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Effects of tea residue on selective adsorption
properties of ester-catechins

HU Shu-qin, TANG Yi,LIU Li

(Tea Research Institute ,College of Agriculture & Biotechnology , Zhejiang University  Hangzhou, Zhejiang 310058, China)

Abstract: [Objective] The effects of tea residue on selective adsorption properties of ester-catechins
were researched in this paper to provide reference on obtaining high purity catechins products with low caf-
feine and reusing tea residue. [Method)] Tea residue was treated by 4 methods,one time water extraction,
two times water-extraction, ethanol treatment, and acid and alkali treatment. The adsorption amounts of
caffeine and catechins (Epigallocatechin gallate (EGCG) ,Gallocatechin gallate (GCG) , Epicatechin gallate
(ECG) ,and Catechin gallate (CG)) were compared to obtain the best treatment method. The dynamic ad-
sorption process of the ethanol treated tea residue was determined to compare the effects of tea residue on
adsorption of ester-catechins when tea concentrations were 2,5,10,15 and 20 mg/mlL. and liquid-solid ratios

were 20 : 1,40 : 1,80 : 1,100 : 1 and 180 : 1. [Result) The ethanol treated tea residue was the best with
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adsorption capacities on EGCG,GCG,ECG,and CG of 25.67,8.44,7. 60,and 2. 44 mg/g,respectively,and

the ratio of caffeine to ester-catechins was 0. 098. After 70 min, the adsorption of ester-catechins had

reached its maximum while the adsorption of caffeine had not. The adsorption of ester-catechins had a line-

ar correlation with tea concentration. The adsorption capacities of ester-catechins and caffeine increased

with the increase of volume of tea and liquid-solid ratio. But considering the adsorption capacity,caffeine re-

moval effect and utilization rate of tea,40 : 1 was suggested for liquid-solid ratio. [Conclusion]) Tea residue

could absorb ester-catechins selectively. Besides, ester-catechins and caffeine showed different characteris-

tics in dynamic process and different relationships between adsorption capacities and tea concentration and

liquid-solid ratio. This study was beneficial to improve the selective adsorption efficiency of tea residue.
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Table 1

Four different pretreatments of tea residue

45 Group Kb F 77 Process method

Kb 33 BE Process program

R
One time water-extraction

B kiR
Two times water-extraction

LTEAb TR

Ethanol treatment

T2 i Ak 2

Acid and alkali treatment

M 13 1 WHERRE L R)EIEERG . B MKE Rk ERR
BRI ORHET % ]

Extracted one time according to section 1. 3. 1;then washed by dis-
tilled water after being filtered; at last, reserved after drying with
low temperature

e 131 Wk SRR 1 IR IE RN . E MK R ERBRTE .
AR IR AL T 25

Extracted again according to section 1. 3. 1;then washed by distilled
water after filtered;at last,reserved after drying with low tempera-
ture

2 1.3, 1 05 B AR FR TR AT FH AR ABLAR 8K 95 00 LRI 1 b 7
KB 2 TC & BEWR 5 AR IR A T

Tea residue was processed according to section 1. 3. 1;soaked for 1 h
by 95% ethanol;dried with low temperature after washing with dis-
tilled water until no traces

10301 W IR A B TR ASHE L A 0.1 mol/L NaOH 231 1 h, 1
0.1 mol/L HCI ¥l 1 h, fixJa FZE 18K B 2 b M e AR T 25 H
Tea residue was processed according to section 1. 3. 1;soaked for 1 h
by 0.1 mol/L NaOH then 1 h for by 0. 1 mol/L HCl;dried with low

temperature after washing with distilled water until neutral

1.3.3 Z&EmE h 10 g MR ER 3K,
Fe R 1A BTy 2T 15 B0 00 A i PR T i S L TR A
52 5ok BT b, B O 2R AR,
1.4 ZiEDh SRR

B 4.5 g 25T 500 mL HEEIE . M A 360 mL
K0 TSR & T 78 25 °C 150 r/min 1Y 25 AF
TR .59 F 10,20,30,50,70,100,130,160 A1 220
min JBORE 4G 0 2% b B B S B WP LR R H e
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0.45 pm JEME, T HPLC 4347, R 5 Ht LC-20A
Y B S0 M 3% L. Agilent TC-C18 (2) 43 #7 4
(4.6 mm X 250 mm,5 pm) . i 35 C L A% K

280 nm, it # 1. 0 mL/min; Ji Zh A0 A &R 2 %
0.5% VK B R + R FLor %k 3% & W + 1R B o 4k
96. 50 BLl K, Wi s AH B S IR BL A #0050 UK S
2 + R R340 30 6 NG + IR B4 8K 69. 5 %0 i 4l K
VMBS BE BT 35 min Py B AH HY AR B 43 4 20 00 R
B g 65 %, BERIFEF] 20 %, LL 20 % B f£4F 5 min,
iR 10 pl,
1.7.2 BAMIL5AMEGITE
H
Q=(C,—CHXV/w,
E=[(C,—C.)/Cy]X100% ,

PR )

K cateine Ester catechine = Qeatteine / Qster catechins o
- Q N it mg/ g5 Co O U 4 U o R )
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N 42,16 % ~55.52% , Hoh A il B A 15K
B Ak 55. 52% F1 53, 87%, 5 EGCG
W B e K B S C 213K 25. 67 mg/g. HIURE: B 41,
by 24.56 mg/g. HIM W E T A R D 41, X ol mE

) R AT s A ZH B AT A W IR T A 3 20 HoAl
SHZEFAK B C UM K uteine/Ester catechins TEL + B I
B85 P L2 2% A0 W B L 8 A 50 P G o
MEBRRCR AL T A AT D 4.

R2 ARABMLBEARNFESER EEE LS 000 HE WS &R

Table 2 Comparison of tea residue’s adsorption capacities of ester-catechins and caffeine under different pretreatments

a1 ;@‘iﬁﬁ%%/% Wﬁfﬁi,/‘(mg; g ! )Adf()rption capacity 4
Group Yleld'of T M fig % JLAS Z 4 4> Components of ester-catechins K caffeine/ Ester-catechins
tea residue Calfeine EGCG GCG ECG CG
A 55.52+0.34 A 3.97£0.08B 19.86+0.26 B 6.58+0.04 B 6.59+0.06 C 2.16+£0.02 B 0.110
B 53.87+1.49 A 4.2240.02 A 24.564+0.24 A 8.114+0.07 A 7.39£0.01 B 2.4040.00 A 0.099
C 42.1640.53 B 4.31+£0.12 A 25.6740.53 A 8.444+0.15 A 7.60£0.08 A 2.44+0.02 A 0.098
D 43.83+0.65B  4.23+0.18 A 19.69+1.19B 6.43+0.62 B 6.17+0.29 D 2.43+0.11 A 0.122

T« [ FVBR S A RIS P 8RR 1 P<<0. 01 K2R B, % 3.4.6 [,

Note: Different capital letters in each column indicate significance at P<C0. 01 level. The same for tables 3,4 ,and 6.

i 2% 3 AT, At W B R L AN R Ak 3 5 =X
R R LA R R — Mz K C4
XF R LS 3R 45 443 1 0 B 3R 2 e i XF EGCG
GCG.ECG.CG [lymg %491k 93.17%,97. 11%,
94.56 % ,80. 68 %0, 45 41 X:F mhin ME B 1Y W BFF R BR A 4

e i 2 AR AN, A& 4l 22 58 K, 7823, 2000~
23.72% . RO, C 4LRIK 45 28 2 WA RS i kit
BRAYLAS R Mk B B PR e de A . % Tk, DA R ik
9 iR Y 35 28 e Ak RS i

x 3 FBEEFE T IEEEBL SR I Ko HER R IR 2 R

Table 3 Adsorption rates of ester-catechins and caffeine by differently treated tea residues %
205 0 B Fig 8 JL 25 % 4 4> Components of ester-catechins
Group Caffeine EGCG GCG ECG CG
A 16.32 B 72.09 B 84.14 B 73.72 B 71.18 B
B 23.20 A 89.12 A 94.46 A 90. 88 A 79.18 A
C 23.72 A 93.17 A 97.11 A 94.56 A 80.68 A
D 23.25 A 71.47 B 78.84 C 72.01 B 80.28 A
2.2 FEXTES B L Z = Koun oA IR B R B 3h & A T EE R )L 25 & EGCG.ECG.GCG.CG [r) Wz Ff
T RN B R — B WM T 4R JS 10 min 247

23 T X i 2R L 23 2R - e PR 3R 14 8l 28 A
N 4 Fros. miER A4l . s a0 Bt R AR 1L
e L 2% 3R A A W1 22 0l o e % R R 7 220
min N — B4 2218 1 Th R B Ok HBE IS A R A A

BIY 3K 6 1 % B 71 89. 38 %6 ~94. 87 %, & 70 min /£
A5 35 50 0 R Y 96. 8396 ~99.53% . n] W, it
TE AR TR AL L A% 3R 1 [R) I e A RR B M 2 ol A
FAF BsF B AS B 4

R4 FEMNEHERILFRER WM RMELNHEE

Table 4 Dynamic adsorption rates of ester-catechins and caffeine by tea residue %
b BB HA] /min W i T 80 )L 25 22 4 %3 Components of ester-catechins
Time Caffeine EGCG GCG ECG CG
10 2.911 91.36 G 89.38 G 94.87 F 92.95 G
20 7.04 H 91.60 F 92.15 F 96.07 E 94.89 F
30 9.15 G 94. 14 E 93.13 E 96.07 E 95.24 E
50 11.83 F 94.72 D 94.04 D 96.34 D 95.77 D
70 17.18 E 99.39 A 99.53 A 98.51 B 96.83 A
100 19.22 D 99.22 C 98.76 C 98.51 B 96.13 C
130 18.43 C 99.24 C 98.79 C 98.46 C 96.13 C
160 20.53 B 99.31 B 98.96 B 98.57 A 96.30 B
220 20.98 A 99.22 C 98.95 B 98.51 B 96.30 B

2.3 ZEiFRRE R X5 E R A AE B 22
5 Wil AR Al LUE L 7E— ELE N,
EGCG.GCG.ECG.CG MWt (v) 5% {7 R & 1

B (o) 2Z ) e o6 &, H AR AL /) R {H 4 5 0
0.894 6,0. 982 0,0. 915 1,0. 949 8, Al UL Bfi 2% 3% &
YR ERRE I, EGCG.GCG.ECG.CG s # JL %
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2R T B 6 ) 2 180 . T W G Y O B e () 3R
DR (o) 52 05 J0pR oG & o BIVAE A1 o i ok
ZEAETR o 2% Jor ke T e ek R RS ) 52 R A

W B P 28 L 28 2o L[] B 3 S 5 O T 295 2R A1
LGEEIE . R BRI L 15 mg/mL B4 AR
P 5 BAE A5 B0 Ketine/ Eaercacens TH 2K

Y FERASERT 15 mg/mL i, 0 fF A B
SR p RT3 SO AT A T R
F 55 RE R BE B L3 3R 2S00 L R O A Y 0 LB U3 43 4T

0.056,

Table 5 Influence of tea concentrations on adsorption capacities of ester-catechins and
caffeine and relevant regression analysis

WAy I fff e/ (mg « g ') Adsorption capacity @U]_Tﬁﬂ R?
Components 2 mg/mL 5 mg/mL 10 mg/mL 15 mg/mL 20 mg/mL Regression model
EGCG 8.98+0.07 E 16.80%0.24 D 20.07%0.21 C 24.347+0.00B 42.95+1.07 A y=1.6422+5.550 3 0.894 6
GCG 3.70+0.03 A 6.07£0.05 B 7.64+0.06 B 10.1940.00 A 11.7840.15 A y=0.436 62+3.333 8 0.982 0
ECG 3.21+£0.03 E 5.88+0.07 D 7.21+0.07 C 8.80+0.05B 14.84+0.25 A y=0.569 2x+2.068 7 0.915 1
CG 1.164+0.02 E 1.884+0.02 D 2.3640.02 C 2.64+0.00 B 3.75£0.05 A y=0.128 0x+1.026 0.949 8
Ejguq,?fﬁff\ 0.07+0.07 B 1.784+0.41 B 1.474+0.37 B 2.5640.28 B 14.29+1.40 A y=0.026 42917 0.854 0

TE RAT R G AR KRS F R KRR TE P<<0. 01 RV 22 B2 . MIABEAE T y B, 2R B e

Note: Different capital letters in each column indicate significance at P<C0. 01 level. In the regression model, y means adsorption capacity

and x means tea concentration.
2.4 A[E)H B bl X &% i IR B 1 BE B =2 A
H1¢ 6 ] P 28 L 2 3% R0 e B 1) A R ik 2
VL 11 L #9034 O JE R ey 20 ¢ 1 4
40 ¢ 1 — B R D W ELE (AT o

i P9 8 S 2 8 I e R B S TR LR R . SRR
e X T 2 L 23 3R B0 W BT A L 2% 9 R0 P R R e
B R 25 TR 2R IR LU L 40 ¢ 1 ZE A s

&6 A[E)E LT 55 BB L 2% 38 2 K o0 kR A R Y L

Table 6 Absorption capacities of ester-catechins and caffeine by tea residues with different liquid-solid ratios mg/g

W IE L 0 B g B JL 25 Z 4H 4> Components of ester-catechins

LSR Caffeine EGCG GCG ECG CG

20 ¢ 1 0.92+0.22 E 12.354+0.04 E 4.26+£0.01 E 4.2940.00 E 1.304+0.00 E
40+ 1 1.60+0.37 D 20.0040.21 D 7.62+0.06 D 7.204+0.07 D 2.35+0.02 D
80 : 1 4,227+0.29 C 28.14+1.83 B 8.52+0.91 C 9.08+0.57 B 3.94+0.23 C
100 ¢ 1 4.61+£0.61 B 27.624+1.61 C 8.79+0.28 A 9.25+0.56 A 3.69+0.09 B
180 = 1 4.96£1.63 A 28.564+3.31 A 8.76£1.41 A 9.06+1.04 B 4.96+£0.50 A

3 g HEie

KA R FE TG Z (35% ~50%) R4
HEFE (209 ~4020) L KT (20 % ~3026) 4 & s
5ER T2 R B ALh B S R R R 3 R I E K I R
FEAF IR A AT L5 4% 2 W 1) 5 Y A AU T
R IR AT LS 25 22 B v 8 R B 7 A K M AR R
A 2 W BREAE o BT ab EL A 6 - e T R 4% 22 T 149 i
Ty R ER TS AU b TR B K AT 2 2 T B
45 J R WK T £ 4k 2 %P EGCG iy W i &
16. 22 mg/ g %t WIAEGK (¥ W B 104 2. 12 mg/ g . W HE
B 5 1 70 L A4S 3% A4 W Bt L (B R 0. 105, A Ji £F 4k
258 o R R

b e S L s = W | B S A
EARE 15% ~18% . F 4 % L4 AR E
#5520 A . HORTRA 4 E A L, 55 B A

ML, LAk 5 — e 9 A 5, FL BT 3 96 1k 2
VAT 2 2 R R N B T 5 2 M A 1] DR it =0
FBE K AR EAE I 28 452 0 A BRI 45 R T L 25 i
7] Ao LA St 1% S Pk % 1 2 L2 R AR

LR ARBEFTA A AT LI B AN 4518

D AR Ak B 77 30AH HE 8T . oK 32 32 5
T4 BRI R 2 U %ok 15 2R L2 3R A 08 4% WG RS 7 i B
fit.

2) Wi 0 L2 2% 55 Wi R ik 2 ] A 1R o 38 285 72 A
LR A W) BRI 1T 7R 70 min iRF 2 56 A F 4
FS T MESK 2 220 min i 2R 2 21 W B A6 F0 S i A
W RS ERF 1] 70 min 75 A 4 Oy 3 » Bk AT 5 7 8% B 7l 24
JUZRZR SO 74 1) oo vl el ) 0% A

3) H T2 1 o v R T TR L 3R A I R
(] 52 2 P TE AR O T -5 O 2 5 OG22
AR Jo A B A ) T v o e kR E 2 il
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T 70 L 2% 25 00 W B s il b, S LA L 25 TR B R
J¥ 15 mg/mL 24758038 B

A) TR 7 L% 22 RO Bk ) 5 B 5 3% i VI L
S (T N 1A = A N (I NP7 o B i N )
T FF R T80 5 (H 8 B 3k e o AN A3 5% v TR 3%
25 o E B O B R R K. £E A bR, TR L
40+ 1 B G,

AR 5 E A TR 0 L A4S 32 4 BRI W R 551, AS Sk
A L T ELHAS B T L B T AR SRR
AT 5T 45 L A5 1 WL B RE OB L i T A5
R 0 4 BT 1 A 2 T o 2 BB ) o PR L
7 I PR SRS i L B VR TR AL 2 2R 4 BT %
MR B — AT, 8k th FASE T A R
TR B A2 A 5 DRI G 1 it W R AL A 2 R £
T2 M B — IR A S LB
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