J. of Korean Oil Chemists” Soc., 1
Vol. 30, No. 4. December, 2013. 761~769

ISSN 1225-9098 (Print)

ISSN 2288-1069 (Online)

http:/ /dx.doi.org/10.12925/jkocs.2013.30.3.371

HPLCE o|-8%t st5 =319
Cateching, Alkaloids B4 9 dAsks =34

ofm)3|'T + ojzet?

dhrtsteiot AlEgelat T, Sleltetn olAlgah?
(20139 129 1149 A4 20139 12€ 30 445 20139 12€ 309 =)

Analysis by HPLC of Catechins, Alkaloids and Antioxidant Activities
in Hadong Green Tea Leaves

Mi-Hee Lee!'T - Sung-Un Lee?

TDepaﬁmem of Food & Nutrition & Cook, Daegu, 702-723, Korea
Department of Food Service Industry, Uiduk University, Gyeongju, 780-713, Korea
(Received December 11, 2013 ; Revised December 30, 2013 ; Accepted December 30, 2013)

8 9 @ SFEAYA ABAEE =22, AlF, 2, dizhell EREe]l Q= catechind,
alkaloid® ¥ theanineg HPLCE ]oO]'Oq EAE A FAY =2 FEES olE S

I SHS-S =45 TE Catechin®®@} alkaloidF®, theanine, & He= IJES] e & FE2E H
ot 80% LI FEEA © =t £ catechind} alkaloide] e 80% g2z F S
(172.33 mg/g, 30.80 mg/g)oﬂ*ﬂ 71 E9tth Theanine®] THE 80% ofehe FEEoA =YX
55.369141 37.48 mg/ge] WA =2t FHl= §]ra‘j" oA 7P E8ka, DPPHRY, FTCH
2 TBAYZ o83t st 4 SAoAE 44 =2 A5 Yt

@)

FAel sk =2, 7HEIRL, &rtRels, Hotd, FHlEsieE, datet 44

Abstract : This study used HPLC to analyze the contents of catechins, alkaloids, theanine, total
phenolic compounds and antioxidant activities of commercial Hadong green tea leaves(Uzen, Sezak,
Jungzak, Daezak). The content of catechins, alkaloids, theanine, total phenolic compounds were
lower by water extracts than by 80% ethanol-water extracts. Total catechin and alkaloid contents
in Uzen(172.33 mg/g, 30.80 mg/g) by 80% ethanol extract were the highest. Theanine contents of
80% ethanol-water extracts ranged form 55.36 to 37.48 mg/g of tea leaves. Total phenloic
compounds contents of green tea were higher than Uzen. Antioxidative of green tea by DPPH,
FTC, TBA method were higher than that Uzen.

Keywords - Hadong green tea, catechins, alkaloids, theanine, total phenolic compounds, antioxidant
activity
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Az vtz eefdRE @Afjol o=
7] A FESH 8= o TRt Ax
Aol whep 2te] gt A gkt e #EAl |

of Zolo] FF= zrﬂ]gﬂrl 2]. B3] =2el=
7H X0l Aol FHote] 29 HES gt
I Fule] dFE & But ofzE; TEHAA o]
Qo] 715&] FHoNE o8 71 EH}E
BRI QIoH3] =19 FQAEQD catechin®t
+ (Hepigallocatechin (EGC) (-)—catechin (C),
(+)—epicatechin (EC), (-)—epigallocatechin—3-
gallate (EGCG), (-)—gallocatechin—3-gallate
(GCQ), (-)—epicatechin—3-gallate (ECG),
(-)—catechin—3-gallate (CG)e} caffeine (CAF),
theobromine (TB), theophylline (TP)¢} -2
alkaloids &do] EAlsk= Zex IHA QUth
[4]. o] EEE2 SYAHE s dA FE&(5],
grEoF z2ka[6] 9 At 28 [7-8] 5o oF
Zhgol et Havp &Aook B Aol=
2pe] Mof| THo] o= S22 "yl 2po] Tty 7t
Agre]] Fofsh= ofn|libRSl E]O}"‘O] e
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g 55l ;GOHX]‘:]' Jey 2o FA-of weh
FFE U= R ApolE HluE His QL
O I ZHoJAME  catechin®, alkaloids®,
theanine oFgat FHM T3 FAitslso] wet
o] Ao tigt A= o a3 HPez A=
Hck,  FZol:  catechin®,  theaflavin¥,
methylxanthin'FE& HPLCZE FAlo] E435t= W
Hol gt o] zpof] FFEoges FREAERE B4
of EnpHor ol gx1 QUTHIO0L wEhA 2 A
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Act.
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2.1, ‘é Mz =AY
2 Ao AgRE 2= dEtHoz AlFA
”JFUHFJ“ QA (Uzun),  AMZH(Sezack), 2+

(Jungzack), ™2} (Daezack)2 A EX skl
A AAHE A Fdste] Ad AmE ARESHA
o} ¢ A7) 20134 79 o9t

phenol A,
1,1-diphenyl-2-picrylhydrazyl,
2—-thiobarbituric acid,
catechin,

Folin—Ciocalteu's
Fe?*—ascorbate,
epigallocatechin,
epicatechin, epigallocatechin—3—
gallate, gallocatechin—3—-gallate, epicatechin-3—
gallate, catechin—3-gallate, caffeine,
theobromine, theophylline Sigma(St, Louis,
MO, USAAIES AH8SHth. HPLC  grade
acetonitrile¥}  ethanol, analytical ~ grade
potassium dihydrogen phosphate (KH,PO4) 2
7 9ol Aok B3 AMgsiach

askell ¥11
(thylalcohol : water, 80:20,
d7Fet & 60°C2] water batho]
A 1573 FESHITE olAe 5EXF 251 A
2o, o|HZ glass filterE ©]-&5te] FYPoit
(Whatman filter paper No.2)3lAth. @& ZHA}
of 43¢ 80% oleZ= 23] AAHS & & 1
oAHdS g3t 100 mL2 FE8st9t & FE=
offgre &3 YT WHor S

80% ofere
v/v) 50 mL&

._.—|—'U>‘“_l

2.2.2. HPLC 24"

2t FE2HE 045 um® millipore nylon
filter(Badford, MA)= oj1}5te] HPLCoO 214
FQoto] EAotgty. BAxALS Table 13} 2
t} A= BEEZ9] retention time¥} H| S}
of 3 HrE =AY EFEAIRO] peak HA O
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Table 1. Apparatus

HPLCE 0|85t 515 &2}9] Catechin®, Alkaloid® B4 2 gHitsls

Ay
o,
w

and Condition of HPLC for Analysis

Instrument Hitachi Liwuid Chromatograph ; model 655-1
Injector ; Hitachi 655A-40 autosampler
Detector ; Simadzu phtodiode assay UV-VIS
detector (model SPD-10vp)
Column Inertsil ODS-3V (5 um particle diameter, GL Science)
Solvent Acetonitrile / 20mM KH2PO4

Column Temperature
Flow Rate
Injection Volume

Dector Wavelength

30T (Simadzu column oven CTO-10VP)
0.8 mL/min

20 uL

280 nm

2.2.3. Theanine &4

picrylhydrazyl (DPPHR), Fe®'/ascorbate (FTC

Theanie 242 Kozukue et. al.,(1982)2] H+ ) 2-thiobarbituric acid (TBAH)S ©]&3d}o]

olgsistt. A 2% 50

ulLE AlEHe ¢ Z7stoAct. DPPHRO ot H#} Folso] 4

o
3 30 CoA ZAd AX & 1% NaHCO; (2 2 1,1-diphenyl-2-picrylhydrazyl (DPPH)-& ]

mL)2} FDNB (0.1 mD)E #H7tste] 42 & 40
TY ofF2 ollA 3A7F ¥kg AXIth Z4te]
g 2 mLE %7Iste] o9 FDNBE #|A 3t

2o &aiAIA 1 mM §HE A=xstch o
He Alm 100 ulel E9ket &, A4 20
WA &, A7 2R EA

Mr oo o

0.5 N HCl (0.5 mL)& #7Igt & zA9g 1 (UV-VIS spectro photometer, UV-MINI 1240,

mlLE A7lsle] ZEs9r.

o] W& 53] RH= Shimadzu)& ©]-§st] 525 nmellM SAsHAH.

sto] otz DNP—O}D]i{\IQH,S,_ 30 CAlA 7t DPPHe| oI5t 4tstegd(%) o] Al ofZ3t
Azxsignt. Az F F2 ARl 80% ofetE 2 =
mLE 76k 591 & 15,000 rpme 2 27 &5
ot dAMEst] I AFSHE& HPLCY A F A A (%) =
olE ineL HA51Y] _ _

detel theanined £4sHAH Sampleg%E— Blank &%=

(1- ) x 100

224, % 1= IRHE =3 Control 3=

Z He FEEY FF2 Folin-Denisfio =2
shdch MEZ89 100 ¢l SF55 1 mLet Hi= FTCHE o83t 3tst 84 S42 NexE
A2k 100 ¢ LE A7Ist 5, 6E7F A20| vrx|stal N 4 mLef 2.51 % linoleic acid 4.1 mL, 50
10% Na,CO; 2 mL, 574 2 mLE d7lsled &€ mM W &5-89(pH 7.0) 8 mL, S7F5 3.9

m
st T 60 E3F “ioﬂ WAS oy g EA mLE H7tote] SHg 2 s3Il —ﬁr 40C9] o
(UV-VIS spectro photometer, UV-MINI 1240, T oA Pt FHiAFHE FEAIFH

Shimadzu, Japan)& ©]-85t4] 725 nmollA & =& o] s3rgl 0.1 ml, 75% ethanol 9.7 ml,
B2 =R Z2As BREA fHsRHe 30%—ammoninum thiocyanate 0.1 mlE =Ath=
chlorogenic acid& °©]-85ttt. & &= TFS o 471 & & Aeth o7 2X107? M ferrous
ERf7] 98k mg  chlorogenic  acid chloride(3.5% HClel| =<1 Z)& 0.1 ml 73t &
equivalents(CAE)/g dry weightE o]-&5titt. Z Ho|& § & A8ts] 38 Fof zpe]A-THAIY

225, Fitet 844 &4

ok @Y e

A B354 500 nmellA] 45 THE (24A17h)&
T $3EE S5t
1,1-diphenyl-2- TBA (2-thiobarbituric acid)& ©]&3F 45
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gy SHS Am FE2H 4 mle] 251%
linoleic acid 4.1 mL, 50 mM <A Qh=go
(pH 7.0) 8 mL, % 3.9 mLE 715 &4
= 2 Tt 40T olF FolA F2Ag
StHA AR AR SASHH 72t AR &
g 1 mlE YHEY FEO 4¥Yi, 20 %
trichloroacetic acid (TCA) 2 mLe?t 1%
2—thiobarbituric(TBA) 2 mLE 7}sle] &3
T ggolA 1083 718 AEe o 52+
oA Wzstdct. I Fell 5T, 3000 rpmollA]
2087 fAEEst Y 1 AEAS 532 nmollA

=7ste] TBAGHS WEhgiet

o

3. Zm ¥ n%

3.1. SX} EEE9| catechin® U alkaloid&
==
SHeAYoflA A4t Qdxpe] FRo| wE

s
catechin® ¥ alkaloid 55 &A%t

= A
7t table 29t 3] UERfTE B AFA

EGCG o o2t EGCe ECGY
T §S TS U $HL 80% o

o rlo
Hir

TR LR

BHERE FEI AROA 7843 mg/gl® TV
worom o]AL & catechin®s & oF 45%¢] df
FEE= Foltt. EGCE 31.24 mg/gl = oF
18%, ECGE 27.48 mg/gO.2 °F 16%2 7o}
o o] A7k =4o] AAe] ¢F 80%E A5t
t}. o]AL catechinFollAl EGCG7} & catechin
T 45-65% BEE AA|grhe Kol H|3t

=
A e EH11-12]. & catechin®o] %S
B oA 7P =% tiztollA 1 3ol
wolth & fuidlAEe E FEE Hoe 80%
ofebe ZZEO|A catechinF9] FEEIA 1
Srgol =2 ATde UEYH #7115 =219
AEE A A3 238 HA AF A7) o
£ =219 A= Hste] diste] ASS HE1 5t
AN IFAAE AF A7l wehA catechin®
o] W57t k= AS & 4 ASATH13]

2 AgA deigt ¢4, Al F2, iz
E21e] B 2 BER A5k 9o AF Al
Zle] wey ZF-S BF ohe et dRtdelx
2 HE A7lel| 2 A7 AFte} v st H Sk
S o fARSE 2alS o 4 Aok EGCGE
%2 7154 adE 7 Qlve A+ A
(1418 & of A3 Zoo yehtxo] 4tst
ol B2 JFS F 5 S Ao= Yz

Table 2. Contents of Catechins in Hadong Green Tea Leaves Extracted with Water and 80%

Ethanol

Sample EGC C EC EGCG

G Total

GCG ECG CATS

A-E 312440526 1345+0.17° 9.43+0.18° 7843+1.06° 5.86+0.33* 27.48+027° 6341023 17223

A-W  17.45+0.23°

74240260 547+0.35" 45244075 3.98+020° 12244099 4.28+0.21* 96.08

B-E  2843%0.18° 1242+021® 824+027° 7542+0.21° 547+039° 2435+0.63° 589+0.17°  160.22

B-W  16.43+0.14°

6.17+0.23"  4.27+0.16" 42.19+0.32* 3.18+0.52° 11.48+0.45 4.07+0.67° 87.79

C-E 24352034 11494057 7.48+027" 7246+050° 4.72+0.24* 2347+0.80° 5.07+047"  149.04

C-W  14.24+0.23¢
D-E  21.48+0.25
D-W  12.45+0.49°

4.05+0.23¢ 2.86+0.61% 34.12+0.51% 2.18+0.11¢  9.15+0.27*

478+0.21° 324%078" 40.18£0.28' 2.51+0.23" 1048+0.25" 3844085  79.27
10.24£0.17" 6.97+0.74° 6842+0.67° 407+025 20.96+0.16° 4.89+031°  137.03

31540544 67.96

"Mean+SD (n=3, mg/g dry wt), sample: A. uzun: B. sezack: C. jungzack: D. daezack: W. water

extracts; E, 80% ethyl alcohol extracts: EGC, epigallocatechin;

C, catechin; EC, epicatechin;

EGCG, epigallocatechin-3-gallate; GCG, gallocatechin—3-gallate; ECG, epicatechin—3-gallate; CG,
catechin—3—gallate; Total CATS. total catechins. Different superscriptive letters in row indicate

significant difference at p<0.05 by Duncan's multipule range test.
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HPLCE ©o]83t 515 5219 Catechin¥, Alkaloidd &4 9 JAlslks
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o,
w

Table 3. Contents of Alkaloids in Hadong Green Tea Leaves Extracted with Water and 80%

Ethanol
Sample CAF TB TP :{E?é
A-E 28.12+0.56" 2.34+0.27° 0.34+0.18 30.80
A-W 24.76+0.72° 2.15+0.18 0.24+0.95% 27.15
B-E 27.49+0.08 2.16+0.01° 0.28+0.77° 29.93
B-W 20.41+1.43¢ 2.04+0.10° 0.18+0.26° 22.63
C-E 26.48+0.10° 2.07+0.274 0.21+0.57° 28.76
Cc-w 20.07+0.33° 1.83+0.01° 0.1240.58" 22.02
D-E 24.75+1.23% 1.85+0.07* 0.14+0.24° 26.74
D-W 19.24+0.79° 1.71+0.13® 0.09+0.21% 21.04

"Mean+SD (n=3, mg/g dry wt), sample: A. uzun: B. sezack: C. jungzack: D. daezack: W. water

extracts; E, 80% ethyl alcohol extracts:

CAF, caffeine; TB, theobromine; TP, theophylline; Total

ALKS. total alkaloids. Different superscriptive letters in row indicate significant difference at p<0.05 by
Duncan's multipule range test.

Table 4. Contents of Theanine in Hadong Green Tea Leaves Extracted with Water and 80%

Ethanol
Sample Extracting solvents
80%(v/v) Ethanol Water
A 55.36+0.26 42.18+0.42
B 50.1240.46 38.46%0.12
C 43.28+0.43 30.47+0.74
D 37.48+0.92 27.49+0.81

"Mean£SD (n=3, mg/g dry wt), sample: A. uzun: B. sezack: C. jungzack: D. daezack: W. water
extracts; E, 80% ethyl alcohol extracts

e

% alkaloid#9] gFoll A= CAFQ| ggo] 713
weoral, TPe) 32 RE A
3 E FEEET 80% oetE FEEA
Bor  =xo] R @ Aols} glgent
catechin®9} ZHe 2 zjol= Holz| &t}

Theanie

£ o

BolM Yt E

FFE9l DNP-theanine™ 2} F&E9] DNP&
TA9] gole dHF =de F HPLCE £4
5= spiked methodE ©]-85}9] theanine &4
statt. =21 FEE ¥ Hol9le theanine
9] gte veRH Zo] table 4©]t}. Theanine?)
OFe d4a FE3TH ABHTE 80% ethanolS ©]

sto] FE7 A=A R =2 AFE UE

k9] FHo W2 theanine®] ¥F2 80% ofgt
S FEE9 AS $Ho] 55.36 mg/g, Aol
50.12 mg/g, 2ol 43.28 mg/g, th&to] 37.48
mg/gl & 7Y WSE o] 7P ol ASL
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3.4, Fe?*/ascorbate (FTCH),
2—thiobarbituric acid (TBAH)S

st 2y 53

Fig. 137} Fig. 2014 HA9] FtsHA(ERHE,

AYe AT 199 2 Fo2 Wabt doft
o} FASA kst At o mes
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Table 5. Contents of Total Phenolics Compounds in Hadong Green Tea Teaves Extracted with

Water and 80% Ethanol

Sample Total phenolics RSA(%)
A-E 210.46+2.87° 81.45+1.37"
A-W 135.13+1.88 54.64+2.45
B-E 200.16+1.71 76.42+1.38
B-W 124.68+1.16 50.73+1.36
C-E 184.13+0.87 70.3642.20
Cc-Ww 111.46+0.91 46.79+1.29
D-E 173.46£1.07 65.12%0.97
D-W 101.38+1.13 42.16+0.47

"Mean+SD (n=3, mg/g dry wt), sample: A.uzun: B.sezack: C.jungzack: D.daezack: W. water
extracts; E, 80% ethyl alcohol extracts: The level of total phenolics is expressed as mg chlorogenic

acid equivalents/g dry weight. **RSA= radical-scavenfing activity.
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4
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o 1 2 3 4 3 & 7
Reaction time(days)
Fig. 1. Antioxidative Activities of Hadong
Green Tea 80% Ethanol Extracts by
FTC Method.
Sample: A. uzun: B. sezack: C.

30 H

o
n

Absorbance(500nm})
=
i

=
=1

oo 4

Fig. 2.

L
=}
L

jungzack: D. daezack: E, 80% ethyl
alcohol extracts

——D-W
—-—CW
——B-W

W
=—=1mM o-tocopheral
10mM Ascorbic acid

==Control

) 1 2z 3 < 5 i} 7
Reaction time{days)

Antioxidative  Activities of Hadong
Green Tea Water Extracts by FTC
Method.
Sample: A. uzun: B. sezack: C,
ungzack: D. daezack: W. water
extracts

HPLCE o]83t ob5 =2t9] Catechinf, Alkaloid® £4 9 @4itsts 54 7

Fig. 3%} Fig. 4= TBA(2-thiobarbituric acid)
= olgstod =2 = FEET 80% o
SES kot ikel 84S AT Ane
1 FTCHolA dizwte] ksl 24 et
UAHE 64419 A SHAE iz 1002=
2t SHeE A 4 AR MY DS &
Aotk o] Ad A PArSt o] WHIlE
Z7< DPPHHY, FTCHT 54¢ 73

N o

S

32
=

1

B-E

C-E

B-E

A-E

1mM tocopherol
10mM ascorbic acid

Cantrol

0 20 40 60 80 100
Inhibition(%)

Fig. 3. Antioxidative activities of Hadong Green

Tea 80% Ethanol Extracts by TBA
Method.
Sample: A, uzun! B. sezack: C.

jungzack: D. daezack: E, 80% ethyl
alcohol extracts

A-W
1mM tocopherol
10mM ascorhic acid

Cantrol

0 20 40 60 80 100
Inhibition (%)

Fig. 4. Antioxidative Activities of Hadong
Green Tea Water Extracts by TBA
Method.

Sample: A. uzun: B. sezack: C.
jungzack: D. daezack: W. water
extracts
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