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Tab.1 The composition of experimental materials

%y Koy HH B lisif Fofs

ingredients moisture crude protein crude oil others

fifi 1 B silver carp surimi 74.4% 16.34% 1.21% 8.05%
K E /B4 H soybean protein isolate 6.50% 91.20% 0.46% 1.84%

1.2 @EFRaREIESEGEMHE

225 3CHR S 7w 40 88 22 R UK 1 98 F
VR, BRI UL/ N A& K, B K oo il
fEFEHL (% E Modele depose) Hr#f 5 min J5fil A
NaCl fififit 20 min, 28 B0 i (P R 1 3 B2 /)
T 10 C)  Bebefrh % E & T4 CrkAa b
Y+ KIRE S 2 min, L TE HRETINAE

OrEE AT 3 min JEFLAY, 1% ]S ER
FEABRIR G HTHE 3 min, 28 5023 BT (P R AT I
JE/NT 10 ), il 45 BEAR Bt 5K B SIS [ Fe
Bl R Z o s E A S I &R IR TE R
PR BT 4 CUukR P . BEREB IR L
AR BRI IR 2,

R2 BHERGRRAESARMAS

Tab.2 Formulas of silver carp surimi paste and surimi-soybean compound

BERR W I MO B R Ao

L&y formulas of silver carp surimi paste and surimi-soybean compound
ingredients
A B C D
A BE (g) silver carp surimi 742 645 519 319
7K (g) water 228 260 296 371
NaCl(g) 30 30 30 30
2SPI ¥ fk#(g) SPI emulsions 0 65 155 280
M (g) total 1 000 1 000 1 000 1 000
JK 43¢ moisture content 78% 78% 78% 78%
SPI #. 1k ¥ &+ SPI emulsions content 0 6.5% 15.5% 28%
SIS X o1 . .

ratio of animal protein to vegetable protein

{E :a. SPLELIEYH  SPL A K =1:1:3,

Notes: a. SPI emulsions content is SPI: vegetable oil: water =1:1: 3.
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Fig.1 Effect of temperature on dielectric
constant( a) and loss factor(b) of silver carp

surimi paste( A :silver carp surimi paste)

U B — 5 I, A 15 0 3 0 A HL R R (I
2-a) BESTA A TH 5 T /0N , A HLU i 915 MHz
i) 58. 78 (20 C) Wi /M| 2 450 MHz [ 53. 57
(20 C) /NI E R 8.9% o A HL 3 BB A %
FI 3 T O 2 B 728 A A 5 Sk [ 11,15, 16 ] 4
F o

A Y £ (A HLB 2R 2R (18D 2-b) B R 1)
T T sk /N, A HL 48 2K R i 915 MHz 1) 65. 53
(20 °C)7}32/J\§IJ 2 450 MHz 1 38. 75(20 °C) , I
N E g 40. 9% , A HLA 2k AR BT R 1) T 6 T
W/ AE AL B B MAOM™ 45 L) & 3% Nacl F ]
ST I £ F 5 0o 5 EA AR ) 9 28 A 3 T
iy g A LB £ 55 0 B 3 £ B B ST X4
AT 3R (38, 79 ol 0 JBE 14940 miL 45 2 R L SR T/
JE SR B 7 435 250 AR N R B /M
OHLSSON 45" iy 45 J Rl iy 4l o 7% A 3 T b



134 Koo

S ¢

35 4

BRI R PRI AERGRRT , A B 40 O 2 AR 1
PR ANEG T4 PR o A SE [R50 . AR 3 T
P AL R T i R A5 O DD e TR R R
OMPAERR 225, U HOE K (R R RAF 22 57 2K
A AL R AR B AR

80
75 F
70 - 915 MHz
65 L 2450 MHz
-~ g 60|
w 8
g £ 99 I B
® o 50f Ccecece)
- T
L2 st H
2 40| X 20°C ©040°C
35 | -60°C +80°C
30 | 1 |
0 1 000 2 000 3 000
$Ji% / MHz frequency
a
300 -
250,
+ 915MHz
~ 2 450 MHz
@ 200
% o X 20°C ©040°C
E 3 1s0f -60C +80°C
&
B g
& & 100k
il
_ ~) |
50 >>>>>>>>’>>'>'>‘> W
1 1 ]

0 1000 2000 3000
45% | MHz frequency
b
B2 SMEXNEHERERTBEH(a)M
ITEIRKZE (b) BN
Fig.2 Effect of frequency on dielectric constant(a)and

loss factor (b) of silver carp surimi paste
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Fig.3 Effect of temperature and SPI emulsions
on dielectric constant(a)and loss factor(b) of
surimi-soybean compound
B:surimi paste with 6. 5% of emulsified SPI. C. surimi paste
with 15. 5% of emulsified SPI. D surimi paste with 28% of
emulsified SPI.
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paste with 6.5 % of emulsified SPI
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Fig.5 Effect of temperature on penetration depths of surimi paste and surimi-soybean compound

A Silver carp surimi paste. B ; Surimi paste with 6. 5% of emulsified SPI. C:Surimi paste with 15.5% of emulsified SPI. D : Surimi paste

with 28% of emulsified SPI.
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Fig.3 Predictive equations for the dielectric constant & the loss factor & the penetration depths of

the surimi paste and surimi-soybean compound

HE(C) 4% (MHz) Tty 2 ¥
temperature  frequency predictive equations no.

fEEH dielectric constant
e £ 48 10 -80 915 y=1E —05T% —0.001 8% —0. 055 5T +60. 574 0.99 1
silver carp surimi paste 2 450 y=2E -05T* —0.003 6T% +0.090 3T +53. 435 0.9 2
& 6.5% SPI FLALYI O BE R & kbt 1080 915 y=—9E —05T° + 0.016 57% —1. 111 3T +67. 454 0.9 3
surimi paste with 6.5% of emulsified SPI 2 450 y= —7E -05T% +0.012 57 —0.914 7T +61. 827 0.99 4

4 15.5% SPI FLALYi e A Eh 1080 915 y=7E —05T% —0.008 8T° +0. 140 2T +58. 805 0.9 5
surimi paste with 15.5% of emu151ﬁed SPI 2 450 y=1E —05T% —0.002 5T —0. 020 4T +55. 04 0.99 6
£ 28% SPI FUALYIIta BE S A2 H 10 -80 915 y=3E —05T* —0.005 3T% + 0.057 2T +59. 396 0.99 7
surimi paste with 28% of emulsified SPI 2 450 y =5E —06T* —0.001 27 0. 061 57T +55. 236 0.99 8
TR Z loss factor
A R 1080 915 y=-0.000 17° + 0.017 37% +0.261 8T +53.853 0.9 9
simplex surimi 2 450 y=8E —07T% +0.000 47° +0. 191 4T +35. 238 0.99 10
% 6.5% SP1 A ALY tEE A ZH 1080 915 y= —5E =051 +0.007 6T% +0. 413 3T +28. 756 0.9 11
surimi paste with 6.5% of emulsified SPI 2 450 y= —2E-05T" +0.004 77° —0.082 9T +22. 43 0.9 12

5 15.5% SPI ALY faBE S A 2kt 10 -80 915 y=—=0.000 27% +0.022 67° +0.310 1T +36. 089 0.99 13
surimi paste with 15.5% of emulsified SPI 2 450 y==9E —05T° +0.01 37% —0.226 2T +26. 217 0.99 14
& 28% SPI AL BEE G 4 10 -80 915 y=—3E—-05T% +0.002 77° +1.044 1T +35. 004 0.99 15
surimi paste with 28% of emulsified SPI 2 450 y= —6E —06T% +0.000 27° +0. 309 7T +26. 036 0.98 16
ZFFIERE penetration depths
g 1080 915 y=3E—-06T% —0.000 37° —0.042 1T +1.127 5 0.9 17
simplex surimi 2 450 y=1E -06T° —0.000 17 —0. 01577 +0. 421 25 0.93 18
4 6.5% SPL A ALYt BEE A Eh 10 -80 915 y=8E —06T* —0.000 77° —0.110 7T +1.872 4 0.99 19
surimi paste with 6.5% of emulsified SPI 2 450 y=3E —06T* —0.000 37% —0. 41 4T +0. 699 53 0.98 20
5 15.5% SPI ALY e BESE A 2kt 1080 915 y=3E -05T" —0.003T% —0. 026 9T +1. 635 2 0.99 21
surimi paste with 15.5% of emulsified SPI 2 450 y=1E —05T% —0.001 172 —0. 017 +0. 610 9 0.9 22
& 28% SPI1 FL ALt BEE A Eh 1080 915 y =2E —06T% +0.000 47> —0. 13T +1.481 3 0.9 23
surimi paste with 28% of emulsified SPI 2 450 y=9E —07T% + 0.000 17° —0. M8 6T +0. 553 4 0.9 24
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Dielectric properties of silver carp( Hypophthalmichthys molitrix)
surimi-soybean compound at 915 MHz and 2 450 MHz as affected
by temperature and soy protein isolate

YANG Song', LIU Shi-xiong”, CHENG Yu-dong'*
(1. College of Food Science & Technology ,Shanghai Ocean University ,Shanghai 201306, China;

2. Department of Food Science and Technology Tokyo University of Marine Science and Technology ,Tokyo 108 —8477, Japan)

Abstract: The dielectric constant and loss factor of silver carp ( Hypophthalmichthys molitrix ) surimi paste
and surimi-soybean compound added by different proportions of soy protein isolate emulsion were measured
by the open-ended coaxial probe method at 915 MHz and 2 450 MHz from 10 C to 80 C. The results
suggested that dielectric constant of silver carp surimi paste and surimi-soybean compound decreased with
increasing temperature ,however, loss factor increased. The dielectric constant and loss factor of silver carp
surimi paste and surimi-soybean compound decreased with increasing frequency. With the addition of soy
protein isolate emulsion ranging from 6. 5% to 28% , the dielectric constant and loss factor increased.
Penetration depth of silver carp surimi paste and surimi-soybean compound decreased both with increasing
temperature ,and with the soy protein isolates emulsion addition. Frequency, temperature, and soy protein
isolate emulsion had a significant effect on the dielectric properties and penetration depth of silver carp surimi
paste. The application of SPSS software to regression analysis and prediction of dielectric constant,loss factor
and penetration depth was effective.

Key words: silver carp ( Hypophthalmichthys molitrix ) surimi; soy protein isolate; dielectric properties;
temperature; frequency; penetration depth
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