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Abstract: To optimize the technical condition for purification of tea polyphenols with macroporous adsorption resin, the
static adsorption and desorption performance of macroporous adsorption resin of fourteen types were compared to select the
best type of resin. The optimal purification process conditions were determined by single factor and response surface
experiments, and the reuse and regeneration times of the resin were further investigated. Meanwhile, the antioxidant
activities of tea polyphenols before and after purification were investigated by in vitro experiments with V. as the control.
The results showed that LX-8 resin had the best adsorption-desorption effect on tea polyphenols, which could be reused 5
times and regenerated 6 times. The optimum purification conditions were as below: The sample concentration of 6.4 mg/mL,
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the sample pH value of 5.4, the loading volume of 100 mL, the sample flow rate of 1.0 mL/min, ethanol concentration of

76% eluting agent volume of 180 mL, and desorption rate of 1.0 mL/min. Under these conditions, the recovery rate of tea

polyphenols was 86.9% and the purity was 74.6%. In vitro antioxidant activity studies revealed that the total antioxidant

capacity, DPPH- scavenging capacity and -OH scavenging capacity of the purified tea polyphenols were significantly

increased. And with the increase of polyphenol concentration, its antioxidant capacity enhanced. The total antioxidant

capacity of the purified tea polyphenol (1 mg/mL) was 80.59 U/mL. The ICs of the purified tea polyphenol on scavenging
ability of DPPH- and -OH were 0.0326 and 0.4167 mg/mL respectively. Although the antioxidant activity of pure extract
was lower than that of V,, it was higher than that of crude extract, indicating that the antioxidant activity of tea polyphenols

could be significantly improved by this process, and when the concentration of the purified tea polyphenol was 1 mg/mL, its

DPPH- scavenging rate was close to that of V.. This research provided a theoretical reference for the industrial production

and utilization of tea polyphenols.
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20%~30%"), HATHUGEIE S | PUsi el 70dlg
FRH L PrEALT sk, ARz Y TR
2RATUER, W TR 2L 2 Wit ralifh, Rk, e AiE )
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fRaliBE 24 81.2%; B &5 3 k£ DM-16X I ARHES T
W [543 B, sV AT IE 91.63%, S22l & &k
76.57%. BB AW & R, BRI M4 AR AS T
Ak, (A IRAFI = B AR LI B A A A ]
£ B AR IR, A% B8 5%, S EOHE DA BEA T RO A=
FEo WM, TEIA s, T2 kS X g ) R
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AW FE LLERES Sl Sk, SR A g Wi B ali Ak 255
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1 MR5E*®
1.1 MRS

a2k JEAS, WAL RGERAES L B el
RTREN . U5, EhIR . EEA LA . BRIV AR . /KA iR
SypTatn, PE R A AT BRAA F 5 2,2- R FE-1- A
FIEPHDPPH)  Jptfrat, Bt R A R
" B TR S g, iR AR RE
BRATF]; 30% i A SIS srirsli, siERTiRHs L
AR R ] T-AOC K& AT A TR

() e A BRZS /)5 AeAR iy . PR inme  srdral,
[ 24 4 A Ak 240 A BR S F 5 LX-B14, XDA-8G.
SP207. LX-8 VU2 Wk e R B A4 RHRLEE By A5 FIR
INT; HZW635, HZW636 iR A TR ;5
ADS-17 .AB-8.X-5.D101 . H103 . HPD100 ,HPD450,
D301 iR R A R

XCS-HISG-3 & Hill RUEIRIEFE =B Bk
PH 25 B LN AR R 2 A FRA Rl ; ME204 HLF R,
FE28 pH 1. HE53 /K4FMIEA  Fii—-Afgder 8 -FC )
Z/\F]; 5910R R EL.OHL fEE Eppendorf 2
H; 754 BAMAT WA DGR ESA BRA
s PEESEMTHE(30 mmx300 mm) A AR BT EE
IR 3 ZQZY-98CV HRmH5FRM IR
BRAAF S
1.2 5%
1.2.1 FEREHIE SF 0K [11], SRAPUKZE
AT, BUAEMEN R : Z5nbeid 60 H O, R
H— 5 BT B4R, ¥ 1:20(g/mL) BHE LLAE 90 C
TIEHE 35 min, —EAELIE, INESR IR, FRR
PRBHAHIZE 37 °C J5T 5000 r/min 54 F 250> 10 min,
i an . e
1.22 FHZW&EIE Z=%<(GB/T 8313-2018 %%
R 2 A LA RIS S B ARSI 7 25 ) EEA 70 -

Fe W BIRCR AT A T,

o BLEEEM AR
RO = s emar <

1.2.3 YR 00 8 W B - I M e LB 43 S RRER
5.0 g STRALFRN) 51 14 FPAS [R5 -5 i LIz A
g (LX-B14, XDA-8G. LX-8. SP207., D301, HZW
635. HZW636. ADS-17. AB-8. X-5, D101, H103,
HPD100, HPD450) & F 250 mL — f R P9, Jin A
100 mL 257 (6.92 mg/mL), F 25 °C. 120 r/min 1%
Yev7 55 748 TR BFE 24 b, sE4Cd Uk, G K B S %
WA Z U (cp), THEA R A R 56 2 TR of 332
K 3L uE AR I FH ALK phde Ja e A =M, 25 A
100 mL 80% Z.F%, T 25 °C. 120 r/min PUPRHIEFEAE
TEE 24 h, DERAGTUE, KRS R DA 2 ik
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o oo NEEW T 2K Z 5%, mg/mL; ¢,
SR B IS W P A4S 2 TR B, mg/mL; o, RIS %
WP AR ZWUE, mg/mL; vy NERGIARRL, mL; v, N
AN, mL; m SR IR, g5 w ARG T
P, %o
124 WM EERAZ BHIWEE S 1. 20 3. 4,
5 mg/mL HUAS AR 25 mL, 43 BHELA 150 mL =
ot A 1 g AERY LX-8 R, T 25.35. 45 °C
MPRZ BE TR v, FE4 S g, s s =
B BE, 1045 1 BT S B, AR I [k 152
FEARBR (x) , HEANIE BB AR (y ), 2l = RBE
TR T EETR B 2R, 1L Langmuir A1 Freundlich 75
FRHATHIE, #iR LX-8 BINEXI AW i AR
1.2.5 WEEEJIAthee wEpmpRit 5 g S LX-8
B E T 250 mL =i, ilA 100 mL, 3 mg/mL
PSS AW, T 25 °C. 120 v/min PRGBS FR46
PEATER S, A5 30 min I 5E — IR SS9
e, 1A B b, R Bl 2 a2k, O i —
AN B I =FARAIE THLE T, EH LX-8 A ig
Ko} 5% 22 W5 (R (AT L
1.2.6 PAPRIZRIL
1.2.6.1 %537 pH X LX-8 AR sC R A52m  FR
B 30 g WAL BR)S Y LX-8 Ak, 2530t )2k,
EHL 5 YU BEEN 6.24 mg/mL BY45%% 100 mL, 4351
V&5 H pH SRy 3.37. 437, 5.37(J5i %5 pH) | 6.37.
7.37, UL 1 mL/min JiiE_EAE, Fesnsr W M s, WAEE TR
W, THEA AR R 3R, B EEARTRISS1 pH X LX-
8 M I BRI SSCAL FR5E mi]
1.2.6.2 ZRIHAEEXT LX-8 BRI RPSCRAFEm  FR
B 30 g WAL ER)S Y LX-8 Mk, 2530t )2k v,
Sy aHIEE 5 4 AR HBE S 4.25. 5.16. 6.24. 7.32,
8.30 mg/mL B 4575 100 mL, ¥4 H pH 2l 5.37, LA
1 mL/min i AR, 757850 W s, AR i B W, 11
BRI B3, B 5N RIZRIA U EEXT LX-8 BT
[ipyE IS =T
1.2.6.3 EEALRMYLH]  FREX 30 g LeTALHE S 19
LX-8 Mg, BEEWEEAE T, SN 6.24 mg/mL .,
pH & 5.37 9557, 4334 1. 2. 3 mL/min AS[E] 7T
AR, RS E , 45 20 mL WeAE — Y U,
REHES MR, IS IARFR R AR AR (%), R DA

FEIR AR (%) =

ARy ), IS ET G T AR ik .

1.2.6.4 ZBEf Xt LX-8 BRI MsEm FR
B 30 g L WiALER R 1Y LX-8 B, e 2 Ak,
EREAE N 6.24 mg/mL. pH “A 5.37 BYZ57% 100 mL,
LA 1 mL/min #E FRE, FRFR0 KNS, 53 A3LL 10%.
30%. 50%. 70% Fl 90% Z W45 100 mL f# 1,
WA 1 mL/min, CEETE L, 1A AR 14 fi L
R, TR LR EXT LX-8 BN SIS
1.2.6.5 fipipiZkmygshl  FREX 30 g 2 TALFL S 1Y
LX-8 BiAR, BHEIE D, PRk 6.24 mg/mL .
pH v 5.37 (9459 100 mL, DA 1 mL/min JiiE AR,
i FE5r W I, EPE 70% LB E R i W, 53 )
LA 1. 2. 3 mL/min AN[EFLEESFITEU, £F 20 mL UL
R G R, W A W B, LA H AR
AR (), WREE AR (y ), 2 hIAS R T 1 i
U AMIES

1.2.7 WA ERES  FERADN R SLEe Sl b, B Ak
ARREL 100 mL, M RFFFEE 1 mL/min. #9278 AAF
180 mL. W% 1 mL/min, UL pH(A) . 2517k &
(B) . LBEHREE (C) SRy F AR i, 25221 [RIBCR (YY) A i)
R FE bR, #EAT = K2R = 7K ni 5z T 320 56 (Response
surface methodology, RSM) 411, RSM [K & 57K
W3k 1,

Z 1 Box-Behnken i®36 %11 H % 5/KF

Table 1 Factors and levels of Box-Behnken experiments design
K ApH B%i%# & (mg/mL) C LB (%)
! 4.37 5.16 60
0 5.37 6.24 70
1 6.37 7.32 80

1.2.8 PIETE S {d FHFN A 505G
1.2.8.1 FHIBHEEEMHEECEE 788 1.2.7 fifk
P AL T 2 T2 22 B R . TR, VR e %Sk I
E, LA HE 14 W BB AN B S8 FE R, 548 LX-8 #4
BTEANZead FA IR AT LAER B2 8 FH AR SR
1.2.8.2 FEsEE-EEs XFe i HRAE, 5o 3% 19
FRIRIZVE 2 h, SR)JGH 3 AEAT AR Eh R d AT, JF
ok e e, T 5% iR S ALENIEPE 2 h,
FHEIRER 7 B AE . pe 2 bk, AIE R pg A= e Eel e,
ARSEIEA TR . fE Uz, LIRS R IR o | I 623 Sk 4
b, B 5 A TSR P RIS 10 o
1.2.9 P fbimHEECs
1.2.9.1 BPrEfbreiieE S T-AO0C Kl
A (Pt BT MPT AL RE T E .
1.2.9.2 DPPH-IHBRFME =7 3wk [17-18] IF
FVEME o, 328X 375 pmol/L DPPH- Z. 5 W 8 mL
1 2 mL AN [R] R BE 0% 130 A i 15 v (iR . alifl
Ja . Vo) TEIEE b, IRFGIR S, = IR #E R Y
40 min, FHTG/K L EEAEZS 2Lk, £ 515 nm 26 2
HWHGH, I35 DPPH - IEEE, AU



544 5 134 ZIGEN , A KALRPHMARAE AR 2B L A ST S AT T 217 -

A -A,
A

0
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b Ay AL S5 W, AU DPPH- 2,
B MR B ROGIE s A SR ASFIARE S 5w in DPPH- 24
B MRS TR CAEs Ay SRR IS S s M A
1.2.93 -OH {HFERFMWE S5 3CHR [19-20] IFFH
YEME L, FLHX 4 mL A [m] v 52 i F IAE i 7 Uk (4t Ak
A 4ifb /5 . Vo) T304 b, AR I 2 mL
9 mmol/L FeSO,. 2 mL 9 mmol/L /KAZHR- £ FEE I
1 2 mL 8.8 mmol/L H,O, ¥, 7E 37 °C [HiR/K&E
PN 20 min, FHZEE/KESS HS: b, 76 510 nm
AL E FLG S, FHE- OH B BRR, T1HEA=NT:
A -A,
A

0

-OHJBERH (%) = (1 - )X 100

s Ay A ZEIR KA R IIASE S 7 W s i s
B Ay HTFIIEE SH R WO GAE s A, 2RI RIS
H,O, I GAE
1.3 HIEIE

RRA S EAT 3 IR, L5 R DL PR 2E”
HIER TR, R Excel 2020 /A FIELHE, Origin
2018 {41745 K], Design-Expert 8.0.6 444701
RTATEET, SPSS 20.0 #4777 285347, Kg/KF- a=0.05,
2 HBRES
2.1 HIAEAUERTS IR M- BRI M4 REEL 3L

AS[RIZE AL AR Big b 255 22 5 4 W SR SR AN T, 1A
PEBEH 14 FPASFEIAAE IR, 2558 X AR 2 i
R S I R SACSR, 5 R LR 20 PR 2 T AR B, H%
PR HIE X 255 22 1y 1149 12 9Fe >3 325k 48 LU AR AR AR i 714 82
B, SR R AR A < ARARARTS 19 R, 21
PR A R R AR, AT B R P 2%
IRV, BT LS TR A N T 21 L e g B3R
FAFEY R LX-B14, HJ2 D301 Al LX-8, —Fh# g

F2 14 FhIOALIR i 1 e 25 O B A A I 0 SR
Table 2  Static adsorption and desorption effects of 14
macroporous resins

WIRERLS #tE B (mg/g) MRS (%) filli it (mg/g) MR (%)
39.20£0.55" 90.85+1.27° 28.52+0.65" 72.77+0.86°
21.86£0.23" 68.80+£0.72° 17.26£0.29° 78.95+1.98¢
33.09+0.27° 90.65+0.74° 29.87+0.69" 90.26+1.92
25.83+0.26° 58.20+0.59° 16.89+0.93¢ 65.39+3.59¢
41.76£0.30° 90.69+0.66° 11.46+0.87° 27.44+1.88"
26.59+0.69% 68.07+1.78° 20.87+0.50° 78.56+3.84¢
HZW636 etk 27.01£0.80¢ 62.64+£1.86° 20.35£0.97° 75.46+5.88%
ADS-17 THPE  1.90£0.53"  3.42£0.96°  1.54+0.44" 81.12+1.97%
HPD450 HktE  2.90+0.82¢"  4.69+1.32°  1.96+0.52" 67.84+1.72%
AB-8  $MkME  2.35£0.48"  4.87+0.98°  2.11£0.38" 90.26+4.24™
X-5 AR 2.66£0.378"  4.39+0.62°  2.04+£0.32°7  76.72+£2.23%
D101 AEWME  2.24+0.41"  4.83+0.89°  1.92£0.44" 85.09+4.57™
H103 AEHME  3.33£0.868  5.17+1.32°  2.10£0.46"  63.65+2.83¢
HPD100 JEMME  2.89+£0.56" 5.32+1.02°  2.64+0.55" 91.02+1.83°
e FFIAR R AR R 22 5 3 (P<0.05) .

LX-B14 Mtk
XDA-8G etk
LX-8 Mt
SP207 Mtk
D301 Mtk
HZW635 itk

I B93589 90.85% . 90.69% . 90.65%. {H LX-
8 HUFRIRR AT IR 90.26%, W2 & T LX-B14 Fl1 D301,
T BEAFAE I IR DR A 2 5 1) R/ N 2L TR 5
W B BT 45 -5 T R 55, D301 T LX-B14 P
AR R P TS, Sl 5% 22 1 i W AR FH R 58, 523K
L WRME LIRS 2 I i ok o 275 W R S38 F i
W3R, BEPE LX-8 BN HE T IS Sk Z Wi alift..
2.2 IRHMIERRREZ

M T IS IRAE LX-8 WA b W BhAGR, I
HABRHIIA T, BUHAR RIS Z W (1, 2. 3. 4,
5 mg/mL) %W, FH LX-8 B A /- 5l4E 25, 35, 45 C
TNURZBRE, IS EN BRI LAAS R LX-8 BIEXT A
A ZZ 1 B SR TR ZR AN 1 s o R BRHEE B TS
Py B I EE InTG O, HAER— SR T, R
AR, W ISR e s, FE A 1 W R G AR, TR
PIRRARA R IR T SRS TS 1/q.~
1/Ce % Inq~InC, 5 5 43 B AT EHLA 2, AR 4
Langmuir J7 £l Freundlich 77 f2 T AR T S5, 45
RN 3. K 4 P

50t ——25%C
——35%C
——45%C

2

0.0 015 1;0 1?5 210 2;5 3?0 3i5
AT (mg/mL)
BT LX-8 BT 2 2 M it I o5 T 2
Fig.1 Adsorption isotherm curves of tea polyphenols
by LX-8 resin

3 AFENREF A Langmuir LSS50

Table 3  Fitting parameters of Langmuir models at different

IS
=)
T

% B (mg/g)
3

53
(=

temperatures
(J]%Ilj_g( C ) LangmUirﬁﬁ% KL qmax R2
25 C./q,=0.0148C_+0.0088 1.682 67.57 0.9984
35 C./q.=0.0229C_+0.0132 1.735 43.67 0.9931
45 C./q,=0.0406C_+0.0137 2.964 24.63 0.9823

e q MR L, mg/g; q R tE Z0W B B, me/g; QAR I S R I ffE
i, mg/g; CONMR MR A A Z Bk, mg/mL; Ky |« K. n W RHIEH S, %
4, 5[,

F 4 RENEE T HY Freundlich BFILI& S8

Table 4 Fitting parameters of Freundlich models at different

temperatures
W) Freundlich /7 2 K 1/n R?
25 Inq,=0.4806InC,—-3.4963 0.03 0.4806 0.9831
35 Inq,=0.5678InC,~3.2386 0.04 0.5678 0.9805
45 Inq,=0.6557InC_~2.814 0.06 0.6557 0.9235

TE 25 °C T, LX-8 B Ig 25 £ % 19 Langmuir
1 Freundlich 7 #2014 R* 435124 0.9984 1 0.9831, H:
# Langmuir J7R2A) R* K, UiBH Langmuir A7 5



- 218 - £ Tl B4

2023 4F 7 A

A RARIRTE 1~5 mg/mL WL BN, LX-8 HAEXT
ZE W I S L o
2.3 IRFIzhSIF L

E 25 °C T, LX-8 BHIEXF 557 Hh 45 Z W 0 i s
W BTNl 2 P B 2 aTAs, W B R,
LR B b AR B, 80, 7E 30~60 min PN, R
PR, 60~180 min P I A ARZE, 180~270 min P,
R WTHT — A H R

8.0
75¢
® 7.0F
ges5r
= 60|
%; 55¢
50F
45+
0 3‘0 6‘0 9‘0 1é0 130 léO 210 24‘10 2&0 360
FF I (min)
K2 LX-8 RIS 2 M W 3l g 2 th 2k
Fig.2 Adsorption kinetic curves of tea polyphenols
by LX-8 resin

AU — PRI K B F AR AR ST LX-8
PR R 25537 255 22 W (X W B 80 2R A AR B o L
Horp, $U— 2R AU R )y =R ] LA RS 5311
W BRHARRAE R, RIS G LX-8 BB X255 22 15 4 W% B 45
P, AT XX PR AT LR, AT LA g i
i B LX-8 BIEXTAS 2 MW iy BB . AR 5
ARUE ), a1 e 28RO, i 0.9996,
KW ") g2 BB RE B af Mg ik LX-8 RIIEXT 2%
Z W R A

x5S ARG SR

Table 5 Fitting parameters of adsorption kinetics models

AR AT q, K R
—g# N In(qeq)=-0.3252t+1.2 332 0325  0.846
“Hahi t/q,=0.1285t+2.2022 778 0.008  0.9996

24 BEZRLW

2.4.1 5% pH X HERBERATSEZN AESARTY pH
S AR S 2o My 1) vl SRR B SR R i s 22 T S AR AR

Z A 2 R0 T, AT 5 M) A Hig %o 5% 22 W 104 WL R 1

B, R85 pH ¥ LX-8 B NS M3 A0
ME 3 ATLIEH, 24557 pH M 3.37 #8835 5.37 B, LX-
8 MIHR I M2 5t S, 4 pH i 5.37, BIZSZIR
A pH B}, LX-8 A g i I i 25438 1) 15 . (94.66 %),
)5 pH B9 TH s S8k LX-8 A5 B I 25288 R [ .
BRI A W — RS RIS L, S S 2

He, e HY, DL PRSP . fEmRME 451

T, st HH e =S, ANmifEZsZ i ae L IE et

WG AT BFE, T BEE pH YT, W B OH =,
5 HRN, MITTASE25 22 My vk B R AR, W o252 1 e,

R, LAZKZ pH4A.37 . 5.37. 6.37 JyJ i W i i
R H LK,

3 4 5 6 7 8
pH
P13 pH XJ LX-8 B il By 5
Fig.3 Effect of pH on the adsorption rate of LX-8 resin
T AF/NG FRERIRTEA RV Z [ A 7E i 1 22 57 (P<
0.05); €l 4. & 6 [,

2.4.2 ZRGAHTEXTR AR B R A5 AE BRI
—EMEOLT, DR R 2 52 A IR 1) sh s
BF, T v A R B AN R A AR i 14 A1) FH R B R AR,
[ B34S B4R 0 BB TR] , $2 = T B, BB 58 AN
[FIZK M BEXT LX-8 WG UL MR 52 . fH IRl 4 7]
5, —TIFhf, LX-8 BRI I3RS 71 5 A3 g
Thes, H22 55 B35 (P<0.05), M4 2597 iR 3 — 2 ue )&
(6.24 mg/mL)J5, LX-8 B 5 14 B 2 LR Bl 4517
NSRS e O S rS S PSPz 5 B U K (AR s e =B
A G 19 Z2 W B e AL, B Big i [ 20 181, AT
i LX-8 B B35 R, 2517 Uk B ok v 23 ik
TRAEA AE TP P A R Z R TGE, S0 Z2 I PR S ORI g
T, AR IR RS ZE, DT LX-8 A g i i
Fh3PT R, DASSIAHREE 5.16. 6.24., 7.32 mg/mL
Ry S e o T PR 3R 4K

5 s 6 1 s 9
ARVAVESE (mg/mL)
B4 2R X LX-8 AR IR B 3 A 5 i
Fig.4 Effect of sample solution concentration on the adsorption
rate of LX-8 resin
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&l 5 AT, BEAE A R ERBOBE N, BRI A4 e B E 1 vk
55, MU TP 2R 2 R BEZ AT N . > EARERE S35
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2 1. 2. 3 mL/min B}, Z574FU-3EE 100, 80, 60 mL
A iy H BRI o, R e, YR BsHIa) b 5, A% S Y
e Btk BARER SR SE AR i SIS,
R PR S S B NG S5 A ik R e s B
fik, VIO F R AN KL e ARG PN 2 T U B, w
B W AR T T H . T (EEART S 4 W o 3R ALK
PRI, B SR 1 mL/min. Z59%14A%H 100 mL.

B w [=)}
T T T

—=— 1.0 mL/min
—— 2.0 mL/min
—— 3.0 mL/min
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Fig.5 The leakage curve of different flow velocity

2.4.4 PR SEXTR ISR AR AR SFE SR
T, 2SR LW BV S TR K R T
PERO, H 2 lsaT LA RS RE A, i i s sh ke £
WA SR i e 5], T s RS B AN [R] 252N 55 22 - S A%
N Z ) B AEAE T, DTS 33U e MEBE AN [R], PRI
L LA ) LA BE X LX-8 B IR AA R 52 . A
6 A] LA H, 2 LWk G IS, LX-8 15 1 fit
W AR AW T 5, FFAE LB IR E] 70% B, LX-8
PR A Ak B B (B, =2 S B — 2B i sk
B2, LX-8 R AU R I 4fh BT Beia st 2=
VERT dE S IR AR Z W iR R B, XY LTk
Bk B, Bel R i T S EAR X 25, AR T B AR
JRAHE H, I, DL BRI 60%. 70% . 80% AR
S W TS R R B LK
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Fig.6 Effect of ethanol concentration on the desorption rate of
LX-8 resin
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W AN, A3l PR A AT A A R e Bg b
B H, ISR R PRI AR, PR LSS SR E AN [R]
AR R Tk . AN 7 T DLE I, M
1 mL/min. ZPsfHE N 180 mL B, 25 Wy 4 AR w i

FERT (%)

W ROk, fii th g s— . XTRR . JCBH i HE g . i
B s A i, 2 s B T i, i AR Ele ik e,
SR R 2k BB S HE RIS, SRR SR A TR S Y
REEEfl P B Ta] e, IR AR A A SR IR [ 5s =
13 FE 43 A, st DR s gl v i A N2 BRI, A
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Fig.7 The desorption curves of different desorption flow rates

2.5 MR mEitLE

2.5.1 M I T AL S AR iR R E L
IRLEIR, L pH (A) . 7R EE(B) . LEEHREE(C) A H
AR, 2522 Wy FIRCR (YY) B E, #5417 3 KIE 3 K
SFaf e TETENES 5341 o MW [T Box-Behnken i35 1%
T REER ST IR 6.

6 R RIS T S

Table 6 Design and results of response surface experiment

RS ApH  BEWHERE  CZEERE Y [FRR(%)
1 1 0 1 82.6+0.26
2 0 0 0 86.4+0.17
3 -1 0 -1 80.4+0.10
4 0 0 0 87.5+0.29
5 1 -1 72.8+0.26
6 1 0 -1 74.7+0.30
7 -1 0 1 81.2+0.44
8 -1 -1 0 77.9+0.40
9 0 1 1 83.8+0.46
10 0 0 0 87.2+0.17
11 0 -1 1 81.6+0.30
12 0 -1 -1 79.20.10
13 0 1 -1 82.7+0.20
14 1 1 0 77.4+0.36
15 -1 1 0 78.3+0.17
16 0 0 0 87.6+0.30
17 0 0 0 87.9+0.10

2.5.2 MEIRUEST 5725500 AKPEER 6 TG,
RAE S Z2 3 IR (YY), I Design-Expert 114
X2 3 $H T2 IeLR I RIE RIS, A RILL T R

Y=87.32—1.29A+1.34B+1.52C+1.05AB+1.77AC—
0.32BC—6.41A>-4.31B*-1.18C"

XA AU EA T B A G, S5 SR AnEe 7 iR, AR
7 P<0.0001, & i 3, I ZI 1Tl 17, 2ol
I P=0.1118>0.05, A~ 2, Ui FHES BRI PEE A, 250
R A S MM E . B ) RN =280 R7=0.9852
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BN, IR RIS R4S, AT LA 2 22 My i el i3
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Table 7 Variance analysis of regression model

FERIE P ARE ¥y Fld PlH  WEM
e 341.23 9 37.91 51.93 <0.0001  **
A 13.26 1 13.26 18.16 0.0037 o
B 1431 1 1431 19.60 0.0031 o
c 18.60 1 18.60 25.48 0.0015 o
AB 441 1 441 6.04 0.0436 *
AC 12.60 1 12.60 17.26 0.0043 o
BC 0.42 1 0.42 0.58 0.4717
A’ 173.00 1 173.00 23697  <0.0001  **
B’ 78.22 1 78.22 107.13  <0.0001  **
c 5.91 1 5.91 8.10 0.0248 *
B2 5.11 7 0.73
RAUT 3.80 3 1.27 3.88 0.1118 AFE

4R % 131 4 0.33
A 346.34 16

R?=0.9852 Rzadj:0.9663

T ¥ FORMEE RS 22 5 35 (P<0.05); “*+" F R W45 L5 25 54
13#(P<0.01),

MR R ARy PAE AT LR ), — IR I

(A.B. C). ZKIF(A%, B) FIZZH I AC XA W
[T R 2 M EA R 4 25 (P<0.01) 5 —¥RIT C* FNAE HL
U AB X 4522 Wy [RNRCER A 5200 5 25 (P<0.05 )5 T 38 B
i BC X 4% 2 Wy MIRCR A2 AN i 25 (P>0.05) . i#
o FAER/INAT N, =P8 28 X 255 22 13 [ e 2R 4 52 i)
BRI FNIBUT R C>B>A, B 2 e B> 2517 e i
>pH.,
2.5.3 WA TS KR AT D R A2 i e N 53T
El, pH. Z5GHE . LR = AR ZEZ RIS HAE
JHXT 55 22 13 [l WAL S35 1) 4 g b/ T A2 S5 e 2R AN 1] 8 T
TN o Mo R T E RSO, HH S R sy, HARSTT
SRS I BB R 22, FEBH PR 2R 1938 BAE FH L
E i A TS T e T TR 3 - S
I TR A R, RPN R W3S HAEH
REE.

FH &l 8a M %I, BiiE pH FIZKIAMREE AU IIN, A5
13 [R1 3R Se T v e B, 258 22 19 R AR A A e i L,
TE pH5.37 R U E 6.24 mg/mL [, i & 5
OB, T BEABE, iX U] pH Rz BRI HAE
JHXIAS ) BIRCRAE W 50, AR 2245 TR —3,

i [ 8b NI, Bifi 5 5% 1 Mk BE N 2L W5k i 1) 7
151, A Wy AR SEHE IS KRR, i B 2908, /i
TS TR S 2R B R, X ULEAZR AR N 2,
PSSR B (1938 HAEFHXTAS 210 [FIBCR A SE AN i 25, 55
RETRY 5 2548

H & 8c AN, B pH N2 B BE i3, 25
B PISCR BT 5 R BRI, 220 ISR
e, 76 pHS.37 I LB 70% BRI, Al s i
ey, BT RS s A e =, IR,

IR (%) ®

e C) <
BERE

300
RS

74

000X
\l\lg[\,bc\oo
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-
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Fig.8 Response surface plots and contour line of effects of
interaction between pH, concentration of tea soup and ethanol
concentration on the recovery rate of tea polyphenols

X UEEH pH F1 2B BE 1 38 B AE FH X 45 22 19 [ =
MISZIRAN 3, SRy 2585 R34,

2.5.4 FUFIRIGLER s BIE Iy AR RIS ST,
U AS 2] A T 8 T. 22 S8k pH5.37. Wk E
6.38 mg/mL. ZEEHRE 76.24%, 1EMH T. 2614 F 15
BRI TN Z I [FICR R 87.9%; H5 [EF I PriefES&
7, B T 5B IE N pH5.4 ., 2515 HRIE 6.4 mg/mL .
CBEAE 76%, FEML T 2454 RIS BN SEPRAS 2 W
ENACER A 86.9%+0.45%, X 5 FRISTRIIME I A —FL,
EHHIZ A N TSR A 00 T 25 AR ERfg T &g, A nT
i

2.6 LX-8 WIEEEFEAMBELRE

2.6.1 EEMFHRECGEEE BRI B, X5S
ZZ Iy W S SR AT SR I 92.6%, [t T 42 OB I N,
IR Wz BB iz s 55, IRl 9 g, MG
HRBCRBNE 6 IRAT, MR 58.9%, L]
WTRET 33.7%. LX-8 MG M AR, Hi545 =%
B P4 TR 8 =i B A ek AR D), A S e R e R
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i, A5 W e o P A I W BRH Y TR A RO
Z, PRI A TP FR B i 2 44, B I I
AT B/ L, 24 PR RS T s, W R T Uss , MR
BRI, — A AR 8 W B 52 LA o i T R
30% B, TR 2L T AR, Btk LX-8 MR AEE &
i/ 5 ¥R,

% B (mg/g)
oW W
x S ©

24

34 5 6
A IR AL
B9 LX-8 B i o A2 fult FHACHIONS W B e R B 5 A
Fig.9 The effect of repeated use of LX-8 resin on adsorption
capacity and adsorption rate

1 2

2.6.2 FRAESLEGHEEE  WE 2 U RIS A
W B2 S5 HP 2% ST P A AR RAAER, AT S g 1)
K% B TR o 3 g, T L e s e R A, (G
PRAZ W I RESIUO . Il 10 AT, A PR AL B AR
N, TR BRI, W BRE A0 1z BRE 25 43 531 Ay (34.83+
1.88)mg/g Fll 92.3%+1.31%, HWzRFFRAL e — k(e
JHRAREHIE T 0.3%, X UL LX-8 W AR AT LAim o 7
T RS AL . (B AR OB 2 A BRAY, ME
H R DAE HY, Bl A B G TN, B 4 W B
I BRSNS R, S AR R BGA BNES 7 v, HAR)

S [ R [ R 49.7%+1.48%, LRI R T
42.9%, KWL IS B 2 AN BE P 1, 75 2 00 48T
AR o

1100
36+
32t 19
528 180 =~
e 80 <
o0t &
= =
= 16} 160 =
127 150
8 L
1 1 1 1 1 1 1 1 40
-1 0 1 2 3 4 5 6 7 8
PHEREL

K110 LX-8 AR A KON IR B ek I B 46 14 52
Fig.10 The effect of regeneration times of LX-8 resin on
adsorption capacity and adsorption rate

2.7 SURIERZEBIREAEERSR

2.7.1 BPTEALRE TSI (T-AOC) R 1e#k Vo AER
X RBZH, ZHERalfbRl e, NRIMR A Z W) bt ik
AE1. HIE 11 AP, A Sk B kR wr, HoRPLAILEE
JIH ke, HAEAS R ] 5L 222 7 (P<0.05)
SEE SRR S sk R B ASRAS AR 2 Wy, R PTAE

Ak BE 1 U B 25 $E B v B g B v . sl
RS BB UEARR T IRAIR, Zifk)s, AR5 i BT E
RE B WG IR, JEAWIHEIRE Ve BT EALEETT,
e EA 1.0 mg/mL B, HoA Bt bEE J1 7] 35 (80.59+
0.60)U/mL, —FMEihmLESTEILEET IR/ INR V>4l
fefa>alifbny, X R IR aifb Rt W54 w2 2
MWy b AERRE T -

100
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+VC

RMPTEALRE S (U/mL)
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20 [¥1/ —— &kl
% — difb5
Qe
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BT AR BERE S 0 ST L RE I RICR
Effects of total antioxidant capacity of samples with
different concentrations
T AN ) /ING P RE R [ — R il 2 A () e 38 ) 22 5 W 3%
(P<0.05), 51 12, [ 13 [1],

Fig.11

2.7.2 DPPH-IERECR  AZWhaliibri/sXs DPPH-

W BRBCR AN 12 iR, 78 0.2~1.0 mg/mL ¥R [
N, BEE AL 3N, 28 2 %) DPPH - TS B3 Lz

WG, Halifb)s 252 W iR aE 71 B, A

WERRBEAT a4k n] DASR & 255 2 1 %) DPPH- 1975 KR EE

1o BUfLIE AW BESN 1.0 mg/mL B}, DPPH-
WIGRIRFN T 96.27%+1.98%, FiZHeF R XA V.
MITE R 97.24%+0.45% AHEZT . 1Cs, #&/N, FORTE
BRI B GT, PR RE ISR, V. glifknr . glifk
JE Y ICso {43514 0.0029. 0.0407. 0.0326 mg/mL,
T SR @ s iF 9T HPD-826 4 I 4l fb 2% 2 19
(IC5,=0.553 mg/mL) ) DPPH- i BRAE ST -

100 p c
Nr e . a a
~ 80 d b
S q0f !,,:/g’/f;/j
Zj 6of d
m S0r
40
& 30 Ve
a 20 F *2@1’{“:1“
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Bl 12 KRRV BERESXT DPPH- 5 BRECR
Fig.12 Scavenging effects of DPPH- of samples with
different concentrations
2.7.3 -OH WIVEBREFCR  AFEEBEEFES X -OH iYTE

RZSCRANIE 13 s, BEFE W a3 n, =& i91E R
ARIPAW TR . ARG, HASZ i 5%
HEAR T Ve BOIEER R, (Ham i R s 2lifl, #eE N
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1.0 mg/mL X 1 A9 75 3R 59.93%+1.43% 3215 5]
73.96%+0.99%. [FIAE#E o A REFAAS Y V. glifk
B A2l Ak S5 1Y ICs, 1H 4331 2 0.0016. 1.4059 FH
0.4167 mg/mL, =3 [14-OH # I4:6E J1 K/ i 55 1) 55
BT R IR V S5 >ali b T . FeEnges 2500
FORIFSE R & B, 48 HP-20 KFLW R & f )5 I As £
XF-OH IR TT 5 66.94%, [A45H T -OH Wk&
AR FAF IS A 21 .
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Fig.13  Scavenging effects of -OH of samples with different
concentrations
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B TE PN iR X TR Ll RT IS A 2 W P AL EE
JIIFTERG VY, 85 SRR, Vo Flifbil s 2=
(1 mg/mL) By 2P L BE J1 43 7 95.49. 47.29,
80.59 U/mL; X} DPPH-1% & fiE J1 19 1Cs, 1H 535 Sl
0.0029. 0.0407. 0.0326 mg/mL; X -OH & 4 HE J1 10
IC5, {53514 0.0016. 1.4059 F10.4167 mg/mL. 4lifk
JEZZ Wi B PR ALEE ST . DPPH- % K HE 71 F1-OH
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