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Al HRERER M T EIE S S A IR A ) £ Y
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1.2 UE5EE
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2000ES 7 & G HUS R 45 | 55 B B Z& 28 /) s DHG-
9070 HL M IR S X TR A, il — 1R A R
Al s KDC—1044 %3 25041, B R A5 B0 A BR A
A] ;SCIENTZ-10N ¥ ¥ THEHL, T 38 2 A WF
FA AT,
1.3 Ak
1.3.1 RS I —RIIAF DE #R
J2 43 AR 1 /100 mL (SRR IE T, SR )5 LR IR
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1:2 W EL I A SRS, 7E 50 °CTF 18 i 6
2 h i, B AR A E R A R b, P 2 A K
BRI UITE, eEH LR H Ca¥ i 5 %1%
IKTCS, VeJa UUVE 208 VR T8 I 45 20 AH I 1 SR i
fEaf o WL DE=10%, 18% ,41% ,50% , 59% 1) F
JBE ) B 4 SR S 85 43 il i 44 1 DE10—CaP \DE18—
CaP .DE41-CaP .DE50-CaP .DE59—CaP.

%%%F%@m%%xmo (1)

A m—— R H T 5 B B, g 5my
A FRH i g
1.3.2 (o 20 Mg e il o 0 AR KT 0 F 1Y R
H 3% #£ PolySep ~GFC-P4000 # (7.8 mmx300
mm), HEFEE 15 wl, 2K, Wik 0.5 mL/
min, #1730 °C, Kl #% 4 2000ES 7 % 6 HUH K
25 1) 2% 1A 2R AT 1o 2000 M e 0

43590 FH 48 24 A1 T—400 78 S8 FR E 14 B8 I ]
V.1 Vo, BB HAXS T B B Dextran & 445
HE & (T-5.T-20 . T-40 . T-200 . T-500) i& T 7k H |
e % 1 mg/mL FIARUEE W, 3T 0.45 pum T AL UE
JBEJE FERE o Ph DR B I E] (V) 3545 B AH B Y 23 T
ZH8(Kav) ,Kav F1 V. IFEEW R LR,

— Ve_VO
Kav—ivt_ Ve (2)

P lgMw (43 J5 2t i 6 850) 0 B AR A, Kav
AR bR 22 i B o i 26 A5 B2 A RS B
DU b 2 1 AR 1 mg/mL POV, 4% R s 4k 1
W IR 28 AR ANRE £ 713345 2 H oy 7
H,

1.3.3 XSt RAPEKH 0.1542 nm 1Y 7
8 Cu—Ka 5526, M S5 14 0 48 1R 36 kV, B it 20
mA , 5 2°/min, F5 5 X 3K 10°~30°, RFE A
$i 0.0511

1.3.4 AHEMLINEREMIE RN
3 R F KBr JE A ik, BL1:100 A4 & R AR o
KBr 1A F-0FBE 450, L R HLEAT R | (R 1k
10 MPa)30 s, BT J5 45 303, F A 5L 22 46 21 4
JEE A HEAT LD AN A, S FE 500~
4 000 cm™,

1.3.5 HimFEBME RPN DA
AL S W IO ZE o B T S A SR e 5 A )

B S HRE b TERE L R T A S LR il
B 450 I L TR R 20 KV, HL TSR Y 2 BE
0.6 nm,

1.3.6 il & A A DE SR 55 78 7K S 0L 1 B A
FpgtaEtt RREEASRET SIS E W
BB ME Y R, AR E g iE T OIf R
RECIE g N ] S RO P SR e
S B K 2 AR I A, A e Y s
fift OB AU L AE AR 8 1 i ARG Ol

P L fOff ST T - E AR 3.1 ¢ NaCl | 1.1
g KC1,0.6 g NaHCO,, HHZER/KER 1 L, 0.5
mol/L 1Y) HCL ¥ WCHF pH (I 28 25 1 v i B Vi Y
Fic 1« HE T FREL 5.4 ¢ NaCl 5 0.65 g KCI, FH #6148
KAEZZE 1LJEH 0.5 mol/L i NaOH ¥ UK pH
HIHZE 8,

WIS mL B AR SRR A T, A 50
mg SRR R AR IR R 5 % (37 °C) ik
2 h a1 A 5 mL W LR SO NaOH %
WK pH AT 2 7.5, 705 A TE IR % 4% (37
C)HIEM 2 h,

o o) = LI ICEI B R 100 (3)

1.3.7 855 sIE i SRR v 45 5 e Al
5E ] GB 5009.92-2016 £ il 4 4= [ AR £
HES I A ) S — i —— KM B RO
AT E

B M W S B I E v H GB5009.92-
2016 & dh 2 A E bR e B S i e ) T i
5 T ——EDTA L3470 5E
1.3.8  Hdaab¥  H SPSS HAF 44, H Origin X
THER .,

2 GZBR55H
2.1 R DE 3t RE4$5 = RA#M

W& Ta o] DL . B8 DE /98 K, RIS
FEIR I G U8 DE=419% ) F 1 5 510 55 F v
JIT 153 345 (DE41-CaP) 7 #8505 (87% ) ,DE10-
CaP /= 25k (50%) . WIS a] H,Ca> 2 5
BT A B RS54, B DE B (LA
IR L ), HE A8 1 BE 7 R | SR A 7 R
Sl SR, F T Ta AT SRS 7 AR Ak T
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RES R 1 i A R A K

WAR GRS T Ca 5 R I i =2 1
A (A=n gy, T RCBREAA K O3 455 85 1 fE
J3), P 1 AT LU %k 341 i 2R 1 45 (Ca—
LMP) B, He A 85 R ORI 73 o 2 K/ il
1E FE 5 T 0 7 5 R 2R RS (Ca—HMP) 2K UE, He A
W) 55 SR I B oh Pl RS IR L, X B ) T
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L] 4 it
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(a)

K, i DE X} HMP 4325685 /) R J1 52 i A8 K
Ak, Ca—HMP 1) A {15 [F 4 716~859,Ca-LMP
B A {EVEF A 1372~1 548,38 KT Ca—HMP 4 A
18, SR SR 3, e DE X BN SR 1 0 145 45
A 1 B 5 H 4y B A

H1 & 1a A0, Ca—LMP (945 & 8 , 1 A il
MG H A 28 R A% A SR v A S e R A
FUAFE I g 8 FROE RN S 8 A HETE 5 800
mg/d, 10 % [ R B A H VIR h 88 AR 85 2k 400
mg, WHINMEA 4~5 ¢ DE10-CaP W] it I 1E % A%,
N H TR RIS A Wil 5 | 2 18 e
Ry A, T Rk B T A B R AR AL, BN &
P RSP B S T, R R A A o 5
S
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Fig.1 The yield of pectin calcium obtained from pectin with different DE and its ratio of amount

of substance of Ca® to pectin
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i & 2 "] A1, DE10—CaP (%) 45 & & fic = (88
mg/g) ,DE59-CaP 15 7 it fe fIk (43.6 mg/g) , Bl 2
& DE (38 K, 5 045 19 45 2 1% Wik /)y, B Ca—
HMP (955 & &I It T Ca-LMP, J&F MR DE
N R B Y LB S ) BT A (B
i) RIS AM CaimisE , A 2 AR
DE 2R i 558 5 By i A9 Ca> 9 o (10 JE 5 S B iR
B BT ECZ L (T=n 0 in_gooq ) T A5 BRI
BB T AE 7 0.51~0.72 YL 1 {5 7] 78 — & F2

R AHRRES Cag A, MSE TS
F R IR 45 A 07 A 3 26K 3): (a) Bt
BEA2 Y, (b) T XU B AY (A ) 5 (c) I PR 15 e oL
R Hop ) T RSG50 2 Fh . O—4~ [ R 5
5GP Ca?, 1=2 , HoH faf NP7, dE LB e a2
R RS EE 454 s QB [ R IL S A Ca485 4,
I=1, Al iR 20 fap P17 5 11 )8 T 520 19 DU OC 3R 25
¥, 1=1, A7k B A faf P-4 5 T AL 45 4 0] 432k 2
. O—A B RIS A —A Ca¥, I=1, K iR
VA s QWA A R ILLE G — 4 Ca>,1=0.5, 13k
1] Ha, for V-1
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Fig.2 The calcium content and the ratio of amount
of substance of Ca®™ to the free carboxyl groups

of pectin calcium with different degrees of esterification
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Fig.3 Coordination mode of carboxylate and Ca*
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Fig4 The binding form of carboxylate and Ca* in pectin calcium

ME 4 LA, RIBRIRE Ca¥ 45 A X
A PR 2 PR 1A B a5 8
Grant Z5UHE WA < B A V450, A B 454 IX B e
Bl BEE F RIS A g, R DE
1 GalA it (SRS 07 v A U254 B L
B W EEAFAET Ca-LMP W XFEZANE T
O R RS I N Uk S o Y i
IR 55 5 1 I B AR (R S5 4 ) A 3 )
FIAERR 22 . 2)B B N [A] SR R [ 3l 3 A i 7 A4
Ca* 28 Bk, HLACHR AL B 7 [n] A1 B2 B AL 5 I = 22
FETET Ca—HMP iz ALEE A X0 5 11

LML T AT RE A E B, 3)C A A — S R R A1
THE FRARIR IS Ca 84, 46 KBIELE
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HRAFAE 5 FLIR N 5 ) SR 5 1 40 P T

i Al UL AR [F] DE 3 7 it & GalA & & 1Y
TR IO B R e 4, AT 5 i S5 A RRAE ) 3
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FEFE R L 0 FRAE 1% PK1 (1 741~1 744 em™) i

IE b ,PK2 Ry 52 R 45 COO Ay AE X Bk i 455 4z 3h 16
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Fig.5 Infrared spectrum of pectin calcium with different DE

P B R R 2 Al & Wy ik AT B 3R 2 A BB,
Ca™ 5 HINRIETTREA 3 P& 5 )y N (WK 3), H
T Ca™ 5 R AR LA B S5 M A A mE, 22
BEAE 200 em™ P Lo #1361 Al R0, BTG 5 FiR A

22 EAR R T 200 em™, 75 G M EL A1k BE 37 4544 77
TEM AL JE— PR SE 1T 2.2 5 P R4S 1=0.5 F 5
AT 54518

#1 7F[E DE RKEGHEER(COO) I FRFII BRI G IR KB = E

Table 1 Difference between asymmetric and symmetric stretching vibration frequencies of carboxylate (COO)
in pectin calcium with different DE
R e 45 b & COO 3F 2 &A% 45 ¥ 3h /em™ COO *F # A 45 ¥ 3 /em™ Z & /em™
DE10-CaP 1613.1 1 334.6 278.5
DE18-CaP 1614.7 13339 280.8
DE41-CaP 16129 13288 284.1
DES50-CaP 1612.7 1331.8 280.9
DE59-CaP 16154 1 331.6 283.8

2.4 7 [E DE RE4$5H XRD T8 B 447

FBES ) XRD B A e e (aniEl 6) , %
A HL A B EL25 SRR EE AR, Hib DE10-CaP
DE18-CaP .DE41-CaP 3 Fl Ca—LMP [ 5 JE 55 %
7B 55 30 75 PO I 5T 45 SR B, B4 S AE 20=
13°~15° J¢ 20=21.5°Kb H3 30 1 58 17 688 1) 48 Sk g ™
FR G AR hiAs Jr B, HOGH R I di i d ()R 298 0.63
nm Al 0.41 nm, # 20=13°~15°F7 5 0 $2 1L 7 755
Ti] P A o) HE RO X009 15 25 20=21.5°717 5 0 0 422 1t
W 43 F-4 7 1) 1 )23 [R] R A B 222

F 45 45 R 5 1) XRD A 553 AT %0, B DE 1)
B, H A AE 20=21.5°4k A A7 S 06 i e 4k L BR
B ELAT SRR AR N EL R R, 2 WL N A T
H 8/ B T 58 B PR/ . I HE T, Ca—HMP (1
R AE 16 R 20=13°~15°, 1fii Ca—LMP [ ¢ 1F 1§
20=13°~15°K 20=21.5°, Ak, % R FER A A T
DI (RP “FE A6 7 450 ) N FEBAFTE T Ca-LMP H1,
PRI I BT 26=21.5° &k A A0 S5 0 10 2 SR A b 2R
FE "G5 AE I REAE 0
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2.5 71 [E DE RE4$EEULET EHRNLEH DT
E 7a A Lh DE10-CaP A1t Ca-LMP ¥
SEM &, &l 7¢ A LA DE59-CaP 1t K Ca—HMP
i) SEM & ,DE10-CaP 145 [a] JE 5 LA B h 32
1M DE5S9-CaP W 2523 DG 78/ Rl oIk o
— B Hh , Ca—LMP 2% W 25 44 58 350% H 2 Hotk | nl g
AT e E], EoE R A BUSE G B X
T s A8y I 11 22 53 25 ) A R
ZFE LG, Ca—LMP .Ca—HMP #) 3 W 2%
P X6 AN R R B2 B B 3R . W AR S B9 DE10-CaP
(7b) KA VF 2858 5 00 5% 7 B 2R, o &
7b1 J& 4k J5 () DE10-CaP 2 i 5% Fr 76 2 000x 1%
TR, AT A B R R AR R T
FLIR 5 1 34 1L 5 89 DES9—CaP (7d) W H #8 7 B
IR R Ak, Ho 0 i A5 48 DE10-CaP B i, 3X 16 I
Ca—HMP Z5F9fe P 22
26 AFEDERKSBERMSEHAERHNBEN
& 8 Tl B SRS DE 3K, Ho2s 1 i T
fBJE Ca iy RE T i SR % i S 1 a9 , DE10-
CaP HY45 B R A% (20.64%) ,DE59—-CaP #x i
(57.34% ) , Fo K Ak 2 M fif B8 B2 FE IR B 55, 5 SEM
M) FAELE BARST . Ca—LMP BO45 B i 55 B R
It Ca—HMP 1%, /2Ky Ca—LMP Hi 5 £ W 5¢ 34
1) A BIZE & X, Ca® 45 53 AR ;1 Ca—HMP
W 5Bk, X Ca—LMP ) Fa 8 P B
&9 WAL, B A ES DE /8, HAE B
WP GalA BRI AR I 52 20 B s KA s 34, %o
LIl 8 AT, Gal A il i 5 4% Bl f: 1) S S A7 1E
— R — B, RO RS T Catt By BT
2x51 0 GalA MY RETIC, HOBE Tt Bk oK | 235 ) 1 8 )
", BT R4S 9 DES9-CaP 3 W45+
IR TR L DE10-CaP ™

3 it

A HE5E H DE=10% ,18% ,41% ,50% ,59% 5
PR H 4 T 5 RIS, BT A LI B 77 2R
N 50%~87% ; FL I 1) DE /N 31 i ok
ST AR SR RS Y 7 A SRR S R A
43.6~88 mg/g, L DE=10% 11 F 2 5 Ca® 2 W & 1%
1SR 45 (DE10-CaP) (19 4% & 4 5 = (88 mglg),
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Fig.6 XRD patterns of pectin calcium with different DE
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DES59-CaP 15 7 2 521K (43.6 mg/g) 5 AR 45 SR e 55
R Ca®5 A HRFE MY BT 1Y 1 22 1L 5 20565
S8, 154 Ca-LMP .Ca—HMP " Ca>* 5 &R AR 15
DIRAGECr BUZE Gy i — 208 T RS R 1R
RS Ca¥iy 3 Fh2h & XA, BEH 2 T R4S
S A <A A5, e T A AR, XRD
T, Ca—HMP {LH —1~ 20=13°~15°f7 §f FRF %,
Ml Ca—LMP if £ —4> 20=21.5°fF St #5fE 1§ (“%&
FE A R RRAE UG ), 3K PR S 0 BT AR 3R I BLAR B SR
AR — 243 M7 ;SEM E B Ca—LMP [ 28 W 45 4



O

220

urs

=n

R 2022 4E55 8 ]

60 |p

IR AL IR B BRI 4y 3%
19 M S A B B R TR 4
25 T T A O R I
© 2 P I WO A 0 PR TR

50 [ 25

10 _—

30

)

%

/

0-CaP DEI8-CaP DE41-CaP DES0-CaP DES59-CaP
AN T i P 2R e 5

Pectin calcium with different degree of esterification

B8 AEDERKRENTEEMEREHESE
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Structural Characteristics and in Vitro Digestion Stability of Pectin Calcium

with Different Esterification Degrees

Liu Na, Jiang Maoting,

Wang Chao,

Zhang Guangwen,

Huang Xuesong”

(College of Science and Engineering, Jinan University, Guangzhou 510632)

In order to explore the structural characteristics and digestion stability of pectin calcium formed by pectin with

different degrees of esterification (DE), this article used five different pectin with different DE to react with calcium

chloride to obtain five different pectin calcium with different DE. And its yield, calcium content, infrared, X -ray

diffraction (XRD), electron microscopy (SEM) et al., structural features and its stability in vitro simulated digestion were
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compared. Results showed that the yield of pectin calcium was 50%-87%. Pectin calcium formed by the reaction of
pectin with DE=10% and Ca®* (DE10-CaP) had the highest calcium content (88 mg/g). DE59-CaP had the lowest cal-
cium content (43.6 mg/g). The binding form of Ca* in calcium pectinate and carboxylate was single monodentate coordi-
nation binding type, with three binding regions intermolecular and intramolecular, which further improved the binding
mode of pectin calcium. XRD showed that low—ester pectin calcium had a 20=21.5° diffraction peak more than that of
high—ester pectin calcium. SEM showed that the apparent structure of low—ester pectin calcium was more compact and
massive, and high—ester pectin calcium was in the form of flakes. It can be obtained by the in wvitro simulated gastroin-
testinal digestion test that the calcium release rate of high—ester pectin calcium was higher. This research is helpful for
in—depth understanding of the microstructure and application properties of pectin calcium.

Keywords pectin calcium structure; degree of esterification; calcium ion



