 1.4+0.1 5.2+0.0
2 5.4+0.0 10.8+0.8 4.6+0.1 7.3+£0.0 9.3£0.1 7.4+0.1 6.5+0.0 2.4+0.0 8.5+0.1
significance * * * * * * * * *
40 1 4.6+0.4 8.5+0.5 3.4+0.1 5.6+0.6 7.8+0.6 5.8+0.6 4.840.9 1.9+0.1 6.8+1.0
2 19.3+0.5 33.2+0.8 10.6+0.5 16.2+0.3 20.3+£0.5 18.8+0.6 20.9+0.8 7.9£0.1 20.940.9
significance * * * * * * * * *
60 1 24.6+0.5 41.3+0.6 13.6+0.1 22.4+1.0 27.7+0.5 22.6+0.5 31.840.8 11.1£1.1 28.1+0.1
2 34.5+0.8 46.0£1.3 16.5+0.7 31.7+0.4 34.9+0.8 29.4+0.7 37.4+0.4 16.9+£0.4 36.6+£0.4
significance * * * * * * * * *
80 1 39.540.6 54.9+0.4 21.7£0.5 48.1+0.8 46.5+0.4 35.540.7 45.6+0.7 22.5+1.0 46.6+0.5
2 47.5+0.3 64.1£0.5 26.6+0.4 54.540.7 54.9+0.3 44.2+1.1 49.8+0.8 27.84+0.6 53.8+0.6
significance * * * * * * * * *
100 1 53.7+0.3 70.5+0.6 32.9+£0.3 63.0£1.0 62.8+0.6 54.0£1.0 62.5£0.6 36.7£0.4 62.5£0.6
2 66.6+0.8 76.4+0.6 40.2+0.4 70.6+0.5 69.7+0.8 61.7£0.8 69.0+£0.9 42.6+0.8 69.1£0.8
significance * * * * * * * * *

“All values represent mean+SE (n=3).

YMean separation within columns by T-test at 5% level.

GC: gallocatechin, EGC: epigallocatechin, C: catechin, EC: epicatechin, EGCG: epigallocatechin gallate, GCG: gallocatechin gallate, ECG: epicatechin
gallate, CG: catechin gallate
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Table 6. Infusion rate (%) of catechins brewed at different water temperature and time in Japanese green tea steam-manufactured with ‘Benifuki’ cultivar

Temgecr;’mre tilrziu(srfii) GC EGC C EC EGCG GCG ECG CG Total

20 1 3.840.0% 6.0£0.1 2.1£0.0 4.240.0 6.2+0.1 4.3+0.0 3.4+0.0 1.7+0.0 5.6+0.0
2 5.5+£0.0 10.3+£0.3 4.840.1 7.4+0.0 9.3+0.1 7.7£0.1 6.5£0.1 2.5£0.1 8.5+0.0

significance * * * * * * * * *
40 1 12.240.6 26.0+£0.8 7.6+0.0 11.7£0.4 15.4+0.5 12.3£0.6 14.2+0.8 6.0£0.1 14.8+0.6
2 20.2+0.2 32.4+0.5 11.4+0.3 16.7+0.3 20.5+0.5 19.3+0.3 21.7+0.5 8.2+0.1 21.0+0.3

significance * * * * * * * * *
60 1 25.0+0.8 41.0+1.1 14.1£0.1 23.5+0.4 27.5+0.3 23.240.6 32.8+0.2 12.0£0.4 28.4+0.7
2 35.9+0.9 46.6+0.8 17.2+£0.7 32.740.4 35.8+0.7 30.5+0.5 38.7£0.4 17.1£0.1 37.0+0.1

significance * * * * * * * * *
80 1 40.2+0.3 54.5+0.6 21.7+0.5 48.34+0.6 46.4+0.6 36.3£0.5 46.6+0.6 22.7+0.5 50.2+0.5
2 47.6£0.5 63.8+0.2 26.3£0.8 54.5+0.6 54.9+0.4 43.9+0.2 49.3+0.7 27.2+1.1 56.9+1.1

significance * * * * * * * * *
100 1 53.3+0.3 70.4+0.6 33.8+0.4 63.8+0.5 62.3£0.5 53.5£1.2 62.5£0.6 37.0+£0.4 62.4+0.4
2 67.4£0.5 77.9£1.0 40.4+0.7 71.3£0.9 70.4£0.5 62.3£0.5 70.4+0.6 42.3+0.7 73.7+0.7

significance * * * * * * * * *

“All values represent mean+SE (n=3).
YMean separation within columns by T-test at 5% level.

GC: gallocatechin, EGC: epigallocatechin, C: catechin, EC: epicatechin, EGCG: epigallocatechin gallate, GCG: gallocatechin gallate, ECG: epicatechin

gallate, CG: catechin gallate
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Infusion Characteristics of Major Components Affected by Brewing
Water Temperature and Time in Different Japanese Green Tea

Manufactured with Different Cultivers

Chikako Okuyama
Department of Science in Agriculture
The Graduate School

Jeju National University

Abstract

The flavors of tea varies depending on various factors, among which the taste of tea is greatly
determined by the elution rate of each component which contained in tea leaves. This study was
conducted to analyze the infusion characteristics of a Japanese green tea such as ‘Yabukita’, ‘Fusun’,
‘Okumidori’ and ‘Benifuki’. Brewing water temperature consisted of 20, 40, 60, 80, and 100°C and
brewing time consisted of 1 and 2 minutes. The elution rate of amino acids increased from 22.7~76.6%
and 4.0~81.8% in theanine, as brewing water temperature and time rose up. As for polyphenols, elution
rate was in a range of 4.8~74.8%, 4.9~70.4% in catechins and 3.5~80.1% in caffeine. The result indica
ted that the elution of components increased, varied in rate as brewing water temperature and time rose
from 20 to 100°C and from 1 to 2 minutes, respectively. Amino acids were eluted at a little high rate even
at low temperatures, whereas polyphenols, protein, catechins were well eluted at higher temperatures
above 80°C. The results indicated that each component related to the taste of tea has a different elution
characteristics, and then, the elution conditions can be adjusted to make the favorite taste of tea depending

on persons to drink.
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