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1 MBEF®E
1.1 R 5iF

WS, AR 38 KU 5 B A R 23 ] 5 SBP, 78 [
Herbstreith&Fox KG 2% &) ; bR . A & b8 . ¢
K AACES TRALER, [ 24 4R A A 2 iR A R
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1.2 {238

DHR-1 AR, €[ TA {L#% 2 7] ;SUS010
Bl kSIS, B A H a2 MRl &4t CT3-25k
FAg4L, 35 [E Brookfield 2% 7] ;Nicolet iS5 {# HL i
AR LT HMEIREAN , FE [E Thermo 28 H]
1.3 Hik
1.3.1 LPHHI4 S8 Zhang Z0I )5 ¥ R
B 4 LP, B 20.0g SBPIE T 2L £8 7K
o AR 2) ) 1 mol/L NaOH 75 ¥ ¥ pH
H5] 12.0, F 25 CF I 30 min J5 32 B 1 mol/
L HCl %W pH (EE] 7.0, &0k b, 2R )5 %
FR WAL RRLLL 1:3 A TEAK W, 58 % 2 h,id
PEAF L ULTE , HFUEIE T 45 CHEA KT 24
h, B Kt 100 H i, % H
1.3.2 MWifbRePE e R H ALY Starch
Pasting Cell B 450 5 #F 5 B AE P B, TR
A 25 mL X& K, #EMA WS Fl LP fii
H 53 B0y ik B 6% A1 0.25% , £5 WS/LP & i
R, RIG, B FR TP as IS & 3 n
B 1355 0,0.5,1.0 F1 1.5 mmol/L, K5 A [ 55 &5
T hn & RE A 4 B2 S WSLP WSLP0.5Ca
WSLP1.0Ca F1 WSLP1.5Ca, it 5% B 47 £ b FH i i
P2 A B B AR A TR R A0 R - 1 SRR i i A
£ 50 CIFARFF 1 min, 4245 LL 12 °C/min 1Y 1H & #
TR IE M 50 CTFZ 95 °C, FAE 95 CI-HF 2.5
min, SRJ5 , DUMH A 9 3 338 21 2 50 °C, JF PR FF 2
min, 7EIRISAT 10 s T FE B % B 960 r/min, 1M
TE H A R R] 48 P 2K 5 1% ¥ 4 160 r/min
1.3.3  JARSRMERIE 2 B2 IS0 O ik 5T
FEVEAB A, SR FHP-Ml e ELE A7 3 AR R I 22 | ~F- i

EAE A 40 mm, [H BRI E A 1000 wm, B 1.3.2 75
il 55 1 VE B B, A B B TR AR AN I SR I AR
S22 R, 25 CCF A 5 min J5 AR ISR

S O S R P S L LB 25 °C, BT ) R
M0.1~100 s 348, FF A 100~0.1 57 2898, >R H
Herschel -Bulkley #5& 71 X 3 5 %5 5 8 34 47 0] 09 40
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[l 0.15~15 Hz, N ZF 2% ,ic sk it BERL & (G') A5
FERLHL (G MR 1Y 224K
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1 SHEFFIMEXN WS/LP ERERZMUBESHNF M
Table 1 Effect of calcium ion addition on pasting parameters of WS-LP blends

# 5 Y {H 46 JE /mPa-s A WA /mPa-s AR5 )Z /mPa-s = & 1 /mPa-s AR L /C
WS 141.43 +2.19° 53.62 +2.82" 253.18 +4.19° 165.37 £ 3.25¢ 85.23 £ 0.29°
WSLP 126.65 + 0.28¢ 36.22 £ 0.57¢ 262.29 +2.93¢ 171.86 = 4.16¢ 85.19 £ 0.30°
WSLP0.5Ca 137.59 +5.11° 40.51 = 1.12¢ 277.87 +3.17° 180.79 +2.19¢ 8522 £0.18"
WSLP1.0Ca 174.00 = 2.73" 55.74 +1.58" 321.44 £5.28" 203.18 +5.82" 85.47 £ 0.29
WSLP1.5Ca 275.38 £ 4.00° 8427 +2.11° 463.96 + 12.06 272.85 £4.13° 85.30 £ 0.26
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Fig.1 Effect of calcium ion addition on viscosity AL 22 2 I R
of WS=LP blends Fig.2 Effect of calcium ion addition on flow curves
of WS-LP blends
# 2 WS/LP £tk & Herschel-Bulkley # 2! £ #§
Table 2 Parameters of Herschel-Bulkley model for WS—-LP blends
e W G R A T AT 4
#2/Pa-s™ oy/Pa K/Pa-s" n R? o/Pa K/Pa-s" n R?
WS 215.56 3.50 3.29 0.48 0.9983 3.58 1.88 0.59 0.9974
WSLP 207.98 4.25 3.18 0.52 0.9996 4.95 1.65 0.65 0.9991
WSLPO0.5Ca 196.85 4.27 3.49 0.52 0.9982 5.22 1.81 0.65 0.9995
WSLP1.0Ca 257.70 5.54 3.84 0.52 0.9997 5.93 2.19 0.63 0.9998
WSLP1.5Ca 362.46 6.18 6.73 0.46 0.9990 7.76 3.65 0.58 0.9987
23 HBHFXWS/ILP ERGARFERTHEN 24 FEF WS/LP EERERFETHER I

A1)

B WA 2% AT T PEAS 2 [ 2S£ i 00 B sk
FZE R WS/LP 5 Be A4 2= 1) 2l 245 05 6 49 4 it ¢ an
Kl 3 s o B A FE G O E RERL 1 (G ) PN AR A
(G BEA R A BE nmi g, 5 6" B2 KT 6",
W FME o LR VE Lo o S, R 2R
RIEARRAT R, 5 WS M EL, 3m LP J& , FE i 67
AN KT GRS 4S8 f5 , WS/LP
BICARR W G'FI G Y BE TR 01t (138 Jin 2 34 7 4
T A i 2 B A 5 ] DL iR 2 el WS/LP &2
Be Ak R G . X H T8 5 i AR T
TR B S X % A DR Ik, A LK G B 7 4 v, DT 3
TR R TPE R T A EAER, SR BT
TE L L 254, FF R B stk SAM R AR —
0, b AE PO 5T K IR B T T LA v T R N/
K VE By 52 AR Z 1 B e

H &L 4 AT it in ;g R AR 2R3 N i S
BE 25 I 7 00 S 1 AR ARSI, B AR
I 3 3 ARG 1, £ G Burgers B, R 3
M Burgers B B X A 5 0% AR LA S 8, R #E
0.8404~0.9576 Z[a], 5 WS AL, % hn LP J5 , #
fits I B 52 () FIRE 3R 22 8 () BRI 5 08 n 5
TJ5 , WS/LP S ECAK Z 1 Jo AT, Y7 BE 4 2 1 18
N2 ZEREAES, HARE SRR ARNLIE
FVE SRR R, W INAS B 7 J5 WS/LP & 4
B 010 U A 2 I PR HC LA SR 0 O 3 M s
TEAE SR BT [H] (A ) 5K RAEREE )N SE e 4
A TE T 1 B R] B AE B T BY P 2R () 1] T
FAEAR R W FARTT A2 AN LP J5 , WS B A Fil g,
BT, 1 J5 B S B A, WS/LP & FL AR &R (1
A Flmy RBETE S RS R A SR WA B
T BE NG5 T WS/LP &2 BC A 2R 0 5E iR %, iX
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Fig.3 Change curves of storage modulus and

loss modulus with frequency of WS-LP blends
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Fig4 Effect of calcium ion addition on creep curves

of WS-LP blends

# 3 WS/LP £k & Burgers # 2 &%)
Table 3 Parameters of Burgers model for WS-LP blends

o Jy/x107 Pa™ J./x107 Pa™ Als NyY/x10° Pa-s R?
WS 6.01 10.56 0.17 2.38 0.8404
WSLP 5.24 6.55 0.89 3.01 0.8886
WSLPO0.5Ca 5.29 5.33 1.27 3.56 0.8691
WSLP1.0Ca 4.79 5.14 1.44 3.63 0.9126
WSLP1.5Ca 3.25 2.77 2.83 5.14 0.9576

25 $BEFI WS/LP EE 4 R R4 R

M2 4 A0, W LP J5 , WS YREEE | PR
PR B S A T R IR R R 2 i (P<0.05) .
£ WS/LP AR Z b, Bl 45 65 25 7 45 Jn k11 34
T, AR 28 B R R M 5 R L R T R i (P<
0.05) , T {4 22 19 P8 3R 1 A6 8 0 85 25 7 I R & A
HAL(P>0.05) . HbAh, 5 R Z BE I 1 st b
B U 0 A B RIS R RS T
RS RTINS B ) A Rk s WS/LP &

x4 FHEFRMEI WS/LP EBE R R

P A 28 A BEIRC A5 40 TSNS 88 1 fe it 1 SRR BE I
W25 B B, [R] QL3 0 T € B 1 22 1) 14 A1
PERT, TG 1 52 B 1A 28 A BRI 254 | ok T e
JE F) R R A0, R A SRR 4T B S i )
59 55 UE M3 MUK T SR e 5 T A AR o A R ) A R
REIE RSN . Agudelo 55L& L&A1 F5 8 T HY AR
S UE oy R R T A2 T AR AR B AT R Y 0
ZALEL S E

kAl

Table 4 Effect of calcium ion addition on textural properties of WCS—-CSBP blends

H & ES LR 223 B 1 fmm J& F g oL % ik /m)
WS 102.29 + 1.69 0.77  0.08" 4.89 +0.25" 79.00 + 1.93¢ 3.80 = 0.55°
WSLP 136.33 +5.13 1.01 +0.05 537+0.17* 138.00 + 4.55" 7.30 £0.23
WSLPO0.5Ca 154.51 + 1.90" 0.94 = 0.09* 5.01 +0.09" 145.00 + 7.10" 7.10 +0.19"
WSLP1.0Ca 154.04 +2.57" 0.92 + 0.10° 5.30 + 0.20° 142.00 +2.17" 7.40 +0.27°
WSLP1.5Ca 164.33 + 4.05° 0.99 + 0.03* 524 +0.12° 162.00 + 3.50° 8.30 = 0.40°
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Fig.5 Effect of calcium ion addition on FTIR spectra

of WS-LP blends
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TEWESE AT LP B 5H 5T
PIFH A PEREAR BT B, X o ff B T 0k — 20 2 i 5 5
TR, WS/LP 52 B4 28 119 358 Ji T J32 S 1 B AR ( &5
AR,

(e)WSLP1.5Ca
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Fig.6 Effect of calcium ion addition on microstructures of WS-LP blends
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Effects of Calcium Ion on Gelatinization and Rheological Properties of Wheat Starch—
Low Methoxyl Sugar Beet Pectin Blend

Wang Xin, Zhang Meng, Liu Xiao, Liang Naiguo, Chen Xiaoming, Xu Lei
(School of Life Science and Food Engineering, Huaiyin Institute of Technology, Huaian 223003, Jiangsu)

Abstract In this experiment, the effects of calcium ion addition at different levels (0.5, 1.0, 1.5 mmol/L.) on gela-
tinization and rheological properties of wheat starch-low methoxyl sugar beet pectin (WS/LP) blend were investigated. The
results showed that peak viscosity, breakdown value, final viscosity and setback value of the blend were increased re-
markably with the increase of calcium ion concentration (P<0.05). After adding calcium ion into the blend, the yield
stress (o) was increased, the consistency coefficient (K) was decreased, while still exhibited shear thinning behavior.
The storage modulus (G”) and loss modulus (G") of the blend were gradually heighten with calcium ion increasing. Cal-
cium ion addition raised the hardness, adhesion and chewability of the blend, while the cohesion had no significant

change (P>0.05). Infrared spectra results indicated that the blend did not form a new covalent bond after the addition of
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calcium ion. Moreover, with the increase of calcium ion concentration, the pore diameter of the blend was gradually in-
creased, and the pore wall thickness was gradually enhanced. Calcium ion can significantly improve the gelatinization and
rheological properties of WS/LP blend, and the result of this study may provide a reference for the application of the
blend in food.

Keywords low—methoxyl sugar beet pectin; calcium ion; wheat starch; gelatinization properties; rheological properties



