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ABSTRACT

This study was planned to investigate the effect of 40 plant ethanolic extracts on antioxidant
activities in vitro. The total phenolics, P-carotene, o-tocopherol and selenium contents were
also determined. Antioxidant activites of the ethanolic extracts(0.02%, w/w) in soybean oil
were measured both by determining the peroxide value(POV) during 35 days of storage at 40°C
in a forced draft air-incubator and by determining changes in conductivity at 110 (Rancimat
method). Soybean oil without any additives was used as a control and that treated with 0.02%
BHT was used as a positive control. Based on the POV determination, green tea extract was
found to be the most effective in stabilizing soybean oil, then followed by oolong tea, which
both of them showed higher antioxidant activities compared to the BHT .treatment. The
antioxidant activities of coffee, cinnamomi cortex, acanthopanacis cortex, black tea, orange peel,
instant coffee, peony and corni fructus extracts were stronger compared to the control. By the
Rancimat method, green tea leaf and oolong tea leaf extracts also showed the highest
antioxidant activities, then followed by black tea leaf, foxglove, acanthopanacis cortex and
peony extracts. Compared to other extracts, green tea leaf, black tea leaf, coffee, acanthopanacis
cortex and peony extracts had stronger antioxidative effects in both the POV and Rancimat
methods used in this study.. Ethanolic extracts which showed the stronger antioxidative effect
also had the higher contents of total phenolics, P-carotene, and/or a-tocopherol. The
antioxidative effect of ethanolic extracts was found to be due to the combined effect of various
antioxidants. (Korean J Nutrition 31(8) : 1355~1364, 1998)
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Table 1. List and yield of plant ethanolic extracts used in this study

English name(Korean name) Scientific name Plant part used” Yield of extract(%)
Green tea leaf(x=4}Y) Camellia sinensis L 13.69
Black tea leaf(Z2}¢]) Camellia sinensis L 22.97
Oolong tea leaf($-22}91) Camellia sinensis L 6.93
Kelp(©}Alul) Laminaria japonica L 56.31
Cocoa(Z Fo}4]) Theobroma cacao Fr 4.04
Coffee(dF#a)) Coffea arabica Fr 6.61
Instant coffee(Q ~BHE 7] ) Coffea arabica Fr 9.91
Chicory(x]# 2]) Cichorium intybus R . 394
Solomon's seal(%Z ) Polygonatum odoratum R 6.87
Ginseng(§14h Panax genseng R 4.58
Cinnamomi cortex(7] ) Cinnamomum cassia P 4.03
Lycii fructus(7]2}) Lycium Chinense Fr 8.15
Cassiae semen(Z =} Cassia tora S 9.70
Schizandrae fructus(2 m}z}) Schizandra chinensis S 30.25
Eucommiae cortex(F%) Eucommia ulmoides L 10.88
Persimmon leaf(7}+4l) Diospyros kaki L 9.24°
Licorice(z}) Glycyrrifuza uralensis R 7.68
Mugwort(2}2%) Artemisia princeps L 7.70
Arrowroot(&) Pueraria thunbergii R 12.27
Angelica(3#) Angelica gigas R 12.28
Foxglove(A 2| 3 Rehmania glutinosa R 491
Acanthopanacis cortex(2.7}5}) Acanthopanax sessiliflorum P 6.54
Astagali radix(#>]) Astragalus membranaceus R 2.55
Peony(# 2} 2}) Paceonia japonica R 5.96
Cnidii rhizoma(d&) Cnidium officinale R 5.43
Orange peel(#743) Citrus unshiu P 10.85
Quince(2.3}) Chaenomeles sinensis P 20.38
Jujube(th3=) Zizyphus jujuba Fr 17.53
Corni fructus(Ak=%) Cornus officinalis Fr 58.27
Apricot(n]4) Prunus mume Fr 29.78
Citron(f-2h Citrus junos R 15.61
Yam(a}) Dioscorea alata R 2.29
Ginger(47) Zingiber officinale R 5.35
Ganoderma(4 x}) Ganoderma lucidum Wp 2.55
Coriolus versicolor(2%]) Coriolus . Wp 4.04
Pine nut(3}) Pinus koraiensis S 41.10
Perilla seed(S7)) Perilla frutescens S 6.30
Walnut(z.5) Juglans_ sinensis S 61.52
Peanut(%-) Arachis hypogaea S 7.37
Job's-tears(& ) Coix lichryma-jobi S 3.31.

1) Plant parts used are indicated as follows : Fr, fruit ; L, leaf ; P, pericarp ; R, root ; S, seed ; Wp, wholé plant
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Table 2. Contents of total phenolics, B-carotene and a-tocopherol in plant ethanolic extracts
Total phenolics p-carotene a-tocopherol  Total phenolics  B-carotene o-tocopherol

® {g) (mg) (mg) g g
Per 100g plant Per g extracted solid

Green tea leaf 1.70 330.00 2.48 133.47 25.94 195.06
Black tea leaf 1.71 347.63 2.88 80.82 16.43 134.81
Oolong tea leaf 1.62 22.40 0.83 247.14 13.70 127.32
Kelp 0.03 601.08 ND" 0.60 12,15 ND
Cocoa 0.18 ND ND. 44.82 ND ND
Coffee 0.98 ND 1.86 154.36 ND 291.73
Instant coffee 1.39 ND ND 144.38 ND ND
Chicory 0.22 ND ND 61.27 ND ND
Solomon's seal 0.22 ND ND 35.41 ND ND
Ginseng 0.06 ND ND 13.93 ND ND
Cinnamomi cortex 0.29 58.02 0.35 85.24 17.29 105.00
Lycii fructus 0.19 715.21 1.56 27.07 99.44 216.20
Cassiae semen 0.18 47.57 3.31 20.42 5.453 379.77
Schizandrae fructus 0.34 ND ND 12.81 ND ND
Eucommiae cortex 0.86 6149.04 8.29 87.13 626.43 844.55
Persimmon leaf 0.72 3597.12 ND 84.78 421.01 ND
Licorice 0.20 ND 0.19 29.10 ND 23.80
Mugwort 0.58 783.59 171 83.08 112.26 245.17
Arrowroot 1.19 ND ND 107.19 ND ND
Angelica 0.24 ND ND 21.46 ND ND
Foxglove 0.10 ND ND 22.55 ND ND
Acanthopanacis cortex 0.40 ND ND 65.69 ND ND
Astagali radix 0.06 ND ND 24.79 ND ND
Peony 0.80 ND 1.38 147.64 ND 255.18
Cnidii rhizoma 0.16 ND 3.48 32.70 ND 708.14
Orange peel 0.27 138.48 4.25 35.05 18.26 560.57
Quince 1.10 ND 2.32 101.66 ND 214.14
Jujube 0.08 ND ND 5.79 ND ND
Corni fructus 0.68 77.52 427 17.48 1.93 109.73
Apricot 0.19 955.92 455 6.74 33.30 158.41
Citron 0.30 6.95 3.93 24.78 0.58 329.45
Yam 0.05 ND 0.26 32.12 3.18 173.02
Ginger 0.38 93.08 ND 126.52 31.12 ND
Ganoderma 0.09 ND ND 42.38 ND ND
Coriolus versicolor 0.04 ND ND 19.70 ND ND
Pine nut 0.09 ND 1.76 2.16 ND 44.19
Perilla seed 0.36 ND 0.52 59.92 ND 85.69
Walnut 0.31 ND ND 5.16 ND ND
Peanut 0.03 ND 0.26 3.05 ND 30.54
job's-tears 0.01 ND ND 3.16 ND ND

1) ND ; Not detected
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Table 3. Effect of plant ethanolic extracts on the oxidation of soybean oil during 35 day dark storage at 40C
Peroxide value”(meq/kg)

3d 6d 9d 12d 15d 18d 21d 24d 27d 35d
Green tea leaf 2113 2265 2315 2605 3071 3419 4142  91.02 113.69 17867
Black tea leaf 2419 3508 4093 5551 7970 80.21 10505 13173 17092 238.33
Oolong tea leaf 1900 2838 2851. 3009 39.11 4076 4182 9278 141.07 208.74
Kelp 1937 47.21 4894 7114 9842 113.76 12294 149.82 260.48 326.90
Cocoa 2332 3866 5449 6766 86.69 14214 14337 181.13 22991 37529,
Coffee 2135 3244  39.02 6041 67.11 6821 96.44 166.24 188.32 263.32
Instant coffee 20.56  33.41 3421 4027 4856 10698 107.49 13494 198.07 249.84
Chicory 1946 3442 4102 5334 8199 8284 10470 131.83 169.80 298.93
Solomon's seal 2405 3018 33.07 5754 86.21 88.40 103.39 13450 168.26 299.01
Ginseng 2503 3349 51.01 56.77 8444 8565 114.83 14543 177.41 301.11
Cinnamomi cortex 2287 3276 4722 5515 7414 7594 11681 15141 17325 265.92
Lycii fructus | 21,30 4469 4905 7353 8052 9644 97.56 125.14 165.74 251.48
Cassiae semen 2766 5235 5323 68.00 8014 96.01 134.04 14246 168.50 241.23
Schizandrae fructus 1990 4414 5140 6857 8249 10479 129.18 130.89 166.94 289.85
Eucommiae cortex 2701 3874 4463 6490 8301 8838 .11233 15144 178.76 246.39
Persimmon leaf 30.23 3721 3884 5522 8329 10021 106.38 139.48 19450 257.45
Licorice 23.66 4099 4836 7521 90.21 101.21 154.89 158.16 203.12 359.94
Mugwort 16.87 5799 6851 78.24 8211 105.10 143.12 162.45 23356 245.11
Arrowroot 2545 3809 5992 60.14 8021 10521 16695 171.08 218.64 250.14
Angelica 25.44 48.17 5698 80.11 81.69 10133 15549 169.21 216.23 265.23
Foxglove 2563 40717  67.88 8169 86.62 10042 17760 257.44 282.84 299.80
Acanthopanacis cortex 22,67 2814  29.67 7533 7848 79.12 107.58 17239 24155 294.43
Astagali radix 2820 3689 49.62 106.81 107.11 108.11 11404 168.28 219.09 273.75
Peony 20.50 4489 4226 7411 7630 9397 11894 173.84 21729 250.81
Cnidii rhizoma 2760 3180 53.53 96.85 10835 11539 155.84 19356 241.55 380.31
Orange peel 2406 4884 5425 69.21 70.27 8354 15545 206.38 259.23 300.02
Quince 2530 3565 4727 7412 9012 98.66 14991 208.27 209.14 266.90
Jujube 2537 4441 6415 9311 9541 10563 161.26 228.16 291.25 300.73
Corni fructus 2701 3278 63.26 7685 78.02 10193 145.04 260.19 274.82 280.91
Apricot 2576 49.74 5096 7511 93.52 9531 17597 17721 183.41 27767
Citron 2556 4324 6431 7409 87.28 111.81 139.38 21526 279.23 285.12
Yam 2311 3247 64.82 10421 111.81 11674 18156 252.47 297.28 351.45
Ginger 28.19  29.12 52.68 79.61 96.14 19771 10539 213.11 228.16 233.14
Ganoderma 3119 3351 5438 8211 8312 111.05 11516 140.32 14511 288.19
Coriolus versicolor 2675 4071 6842 80.12 84.14 115.12 143.08 156.64 219.04 264.94
Pine nut 19.74 53.66 56.17 7548 84.25 12883 17691 203.63 233.78 385.82
Perilla seed 2636 48.19 57.88 6846  90.21 98.38 12472 16476 24259 286.62
Walnut 26.28 4947 5326 6576 106.99 107.95 159.18 204.73 260.44 314.77
Peanut 2707 4583 5412 6491 10211 106.78 14457 188.09 237.12 367.19
Job's-tears 24.05 4298 44.11 7812  98.14 10192 14457 187.84 247.11 249.25
Control 2629  41.21 4852 9233  99.99 104.89 15149 189.58 247.41 268.05
BHT 2112 2214 2366 2754 5672 6073 71.34 111.05 11332 115.33

1) Peroxide value of all the samples at 0 day storage was about 8meqg/kg oil
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Table 4. Antioxidant activities of plant ethanolic extracts assessed by the peroxide value(POV) and Rancimat methods

{ﬂ
flo

POV Rancimat
1P"(d) AP IP(hr) Al
Green tea 240 2.09 12.28 1.48
Black tea 18.0 1.57 9.16 1.11
Oolong tea 235 2.04 12.75 1.54
Kelp 13.0 1.13 8.28 1.00
Cocoa 14.0 1.22 8.37 1.01
Coffee 19.5 1.70 8.66 1.05
Instant coffee 16.5 1.43 8.68 1.05
Chicory 15.0 1.30 8.37 1.01
Solomon's seal 14.5 1.26 8.61 1.04
Ginseng 14.5 1.26 8.70 1.05
Cinnamomi cortex 18.5 1.61 8.15 0.98
Lycii fructus 14.5 1.26 8.36 1.01
Cassiae semen 15.0 1.30 8.03 0.97
Schizandrae fructus 14.5 1.26 8.39 1.01
Eucommiae cortex 14.5 1.26 8.10 0.98
Persimmon leaf 14.5 1.26 8.23 0.99
Licorice 13.5 117 8.70 1.05
Mugwort 15.0 1.30 8.55 1.03
Arrowroot 15.0 1.30 8.10 0.98
Angelica 15.0 1.30 ’ 8.25 1.00
Foxglove 12.0 1.04 8.84 1.07
Acanthopanacis cortex 18.5 1.61 8.84 1.07
Astagali radix 10.5 0.91 8.61 1.04
Peony 160 1.39 8.73 1.05
Cnidii rhizoma 11.0 0.96 8.28 1.00
Orange peel 17.5 1.52 8.37 1.01
Quince : 12.0 1.26 8.51 1.03
Jujube 11.5 1.00 8.71 1.05
Cormi fructus 15.0 1.38 8.28 1.00
Apricot 115 - 1.26 8.32 1.01
Citron 135 117 8.31 1.00
Yam 10.5 091 8.60 1.04
Ginger : 12.0 1.04 8.55 1.03
Ganoderma 15.0 1.30 8.22 0.99
Coriolus versicolor 15.0 1.30 8.54 1.03
Pine nut 135 117 8.37 1.01
Perilla seed 13.5 1.17 7.99 0.97
Walnut 11.0 0.96 8.39 1.01
Peanut 13.0 1.13 8.12 0.98
Job's-tears 12.5 1.09 8.37 1.01

1) IP means induction periods
2) AlAntioxidative index) was expressed as induction period of soybean oil containing extracts/induction period of con-

tenl rnchann il



S & A3 70% e (208))E 80CAA 8A7t
23 & v /Mg &0 ETlm st

2. JEtR FEE 79 TMEUED 8T

Table 291& A& 100g%, 2513 E g9 g2
F28d Eo%le FAER o] e i
AE 100eF F dsd B2 g% XY, 549,
$E3AY, 3, B 355 5ol 1.0~1T1%E "% =
gor % £ Y, Pt AER F2E 52
0.6~0.9% =% vloA Egie}. WA OAln}, B, &
2 FZE 590e(0.03% ©ish A #&a5o A
asitt. e F2E89 F&0] AR FH wE
2~62%\1 Hof dR&FEE SolUe YAER
e AR 100gB 2 FAZ AT F2nPE
geoE BAIG AL thh Aoy} Yt wep A
Az FAEH] FFH] Sl FERFE gdoR
BA 3 Aol uitA R 222 AL E o] Table 20 ¥
A et & sleA 82 38 22038 g9
SEAY FEEC] UTmege B 7FF ko] 454y
(154mg), W2} (148mg), A=TEF 7 (144mg), FA
Y (133mg) F2F £o= Eul v AR, &
GF, &7 322 njgvto] S0 i)

Al 100g7 &S FEE Eo0E Pcarotene
FFE F5(614%g), AH(359Tg) FE2E Bo] ui¥
F2 ¢S SRt dlx i, o, 714, Tajet
F2E 5 601~956pgel e TAUY XY F
252 77} 330, 348ugeltt. wHHd F3o}, A,
A, $28, A, e9Ah Zx, 4%, F, 99, A
A%, B, 93¢ AF, 2, dF, v, 94, A,
&5, AdF FEE Tl Pcarotene] AESHA &
sttt 229 E gF Bcarotene FHL T 74Y
#&80] 626pgF 421pge 2 g Egtorn] AvAs}
ok 2B ¥-2(99~112pg) Boliet. o-tocophe-
rol §F2 A& 100g% 7% F2E0] 83mgeE 7t
Z wgtom wiy, A, 284, A, A, 24A
F2E Bol= 9F 3.3~4.6mg THH] et F2a
YE gF o-tocopherol F4L 55, AF, 23 *
ZBolA 561~845pg0 2 Eghon AWal f2 AT
FE BN 292~380pg .2 YERLT

£ 7ol AMEE oA AEFY dge 22
o di&f dalE FHS Bt ot HEEA] gsich
£ oA dgge] 348 9715%01Uch. & 4
el AR HEFRS g FEHE Soe It
gl dsixE ojde] ATRuE He] glenz
o Avs v nd 57 ).

HRE X B EE 318 1355~1364, 1998 /1361

3. GMEIS FEEO| BNUFNY FUYAHY 0N
E 9%

Table 3 ©HF &4 AE79] AeE FE2ES 40T
oA 35Ut A dFH Aol viAE 9E¢S i
eV AstE StnEA dazTet AR g
2] AMSE 1 gl BHTS s S vlad 3 Aol
o} dz79 vjwsl] T3, $2AY, 54 28
Bo] FisMdo]l 4% Aoz vehton ExYd
B FE2E2 AT 2494744 BHTEHE 5
F3Ach tla FEEL gz uj&d YL B
Hom A7z 21 ol REl= 3] Aot
S7h.

Table 49l %] FE2nY L] FRFILE et
& FEES UFH A/RE A R eIzt
3} F&E0] ¥R ¥ FH (2T f50)7t
& vjwd antioxidative index(Al : 448}t A F)
7} B44eE7E 2483 Rancimat 9 23 vet
U it} FASETE Sl o3 g2 RE712
< 11.59°]9128 BHT &7 tiFH9 =73t
21.59010t}. webA 3dsl X8t 18 & A&l
F7RT} Fatsgo] & Aoy 1878} 2 AL
BHT H7M Bt 958 Zolt}, B39y 849
F2E5& BHT H7/MEY Fiksbdo] 5381900
BHTER: @ou giz3rel giisido] 84 e
FEEL 45AY, A9, oo, XY, 84, I
2REAY Yok Aef go2 goit) wide) 3
7], AF, vk 3% FE2EL 27y I EGE
P3i=a

Rancimat *#d9) & d=7e #2713 8.3/
ol on B H3jglo] oF 152 FAAE
7 V8 BT 3R, oo, AR, A, Q4
ZE, 93 52 AR of 112 viad F3ioh
B34, S, TR, A, oty Wi 35
£ £ 32187} 233 Rancimat Y BFolA
FAA R} S5HA VEbsTh

B Aty 3 28004 2w Pispie
(POV &30l o7 8413} AR 2, Table 4) B2 A7
Age B2 ANt Utk FEAA(@F)A
% 3% 53U =2 33U 1S 5097 F02 w 3
3 A% A2 AR 337 glge] $EEHA
o Matsumoto & ¥3} H&80] B uld
A A JALAE P& Bl Serafini
T QAL FANME H3kel Fate] sl &g @
#Z3on ol polyphenol A8 23 Ao ¥R}
Atk BN 2 JREL FEAWD AT



1362/ A& A E32 5 ity

D g Horx|al” T AT YTt HEA A
% ethyl acetate® 2% gallocatechin gallate?}
27|, 23] 5 dWEIs} o] HEHAP.

Axle] £ gAEA L Devasagayam 572 A+
Az} AR, oL Aue FAHER caffeine®]
Z A3 B49-8 Raslgc) gx9 Fitstids
A0l ArAze}l AX5H Ling*e JA @ 3t
=49 HEETE BANGT BT XM FFY
AP 7R A g 53} 5% BaEich & FY
% chloroform/methanol(95 : 5)& &3 3 F&&
ol gatsl E3tE REsGon 1 AT s 4
29 puerarin® AN EF s} £3 7 TV £9
ethyl acetate F&8o| tFfolA & FiFsHd
& 2gthn Rasdgt

E74A 3Z2Ede FEad P B 3 ERA &
Z(35mg) Tha ¥2Wo|ut a-tocopherolo] 561pg2
Z A" A 8FE 7P A B0 e ole AR
t} 37k B3tH(Table 2). B4A 3489 2 %
A3 (POV 240 9% 34k} AR © 1.5)L e
E7 Brhe a-tocopherolo] © Bl 7ldste AR
B, A= Fiksl, F4dA 7L S0l B
AGHJP® £ T2 APAEL FA0Y 2P
T A EA] Yty BusE. B¢ 4 FEE
o SoslE FisA B2 FFe 9.3%= Aol
BHTHET} $<réitta Bagleu? B Ayee ol
Z79} ulS3hd BHTHE R i) @it 22
AEolgte F8A7], AulA], A7 F d8 =2
o wat A EA o EoldE AE Tl g F AU
on 22249 A £&He A8Y £
w2} Fakskgel ga] 43S vid 4 itk

T3 o] Fgakshgo] Erin HuHglou® B
FoME T visEdth AT FE2EAA ds
A 27 ke A @ska a-tocopherold 708ugl-
2 & Algd vjs oy Fasge dzTEn
e Ao Bol a-tocopherol s slEA E4o|
gasiel o 9L nAAY HF FEEA B3E
A o] FiHo] UL £E e Aoz Algdrt
ul 328 34 3357 vwdl a-tocopherol
173pgo.2 Hl&sht & sisA 4837 Bcarotene
e zkz} 24, 12%°) Bt 018 28R FEE
£ FAsEAC] vad vgton O A&y 3
Eo] goEo] 9J& AR A€ '

A3} 317} QA E A Eolg} el fofjof 9
@ 22580 vod 4] 7] Wi oeg F
229 £2 BN A, FiksPdo] pEEA F

25-8(14~58%) % B Ao2E A9, FAY, A
F5, ozt ujd, 23} Folch I, 3, ThAlet 3
28 5o £ 77} 62, 41, 56%= Wi o ¥
AP e d 2R AU ¥ 3 AtH(Table 1, 3).

B A7 ARy AEF 7/ g JREeF2E
o] gasgd Be HolE Hyon ol /A &
A8l 22 (3s4) 318E, B-carotene, o-tocopherol)
B34l g3 71Q1E e Ao Algdrh

29 ¥ BE

B ATE 404%F2) UFYE AERY &E &
o] asddl) njA e S AEsaA AlRHU.
HERo e 22E8E 0.02%(FE13E 83, w/
w) A7i8ld 40T F71edh] QiuloleelA 35¢ A
A712¥5<t 887 39 110CAA Rancimat
o) oja) FAsME HESIGD e F2E9
FAsg L ojE A7t A 59 A g &F dF
£ B AR, AR g AeHT de
BHTE /1% A% vindEstgct. =3 thids 4
ER7Y g F2E B0 = PHEAE HE
A #3E, B-carotene, o-tocopherol, A#lE) T 4
stgct. e 28 s 28R T =
g} g8} Zlo] & 2polE Bt ke TE W
o ojatE 40colMe FaksPdol mApl $EAY
2284 BHT Bt} 931625 BHT Ethe 34|
o 27 Brhe 84 9549 8% dge 252
L5719, Ad, ek, 3t 244, JA2BEAT, 9
ek Af $olth Rancimat ¥l 25 110
TAME e BoF SAQ13 88l FEEAA
7P Boken 31, AAE, ooty Wk 228 F
T H3A 29t 5319, 339, A9, oty water
%28 & 3k8lE7} 247 Rancimat W 25
A GAEIR| §7) $81A veRge). dhdsbdol $r%t
R-ge dgg F2Ede #ed ¥E, Pcaro-
tene, o-tocopherol | A i} AU ol
9] o Faisge 9 sy Ao PR
the ¥4 31318, B-carotene, a-tocopherol 5 <
271 gatsEde] BA]l 2ol AR Alg€r)

Literature cited

1) Vijaya K, Ananthan S, Nalini R. Antibacterial effect of
theaflavin, Polyphenon 60(Camellia sinensis) and Euphor-
bia hirta on Shigella spp. J Ethnopharmacol 49 : 115-118,



1995
2) Ohmori Y, Ito M, Kishi M, Mizutani H, Katada T, Kon-
ishi H. Antiallergic constituents from oolong tea stem.
Biol Pharm Bull 18 : 683-686, 1995
3) Serafini M, Ghiselli A, Ferro-Luzz A. In vivo antioxidant
effect of green and black tea in man. Eur J Clin Nutr 50 :
28-32, 1996
4) Sadzuka Y, Sugiyama T, Miyagishima A, Nozawa Y,
Hirota S. The effects of theanine, as a novel biochemical
modulator, on the antitumor activity of adriamycin. Can-
cer Lett 105 : 203-209, 1996
5) Stoner GD, Mykhtar H. Ployphenols as cancer chemopre-
ventive agents. J Cell Bio Chem 22 : 169-180, 1995
6) Hattori M, Namba T, Hara Y. Effect of tea polyphenols
on glucosyltransferase from Streptococcus mutans. Chem
Pharm Bull 38 : 717-720, 1990
7) Yokogoshi H, Kato Y, Sagesaka YM, Takihara-Matsuura
T, Kaguda T, Takeuchi N. Reduction effects of Theanine
on blood pressure and brain 5-hydroxyindoles in spon-
taneously hypertensive rats. Biosci Biotechnol Biochem
59 : 615618, 1995
8) Hertog MG, Feskens EJ, Hollman PC, Katan MB, Krom-
hout D. Dietary antioxidant flavonoids and risk of coro-
nary heart disease : The Zutphen Elderly study. Lancet
342 : 1007-1011, 1993
9) Inai K, Nacachi K. Cross sectional study of effect of drin-
king green tea on cardiovascular and liver diseases. Brit
Med J 310 : 693-696, 1995
10) Gomes A, Vedasiromoni JR, Das M, Sharma RM, Gan-
guly DK. Anti-hyperglycemic effect of black tea(Camellia
sinensis) in rat. J Ethnopharmacol 45 : 223-226, 1995
11) Corl MM. Antioxidant activity of tocopherols and asco-
rbyl palmitate and their mode of action. JAOCS 51 : 321-
324, 1974
12) Branen AL. Toxicological and biochemistry of butylated
hydroxyanisole and butylated hydroxytoluene. JAOCS
52 : 59-63, 1975
13) Fukuda Y, Nagata M. Chemical aspects of the antioxida-
tive activity of roasted sesame seed oil and the effect of
using the oil for frying. Agric Biol Chem 50 : 857-861, 1986
14) Hudson B, Lewis J. Polyhydroxy flavonoid antioxidants
for edible oil phospholipid as synergist. Food Chem 19 :
537-541, 1987
15) AOAC. Official Methods of Ananlysis, 13th ed., Associa-
tion of Official Analytical Chemists Washington DC, 1980
16) Aaran RK, Nikkari T. HPLC method for the simutaneous
determination of beta-carotene, retinol and alpha-tocophe-
rol in serum. J Pharmac Biomed Anal 6 : 853-857, 1988
17) Tiran B, Tiran A, Rossipal E, Lorenz O. Simple decom-
position procedure for determination of selenium in wh-

W ER LI 31(8)  1355~1364, 1998 /1363

ole blood, serum and urine by hydride generation ato-
mic absorption spectroscopy. J Trace Elem Electrolytes
Health Dis 7 : 211-216, 1993

18) AOCS, AOCS. Official and Tentative Method 2nd ed,
Method cd 8-53. Am Oil Chem Soc Chicago, 1964

19) Yoon S-K, Kim J-H, Kim Z-U. Studies on antioxidant ac-
tivity of ethanol extracts from defatted perilla flour. Kore-
an J Food Sci Technol 25 : 160-164, 1993

20) Kim N-M, Sung H-S, Kim W-]. Effect of solvents and
some extraction conditions on antioxidant activity in cin-
namon extracts. Korean J Food Sci Technol 25 : 204-209,
1993

21) Salah N, Miller NJ, Paganga G, Tijburg L, Bolweit GP, Ri-
ce-Evacs C. Polyphenolic flavonols as scavengers of aque-
ous phase radical and as chain-breaking antioxidants. Ar-
ch Biochem Biophys 322 : 339-346, 1995

22) Yoneda T, Hiranatsu M, Sakamoto M, Togasaki K, Koma-
tsu M,. Yamaguchi K. Antioxidant effects of “beta cate-
chin” . Biochem Mol Biol Int 35 : 995-1008, 1995

23) Matsumoto H, Yamane T, Inagake M, Nakatani H. In-
hibition of mucosal lipid hyperoxidation by green tea ex-
tract in 1, 2-dimethy hydrazine-induced rat colonic car-
cinogenesis. Cancer Lett 104 : 205-209, 1996

24) Sano M, Takahashi Y, Yoshino K, Shimo K, Nakamura Y,
Tomita I, Oguni I, Komonoto H. Effect of tea(Canellia
sinensis L) on lipid peroxidation in rat liver and kidney :
A comparison of green and black tea feeding. Biol Pharm
Bull 18 : 1006-1008, 1995

25) Yen GC, Chen HY. Relationship between antimutagenic
activity and major components of various teas. Mutage-
nesis 11 : 3741, 1996

26) Yamane T, Naktani H, Kikuoka N, Matsumoto H, Iwata
Y, KJitao Oya K, Tacahashi T. Inhibitory effects and tox-
city of green tea polyphenols for gastrointestinal carcino-
genesis. Cancer 77 : 1662-1667, 1996

27) Cao J, Xu Y, Chen J, Klaunig JE. Chemopreventive ef-
fects of green and black tea on pulmonary and hepatic
carcinogenesis. Fundam Appl Toxicol 29 : 244-250, 1996

28) Ooshima T, Minami T, Aono W, Izumitani A, Sobue S,
Fujiwara T, Kawabata S, Hamada S. Oolong tea polyph-
enols inhibit experimental dental caries in SPF rats in-
fected with mutans Streptococci. Caries Res 27 : 124- 129,
1993

29) Devasagayam TP, Kanat JP, Mohan H, Kesavar PC. Caf-
feine as an antioxidant : Inhibition of lipid peroxidation
induced by reactive oxygen species. Biochem Biophys Acta
1282 : 63-70, 1996

30) Chung D-O. Studies on antioxidative substances of Gano-
derma tucidum. Korean J Food Sci Technol 24 : 497-503,
1992



1364/ o &-& A & 5225} P44

31) Lin M, Lin CC, Chen MF, Ujiie T, Takada A. Radical
scavenger and antihepatotoxic activity of Ganoderma for-
mosanum, Ganoderma lucidum and Ganoderma neo-
japonicum. J Ethnopharmacol 47 : 33-41, 1995

32) Dong Y, Kwan CY, Chen ZN, Yang MM. Antitumor ef-
fects of a refine polysaccharide peptide fraction isolate
from Corio us versicolor : In vitro and vivo studies. Res
Commun Mol Pathol Pharmacol 92 : 140-148, 1996

33) Xu DS, Kong TQ, Ma JQ. The inhibitory effect of extracts
from Fructus lycii and Rhizoma polygonati on in vitro
DNA breakage by alternariol. Biomed Environ Sci 9 : 67-
70, 1996

34) Oh M, Lee K-S, Son H-Y, Kim S-Y. Antioxidative com-
ponents od pueraria root. Korean J Food Sci Technol 22
793-798, 1990

35) Kang Y-H, Park Y-K, Oh S-R, Moon K-D. Studies on the
physiological functionality of pine needle and mugwort
extracts. Korean J Food Sci Technol 27 . 978-984, 1995

36) Lee YB, Kim YS, Ashmore CR. Antioxidant property in
ginger rhizome and its application to meat products. J
Food Sci 51 : 20, 1986

37) Katiyar SK, Agarwal R, Mukhtar H. Inhibition of tumor
promotion in SENCAR mouse skin by ethanol extract of
Zingiber offinciale rhizome. Cancer Res 56 : 1023-1030,
1996

38) Minamiyama Y, Yoshikawa T, Tanigawa T, Takahashi S,
Naito Y, Ichikawa H, Kondo M. Antioxidative effects of
a processed grain food. J Nutr Sci Vitaminol 40 : 467477,
1994

39) Hirosue T, Kawai H, Hosogai Y. On the antioxidative
substances in Glyoyrrhizae radix. Nippon Shokuhin Kogyo
Gakkaishi 29 : 418-422, 1982

40) Duh PD, Yen DB, Ten GC. Extraction and Identification
of an antioxidative component from peanut hulls. JAOCS
69 : 814-818, 1992



