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Fig. 1

Freezing curves of surimi with modified starch at —20 °C

a - e. represent the freezing curve of surimi with Z + S,Z + AAES,Z + CES,Z + CHS,Z + HS, respectively; f. represents the freezing

curve of surimi without additives(c) ,the same as the following
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Fig.2 Freezing curves of surimi with modified starch at —80 °C
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Tab.1 Freezing rate of surimi with modified starch at —20 or -80 °C

PREE IR EE /T
}f”ﬁ%g Z+S Z + AAES Z + CES Z + HS Z + CHS C
freezing temperature
-20 2.54 +0.07" 2.45 £0.08"8 2.55+0.09%8 2.53 £0.07"® 2.40 £0.09"8 3.60 +0.09®
-80 12.12 £0.18" 9.75 +0.15% 9.52 +0.14%* 11.76 £0.11° 10.53 £0.129 15.38 +0.11%*

TE < AT AN ] B9 /NG 55 3 S [ 8 00 90 [B) A 3 35 2 5 (P < 0..05 ) 5[] 81 AN [ 19 55 5 8 3 7 A [ R 45 3 B2 i) A . 3% 22 ¢ (P < 0. 05)

Notes ; different lowercases in the same line indicate significant differences between different additives( P <0.05) ; different capitals in the same

column indicate significant differences between different freezing temperatures( P <0.05)
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Tab.2 Effects of modified starch on thermal property

parameters for surimi during freezing phase transition

AL R E/C
AN freezing transition temperature KaAg/
iy ahit Wi w2
additives initial peak final enthalpy
temperature temperature temperture

4% 7 +4% S -7.22° -7.903"  -10.087* -182.43"
4% Z +4% AAES  -7.235°  -7.506° —10.605° —201.247°
4% Z +4% CES  -8.397° -9.739"  -12.170° -199.312¢
4% 7 +4% HS -7.816"  -9.672° -12.614" -190.002°
4% Z +4%CHS  -8.030° -9.107° —11.746° -193.375°
C -7.270°  -9.509°  —11.874% -223.751"

TE : BT 1/ 5 5 1 3208 AN Rl 3 im 4y 1) A 35 4k 22 5% (P <
0.05)

Notes: different lowercases in the samecolumn indicate significant
differences between different additives( P <0.05)
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Effects of modified starches on the freezing rate and gel characteristics of
surimi from silver carp( Hypophthalmichthys molitrix)

2
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Abstract. For silver carp ( Hypophthalmichthys molitrix) surimi with four kinds of modified starch or the
conventional cryoprotectant (4% sucrose + 4% sorbitol ) , the freezing rate, thermal properties parameters
during freezing phase transition and gel characteristics at — 20 and - 80 C were measured in order to
compare the cryoprotective effects of additives during freezing. The results indicated that the freezing rate of
surimi at —80 C was significantly higher than that at —20 C. The additives could significantly reduce the
freezing rate and the freezing phase transition enthalpy of surimi, and improve water-holding capacity of
frozen surimi gel. Higher water-holding capacity was obtained in surimi with modified starch,compared with
that of surimi with the conventional cryoprotectant( P <0.05). The freezing rate of surimi with 4% sucrose
(Z) +4% cross-linking esterification starch( CES) was similar to that of surimi with 4% sucrose(Z) +4%
acetic acid esterified starch ( AAES) , and both were lower than that of the other groups at —80 T (P <
0.05) . There was no visible difference in gel strength betweeen surimi with 4% Z +4% AAES and surimi
with the conventional cryoprotectant. Meanwhile , their gel strength was higher than that of the other groups at
-20 and - 80 T, respectively (P < 0. 05). Therefore, 4% Z + 4% AAES appeared to be a promising
alternative cryoprotectant of the conventional cryoprotectant in frozen surimi industry, due to its notable
effectiveness on the prevention of surimi quality changes during freezing.

Key words: Hypophthalmichthys molitrix; surimi;modified starch; freezing rate; freezing phase transition;
gel characteristics
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