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Abstract: In this paper, the preparation process condition of chondroitin sulfate chelated zinc was optimized by orthogonal
test. Chondroitin sulfate and zinc sulfate were selected as the raw materials, chelating rate of zinc as evaluation index, the
effects of pH, reaction time, mass ratio of chondroitin sulfate to zinc sulfate heptahydrate, and reaction temperature on
chelating rate of zinc were investigated by single factor test and orthogonal test. The structural characterization of
chondroitin sulfate chelated zinc was analyzed by UV spectroscopy, fourier transform infrared spectroscopy, scanning
electron microscopy, thermogravimetric and X-ray diffraction analysis. The bioavailability of zinc irons in chondroitin
sulfate chelated zinc was determined by in vitro simulated gastrointestinal digestion and absorption. The results showed that

optimal preparation conditions of chondroitin sulfate chelated zinc were as follows: pH4, reaction time was 1 h, mass ratio
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was 1:1, and reaction temperature was 30 “C. Under these conditions, chelating rate of zinc was (80.6%+1.31%). UV

spectrum combined with Fourier infrared spectrum analysis showed that chondroitin sulfate chelated zinc was formed by

zinc ions combine with hydroxyl, carboxyl, sulfonic groups in chondroitin sulfate. Scanning electron microscopy and X-ray

diffraction analysis showed that the micromorphology of chondroitin sulfate chelated zinc was microparticles with crystal

structure. Thermogravimetric analysis proved that thermal stability of chondroitin sulfate chelated zinc was better than that

of chondroitin sulfate. /n vitro simulated gastrointestinal digestion and absorption analysis showed that the bioavailability of

chondroitin sulfate chelated zinc was better than that of inorganic zinc salt. The research results would provide theoretical

basis and technical support for the development of new zinc supplements.

Key words: chondroitin sulfate; zinc; chelate; process optimization; structural characterization; bioavailability
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1.2.2.4 S REXTEEES G MFEN PRI AR K
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AT ER 10%, TR E R 5 L/K G RmBEr 1 T
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1.2.52 £14M0i5450 0T SRAIRAREH R ik, #3518
1:100 EBB B BR 4 H R ES S BER TRES . BilR
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Fig.1 Effect of pH on the chelation rate of zinc
TE: AR FRERIR 22 5 1835 (P<0.05); 151 2~I4 4, 151 10 [Fl.
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TE 0.5~2 h Y[, B2 SN a3, sy 25
PEE TGS G T T4y, B AR B L FH(P<0.05),
J W B [E] A 2 h B, RS G 30k B A = (71.39%+
0.81%), X4 T Wi s [ kL2 sk, S G S 80 T
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Fig.2 Effect of reaction time on the chelation rate of zinc
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SRIRE R IE 3 A, SRR ECE R 5 LK G AR
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B RZAMUEEE GWE TR, AR T 817, [F]
AL SRS S AR G518, REAIRES 3%, fF
Bt b 101 B, SR PR IR AR R 455
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Fig.3 Effect of mass ratio on the chelation rate of zinc
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U, TEAR IS BRI YE FEL N, MEEE LS B ET g, 5
PEE T IS G OL TR 2P0, OV 30 C
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Fig.4 Effect of reaction temperature on the chelation
rate of zinc
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JT i SR R, R SOWIRLEE , pH IR Z, WS
(] RS i e/ NG21 S ) PR AR A5 DRI 22 I BB R N
AR N HE A,B,C,D,, Bl pH4, JZ WA 1 h, 6
WA E 2 5 LK G mPREE TR L 12 1, RUVIREE 30 °Co
FHE 3 AT, 4 PR3 b oo PR A SR A i) . 3
(P<0.05), 1ij pH. B [A] S Il B8 X BF 8 G S I 52 AN
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Table 2 Orthogonal design and results

P
e BEREATR (%)
A B C D

1 1 1 1 1 65.994+2.43
2 1 2 2 2 75.99+0.95
3 1 3 3 3 54.75+1.21
4 2 1 2 3 73.66+0.55
5 2 2 3 1 64.10+1.59
6 2 3 1 2 72.134£2.02
7 3 1 3 2 70.17+3.01
8 3 2 1 3 64.35+1.66
9 3 3 2 1 75.33+1.95
k; 65.58 69.94 67.49 68.47
k, 69.96 68.15 74.99 72.76

k, 69.95 6740  63.01 64.25
W25 (R) 439 2.54 11.99 8.51
IRAER A G A)B,C,D,

3 IERK T g R

Table 3 Orthogonal test results of variance analysis

g 3 SEHTH A B Yo7 FIH B
A 38.369 2 19.184  0.407
B 10.203 2 5.101 0.108
C 220.080 2 110.04 2333 *
D 108.633 2 54.316 1.152
R 377.28 8

T " FoRER B E(P<0.05),

23 BB RE A THEMIARIE

2.3.1 EAMEIESHT Al 5 PR, BRRECE R 10 h
SRISIEELE 204 nm, IZIEEH 2B RFIE I i, 22
Wi B9 A (BT 2 A IR DR, SR 2R B
GEE ZZHERFENOSE H BAE 212 nm. WIAIEIEFS
TR A ETEAS T AR T ESECT ook

BRATPY . [A]I, BRERHKCE 2R AE 255 nm Ak E— 551
Wb, 54 T B G Z ), BRI R = 260 nm.
BORREE TS 20 T i R AR S5 S, SR T
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SR TARIREKCH 2R, I AT BRI P e T4 5 e S B
A B0, BREREPETE 200~600 nm UL 54h-1T WG X
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RETEIE T Z Y, WSOy i S s B AR 3R I

2022 4F 5 A
3 -
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Fig.5 UV spectra of chondroitin sulfate chelated zinc,
chondroitin sulfate and zinc sulfate
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Fig.6  FTIR spectra of chondroitin sulfate chelated zinc,
chondroitin sulfate and zinc sulfate
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