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Optimization of ratio of refrigerants for quick liquid freezing of aquatic
product by response surface methodology
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Abstract: In order to develop a safe food-grade quick-freezing liquid formulation suitable for rapid freezing of aquatic products,
we designed a low-temperature quick freezing liquid which composed of ethanol, oligofructose, citric acid, calcium chloride and pro-
pylene glycol. Then, we analyzed the variation of freezing point with different mass fractions of that composition by single factor
test. Based on that, taking the freezing point and viscosity as response values, we optimized the addition amount of the refrigerants in
the quick freezing liquid by Box-Behnken response surface method. The optimum formula of quick-freezing liquid was 19.9% ethan-
ol, 9.5% fructooligosaccharide, 3% citric acid, 5% calcium chloride and 10% propylene glycol. The quick-freezing liquid prepared by
the formula had a freezing point of —-63.50 “C and a viscosity of 4.64 mPa-s, characterized by low freezing temperature, small viscos-

ity, low formulation cost and convenient operation, suitable for rapid freezing of aquatic products and frozen convenience foods.
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Tab.2 Experimental results of BOX-Behnken design

b= VRES s W/ C FifE/mPa-s
serial No. 4 B ¢ b absolute value of freezing point viscosity

1 -1 -1 0 0 40.8 6.19
2 1 -1 0 0 60.2 4.71
3 -1 1 0 0 46.3 5.96
4 1 1 0 0 47.9 5.66
5 0 0 -1 -1 43.8 5.32
6 0 0 1 -1 435 5.60
7 0 0 -1 1 48.1 5.15
8 0 0 1 1 443 7.80
9 -1 0 0 -1 37.8 5.05
10 1 0 0 -1 54.3 4.65
11 -1 0 0 1 44.7 6.51
12 1 0 0 1 56.5 5.58
13 0 -1 -1 0 51.8 5.77
14 0 1 -1 0 45.7 5.40
15 0 -1 1 0 44.9 6.20
16 0 1 1 0 42.1 7.14
17 -1 0 -1 0 354 4.95
18 1 0 -1 0 63.5 4.62
19 -1 0 1 0 45.6 6.50
20 1 0 1 0 40.8 5.35
21 0 -1 0 -1 49.2 5.46
22 0 1 0 -1 39.0 5.70
23 0 -1 0 1 45.7 6.30
24 0 1 0 1 49.5 6.62
25 0 0 0 0 43.6 6.10
26 0 0 0 0 44.6 5.90
27 0 0 0 0 45.8 6.31
28 0 0 0 0 453 6.00
29 0 0 0 0 45.1 6.45
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Tab.3 Analysis of variance fitted regression model of absolute value of freezing point
I I F B - » BFENE
source SS df MS significance
) model 1042.95 14 74.5 37.67 <0.000 1 %
A 439.23 1 439.23 222.11 <0.000 1 ok
B 40.7 1 40.7 20.58 0.000 5 ok
C 61.2 1 61.2 30.95 <0.000 1 ok
D 37.45 1 37.45 18.94 0.000 7 ok
AB 79.21 1 79.21 40.05 <0.000 1 ok
AC 270.6 1 270.6 136.84 <0.000 1 ok
AD 5.52 1 5.52 2.79 0.116 9
BC 2.72 1 2.72 1.38 0.260 2
BD 49 1 49 24.78 0.000 2 ok
CD 3.06 1 3.06 1.55 0.233 8
s 4251 1 4251 215 0.000 4 o
B 9.69 1 9.69 49 0.043 9 *
c 1.48 1 1.48 0.75 0.4017
D’ 0.96 1 0.96 0.49 0.497
575 residual 27.69 14 1.98
S lack of fit 249 10 2.49 3.57 0.1157
453 pure error 2.79 4 0.7
KA cor total 1 070.64 28 0.974 1

. * EREE (P<0.05); ** ZRWEE (P<0.01); FERIL

Note: *. significant difference (P<0.05); **. very significant difference (P<0.01). The same case in the following table.
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Tab.4 Analysis of variance fitted regression model of viscosity

IR SEIrA B BRIl F » B
source SS df MS significance
A model 14.86 14 1.06 34.76 <0.000 1 o
A 1.76 1 1.76 57.47 <0.000 1 Ho
B 0.29 1 0.29 9.34 0.008 6 Ho
c 4.54 1 4.54 148.58 <0.000 1 Ho
D 3.18 1 3.18 104.19 <0.000 1 Ho
AB 0.35 1 0.35 11.4 0.004 5 Ho
AC 0.17 1 0.17 5.5 0.034 2 *
AD 0.07 1 0.07 2.3 0.1517
BC 0.43 1 0.43 14.04 0.002 2 Ho
BD 1.60E-03 1 1.60E-03 0.052 0.8223
CD 1.4 1 1.4 45.97 <0.000 1 Ho
A 2.47 1 2.47 81.01 <0.000 1 w4
B 0.02 1 0.02 0.64 0.437 6
c 0.077 1 0.077 2.52 0.134 8
D’ 0.088 1 0.088 2.88 0.1119
5% 2 residual 0.43 14 0.031
24 lack of fit 0.22 10 0.022 0.44 0.865 3
4% 2% pure error 0.2 4 0.051
JELF cor total 15.29 28
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Fig.7 Response surface diagram of the interaction of ethanol, citric acid, oligofructose and calcium chloride on freezing point of
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