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ABSTRACT: Objective To prepare Chuzhou chrysanthemum polysaccharide CCPS-3-1 gel and investigate its
relevant properties. Methods  Acidic polysaccharide CCPS-3-1 was isolated and purified from Chuzhou
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chrysanthemum and mixed with CaCl, solution to form a gel via ionic crosslinking. The gel’s characteristics were
comprehensively analyzed using scanning electron microscopy, Fourier-transform infrared spectroscopy, X-ray
diffraction, and differential scanning calorimetry. Additionally, treatment with urea and ethylenediaminetetraacetic
CCPS-3-1 solution was
relatively stable within a pH range of 6.0-8.0. Upon induction by CaCl,, the CCPS-3-1 gel exhibited good

acid was employed to further elucidate its gel strength and gelling mechanism. Results

transparency, moderate hardness, and high stability. The gel network had a dense, smooth, and uniform structure.
Moreover, the thermal stability and crystalline structure were enhanced. Rheological experiments revealed that as the
CaCl, concentration increased, the apparent viscosity and storage modulus of the CCPS-3-1 gel also increased. In
addition, the loss tangent (Tand) decreased with increasing CaCl, concentration, indicating the formation of weak gels
at all tested concentrations. Furthermore, electrostatic interactions played a crucial role in the formation of the gel
network structure. Conclusion The Chuzhou chrysanthemum polysaccharide CCPS-3-1, isolated and purified in
this study, forms a gel upon CaCl, induction. Its gelling mechanism likely involves the synergistic effects of

intermolecular hydrogen bonding and Ca®* crosslinking. These findings provide a theoretical foundation for the

application of CCPS-3-1 gel in food, pharmaceutical, and other fields.
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TRAGHLZ RIS 2w RAE SIS . Bt
FH 80% [ £ B /K Vs AR BB R TR 3 B A, LA BRI %5
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JR iS22 CCPS % CCPS ¥ (20 mg/mL)M#% %
DEAE-Sepharose Fast Flow HJ#EHE (2.6 cmx50 cm), 47
S 254K . NaCl (0.1 0.3 F1 0.5 mol/L)# ¥ L 60 mL/h
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IEA i
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il B 100 pg/mL WA AR MES R B2, 43 311 0.0.0.2,
0.4, 0.6 F1 0.8 mL AIFRIEA IR E TR, PAZEK
AARE 1.0 mLo SRJERK I BME A 0.5 mL (1) 6%
RIS 2.5 mL FYRERER, 251540, 78 490 nm &b
DU WA, AR B R ' {15 R O 0 o B 22 il s o iy
2 LR 50 pg/mL B CCPS-3-1 FEAL W, X 0.5 mL
IMAGRE T, SRIGRIINA 0.5 mL BIZEMEK . 0.5 mL 1)
6% AR AN 2.5 mL FMKBRAR, #2515 A0, #E 490 nm
b A, S SR AR AR I TR,
EH 3K,

RS RIET: 5%, 4 200 mL (9% D iE
G-250 I&Ff#T 100 mL 90%Z BE, R)5 A inA 200 mL
85%WEIRIAR, /o HZEIR/KE A E 2000 mL. RS
TR JE AP RS B A F . B85, T 50 pg/mL 4= iy
145 [ (bovine serum albumin, BSAWRER T, B 0.0, 0.2,
0.4.0.6 1 0.8 mL ) BSA ARy E i, I AZEIRK
£ 1.0 mL, REX¥SIE, A 5.0 mL 75 D2 15 AW,
IRAEHE 5 min, SRJFTE 595 nm A0 E WG . AR
HAE S HN BSA W E 2 HbrHERN L. B4, Bl 5 mg/mL
f) CCPS-3-1 REAL AT, HL 0.5 mL TR M, IAZERK
F 1.0 mL, AR bR B 2R 2 AR P 0 B A TR
595 nm WWOEME, FeJaREiRfEm T AR AR & &

WHRERR O B 40T &5, il 60 g/mL (EZLuk
RERRFRUEIR W, 4B 0.00, 0.05, 0.10, 0.15, 0.20 mL
BT SmL WELEP, HZEKAEE 0.25mL, FHE.O
EHAVKB IS, KRG AN ET A 1.5 mL UGlRREN
TRERIE R (MR M 0.0125 mL/L), IRGH45], B Tk T
5 min, PCHCKEOETA VKB PR HI ZEE, WA 25 mL
[RIZERAR (L 0.5% NaOH B il () 0.15%[E ¥R BRI ),
RAHEIGE, 76 520 nm A0 & B WOGIE, R Hl bRl
2. e, Ml 160 pg/mL B CCPS-3-1 FEAL W, FifiJA B
250 pL e B b o UBHIBE MR b o 125 VA I 2 T ik ) g
WOGAE, FHARYEARE I Lt iR & =

ZHmERMWEMT: H, BEkmERsEmE 10
f R TAEM, 4 100 mL Z& 08K H A7 10 mg (R FR A LA

T8 10%BIBRBRANTA R FREL 10 mg B TR, A ZEE
FIKIFEFE 100 mL LABLHIE & T IR B2,
T EUAE TR R UEIR MR 0.05, 0.10, 0.15, 0.20. 0.25 mL
BIREF, B LB TKENE 0.50 mL 5 HNA 1 mL fRAKE
TAEW, IRAIEF 30 °CHEA MR 5 min, FE/EHEH
JIA 2 mL 10%BRERENIE IR, TRS1EUREET 30 °CHEGTR I
M1 h, RIVESHRIGTE 747 nm A IEWOGE . LIRS TR
s WV VRV B SR B AR A, WO R A R, 4 A o it
2. B 1 mL 1 mg/mL (¥ CCPS-3-1, ¥ MRAw7HE M 2 ny i
T W GAE, A DA ARG & F IR bR HE T £,
I35 CCPS-3-1 FREZEmM TR, MRS FRYE
(gallic acid equivalent, GAE)ZR/R .
1.3.2  CCPS-3-1 #t iz 89 %) %

CCPS-3-1 B HI1ES % LUO % it i )ik, I
EE MBS . =R, FERE 2 g THRBEY
CCPS-3-1 F 200 mL K& F/KH, HH5)E, HRAE
T 80 °C'Fhn#k 2 b, Mhm#sasiidt, BPA453] CCPS-3-1
GRSV [, RS T P AR &Y CaCl, Wit T
25 mL EE TR, HlamRAREEO0%. 0.5%. 1.0%.
1.5%. 2.0%. 2.5%)1 CaCl, i &I . 45, TEEH Tk
0.5 mL CaCl, /A5 2 mL CCPS-3-1 IEIRIFFLLIN SR,
BRSOV 2 % 4 °CEff CaCl, 5 CCPS-3-1 1R G
T AR A AE I, LT AR TR A Y 2 A AR IR
1.3.3 faisF 2MEuR

i 7 B %% (scanning electron microscopy, SEM)
R FH i B HL T SROR LSRR 43 BT A i 2 THI 1 OO 2254
MU AHEAR, TLGET SEM W8S CCPS-3-1 B 00
M SRS R) CCPS-3-1 BRI B AR A bk
HRVR, SRIGHEEZS TR T -50 °CliiK 48 h, 4
VR THERIIR, IR RTGR 288, kR E
2B UEA T SEM WLEE, e i i 5 kvl
1.3.4 Zeta w42

CCPS-3-1 ) Zeta HLFIHE T3 R F Sl & 6B 1t
7D 633 nm AYSEOEIEGES I 6 0.01 g CCPS-3-1
TE 25 °CHY 22 85 /K Hh438 2 h, DA% CCPS-3-1 /B (R
EIRE N 0.01 g/100 mL), f# A 0.1 mol/L HC1 1 0.01 mol/L
NaOH 4 7 B W ) pH 715 28 3.0~8.0, &3 BE >y 25 °C,
SEAFITIA] S 120 s, Fr8F% 0 133,
1.3.5 A Zetirsl kg 2

i B 20 4 ¢ 1% (Fourier transform infrared
spectroscopy, FTIR)3ZH &K 3 mg CCPS-3-1 F1 200 mg %
TR AR A, R R IR & P8 B AR .
AHLEIRA YRR 1 mm R, HAELIAMDERE 4.
WA IEE g 4000~400 e,
1.3.6 X H&AT4m <

X-SR A7 5 (X-ray diffraction, XRD)SZ5ad i T it %
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CuKo 4T FIARUESE A9 XRD U 8% . B %% T
CCPS-3-1 B iy A TE 2 SR J5 i 5% CCPS-3-1 1 5°
#) 55°Z [A] i XRD 3§18, KA 0.02°092 K, FR 443
PER R N 4°/min,
1.3.7 EZXBHEHENT

70 HH  #k (different scanning calorimrtry, DSC)
3 FAPII AT . LA 10 °C/min (2 INHGHE S 2 10 mg
7T CCPS-3-1 BEl MNE RN ZE 500 °C. LLali& SNk
HAUE, ZSHEERS M,
1.3.8 B8R T AR &

R MCR 302 i A8 (SCRPF-A AR AL 125 (RTBR 0.5 mm,
EA£ 40 mm)lE CCPS-3-1 HEM AU AE =08, FF1EIE %4
PRt R BRI BT TG FE S 2 7 4 2 min, SRJFRER
B CaCl, (0.5% . 1.0%. 1.5%. 2.0% . 2.5%))
CCPS-3-1 (1%) ¥l AE 788K o

(OHZ&MEFE X

Wibgst 25 °C'F, Ml 1 Hz, 4% 00728 6 A
0.1%% 100.0%M i B S AFERLE (G, LA ZeEZh
i [X (linear viscoelastic region, LVR), F1E4FE& &4 & it
1T IR S ah A FEPEN 2 .

(2)F U B

7E 25 °CHBIYIHE AR K 0.01~100.00 s~ 408 T I E 5k
G () F A B R BT V) B AR . AR R R T 3 IRF-
AT, W LS R BOF A .

() AS RN &

1E 25 °CEAFF, @ETE 0.1~10.0 Hz I E BRI B AEAiE
(G PR (G MBFEIN T (Tand=G"/G') BT H )
gL, HIBAE R LVR MBS R E
139 #BEH

FREF EDTA 50T 32 Fl T VFAL S W5 I o i 5
H1. B, BIRZE1.0 g A1 2.5 g)F1 EDTA (0.05 g F1 0.10 g)
Ay IERRAE 10 mL 1.5%F CaClL W . A5, # 40 mL
1% CCPS-3-1 {5 CaCl IR Fo iR & o W

A

25 CCPS-3 05
2.0 0.4
g
o 15 0.3
[*))
T
=0 0.2
RE]
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Fig.1

NaCl#& J#/(mol/L)

Wb, FRFENURE > B 2.0%H0 5.0%, EDTA (#5351
H 0.1%F1 0.2%. F S5 R BRI AN 2 4 °C, FFTEIZIRE
TR 12 he [EE, DOREINIRZE A EDTA /9 CCPS-3-1
BEIAE X gt
1.4 HUBRALIE

i SLR g R 3 R, BRI bR R 2 1 B
KEH. HTIHMERMEEN, BdREETZS
(analysis of variance, ANOVA)FI IBM SPSS Statistics 20 %X
PR R SR AR AL B 1 25 5. ISR P<0.05, AR 77
TR EER.

2 HER5HH

2.1 CCPS-3-1 B2 ERFn4i{k

W2 KR HE T, 48R (1R & BT vE 55 40 R
REZ 45 CCPS, ICEIL 7.15%+0.26%, CCPS 4
id DEAE Sepharose Fast Flow JZ2#rit:4lifk, 153 3 20
#H4Y CCPS-1. CCPS-2. CCPS-3(& 1A). &+ CCPS-3 4
43 N#% %] Sephadex G-100 JEHTHE, I LIZEIRAKAE R BB
FliE—2alifk, SR EZ8 CCPS-3-1(F 1B).
2.2 CCPS-3-1 ILER D 747

CCPS-3-1 &4 30.03%=0.87%F) sk, 08 1k ok
BREIIRE 24> CCPS-3-1 HAMRE MRS &, &3
FEHAMI D Z—; &H 56.97%=0.94% KRR, 5]
CCPS-3-1 2 —FR 1 Z 4%, MHERE 250 Frsg
X, CCPS-3-1 %/ B BRI R L 471 v] B 5 24 i S b A
FRECINEERIE SR INMSE, A SN 0.26%+0.24%,
FKPEAFAE CCPS-3-1 WY FZM Sy, MR 5 & 2T
REA BT k0 JE R Sk B g R W 4B B, 2 & s oA
(0.46£0.06) mg GAE/100 mg, % &8 X &M, A7
CCPS-3-1 M EZL K4y, X 1T BES5 ZHHRIGL F Hoin A 2 B
HK, BRI 2 B 28 0 1 o .

B

0.7+ ccps-3-1
0.6
0.5}
04+

03

% 5'%1E (490 nm)

0.2

0.1 I

. e A
20 30 40

BH(5S mL/AE)

CCPS % DEAE Sepharose Fast Flow (A)# Sephadex G-100 (B)JZ 1 H: il 3k it i 2&
Elution profile of CCPS by DEAE Sepharose Fast Flow (A) and Sephadex G-100 (B) columns
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2.3 CCPS-3-1 BRESFESH

ANIFEMERE Y CaCly % CCPS-3-1 HI%ERAL TR SR N
K 2 fiR, 78 Ca™" B TA7AEIT, CCPS-3-1 ¥l LI AL A
TERTAERR . UL 1% CCPS-3-1 /KIEW A HAL, AR
[ CaCly il % BEIE . 24 CaCl, MIER I 0%HT,
CCPS-3-1 /K& W ok % 8t e, BB CaCly, J&JE iR
CCPS-3-1 BERZ M et 4 F, CaCly it #24t Ca® B+
Hefdilt CCPS-3-1 Z[AIacHE . FiE CaCly BS i i34,
5% I 14) 38 T 5 JEE FRIVUR AR 20 ST G, 3 B R 8 e ) (2L R AR
ko SR, Bl CaCly VR JEME— B8 0, M i fufi i g
PERCMTRRAIG, 58I AR A5 i 55 FLASYS 50, W58 e 114 375 BH R A1
ARV, RN EERE (AR AR BRI 3
Al BESE M T CaClyid & 580 CCPS-3-1 7 TAE I S SE MG IR,
AT 52 M B 114 2 R 45 4 N K 43 PR B T

o e\

B2 I FU#IAIE CaCl, 4 CCPS-3-1 AL
Fig.2 Appearance of CCPS-3-1 solutions with different CaCl,
additions at room temperature

SEM HRTEMFTE 2 MEBEIE A O ZE F4) v 5 454 T
YERL, WAL S r R i R B EIR, 78 ZHEEIR
MR MRAE, R THIRERE . FLBRSS M 5E, A B TPPAl5E
JE it AR AR, B 3 SRR CaCl, S
CCPS-3-1 () SEM % n] LIMLEE ), 4 CaCl, MBS A
0%I], BGE HSe 2 B SEMI g 2] 0% 8 #9208 /N g LR,
I L% CaCly WREEHEINE] 1.5%, 4EHZARFS HnEw . 4
CaCl, HRFZIRF] 2.5%I0f, BEMCIY 04 546 2 BL T 3 A1y
(NN 2 1 DT L SN DR W S S ] B 5 s s

= N

1.0% CaCl,

0% CaCl, 0.5% CaCl,

TR S BB T IR A, R LR A el S, fi
St SR AL PR, JF FLh T IE 50 T e AR, A
TS BRI 2 4 )™ A R AR AL . SEML IR ES SR 5 BRI/ L
BT A RS

2.4 CCPS-3-1 B9 Zeta BAL D #f

Zeta HL AV 2 FAEBE RS /0 BUR FoUE M 1 248 AR, B
BT B RIS R A Rz e 2, hE 4 A,
CCPS-3-1 7 pH 3.0~8.0 B H A 171 ) Zeta B N7, 33X 5P ZLA
TR B TG-COOH fERME S5 TR %, 24 pH M 3.0 3%
& 6.0 B}, Zeta A -12 mV Z84LF-35 mV., ViR
WA 2 (R O R B B, REAE A SUBH L AR el Y
AHERAE, MR T AN ERE PR . CCPS-3-1 1) Zeta
HL7E pH 6.0~8.0 Y I N AHX TR A2 o X — &5 54 i
R SR AR AT, AT A Fh T IR A 2o R R 7 B
WEALBL AN ZE R - HA — 2 AR . CCPS-3-1 HE K -1
o r o il FLRE 0% 55 BH S AH AR ORI AR, X
CCPS-3-1 A3 S iy T 2 N =z — 81, TE 4y e i e
R, MW FA1E B & 7 s BB A e, AT
VL3 35 AH BRS04 AT 1 H A Ay T a8 L X R
A T L 0 B e ) 4 5 A T R M, A v RS T ML
JE A2

14 22 W8 VS R 3o S B i 1 B o A, P S 1 O
SER AR, RN B (R AT AL I AR R, T R ]
F:4,CCPS-3-1 I L 5% 0.0495~0.0775 mS/cm (pH
4.0~8.0), SR 2R B SR AT, £ CCPS-3-1
VA WRCEAT R (e M 0 Do 4 45 4
2.5 CCPS-3-1 5tf%H FTIR 434f

FTIR 4347 0] LA Z2 W EE I 1) i 5 B8 (4L = 8 1) 254 1
WM R, A B TR AR 2 WS T B . SR
N LUAMGTE R B L SR ST IR A A AT D S B
AP E/EA. WK S Fis, #M CCPS-3-1 (CaCl,
AN R 0%)7E 3409 cm™' 2 F B H W f W i, i UET A
FHERS TPy O-H M4idRsh; 76 1607 em ™ bW lii

1.5% CaCl, 2.5% CaCl,

2.0% CaCl,

TE: A. 0% CaCl,. B.0.5% CaCl,. C.1.0% CaCl,. D.1.5% CaCl,. E.2.0% CaCl,. F.2.5% CaCl, Mt %%k 400;
a. 0% CaCl,. b. 0.5% CaCl,. c. 1.0% CaCl,. d. 1.5% CaCl,. e.2.0% CaCl,. f.2.5% CaCl,; HtRA%EH 1000,

K3 =i R AR CaCl, 9 CCPS-3-1 ¥ 1 SEM F&
Fig.3 SEM images of CCPS-3-1 solutions with different CaCl, additions at room temperature
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Fig.4 Zeta potential and conductivity of CCPS-3-1 solution

3428 75 s caCl,

/
/3416 2.0% CaCl,
©
o 3397
= < 1.5% CaCl,
i 3378
’ < 1.0% CaCl,
3397
S 0.5% CaCl,
3409
0% CaCl
P 5
1 1 1 1 ‘1\1607| J
4000 3500 3000 2500 2000 1500 1000 500
Pe/em!

Bl'5 T CCPS-3-1 #El iy FTIR SLi¥%
Fig.5 FTIR spectra of the lyophilized CCPS-3-1 gels

Xof I TR R P AR C=O JR 501, Xt [l RE R AR 2 22
CCPS-3-1 45y 2R, B CaCly e MBI, Tl
WK B3 . 76 CaCly YREE R 1.0%0F, MR A 5|
3378 em !, RMIEAM KA B EAK . XATHERHT Ca¥'a
M CCPS 43T A E e & A MR EAEFH, SRkl 1 Fe A
CCPS 434k Al i U5 S5 VR F ) R A= A8 4k, Rl id i ek
T BRI Z R AR, SRS TR
BRSNS . Y CaCly MREEHEIN Y 2.5% 0, s 1) 5 s
ke, Wb T 3428 em . BFST AR, KMk
FE CaClL WS g ik T 40 F I S BRI 1, (R CaCl,
S5 4 F Ia) A 22
2.6 CCPS-3-1 5B XRD 734

AN) CaCly W il 25 75 A9 CCPS-3-1 BEZ Y XRD i
EIE 6 FiR, WA S CaCl, MR 6.
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