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Changes in the Composition of Catechins, Theaflavins and Alkaloids in Leaves
from Korean Yabukida Tea Plant During Processing to Fermented Black Tea
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Department of Food Service Industry Seowon University, Bio Organic Material & Food Center Seowon University

Abstract

In this study, we examined the composition of catechins, theaflavins and alkaloids in leaves during processing to
fermented black tea, which is produced by withering, roll breaking, and fermentation of Korean Yabukida tea plant. In
addition, we determined the optimal conditions for the production of fermented black tea. The average moisture content
in fresh leaves was 70.85%, which dropped to 3.07% in fermented black tea at the last stage of production. When the leaves
were analyzed by HPLC, seven types of catechins, four types of theaflavins and three types of alkaloids were identified. The
levels of catechins, theaflavins, and alkaloids were then evaluated after being processed into fermented tea. From these
experiments, we found that the level of theaflavins, which determines the property of the tea, increased during fermentation.
This effect resulted from the change in EGCG, ECG, EGC, EC during the process of fermentation. We also found that the
maximal amount of theaflavins was created after 1-2 hours of fermentation. Thus, our results imply that the best condition
for producing fermented black tea would be to ferment for 1-2 hours.
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<Figure 1> Structures of catechins, theaflavins, and alkaloids evaluated in this study.
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theophylline(=%£)99%; TP)l:= Sigma/AldrichiA}(St,
Louis, USA, theaflavin [theaflavin(x=%=)90%; TF),
theaflavin—3—gallate(=%=)90%; TF3G), theaflavin-—
3'—gallate(£=%=)90%; TF3'G), theaflavine—3,3'—digallate
(£E>90%; TF3,3'DG)= FHigE (Osaka, Japan)O 25
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<Figure 2> Processing methods of black tea.
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<Table 1> Programming of Mobile Phase for the separation of
seven catechins and three alkaloids present in black tea
in a single analysis by HPLC at 30°C

Time Acetonitrile (A) KI?IOPHOlM(B) Mode
(min) (%) Z(%)4
0.0 7 93
6.0 7 93 Isocratic
20.0 10 90 linear gradient
25.0 13 87 linear gradient
30.0 16 84 linear gradient
50.0 18 82 linear gradient
80.0 26 74 Isocratic
85.0 26 74 Isocratic
85.1 50 50 Isocratic
95.0 50 50 Isocratic
95.1 7 93 Isocratic
110.1 7 93 End

o] AJOF 3~5 mg2 Zzt AEs1A| Sl 80% ethanol
ol 256 mLE ZJ-gsto] ZF EFEH | APl Aol o183t
Act.
2, #2 & 58

483k AOACH (AOAC 1965)0.2 24519l on 7}
Az B @R, ¢4, PH)9] X}l A%7](70°C, 12 hrs)
2 AZRAZ T YA A A 2et A ARgBte] =
BeFES AbEstolt,

3. catechin, theaflavin, alkaloid?| F£&

FAAZ 7 2 wAol A2l 1~1.5 g& Ailo] 250
mLe| ETfAIe] S5 100 mLE ¥l H[GAIA Aele
dolok A Y 587 wRket & whyAIHch 2} &
g2 5°C o|5F2 A]5]3l 18,000 rpm o2 5E7F AR
23t  AEONS B4 A8t

4. High Performance Liquid Chromatography®| &71

HPLCE auto sampler(model 655 A-40)2} dAZA%
Hitachi 9HA] Z2olE 1 gl 665—-115 AFE39 o
22 columne stainless steel column(250 mmx4.0
mm)9]| Tnertsil ODS—3v(5 um)7} 4% GL SciencesA}
(Tokyo, Japan)E ARESIAT), column®] 2%+ Shimadzu
AFe] (CTO-10vp)S ©]&3 30°CE A3 g2|HLe
acetonitrile?} 20 mM KH,PO,2] Z3H]|of W= gradient
S Ag519 < Table 1), E3F 842 0.8 mL/min, 7
Z7]+= ShimadzuA} A2 7FA]7<7] (model SPD—10Avp)
£ o83l 280 nmo| WO = FASIGI

5. catechin, theaflavin, alkaloid?| &8 % H&f
ZE 1979 24E 504 5 %(16~6,400 ng)= 3]4]
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<Figure 3> Changes in moisture content (%) during manufacturing
process of black tea.
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2. H&E catechin, theaflavin, alkaloid® HPLC = Z0f
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Hole} oA Yert columnolt} G2guhe] ZR 23|
selgeet BAAZ QS njAT, B9 duE oz
columng ODSAHQ] columnE AME3I1 KL=
methanol¥} acetonitrile®] ©]-€%3 th(Sono & 2001;
7u0 = 2002; Kotani 5 2007; He £ 2009), 18} &
Foll gr=lo] QU= catechinfh Hole 735 o4 &4k
7] wiol oljgh ES ¢dd] EElet] sliAe Sl
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<Figure 4> HPLC chromatograms with UV detection at 280 nm of
a mixture of seven catechins, four theaflavins, and
three alkaloids.

Peak 1, theobromine; 2, theophylline; 3, (-)epigallocatechin; 4,

caffeine; 5, catechin; 6, (-)epicatechin; 7, (-)epigallocatechin gallate;

8, (-)gallocatechin gallate; 9, (-)epicatechin gallate; 10, (-)catechin

gallate;, 11, theaflavin; 12, theaflavin-3-gallte; 13, theaflavin-3'-

gallate; 14, theaflavin-3,3'-digallate.

FSETHE olgste] EAstolof gt} weEkA] KRE A
Sh=tl= gradientz=710] vj-$- Fa3 @710] . o]
B gulE HES) & 43} A2 acetonitrile, BE1j

X 20 mM KH,PO, & o851 2] XS 2= (Table
Dol el Bejzlo] HAe) RAZAAS o 4 U
o, 2 EAREE E8a) 1450 E5E A YRR 1
4% HPLCR BAslo] 2179] Rio} WAL Z4shech 1
A= (Figure 4)°4 & 4= 91590] Peak 19] TB(7.86
E)o]| A Peak 149] TF33'D(67.55)0. 2 14%9] Peak”} 75
solujz Ae] Helsloltt. B4 24 ARPBUES %
AV AT} TB 1.95 ng, CAF 12,58 ng®] 9] otof 9l
= & AR 1Pl 14F 559 3eas AN B
Y CAF2Q} TB7} 99.8%°l|4 101.3%2] HUol A% TF
2 TR7 74.9%, TF3,3'D7F 89.1%0] 93 4%2)] TFO] 3]
482 74.2%%} 89. 1%l UATt. 75% catechin®| 2]
82 EGCG7} 79.6%= HA 34 Ko 7P &
< IeE2 GCY| 103.8%%UTt

HJSFU

3. EXMZIE 9| xI19| catechin, theaflavin, alkaloid
9| HPLC ZZOIEOZ

IS A ZR3H7] A YUY catechin, theaflavin,
alkaloidE XAMSE A3E (Figure5-A)= YERJ AT
(Figure5—A)E AHHEY catechin 5o EGCG7} 7V
ol o] il tho2 ECG)EGC)EC)CGeo| Ha
oF 4= 9191 0™ catechinZ AEEA| &t} ESE alkaloid
o] 70l CAF, TB, TPe] 3577} AZHAC CAF
of ool 71g wol AEHASS & & AT, 22}
theaflavin & HEEA] FQkrt, 2hd Waapy 59
W3S ZARSE 237 (Figure 5B~F)o|t}. (Figure 5B
~F)E A EY WA 1AZE Fo] EGCGLE ECG7L 25 7
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HPLC of Black Tea Leaves During the Stages of Processing
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<Figure 5> HPLC chromatograms of the extract from tea leaves
during manufacturing process of black tea.

A: tea leaves before processing. B: 1 h-fermentation. C: 2h

fermentation. D: 3h fermentation. E: 13h fermentation. F: black

tea. Peaks 1 to 10 are the same as those shown in Kamairi-cha

(Figure 4). Additional peaks: 11, theaflavin; 12, theaflavin-3-gallate;

13, theaflavin-3,-gallate; 14, theaflavin-3-3'-digallate

43PHA theaflavin 45771 AEES & 4= AL}, &

X|7ro] BAZE E4E BEGCG, ECG, EGC7F 228 74

%719 theaflavini®7} thef S718 Ao 2 o &3S
dl&= G2l theaflavin®2] 94 S7H= It
NpS BN

2 =0| Xf9| catechin, theaflavin, alkaloid

I.

FAR 2T Fo|
theaflavin, alkaloid

gor A~
0= o
i noi‘ !
— =T T
M off K
HP" (o mlo =2

_‘u.
HI
_EL

3Fe-5o] 3= catechin,
ZAFSE Ao (Teble 2)3+
(Figure 6yo|t}, EA] Az 1 g mgl & F
AlSFAtE, HA cateching e A gapelol=
EGCG7} 47,97 mg/g.d. wo&2 7}% ol 3t Hof Qlar

207 ECG7} 20.05 mg, EGC7} 18.10 mg, EC7}
12.69 mg, GCG7} 1.14 mg, CG7} 0.42 mg 4202 9
o] gle catechine A3 H&E HA oy ESE
theaflavin®] QoIAE 448 H5F HEEA Aourt. T
alkaloid= CAF%Fo| 24.01 mg/g.d. w= 7} @Wo] g+-G-x]
o] 9Jou THBQ} THP: 0.1~0.9 mg/g.d. w2 v §F
FElo] 23S o % ek,

t}2-o 7 WA 9] catechin, theaflavin, alkaloid
o H3kE AR dutE A EH (Table 2)¥} (Figure
6yollAl et ZA 7 EGCGE] vt AASH dold=
oF 4= Qlo}, E3F Hha S ARY] Aol WHE EGCGE] ®
3= AR IR ARE Soll= AR v skl uf

oF 56%7} A8t Havky Fof F1ehy Az o

d
o!

<Table 2> Time-depended changes in the concentration of catechins, theaflavins and alkaloids in tea leaves during fermentation to form black

tea

Fermen
vation rp Tp caF °®l pec ¢ BC EGCG GGG ECG cc @ TR TR3G TR3'G TE33'G 1ot
time alkaloids catechins theaflavins

(hr)
Raw 090+ 0.11x 2401 2502 1810 . 1269 47.97+ 114 20.05% 0.42+ 10037+ & & g 0-00&
leaves 0.10° 0.02> +0.92 +0.93 +2.49* "9 4245 366* 037° 1.78 0.04 538 " n n 2 0.00
o 078+ 0.06+ 26.88 27.72 9.45 g 1022 45.88 0.68+ 21.85+ 0.35+ 88.43+ 0.54+ . . . 0.54+
0.18 0.004 +3.16 +3.16 +1.21° " +1.04> £7.75* 0.10° 326" 0.06° 856° 0.14c “ T 004
| 032+ 021+ 2528 2581 7.77 g 526 2087 058 1249+ 0.29+ 47.26+ 1.80+ 0.63+ 1.00= 3.01+ 6.44x
0.07° 0.05° +0.40 +0.41 +0.16° "¢ +0.05° +0.33" 0.02* 0.36° 0.01° 0.52° 0.08* 0.04° 0.07° 0.10® 0.15°
, 028+ 021+ 2317 2366 3.97 g 220 775 049F 802 4 2243+ 198+ 166+ 0.98F 338+ 8.00+
0.03¢ 0.05° +0.96 +0.96 +0.28 " +0.219+0.15¢ 0.00* 059 ©  070¢ 0.20° 0.11° 0.16* 0.56" 0.62°
3 0.55% 025+ 2621 27.01 d g 415 611 071k 12748 4 2371 141E 2.04+ 0.83+ 3.58+ 7.86+
0.03> 0.09° +2.21 +221 103454127 0172 0380 T 1380 0.26° 0.17° 0.05 0.61° 0.69°
13 0.54% 017+ 2379 2450 o 361+ 061 037+ 416+ 4 875+ 023+ 0.88+ 127+ 298+ 536+
0.03* 0.03" +0.30 +0.31 0.23% +0.17¢ 0.02¢ 0.33¢ 0.43° 0.02¢ 0.09° 0.09° 0.17%* 0.21°
Black 0.15+ 0.02+ 2566 25.83 g 221 054 041= 322+ 0.05+ 6.43= 050+ 0.80+ 0.32+0 252+ 4.14%
tea  0.01¢ 0.00¢ +0.61 +0.61 ™ e 10,019 20.01¢ 0.0 0.02¢ 0.00 0.02¢ 0.11° 0.05° .02¢ 040> 0.41¢
F-value 29.99* 10.73** 229 238 12242 - 4827** 117.96* 8.06* 59.89* 138.34"*289.05"* 90.59™** 234.77*** 146.04"* 57.53"* 200.94"*

*Means+SD (n=3)

*tr=trace

*nd=not detected



Tracking the Fate of Catechins and

St MZEZIPE &9 catechin, theaflavin, alkaloid &t2F B3t 313

During P

Content, mg 100 g dry tea loaves

g of Black Tea Leaves

mraw leaf

mbefore fermentation
11 hr of fermentation
12 hr of fermentation
w3 hr of fermentation

w13 hr of fermentation

mfinished tea

Tea Component

<Figure 6> Bar graphs with standard deviations of individual catechin and flavonoids levels during fermentation of tea leaves.
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