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ABSTRACT — The extraction yield of MeOH extract of green teas, oolong tea and black tea
were 3 to 5, 4 to 5, and 5 to 7 fold higher than those of EtOH and EtAC extract, respectively.
The amount of total catechins of EtAC extract of the black tea, and of the green teas and oolong
tea were three- and two-fold higher than that of EtOH or MeOH extract of the corresponding
teas, respectively. The antioxidative activities of EtOH, MeOH and EtAc extract were con-
siderably higher than that of BHT and di-o-tocopherol at 200 ppm level. The antioxidative ac-
tivities of EtOH and MeOH extract at 200 and 500 ppm level, and of EtAc extract at 200 ppm
level varied depending on the type of tea as follows : green tea I > green tea II > green tea III > oo-
long tea >black tea. The antioxidative activity increased as the content of EGC increased. But
the antioxidative activity of MeOH extract at 1000 ppm level, and of EtAc extract at 500 and
1000 ppm level were not affected by the content of EGC and EGCG.
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Table 1. Extraction yields of green tea 1, green tea 1,
green tea III, oolong tea and black tea by solvents

Extraction vield" (%, weight/weight)

Solvents Green Green Green Oolong Black
tea 1 tea II  tea I tea tea
Ethanol 114 10.0 14.6 6.0 5.5

Methanol 34.0 32.3 359 30.8 29.7
Ethyl acetate™ 7.6 7.9 72 7.9 4.1

*The teas were extracted with water, washed with chloro-
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Table 2. Percent contents” of each types of catechin and
total catechins of EtOH extracts of green tea I,
11, 111, oolong and black tea

Tea samples EGC EC EGCG ECG  Total

Green tea [ 14.71 2.89 13.74 1.43 32.77
Green tea 11 12.25 2.55 14.91 1.51 31.22
Green tea 111 11.56 2.01 7.28 1.04 21.89
Oolong tea 5.96 1.22 15.50 2.38 25.06
Black tea 0.91 0.19 1.11 1.31 3.52

*Values are mean values of triplicate.

Table 3. Percent contentsa of each types of catechin and
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Table 4. Percent contentsa of each types of catechin and
total catechins of EtAc extracts of green teal, II,
111, oolong and black tea

Tea samples EGC EC EGCG ECG Total

Tea samples EGC EC EGCG ECG Total

Green tea | 13.99 2.80 15.21 1.73 33.73
Green tea I1 12.75 2.27 15.96 1.82  32.80
Green tea HI 12.61 2.06 10.28 1.19  26.14
Oolong tea 6.88 148 2005 243 3084
Black tea 0.52 0.19 2.10 1.51 4.32

Green tea 1 32.72 6.72 20.48 2.52 62.44
Green tea I 29.85 6.69 19.27 2.00 57.81
Green tea Il 2856 554 18.05 1.89  54.04
Oolong tea 16.18  3.62 29.72 3.85 5337
Black tea 4.50 1.07 4.54 3.16 13.27

*Values are mean values of triplicate.

*Values are mean values of triplicate.
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Table 5. Changes of peroxide valuea of the soybean oils containing various concentrations of EtOH extract of green teal, II,

I11, oolong and black tea, respectively, and being stored in dark at 60°C for 35 days

(meg/kg oil)

Storage time

q 0 5 9 17 21 25 29 35
Additives ay)

Control 200 ppm 1.0 709 1277 1938 3385 655.0 9340  1028.8 837.4
BHT 200 ppm 1.5 299 65.5 1270 2587  500.1 947.0 11403 974.5
dl-a-Tocopherol 200 ppm 19 647 1223 2039 3035 5897 10922  1146.0 889.1
200 ppm 4.0 9.2 18.8 31.2 101.0 1813 356.1 9913 1063.7
Green I 500 ppm 55 9.8 15.6 25.1 34.3 43.9 95.6 187.5 332.3
1,000 ppm 75  11.3 15.4 24.3 30.5 36.3 477 772 174.2
200 ppm 49 109 22.8 44.6 113.4 2024 378.3 993.1  1079.5
Green II 500 ppm 7.1 13.2 222 28.5 38.6 53.0 116.5 214.6 4779
1,000 ppm 7.1 11.9 15.4 24.7 31.5 35.1 47.4 722 149.4
200 ppm 57 106 24.5 64.9 1437 2467 786.7 1036.6  1067.8
Green Il 500 ppm 66 128 18.5 275 38.6 60.3 137.5 255.8 519.3
1,000 ppm 7.0 119 14.6 26.4 32.9 39.0 61.1 153.0 286.1
200 ppm 43 108 25.8 772 2054 3522 404.3 1238.4 927.1
Oolong 500 ppm 4.8 10.6 183 28.8 38.9 63.2 1417 262.9 763.1
1,000 ppm 7.1 92 15.0 21.3 27.0 31.8 45.6 68.8 136.4
200 ppm 35 226 68.7 1281 2028 3406 786.7 12239  1016.0
Black 500 ppm 50 132 52.5 105.2 1884 2539 439.2 959.6  1098.6
1,000 ppm 7.0 124 375 84.8 144.7 197.6 293.9 562.6 10423

*Values are mean values of triplicate.
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Table 6. Changes of peroxide value® of the soybean oils containing various concentrations of MeOH extract of green tea I,

11, III, oolong and blackk tea, respectively, and being stored in dark at 60°C for 35 days (meq/kg oil)
Storage time 5 9 13 17 21 25 29 35
Additives (day)

Control 200 ppm 1.0 70.9 127.7 193.8 338.5 655.0 934.0 1028.8 837.4
BHT 200 ppm 1.5 299 65.5 127.0 258.7 500.1 947.0 1140.3 974.5
dl-a-Tocopherol 200 ppm 1.9 64.7 122.3 203.9 303.5 589.7 1092.2 1146.0 889.1
200 ppm 38 10.6 21.1 43.5 108.8 181.8 2979 717.0 1084.9
Green 1 500 ppm 4.8 9.3 14.9 24.3 334 42.5 103.0 194.0 362.7
1,000 ppm 7.2 9.6 15.5 23.6 28.5 32.6 48.4 86.1 170.5
200 ppm 4.4 11.2 24.3 60.4 132.6 211.0 356.3 851.2 1070.3
Green II 500 ppm 6.0 11.4 16.9 25.4 349 46.8 1101 205.9 3294
1,000 ppm 7.6 101 16.0 25.0 30.1 33.6 49.0 80.8 168.5
200 ppm 4.8 8.9 335 69.4 1444 241.0 481.0 1093.8 1073.4
Green 111 500 ppm 5.9 11.2 18.2 28.9 349 79.1 166.6 289.4 722.4
1,000 ppm 75 - 179 15.2 21.3 27.7 30.8 41.5 79.1 109.0
200 ppm 2.7 13.1 19.5 61.9 146.1 228.3 432.0 1079.7 1160.6
Oolong 500 ppm 4.4 7.1 13.0 25.8 47.9 101.0 184.2 316.8 946.0
1,000 ppm 5.1 6.6 13.6 20.7 311 395 82.0 156.1 320.6
200 ppm 31 17.2 659 120.8 200.8 268.3 547.5 1120.6 1129.3
Black 500 ppm 43 10.2 50.1 102.4 180.4 276.4 544.7 1033.4 1148.3
1,000 ppm 5.9 12.9 452 106.5 175.6 255.2 530.3 1068.9 1201.7

*Values are mean values of triplicate.

Table 7. Changes of peroxide valuea of the soybean oils containing various concentrations of EtAc extract¥, ie. crude catechins

of green teal, II, III, oolong and black tea, respectively, and being stored in dark at 60°C for 35 days (meqg/kg oil)
St ti
- e 0 5 9 13 17 21 25 29 35
Additives (day)

Control 200 ppm 1.0 70.9 127.7 193.8 3385 655.0 934.0 1028.8 837.4
BHT 200 ppm 1.5 299 65.5 127.0 258.7 500.1 947.0 1140.3 974.5
dl-a-Tocopherol 200 ppm 19 64.7 1223 203.9 303.5 589.7 1092.2 1146.0 889.1
200 ppm 2.1 11.6 17.4 258 433 108.7 204.3 4474 1189.1
Green 1 500 ppm 25 11.3 17.6 21.2 28.2 33.2 47.2 92.7 176.7
1,000 ppm 3.1 12.4 17.9 22.8 27.6 31.4 40.8 55.8 94.8
200 ppm 2.6 15.4 249 43.6 110.2 194.4 305.0 808.0 1044.3
Green I 500 ppm 33 134 19.9 26.8 353 583 105.0 239.6 593.5
1,000 ppm 37 12.1 21.1 27.6 353 452 78.8 150.1 2436
200 ppm 23 13.6 22.4 44.1 138.4 202.4 338.9 867.3 1089.7
Green 111 500 ppm 4.5 185 44.8 111.7 202.8 376.0 969.7 1191.8 979.4
1,000 ppm 49 18.1 30.7 66.4 121.2 185.1 267.6 5238 1045.9
200 ppm 1.9 13.9 27.9 89.6 152.1 225.8 390.7 921.8 1027.9
Oolong 500 ppm 2.1 13.1 22.4 382 100.7 182.4 299.5 727.2 1088.7
1,000 ppm 29 12.9 18.4 227 30.4 36.7 52.9 102.2 184.5
200 ppm 34 19.5 73.6 141.5 2325 372.2 869.6 1103.2 1086.3
Black 500 ppm 1.8 125 259 62.5 140.1 2132 358.0 922.3 1068.1
1,000 ppm 2.3 10.0 17.4 257 41.8 61.4 110.8 204.1 421.6

*EtAc extract, ie. crude catechins, was prepared by extracting the teas with water, washing them with chloroform, and then
extracting finally with ethyl acetate.
*Values are mean values of triplicate
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500, 1000 ppmol A= MeOH F3% 9] 1000 ppmol| A} 4
7o} o] EGC % EGCG #ake] dakg wha] kel

SHYEFESC] oIt & MCHN SHAks 3
=2, =2, SAHI, $E33et FAREE dojd
EtOH, MeOH ¥ EtAc 55 tiFHo] s=d= Zrlst
I 60°CollA AFetAA 7b SrjdSEEY] ARt 2
A ahatel g9 et A3 Table 83} 29hkc).
EtOH £E£89| Rx7|Zt U AT SistE 2} — =} o
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Table 8. The induction period (IP) and relative antioxi-
dant effectiveness (RAE) of the soybean oils con-
taining BHT, dl-a-Tocopherol, various concentra-
tion of EtOH, MeOH and EtAc extract of green
tea I, II, 111, ocolong and black tea, respectively,
during storage in dark at 60°C for 35 days

EtOH MeOH EtAc
t
Antioxidant extrac extract extract
P RAE P RAE P RAE
(%) (%) (%)
Control -~ 7.5 100 75 100 7.5 100
BHT 200 ppm 11.5 153 115 153 115 153
di-o-To-
copherol 00 ppm 70 93 7.0 93 7.0 93
7.0 16.5 220 20. 73
Green 200 ppm 1 227 16 5 2

500 ppm 25.0 333 24.8 331 295 393
1,000 ppm 305 407 30.0 400 350 467

200 ppm 165 220 153 204 165 220
500 ppm 240 320 245 327 248 331
1,000 ppm 310 413 305 407 263 351

200 ppm 150 200 15.1 201 155 207
500 ppm 233 311 221 295 124 165
1,000 ppm 269 359 330 440 160 213

tea 1

Green
tea I

Green
tea TH

200 ppm 140 187 150 200 138 184
SO0 ppm 232 309 21.0 280 17.0 227
1,000 ppm 32.0 427 262 349 290 387

Qolong
tea

200 ppm 112 149 116 155 118 157
500 ppm 127 169 127 169 150 200
1,000 ppm 140 187 127 169 245 327

Black
tea

*Values are mean values of triplicate
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ZE-4 200, 500, 1000 ppm® F71P-& W} 1 RAEE zhz)
273, 393, 467241 BHT2] RAE 1535t} 1.8~3.10) 17
¥o] 1000 ppm?] w= 7H Ee St HE Ve
o o} EtOHL} MeOH &5 u)ajA = vig- E3trh.
mak AL MY 2 2IE0-E 2z 200, 500,
1000 ppm H71ES A$ =aHIS) RAEE 220, 331, 351,
:=xHIe) RAEE 207, 165, 213, 92219 RAEE 184,
227, 387241 BHT2] RAER T} 25 329195 1000 ppm2]
A7 7P =A veERgT e, Bake) 2R S 2
Z} 200, 500, 1000 ppm F7}1S @ 1 RAEE 157, 200,
3272 200 ppmo] 7-9-1= BHTY RAE 1533} 7} <] n]$:8}
Ao} 500, 1000 ppme] #$-o) = BHTS] RAE 1538t}
Egtou 53] 1000 ppmo) ¢ HAHIS] F4-HEh &
ATt
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ELEEY

EAd 7154 $8Q el FAF = HE BF ﬂa‘}z b E A 8 g EAe 52, 98 R B2
aelm Ee) ALAEe] e BHQ B4 A, 3 283 L 53 33 52 @, e, Aok
HOolEE F&4ui2 AL Esl] A& 7} 589 & ZF%—’FgPJr FHeZF FEEH 2 % iy 28 o
A5 ERE ST E 32582 MeOHo| EiOH 3 EtAcf’ﬂ Higte] =RFE 3~54, FFAbE 4~
s, Fabe 5S~7iE 242 wohch & 8o TR BE IR %UFS 271El0] BOH 3% MeOH
228l g Z34= 3, 54 9 $EAE 2 FE £ A0 2 BOHOP} McOHR 381 Anthe
F2E4¢ A dEoldHCIER 5 - BAASY e 2AtEY B9t @7 WF L EC EGC,
ECG ¥ EGCGE 98 4 Itk £vjidF&5 —% 200, 500, 1000 ppm# 7| AN E-Fof Hrleie] Frrslanes
ZA Al BtOH % &, MeOH 32 %, BtAc &8 257} 7129 3218kA<l BHT, di-o-tocopherol Bt} £& 3
A EARE BEen, Arhgel BerE %&i}ilﬁ} F7vetdnh. ¥ EfOH F2E-8 200 2 500 ppm,
MeOH F%5% 200 ¥ 500 ppm, EtAc F+EE S 200 ppm¥ 247k H7pA 2] kst asbe HaH>53H> 53
HI>$-F3} > Zxe) fojdon, ojuf gitstave vizkA] 7HEzlf A8 EGC o] B&5 vdsly
Zith. a2y, MeOH %2 5-% 1000 ppm, EtAc $ZE-E 500 2 1,000 ppm#] 2tz} HriAlel galslgaie 71
7% 42 EGC ¥ EGCG §39) 998 04 4kt
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