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Abstract: This study employed response surface methodology to optimize the preparation process of phosphorylated
chicory polysaccharide iron. It characterized the structure of the composite using Fourier transform infrared spectroscopy
(FT-IR), X-ray photoelectron spectroscopy (XPS), and scanning electron microscopy (SEM). Through simulated artificial
gastrointestinal fluid digestion experiments, sucrase hydrolysis experiments, and mucin-binding capacity assays, the in vitro
digestive characteristics of phosphorylated chicory polysaccharide iron were systematically analyzed. The results indicated
that the optimal reaction conditions were a reaction time of 1.1 h, a reaction temperature of 64 °C, and a pH of 10. Under
these conditions, the iron content of the prepared phosphorylated chicory polysaccharide iron reached 26.97%+0.25%.
Infrared spectroscopy of phosphorized chicory polysaccharide iron showed that the O-H and C=O groups in the
phosphorized chicory polysaccharide coordinate with Fe**. XPS confirmed that iron was introduced into the phosphorized
polysaccharide in the trivalent state (Fe’"). SEM observation revealed that the composite morphology was a dense layered
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structure. /n vitro gastrointestinal digestion results showed that the iron retention rate in gastric fluid was >97% after 24

hours, while in the simulated intestinal environment containing mucin and sucrase, 59% was released after 7 hours, with a

cumulative release rate of 74.5%=0.5% after 24 hours. This study provides a theoretical basis for the high-value utilization

of chicory polysaccharide resources and the development of polysaccharide iron supplements.

Key words: chicory polysaccharides; phosphorated chicory polysaccharide iron; response surface; structural

characterization; in vitro digestive properties
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1.2.3 BERRILZE = 2R IHI & K 2.0 g B fk
B E 2P T R B T /KRBEL R 5% B, A 25 mL
0.14 mol/L FrAZEREN, 1% J13iFt: T B il A 2 mol/L
FeCly W, LA 10%NaOH ZERE N pHO~10, Z4T
FE O TE AR AR, 155 1R I FeCly, 4kE27E 65 °C T /2
% 1 h, 5000 r/min 5.0> 15 min, B FVWE®K . FETR
TP EARFICK 2B, REAL BT, Jin/b ok
VEIRTLTE, BHTEE (MW 500) BT 24 h SRE R R T
L, ISR AL AE 5 R 5 o
1.2.4 BEIRAGH B 2B 10 PR R 2R 5550
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1.5, 2. 2.5 h) Xk E a5

1.2.5 W R g Bt 8 2 1SR HH Design
Expert 347, FERARIZ SR |, SR —KFE
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Table 1 Factors and levels of response surface analysis
K3
S
-1 0 1
ASREHFE (h) 0.5 1 L5
B WL (°C) 60 65 70
CpH 9 10 11

1.2.6 RS

1.2.6.1 FrufEfhizkmgadil =18 GB/T 5009.90-2016
B AR HES IR (0. 1. 2. 3. 4. 5 mg/L) IR FHLBIE
MRS S 3G GRS T e e 5, LA & F i Ale
b, WOGRE AL bR, ZeiilbriEthiZk, 19PriEfhZk =)
T y=0.2035x—0.0037, R>*=0.9999

1.2.6.2 FEREREEAIMIE  FREX 10 mg BEAR1L2E
B Lk, A 15 mL 1:10 £higR, Vs A /b &
FETK, Z38 5 min (R EIEFRELRZE 100 mL, B
10 mL BESR, B 1 mL 10% 2 51z, BEJE inA
2.5 mL ZBAEMS MK (A A 5 mL 1 mol/L ZLIR4H, &
5% 25 mL, #%5), EIRCE 5 min 5 KOG RE
(510 nm) .

o C
BEE%) = Vs 100

Frr: C-PAAR D £ b 2 A5 T AL W 9 2k 7
(mg); M-BEFRALA B 2 BT (mg) o
1.2.7 BRI B 2RI RAE
1.2.7.1 £LAMGIE43HT  FREX 100 mg M5 T 2288 |
WL A4 B 20 . BRR Ab A 1 2R R, 430 S
KBr ByARAFEE I L, 76 4000~500 cm™ I EGEE Y
BATELLAM S 57T o
1.2.7.2 XPS /M1 X SFERGHL FRERE (XPS) M &
I Al-Ka 58 950825175081 iS40
i# {8 (Pass Energy) 80 eV, 20K 1 eV, H{E F 0~
1200 eV, fHHIG YR C1 s 15 (284.8 eV)IE =
A UEITE G5 RE .
1.2.7.3 HHEBRBMT R BT, KR fh 24
15 AR [ R WA A A I, I s v
N AT QR A4 HE 15 kV, FJT 20 mA)

JE A TIER o

1.2.8 IRSMERLE IGiEEAL AR SCHR [4] 19077k
PEATELULS B Ao

1.2.8.1 N LHWEHISZY CHBEiR s ek
(5 mg/mL) 5 A T.H ¥ (# 2.0 g/L NaCl. 3.2 g/L §
BB, pH2) 8RR A, 37 C KIBREIRTIFE
0.5.1.2.3.4.5h, #/KKHE5 4 °C. 10000 r/min
B0 20 min B IR, SBAERS M2k 5 i, THAER

%ﬁ&$w®=éxmo

o S- LIEW S = (me); C-EEM S &
(mg).

BRI R (%) = 100 — BB CR
1.2.8.2 N T escs B fh 24 5 2 bk
(5 mg/mL) 5 AN T HBHIEAL 1 h )5, 7 pH 2 5.0,
IMANT % (% 6.8 g/L KH,PO,. 0.9 g/L NaCl, 60 g
AHER . 10 g JFERfE, pH7.6), 37 °C W¥E 0.5~5 h, #l7/KK
Tt 5 U Je B VBRI R B i, TIOR3
1.2.8.3 BHILS AR HEAL TS B 0.1% (w/v) &l
E M4y Bk (UL pH6.8 Tris 22 ph g He ), AR U in A
10 mg W 1% 125 125 22 00 42k R bl i (2 B2 10 U/
mL), JZ i 1, 3, 7 8¢ 24 h J5, £ 4 °C 10000 r/min
FEEEAHES L 20 min, PAUTTEH 485 LW, A
WP R L, TR
1.2.9 BERILA S PR SRE AWM EAEH  E
1 LAY CRE TN R 75 5 R (T) R SRR AL 2
E2MER S FE A A EAE, B 10 mg FiE A
HAE 10 mL PBS(pH6.8, 0.1%, w/v) H, i iZ2 43 8ok
TE 37 °C WFE 24 ho 2RJ5, ¥ 10 mg 2515 20 . BEIR
25 B 2R RS e R AR L oy A b, JRE 2. 8.
18 A1 24 h J57E 650 nm AbIMERE LB STR
1.3 #iEAIE

T BRI R = IR SIS B IME, a5 R
YEEhrfEfw 22 f#i A Origin 2021 #k{Fifid Student
t KA TS M. LA P<0.05 Fioh 223 B3
2 HBRESH
2.1 BERERIWERSHH
2.1.1 pH XREHEMsEm WK 1, & Ekf pH
FHE ek s REa sy, F pHI10 Ak . 24 pH<10
Bt HR B T 5 | R iR A2 i 2 001 I 11k, BH
R H S Fe ELAIES &, T 83U & B AIK; 24 pH10
i, BRI 2 B 2B 2 B TAE ens MR 3, 5
Fe @46 . pH>10 J5, KRR BT ImBE & OH e
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Fig.2 Effect of reaction temperature on iron content
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Fig.3 Effect of reaction time on iron content
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2.2.1 REOUTE R T 22500 W A B

R gE LR 20 SHABG L5 R VR T R B 5087,
A5 F) [ ) 7 . Y=26.43+1.77A—0.73B—1.08C+
0.022AB+0.25AC+0.15BC—3.41A%>-2.11B>*-2.58C>,
A% 3 AT LIAS Y, #E75 R?=0.9824, 3% A AR R4 &
JE R, L AE S TIAE = Bl PR 22 /1N, R, 4=0.9597,
SR IR AT LU 95.97% BYRN{E, TIEIH 24
T DL sz e 5 R 38 22 [A] 1 ¢ &R 5 AR U 11 P<0.0001,
LI P>0.05, i BH A1 )5 O FR AR, BT g 2
ZE L AR A . BERIINAY AL C IR 2Z S
Z(P<0.01), B RN FE 255 &3 (P<0.05), AB. AC,
BC X S ABE RS AN B2 . FAERR, RHIZH
FXT IR AL 2 B R ES G SO S I R ) 2,
SIATT AT A2 A 09 B U RN AN
B E])>C(pH)>BUR W IR ) o 45581, A [a]
XTI A2 1 2 RS B S i S, pHL I S2 M IR
Z, RN EXT s s o B 4 AT, RN
pH 5 W R EEZ 8] . = pH 5 N Bfa] = a] |

2 MR RS BT R A
Table 2 Design and results of response surface experimental
i oacs A B C Bt (%)
1 0 1 -1 22.40
2 0 0 0 26.56
3 0 0 0 25.82
4 -1 0 -1 19.63
5 0 -1 -1 24.15
6 0 0 0 26.03
7 -1 -1 0 19.84
8 -1 1 0 18.32
9 0 1 19.65
10 1 1 21.76
11 0 0 0 26.73
12 1 -1 0 23.47
13 0 0 0 27.01
14 1 0 -1 22.53
15 -1 0 1 17.86
16 1 1 0 22.04
17 0 -1 1 20.79
E I VAT S =
Table 3 ANOVA of response surface experiment
FERE  FHM HRE ¥y Fld PlEH WEM
TR 145.13 9 16.13 4330  <0.0001  **
A-Hf] 25.03 1 25.03 6721  <0.0001  **
B-IE 426 1 426 1145 00117  *
C-pH 9.35 1 9.35 2512 0.0015  **
AB  2.025E-003 1  2.025E-003 5.438E-003 0.9433
AC 0.25 1 0.25 0.67 0.4396
BC 0.093 1 0.093 0.25 0.6325
A? 48.89 1 48.89 13128 <0.0001  **
B2 18.66 1 18.66 50.10  0.0002  **
2 27.97 1 27.97 7512 <0.0001  **
FR2E 261 7 0.37
I 1.63 3 0.54 223 0.2270
AR % 0.98 4 0.24
BE 147.74 16
R>=0.9824 Adjusted R*=0.9597

s #+ TR 25 T 35 (P<0.01); * TR 25 7 B35 (P<0.05) .
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Fig.4 Response surface diagram of the effect of the interaction
of various factors on iron content
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Fig.5 Infrared spectra of inulin, phosphorylated inulin,
and phosphorylated iron inulin

2.3.2 WAL E 2k XPS 45510 XPS 4t
DLl 6, A% E4s & BE 0~1200 eV G N, EE4RE
WEXT Fe 2p. O 1s., C 1s 5 P 2p, BHIARES &R 4.
ik e Eoe R, SHEMR b ag I R BS 4 Al — 3K .
Fe 2p fE4li%4h i 7K, Fe 2p,, FIENIT 711.5 eV,
2p,y, BT 725.1 eV, REERLL Fe’ S LBAFTER . P
2p LS R WoRTE 133.2 eV Ab S IR X BRI, A e
SR TR S5 AR A E L . C 1s 3545 R R
284.8 eV(C-C/C-H) . 286.5 eV(C-O) & 288.3 eV(C=
O/0-C-0), UESL24 T Z Wt B 2R A5 F 50 38, B fb e
iR WEIR 2 465, O 1s %45 R B 531.2 eV(C-
O-P). 532.8 eV(C=0). 529.7 eV(C-O) } 535.4 eV
(Fe-O) . XPS 4rHriEsSCiii b bk Fe¥r
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Fig.6 X-ray photoelectron spectra of phosphorylated ferric inulin
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Fig.7 Scanning electron microscope (SEM) image
of phosphorylated ferric inulin
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Fig.8 Iron release from phosphorylated ferric inulin
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