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A Study on Change in Chemical Composition of Green Tea, White Tea, Yellow Tea,
Oolong Tea and Black Tea with Different Extraction Conditions
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Abstract

This study analyzes the chemical composition of green tea, white tea, yellow tea, oolong tea and black tea with respect
to extraction temperature and time. The optimum extraction conditions for these teas were determined by assessing the
chemical composition of tea brewed at different temperature (50, 60, 70, 80°C) and extraction times (1, 3, 5, 10 minute).
Catechins contents were the largest at 5 minutes and generally declined by 10 minutes. Green tea catechins contents were
highest when brewed at 70°C and besides other teas a change of the trend variation at 70 and 80°C. These temperatures
did not extract theaflavins in green tea. Extract temperature and time did not significantly affect theaflavins content of white
tea, yellow tea, and oolong tea. Black tea, however, was noticeably dependent on extract conditions, which were most
effective at 70°C, brewed for 5 minutes. Caffeine content of green tea, yellow tea, and oolong tea was highest at 5 minutes,
but temperature did not appear to affect the content. White tea and black tea caffeine content was highest when brewed
at 70C for 5 minutes. Theobromine content of green tea, yellow tea, oolong tea, and black tea did not show major
differences between the study times or temperature, though the content in white tea increased with higher temperatures when
brewed for 5 minutes. The extraction of phenolic compounds increased until 5 minutes, and showed not further increase
at 10 minutes. Antioxidant capacity of green tea, white tea, and yellow tea were maximized at 70°C for 5 minutes or 80C
for 3 minutes, while oolong and black tea were reached maximum antioxidants at 70°C for 5 minutes. In general, to optimize
the beneficial chemical content of brewed tea, a water temperature of 70°C for 5 minutes is recommended.
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24 IA RS T Lo, ofof tigt A= A&HHo=
Y= 9t 24| FAsHe2 2F FEE 59 polyphenol
of 9J%t A2 & flavan 3-0l2 catechinF7} T FE 22l A=A
EZ2Z 4#HA AtkShon 5 2004). F9 AE O Z = epigal-
locatechin(EGC), catechin, epicatechin(EC), epigallocatechin gallate
(EGCG), epicatechin gallate(ECG) 5-°] 1o H, o]= A5}z
AR ofzh, HE Ao WE X9 gk, M, 37| Apolof|=
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g xlo] Q8 AHE O 2L alkaloidso]] d|E3= theaflavin
=271 o, 7154 EZ 2= theaflavin(TF)3} theaflavin-3-
gallate(TF3G), theaflavin-3'-gallate(TF3'G), theaflavin-3,3'-gallate
(TE33G)=A] Taate] 5422 M} gro] 4l dHio] ¥,
ol ¥a F AYEE EZolthKim 5 2005). A+ 7|52 o
B2 2 59 catechinfol] 7]1gthar LA 1o, St
3h-E o] )= theaflavin-3,3'-gallate”7} tyrosine receptor kinaseS
epAtiete 2317k slo] o] S0 G B
of gt #AL 2o 3 ) 3(Sachinidis 5 2000), F& ¥rEA}
¢ A= Qo e A%l Fosith= L-_rL(Komatsu
5 2003)7} Q19 theaflavinF-of tfjgt A+ %= X|&F o2 HQ
g Ao g AZi=ch
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o Az, 7184 9 E gk, 01111’—(}0 o B9
o] 9l caffeine®} theobromine©] .o.m, x}2] ZHauta} gFn|
B o] FA|Ql theanine, glutamic acid 5] F-&|otn]=Alo]
e, vHgl, §714h adj#@ o] AtHCho 5 2007).
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ol whe} 2 A AR |E 5, 2B et 2
T, g =4, "2 9 5ol EEHXItH(Choi 5 2000; Lee
= 1989)
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s shabeel ek 9 RAkEEol et Ak 24 Wl
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£ Ao AHgE 2 FREE SxHF4AL 1 shs, 1
] ﬂ‘di}( =4 15, BAH=AD 15, +373K 1 3=
F I A=, 1T 287D 2502 &
85 l%ow %L?Jokoq BAxER Agatgh

RS FAY YA 2712 et 242 A 02
g¥ gol Sulet Zepadof ua 35 40wl
1, 50C, 60°C, 70°C, 80T A 18 58, 1087 2=9
N7kl o &St 22T 5 oﬂh 24 ojao] ozt
3lar, ThA] 045 pm syringe filter2 o313t & F2ZM-S cap
tubeo]] W31 WE5te] 4T P4 Hsi, PG A RE A}

gatgon, 33 wEsi

3. Catechin %! theaflavin?| MaHEA

ARTIe] 22T A, WAL HA, $BAL T cate-
chin®} theaflavin AZFEAL e} d LA A ALESIL
S e Bastel 054 Pl 28 Aol AHgal
k. HPLC(Agilent-1200 series, Agilent Technology, Santa Clara,
CA, USA)E 0]23}9 2o, TOSOH TSK-GEL®™ ODS-80™ Cjs
(4.6x250 mm, 5 pm) columng ARE-S}IFHT) o] FAF |ull= 0.2%
phosphoric acid(81] A), acetonitrile(21] B)S A3} gra-
dientE 3+9] catechin¥} theaflaving FA|o] 431} o|F
Ab e e 248 08, fjA80B(85:15); 25 SujA:&
OIB(85:15); 42, -SujA:-SB(71:29); 455, SujA:-SulB(S5:15);
508, SuiA:Zu(85:15)2 stF o, & $xE 1.0 mLmin,
column®] 2%+=40CE -FA3}FR 1L, HE7]+= DAD(Diode Array
Detector, G1315D), A< T2 205 nmoj|A A3

4. Caffeine & theobromine2| MZF 2
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Eclipse XDB-C18(4.6x250 mm, 5 um, Baltimore, MD, USA)
columng ARSI T o] FA; £ull= 0.2% phosphoric acid2}
acetonitrileE 90:102. 2 E§3to] ALY, 85 £ =
1.0 mL/min© 2, column®] &%= 35T, AZ7]= DAD(Diode
Array Detector, G1315D) 22 3H4-2 280 nmoj| 4] 24514}
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olg3lo] u]4l HBG o0, 2B AFEAL su) B4 7
H 0.5 mLE 2/ 6.5 mLo]| Yol £33t & Folin-Ciocalteau
Al19F 0.5 mLE 7}sto] 387 WA|skal, Z3} Na,CO; &8
I mL §3 383 A T o FR4 15 nlE Yol &
&S 10 mLE st A2ofA 1AIZF A5k 24 Ad-7HA%
A B33} A (Optizen 3220UV, Mecasys, Daejeon, Korea)E
o]-§3lod 765 nmo|A FFEE S EEEEEE
gallic acid(SIGMA)E- 1 pL/mLoj|A] 200 ul/mL7}A] Z A5}
AEBANL Aol AHgetach

Ak &A1 1,1-diphenyl-2-picrylhdrazyl(DPPH) o2 =
3k Hydrazylol ojs) 2Qbgat Aol Aaalat 4
AUAE WolSol 4US ol g3 FAT BAL WS T
A4 o] JAdS ¢l DPPHY| $He18& ©]-§3t4ith. DPPH
= & 3A1A 02 mM §HE A= 2 FEH
& 1008] Safet Aolg ARTot FART 05 mLE YL,
A|&tolli= DPPH 0.5 mL, FA|@ol= HEE 0.5 mLE ¢
o] &5tstgal, 2 Fol= £F4 0.5 mLe}t DPPH 0.5 mLE
gol BRI 22He BaE T Aol 027 AT
%, b9l 7HARA A Optizen 3220UV, Mecasys, Dae-
jeon, Korea)& ©]-23}4] 517 nmoj| A =73}t DPPHO]| £
3t AA}3o5(Electron donating ability, EDA), < AtsH &
BO0e] ArrAe theat 2.

FArEE 4(%) = [1-((sample &FF= - Blank F3%)/
Control 3%%)] x 100

6. SHRNZ

2 Aol Aol e WFgLEEUAR e,
Y ABAEA(ANOVA)S AA|51% 2 W, Duncan's multiple
range test2 A 27HO] Fol4S HAFSHAT RN HEFS
9 & p0.05914 FAHLE Fofstrtar Hlth
Zat 8 nE

1. F& 29} AlZHof| 2 catechin?e| &2 Hig}

Z}9] 71542 thEE 342 9] polyphenol AJE-21 catechin
Foll 71918, ol thgFet A4 7| Zdeth FE2 2
Lot AZHE gEjste] =ah, W), g, 54}, SR 50T,
60T, 70C, 0CoA 18, 38, 58, 108 =9 &3¢ B4
3t A3}, catechin SIHE 5 ot F20] (- )-epigallocatechin gallate
(BGCQ), (- )-epigallocatechin(BGC)] 1™, 71 2] ( - )-epicatechin
gallate(ECG), ( - )-epicatechin(EC), ( - )-gallocatechin(GC)©] HPLC
AZnfEa o 72 3| chFig. 1).
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Fig. 1. HPLC chromatogram of catechins. (A) Green tea,
(B) White tea, (C) Yellow tea, (D) Oolong tea, (E) Black
tea. (—)-gallocatechin(GC), ( - )-epigallocatechin(EGC), ( —)-
epicatechin(EC), (- )-epigallocatechin gallate(EGCG), ( - )-
epicatechin gallate(ECGQG).
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A7to] AojA42 catechin® 0] §Heko] Z71E= AJFAS 3
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2} 2 3Jol7} QUi WEAITI] W42 F71e Roleke A
Atel e az}%% Q1 4= 9l9lthUang 5 2007). 5
7+ 3} ca 2ol v]SA 1087F &3 catechin
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Fo2E7 9ALE ostoAe HE Alfto] AojdsE
W4 SRS F7SIAOU, QHLE o elA L B2
Zro] Aojyof we} 23]7 Hastfrhes At 42 A3k
oz 3} 22 A 25 2w/t 4% exE AW euvt %
offof wet & HEA SFES FAS|E st AR A}
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Fig. 2. Changes in total content of phenolic compounds
(mg/g) during tea extraction at 50 C (-<>-), 60T (-(J-), 70C
(-@-) and 80°C (-A-), for 1, 3, 5, and 10 min. (A: Hadong,
B: Boseong) Green tea, (C) White tea, (D) Yellow tea, (E:
China origin, F: Taiwan origin) Oolong tea, (G: India origin,
H: Sri Lanka origin) Black tea.
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Fig. 3. Electron donating ability(%) of tea extraction at
50C (-<>-), 60C(-[J-), 70C (-@-) and 80T (-A-), for 1,
3, 5, and 10 min. (A: Hadong, B: Boseong) Green tea, (C)
White tea, (D) Yellow tea, (E: China origin, F: Taiwan origin)

Oolong tea, (G: India origin, H: Sri Lanka origin) Black tea.
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