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Preparation Technology and Complexing Properties of 6-Carboxy
Chitooligosaccharides Chelate Calcium (CCOS —Ca( Il ))
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Abstract; The chelating ability of chitosan derivative 6-carboxy-chitooligosaccharide (CCOS) to calcium
ions was studied, and the preparation technology of 6-carboxyl chitosan chelated calcium (CCOS — Ca (II))
was established, to provide new ideas for the development of chitooligosaccharide-based metal complexes
and high-performance calcium supplement. Chitooligosaccharides ( COS) was used as experimental
materials to prepare CCOS by oxidation of hydroxymethyl groups at the C6 position of
chitooligosaccharides into carboxyl groups by TEMPO oxidation. Using CaCl, as the calcium source,
through the discussion of pH value, reaction temperature, reaction time, CCOS and CaCl, mass ratio on
CCOS —Ca (1II)) rate were studied, using three factors and five levels central composite rotatable design to
optimize the preparation process. The products were analyzed by Fourier transform infrared spectrum
scanning (FT —IR) and elemental analysis (EA). Regression analysis of response surface test data was
carried out by using Design-Expert software. The optimum process parameters for CCOS — Ca ( II )
preparation were as follows: the pH value was 8.3, the reaction time was 60 min, the reaction
temperature was 50°C , and the mass ratio of CCOS to CaCl, was 34. Under the optimized conditions, the
chelating rate was 88.86% . The structure of CCOS — Ca ( Il ) complex was confirmed by IR and EA
analysis, and the molar ratio of CCOS to Ca’* was 2: 1. The CCOS molecule contained —OH, —NH,
and —COOH, which can effectively chelate calcium. The effect of pH value, reaction temperature and
ligand mass ratio on the chelation results was significant. CCOS —Ca ( [ ) complex can not only play the
unique biological activity of chitooligosaccharides, but also may play a synergistic effect, enhance both
the chitooligosaccharides and Ca’* biological activity, and it was expected to prepare new calcium
supplements.
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1.1 #R5&&

JE ALK 58 SEWE (4 F 5 500 ~ 1 500, B £ /i &
90% LA b, I AR B A= W B A BR A | ), CaCl, (43
Brali, K HE TR B 22 80 A BR2S #) 5 K St
(Gt K Ak 5 a0 A B A | ) 3 NaOH (43 #r
af, K | ik TA R E ) s TEMPO (Sigma 2%
#]) ; HCI  Na, SO, . NaClO . NaBr ( 43 #7 4li , [¥ 24 4 [
e E iR A BRA R ) s EDTA (3 #r 4l [ 24 48 A1 {2
BRI RA R ) s TEOA (3 #r 4k, [ 25 48 1k 27 158
ARRAT]) 5548 75 70 (43 B 2, R i AR X 2L
A .

FE A% FAI204B i 7 K OF (IR AE % R
22 AU BT BR N ] ) s DF — 101S 70 42 B0 1 5 0 44 i
T FEEE CRINELE A B & A RAF) ;TGL-16C
RUBLOML (B2 T B2 AR ) s @ VR T AL (b o
19 B R e A A AT PR A 7)) 5 GZX — GF — MBS — 1 #
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Al) .

L2 KA E
12,1 6-FR 372 SR il %

7E 500 mL = [R5 H i A 200 mL 7 18 7K F1
10 g SEREME, 70 40 W A, K TR v Al 4 ol A R L
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1 ~2 3/ 19 3 B 0 0 o o 23 B0 30% (3 F e 5%
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1.2.3  6-JRILFTEMA A I T 20

TR N — & F i Ly CCOS Al CaCl, -4
F 200 mL % & 7oK - $iE P % R pH {H (pH
{H 3 ~10) —>—E il B T [ (40 ~80°C ) —E M [H]— 2
WEVTIE (2 W PR 40 L 90% LU b, # &3 h) > B
IR PLTE (8 000 /min, 15 min ) — ¥ fif UL IE ) I
B — % T (- 26°C B, T1E /& /1100 ~
110 Pa, FHEJR 45 ~ 55°C ) —»CCOS — Ca (1) % i —
W E AR
1.2.4 R ILE

Paxtse SEmE (IR 2 k) X 4 )8 B 1 (45
BB ) BB T ES B ST, 5 R
A 2 B R AT - pH A SN I T Sz Nl B T A B
A

(1) [& 5 B2 N i B AE 40°C, Sz iz i [] 30 min,
CCOS 5 CaCLJ&R & [y 10, pH {4 2.4.6.8.10.12,
4 pH (E X B A R

(2) [ % J i pH {E {E 8, 2 B I [A] 30 min,
CCOS 5 CaCl, it f He o 10, B i JBE 73 51 30 .40
50.60.,70 ,80°C, %5 %¢ K If it 2 Xof 286 45 A 1K) 5 M o

(3) [ € B Wz it B AE 50°C \pH {H 7E 8, CCOS &5
CaCl, JiT &= b o 10, Jz ¥ B} (8] 20, 40,6080, 100,
120 min, %4 5 I3 0 %4 24 45 56 60 B0

(4) [ % J2 B3 50°C, S B 6] 60 min , 2 )
pH i 8,CCOS 5 CaCl, & He 4 %24 5.10.15
20,25 30 , % 4% &k W W2 45 B0
1.2.5  mapimk e & 128

SR FH = PR 3R LK 14 e ) TG A 1K 3 R A
% pH {i % 7 3L L CCOS 15 CaCl, i Bt 1y 3 47
EPS* a7 gt/ @i D1 N VS B = 2 2 (| S AT

1 HLEAFSEHTEERRD
Tab.1 Range of different factors investigated with
CCRD design

i i ” HE -
pH{E P JB#JE T/°C CCOS 5 CaCl, Biit L N
-2 6 30 5
-1 7 40 15
0 8 50 25
1 9 60 35
2 10 70 45

1.2.6  6-RILFTIMEE A B LLA GG 73
IBRE il 5 mg, 5 500 mg /) KBr —E A T4 1Y
WHER R FELLANT R IR A WF S X8 5 (o LRk by A2 A
2.5pm LLF, % AR B il 45 3% W1 A9 KBr £ 4
R A A B 20 A0 O 35 A AT o M e A, T
4000 ~500 cm ™ A& R 4 A 06 % L A RE

T X 6-3R Hh7e SEREHEATLLAMOGIE I & .
1.2.7 JTEH

FHICER S B A o3 S R A s vp € VHUN (14 T 4
SR, R R F W43 Y66 BE T SE Ca® g A Bt
1.3 HE\ESHITHH

ISR E 3 W, H Sigma Plot 12.5 #E4T %L
YA ¥ 5 ] 18], Design-Expert ( Version 8. 0. 6, 35 [H ,
Stat — Ease 23 5 ) A4 X 20 56 Bk 2817 805 5 et
I3

2 GER545H
2.1 BEZHEKRE
(1)pH {H

B L Rl pH X T3 G R4 B KE W, 78
RRVESRAT T B G RBEE pH A Y T & iR 2 T
MR pH (HKF 8, &R A AR pH TS
MM T, s8R, ERMELAMET , Wch H
KREAFAE, H ¥ &5 Ca™" 4 25l 7 5 A,
—COOH ) & fi# & 2| 4 i ,—COO0 ~ 3§ />, H—NH,
R WIR AL, I BORFE AL RE S35 , A F T8
B YRR B pH B W35, —COOH [ 5 figk 14
i, —COO0 ™ X%t Ca™" {45 & 11 FH 3 5% , 1 76 Bl P 2% 1
T(pHEAT 8),0H Sl FHRMH 2 Ca’” i
ALY e B T R AR Ui, BOH T
BRI KT O™ WAEH, FEM X b & T,
Bl ik sz H'F1 OH ™ 52 mi /I, 42 48 T 38 43 i ik s
LA, M A T4 3 ok e 07 ST BB S . AR
WrE pHAAE R 8 B, B AR 58 G W 851 & it i
o MRALIRE BRI pH {8 1E MR iH A
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Fig.1 Effect of pH value on rate of chelation rate
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(3) S 1] ]
Hy P& 3 AT, 5 SRR S I (] 9 BN, B S
N ) F) S I, B G R AR A B A AR, R A SPSS
19. 0 A7 )5 2253 Hr 45 R oK, 7E 60 ~ 100 min [ [A]
W LA, SN i) 6F 288 5 RS2 i 22 5 A B (p <
0.01) , 25 R BEIREEE I 0] B9 B2 A BT P8, N
J& T REPLE SN, TG 0 X, £ 100 min J5 5 & %
BT B, X R T A SO IR R] B4 SE I, — 7
BYATEE WL R o B TSN I [R) X 2 5 R
AN A T L T 56 R [ 2 7E 60 min
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Fig.3 Effect of reaction time on chelation rate
(4)CCOS 5 CaCl, i It
Mo A B L BRI R S R TR
Ll | 5 R 5 R Y — /\EEI%?O B A7 Lo 2ok 5

/féﬁ 6- R AL 7 S M R 3R [, T MR A,
BYARE. hiE 4 LA, CCOS 5 CaCl, Jii i
PO 25 A AR W 035 B2 i, BE A 50 LE AY S IR
RIS R T, Y B T 25 B RS
HAE 85% Fe Ay, HLU S 5 I A 6-9R 3k 7 S 1 ) T
AREP LB, SR A — 2B, B A R TR R
PIFAWIE o U IS AL L w] DAHE S 2 5 B 1)
A8 7 1) FEAT AH A A BE AL FE 2 K 22 3 R 1A 7Y
R I, T4 CCOS 5 CaCl, Fiit Lk 25 A1k
b B LB R
2.2 HBER

I BB S8R MK 2 Pros, Kb A B.C
o35 pH E B EE L CCOS 55 CaCl, Jit & LY
i B9 (L o

BRI

(2]
W
T
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550 5‘ 1‘0 1I5 2IO 23 3b
CCOS5CaClL I 1
Kl 4 CCOS 5 CaCl, [ £t Lo X 2 & H 7 1
Fig.4 Effect of CCOS and CaCl, mass ratio on chelation rate
®2 RBAREHER

Tab.2 CCRD experiment design and response values

3 A B c BEEY/ %
1 -1 -1 -1 66.9
2 -1 -1 -1 63.2
3 1 -1 -1 82.5
4 1 -1 -1 86. 4
5 -1 1 -1 54.5
6 -1 1 -1 58.1
7 1 1 -1 57.9
8 1 1 -1 60. 1
9 -1 -1 1 69.5
10 -1 -1 1 65.4
11 1 -1 1 84.4
12 1 -1 1 81.4
13 -1 1 1 66.0
14 -1 1 1 78.8
15 1 1 1 82.2
16 1 1 1 77.4
17 -2 0 0 47.9
18 2 0 0 63.2
19 0 -2 0 73.1
20 0 2 0 65.9
21 0 0 -2 69.3
22 0 0 2 91.1
23 0 0 0 88.1
24 0 0 0 90.5
25 0 0 0 91.1
26 0 0 0 89.8
27 0 0 0 92.5
28 0 0 0 87.8
29 0 0 0 89.4
30 0 0 0 86. 1

2.3 REPEBEISKHE

| F Design-Expert 8. 0. 6 ¥ 4g 4b P 2 45 %R %

BERAT I G A AR IR 3 PR

M2 3 MJr 200l LA H AR 5 3 i 2
(p <0.001) K% R* =0.945 5,5 1F R* =0.920 9, i
AFRE R DL R A 5 A5 780 40 001 2 s A5 780 T 00 {1 5 52
PRAEALA AR, 3R 3 BB R TR p (KT
0. 05 & BRI G IUA I 2, 0] 5 J7 2 BE 4 4F Hh f
I N7 25 FOF WO B RS B T4 B 5 ~T HW
Mo BT 4 IR X CCOS — Ca( I ) G R M .
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Tab.3 Variance analysis of chelating rate

ZESIR i AWmE ¥irk F p WF
LAY 4684.713 9 520.5236 38.5199 <0.001 ok
A 605.010 4 1 605.0104 44.772 11 <0.001 ok
B 260. 700 4 1 260.7004 19.292 41 0.003 Hox
C 591.033 8 1 591.0338 43.7378 <0.001 ok
AB 153.140 6 1 153.1406 11.33274  0.0031 Hok
AC 0. 140 625 1 0.140625 0.010407  0.9198 -
BC 324.900 6 1 324.900 6 24.043 36 <0.001 Hok
A? 2197.014 1 2197.014 162.583 9 <0.001 £
B’ 807.59%4 3 1 807.594 3 59.763 76 <0.001 E
c? 203.4456 1 203.4456 15.055 42 <0.001 Hok

[i %= 270.2622 20
RAUKGLE 111.5585 5
a2 158.7038 15
eyl 4954.975 29

13.513 11
22.31169 2.108806 0.1208 -

10. 580 25

e s R EH, - R ARHE,

427

2 5oL 2 <2
= II;""" S

IS Bl BE AN pH(E X 2 45 25 1 R
Fig.5 Effect of reaction temperature and pH

value on chelation rate

¢
6 CCOS &5 CaCl, itk Ll pH B %) 255 22 (1452 Wi
Fig. 6 Effect of pH value and mass ratio

on chelation rate

I 3 [ J5 6 2R 0 2 R 6 T A R AR
A B .C A* B® .C* AB BC 7= ih B4 S0 B 1 3k
TR FER K (p <0.01), 7 AC(p =0.919 8)
XEEA R AE A B E . AR E FE A, X
CCOS — Ca( I ) # A R M5 0 K B /MK YR N 2 pH
{E 0 EL SN IR o AR 22 4 A R Il A R R
B E R I A R R 22 B A B 5 5 1y 1al
W]

/-Lf,
Ll A S RO kX A 2R 1 5

Fig.7 Effect of reaction temperature and mass ratio on

7 CCOS 5 CaCl, jfiim

chelation rate

Y =88.89 +5.024 —3.30B +4.96C —3.094B +
4.51BC -8.86A° -5.37B* -2.70C”

735 CCOS—Ca( 1 ) EG R HAIEZH KR
() 18] 5 J7 7 hy

Y= -730.77 +161.98P +6.39T - 0. 48NP +

0.05TN —8.85P> —0.057" —-0. 03N’

R T T 5 e B A R 91.91% X W pH (A
8.29, i B 2k 49.97°C, CCOS 5 CaCl, i & [k H
34.24 7% [ ) 52 bR R A 0 R B S50 I
pH {8 8.3, )2 Jij i B 50°C, CCOS 5 CaCl, Jii & I
3, A E T2 &0 T, ik 8 & 48N
88.86% , B ik iR 3 {H 5 11 DU B 1% 22 /N, AN AEAE
HEZES (p >0.05) , Yl WAL i 56 5 ). B
UE 95 (8 5 FOI R 15 22 /0N, 1t WY ABE AL 40045 e 47
2.4 CCOS—Ca( ) £L4M kit 4> 47

LT A A LB 0] 432 4 000 ~ 1300 em ™ B
FEIX 5 1300 ~600 em 8L XA XML 4000 ~
1300 em ™" [X 3 11 0 2 £ {1 4 R 30 7= AR 0 IR
H T 5 AT 18 AR A0 W S e — P 7 T IR g A L A
P S T A e A 0 B9 X 38 78 1300 ~ 600 cm ™'
DX IR B S B 1 e 4 PR B o i A TR AR TR IR 30 77 A
(52 2 615 , 24 03 1 A5 R A A A TRl I 32 DX I SOl
HHMES"" . AR R AR SRR
LA EIEAFAE W B 22 5 . 18] 8a W] L H,6-R
FEFETENEN O—H 5 N—H [y { 45 9% 2 & Z 1M LY
3394 cm 'y fE CCOS — Ca( 11 ) % & ¥k 3%
B o 9 B & AR 40 88, B Ol 3 418 em ', Ui W]
—NH, . —OH 5 Ca’" RA B & 4 B T 84, WAk
B R R R AE 1725 em ™" [X 38 B — a5 W i 0, X S
TR C=0 MRS e S R
X — W Wi s L 9 Ok, T R AR 42 F 1 604 em A
1384 cm ™" fl B AN W i i (151 8a) 21 A5 %) 1 631 cm ™'
AhFT 1406 em ™' 4k (& 8b) . X T4 R B T
AV =T =0 o S R AR i SR N
BRI P R A SRR T, TR X AR AR R AR
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FUR TR —DBRIE T b, BT SR 254, % A 3 5
{9 41% 2018 2V T, 205 5%t B0 1 A R A U, MG v ) R
145 95 3 A7 T 1400 em ™" JF3E, S X0 B 0 45 % 30 18
1650 em ™' BF3, W MR L AR L X — AR Ak
W7 Ca’® 5—COOH B BB (p — m) 2 AW, iEW]
TEGEW A . 2T AR 1 D B 5 AR £k 2R BH FE
6-F2 KL 575 T B 5 4 =2 [ % A G R 2 TR R A g B
B, AR B BCR 28 d 6- R B M LR
HERRIL S Ca® 2 i) B T 454 R .

1.01

0 . L . . . L . |
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B em™
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042 1 1 1 i 1 1 1
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Fig.8 Infrared spectra of CCOS and CCOS— Ca( I )

2.5 EBERYIRESW
T4 T 6-REEFCTENE 6-RIEF TG G
MICR A AT Bt . AT IR 6- R BE ST S o 1 b
BATCEMEF AR N 5.95:9.16:1:8. 16, #J0
BRAE o3 F AR F CoH 0N, 6-9R Jk 7 5L BH 4%
BAEAA TR TR R 11.75:18.41:1.97: 1, fy Jy AT
WS E A Y P 6- R LTS Ca® () KB
Feoh 201 BIAH Y F 6-R L2 SE M0 Frh il 2 AN
S E BRI S 1A Ca’ A,
R4 BEOWHTRSH

Tab.4 Elements analysis of 6-carboxy-

chitooligosaccharide chelated calcium %
T4 B
FE b
C H N Ca
CCOS 40. 14 5.13 7.95
CCOS—-Ca(Il) 33.86 4.42 6. 62 9.51
3 it

Fe SRR/ 5 MR S LA A N A AR B A R
HE 37 fE 7 A 28 MR 3 DL BRI, X & i BT LI

PIBCOLVE A o Dhoe SERE Bl B0t 7E SE R N SR 4% &
SIREF RS RE S MR A2 MR
AR, e A B B sl
RNESE T 2 Lk, B S L A Y R
G A AR 5P R RT o8 g ful LA R B AR O
G Bk BRI RN AR T R B X 4
B B T PR R RE T A R A S B AR
X HCE A BESE RB, E SRR IS BT R R
ST EOREXT BRI I AE ) I B AR IR A A
SECOURIETE S B, R R S SE SRR R T R AL 4 T
RERM L AR 78 T oo Sm H e e s 4t

AHIF 5 3 ek BB 5E SE R C6 2 L Ak Ak
BRI BTG A SR x BT R Rk B T8 A
Ut B E TG @ TR v A
B CCOS 5 Ca’ " BE/REL A 2: 1, B 2 4~ CCOS 43 F#%
H1AC T HEEET EaWE™ s
SEEM R SRR TR G RE T . AR SCHESR
K CCOS X} 4 J@ M Be 7 B 1 2 7K R pH {H 5 i) fix
w3 A pH HAXT PR T E S R E KR
Wi, H 2k £, % —NH, f1—COOH 7& 1k & H i1y
FEAEARAS , HETT 52 WA 25 45 7 W) T8 B, T A 2R 3
OH ™ i Z5 117 5 455 1] Jo 0 3 , 10 A6 AR 2 4 %, X1
ST TS R BT B S 4 RS B T R R L R
BER, 27 ) pH S ER VR VA P i —NH T
JEYG I, —NH, e BE Wi/, -1 50 BE 25 5 W0 ik 25 7 1)
ool s B A R 2 IR R IR 5 i 8 o BH 8, R R
JE SOC[F I , B 5 7 W) e AR e, IR B 2ok v 25 1 A5
C AT W E 5 W) kA R 25 5 52 B o B (8] 5% 1 AS i
E LB RO 3 5 R AR A S g
MREGR - ARG REGEEGERN
88.86% , i TH IR (2 Ik s S g >
BB T INES SRR DT

4 it

(1) F FH 52 3£ 0% (COS) il £ 6-48 Jk 7% 5%
(CCOS) , H55E ZEHE Co i b b ¥ F 3L H B AL il
R G T CCOS X458 F I 45 S PERE , B T 1K
Z pH {8 I I BE R B ] CCOS 5 CaCl, Jii &
FL T B A R R B, BE ST A5 R L R & pH
BN 3 B X S A SRR 2, N R ) X A R
A N T

(2) 3@ 2 AT B Rf & T CCOoS -
Ca(Il) il M I & 2S00 W pH {ER 8.3, )%
R B E] 60 min, 5z b iz B 50°C ,CCOS 5 CaCl, i &= b
N34, ERMATZHZET,BIERBRESEN
88.86% ., JrEMHT SR I 45 HR W, pH A L MR
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J% .CCOS 5 CaCl, Frig b A e 3 MR E BP0, pH 5o br 45 R 3R, B i M3 (e A7 254 B A7 1
(RSN I B2 p LR B b A 58 B AR X 7= B — B R, A MR Y TS B A W R R
B RAE IR R 1 B 82 KR (p <0.01) o CCOS - Ca( Il) L& Wi Y Z5 4 1) 22 A D CCOS &

10

11

12

13

14

15

17

(3) X Py HEAT (8 LT AR S 2 AN e i 4 e Ca® T EEJR LR 231
& % x Wt
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