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1 MBRERE
1.1 #R5iRH

Wt (Trichiurus lepturus) W F 25 7K 7= i1
Y1, 6 Fl KSR VER A T A b 3 By A 7, ¥R S i A
FIRE T, 28 2o W25 & Lb a3k 03 il e T L 1
VEH) & & (amylose content, AC), ZERURIEN . D
S EVEN ,AC=27.4% , L1 B VE Ky ,AC=28.5% ; 1.2
VR VE R . Gk T BEM ,AC=33.1%, Wi & FE R ,AC=
32.8% s RAFRTEN . /NEZTEH AC=27.7% , £ K TE
¥y, AC=19.5% , It A 15024 2 o3 #r i, i K oy 2
BEFK,
12 NHB{5EHF

Sorvall Stratos ¥ 5k = # 2500 L, 52 B Thermo
3 UV=2550 2240 A] WA e BTt B AR
(IR M)A R F) ; DHR-1 HERE i A%, 95 [ TA 1Y
A RAT
1.3 RIEHZE
1.3.1 ALshekE AR ARYE Panpipat S5
TSRS ER A 1, SR R L sl Bk R
FI IR o (43.61+3.22) mg/mL, ff $2 B
FET 4 CHRAMNIFT 2d W5,
132 LR H % LEDOHESHE T
Sandhu SE I 45 A T EAE Gk 22 ) 2 R
P2 ¥ 10 g TUEM A 90 mL 218 7K 45 4 il
RA 2min, JIA 100 CHZKIFAEBFE 1 min il
LR A F) (DM, binder) . BUBES 7 S5 AETERLL 1
L H ) TR A 35T, 88 )5 W i v F 5t 30% (J5i
6 LB E HZEREFEAL IR S 5 min, #RIK
BHiG e D g NE ER4iER S
WUBh R B s IR 4510 8 BS-AP MS-AP |
PS—AP SS-AP WS-AP Fll CS-AP, Fifi fILIRY)
PIFHIRL , JF & TR IR A H A R A
1.3.3 &y wAA I B @=40 mm
(AT AR, TR 400 pum IR HT 2L TR ) 76 == 1 (25

°C) R P4 2 min, o7 A I AAER ¥ A 44 78 R B R
FIVR AR A 8 &, e m Aty 5z &
AT

2SI 2% T Chen 5PV 5 36 31 W% A
g, W E R 40 °C, BT U1 A 0.01 57 H %2
300 s~ ( LATHRZR ), Z JE Sr BD AL 300 s T R E
0.01 s (FATHIZR) . AT FE P RAEBT VIR J1 (1)
B Y) A (y) . HIRYI Y JE IR ST (79, Pa) 3N
11 R 38 80 (n) FER E P R B0 (K, Pa-s") i FH Her-
schel-Bulkley 71 (77 & 1) #IG 115,

T=To+K7y" (1)
1.3.4 AN ZHH 78N A2 Y 0.01%~
1000% N #EAT I RS 25 CL AR 1057,
9 19 ) SR AR AP A AR (G ) AR A 1 (G7) I AT
g€/
1.3.5 SEWEAM S5 T Feng FPIW Ik
IJEEAT B, FERAE R 0.15%F1 25 CHITEE T,
M 0.1 2] 100 rad/s FEATHRIAH, RE G G"FE
MR o MR R EBR (AR 2) i
Mgl &t rh 2740 3% 5 F A EAEH )
KA K ARERILIR YR IE

G'=K(w)” (2)
1.3.6 BRAE-PIEIKE  S% Fu SR LT
IEAR [ A2k, IR 25 °C, B I 71 20 Pa, B4R
] 300 s, Z JE 2= 0 1 14 300 s, 5 U A% nl &2
i £& £ FH Burgers BB AT HI5, A 3 T AR
BB, A4 TR, b JRRFEa, 0l
PE S J(t) =ylo 78 y MRAE (), 0 AN
F1(0) o o BRI RIFAETE B (Pa™)  mo RN E B
VIZHE (Pa-s) , A AR E] (5),

J()=Jo+Ju(1=exp™™)+t/m, (3)

J()=Jus—Jo T (1-exp™™) 4)
1.3.7 WEER EEHARD, R EN 1
Hz, I 28 0.10% , ]\ 25 CF] 90 CLA 5 °C/min il
PO RGEAT, il REPICE G G FE N T
(tand) B i B A2 Ak 1 1T 22
1.4 ZitoH

B 45 ¥ S B estd (B fEZE ) Hon . 48
T Ml e T340 (SPSS 19.0) 47, 43T
SR H Orgin 2018 #E4T . SR IR R J5 22904 |
-5 22 B EU ARG 56 RN XS 15 22 B A 2 4G 0 X £ 4
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Fig.1 The steady shear flow curve of blends
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T HAE TN AR AR A R AN, R BT REA
T8 20 79 1 T BE W #% (wall slip) AR CHR
Wang 55U T8 T AR 5 b A7 76 o BE 1 B 30
% AT TE BT b binder T B 1 3% 42 4] 23 1K
LA T R 11 235 4 0 3l T D MR LA B R R LY
SO L IR Y &R s, kA
VR ILIR W (0 8 00 1T BE T B T LA A S RE 1Y
TERSEAR , DT 5 R A= i B

K EAC R IR Y m A W S 2 BE e
F. WGEHORE 2 I8 A AR 3w, Horp BS—
AP SR K B K, 185 17.23 11 2285 1 A
BAG, Horh PS-AP i (H I AK, RA 4.02, 55 4MAS
RATLLE I, A SR 0 sh AT A48 50 (n) B4
F 1, UL SR Y R R v A, & & AR BT VI Ak
(R O, 3K A EL A (8 R S0 9 4 SR — 0

#=1 HEMH Herschel-Bulkley £ £ 70 fih 25 {4
Table 1 Herschel-Bulkley and thixotropy parameters of blends

B X 7/Pa K/Pa-sn n R? D/s'+Pa s
BS—-AP 21.68 + 1.36 17.23 +0.45° 0.60 = 0.00° 0.999 3566.03 + 142.31*
MS-AP 13.01 £ 0.72¢ 12.71 £ 0.24" 0.60 = 0.00° 0.999 1910.74 + 45.63"
PS-AP 4.05 +0.17¢ 4.02 + 0.04¢ 0.72 = 0.00 0.999 607.26 + 15.86¢
SS—-AP 4.47 +0.98¢ 10.61 +0.43¢ 0.47 £0.01¢ 0.999 446.57 +25.76°
WS-AP 38.62 +7.91* 11.89 + 0.85™ 0.48 +0.01¢ 0.999 615.41 + 61.83¢
CS-AP 25.54 +1.78" 11.57 + 1.94% 0.66 = 0.03" 0.994 1212.33 +80.23¢

TE [ 81/ING 5 BN 6] 7R A7 48 28 5 W 351 (P<0.05)
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Fig.3 Dynamic strain sweep curve of blends
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BN R 2 S HOKE T RN G R 67
1 ZMERF 0, XulBrA LR b E MR
SR VE N Z (R YR AE A LA A T 2 DA R f51)
ST N . WAL R E ,CS-AP ¥ Z' i i

K, Ut B LR P 19 3 [R)AH B A 4585 . i BS—
AP 19 ZMEH /N, TE G/ R G 4351k 0.14 F10.10,
Ui W H PR WL Bh ER 2 1 AN binder = A9 3 K 43 F A
AR, K A2 SR BRI K (e %
ARACRY R AR, S 2SR A B ) K
H, Hrh BS-AP RYTE G/ A 6" B B K
K A8, 45300 5.85 fil 5.24, IR YM) K HY
5N, H SS—AP Fll PS-AP 2 ] 22 5| A i 3%
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Table 2 The power—-law parameters of the blends in dynamic frequency sweep

R i o
A K VA K R?

BS-AP 0.14 £ 0.01° 5.85+0.03 0.998 0.10 £ 0.01¢ 5.24 +0.05 0.947
MS-AP 0.15 £0.01"™ 5.42 £0.05 0.998 0.11 £ 0.01¢ 4.56 = 0.01° 0.939
PS-AP 0.17 £0.02 4.62 £0.01° 0.998 0.15 £ 0.01° 4.19 £ 0.01¢ 0.982
SS-AP 0.17 £0.02" 4.13 £ 0.05' 0.984 0.17 £0.01*™ 4.20 £ 0.02 0.941
WS-AP 0.22 +0.01* 5.12 £0.02° 0.996 0.19 £ 0.02* 4.89 +0.01° 0.933
CS-AP 0.24 £ 0.01* 4.69 = 0.03* 0.991 0.21 £ 0.02° 3.69 £ 0.02° 0.955

TE G i R G BURBRE A 5 27 20 T AN BAE AN 28 KRBT NI EE [R50/ 5 B AN [ 3R OR A7 7 28 57 W 35 (P<0.05)

25 HEYEEARNSERLSHE

X TR T VAT A A 9 B vy i £ kA7 03 B AL
B BB RIS SHINER 3 TR o JoJo N S 57
9| 2 7 A By B By B I S A g S R e R
AR BN BB AR SE IR IE A2 M IE

N

78 S0 18] 5 T AT ) O 8 A S B O R P, S R
ATLLE Y, ANFETER R EIHRE Y A 3 Ak
(EAAAE W AR, ZI T IR Y HA i
(2R i T 2 PRI TR ) 2 RO e xR ]
TR SUATICT iy LS e =N ZiN IR PO g a2
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Wik, Z Y UIREEE (o) 2 R FRAE N ) L BRAT, 2
IR sz R EE . AR 3 a5 SR ml i, BS-
AP F1 MS-AP IR Y)Y o (E B, Ui B IR ) I
Fe IR TR A B 188K T PS-AP Fil SS-AP LR

VI mo (B Fe /0N | 156 BH 2 28 s L ) 33K 2 1B A
) JE TR A e o T o R o X DA 4k R R IR . Zhang
SRR 5 i AS [R] R T 14 A7 40 TE B o DE -4 B 1
T 1A 52 0 Y B 9 T A L R
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Table 3  Rheological parameters of blends in creep—recovery test

P R = 5B
Jox10™ J.x107 N nex107 Joax107 Jox107* J.x107 N

BS-AP 0.53£0.03" 1.56+0.02° 6.19 +0.09° 330.08 £0.04* 2.56+0.01"' 0.33+0.01° 1.03+0.01' 5.87 +0.09°
MS-AP 1.60 +0.01° 4.68 £0.07Y 5.83 +0.09" 103.89 +0.05> 7.70 £ 0.04c 0.95 +0.01* 3.04 +0.04° 5.69 + 0.08¢
PS-AP 10.03 £ 0.06* 34.10 + 0.50" 6.52 +0.08" 12.27 +0.37" 58.20 +0.30° 6.16 + 0.05* 18.70 = 0.22* 4.40 = 0.10'
SS-AP 8.75 +0.03" 34.30 £0.51* 9.00 + 0.05" 14.05 + 0.66° 55.77 +0.25" 5.45 +0.04> 16.50 + 0.20" 5.10 + 0.09°
WS-AP 3.67 £0.03° 15.00 +0.22" 9.50 + 0.05* 33.65+0.28! 23.90 +0.10° 2.30 £ 0.01° 7.57 +0.10° 6.07 £ 0.07"
CS-AP 2.02+0.03¢ 7.91+0.12° 8.79+0.06° 38.69 +0.18° 14.43 +0.15* 0.99 +0.01¢ 4.12 +0.05* 7.73 + 0.05*

TE < Jo: BRI S48 (Pa™) 5 L, B 0PSBk (Pa) s N R HFIF 6] () 50 Z 0T VI BHIE (Paes) 3 Jow: IROKIGZ Ak (Pa) o [RGB AN [R] 2m A7 78

25 B (P<0.05),

YR A [l 52 05 R AR St AL - e AIE 1T 1A 7
FH - S 25 AUiE I 7 J5 TR A R TR B RE T
0] 42 R 7 bk, d BH IR Y08 i 25 F Ba e L i
WA T I K o [, PRS2 Iy A
WA LB H L SR 4 Fros kB ZRR IR
YT A S B35 R THEH, Hrh BS-AP 3t
R J e HECK, KRBT 71.14%, BFEHT
MS-AP IR Y) (64.45% ) , vt I H HAG 5147 11 [n] 5
e, AR UFSLIR Y 1 4] SS—-AP F1 PS-AP 2 [8] %
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JEE VDX A AR TR L R T i — 25 IR X — I
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NG5SR T A SR tand (B 760 #d #2
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Fig4 The relative elastic (J.) and viscous (J,) part
of the maximum creep compliance (J.)

of the blends in the recovery test
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TR I A W B 37 BB T /N2 S8 B DR A ) —
B B 255 T R B EL I R



F23% oMl

BB HREE SRR RRR R A LR B0 RTH® 105

G, X B AT DIAE LR A b R A Y AR A
FHRBES I, 5 ANGE R Y 19 268 18 JSOAR 0 2 0
AL, —SEEAT AT K B TR AR Ik
LT XML, WS-AP A1y 55 2 A~ AR 55
UL m R X3l NS A Ry it — 2P 5T

BARRE, AR YA B AR T
tand {H34/N T 1, 7E 35T 90 CHH T i, 4 p
2 0.05~0.15 B, i & 1 pr Ay 2R Wy 7 Ak 21 s
B 3 O i T 22 0 [ A 8 M R AR BB B T —
E BRI A ALK | B S YE M IR L TR )

B,

A REPEBOR, AR SR Y A BivEE D

06 ——BS-AP . ——BSAP —— BS-AP

< [ —— MS-AP 20000} |—— Ms-ap —— MS-AP A

& 05 s, —— PS-AP 250001 | __psis AL

a = 2 100000} |—— ss-AP —— §S-AP AR
iy % 04 z e WS-AP g 5 20000f | ——ws-ap i |
we i = 80000 — CS-AP = 8 ~— CS-AP !
=g 03 .5 & 15000 I
#H E O w & 60000 & o A
E & 02 = - W £ 10000 THRIBA

0 S 40000 gt i ';\4\\‘\

= 01 S = 5000} . AV AN

70 S wom) SN IS

20 30 40 50 60 70 80 90 20 30 40 50 60 70 80 90 2030 40 50 60 70 80 90
R i iz
Temperature/C Temperature/C Temperature/°C
(a) (b) (c)
B 5 HEWMHENEEREFH L
Fig.5 Dynamic temperature sweep curve of blends
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In this study, three types of natural starch from different sources were selected and mixed with actomyosin

(AP) according to the binder method of traditional vermicelli production process. The rheological properties of blend

doughs were comparative studied (n<1). It was found that all blends had shear thinning characteristics. In terms of dough

rigidity (K), the BS-AP (bean starch—actomyosin) dough appeared highest value 17.23, while the PS—AP (potato starch—
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actomyosin) had the lowest value 4.02. The thixotropy of the blends showed the following trend: bean source >cereal
source>potato source. The results of molecular interaction intensity in the blends showed that there was no covalent bond
connection between actomyosin and starch, but only physical connection(Z>0). The results of creep and fluidity are con-
sistent. The J/J... value of the BS—AP blend was the highest, reaching 71.14%, which is significantly higher than that of
the MS-AP blend (64.45%), indicating that it had better resilience. The results of temperature ramp indicated that the
interaction between actomyosin and starch in the gel process is weak, and the formation of gel network is also indepen-
dent. In conclusion, bean starch—actomyosin dough is more suitable for production by dropping method, while potato
starch—actomyosin dough is more suitable for production by extrusion method.

Keywords actomyosin; natural starch; rheological properties



