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Abstract In order to achieve efficient extraction and rational utilization of the active ingredient, crude pol-
ysaccharides from the residue of Xinjiang’s characteristic plant medicine, Cichorium glandulosum , the re-
sponse surface methodology was used to optimize the extraction process conditions of crude polysaccharides
from Cichorium glandulosum. The content of fructose and glucose in the extracted crude polysaccharides
was identified by High Performance Liquid Chromatography-Refractive Index Detector (HPLC-RID) , and
their in vitro antioxidant activity was finally investigated. Using the medicinal residue of Cichorium glan-
dulosum root after alcohol extraction as the raw material, the yield of crude polysaccharides from Cichori-
um glandulosum root was used as the evaluation index, and the extraction temperature, extraction time,
solid-liquid ratio, and enzyme amount were the main influencing factors. Based on single factor experi-
ments, the response surface methodology was used to optimize the extraction process of crude polysaccha-
rides from Cichorium glandulosum root. The content of fructose and glucose in the crude polysaccharides of
Cichorium intybus was identified by HPLC-RID according to the national standard method. The in vitro
antioxidant activity of the crude polysaccharides of Cichorium glandulosum was examined by 1,1-diphenyl-
2-picryl-hydrazyl radical (1,1-diphenyl-2-picryl-hydrazyl radical, DPPH) and 3-ethylbenzothiazoline-6-sul-
fonic acid (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS). The optimal solution for optimizing the extrac-
tion of crude polysaccharides from Cichorium glandulosum seed residue using the response interview
method is an extraction time of 2. 0 hours., enzyme content of 2. 0%, solid-liquid ratio of 1 : 40 (g «
mL '), extraction temperature of 51 “C. The yield of polysaccharides extracted from Cichorium glandulo-
sum seed residue under these conditions is (20. 64 + 0. 34) %. HPLC-RID method can achieve efficient
separation and identification under the conditions of acetonitrile; water (75 : 25, V : V) as the mobile
phase, flow rate of 1. 0 mL *min ', and column temperature of 35 ‘C. In vitro antioxidant tests show that
crude polysaccharides from Cichorium glandulosum seed have good scavenging effects on DPPH radicals
and ABTS radicals. This study obtained the optimal extraction process of crude polysaccharides from Ci-
chorium glandulosum by enzymatic method, and identified two monosaccharide components, fructose and
glucose, in the crude polysaccharides of Cichorium glandulosum. It also demonstrated that the crude poly-
saccharides of Cichorium glandulosum have good in vitro antioxidant activity.

Key words Cichorium glandulosum crude polysaccharides; extraction; response surface; HPLC-RID; an-
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HL AT IR 3% /K v (A s T OB B B 7 A BRAS | S A K 2R 28 28 (UL ST TAR A A IR BT A
) s BP211D B3 K (7 = 8 2 FI 3, JldE 0. 01 mg) s B0 48 7 I T e 2% (R I TR s (S A PR 7D 5
VORTEXO AR e S Rk 0L A BR A T s 7m 237 6K 2% (Watere2414, USA) ; FA210B HLF K
T E MRS SRR A TR 7DD s MilliQ #8 4 /K HL (Sigema, USA) ; SKY-100B U 4H 15 47 R (b i K 52 501
AR E A FRA 7DD 5 Varioskan LUX A 22 ) BE B§ 4521 ( Thermo Fisher Scientific, USA) ; {4 3% £ (Waters
carbohydrate high performance,4. 6 mm X 250 mm,4 pm),
L2 Feah ik

B E W A B R FA ORI B, 80 T K2 2 25 B 8 A M U S 8 R 1 B ) B3 1
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Fig. 1 Standard curve for total sugar

content determination
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(1) FEELAF )X Z MU . % 5 4 250 mL BEA 30 mL ZE0E /K A 4E TR, 10 B8 1 A e o 1k
IR ZR K IR IR % /K T ER 50 “C I 10 min J5, INANG B FREL ) B ER B A 1. 00 ¢ K 1. 5%
LFAEZE W, 7E 50 C T WE IR 1. 5.1, 75.2.2. 25.2. 5 h, 3% 858 B2 J5 8 S5 I8 0 50 Wk 7K op 2%
10 min, fHEFAEREEIC 206 . A 080E Fh S A3 8V B DB VR B A 2R & LR 1 50 “CIMLAR Pt T =18
LB ZR A S0 T BT R,

(2) FYEE X ZWEHEE S, % 5 4 250 mL BEA 30 ml ZEME/K A HETE I . 6 11 58 1 L i JEt
kK Ar 28 % FRPVIEIRAR K 78 4 50 C FH 10 min J&5 , 20 SN AFRIUE A EARB K 1. 00 g, 1%.1. 5%,
2%.2. 5% 3V LR 4 E i 1E 50 C R alEIEIR Y 2 he $REUSE SRR TE U A B /K & W8 10 min. fff
SR ZEE I . B EE IR AR IR R IR R B ZE K U E T 50 C R Tt T e E L A B
B A5 T BB &,

(3) BRI X Z B2 . #5250 mL HEJE A BB A 20,30.40.50.60 mL ZE{H /K, 1 &
AR 1K 4378 K, B VB TR IR K T ER 50 °C FEN 10 min J5 . IACKS 255 PR B 0 6 40 1 AR 24 1 Ry K
1.00 g J 1. 5Y LR e 2, 7 50 “C R il iEiRAR 2 he $RBCGE SR KA U A B /K H & 36 10 min, fiff
FYERMEA LG UG R SRR B IERR A ZE & LR E T 50 C LA gt T 2 E L B A
B A5 T B EH S &,

(4) JEREXS MU . #F 5 4 250 mL A 30 mL ZEME/K AUHETE R 0 2 AR B 1E 7K 2y
ZEK L IVIE TR IR G K IS 4 WIAE 42.,46,50,54.58 “C F T 10 min Ji , AN RGO T3 B AR 25 R K
1.00 g X 1. 5% By£F4 £ i, 43 WITE 42.46.50.54.58 “C FEIRIET 2 h, $2H5E 55 B HE T A Bl 7k
10 min, (FLFAER R 06 M. R H USRS U8R B ISR A ZE & L B T 50 °C ML k1
ZIEHE B EHZE, WA F N EEEH RS &,

1.3.5 ramdX ik t, AR bk o PR F a0 45 AL AR R 7 T S 56 R CER AT ) CAD | £F 4k Rl
(B) VEHR L (O FIERBGRE (D) 4 4%t B4 ML 2 MR CR A 52 g $2 R 28 R 4 IR 3 7K1 7 T ik
5% AR ML MR (Y) I 883545, 0 B4 15 25 oM 2R BT 204 T T4k

1.3.6 %it5 547, i Design-Expert 13 34X i 1 1 52 46 45 S 28 47 i 17 11 A5 480 A0 7 24 43 07 » 1
GraphPad Prism 8 ZEitH 015 2 B 1 T4 1T AbFE

1.3.7 £F M Emegemae, (1) RID @AESAM. @iEH (Waters carbohydrate high performance,
4.6 mm X 250 mm,4 pm) ; K : 7R ZEPOEAR I s AR 35 Cs WM O + K=75: 25(V + V)it
Bl mL emin A EHB IR 35 °C bR . 10 pl. (2) ARVEIRTRAIECH] . SR A5 25 W Ar v 6 25 T RS
BRRUL 2.5 g S I ATHEIOBRHEY) BT, F 30 mL SlK AR, H O E 455 50 mL, B0, iU, B . SpE.
HEIFERAE I IR /WG 10.8.6. 4.2, 1 mL A9 1 3R SEA A M b i it 259 HH 6 mL 4K &
NGBS 10 mL, B0, U8, BIFS . (3) HEaAbIE, MEFRFRE 5 ¢ B E 2P E T 100 mL B, iInA
TE K S A R O TR FEAS E 100 mL A EIR L ARG HIZRIBOK + 25 (60 + 40 TEVEE AL IR
S AR AR . (O RIS . ()T PR AV IR (C =50 mg +mL ") A (C=
50 mg +mL DEWINE 6 . (5) BEMHRE . M) I T Hl 4 AR WL 78 0.2.4.8.12.16 h, k&% %
10 pl. i ABAR AT, (6) R . MO TR il & L a6 0 e I8, (7D Ik mhlk
R, NEE BN B E LR 9 0 B0t i R HERR S VE AR 20 IS 6] B4 SR8 Crl 2R
SEH S i . AR A AR R X RE A R AR BE 45 3 0, | HPLC-RID 22 , i s g i FH
THA RN, (8) FERINGE .. #(DH IR kil &R s oI E

1.3.8 ZHEMSBAISIREATHR, (D BHEHZHX DPPH H HEERIEM. F%FE 1. 00 mg
DPPH. A HaE TR 95 %0 B LB E 10 mL, i HHE IR TR A #1820 I B M e (SOHE 79 1 1, ke
TRAT o N5 AT ML BN P X R 20 S0 B e R 1.2.3.4.5 mg mL " AUV K A A0 DPPH i
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W 1+ 4 W HBRR A R IREE SN 20 min, FBER G 2 HAE 517 nm AL PR GRE . A S 56458 FH 9 BH
Nt HECR BRI g » (i FH (2) =R 5 [ H LT g 2
O veprigs (16) = AOA_Al X 100%, (2)

FH A, i DPPH 7E 517 nm AARIWRGRE s A HRFINRAE 517 nm ARG .

(2) BAEMZHXT ABTS Al 3IERRIEH . KW E A 7 mmol <L " ABTS & 2. 5 mL S5 E N
140 mmol «L 7" i FREREMAR 44 pL IR A5 FERIE A SR A ZIRME SN 15 h 133 ABTS 6 &, ik
ABTS 5 WEEAE 0.7 £ 0. 2 RIRT{d . K 8 2 208 22 08 A FH 4 0 R 2o Sl B okl iR B A 1.2.3.4.,5
mg +mL " MIER, SFHBGH ABTS &I 12 9 W IHLBNR &, EIEE N 8 min, i FEEFR I & FH
734 nm ALEIWEGEE . ASZIG (A9 P IR LU IR . e AR () AR S B S g R

A, —A,
0 arsigs (Y0) = T/ X 100% (3)

AH A, A ABTS7E 734 nm AL s A, ARFIIVEAE 734 nm AL IIERE .
2 HGiR4itie

2.1 TR 201
2.1.1 FEETRI ;T SRR Ha, K 2 oA, HEE
A4 TR MO ] N L S0 SR T 1 T, S
HE 2 h B EH L RIERIAE 19.95% .2 h JFIZ M
TERIFIA T, TR AT AR AT EORL S 2 o A ]
A HE MR b B A R DR AR 2 BRI 2 B Ay K e
LWV R . RN 2 b KB A L 2 A

A0 IR ) 6 4 SR B A R PR 3 FL “l 5 20 25 30
B I S T 4 5 O TR A P 240 2 i e

S FECE AT E L MR IRAL . A RERE AR H2 REEEN SRR
i e, BB ] 2 h TR S ST Fig. 2 The effect of extraction time on
2.1.2 ‘FhEmsEat S BIRIRE Yok, W 3 AT, LT polysaccharide extraction

S Z RN AT T B4 SR R IUETHR M i 217
i, BAYEH ZBHOERIERIN 2% 194 4 Z W5 A5 T,
FAGHN 20, 3496 . LI SR TG 16C 5 2T 4 22 1 5% 1) 22 42 B
AR TR AT LT JLAN T 2R 4 W R s ol T 32
1 FE T 20 B A 240 B B R TR P 0 M o 0 B, 4
SR ZE M B L 2 R 52 2 B 4 T T A TR 4
{1 55 97 o DTS 0 1 K Ak B T e A5 B 4 1 L 2 S o2 .

WEARE™) A BERE FIVSCR M 7 1 % B8, B 2T 2k 02 290 TP 0 i ; ; ;
BT i (%)

2.1.3 Ahkbxt SRR Yod, 18 4 AT, BEE RN L 3 SRERMENSRERNYN
(IR, B4 R 2 RS 20 0 B S T 120 R A6 P 3, 2k Fig.3  Effect of cellulase content on
H_’Jjj@] 1+ 40 (g 'mLfl)Hﬂ',gﬁﬁlﬁ%iﬁ@U%j{{Eﬁ 20. OO%O polysaccharide extraction

SO S 0 S5 B T A2« A I 7K 2 B T A A PSRRI MR Y B 2 VAR I 1 3 5 A P
B T 22 e i B B4 TR S S S AR L AR IG R rh K A A o 5 (2 SR A 1
WA S FLIRZRIE . 3R 2 5 ] RE S 00 51 20 (0 45 SORRTIORN 78 43 R L 5200 B 45 R 2 M T 15 32
INBEFRE FICR I )5 0 % JE  SEBURHR L 1+ 40 (g »mL ) FFIRJF 2ERFSE.
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Fig. 4 The effect of liquid to material ratio Fig. 5 The effect of extraction temperature
on polysaccharide extraction on polysaccharide extraction

2.1.4 RBURE SR Hrm, WK S s, B S OR300, 2645 1E0R 20 B GRS 5 n =
. BAEMZ B EEIGERE N 50 CHT, FEBCRIB RN R A58 K 19, 50 %0 FEMGRAE Ky 50 CHT, FRER IR
FIEEAE , Bl S5 BTG, X RIS YERMGTE 50 C A0 RERS A AR PR R TR = T 50 CHE P48 R
it 1 3 1 2 0 3 R B AT TGV A A8 o R AT R 3R 52 T B4 B Z W15 38 . RBFE RIRICR W U7 1 %
&, VEBR U E] 50 °C I 5 22 ot
2.2 m gt g
2.2.1 ;@I Rt AR R B SR S ER HUT [E]) (A (AR IS (B) BN L (O R4 BUR
BE (D)4 X B B 2R BCRA W IR R, DL 2SR (Y) B 5485, >R 4 ITIE 3 7KF Box-
Behnken M 3 R ITA AL B E M 2RI T2, &R KoK ILFR 1, %50 45 5 S 8dis 47 5017
ERR 2.3k 3 Mk 4,

®1 MEERBEZS5ATE

Tab. 1 Response surface test factors and levels

S FEHURTR] A /b L YER i B(%0) RHE L C/(gsmL™H) RWRE D/ °C
—1 1.75 L5 1330 46

0 2 2 1+ 40 50

1 2.25 2.5 1+50 54

% 2 Box-Behnken i3 iZi+ 54 %R

Tab. 2 Box-Behnken experimental design and results

F5 A B C D Y (%)
1 0 1 —1 0 18. 26
2 —1 0 0 —1 17.35
3 0 —1 1 0 17. 32
4 1 0 —1 0 19. 14
5 0 0 —1 1 19. 33
6 0 —1 0 —1 16. 98
7 1 0 1 0 18. 88
8 —1 0 —1 0 18.28
9 0 0 1 —1 17.78

10 0 1 1 0 18. 94

11 —1 —1 0 0 17. 00




H#ilz . 5 5T Box-Behnken BT AL 45 B 25 MO 2B MPA R IT 2
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Tab. 2 Box-Behnken experimental design and results

F5 A B C D Y (%)
12 0 —1 0 1 18. 83
13 0 0 0 0 20. 57
14 1 0 0 1 19. 48
15 0 1 0 1 18. 68
16 —1 0 1 0 17. 81
17 0 0 —1 —1 18. 25
18 0 0 0 0 20. 42
19 1 —1 0 0 18.15
20 0 1 0 —1 18.31
21 0 —1 —1 0 18.17
22 1 0 0 —1 18.31
23 0 0 0 0 20. 37
24 —1 1 0 0 18. 35
25 —1 0 0 1 18. 42
26 0 0 0 0 20. 46
27 1 1 0 0 19. 31
28 0 0 1 1 19. 37

#& 3 Box-Behnken iXI& F =N
Tab. 3 Analysis of variance of Box-Behnken experiment
A 7R A Yo7 F P
LAY 26. 92 14 1.92 58. 92 <20. 000 1
A 3.07 1 3.07 93. 96 <20. 000 1
B 2.43 1 2.43 74.59 <<0. 000 1
C 0.146 0 1 0.146 0 4.48 0. 054 2
D 4.22 1 4.22 129. 49 <<0. 000 1
AB 0. 008 2 1 0. 008 2 0.252 6 0.623 6
AC 0.011 0 1 0.011 0 0.337 2 0.571 4
AD 0.002 9 1 0.002 9 0.089 9 0.769 1
BC 0.585 0 1 0.5850 17.93 0.001 0
BD 0.551 1 1 0.551 1 16. 89 0.001 2
CD 0. 067 0 1 0. 067 0 2.05 0.175 4
A’ 6.37 1 6.37 195. 10 <0. 000 1
B? 10. 21 1 10. 21 312. 99 <0. 000 1
c? 4. 85 1 4. 85 148. 75 <0. 000 1
D? 5.48 1 5.48 167. 97 <0. 000 1
Gk 0.424 1 13 0.032 6
JAUE 0.402 4 10 0.040 2 5.55 0.092 5
aliiR % 0.0217 3 0.007 2
oy ] 27. 34 27

TE.P<C0. 01, 2503 . R =0.984 5;R%,=0.967 8,
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Tab. 4 Statistical analysis of regression model errors

it A Bl £y =] il
b2 0.180 6 WA FH 0.984 5
Rk 18. 66 KIEE REL 0.967 8

5 AL 0.968 0 T & R AL 0.913 8

iV} 2.36 (G134 27.798 8

K H Design-Expert 13 B4 #13 F 0950 50 . 205 R (V) 5B R (A) (LR 4E £ Jif i (B) VBHR
(O FRBUREE (D) Z 18] B9 AH LA A 5 #2  Y=20. 46 + 0. 505 4A + 0. 450 3B — 0. 110 3C +
0.593 3D — 0.045 4AB + 0. 052 4AC + 0. 027 1AD + 0. 382 4BC — 0. 371 2BD + 0. 129 4CD —
1.03A% — 1.30B°— 0.899 4C*— 0. 955 7D",

LHEIE %

LHEH%

205050 e P ean I
OSSR SRS
XK
SRS
X

< OCSONS X
ONER

CRRE L /(g-mL")

155 195 205
AHEIL ]/

195 205
AU i/

L%

LB H/%

DI/ C
CHEREH/(g-mL)

155 195 205
AU [)/h

LHE/%

X 205 215
B4 ik (%)

E2 R

SRR
G500 ORISR
oo

DI/ C

1.7

19 21 23 35 40 45
BE YA ik (%) CHREE H/(g-mL)

6 EFEMZHERZERZEFANESLEMNMEEE (a) FERBEMRMA BN EHEHSERZMN:
(b) BH& L AR E X EHEMS BN (c) REGEEMNRIMN BX EHEHRS BN,
(d) B MALEZHENEFERSERZN; (¢) RIEEMTHEZHMENEHEM
SHENRIN; (f) REGREMAIE X ERER S RS0
Fig. 6 Contour map and response surface map of the interaction between various factors of polysaccharides in C. glandulosum
(a) The effects of cellulase content and extraction time on polysaccharides from C. glandulosum ; (b) The effects of feed

to liquid ratio and extraction time on polysaccharides from C, glandulosum ; (c) The effect of extraction temperature

and extraction time on polysaccharides from C, glandulosum ; (d) The effects of feed to liquid ratio and cellulase

content on polysaccharides from C, glandulosum ; (e) The effect of extraction temperature and cellulase content

on polysaccharides from C, glandulosum ; (f) The effect of extraction temperature and liquid to liquid ratio

on polysaccharides from C. glandulosum
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Tab. 5 Regression equation, linear range, and correlation coefficient results of fructose and glucose

RSN ES )5 77 (Y DT, X R AL (mg smL ") HIEARBRD
b Y=69 362X —27 444 0.5~5 0.999 4
T Y=82 514X —75 072 0.5~5 0.998 5

x6 EHEMSEPRREMRYMINER (n=3)

Tab. 6 Actual measurement results of fructose spiked substances in crude polysaccharides of C. glandulosum (n=3)

KA FEfhi /mg JNA/mg SRR (26D RSD(%)
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1.5 2.0 100. 8 1.07

2.3.2 RAEE B R FH R, FONE W AR % 0 0 e 25 SR 0y A X BRI 25 (RSD) 4300 R
0. 68%.0. 72% 1. 3%6.0. 86 %0 » WF BAA J5 1% AR RS 2 B R 47 5 e X0 SRR | 8 46 40 08 10 ALY RSD 4351 4
0. 46 %5,0. 62 Y0 i B S AR AEBC B 16 h PN IEARRRE ; 38 42 M0 SRR s B AR i 22 0 1. 400 R 0
W RE(EAREZE A 0. 84 Y0, UERH A J7 VL B 2 R AT 5 A DR 25 21 3% 6, S430A% T B AR A TR

2.3.3 ERAEHM ST, HPLC-RID ilE £ 4 B 2 0 b Sm Fan 2 i 25 R il 7 o, Kb (a)



120 ISR 2241 A AR RO

Pl g SRR A 26 W A TR 0 RS (1 SR 2RO, 2 S A0 , (b 181 B3 EORL 2, NI PPOR T AR v
SRR A% WE ) DR B IS TE] 20500 E 5. 5646, 331 min, 2 PR BTSE 400 85 , 640 HORL 2 W A4 SRORE R A 46 W o e X
JO7 AR R TH] A i 5388 BE R J L TGk e T4

140007 (a) 1 300.00] (b) 1
120.00] 250,007
100.00 2
200.00
80.00]
> 80 2 >
150.00
= 60,007 =
20,00 100.00]
20.00] 50.00
0.00] 0.003
0.50 1.00 1.50 200 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00

E7 EFEMHESHESEEFEME OPLCRID B () BEAXBRSR (1 B4E,2 FEE) b)) EFEHSHE
Fig. 7 HPLC-RID diagram of crude polysaccharides from C. glandulosum with fructose and glucose (a) mixed control substance

(1 fructose, 2 glucose) (b) crude polysaccharides from Chrysanthemum morifolium
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from C. glandulosum on DPPH free radicals C. glandulosum on ABTS free radicals
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