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Optimization of enzyme-assisted aqueous two-phase
extraction process for chicory root polysaccharides and its
hypolipidemic activity

ZHOU Min", HAN Qing, LI Cai-feng

Jiangsu Food & Pharmaceutical Science College, School of Pharmaceutical Engineering, Huai'an 223005, China
Abstract: This study aims to optimize the enzyme-assisted aqueous two-phase extraction process of chicory root
polysaccharides (CRP) and evaluate its lipid-lowering activity. The research employs the Box-Behnken design and
response surface methodology to optimize the extraction process, examining the effects of the amounts of cellulase
and pectinase added, the mass fraction of (NH4)2SO4, and the mass fraction of polyethylene glycol (PEG) on the
yield of CRP. The results indicate that the amounts of cellulase, pectinase, (NH4)2SO4 mass fraction, and PEG mass
fraction all significantly affect the yield of polysaccharides. The optimized extraction conditions are: cellulase
amount of 2.00%, pectinase amount of 2.00%, (NH4).SO4 mass fraction of 18.00%, and PEG mass fraction of
15.00%, under which the yield of polysaccharides can reach 32.78%. Additionally, this study found that CRP can
effectively reduce lipid deposition in fatty HepG2 cells, decreasing total cholesterol and triglyceride levels,
indicating their good lipid-lowering activity.
Key words: chicory root polysaccharides; enzymatic assisted aqueous two-phase extraction; response surface
methodology; lipid-lowering activity
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i D, HEZHE OSBRI Z N TR L E R AR T &R
it BER S FUED . OB DA R B ST MR A . 1 2 B B A SR I B AR, R
B RIE LR AR, WH . fRK . SGE AR . B AT fE R B I S AN TR
B 2RO CE TR E R AL, TR0 L R LR s R AR . E R L
W, HEZRERN AT R TS BER LHE . RS SO S 2 AN 6L,
BT LU 7 5 77 it AR AR i, B W] DA FL A A B UKLk e g AR, XA
SRR T CURAE IR, OB RAE IR IR S SR 40 7 5 2 ). S E 2 HEE R
— P A 2 BRI R IR, FAETRABEIR S« ThREE & i SRR 29 W IR e Hh iy T
HEM M, SRR HAE R DA ARz R R E AN SR, ARG E 2 R
HWOTE, WMHGKIRIEE . BRMIESE, FAESCRAR. AR E . PR Y& 108, X Lo R H &
PG T A E 2 — BT R 5 R AL,

N HROX SR, A ST RS EAR £ 4 (chicory root polysaccharides, CRP) [/
AR BRUKAERIL T2 o 1207 VL1845 A B ) i B FOSUK VR () im Sl B AR 3, B T S
L CRP Bmik. iR H I, A 52 M H Box-Behnken #1151 S [Hi7% (response surface
methodology, RSM) Xf CRP F#REL T 2T ATl . X — b id Bk 45 & BUKA B AR 5
B P EAE AR A AR AR 2 A, ANTTT T 22 0 (0 SR IR 3 AN = 2021 3 o 3 792,
WAV Re B 18 = CRP AR AALRE, RN OREFHE5H 5N A Z IR . th4h,
AR FCIEAHE XS CRP 1R RIS EREAT VA, DR 7R FOE (R e NS R 5 T A8 /0, IR
FE B ity TV 2 24 4500 1 o FH 4 (1t U Sz Py Rk 2 B A
1 HR55%

1.1 #RE{EE

HEM (5. 20230315, A ATEAELRNBHIRK AR AR, 8BRS AR
% NH AL (Compositae) 2 E: & (Cichorium) WY E (Cichorium intybus L.) HIHR ;
CTYE BRI R ICHE (S 202304164 20230517, EHIEM AR AR AT ): (NH4)2S044
R 2. "W (polyethylene glycol, PEG). My, Wl Wak. /K LEE. EAFIE T EE (it
ali, b5 : 20230618PQR. 20230719, 20230820VWX. 20230921, 20231022, 20231123G-.
20231224, W MBS LB AR AR AR D) AFFEAIE HepG2 (b5 : 20240105, EE
Wi L4 ); DMEM kiR 72k . 1% 5 2 -FE % ROWHUAIG A= g (165 : 20240205P.
20240305RS. 20240405TUV, LH#EEMAEDRHEARAR ) —HHETHK . CCK-8 F1 RIPA
Y (HES5: 20230505, 20230605 20230224, bR ZEEEREBARATD; SH[H
% (total cholesterol, TC) AIH i =g (triglycerides, TG) &R (L5 : GR20240805F .
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GR202409051, s ST R AL VIR A A PR A R

HERACell 150i & CO, 557748 (FEERCHRBHEA PR A F)): R502B e 78 KA (L
HAERHEABR A 7]D: UV-1900PC 24T W70 B i (LIRS S IR A F)): Multiskan
FC FARAL (FRER K RBHEABRARD.

12 KW FHE
1.2.1 CRP RILLZ
1.2.1.1 JsURk s 2

XA E R BEAT )RR YE, Z2BR R Ye LRI B . DRSS A BRI RO, AR TR IR
W 1h, HARET. VIR EAERE RS, REF 60 CCHURE T2 BT . BT 15
JERIAEAN, (M 60 H TR BEAT S 57, ARSI 50 2080 5 E AR RS,
1.2.1.2 BVEEHBIAUK A2 EL CRP

BUHERM AR, SHMKIE 125 LLBIES . AL 4 KB RIREE, 16 50 °C/KIB+
PR 160 mino 281k B J5 , 7EHE K K 3G 10 min. JIA PEG FI(NH4)2SO04, J51J5 LA 5000
r/min B0 10 min, Y& T ZREGEA TR 245 .

122 ¥R FXE

N T W BEE AR B RUKAH IR L CRP (AR LS8, R4 RMR NS, RIRIAR
I (NHa)2SO4 i & 53 #0F1 PEG i & 73 B R FE T ZSH0 T A
1.2.2.1 CRP $2HU T 2 A £ 4 3 B I 02 (1) 2 i)

TREFRIREG AN 2% (NHa)2SO4 it 577 5 18%. PEG i #1 25%A4F, 18id B
A RMG R BTG, I EA RS YERBAINE (0.5%. 1.0%. 1.5%. 2.0%. 2.5%)
F CRP (113K,
1.2.2.2 CRP $ B T2 rb S 5 il 5 5 1) 52

T 8 72 47 4E R BN INEN 2% (NHa)2S04 i 0 HCN 18%+ PEG & 730N 25% 101
LT, JE R R R B S I AT R, R RN FIR BRI (0.5%. 1.0%. 1.5%.
2.0%. 2.5%) T CRP [FfF%.
1.2.2.3 CRP #2HU T. 2 ' (NH4)2SO4 J5i 253 £ 1521

E 4T Y 2 Bl AR B 7R I 00 ) 2%, PEG i 20 $0 25% 5 o, i i 4
(NH4)2SO4 HI i f o0 B AT RS, HiH AN (NHa)2SO0s L0 5 (12% 15%- 18%- 21%.
24%) '~ CRP ({35,
1.2.2.4 CRP 2B L2 PEG J5i &7 B 50

5 £ 4 AN RGN N4 BN 2%, (NHa)2SOs 5 0 0N 18% MBI R, # it i
#PEG (=S O RE, HiHEAH PEG ESE (10%. 15%. 20%- 25%- 30%)
F CRP (113K,

1.2.3 v 2 diX. 3



BT R ARG LS R, KHE Box-Behnken 156 3 iHEEE, #H4T 4 &K 3 AKCFRIMRAILE T
(JLER 1), DL CRP 3R AmRNA{E, RILFRE T2,
R 1 WL R E KPS

Table 1 Design of response surface factors and levels

_ % Factor
ML teamEME B RESEME . (NHRSOJRRAE  D: PEG RR/MPEG
bevel Cellulase dosage (%) Pectinase dosage (%) (NH4)2SO4 mass fraction (%) mass fraction (%)
-1 1.5 1.5 15 10
0 2 2 18 15
1 2.5 2.5 21 20

1.2.4 HEARA S A H &

o e 28 R DCR A 49 E AR SR BB 22 JEAR AR 173, BB JS VR TG 7K I 2 249K FE 80%,
& 24 h J5 4 000 r/min &0 20 min, WCERVTIE . 8 ZAMKIEMRITE, REBARIE 11
IMNGEDTIE T BB AW (&G - IETEE=4: 1), ¥&¥ 20 min 5 4 000 r/min &> 20 min. Y
i LEEHE TENE GEE 3500kDa) 4 °CiENT 48 ho BHTIRIRYE 5 AR RN INTE
IK IR TE 80%, FHE 24h 5, £ 4000 r/min &0 20 min YWEEFTHENS 1, AR TG
19305 B Z B R, (8 FH 2RO 8 bh vk, 25 1 37 s S v R ) 0 IR 2RV 23 i 45 25
BN Z 05 A RS 42.13% + 5.17%, FERERR 32.11% + 3.22%, HAFHHIH 1.26% +
0.12%o
125 2445202

KA R -IRBIERT CRP AT S 20E, @Il 490 nm Ab W BE FE 0 HE bR il 42
Skoea, HRAR (1D 5 CRP A%,

W=(CxVxN)/Mx100% (D

FEARF: WHRR CRPEE, %: CRRIIEBOEEEE T I CRP W RIREE,
mg/mL; N FRIEMMRATE: VR ZHEIRAR, mL: M 5 ERRFE B, mg.
1.2.6 CRP % HepG2 4m L hS & Xkt 4% o
1.2.6.1 HepG2 # % 37

HepG2 fIfE T25 ¥4 38R 255, FFEH & 10%064- M5 Y1 DMEM 15 7= 547 55 9% .
B IR N 5% CO2 37 CCRIMIANESE . fEZ5T 1 3= IRZIE, A 0.25%EM-EDTA
BEATIE AL AL FR . BEJS, S 5% FBS ) DMEM 25 M0 40 k47 88, ok 4 i 2 i i
B 2x10°/NmL, PABEAT S SREe B . 72 12 LR, REALEERD | mL 4HARER: 1E 96
FLARH, BALEEFD 100 pL 4B .
1.2.6.2 CRP 41l g 21058

s CRP VAL TG ML (1) DMEM 5537 B, 38 i 58 415 B ] 4% AN [R 9 B2 (¥ ARV C0.1.
0.2. 0.4, 0.8, 1.6 fil 3.2 mg/mL). f#H CCK-8 iE#& M CRP X HepG2 41 ffd (140 i 25 14



1.2.6.3 CRP X} FFAs 5 3 ) Jlig 17 HE AR Y 1) 52

£ 96 FLR R AR L R 55, s HepG2 42> NIEH 41 (control, Con). HE74]

(model, Mod). CRP 17|41 (CRP in low dose, CRP-L, 0.2 mg/mL). CRP 5|84 (CRP

in middle dose, CRP-M, 0.4 mg/mL). CRP #7fJ& 41 (CRP in high dose, CRP-H, 0.8 mg/mL),
B Con 4 LASMEAZRBR AN -ith BRAN A G UL B L B IR TR (free fatty acids, FFAs) #53:
(IR W HEREAY, & A ASFIREE CRP f] DMEM (46 1% BSA, HEAGEME) WHE
ZHMf 24 h, JEHEAT 5 2R .
1.2.6.4 JMAL O Gu el fig /iy HEAR

f£ CRP Wb HE 5, HEATIAL O Gt LI G IR HERAE L o 12 FLIR e URS0J5 , 3% 7R E,
PBS BE&% 3 K, TN 4%% 5 VA T S L B € 4 he XUZEKHE 3 . IMATHAL O G+t
FIAEH 20 min, XFKYE 3 G IIATRARRE S 3 mine XFRIKBE 6 . /KB G 7E B
OGN R R G L 1O
1.2.6.5 A bR el

E 96 FLER H 52/ CRP AL F G, RFREEFR3E, PBS Yhik 3 W, FHYN IR ZMATI (UK
). WEEATA AN ZER, T 4 °C, 12000 t/min 50> 5 min, W& B T EAEER,
MR GRS 7y %, A& ZH4n i TC M TG & &
1.3 ¥R

AT RIS RO + bl (xxs) Fom. FRHREEZSH (One-way
ANOVA), P<0.05 #RZEFH G L. M ESNERERERTERN, H—5RH
R/ SR T Z B A Gk o TR A SPSS 22.0 B SE R, 2 57 B MR IG R
XA -
2 ERE55Hh
2.1 CRP R B RERRIGER I
2.1.1 4 4 F R Am 8 3t CRP 135 89 %7

RSN RIS, BAVRIULT4E R B 7 6T CRP (1R B . wiE 1 R, ,
HLYERBEARIMNE M 0.5%BHH N2 2.0%00], 1582 BT, 8B KMH (26.71% + 4.20% )
SRT, 42T YE R B IR ARSI NI, BT IR T . X — IR AT eI N T 20 4 R Mg A U1K
WP e RO A B, (2 2 BRSO e PR AR P T RS B B O I B KA, PRI
FRIU A4,
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Fig. 1 Effect of cellulase addition amount on the yield of CRP
2.1.2 RIRBEGF A2 3T CRP 1369 %7
S IR N = R AE 0T CRP 45547 B0 . Qn ] 2 i, , BB SRR a2 Fr) 184 o,
JBRER BT, HIRINEN 2.0%, FRESHEE (26.11% +2.77%). #—H8N KK
NI 2 S B0 2 T Mo 1A RE A DR R 52 0 SR G B 0 0K g SR M, 8 S 20 e A
R, (RHEZRERREG B R T R S BRI IRR, SEma R RS,
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Fig. 2 Effect of pectinase addition amount on the yield of CRP

2.1.3 (NH4)2S04 i & 5%+ CRP F £ 69 %R

(NHa4)2SO4 157 573 #06f CRP 32 1 s2ma 45 R . @il 3 B, 24(NHa)2S04 1R
TN 12%3G N5 18%HI), 13FB W, FFAE 18%I ik m (27.02% +2.85%). 4k
PR (NH4)2SO04 I 250 B2 F B 2 PR . X T REE B 11 B0 SRR B 3G 58 1T 2 BT
VERCR, i m BRIk B T B FRAIS 1 2R IVE ML, S 1 SRR,

%
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Fig. 3 Effect of (NH4)>SO4 addition amount on the yield of CRP
2.1.4 PEG /i & 4% CRP 13 £ 69 %7k
PEG Jii & 70 #0% CRP (115 i S /EH - Wil 4 Fos, BEE PEG Ji & 20 2038 i,
FARIZW LT, £E PEG LR HCN 20%K0, 133815 5 K ME 26.88% + 3.74%. 24 PEG it &
G 20%)5, REIFWHED . XATREEFNIEE N PEG BN TIRRME R, T2

NN

7> 8 T PEG BB BT REIG N AR RFE, BRK T 2K BCRCRIT,

)
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Fig. 4 Effect of PEG mass fraction addition amount on the yield of CRP

2.2 N Rz B AR RS 45
221 #AWE TSI EMLE
TEAB T, FRATIE I VY R 38 = /KRB 5 THxF CRP 4B T 2k4T T k. B R,
FEA P EBFRINE (4 BIKEFRINE (B). (NH4):2S04 i &3 % (C) M1 PEG i &3 % (D),
i B AE ¥ 58 9 CRP 7535 (V). #fi€ CRP S fEHREU T 2240, WS A B iE 45 5 W 2.
R 2 WMEHTRERER

Table 2 Design and results of the response surface analysis

= A B C D Y ZHEER

Experiment number Polysaccharide yield (%)

1 1 0 0 -1 24.26



2 0 0 1 1 2591

3 0 0 0 0 29.97
4 1 -1 0 0 22.57
5 0 0 0 0 30.51
6 0o 1 0 1 27.86
7 10 0 -l 21.57
8 1 0 -1 0 26.37
9 0 1 0 -1 24.77
10 0 0 -1 -1 20.66
11 0 1 1 0 26.74
12 0 -1 0 1 22.06
13 1 0 0 1 26.51
14 10 0 1 24.06
15 10 10 22.37
16 0 0 0 0 29.63
17 0 1 -1 0 24.26
18 0 0 1 -1 25.63
19 0 0 0 0 31.49
20 10 0 23.77
21 1 0 1 0 26.37
22 0 -1 0 -l 20.89
23 0 -1 1 0 25.49
24 0 0 0 0 30.6
25 S N 22.46
26 0 -1 -1 0 2226
27 0 0 -1 1 24.14
28 10 10 22.94
29 1 1 0 0 26.57

FH Design Expert 12.0 4% % 2 MR AT Z 03504, 2R WK 3, 153] CRP 13



# 5 Al EN 7] i [5] A 7 &
y=30.44+1.294+1.52B+1.09C+1.06D+0.674B-0.144C-0.064D-0.18 BC+0.48BD-0.8CD-3.184-3.

19B%-2.76C*-3.37D?,

& 3 CRP /R [EHRR T Z 4T
Table 3 Variance analysis of the regression model for the yield of CRP
H
“F7 AT Sum 477 Mean BEM
KI5 Source Degrees of F P
of squares square Significance
freedom
T Model 244275 1 14 17.448 2 15.004 7 <0.000 1 -
A 19.969 2 1 19.969 2 17.172 7 0.001 0 -
B 27.724 8 1 27.724 8 23.8422 0.000 2 -
C 14.126 7 1 14.126 7 12.148 4 0.003 6 -
D 13.568 1 1 13.568 1 11.668 0 0.004 2 -
AB 1.809 0 1 1.809 0 1.5557 02328 —
AC 0.0812 1 0.0812 0.069 9 0.795 4 —
AD 0.014 4 1 0.0144 0.0124 09130 —
BC 0.140 6 1 0.140 6 0.1209 0.7332 —
BD 09216 1 0.9216 0.792 5 0.388 4 —
CD 2.560 0 1 2.560 0 2.2015 0.160 0 —
A? 65.576 8 1 65.576 8 56.3933 <0.000 1 -
B? 66.197 0 1 66.197 0 56.926 7 <0.000 1 -
? 49.5757 1 49.5757 42.633 1 <0.000 1 -
D? 73.538 9 1 73.538 9 63.240 4 <0.000 1 -
¥ 7% Residual 16.2799 14 1.162 8 — — —
ST Lack
14.269 9 10 1.4270 2.839 8 0.163 2 —
of fit
4l iR 7 Pure
2.0100 4 0.502°5 — — —

€rror

FEAWEFTAR, i o 2 i T P 3 TR AR 1 AN TR SRR R AS EAE XS CRP 18 R[5

M (B 5). T4 REN], L4ERMRINE S RIRIAINEN LT, UAGHERES
9



(NH4)2SO4 Jit & 73 BUM A AR FIN 2% AR . fHf, P47 e PEG &5y
o, RIBEAINES PEG JFiE /74, PEG & 7805 (NH4)S04 i & 734, PAK PEG &
53805 (NHa)2SOq J57 5 73 B0 18] (1552 FLAT R XA (R M U B (2 o 3k S [5) JR 45 i R R 1
F R R Z A A2 BAR RS 22 B SR A Tk /N . Rk, AT DAIE A Ak 2 25 50 IR 2R (KT
WR R IR EG A PEG VS INE:, PALKCEATS (NHe):S04 25, K4 & CRP IHEEUEE .
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N

et atetas
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Polysaccharide yield (%)

C: (NHa)2SOsJF it 40 £

(NH2)2SO= mass fraction (%)
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Polysaccharide yield (%)
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g o
77 =
- ;‘;—" ,,,2%:‘:‘::::0:‘;‘\‘ = &
S IR, R g
B —g '0"'0’&’ itz
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= e e

£ 2 <3

a

-1 05 0 0.5 1
Az EFHER B N
Cellulase dosage (%)
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Fig. 5 Effect of the interaction of various factors on the yield of CRP
2.2.2 CRP #E A a9 AL, T A K 38 30 E
EAWEFE T, R A Design Expert 12.0 FfF% it 2 57 (1 2 o2 vk [ A B 3047 T S 2040
., BIEMIE CRP SR B R T2 5. B o Bk M il 5 R R, 4Rl
ININER 2.13%, RRERINERN 2.12%, (NHa):S04 2 H0N 18.41%, UL PEG R
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BN 14.87%0, B BRI SCElE &) CRP 95, FiIME N 33.05%.

BT EAERSE RIVEAS e 8 &, X BRI SR A HEAT T I0M, e T S idE B R
b YERBENINE 2.0%, RIS 2.0%, (NH4):SO04 i 4> %0 18.0%, PEG Jii &
SH15.0%. ERGRI KT, EE=IRJEM CRP 33507108 32.69%. 33.13%. 32.51%,
HOT I 32.78% 5 JE A TRIMEA ELAELE 0.82% M2 o %MWM 2 M AEAE T AT B2 JE Y,
B P ST P U R LA B (P TOUAS R
2.3 CRP ¥f HepG2 4R 7Z R R RN

1K 6 i, BE% CRP KIS, HepG2 MR 20 R . $rRl1E 1.6
mg/mL 3.2 mg/mL WIS, AHPRAFIE 2 1) 235 FEIK (P<0.05), UiB] CRP f£ =ik E
I 0T HepG2 20 i (1) 98 7£ B R RREUS 19, SR, #E 0.8 mg/mL W EELA T, HepG2 4t 1) A7
T 90%, FRY] CRP XF HepG2 A FAT B s (AU AR 2 . FE T 0a5 R, 65 0.2, 0.44
0.8 mg/L ] CRP H T J& £ 115 g i P Al .

_|||| A

10204 08 1.6 3.2
CRPIKJE
Concentration of CRP (mg/mL)

& 6 CRP Xf HepG2 4l ffl 773 2R I M
Fig. 6 Effect of CRP on the viability of HepG2 cells

0.8

MG
Cell viability (%)

2
s

0.0

Con

H: 5 Con HAHEL, *P<0.05, "P<0.01.

Note: Compared with Con group, “P<0.05, **P<0.01.
2.4 CRP tAg A ft HepG2 ZBAEAS BAR IR

ARWFR R AL O G LT AL CRP X ik HepG2 48 i A R BT AR (M2 . Gl 7
8 FiioR, SRR AR REAHEL, 4 FFAs KB (¥ HepG2 4 i Hh A1 82 21 5 35 1 %2 (¥ fig
T, UESET R LA PR R e Ih i T . SRR A EL, CRP FHIALEA
Fik M IR ECE, KA R ERESCRIC N EE . P E R RN,
CRP BEA 2> FFAs 15 51 HepG2 41 A flg AR B (P<0.05 B P<0.01).

CRP-L CRP-M
e L s;g 4

400x

Fig. 7 Effect of CRP on Oil Red O staining in HepG2 cells
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&l 8 CRP X} HepG2 4HHufig 5 & MM
Fig. 8 Effect of CRP on lipid content in HepG2 cells

VE: 5 Con #AHL, "P<0.01; 5 Mod AR, #P<0.05, #P<0.01, T[.
Note: Compared with Con group, “*P<0.01; Compared with Mod group, #P<0.05, #P<0.01, the same below.
2.5 CRP 3tAgRA1X HepG2 4EIA TC. TG S EHIFNT

JFFE B N 1T 5 B ZE A A7 9 TC I TG [T 3RO, A 7838 3 26 Ak 4 BT 77 19507 il CRP
XF e 6 HepG2 4l N TC A1 TG FrE i, g5 Rl 9 fon, Hh 52 axt A,
FFAs 753 R BY AU A (¥ TC A1 TG & B R FIIN (P<0.05), ESE T MEM AL AL ) 2
L. 5 FFAs i S AR ZHAH L, CRP A 5751 & 4R v 7 i 4L 2 6 00 35 PRI A IR N 1) TC A TG
T (P<0.05 5L P<0.01), Hrhmifl A m BIRACRE R 2.

0.15 1
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= s
= £
o & g
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=5 = =0
=L = BE
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E] — =
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Fig. 9 Effect of CRP on the levels of TC and TG in HepG2 cells
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