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2 4 W U F e R BB TR 5 R rh s N T A AR I A Kok
8 I DY) 24 T N B0 I KRy (22 Ak . B T AR AR IR 0T
VEN VR AR S PR R B AR KR ME IR R M AT T — e O A
Ji&, AERF R R T ARSI 1 AT 1558 B0 /NS VE K
R RS PN [F A RE VR I R A R WARIE, N IER S
AT AR IR AE B R AR R AR 1 20 T 45 S AL i A B Ay . [
I, AR T H AR R T ANFE R E 2L (0.2% 0.4%-
0.6%-~ 0.8%- 1.0%) 1 AT 15 SR s 0F /)N 22 3 Hy [m] A8 4 4 A
VR E R, R R A MR A
XS AT S SRR VE Ry (UKL TS0 . R AR A 7 45 K AN
e EERIEAT T RAE. [FIRE, BT BEAR R T AR
IS VERY 77 T I 4E A AU, DA T3 SR B AR BF TR /N2
VR B i P N R R AR AT S e AR

1 MR5RE

1.1 MRENEE

INEERY (FERSY: JEM &R 85.32%; WA
i 0.88%; RIS 0.10%; K7 0.20%; 7KrErit 13.50%,
BIARESHD, HEBEFEMIVERAR; WT15AK,
LA —M A G IR AR M, Mesr . —H R
(dimethyl sulfoxide, DMSO) . JRZ&. &fL#h, KEEK
AR IR AR, A 2=al53 R i at .

UVTE-36 XUBAFH AL, KD =& SR AR A
Al UV-1200S BUE A6 BT, A2 (Rl A
FRAF]; SU3400 FHHETRAE, HAS Hitachi AF]; Nicolet
i B M- A e 2T 4) 5% 3% 4% ( Fourier transform infrared
spectroscopy, FTIR) , 3% [H Thermo Scientific A ] ;
D2PHASER 4 X-5f 28 iT i 1X (X-ray diffraction, XRD) ,
5 E A B AXS AR A Al s TAQ20 Z 7k 3 i & #AX
(differential scanning calorimeter, DSC), %[ TA A #;
CT3 JF4%, 32 E BROOKFIELD /A ] .
1.2 RWHE
121 HSeyH &

TERTHAFOALE (LAl =, 7E WS HinN 5 RO A i
BRI (0.2% 0.4%. 0.6%+ 0.8%- 1.0%),
TBA Y5 AT BB 57 R84 . EORLE B2 R 15 kg/h,
BEAKH BN 7 kg/h, BT EN 180 t/min, MEEHX . R
G X ZEBEXFNA X PEE 2 5% B 50, 85, 85,
50 C. KHFHWET 45 C 1 IR T 15/ BT 45
24h, BENY, 0. RGKFM/NEIER AT EAH, &
I NF R /NETEN  (extruded wheat starch, EWS) DA
KB E 1358 -/ ZFZ M B &) (extruded curdlan-
wheat starch complexes, ECSC) .
1.2.2  #fedd e egm 2

1% GB/T 24853—2010 (/NF2. HAFE Kok K FuE By
BRI 5 - PR G FE AR ) USE, FRE 3 g T-HEFEM,
25 g IKFEMIRET G I EMLE ARG FEAX (rapid visco-analyzer,
RVA) & HI A F, FEE LA 12.2 °C/min 38 B2 A

50°C M#AEI 95°C, 1E 95°C f&%F 2.5min, LA 11.8 C/min
(3% B M 95°C W13 50 °C, FHAE 50 'C f£4F 2 min,
EFEMELRE, SIGHEE 3 R
1.2.3 AakAssgdegmle

AR T 5 R IS O MK 3R . KRR S D
il B AN 8% (wiw T3 BUEVFW, K mk
A B R EE, CE T—20 C T 22 h, FEARE
2h, WIMRVRRE 1. 2. 3. 4R SRR RITERHEE R
A AR B FLIF A 10 mL VESH g (2 my), FE
F 50 mL E0EH (Fifm,), FREMTEDNmy. 7E4 000 r/min
AR, B0 15 min, RO ATA B VRS 48, FREIK
MELENRE JREm) . RIGEE 3K, HrkRig
| (D T

g=_"M

TR q00% (D
mz —niy — Ny
A S TR,
1.2.4 #AF45kegnz

#4mg (T WM 10 mg BIHKIRS %
BAEF L. fE 4°C P45 24 h )5, LL 10°C/min f 3 5
MOTC In#AE 120°C. DL B AR, 0 R IG R .
WA TR RE . 2% 13 B R AL S 1
1.2.5 X-SL&474869m 2

S A S 5k, B REE TR 0.150mm
0, PR B B R S 2R XS R AT BT
FEMEI X 2RISR, PRI & M FH5EE N 5°/min,
JEFE N 5~40°, FHPIESR 0.02°, FIH Jade 6.5 FAF1T
HFES AT S, Dl mIX AR Sz it 5
FF S RO AF A 435 0 o
1.2.6 5% et2r9) k3804058

BRI EIR A TR EE IR . BT E N
500~4000cm™', RN 4em, FHEIKEN 64 K.
&8l OMNIC # A%t 800~1200 cm™' ¥ B3k AT R 26 1% 1E
R BRI, THERESTE 1047 cm™'/1 022 cm™' ALK
JEIE EAE
1.2.7 Mmoo b idiinhste

MR S & ik A s i, N 10 mL AR R 4
#790% DMSO ¥ i 50 mg £ i, A J5 #i BE 2 25 mL.
BUSmL AEdh, B0 1 mL BUEW (0.2%I,, 2%KD &%
F|50mL. &%), BEEFE 15 min, 7E 400~800 nm i
B A A B BCR T3 Agoo a/Aso0 nm B ELAE, 30 9 BILES
A7, WRIGES 3 K. FIH BRI S e B
JEREE, WINEE 3.
1.2.8 MEAZGsTFIaER A

2% YANG U {5 33 e s ek, R4 A STt
T4 Rt — IR AT 0.6% AT 5RKR-NEiER 5 &Y
WA EAEF 77 AR5 ¥ I A0 AN [R) TR P2 1) PR 22 Bl AL
BNIEW (024 0.4 1 0.6 mol/L) 1, B4 4 1 AR S
7E 85°C F/K¥S 15min, A #, I 4 C FTHREEH.
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W i e 15 21 1 5 I AE 2 47 30 min, RS CT3 Jit
RS 5 B B T o MK SF A N | mm/s, R4AE
N 40%, RTINS go
1.2.9 IEENF K%

P50 R T8 ve k3 AR N LR I, 3 100 H i
TR B B A oA 2R 35 50 [ 5 - LT SR A 5~ AR
BEAWE FEMEBEE 1.0 kV TR 500 750 8245 5 %
MIES .

12,10 HARAT 54547

SIS 25 B DT S (AR HE 22 Kon . SEIR R &

SPSS 19.0 B AFHEAT GEit 2, KA BRI Z 0
(analysis of variance, ANOVA) X} °F¥J{g # 17 Duncan
Ko, KB 0.05,

2 GR55H

2.1 BrERRPAEARRIT/NEEHMI TR

Wk 1afias, 5 WS AL, EWS M4 ECSC i
LT 28 AA N F2 . EWS ML B R Ak LAKT WS, ixX 7]
AE 2 BT 5 AL B AR T v b R ) e B v, S EUE R
FEMK B B, 32 BBV R el b, T B ARG 1 U A 1 U
EFEY. BTH ECSC MIGHBEE . B MR &%
FEIFREA, ROAHT AR R T U AT 198 I B T /2 vE
AL . X2 TR R AR R iR R R B
VIE FH B 58 1 3R 3 T S5 0T 1598 4 7 2 [ A EAE
75 ECSC iz i BLBE S AR & 2 TR 48 I ik
BB AR (0.2%. 0.4%. 0.6%), ECSC HIH#
1020 B B 2 T A3 SR I o i 0 B B R T PR MR
J5 S B AT SRR (0.8%, 1.0%), ECSC HIMI1L %5
JE I TG IR B, 1 I R R A B AT 1R
S10 ECSC ML RN B o I DR A T 45 4R 5 F 6 4 12
Fsim R K M AT CARR S ECSC W jekn 7 THEMIF SN, il
B ek Y

(] A= (R 2 PP A S8 R [0 26 3 5 F2 B 0 B e b, [ 4E
EHAE, SR L fE sr>, 84 25 O i
By TR B PRSI ERE, RZEARTER
ST RIEFHIF S . mE b For, 5 WS R,
EWS [0 A= {8 55 35 FAAIG 21%, R BAHEACEE AL 05 3] N3
VER BRI AE o B R AL 2 A5 SRR VE Ry R LR AR, A
EEEA A S, AT BRAR T /N2 SR A [a] A Y
TEGF AR R, B P49 98 e o & 2 38 in,  ECSC
(1 1B A=A 2 B0 S BRI JE B I ka3, R 7 50N 0.6% 1)
AT A3 SR BT GE Ky (0] A= P o 25RO B R, IX AT RE SR HR
TH = AR PR AN e AN R B DR FH IR T R4S
SRS ) = MR R 4 i, A LT 2% 5 1838 B Bk 1R U B ORE
W, BEAS T RER O T B IR R R 4 A T,
{EIMN B R H (0.8%, 1.0%) FIA[1E4RI, A &85
AT FFER IR 537 1T e 2 8 T B B /N 22 S A R (0 3R THT, 1K
FE— 2 FERE_EARHE T Ik o TRER R4,

6000 [
—— WS —— 0.6%-ECSC

5000 L+ EWS —— 0.8%-ECSC o=
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4000 s /
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¥ i 4 Sample names

b. [FIAAA
b. Setback values

M WSO/NEIER, EWS AFTIE/ANEER, ECSC N LW RIKR- N
EHEEY, FRNSFRFERAAGEZEEER (P<0.05), TH.

Note: WS was wheat starch, EWS was extruded wheat starch, ECSC was
extruded curdlan-wheat starch complexes, and different lowercase letters
indicate significant differences (P < 0.05), the same as below.

B 1 HAEKER TR R E 530073 Rt s Zo i
KA AR R

Fig.1 Effect of different mass fractions of curdlan on the pasting

profiles and setback values of wheat starch in the extrusion system

2.2 FEARPAIERRITNEZEM R E A

R AR E MR VE R I E IR, O T e R K
POV Rl A2 A AT B8 I AN R ARG e, R A
Hr 7K R VTG 8B v R A LS 9T 5T 3 IS b 1 [ 2R
A G TR VIO, Bm 1 [B] AR 0l 2 T U
KUK BANEAR IR KAE F1, M5 B0HT K 348 In 7,
WK 2a fos, fEFA—RBEIRIRECT, 5 WS AL, &
—IRUR RS EWS [IHT /K E B E 10 40%, X T 5
JEACEEREIN T I ISR, R E R R N, R A
TE VA VR I T2 A T 1 PR 35 R UK i 2 8 AR S M 8 I8 1) 435 940
iRy b KR TR, B AR S =R, ECSC
b7k 206 TR, 5 WS MLk, W
23 H0 0.6% T 139K B /) ECSC M 7K 2 2 54K 23%, X
A& T AT A AR R LA HRPUAN R AR A () ) A RE K
PE, RESEHNEISE G oK A B KRG, SELE T K& T
J, AT AR UK it e S A el fs 43 M A A ) TR i v
JiR B B T A3 AR Al ECSC BT /K a8 hn, X AT RE
P Tk v R B T A5 AR s ) s B R N T % e ik R
BT AW BER R BT DIE T, AT BRI T ECSC 1)
Rk B M, Wil 26 Fias, B R S PR B 38,
ECSC [HT KR 5etihn G Rkt 172, X 5k
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WL RARFF— 5. HIELT WS 1 EWS, 0.6%-ECSC K
MK a1 2%, X ] B2 IR U 0 Bt i 28 ik Jm
T F TR e 3 R RN 8% 465 ) B S W AL 1 34 43 /K 2000, i T 4
SRIE IO T 31X b I WA . R AR e ME S0 45 R
BB UL, BERR R AN AT 15 SR R R e H ] /N e
KR AR

50 a ?
' ia
X
2 40F p %
8 be be
g 30f c
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% 20
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)
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ik 44 Sample names

a. AR i 73 B AT AR IBRS N B
HraK s
a. Effect of different mass fractions of curdlan
on the syneresis of wheat starch

[ WS
EWS
60 [579 0.6%-ECSC

Hi 7K Z Syneresis/%
3] (%) S
f=} (=} (=]

=
PO TS

BN ABNS AN SRR SN

0 1 2 3 4
VR AR VB Freeze-thaw cycles times/Ii
b. VRER R B /N ZE e KSR B 5 R

b. Effect of freeze-thaw cycles on the

syneresis of wheat starch

e FRERARENG FRIOR A BEEER (P<0.05).
Note: Different lowercase letters for the same sample indicate significant
differences (P< 0.05).

B2 HFEKRE T RERE L30T RRBAR BRI IR A S5t
I F IR AR F G R oy
Fig.2 Effect of different mass fractions of curdlan and freeze-thaw
cycles on the syneresis of wheat starch in the extrusion system

2.3 FEARPASARRITEM AT AR

WE 1w, 5 WSHIEL, EWS FI0 2 5 15 R
AR A ik 52 FFORH 1 5 (L 38 Y 3 PR A, SR B IR A B FRAIC T
WS e . HikE, MR GIRE =B 50
THITCRIEIX A I, 1045 b X A2 52 M 1k U6 3 5 1 =8
K KPY, 5 EWS ML, BInAS [F R R ST 55 AR
) ECSC HIRIAL AR LA R T BB $2 0, T A IR 5 = 49 5L
AIFAREE (0.2%. 0.4%) [ ECSC 1A 1k U {f 3 A2k
1R R 25 PR, SR AT 1S AR N B8 T 5% e e K
STFHEERX SRR, 5 EWS M,
TR ED BTN (0.2%. 0.4%) KM EZ K ECSC
HIRAAL RS AE, T v ot 2 B T A 2R (0.8% 1.0%) 1)
NS EHE S T ECSC MM E, R AN A 2 7 44

(=]

(RTT AR I S5 2 M T ECSC HIMIML I . B TH E Ak
HA] BRI R S5 B IX T E TR, & SEE Tk
ORIk, T AT AS R AR R AL I R P S e by i
SERAEAEIN G S, B TIEMBEZ RIS S, T
T EBEER M EL S, BRI T BCSC i tLs i, 2t
MM T ECSC My a1 A= B2, 245 B (1 T 75 4R e i I
AR A H FT A AR B I A FE Ve AR e, (15 4 1
RS £ FRE B A RERIAED), X SR RSP B T
gER—,
£ 1 FEARNTERES RO ASRRN N
RN FFERNFI

Table 1  Effect of different mass fractions of curdlan gum on
thermal properties of wheat starch in the extrusion system
F W
BEG R R saoms PO
Enthalpy of
Sample  Temperature of Temperature of Temperature of Fhon
. . ..~ gelatinization.
names onset/C peak/C conclusion/C i J-g’l)
WS 49.97+0.35a 61.29+0.04a 77.31+1.35a  11.63+£0.94a
EWS 44.80+0.10e 56.92+0.19¢ 66.78+0.43b  2.49+0.04 d
0.2%-ECSC  46.13+0.35d 53.87£0.12d  61.06£0.59d  1.15+0.12¢
0.4%-ECSC  47.27+0.42c 55.11+0.45¢  61.66£0.90d  1.13+0.07¢
0.6%-ECSC  47.60+0.50c 58.32+0.41b 68.19+0.31b  2.45+0.06 d
0.8%-ECSC  47.37+0.55¢ 58.12+0.18b 67.56+0.44b 8.33+0.24c¢
1.0%-ECSC  48.43+0.32b 55.56+0.63d  64.58+1.09c  10.52+0.88b

I RFARFRFRRERLEE (P<0.05), T,
Note: Different letters in the same column indicate significant differences (P<0.05),
the same as below.

2.4 FKEAZRPAIERRITER RALEIINEN

X7 5 Pl AN [ W AR R AN R 25 2R Y, 9F
LA IR, AR5 5 B Ry, SR [l A R
W 3 Fras, WSTERTY MmN 152, 17°, 18°, 20°,
23° M AT UG, R HUR A BURIRIE. 5 WS AL,
EWS 7EAT 5 A BN 20003 B T B AT S e, A X &%
fm R 29.99% BEMRE 10.19% (£ 2), R EAF
il 7 ek I A A

350
=
Z 300
g 1.0%-ECSC
D 250 N
& 3 40.8%-ECSC
= &
R g 200 0.6%-ECSC
K g 150f 0.4%-ECSC
FE
%3 100 0.2%-ECSC
g EWS
%50 ws

s 10 15 20 25 30 35 40
#7144 ffiDiffraction angle/°
B3 ey XA LA E
Fig.3 X-ray diffraction patterns of samples
®2 BEARDIERE D BB SRR NI
CEIEA A
Table 2 Effect of different mass fractions of curdlan on the
relative crystallinity of wheat starch in the extrusion system

F 4 Sample names AFXT 45 d E Relative crystallinity/%

WS 29.99+0.06a

EWS 10.1940.05b
0.2%-ECSC 7.79+0.11c
0.4%-ECSC 6.80+0.58 d
0.6%-ECSC 4.83+0.50 g
0.8%-ECSC 5.84+0.31f
1.0%-ECSC 6.08+0.31e
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X2 T 50 R AL BB IR T Ve UL, BB VA
B, SEEREhR SR WIRRERE SRV R R
gepl, 5 EWS MHEL, ECSC AT A ELE 17 °. 20 °.
22 °F1 24 °kb R HY g 5E B8R, R B ECSC J2 B+V &Y
MR A AL, XTREH T AR B B 8E TR K S
VEM Z MR AR EAER, T3 ECSC 1 & 8k B g,
T AR K 5 & BE AR R AR e AR, R A8 AR i R R Ay BN
0.2% W N % 1.0% I, ECSC B X 45 5 B 2 PR AR 5 1
Ti, AN 0.6% AT #3581 1) ECSC FAH X 45 & 5 B AR &2
4.83% (£ 2), &SR IINN AT B8 2 AR ISR AT X
VEN A T BT DRI BE AR R, AT R B 38 20 S K 40 1 ()
A 25 RPO, T R R B T A AR R I N AR
ECSC AN &5 B, X S5 RIAb I i ARfka — 2.
2.5 FEARPASARRIEMEREFEHNZMN

WE 4 s, HET WS, EWS RN [F 5 &2
TSR L 1) ECSC [ 21 4 B3 Hh 8 A i () W i e s B
BCRRAE R S U PRI 2K, 3R B 57 1 A 3 RVAS Jin e 43 88 F 4)
A 5T R AR, X AR BT H R R
BRI EG PN S PN ek /172 e R 1 DU v 2 | PR S R (9
gE U A AT A ARV B B I, 3300 em ! [t iE-OH
(W SC I e A W R, I ECSC H I U B 5 fE B 5 AT 75
SR P N T 58 . 1047 cm™' 55 1022 em™' &b WK
WU 3 590 5 9 PR 4 o [X R G 5 T X A B4, A i
VERTHAE (R o4r1 0000 FHSREIRIERIFEA TN, Ry s 00
Hok, FoRIE ) TRREE FERED . 5 WS AL, EWS
HABARM Ryoimn o 3 WIFF AL ERAE IR T € H 1) SE A2
HREN, X5FIREP L BAEL. bS5
SR &3 BB 3 I, ECSC [ R, purn on 5B 26 WAL S
FrE s, BB R R AR I E R AR S
TER IS5 G REREANE], AT X A 2 ) B 22 Rk
(RIRZIA, 3X 55 R 4 it B I 45 SR — 5

300
(R 0471 02=1.58)3 295

250 (R 0471 02=1.57)3 291

1.0%-ECSC
0.8%-ECSC

200 (R 047/1020=1-45)3 270 0.6%-ECSC

i% Jt: % Transmittance/%

Ry osmrom=1.51)s 256 0.4%-ECSC
150 T(R, g471 02=1.53)3 205 0.2%-ECSC
100 R 18 NV Ews
(R 0471 02=1.71)3 316 WS
54(1) 0003 5‘()() 3 (;00 2 5‘()0 2 (;()0 1 5‘()0 1 000 5(‘)()
%% Wavenumber/cm™

B4 AsLehiE B et 4ol it B ARl BB

Fig.4 Infrared spectra and short-range ordering of samples

2.6 HFEARPAERRITNZEMBRES DM
2 & 7] F R VPl Ve by Sl & R ) 1585, W
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Sample names Todine binding Amylose content/ (mg-g ')
WS 1.11+0.02¢ 178+2.08b
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Effects of curdlan on wheat starch retrogradation and freeze-thaw stability
in the extrusion system
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DUAN Yumin?, XIAO Zhigang**

(1. College of Grain Science and Technology, Shenyang Normal University, Shenyang 110034, China; 2. College of Food Science and
Engineering, Bohai University, Jinzhou 121013, China; 3. College of Food, Shenyang Agricultural University, Shenyang 110866, China;
4. College of Research Office, Shenyang Normal University, Shenyang110034, China)

Abstract: Frozen pasta products have been ever increasingly favored in recent years, because of their convenience. Wheat
starch is one of the most important components of buns, noodles, and cookies in the staple and leisure foods. The performance
and quality of starch-based foods can depend seriously on the processing of wheat starches. Furthermore, starch-based foods
easily lose water to be hard in the storage of retrogradation, indicating reduced elasticity. Therefore, it is very necessary to
enhance the structure and properties of wheat starch. Starch can also be often modified by physical, chemical, biological and
composite methods. Among them, physical modification has been widely used to modulate the properties of starch using
hydrophilic colloids, due to their environmental friendliness, excellent performance and lower energy. Fortunately, the curdlan
can be expected to compound with the starch for better functional properties, due to the excellent resistance to freeze-thaw
stability and dehydration, water-holding, extreme stability, and emulsifying properties. In addition to being a prebiotic, curdlan
can also improve the gastrointestinal health. The extrusion can be used as a biochemical reactor to promote the combination of
wheat starch and curdlan, particularly for the high yield, easy operation, high degree of integration, and high temperature. The
reason is that the high pressure, high shear and hydration can be generated to significantly change the structure and
physicochemical properties of starch during operation. The complexes of curdlan and wheat starch can then be prepared to
change the physicochemical properties of starch. The retrogradation and syneresis of wheat starch during freezing have been
two of the most important limiting steps in the development of pasta products. This study aims to explore an effective way to
inhibit the retrogradation and syneresis of wheat starch gels during freeze-thaw cycles. The composites with different
concentrations of curdlan-wheat starch were investigated in the extrusion system. The effects of curdlan addition on the
structural properties and freeze-thaw stability of wheat starch were analyzed using differential scanning calorimetry, X-ray
diffractometry, and Fourier infrared spectrometry. In addition, the binding mechanism of curdlan-wheat starch composites in
the extrusion field was revealed by combining the chemical reagents, Texture Analyzer and Scanning Electron Microscope. The
results showed that the retrogradation of curdlan-wheat starch composites decreased and then increased with the increasing
concentration of curdlan, while the syneresis rate showed a trend of decreasing and then increasing. The freeze-thaw stability of
wheat starch was significantly improved to markedly inhibit the retrogradation with the addition of 0.6% curdlan in the
extrusion system. The pasting temperature of wheat starch increased with the addition of 0.6% curdlan, compared with extruded
starch. There was a decrease in the relative crystallinity, short-range ordering, and iodine binding of wheat starch, where the
recrystallization of amylose was suppressed. Texture Analyzer and Scanning Electron Microscope revealed that the curdlan-
wheat starch composites were dominated by the hydrogen bonding and weak electrostatic interaction forces in the extruded
system. Furthermore, the curdlan-wheat starch composites presented a more intact and dense structure, indicating better freeze-
thaw stability. The retrogradation was also effectively inhibited. The finding can provide a strong reference to produce wheat
starch-based foods with resistance retrogradation and low syneresis using an extrusion process.

Keywords: curdlan; wheat starch; extrusion; freeze-thaw stability; retrogradation
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