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Figure 1 The sketch map of tea saponin’s strucure.
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FERIE R TR SO E, A
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Table 1 The physicochemical properties and static adsorption-desorption effects of tea saponin by 18 kinds of macroporous
resins with different types.

—r MR Lz bR AR W 45 &= M b %2 &S (EES

(nm) (m*g) (mg/g) (%) (%) (%)
X-5 LM 75~ 100 500 ~ 600 31.16+0.04 88.90+0.12 94.60+0.56 84.10+0.07
H103 etk 85~95 900 ~ 1100 35.01+0.02 99.70+0.01 78.72+0.36 78.53+0.01
DM301 |/ qks 25~30 90 ~ 150 28.05+0.13 78.69+0.47 95.95+0.84 75.51+0.39
ADS-17 55ttt 13~14 480 ~ 520 30.04+0.36 81.42+1.28 90.66+1.01 73.81+1.29
AB-8 Bl gk 14~17 >330 27.38+0.09 85.81+0.30 85.58+1.20 73.43+0.36
IRA-118  FE#RtE 48 ~ 73 500 ~ 520 30.42+0.44 88.34+1.43 79.28+0.62 70.04+0.89
XAD-1 JEr 20 ~22 570 ~ 590 30.56+0.12 88.27+0.38 79.00+0.26 69.73+0.10
HPD300 MM 50 ~ 55 > 650 31.10+0.30 84.83+0.96 81.25+0.42 68.92+0.40
DM130 gt 90 ~ 100 500 ~ 550 31.41+0.14 90.17+0.45 75.70+0.85 68.26+0.38
HP-20 Wt 100 ~ 120 100 ~ 120 31.38+0.07 86.68+0.23 78.02+0.09 67.63+0.76
S-8 AepR 85~95 500 ~ 550 28.1240.30 81.41+1.07 83.08+0.71 67.61+0.32
D3520 e 85 ~90 480 ~ 520 33.20+£0.11 94.51+0.32 69.97£1.01 66.13+0.32
HPD100  dE#ktE 120~ 160 > 550 32.13+0.13 90.62+0.42 72.38+0.43 65.59+0.18
NKA-2 etk 145 ~ 155 160 ~ 200 28.78+0.12 81.82+0.45 77.86+1.42 63.70+0.57
D101 e[S54 12~16 500 ~ 550 27.80+0.05 79.58+0.18 78.49+0.15 62.460.03
DA201 LS8k 20 ~ 45 30 ~ 60 22.13+0.17 62.46+0.75 71.90+1.65 4491+1.24
D061 Mk 10~13 =200 15.86+0.22 46.72+1.41 76.39+0.81 35.69+1.14
CAD-40 gtk 7~8 450 ~ 500 21.93+0.84 66.49+3.84 26.70+1.70 17.75+6.52
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60

<« > o *

404

saponin absorption by X-5 resin.

H P2 3 2~3 "I %1, Langmuir #5784 ) R2 K
T Freundlich #74 f¥], i B Langmuir 55 35 W B 458
HY e B AL Hh AR X5 YR IR0 2% R R B ot
2. Langmuir &5 7 W fE AR T (1305 S50 0 Al k.
1B 35 B A U P P T s T O/, B R B A
TR FEBY,
322 Wit

AG+ AHFIAS & FAER B 2 B &P A
BEUMKARHES I S50, HAHKRIER
HWAK (10)~(12), HIESH o HrEs R WK 4.

AH
InCy = Inky + RT (10)
AG = —nRT (11)
AS = % (12)

A, k3R Clapeyron-Clausius ¥ $0; AH R IR
WP AE, kI/mol; THR/NRAIIRE, K: RER
SARHEEL, BL8.314 J(mol-K); n 7K Freundlich 24
S RIEE AG RS H B fE, kI/mol;
AS TR PHHEAE, J/(mol-K).

%2 Langmuir [0 57 FE LA 45 5L
Table 2  Fitting of Langmuir regression equations.

T (K) EYEWiEE k. 0,, (mg/g) R?
298 C,,0.=0.00724C,+0.00818 0.8851 138.121 0.9948
303 C\/0.=0.00762C,+0.00895 0.8514 131.233 0.9942
308 C,/0=~0.00841C,+0.01015 0.8286 118.906 0.9919
313 C,/0.=0.00936C,+0.01371 0.6827 106.837 0.9973

%3 Freundlich [B T 7 FEH0 A 45 R
Table 3  Fitting of Freundlich regression equations.
T(K) EIPE Wy ke n R?
298 InQ, =0.426451nC, +4.07193 58.67 2.3449 0.8913
303 InQ, = 0.41936InC, + 3.99586 54.3726 2.3846 0.9202
308 InQ, = 0.39477InC; + 3.91481 50.1396 2.5331 0.9315
313 InQ, = 0.37396InC, + 3.78035 43.8313 2.6741 0.9696
F4  XS5HIWEX A BRI RIS R Es R
Table 4 Thermodynamic parameters of tea saponin adsorption by X-5 resin.
[oR AFT (kT/mol) AG (kJ/mol) AS[J-(mol k)]

(mg/mL) 298 K 303K 308 K 313K 298 K 303K 308 K 313K
10 -14.6730 -29.7428 -28.6004 -26.5793 -24.6464
20 -17.8247 -40.3188 -39.0019 -36.812 -56.9478
30 -19.5274 -5.8096 -6.0071 —-6.4866 -6.9587 -46.0326 -44.6214 -42.3403 -62.3878
40 -23.0895 -57.9860 —-56.3776 —53.9055 -73.7684
50 -25.9402 —-67.5520 -65.7857 -63.1609 -82.8759
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Figure 3 Fitting of kinetics model of tea saponin
adsorption by X-5 resin.
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Table 5 Thermodynamic parameters of tea saponin adsorption by X-5 resin.

A it EEp BRI 24

k=0.0412

HE— RN )% In(Q,~0,)=3.7901-0.0412¢ 0x=44.2608

R>=0.9182

k=0.0014

HE R J1% 1/0,=0.02341+0.3795 0=42.79

R>=0.9999
FHEI 3 AT, X-5 BB AR AE 60 min Py Ff 5 00 ]
SEIMGE, A TRIEI B £ 60~240 min N1 80 4
N8, SR BB B £E 240 min 2 5T 1
A BT, AR M o, e s T 25
w, B 1T RE (R2>0.99) H ) O 5 5l & 40 4
B N FEE, BHERTA5 HE = sl 2T R e zg )
F T4 X-5 BB AR 255 2 25 W B 301 7 22 AIE 104
0

34 ZFEZRAENLE
23 X-5 B PR e SR B — AR fE R
FKEEN G EH (24.18+0.3) % TH & (80.62+
0.42) %, 4R IE 4.
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HESaIE, fE—EREREGEN, X2
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(46.32+1.07) %, 2tk 53 2R X T ABTS H
3L H T RN (75.7141.2) %, 1R TTE 4tk i

Eigtai aifels

B4 o 2R AT 2 LA ARAL
Figure 4 Contrasts of the purity and appearance of purified
and unpurified tea saponins.
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Figure 5 Contrast of the removal of ABTS free radicals by
purified and unpurified tea saponins.
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Figure 6 Contrast of the removal of DPPH free radicals by
purified and unpurified tea saponins.

R (T5.1551.7) %, $eFBALETH 1.61 6%, ViEH4E
UREITE R
353  RIEJE SR E

HE 7RI, fE—EREWREEEN, K2
F AR F BE A T B R P IR AR i T 3 0
KRB RAEA —ERNIEREM. UREBRIEW
JR R FE N 2 mg/mL B, Zl4k AT I 2% R R
I FE N (0.44+0.013), 44k )5 1IN (0.69+0.011),

209 —— @tk
1.84 ——4lift)s
164 V€
1.4
12 ]
=1.0
0.8 -
0.6 -
0.4 /

0.2 4

T T T T T T T T T T
02 04 06 08 1.0 1.2 14 16 1.8 20
TR (mg/mL)
7 RERAACHT SRR
Figure 7 Contrast of the total reducing power of purified
and unpurified tea saponins.

BT E R AT 1,571, WA,
4 & it

AW GE LA R O B ORE, B AT 18 Bk AN [F]
5 KL B A T xoF i B2 2 KD S R B o A
WA, i X5 BB HE 1R o B Al A A 2
IR E . T 2S5 R, 1£298~
313K T, X-5 B IE R 25 2 3 A IR B ok B
HORHEAT . I IR B B, Langmuir
155 8 5% Freundlich #5814 58 % 55 47 Hh fUL & I 0% B
HIL . W BN 1A R E, X-5 B IR X
7% T2 3R IR W Bk R Dy bR S A R R B, HE
A E A i I S L 1 B LS 1)
BB J) R AE . 20t X-5 BB g 4ifh, 282 &
()26 % F (24.18+0.3) %32 T+ 2 (80.62+0.42) % .
AR AR IR 4 R R, R R AT
J& I SGE IR 7. X DPPH [ 13 )2 ABTS H H
LT B B 5E FH BN B R, Ul B Al AR
o KWEF N B R B Al &I R F
AT —EMHERS %,

S 3K

1  YUZL, WU XH, HE J H. Study on the antifungal activity and mechanism of tea saponin from Camellia oleifera
cake [J]. European Food Research and Technology, 2022, 248(3): 783-795.
2 KR, /NI, B, A AR PR T B R R L SRS R TR TR (0], A st B ALK, 2020, 36(7):

227-232.

3 ILFg, WIERM, R o N AR o B IR W AR S A S L N BT FERE R (7], @R SRR, 2022, 14(4):

42-49.

4 Rk BRI TR R B AR IR AL AR AT (D). P42 BEPE RS K, 2013.
ZHANG J H, ZHANG M, BAI B Q, JIA H W, FAN S S. Studies on adsorption kinetics and thermodynamics of
macroporous resin for rosmarinic acid [J]. Journal of Oleo Science, 2021, 70(3): 439-451.



3 THERARE - LI BB I X 2% 2 3R PR IR B A AR B LB PRI 5L 262

6 GAO W, JIANG Z F, DU X J, ZHANG F F, LIU Y W, BAI X P, SUN G Y. Impact of surfactants on
nanoemulsions based on fractionated coconut oil: Emulsification stability and in vitro digestion [J]. Journal of
Oleo Science, 2020, 69(3): 227-239.

7  FUGM, CHEN K D, WANG J T,WANG M, LIR Y, WU X J, WU C F, ZHANG P, LIU C M, WAN Y. Screening
of tea saponin-degrading strain to degrade the residual tea saponin in tea seed cake [J]. Preparative Biochemistry
& Biotechnology, 2020, 50(7): 697-707.

8 XIANG G, SUN H P, CHEN Y Y, GUO H R, LIU Y, LI Y C, LIU C F, WANG X X. Antioxidant and
hypoglycemic activity of tea polysaccharides with different degrees of fermentation [J]. International Journal of
Biological Macromolecules, 2023, 228: 224-233.

9 XIE J X, HUANG W J, WU X H. Effects of tea saponin on the foaming properties of pea protein [J]. Food &
Function, 2023, 14(9): 4339-4353.

10 KIRTI D S, ESHITA S, ASHU G, ESWARA R S G. Insecticidal activities of tea saponin against diamondback
moth, plutella xylostella and aphid, aphis craccivora [J]. Toxin Reviews, 2018, 37(1): 52-55.

11 ZEE . R R 3R v R A SRS U TE PEBIE T (D). b T A KA, 2017.

12 LIY,DUY M, ZOU C. Effects of pH on antioxidant and antimicrobial properties of tea saponins [J]. European
Food Research Technology, 2009, 228(6): 1023-1028.

13 YU X L, HE Y. Tea saponins: Effective natural surfactants beneficial for soil remediation, from preparation to
application [J]. RSC Advances, 2018, 8(43): 24312-24321.

14 Juk, KE, Wik, AR BN 2 RN AP RE [J]. L AT, 2018, 47(17): 64-65.

15 FEIM, =0, EORTE, XI5 . R B RAM AT LR [J]. F B b g, 2019, 44(4): 133-142.

16 YUANCX,LIY,LIQC,JIR S, REN L L. Purification of tea saponins and evaluation of its effect on alcohol
dehydrogenase activity [J]. Open Life Sciences, 2018, 13(1): 56-63.

17 K0, ZoME, SR, BEEEHE, MRUL. S R R IR VAL BOR S E YIS PERE AU RE IR [J]. 7 &R R A+, 2021, 48(3):
167-176.

18 SHI L. Bioactivities, isolation and purification methods of polysaccharides from natural products: a review [J].
International Journal of Biological Macromolecules, 2016, 92: 37-48.

19 EFHE, XFEW, R, AR, G20 RSP g Sz FAE p 25 SN P AT FE ke 7). o B 25, 2022, 36
(7): 826-835.

20 EYE, BRI, REP, LT AB-8 BURSLIR PN B A 2> B Al 2k B R T2 (1] & s AR, 2013, 38(9):
213-217.

21 ZEE, =EE, B N, R, B RILRF W IR B Al R A DR P 2R 2 R 1), B o
JRE A S48, 2018, 9(2): 256-264.

22 GONG QY, GUO Z D, SUN Z H, GONG J G, WEI F Y. Graphene oxide-assisted ethanol reflux extraction of total
flavonoids from ginkgo biloba leaves: study of kinetics and mechanism [J]. Chemical Papers, 2020, 74(3):
971-984.

23 kiR, skYEAR, THEME, 5F R AL, 24T . S RORAE (s E B T AR R B R [T]. B se A, 2013, 34
(8): 153-156.

24 LIUBQ, LIUJ F, HUANG D D, PEI D, DI D L. Separation and purification of hydroxytysol and oleuropein from
Olea europaea L. (olive) leaves using macroporous resins and a novel solvent system [J]. Journal of Separation
Science, 2020, 43(13): 2619-2625.

25 MUHAMMAD B, YUE S J, HU H B, WANG WEI, ZHANG X H. Adsorption/desorption characteristics,
separation and purification of phenazine-1-carboxylic acid from fermentation extract by macroporous adsorbing
resins [J]. Journal of Chemical Technology Biotechnology, 2018, 93(11): 3176-3184.

26 YU X H, MU N, LIU X C. A green method for decolorization of polysaccharides from alfalfa by S-8 macroporous
resin and their characterization and antioxidant activity [J]. RSC Advances, 2023, 13(14): 9642-9653.

27  WANG S P, DONG X F, TONG J M. Optimization of enzyme-assisted extraction of polysaccharides from alfalfa
and its antioxidant activity [J]. International Journal of Biological Macromolecules, 2013, 62: 387-396.

28 MEI XY, YANG W J, HUANG G L, HUANG H L. The antioxidant activities of balsam pear polysaccharide [J].

International Journal of Biological Macromolecules, 2020, 142: 232-236.



263 [ S L R 2024 4F

29 SRIGIL, kT, BUAEAS . ORSLIR PR IR £E T 250 VE o 2 B AlA R R H (3], F B Rk R R 25, 2019, 28
(14): 51-56.

30 NIPHADKAR S S, RATHOD V K. Adsorption kinetics, isotherm, and thermodynamics studies of acetyl-11-keto-3
-boswellic acids (AKBA) from Boswellia serrata extract using macroporous resin [J]. Preparative Biochemistry &
Biotechnology, 2017, 47(8): 804-812.

31 LIY, LIUJ B, CAO R F, DENG S G, LU X Y. Adsorption of myricetrin, puerarin, naringin, rutin, and
neohesperidin dihydrochalcone flavonoids on macroporous resins [J]. Journal of Chemical & Engineering Data,
2013, 58(9): 2527-2537.

32 CHEN R, YANG Q, ZHONG Y, LI X M, DU W X, ZENG G M. Sorption of trace levels of bromate by
macroporous strong base anion exchange resin: influencing factors, equilibrium isotherms and thermodynamic
studies [J]. Desalination, 2014, 344: 306-312.

33 IR, I, B, FRE . ORALR IR X R 2 B R I T S S B s T (D). AR R B g, 2022, 35(5):
107-111.

34 WU Y F, ZHANG L, MAO J W, HUANG J, YOU Y R, MEI L H. Kinetic and thermodynamic studies of
sulforaphane adsorption on macroporous resin [J]. Journal of Chromatography B, 2016, 1028: 231-236.

35 ZHANG J H, ZHANG M, BAI B Q. Studies on adsorption kinetics and thermodynamics of macroporous resin for
rosmarinic acid [J]. Journal Oleo Science, 2021, 70(3): 439-451.

36 fATERER, BRIRA, BRI . RALI IR 2> B Al D P 2R 2R (0] & & Tk, 2020, 41(1): 20-23.

Research paper

Study on the Adsorption and Purification Characteristics and Antioxidant
Activity of Tea Saponins by Macroporous Adsorption Resin

YIN Ren-yan, YANG Jia-yao, WANG Yi-tong, WANG Hong-peng”
(School of Biological and Chemical Engineering, Zhejiang University of Science and Technology,
Hangzhou 310023, China)

Abstract Tea saponins have various biological activities and can be applied in various fields. However, at
present, the extracted tea saponins generally have low purity, therefore they are not applicable for further
development and utilization, so the isolation and purification are required. This study selected the resin with the
best performance in purifying tea saponins from 18 types of macroporous adsorption resins, analyzed its
adsorption isotherms, adsorption thermodynamics and adsorption kinetics characteristics, and the difference of
antioxidant activity between before and after purification was investigated. The results showed that the kind of X-
5 macroporous adsorption resin had the best purification effect among the 18 selected macroporous adsorption
resins, with the yield of (84.1+0.07) %; The adsorption thermodynamics of tea saponins can be better fitted by the
Langmuir model (R*>0.99), compared with Freundlich model; The adsorption process of tea saponins by the kind
of X-5 macroporous adsorption resin belonged to spontaneous, entropy reducing, and exothermic physical
adsorption. Furthermore, it is more suitable to use the quasi second-order kinetic equation (R*>0.99) for fitting;
After purification by X-5 macroporous adsorption resin, the purity of tea saponins increased from (24.18+0.3) %
to (80.62+0.42) %; The ability of purified tea saponins to scavenge ABTS free radicals, DPPH free radicals, and
total reducing power increased to 1.63 times, 1.61 times, and 1.57 times, respectively, before purification, which
indicated that the purification effect was significant.

Keywords Tea saponin, Macroporous adsorption resin, Adsorption thermodynamics, Adsorption kinetics,
Antioxidant activity
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