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Table 1 Factors and levels of response surface

experiment design
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KT YN ﬁ%‘m‘%!&”/L %‘gﬁﬂﬂ“l‘ﬂJ'/min KHiK
Water to Simmering Simmering it/ % Carra-
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—1 3:1 80 60 0.6
0 4:1 90 90 0.8
1 5:1 100 120 1.0
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BB (B) FERE(C) R HE D) 5L 4 0.000 1, A & & 5t R°=0.918 5, 3 B #1580 45 &

(Y) B I8 U3 )5 #2 k : Y=79.96 — 33.33A — 9.11B+
4.02C+9.90D+7.38AB — 1.90AC — 0.57AD+
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Table 2 Experimental design and results
s N 5 g b 3%/ % BERCHREE/ (g-mm) ZEAETAUT(Y)
Number Yield rate Gel strength Comprehensive weighted score
1 —1 0 1 0 2.28 195.60 137.604
2 0 —1 —1 3.19 126.73 89.668
3 0 0 —1 —1 3.37 86.88 61.827
4 1 —1 0 0 4.09 85.50 61.077
5 0 0 1 —1 3.37 105.23 74.672
6 —1 1 0 0 2.03 137.51 96.866
7 1 0 1 0 4.27 87.10 62.251
8 0 0 —1 1 3.30 108.10 76.660
9 0 1 —1 0 2.92 114.52 81.040
10 0 —1 1 0 3.24 106.79 75.725
11 —1 0 —1 0 2.32 160.22 112.850
12 1 1 0 0 4.14 68.82 49.416
13 —1 —1 0 2.13 196.27 138.028
14 —1 0 0 —1 2.27 170.71 120.178
15 0 1 0 1 3.29 89.97 63.966
16 1 0 —1 0 4.17 62.64 45.099
17 0 0 0 0 3.33 112.56 79.791
18 0 0 1 1 3.17 137.82 97.425
19 0 1 0 —1 3.21 68.34 48.801
20 —1 0 0 1 2.21 203.29 142.966
21 1 0 0 —1 4.36 76.87 55.117
22 0 —1 0 —1 3.25 91.40 64.955
23 1 0 0 1 4.34 106.17 75.621
24 0 1 1 0 3.28 95.40 67.764
25 0 0 0 0 3.00 124.89 88.323
26 0 0 0 0 3.09 121.56 86.019
27 0 0 0 0 3.04 101.45 71.927
28 0 0 0 0 3.42 103.85 73.721
29 0 —1 0 1 3.04 124.06 87.754
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FO AL 3

5

Comprehensive weighted score

LA LSS
Comprehensive weighted score

SR I
Comprehensive weighted score
i LY
Comprehensive weighted score

LR ALY
Comprehensive weighted score

ALY
Comprehensive weighted score
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Fig. 1 Response surface diagram of the effect of various variables on the comprehensive
weighted score of silver carp scale jelly
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Table 3 Analysis of variance for response surface regression equations
J7 KR RaEil A 05 FiH Pl
Source of variance Sum of squares Degrees of freedom Mean square F value P value
i Models 18 003.22 14 1285.94 11.27 <0.000 1"
A 13 327.40 1 13 327.40 116.80 <0.000 1"
B 996.52 1 996.52 8.73 0.010 4"
C 194.38 1 194.38 1.70 0.2129
D 1176.95 1 1176.95 10.31 0.006 3"
AB 217.58 1 217.58 1.91 0.1890
AC 14.45 1 14.45 0.13 0.727 3
AD 1.30 1 1.30 0.011 0.916 4
BC 0.11 1 0.11 9.747X10* 0.9755
BD 14.57 1 14.57 0.13 0.726 2
CD 15.68 1 15.68 0.14 0.716 4
A? 1335.83 1 1335.83 11.71 0.004 17
B 331.70 1 331.70 2.91 0.110 3
c? 0.010 1 0.010 8.918 <10 0.992 6
D’ 15.40 1 15.40 0.13 0.7188

H: R*=0.918 5, *% % WL & (P<C0.05) , *+ X F M L 3 (P<C0.01) . Note: R*=0.918 5, * represents significant (P<C0.05) , ** represents

highly significant (P<<0.01).
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Fig.2 Effects of different water to scale

ratios on elastic modulus
KPR VTR (5 H PTo M Py, PTo A 5
25 (P<<0.05) , B /K8 L i B iy k. R
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Table 4 The relaxation time and corresponding peak areas of fish scale gels with different waterto scale ratios

‘::iﬁiti U4 1 Peak 1 % 2 Peak 2 U4 3 Peak 3

scale ratio T,,/ms PT,, /% T,,/ms PT,, /% T,y/ms PT, /%
3:1 1.5841.09d 0.62+0.44b 7.54+1.09d 0.7740.14b 613.5940.00c¢ 98.61+0.51a
4:1 0.98+0.54d 0.85+0.47b 4.00+1.34d 0.44=+0.09b 932.60+0.00b 98.71+0.38a
5:1 0.494+0.23d 0.58+0.42b 7.85+3.81d 0.62740.09b 1112.41+69.53a 98.81+0.38a

RS AR NG EhERR 22 53 8.3 (P<<0.05). Note: Different lowercase letters in the same column indicate significant differences

(P<<0.05),
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Fig.3 DSC chart of fish scale gels with
different water to scale ratios
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Optimization of simmering technology and gelation characteristics of
prepared food from silver carp scale jelly

REN Mengting, SUN Ruowen, YIN Tao, YOU Juan, XIONG Shanbai

College of Food Science and Technology , Huazhong Agricultural University /National R & D Branch
Center for Conventional Freshwater Fish Processing ( Wuhan)/Key Laboratory of Environment
Correlative Dietology, Ministry of Education, Wuhan 430070, China

Abstract The collagen extracted from fish scales is processed into fish scale jelly, which is safe and
healthy. It contains a large amount of water-soluble collagen, and has the effects of calcium supplementa-
tion, beauty, body strengthening and brain strengthening. Fish scale jelly is easier to be digested and ab-
sorbed by the human body compared with other collagen proteins. The process of production is simple and
can be completed without large equipment. In this article, we optimized the simmering technology of pre-
pared food from the silver carp scale jelly and studied its gelation characteristics. The response surface ex-
periment design was used to study the effects of simmering temperature , simmering time, carrageenan dos-
age and water to scale ratio on the yield and strength of gel to optimize the simmering process and study the
gelation characteristics of fish scale jelly under different conditions. The gelation characteristics of fish scale
jelly were analyzed with differential caloric method, nuclear magnetic imaging and dynamic rheological
methods. The results showed that the water to scale ratio had the greatest influence on the yield and
strength of gel. The yield of gel increased gradually and the strength of gel decreased gradually with the in-
crease of water to scale ratio. According to the comprehensive score of the yield rate and strength of gel,
the optimized conditions were as that : the total mass of water and fish scales as 100% , water to scale ratio of
3:1, simmering temperature of 80 °C, simmering time of 90 min, carrageenan dosage of 1%. Through the
validation test, the yield rate of fish scale jelly was 3.62% , the strength of gel was 206.59 g+mm, and the
comprehensive weighted score was 145.699. The proportion of free water in fish scale jelly was over 89%,
and the melting temperature was 24-28 °C.The content of free water gradually increased and the mobility
was enhanced with the increase of water to scale ratio. The elastic modulus and enthalpy value gradually de-
creased. It is indicated that the silver carp scales can be used for processing new type of prepared food with
gel.

Keywords silver carps; scale jelly ; prepared food ; boiling technology ; gelation characteristics ; aquatic

products processing

WAL G A AR )



