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Abstract

The purpose of this study was to determine the optimum re-extraction conditions of ethanol from catechin in Korean
green tea (Camellia sinensis L.) using response surface methodology (RSM). The experiments were carried out
according to a five level and two variable central composite design (CCD). The two independent variables were
solvent ratio to sample content (1, 4, 7, 10, 13 mL/g) and extraction temperature (-20, -10, 0, 10, 20C) on the
dependent variables including yield, epigallocatechin (EGC), epicathchin (EC), epigallocatechingallate (EGCG),
epicatechingallate (ECG), total catechin and caffeine. ANOVA results showed that Coefficients of determination
(R) of estimated models for dependent variables were ranged from 0.9054~0.9778, while R of caffeine were estimated
0.8770. The optimum ranges for the maximized extraction including yield, EGC, EC, EGCG, ECG, caffeine and
total catechin were 4.5~7.5 mL/g in ratio of ethanol to sample and -8~8°C in extraction temperature. The actual
values of yield, EGC, EC, EGCG, ECG, caffeine and total catechin, respectively, at the optimized conditions were
35.02%, 13.31%, 3.978%, 19.11%, 4.29%, 5.30% and 40.68%
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Green tea 100g
Extraction by 50% Ethanol (15:1, w/w)
At 70°C for 3hr
\
Filtration using Whatman No.2

Drying (green tea extract)

Reextraction by 95% Ethanol for 10 min
(1) Ration of solvent to sample content (mL/g): 1, 4, 7, 10, 13
(2) Temperature (°C) : -20, -10, 0,10, 20

Filtration
\
Drying
\

Green tea re-extract

Fig. 1. Scheme for extraction and re-extraction of catechin and
caffeine from green tea.
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Table 1. Independent variables and their coded and actual values
used for analysis

Coded level

Symbol Independent variable
Y pe 2 -1 0 1 2

Xi  Ratio of solvent to sample content (mLjg) 1 4 7 10 13
Xa Extraction temperature (C) 20 -10 0 10 20

Table 2. The central composite design for the optimization of
leaching condition of Green Tea

No. Ratio of solvent to sample content (mL/g) Extraction temperature (C)

1 7(0) 200)

2 7(0) 0(0)

3 7(0) 0(0)

4 4¢-1) 10(1)

5 7(0) 0(0)

6 7(0) 20(2)

7 10(1) 10(1)

8 13Q) 000)

9 10(1) -10(-1)

10 1(2) 0(0)

11 4¢-1) -10(-1)

12 7(0) 0(0)

13 7(0) 0(0)
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Table 3. Operating conditions of HPLC for determination of
catechin and caffeine

Items Conditions
Instrument Waters Co., USA, 2695
Column waters, C18, 3.5 yum (4.6x150 mm)
Time A (%) B (%)
(min)  (0.1% Trifluoroacetic acid)  (Acetonitrile)
0 95 5
Mobilie phase | 95 5
20 7 29
21 71 29
Flow rate 1 mL/min
Detector UV detector
Injection volume 20 pL
Wave length 280 nm
SHEN

332 4, ANOVA 9 Duncan’s multiple range test
+ SAS software(Version 9.2, SAS institute Inc., Cary, NC,
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Fig. 2. Total catechin and caffeine content of green tea re-extracts
by re-extract conditions.
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Table 4. Experimental data on dependent variables of green tea re-extract under the different conditions based on the central composite

design for response surface analysis

Ext.

No. Yield (%) EGC” (%) EC (%) ECGC (%) ECG (%) Caffeine (%) Total catechin (%)
1 51.91+0.38° 11.8+022" 3.5+0,04™ 21.74+021% 525+0.04° 5.91+0.02% 42.29+0.47°
2 35.77:0.07° 12.49£0.51% 3.77+0.14%% 2.44+0.71° 5.26+0.13 5.84+0.00% 43.96+1.41
3 36.2140.46" 12.724021™ 3,64+0.05*% 21.95+0.15 5.3320.08" 5.87+0.08™ 43.63+0.29%
4 26.79+1.09' 13.050.04™ 387+0.06™ 23.6420.16° 5.68+0.08" 6.24+0.09°* 46.23+0.19°
5 38.8+091° 12.45+0.07™ 3.77+0.03" 22.4%0.45™ 5294005 5.88+0.08™ 439+0.40"
6 25.3+0.85" 11.71£021* 3.56+0,037 20.8+0.26° 4954019 5.68+0.06* 41.02+0.65
7 02.12¢072 11.79+021° 3.53£0,04° 2147+0.81° 4.99+0,15" 5824022 4178+1.16"
8 30.68+2.07° 11.69+0.09" 3.44+0,08 20.77+0.29° 5.0120.07% 5.76+0.09% 40.92+0.52°
9 30.9+129° 12.18+0.44° 3.6240.1" 21.54+0.38% 52+0.12° 5.79+0,06™ 42544086
10 8.94+1.00" 13.030.17° 3.94+0,07" 233320.19" 5.75+0.12° 6.02+0.02° 46.06:0.51°
11 21.29+1.01% 12.16+0.36™ 365+0.09* 21624042 5.18+0.17° 5.76+0.03™ 42614092
2 36.46+0.30° 12612017 3.79+0,04%" 22440.16° 5.38+0.13° 5.82+0.05° 44.18+0.3¢°
13 35.33+0.44° 123740.13F 3.710,08" 22.04+0.20" 5.48+0,03° 591+0.10 43.6+0.42%

The number of experimental condition by central composite design.

Eplgallocatechm (EGC), Epicathchin (EC), Epigallocatechingallate (EGCG), Epicatechingallate (ECG).
IMean of triplicates=SD (n=3). Values sharing the same superscript within are not significantly different (a=0.05).

Table 5. Estimated coefficients of second order response models for green tea

Yield (%) EGC” (%) EC (%) ECGC (%) ECG (%) Caffeine (%)  Total catechin (%)
Intercept 048" 13077 3947 23457 587 609" 022"
X" 847" 005" 0027 013" 007" 004" 027"
X, 025" 008 002 015" 0.049" 003 03"
XX 047" -0.005 -0.001 -0.005" 0.0009 0.0008 -001
X X» 0.005 0002 -0.0005” 0002" -0.0006” -0.0002° -0005™
Xz X» 005 0017 -0.0025" 002" -0.006” -0.004 0047
R 09670 09621 09054 0949 09550 08770" 09778
Y bg+b1X1+bX7+b11X1 +hpXiXotbpXs
Xl, ratio of solvent to sample content (mL/g); X,, Extraction temperature (TC).
Eplgallocatechm (EGC), Eplcathchm (EC), Eplgallocatechmgallate (EGCG), Epicatechingallate (ECG).
¥ Significant at 0.1% level; ~Significant at 0.05% level; ~ Significant at 0.01% level.
7t =2 e & Helt felHoldit. FE2rr 9% Tt x| JEE W et Yol £E SR EE
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= FHE1Z] gaFo] Sl 755“4 2 YEI ST Pinelo (25)9] 2J3HH D-glucose= N EHE/E Z3Eo|A ek

5(22)9] Kol 2151 polyphenol S o H-&o| A F3-0]
4531 2E0F §uln] 7} S71F S total polyphenol 3%
o =718t HaE sy B Ao 2258 oe
2 AFEYS We ol 2=t Yol = IR
o] o] A YEh} Pindlo 5(22)2] 19l b A=
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9} ofehe sl Z718E gawr) Zulsked) o]t
2e A= di7|HE e Eeehe E3EA = 549%

>,

(3

¢
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Fig. 4. HPLC profiels for catechin and caffeine of green tea extract and green tea ethanol re-extract (Thick line).
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Fig. 5. Response surface for the effects of re-extraction condition
on EGC, EC, EGCG, ECG and total catechin content (%).

o Eh-2- g-ufH] 4 mL/gollA] &%= 10T ul, EC2} ECGE=
o ek gujH] | mLjgdll €% 0CY w M4 =& 3
e A tHTable 6). S212] 7He)|7] % 7HIZ19] 24
A= Table 40 JER 0 R27L° 0.90°]/¢°] AL 1%

olje] frefde] I = ATHTable 5). 53, Z7HHIZ] 3+
o] R2E 09778 7F =& 59 Aol A=A
EGC, EC, EGCG, ECG % % 7}el|7] dheko] BAMRA Ax)
Az}, ozt F A= T‘HZLO& Yehsth 53 &
&9 o A FZclA EGCE &1H] 1.60 mLjg, <%
1652Coll A Hth & 13.82% 2, ECE 28] 1.45 mL/g,
2% 15.14CollA Aol g3 4.08%, EGCGE= £7¥] 1.75
ml/g, €% 17.69°Coll A Hth &2 24.98%, ECGE 41|
177 mljg, &% 17.81°CollA] o 3 626% = < S= Urh.
Z 7117 A e 49.14% % d=H ) om, ojuje] ==

= O 1
z718 gnju] gun] 1.68 mLjg, &% 17.19TCE et}

Table 6. Predicted values of optimum condition for the maximized
and minimized responses to variables by the ridge analysis by
their response surface

X" X,  Estimated Responses ~ Morphology

Yield (%) 938 2804 55.15 (Max.) saddle
EGC” (%) 160 1652 13.82 (Max) saddle
EC (%) 145 1514 408 (Max.) saddle
ECGC (%) 175 1769 24.98(Max.) saddle
ECG (%) 177 1781 6.26 (Max.) saddle
Caffeine (%) 1175 2073 549 (Min.) saddle
Total catechin (%) 1.68  17.19 49.14 (Max.) saddle

)Xl, ratio of solvent to sample content (mL/g); X, Extraction temperature (C).

Epigallocatecin (EGO), Epicahin (EO), Epigallocatechingllte (EGCG), Epictetingilte
(ECG).

MFEE x70| & 7t ?:h’—io{I ojxl= &

B Agof|A 71391 g oleE ulv] 4 mijgol &%=
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01(_J|'_|

T 2073CoAA FEPS ) 7H
o] 549%% 7} SETHTable 6). SA5:EE9] o g2
A2l gt 71|91 S Table 59| VYERA ule}l 7o)
US4 gl BAHEA A3} R2E 0.87702 p<0.012]
%«Vé l A= AT DAF D o] 2F F 2 p<0.05STEL
2 1 AU ol &g GuljH] 9 2% ﬂ1

A

1—5_1} So1A o 2 JEFGTHTable 3). &S Aj 3
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1 g 7} |18k eke] whe- ¥ B4 A3lE Fg 60l urE}
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Fig. 6. Response surface for the effects of re-extraction condition
on caffeine (%).
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Table 7. Optimization of ethanol re-extraction condition for
response variables by superimposing contour maps

Extraction conditions Optimum ranges

Ratio of solvent to sample content (mLfg) 45~15
Extraction temperature (C) -8~8
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Fig. 7. Superimposing contour map of optimized conditions for the
yield.

Yield, epigallocatechin (EGC), epicathchin (EC), epigallocatechingallate (EGCG),
epicatechingallate (ECG), caffeine and total catechin content of green tea.
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Table 8. Predicted and experimental values of response variables
for green tea at a given conditions within the range of optimum
re-extraction conditions

Optimum )
condition” Predicted Actual value Error
—X1 % value (%)
Yield (%) BOL - 35.02:035 2.01:0.35
EGC? (%) 1256 13312052 0.75:0.52
EC (%) 378 397:095 0.19:095
ECGC (%) 6 0 243 1911133 332:133
ECG (%) 539 4294064 111:0.64
Caffeine (%) 587 53022 057022
Total catechin (%) 4017 4068309 05+3.09

”Xl, ratio of solvent to sample content (mLfg); X,, Extraction temperature (C).

*Epigallocatechin (BGO), Epicathchin (EC), Epigallocatechingallate (BGCG), Epicatechingllate
(ECG).
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