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1 MRlEFE®
1.1 #R5iHF

WCS, Hilt B &4 A BR 534122 7 ; SBP, 1
Herbstreith&Fox KG A ) ; @, B & (L) 44
BHEIF LA BRA A 3R A8 OB, [F 254
Ak 22380 A PR A
12 UHR5E%

DHR-1 #AE{L, F2E TA {LEF7 A ; Master-

sizer 2000 ¥ 5% KL AL, TE E Malvern 2\ 7
SUS010 %ty & fH i i 8%, H A H k&4l
CT3-25k B4, %[ Brookfield 23 7l ;D8 % X~
FFE&AT HHAY (X—=ray diffraction, XRD) , 7% [E Bruker
N
1.3 Ak
1.3.1 CSBP Wyffil& #E#FraE 10 g SBP,IMA 1
L EEFK, oy s), M 1 mol/ NaOH
P SBP W pH £ 6.0, #AJ5# 2 000 U/g SBP
NN, T 45 CC 30 min, S 25 % 37 Bl
A 3 EARFR TOK QB , B0 A RIU0E, HEAR
50 CT ¢ 24 h J5 RS L 100 i, 52 CSBP 45 H .
1.3.2 Mk dE R fg il R M A2 ALY Starch
pasting cell B4R 47480 AP BT A0 00 a2 A R
1.5 g WCS TR &, A 25 mL T &
S8 5N 0% ,0.05% ,0.1% ,0.2% ,0.3% ,0.4%1
CSBP %, WILFEF T . 1484 50 CLRHF 1
min, #% & L 12 C/min 093 FTHE 3] 95 CH- P H5
2.5 min, RJ5 L 12 °C/min B 8 R IR 2 50 CIf
PRFE 2 min, #5030 F 2 09 3R AERT 10 s 2 960 v/
min, FAYEE] 145 160 t/min.,
1.3.3 GBS ERIE SR Ma 481 5 vk
FERAEME S, B 1.3.2 715 Jir il A5 (9 8 R M, 2 34
T A AR SR A R W A L, R S ) A ) 2
2 A RE A, 2 S AR ELAR O 40 mm, 152 R B R
1 000 pum,

RS T AR REPE I E 7 25 CHM T, 554
A () N 0.1~100 s 3 H7 , F A 100~0.1 s7' 3%
W, SRBPIN 1 (7) By B97E4E, SR Power
Law J5 B X5 12090 B0 A 74005 40 b7, 7 R AN T

=Ky" (1)

Krpr 5 Y10 77, Pa; K BRI &R %,
Pa-s";y BIPIHOR sn BN R IEFE AL,

ST . AR, R
25°C, Mi% 1 Hz 64T, NAEM 0.1%~250%i%
R AR IR 25 °C 2% AE AR, M0
FN0.15~15 Hz #34 Jo A i R i (G ) K&
PAAERL I (G ) B AE A3 Y A2 A
1.3.4 M4k WCS KAzl g 4 ) i il A A e
FE 1 CSBP % 50 mL, SRJEMA 1.0 g &85 il 15
WCS BV, Fo /A1 )5 95 CHIME 20 min, fFiR
FEREZE 25 °Cla, fE 25 85 7 K LR V8 M B A
B e W B 8 B S AR i O B URE
fn L G R IR B 15%~20%, I 5E B i 0 L
K BT 55k 1.33, WOk 4 5t R 4 1,530,

1.3.5  BOUWSS g B 1.3.2 795 il & i
FERE S, H A 0T 48 h e U1 RGE 24 K /0N i
J, >R FH 5 HRCIAT e [ A i, T LA RS P w4
AbFR S CTE SEM HOUEE  ORABECH 500, F1 4
EHR5kV,

1.3.6  [al/E WCS B e 3 B il 43 501 o ff it
B 25 mL A[AHE R CSBP &, A 125 ¢
WCS il BCVE R B TR, 7 95 TN 30 min fif H
Wit B H E W R0 0E T 4 CR K 5,10,
15d, BAFEMELZNE 3 %K, %M TA39 #%:k il
PR 1 mm/s, B3 40 10 mm 3 B 2 e gk
22 B B K T By B RSB

1.3.7 4 WCS fhiRZSH e B 1.3.6 i
il 25 VR 15 d B9 BERCAE S, R TS AFES i 100
H i, #5 FH . f# ] XRD X RE 5 2EA T S R 47 4514
KA Cu Ko, & R R 40 KV, 4570 F 20 4
5~50°, F14 3 F A 5.0°/min, 2K K 0.02°,

1.4 HELIE

fdi Fil SPSS 20.0 k4 % ¥ ¥ vt 47 48 3+ 40 by
(P<0.05 £7n 25 W% ), FIH OriginPro 2021 4k
FHER

2 HRE5HM
2.1 CSBP 3 WCS #{L 514 H %

TE oy WA 2 D TR it Il B T v MR 2
] 3F R A F AR B B, 7RI AR P Al kAR B A
KL K K 25 45 F R R B BE e B 8 1 4%
PG, BT 1 R, B CSBP J , 52 BC A4 2 A4 B
PRl &Rk E3%, JF H LR R REE CSBP &3
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Fig.1 Pasting curves of WCS—CSBP blends

WG R . MER 1 RTLLA H, CSBP i 3
T ECAAR R W R I ZAE E (P<0.05),
HEEM TS CSBP N S IEHIE, Jenim
AT 9 A1, B 22 0 T L2884 o i A 0 1) 286 S A
gk LRI A S T CSBP Ml WCS & it 14 2 i I A
PERFT S, —7J7 i, CSBP & 36 /K R4y 1 BAT B
L (AR PR BE Ak T E R Y T S WL R
TE A UKL (1 W K R Bk BT 6 3% 22 40 v CSBP ik 3 2

=, Bt CSBP U in 2 i 3 m &2 Be ik R 3 B il 2
K0S 55— 5 1T, CSBP Al LA ZEAE WCS ik 4]
Rl 3 HC 7E R Ak ok A b B 0 K R RS A,
CSBP 5 3& B JURL R Ak ik 595 T 19 T4 St
Ko F R EAE R, B 00 UE M B = ] A
VE AL AT BEFE — 2 FE 1 L m R Ak R,

i 1 a0, WCS/CSBP % Bt 14 2 (4 i it (8
%5 T X R 2] WCS(P<0.05) , 2 B 3 0 W i £
SEVEAS 2% AE NN T 5 TR e Bk 3 RIAL AR 5 170 64 i
AR . IR BT A R B 0 S SO0 R K D
o PSRt I R B 7, 5 S SOUE K UKL 1Y 5
W, BN CSBP Ji, B ECAAR R 0 [ A E W3 T
(P<0.05), 78] WCS ry [ AR5 28] T2k, X
— 8] fig J& i T CSBP 538 0 43 1 36 4 W Btk
Oy PR T VE R T R R R AR T YR T
MR shEHE, 5 WCS M E, B3 CSBP J& , & i i
F AT B R kAR AR (P>0.05), R,
Zhang SR TE S I0 AR AT DL 2 B v R OK VE M
B R Ak T8 BE (P<0.05) , Ren ZEUSIEIF 5T % B0 1t w0 H) 22
W AT 4 3 R IR 21 35 U8 # B W A6 IR B2 (P<0.05) . 7™
A S 22 S 0 SRR AT RE R TR R 2 0 o 1 S5
Hy BURL 22 [6] 5 4 /K 1 g AR T

&1 WCS/CSBP £RiEZrIMLSH

Table 1 Pasting parameters of WCS—CSBP blends
LBRA KR A 6 A AR/ HABFE L] XLV WAL IR L/
e E % mPa-s mPa-s mPa-s mPa-s C

0 1000.22 +3.22f 576.78 + 0.32f 541.16 + 0.53f 117.18 + 0.81f 64.57 + 0.36a
0.05 121570 + 1.27e 725.29 +3.10e 625.21 +3.11e 135.39 + 1.20e 64.42 +0.31a
0.1 1499.97 + 0.82d 921.48 +2.19d 742.58 +1.27d 164.24 +0.76d 64.38 £0.17a
0.2 217240+ 18.11c  1387.92+9.17¢c 1039.23 +4.20c 254.22 + 0.89¢ 64.31 +0.28a
0.3 2861.47+1048b  1792.41 +£7.19b 1454.5+£10.01b 385.71 +3.11b 64.24 + 0.39a
0.4 347246 £1239a 2215.19x11.21a 17923 +10.90a 53458 +52la 64.12+0.41a

TE AT [ — 51 bR A A [ 5 B3R s Bl 2 147 76 35 22 7 (P<0.05) , R 1],

2.2 CSBP 3 WCS & F4HHEREIE
Fi & 2 m 1, WCS/CSBP & Bt i 2 I 47 B i 1
B ) 7E B A~ 55 D) 1R [ P 3 Bl A B ) R
VA 1 T R, 23R B DI AL P R AE L 26 2 S
Power Law & 7 5%f & B AR 23R A8 804G & pris =
BLR? ¥ITE 0.995 DI b, BB AR R 53
PRE ZR B0 K Wk i I 2 8 VN, s CS-

BP J& , B R R LA Zm F A7k K {2k
AU AR A B N 2 G K (P<0.05) , X 5 Ak
ok P UL E Y CSBP fii WCS 7 B 34 Jin (1) 45

—F (£ 1), Wik, f2.1 WErdk, kit
CSBP 5 & 43 UL L K SE #3431 169 A B A T
ST X FREE R U SRR IE AR B n 2R AE
FEM I IT MR S8 n (AT T 1 R
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R BT T AR WUR AR . B BC A R T R Y
n fH7E 0.448~0.505 Z 1], ¥/NF 1, B WCS/CS-
BP & e & Sy S i 55 YDA Ak BB B MR A X
Tl 5 D) A8 F 30 4 vl BE 2 i T B 2 5 U)o S 1
TE I I % v 43 —F PRI 43 TR R, Tt 3 B
FIREARY, AE AR B 22U o) 6 K 08 K i A
AR R R A A A 5 bt e BT R B
M4 vl A RS AT AR AT R sh i
2R 2 (BRI — N a2, S 0 A A 2R AR, 3
SE T UE R WIS 32 85 1), DRI 7 3% 22 55 U o 7%
T S SRR I I 2 SR AR IR T B, WS A TR AT 3R
TIEF58 5 fi 70 P ) 5 55, T R A 3 B R i 22 31 41
T B A DR R AR R, ) et A 3 Dk R
B, MFE 2 A, BEE CSBP 78 in il 18 4 2
Ji P T REL 2 58 3 14 in 1) 4 # (P<0.05) , & W] CSBP

950 | —E——O—6%WCS —8——0— 6%WCS10.05%CSBP

—A———6%WCSH0.1%CSBP  —¥——— 6%WCS+0.2%CSBP
———— 6%WCSH0.3%CSBP  —4——I— 6%WCS+0.4%CSBP

BN 77
Stress/Pa

07 51 %

Shear rate/s™

2 WCS/CSBP £ ELfk & 18575 i 2= i £k
Fig.2 Flow curves of WCS-CSBP blends

AT LIS R WCS By fil A8 P, il WCS X 5 1 ) B
AT

* 2 WCS/CSBP EF K RFFASRIT # 2 Power Law =B &%)
Table 2 Parameters of Power Law model for the flow curves of WCS—CSBP blends

REHER  WEHRER/ AT & THE
R I Im (% Pa-s™ K/Pa-s" n R? K/Pa-s" n R?
0 362.45 7.21 0.487 0.997 6.63 0.489 0.997
0.05 453.49 8.81 0.430 0.997 7.97 0.485 0.996
0.1 502.44 9.97 0.487 0.997 9.35 0.484 0.996
0.2 588.59 12.92 0.501 0.998 13.47 0.475 0.997
0.3 755.40 19.54 0.479 0.999 20.17 0.456 0.997
0.4 790.90 21.39 0.505 0.998 25.55 0.448 0.997
2.3 CSBP 3 WCS #h#siit & F 4 r 2 F SR, A HVS 0 B I N EE AR R 6T

AT RS B AAR R — AN EE SR
TE B i I TR AR A B S 2 o T B A
X, et G RIRAFERL R G4 i S AR R 1Y 3
PEREEPEVE BT, 8 8 R SR WA AR 3 A il 2 e e
B

I AR F A AR DA AR AR 0 SR i ) 2 i
DX, 3 AT LK B A R 0 5 55 AT R, R TR
CSBP @2 WCS/CSBP E B AR & G'Fl G"BE R
A5 B A AL R AN & 3a 3b s, Kl 3a il A
BoAR R APERE X A 0.01%~10% , 48 1 X 4> X 35,
FE S EER ZE MR, G 2 RIS | SOTE SRR A il
VEFE 29 0 B (HHEAT . B AR G TEREAS 1 AR
FUHETE R A B . CSBP A4 4 0 AT 184 55 058 e 14

G RNk

H1 & 3¢ . 3d v AT, BT AT FE 5L GO R G B AT
REMm A, H G5 ¢, 6" ¥ kKT
G" & IRy — b LR () 55 058 S AR AT AR, ARAR T
JEVE R, AN CSBP J5 , Bl 5 75 I i ) 35 KAK R 1
G’ G"HZ s, 724 2 15 Hz B, %0 0.4%
CSBP () WCS/CSBP Z FL&ZR G'F1 G453l T
4.68 F13.17 £, X AIHE— 7 MJ& H T CSBP FliE
oy 38 o SR A A VR D B Ae Bk, HaxX AR A
FH 158 F FLAE RS HE € R oy T RIAVER 1, 55—
77 18 CSBP %55 114 B8 e M B8 7T 6 22 7 U8 M3 R 3
T, 2 B3 5 114 5 D9 4% 45 4, DA T 4 WCS/
CSBP %2 it {7 22 2 B0 i B 4 A 2 i p )
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Fig.3 Change curves of storage modulus, loss modulus with strain and frequency of WCS-CSBP blends

2.4 CSBP xt#i4t WCS %112 Hy &M 4a AT LA i, WCS W65 R0 A% 32 2200 A 4 10~
WA [ & & CSBP, WCS/CSBP % Bt {7k 2 4 100 pm Z [8], W AE H LA 40 wm BT, BE&E CSBP
TR JE FURLRLAS 4347 A DSO AR fR & 4 s . AL Wi i 38 i, 520 T 4% 2 0RERL A% 38 A IR FR 43 A

0%CSBP 200
121 |- - .00s%csep a
-+ -+ 0.1%CSBP 180 | a :
10k | —-— o02%csep —
Iy ---= 0.3%CSBP A 160
R 0.4%CSBP ,!“( ‘;
S gt 4 140
ﬁ E I/ E s —
=2 % 3 1of
g °f g 2
£ S\ 2 1o0f
< 4} IH
== I 80
‘l.‘
0
= LY L
2 &, O,
Y 402 . . . .
% 1 1 10 100 1000 10000 e 1 i e b
' ki CSBP il
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T : D50 F7m kAR /N T IZ AL A BB & BUBURL Y 50% 5 [R]— 48 bR AN ) 5 BE R R B 2 M) AF 78 1 35 28 5 (P<0.05) , T [l ,

B 4 WCS/CSBP £ Btff % B9 B i 12 4> 75 1 D50 # £&
Fig.4 Particle size distribution and D50 of WCS—CSBP blends



108 hoE

i oF i

2023 455 6

K AR5l FE BN 0.05% ) 5 B i f) Lk 43
A, Bl J 26 30558 /N R AR AL B U T 2R AR R ROk AR
SR 1 — A i, AR AE WCS BURL D50 292
16.57 pm™ B fk J5 D50 & & 34 ik ) 46.19 pm
(P<0.05), FKfiZ& CSBP Hy3Efin, WCS/CSBP & it {A&
Z D50 532 W 3G 064 e 0.4% U 0 & 1)k )
175.95 pm,, LI585 St vl 38 20 B8 2.1 15 & i
R Z ML R B I e 2 - TE M E A
R A 8] T IS BRI i 4528, X AT fg
S T 22 05 1 A 22 RN B 0 T U8 A ORI W
ol FLAE A Ak ik A8 v T LSS 43 B B T AS i A4
2.5 CSBP %t WCS B i W 45 ¥4 9 5% 1
WSINR[H %5 5 CSBP J& , WCS/CSBP & it {& &
e O ZS ¥ AR FL I 5 Fif s, A B R
WL B VE K UKL 25 7, R WIVE K3 & 58 WAk . K
5a A] LAF H, KA CSBP (1) WCS $E i 25 #4925 o)
Tt HUR RIS AL A B SR 45 S50,
FUBERGHE MU CSBP J , 585 W 4% 25 ¥ ke A= 55
KBS, 2 T AL 3 A, FL 45 A4 9 B AR, LB AR

(£)6%WCS+0.4%CSBP

5 WCS/CSBP £ Btk # AR &4
Fig.5 Microstructures of WCS-CSBP blends

(e)6%WCS+0.3%CSBP

JE (Il 5b~5f), 7T R 2 205 - VE ¥ &2 e ik 5=
T IE T IR S5 R RIS TR R I I 2%
H ) FL B kg 958 T R T 0 45 2 R K 2 B, B
& CSBP ¥k B (W34 hn, —J5 1 CSBP f) 4 2 240 il
WCS VE ¥ WKL th I VE M 40 F A 5 B i, R EUR B
PIIE CS0E 1  28 S5 4, 55— 7 THD WCS %5 H i B
B SCEEVER 0 TS5 CSBP 2 J8) 894> 1R VE A
waag K o T S g 1, BT R AL
Bt R, B¥ JELBE % CSBP ¥ 0 0% 38 fin i 4 A
F U RELE A ARAF IO WIE ]l EE A R R BT D) A
EPERE R
2.6 CSBP xf @4 WCS B2 58 B B 2210

Bl S KR | T A U A A e T Y R
HREZ — SR TE R S A R 2k
W 5| % U by B T B R S, O
JRREAR o PRI O e B A AL AR JE A T AN b
REENERZ —,

M 6 A5, 7RI A7 33 & v, WCS/CSBP & it
A R B o P 38 B AR T i R e SR, B
CSBP s Jin 2t i 388 i 52 TE 1A % 3568 e ok B8 228 36 M o
IR, A 5 KRB 15 X, RIFI CSBP 1Y
FE S 2 ) BE TR N T 124.67 ¢, 11 0.4% CS-
BP WS 0t () 4 i 4 %) R G R BE S T 66.67
g, ULHIIA CSBP 2 J5 , WCS/CSBP % it & & i
K2 S AR, A RS Zhang 451
WF5E 2 B 6 e A J5 o SR R S i 1) R K Y By
Hh A e A v L M R 34 K T R
Hh, T AF e AP STl B, PR T R 2 B AR HLY)
U B SRR VE B v, LR e R 3 R B (P<
0.05) , [F) B 358 15 & Ak 3k i i o 398 im 1) 3ok A A
T, WCS PRI E M i AR, Rk
AR M AL B0 1 v 20 0o A v i B BB E A 2
1 i 0 ] A S T B LA — R R 1 O T 4%
Shk, SRR K Ak B b, WCS 1) 308 Ve By
G F T LA By A T A T B 4 i A, g
SrFIE, Ay NS AE 22180 K B oA E
(25 T A A, T 51 WCS 5 e i i i i o s 3
(RT3 K A CSBP 22 )5, — J7 Tl S 2 5 i
back VRIS R R 1 7 e el I RS oy TS 1
— 7 TR Ay F ST 5 ek o IS 22 1R
WA EAE R, BRAR T 3E R 4 [ 54



236 Hol

R R AT R BRI R TR AR 109

T G SV, DA LA T 3 by [l 2k 2o A b A5 )
SER IR I, FRAIR T WCS S8 A 3 1
2.7 CSBP 3@ 4% WCS Bk 45 i 5 1i

A o A A XA KRR A 454, XRD AT LA
WA VE R A i i 2 AR . AL 7 T, R AR
WCS 7E 15°H1 23°4h 52 U5 3% 1 B AT 55 0%, T 7
17°F0 18° B} 3T Acb 552 B A ik (9 RUATT 06, R 8 W)
Py B A TR GRS SE A AR R O A 5 bk
MR FEAE 25 W %, SR TR A6 J5 1% JE B 76 AR
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Effect of Cross-linked Sugar Beet Pectin on the Gelatinization, Rheological and Retrogradation

Properties of Waxy Corn Starch

Xu Huan, Zhang Qian, Wang Xin, Xu Lei”
(School of Life Science and Food Engineering, Huaiyin Institute of Technology, Huaian 223003, Jiangsu)

Yan Jingyuan, Wang Xiaole, Chen Xiaoming,

Abstract (CSBP) and waxy corn starch
(WCS), different amounts of CSBP were added to WCS to prepare WCS—CSBP blends, and their gelatinization, rheolog-
ical and retrogradation properties were investigated. The results showed that with the addition of CSBP, the breakdown,

In order to explore the interaction between cross—linked sugar beet pectin

setback value, peak value and final viscosities of the blends gradually increased (P<0.05), while the gelatinization tem-
peratures showed no significant difference (P>0.05). After addition of CSBP, both the consistency coefficient (K) value
and hysteresis area of the blends increased (P<0.05), the shear stability decreased, and the storage modulus (G*) and
loss modulus  (G") increased. Particle size analysis suggested that addition of CSBP could promote the swelling of WCS
particles, and the D50 of the blends increased remarkably from 46.19 to 175.95 pm (P<0.05). As the CSBP concentra-
tion increased, the pore size of the blend gel surface became larger, the pore structure density became lower, and the
pore wall thickness became higher. In addition, the incorporation of CSBP significantly decreased the gel strength (P<
0.05) and the recrystallization of starch molecules during the storage of the blends, indicating a good anti-retrogradation
property. The addition of CSBP can significantly improve the physicochemical properties of WCS, and the results of this
study can provide an important reference for the application of CSBP in starch—based foods.
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