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Abstract

CThis study used HPLC to analyze the contents of 7 kinds of catechins, 4 kinds of theaflavins, and 2 kinds
of methylxanthines in the following 6 kinds of commercial Korean tea: 2 green, 2 black, 1 jasmine and 1
oolong. The following ranges in the 13 tea components of the 6 samples by ethanol extract were evaluated in
mg/g: (-)-epigallocatechin, O(black tea and jasmine tea) to 14.19(green tea); (-)-catechin, 0; (+)-epicatechin,
0.62(bran rice-green tea) to 2.91(black tea); (-)-epigallocatechin gallate, 4.59(black tea) to 43.96(jasmine tea);
(-)-gallocatechin gallate, 0.58(black tea) to 5.80(jasmine tea); (-)-epicatechin gallate, 5.63(bran rice-green tea) to
48.06(jasmine tea); (-)-catechin gallate, 0.26(black tea); theaflavin, 0 to 3.66(black tea); theaflavin-3-gallate, 0 to
6.94(black tea); theaflavin-3’-gallate, 0 to 4.01(black tea); theaflavin-3,3-digallte, 0 to 10.25(black tea); caffeine,
4.60(bran rice-green tea) to 26.44(black tea); and theobromine, 0.10(bran rice-green tea) to 1.81(jasmine tea).
The contents of all components were lower by water extract than by ethanol extract. Therefore, total catechin
(100.55, 45.88 mg/g) and theobromine (1.81, 0.86 mg/g) contents in jasmine tea, and theaflavin content (24.88,
1.36 mg/g) in black tea by ethanol and water extract were the highest. Caffeine content was the highest in
black tea(96.48 mg/g) for the ethanol extract, and in jasmine tea (12.38 mg/g) for the water extract.
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B AR AMgE 2 20043 49 Wal mart(h7-2]
223 ol 4] =Z=}(Hanla Sulloc Cha, Amorepacific Co.),
F v =X (Hyenmiloc Cha, Amorepacific Co.), LB23
(Oolong Tea, Nokchawon Co.), Ak22%1xH(Chaian Jasmine
Tea, Amorepacific Co.) ¥ Z3K 1: Lipton Black Tea,
[I: Earl Grey Black Tea, Ronnefeldt
TYhste AlRE

Lipton Tea Co.,
Tea Co) 2%¢] E©¥AlEF
AT

x = =
= 6%"‘[‘3

2. BEE U A%

(-)-Epigallocatechin(EGC), (-)-catechin(C) & (+)-epicatechin
(EC), (-)-epigallocatechin gallate(EGCG), (-)-gallocatechin
gallate(GCG), (-)-epicatechin  gallate(ECG), (-)-catechin
gallate(CG), theobromine 12| 3 caffeine SigmaA}(St.
Louis, MO) 2] AE-& 218515921 theaflavin(TF), theaflavin-
3-gallate(TF3G), theaflavin-3’-gallate(TF3’G), theaflavin-3,
3'-digallate(TF33’G)= WakoAH(Osaka, Japan)®] A &F&
Argstgch. w3k HPLC grade acetonitrile®}  ethanol,
analytical grade potassium dihydrogen phosphate(KH;PO4)
% WakoAHOsaka, Japan)9] A|EL ALgsiyod, 21

ste] Aleke SFAGS ALgsATh
3. At F£ HiY
Agol AHgH B Friedman M 5(2005)¢] o &
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4. HPLC &4 gt

YZAAZ 28 FERL AL X AT HR)G
F 045 pm®] Millipore nylon filter(Bedford, MA)E o
75ty HPLC(Hitachi liquid chromatograph, model 655A-
el &ste] Table 13 22 ZAA EAsC
<, acetonitrile/20 mM KH,PO, £ujA 2] stainless steel
column250 mm X 4.0 mm id)& A3t 30°C
(Shimadzu column oven CTO-10vp, Shimadzu, Japan)oi
A 23 1 mLE 823t 200~700 nmol) A =433
o 2= EFEAY retention timeT B Wt 38
HHE S8 Ao2 EFARY peakHA o] 93] A=

£ 71E2E Had EFUAE Yo

N

0. U pE

Aol AHSE A #2329 HPLC o) B EH

Table 1. Apparatus and condition of HPLC for analysis

Instrument Hitachi Liquid Chromatograoh ; model 655-11
Injector ; Hitachi 655A-40 autosampler
Detector ; Simadzu phtodiode assay UV-VIS
detector(model SPD-10Avp)
Column Inertsil ODS-3v(5 pm particle diameter, GL
’ Science)
Solvent Acetonitrile / 20 mM KH,PO,

Column Temperature  30°C(Simadzu column oven CTO-10vp)

Flow Rate 1 mL/min
Injection Volume 10 ul
Detector Wavelength  200~700 nm

d=2 55 A A21E A 35(2005)
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4% 9] theaflavins, caffeine % theobromine2)
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Fig. 1. HPLC separation of standard catechins and alkaloids
(A) and the extracts of green tea(B), oolong tea(C), black
tea(D) and jasmine tea(E)

Peak 1: theobromine, 2: (-)-epigallocatechin(EGC), 3: caffeine,
4: ()-catechin(C), 5: (+)-epicatechin(EC) 6: (-)-epigallocatechin
gallate(EGCG), 7: (-)-gallocatechin gallate(GCG), 8: (-)-epicatechin
gallate(ECG)  9: (-)-catechin gallate(CG), 10: theaflavin(TF),
11: theaflavin-3-gallate(TF3G), 12: theaflavin-3’-gallate(TF3’G)
13: theaflavin-3,3’-digallate(TF33°G)
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catechins, theaflavins = methylxanthins &2 Table
2~4o] GERATE WA, catechinFol] thd A=
Table 2¢] el uie} o] olghe 29 H<2, EGC
9] FEFL =2H(14.19 mg/g) > QL ExH6.41 mg/g) >EmH|
52H4.13 mg/g)e] £o2 ETton), A1), (M)A
t Fy YeEuRx ggten AaniiE E89 B
NEZ §959 Ho]Z BHTHp<.001). C& 33049
mg/g)el ATt mlZo] UEhgom ECE TN 1)(291
mg/g), ALRRH273 mglg), FAHQ2.52 myg)7t 53
(1.88 mg/g), 2E2H1.03 mg/g), Ar|H2H0.62 mg/g)]
°F 28] ¥ {HYFoE T2 FFL UgUYTH
(p<.001). EGCG+= #+¢] tEA<Q] catechinF2] A&
e BRE AA 2 FFE YeidEed, £ &
2Rz} Z=xb, EXH)ANA 22 43.96, 36.56, 31.43
mg/ge. 2 QE2F 2563 mg/gd #uEHi 1271 mg/g,

0

Table 2. Content of catechins in teas extracted with ethanol and water

BAH1) 4.59 mg/gell Hlete ¥53] T2 FHFS e
W A THp<.001). GCGYl FE2 A2H*H48.06 mg/g)7}
7 E=%em tgoz FANI)2699 mg/g) > H3)
(1546 mg/g)> L -BxH13.37 mg/g)>ZXH [)(9.69 mg/g)
>@r52H5.63 mg/g)e] o] ATHp<.001). EJ CG=
R DAA T v F AEH A

I, & FE AFE AdEE F2d dHsld 2
FRY AAA E2 FES Ytk &, EGCe
1=2ke A Do A g ZH2F 1.77, 042 mg/ge) &
ERoen Ce ZTaH DolAw vF gdf= 3l
. EC¢} GCGE EE AolA vF AEHJYEH EC
p<.001 FZA AAFK1.81 mg/g)7t, GCGE
01 FEA H2H1.35 mg/g)7t FoHez £ &
Fe Btk EGCGE FXHI)20.05 mg/g)9t AT
2H19.84 mg/g), =x}13.58 mg/g)7t R =ZxH4.20
mg/g), LE2H3.31 mg/g) E EXH1)0.90 mg/g)ol H]
ste foF ez EtHp<.0l). ECGx A7 xK22.05
mg/g)ell A 71 B2 IFFE BHYgoern, ggoE B
(I1)(13.41 mg/g), F2H4.76 mg/)Fom An=ah, &

o
32 ofl el

© R oAr oo

(Mean"+S.D)(mg/g)

2)
chﬂtzz M Green Tea Gre}z:mTea Oolong Tea Blaz:l; )Tea Bla?lﬁ )T ca Jasmine Tea F-value
EGC* 14.19+0.34 4.13+0.34 6.41+0.27 nd. nd. trace 1845337
C 0.49+0.20 n.d. n.d. n.d. n.d. trace 3217
EC™ 1.88+0.01 0.62+0.10 1.03+0.04 2.91+0.25 2.52+0.18 2.73+0.11 139.18
Bthanol EGCG* 36.56+0.69  12.71+0.55  25.63x0.55 459+0.14  31.43+2.37 43.96+0.88 528.24:
GCG 2.83+0.17 0.72+0.03 2.77+0.32 1.35+0.34 0.58+0.16 5.80+0.13 23258
ECG™ 15.46+0.20 5.63+040  13.37+0.69 9.69+0.88  26.99+1.60 48.06+0.55  1009.08°
CG n.d. nd. n.d. 0.06+0.01 n.d. n.d. 0.00
Total 71.25£1.01  23.81+0.61  4922+1.78  18.61+1.04  61.5243.92  100.55+0.41 803.65
EGC n.d. 1.77+0.08 nd. 0.42+0.22 nd. trace 1.24
C n.d. n.d. nd. 0.28+0.30 nd. trace 0.99
EC* 0.91+0.01 0.32+0.00 0.26+0.03 0.59+0.2% 0.89+0.05 1.81+0.08 66.917"
Water EGCG* 13.58+0.16 4.20+0.27 3.31+0.64 0.90+0.17  20.05+0.17 19.84+2.17 6.99:
GCG 1.35+0.02 0.45+0.15 1.00+0.52 0.98+0.26 0.41+0.05 0.66+0.25 5.79
.. ECG* 4.76+0.10 1.72+0.04 1.40+0.26 1.82+0.34 13.41+1.37 22.05+129  344.86"
CG n.d. nd. nd. nd. nd. 0.02+0.00 0.00
Total 20.60+0.25 7.86+0.93 5.97+0.76 4862049  3476x1.52 45.88+1.95 61.57

YValues are mean of three replicate
YGreen Tea: Hanla Sulloc Cha(Amorepacific Co.), Bran Green Tea: Hyenmiloccha(Amorepacific Co.)
Oolong Tea: Oolong Tea(Nokchawon Co.), Jasmine Tea: Chaian Jasmine Tea( Amorepacific Co.)
Black Tea(I): Lipton Black Tea(Lipton Tea Co.), Black Tea(II): Earl Grey(Ronnefeldt Tea Co.)

YBGC: (-)-epigallocatechin, C: (-)-catechin, EC: (+)-epicatechin, EGCG: (-)-epigallocatechin gallate,
GCG: (-)-gallocatechin gallate, ECG: (-)-epicatechin gallate, CG: (-)-catechin gallate
*Main 4 kind of Catechins
"p<.05, "p<.01, "p<.001
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ot ZaAME EGCGY ol 71 w3t
ol tha o|7} W} Friedman M £(2005)¢]
g FEHY AT A AW AL 222 ECG
o} EGCGZre ZFAds GRSt £F Lee YI &
(1998b)9] ofgte FE&Wel ot AFAH/AE vl
Bol, =18 © ExleM EGCG, 2= ECGY T+
o] 7t& EITHE RHustE X she FEo AJTH
ol z & gujo] W& catechin & =}ol7t ¢l
= Lee YJ 5(1998b)9] Rue £ ZAFE 7|03
Ao, x}9] cateching = EGCG$} ECG7F 712 A+l
Al EEYE ¢ 7 Uk

Theaflavin&o] w3 ZAit= Table 33 2t}
TheaflavinF= 3¢ L& Zo] APH= B2 T3
o #Z2 daAdY Uepdtie BE3(Chung SY$
Janelle M 2003)9} 22 ZA#A=Z, TAH(1)FH (IDAA T
AEHUT dgE FERAAN= FAHDY BT
TF33°’G>TF3G >TF3’G>TFY <2 %, TF33’G+ 10.25
mg/g, TF3G= 6.94 mg/g, TF3G= 4.03 mg/g, TF=

2

kv

EGCG7} ¢ Beay #Hy Edo|gte= L=h 3.66 mg/gGtt. EA(O)+= TF33'G>TF3G>TF>TF3’'G
lE].L Jou} ECGS} #ke] ab#e] #Ho 03-? 9 £og #7335, 229, 197, 129 mg/gd TEFS
£ glenz ol gig d7Y F84E =7A HA el it & 559 ZA$s dgg &R X
9. B PFoz BRE 1 mgg oRon 4EFRY
g3 Lee YJ 5(1998a)9] H&E F& Sk theaflavinf 2F AR FYF oz FF9 zolE
A Az}l vlustd x4t L EXFA E gt Bl 21 ch(p<.001). ©]+& theaflavin®7t Exk9] ME& o}
Zol Zcatechin® & 71 XuwiFo|Yth= 23 7 BUe EAE X9 FFutr A9 ozt & A
Table 3. Content of theaflavins in teas extracted with ethanol and water {(Mean"+S.D)(mg/g)

Extract Sample” Bran Black Tea Black Tea . :

Solvent m\ Green Tea Green Tea Oolong Tea 0 (I Jasmine Tea F-value

TF nd. nd. nd. 3.66+0.03 1.97+0.14 nd. 1896.42

TE3G nd. nd. nd. 6.94+0.24 2.29+0.08 nd. 2301.69

Fthanol TF3'G nd. nd. nd. 4.03+0.32 1.29+0.09 nd. 440.34

TF33'G n.d. nd. nd. 10.25+0.93 3.35+0.24 nd. 333.86

Total nd. n.d. nd. 24.88+1.27 891052 nd. 970.54""

TF nd. nd. nd. 0.32+0.08 0.32+0.01 nd. 71.017

TF3G. nd. nd. nd. 045+0.08  0.26+0.01 nd. 98.797

Water TF3'G nd. nd. nd. 0.10£0.01 0.09+0.00 nd. 179.54"

TF33°G nd. n.d. nd. 0.50+0.23 0.27+0.01 nd. 14.047

Total nd. nd. nd. 1.36+0.41 0.94+0.02 nd. 38.90"

YValues are mean of three replicate

?Green Tea: Hanla Sulloc Cha(Amorepacific Co.), Bran Green Tea: Hyenmiloccha(Amorepacific Co.)
Oolong Tea: Oolong Tea(Nokchawon Co.), Jasmine Tea: Chaian Jasmine Tea( Amorepacific Co.)
Black Tea(I): Lipton Black Tea(Lipton Tea Co.), Black Tea(II): Earl Grey(Ronnefeldt Tea Co.)

TF: theaflavin, TF3G: theaflavin-3-gallate, TF3°G: theaflavin-3’-gallate, TF33°G: theaflavin-3,3’-digallate

*hk

p<.001
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A 7% AFdeta ALRHE EF AAvxE
A Eg Fab AATE HojM TE 9}2}0131
A7 AARAE AL Q EAE ¥
He] b g Aol ARt Habe}l v Aol X}
24t @ BA A& theaflavinF 7t A& H A &gieh

SFAUEAY &2 FE&Bang WG 5 1999)7 BHH
methylxanthins©] &2 Table 49} 2t} Methylxanthin
7 & caffeine?] FFE ANEE F59 AL, T
(2644 mg/p)St A2T 2617 mglg), B2HI)21.90
mg/g)°] HxH18.11 mg/g), LEXH17.21 mglg), Avlx
2H4.60 mg/g)oll HISte] HojF oz FdTHp<.001). 2
FE2 ALTWAK12.38 mglg), FXHI)(11.41 mg/g), =
218.91 mg/g)7}
I 2EXH2.48 mglg), ErEHXH029 mg/g)E
2 2% tHp<.001).

Theobromine?] &2 Ad&E F&2 p<0l, & F&
< p<00l FEAA A2WAHZHZE 1.84, 0.86 mg/g)7}
Mg owsten tgom FaHIN@E 170, 0.68
mg/g)>Z2H 1) (&7 086, 0.68 mg/g)> 2 EXHZHZ
0.52, 0.04 mg/g)>=xH Azt 0.36, 0.10 mg/g)>Ar)%x
ZHZZF 0.10 mgfg, trace)?] £ 0.2 ol A|E7F L9
A w4 Aolg R i

watA  caffeine’}  theobromineS 3 =
methylxanthins ] &2 &g F&HL& ExM(I1)(14.07
mg/g) > A2 RIAK(13.99 mg/g) > = XH9.23 mg/g) > 2 B2}
(8.87 mg/g)>Z K 1)(7.73 mg/g)>Au]=3H2.35 mg/g)
9] £27 p<01 FFIAA, & FZH& A2TAH6.62
mg/g) >-E2ZHI)(6.05 mg/g)>=52H4.50 mg/g)>E3}

> kov
r2 ooy i i

M Eon ExH1)428 mgy
EEET

Table 4. Content of methylxanthins in teas extracted with ethanol and water

(1227 mgg)>LBRH126 mglg)>dn]=2H0.77
mg/g)®] £22 p<00l FFoA AlEZF FFe 2
o]& R Yt} Methylxanthin® & theobromined] ko]
caffeine?] FFHTF AA A Yo} Z3}, LER), &3,
AT A= caffeine©] methylxanthinse] AujZQl &2
e & F AU B dFY AFE= Lee YI 5
(19982)2] AT B A A caffeine 3to] Ex}> QB3
>%2H9 Foldhe ARgde T Aoyt oy,
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000 ANES A7

(Mean"+S.D)(mg/g)

Extract Sample” Bran Black Tea Black Tea .

Solvent  Variable Green Tea Green Tea Oolong Tea (0 (0 Jasmine Tea F-value
Caf 18.11+0.34 4.60+0.14 17212045  21.90+0.18 26441237 26.17+0.09 60.39"

Ethanol Theo 0.360.02 0.1020.03 0.52+0.02 0.86+0.37 1.70£0.11 1.81+0.01 7157
Total 9.23+0.18 2.35+0.08 8.87+0.23 7.73+6.51 14.07+1.24 13.99+0.05 7.837
Caf 8.91+0.05 0.29+0.07 2.48+0.29 4.28+0.06 11.41£0.23 12.3840.15 491.22

Water  Theo 0.10+0.00 trace 0.04+0.01 0.26+0.03 0.68+0.03 0.86+0.05 205.17
Total 4.50+0.02 0.77+0.65 1.260.15 2.27+0.02 6.05:0.13 6.62+0.06 24286

"Values are mean of three replicate

?Green Tea: Hanla Sulloc Cha(Amorepacific Co.), Bran Green Tea: Hyenmiloccha(Amorepacific Co.)
Oolong Tea: Oolong Tea(Nokchawon Co.), Jasmine Tea: Chaian Jasmine Tea(Amorepacific Co.)
Black Tea(I): Lipton Black Tea(Lipton Tea Co.), Black Tea(II): Earl Grey(Ronnefeldt Tea Co.)

ICaf: caffeine, Theo: theobromine
“p<.01, "p<.001
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