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Table 1 The experimental range and levels of the variables

Range and levels

Variable
Symbol
Sodium hydroxide concentration

M) X1
Soaking time in sodium hydroxide solution X2

(min)

Extraction temperature

o X3

<)

Low (-1) 0 High (+1)
0.075 0.150 0.225
60 120 180
30 40 50
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Table 2 Experimental design of independent variables in the Box-Benken design for extraction of gelatin
from Caspian whitefish scale

Extraction temperature Soaking time in sodium hydroxide solution

Sodium hydroxide concentration

(©) (min) ™M)
1 30 60 0.15
2 30 120 0225
3 40 120 0.15
4 40 120 0.15
5 40 60 0.075
6 40 60 0225
7 50 120 0225
8 50 60 0.15
9 40 180 0.075
10 50 120 0.075
11 40 120 0.15
12 50 180 0.15
13 40 120 0.15
14 40 120 0.15
15 30 180 0.15
16 30 120 0.075
17 40 180 0.225
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Table 3 ANOVA results obtained by Box-Benken design for viscosity of gelatin extracted from Caspian
whitefish scale

Sum of Mean F p-value
Source Squares df Square Value Prob >F
Model 3.30 9 037 4435 <0.0001 significant
A-SH. C 0.41 1 041 49.53 0.0002
B-S.T 0.68 1 0.68 82.78 <0.0001
C-ET 0.14 1 0.14 16.67 0.0047
AB 0.56 1 0.56 68.03 <0.0001
AC 9.025E-003 1 9.025E-003 1.09 0.3309
BC 0.22 1 022 26.72 0.0013
A’ 0.14 1 0.14 17.19 0.0043
B’ 0.75 1 0.75 90.37 <0.0001
c’ 0.27 1 027 32.79 0.0007
Residual 0.058 7 8.268E-003
Lack of Fit 0.058 3 0.019 2.78 0.0678 not significant
Pure Error 0.000 4 0.000
Cor Total 3.36 16
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Fig 1 Response surface plots of viscosity of gelatin
extracted from Caspian whitefish scale
(a) Sodium hydroxide concentration (SH.C) (x;) and
Soaking time (ST) (x;) on viscosity of gelatin
extracted from Caspian whitefish scale
(b) Sodium hydroxide concentration (SH.C) (x,) and
Extraction temperature (ET) (x3) on viscosity of
gelatin extracted from Caspian whitefish scale
(c) Soaking time (ST) (x,) and Extraction temperature
(ET) (x3) on viscosity of gelatin extracted from
Caspian whitefish scale
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Table 4 ANOVA results obtained by Box-Benken design for gel strength of gelatin extracted from

Caspian whitefish scale

Sum of Mean F p-value
Source Squares df Square Value Prob >F
Model 2980.99 9 331.22 35.53 <0.0001 significant
A-SH. C 36.13 1 36.13 3.88 0.0897
B-S.T 480.50 1 480.50 51.55 0.0002
C-ET 0.13 1 0.13 0.013 09111
AB 20.25 1 20.25 2.17 0.1840
AC 256.00 1 256.00 2746 0.0012
BC 20.25 1 20.25 2.17 0.1840
A’ 21.32 1 2132 2.29 0.1742
B’ 1011.58 1 1011.58 108.52 <0.0001
c’ 979.21 1 979.21 105.05 <0.0001
Residual 65.25 7 9.32
Lack of Fit 65.25 3 21.75 137 0.0822 not significant
Pure Error 0.000 4 0.000
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Fig 3 Response surface plots of L* of gelatin
extracted from Caspian whitefish scale
(a) Sodium hydroxide concentration (SH.C) (x;) and
Soaking time (ST) (x,) on L*of gelatin extracted
from Caspian whitefish scale
(b) Sodium hydroxide concentration (SH.C) (x;) and
Extraction temipTerature (ET) (x3) on L*of gelatin
extracted from Caspian whitefish scale
(c) Soaking time (ST) (x,) and Extraction temperature
(ET) (XS on L*of %lelatin extracted from Caspian
whitefish scale
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g 2 Response surface plots of gel strength of gelatin
extracted from Caspian whitefish scale
(a) Sodium hydroxide concentration (SH.C) (x;) and
soaking time (ST) (x,) on gel strength of gelatin
extracted from Caspian whitefish scale
(b) Sodium hydroxide concentration (SH.C) (x;) and
Extraction temperature (ET) (x3) on gel strength of
elatin extracted from Caspian whitefish scale
(o) goaking time (ST) (x,) and Extraction temperature
(ET) (x3) on gel strength of gelatin extracted from
Caspian whitefish scale
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Table S ANOVA results obtained by Box-Benken design for L* of gelatin extracted from Caspian
whitefish scale

Sum of Mean F p-value
Source Squares df Square Value Prob >F
Model 4.70 9 0.52 29.58 <0.0001 significant
A-SH.C 0.92 1 0.92 51.97 0.0002
B-S.T 1.250E-003 1 1.250E-003 0.071 0.7979
C-ET 0.17 1 0.17 9.36 0.0183
AB 0.13 1 0.13 7.13 0.0319
AC 0.27 1 0.27 15.31 0.0058
BC 1.16 1 1.16 65.42 <0.0001
A’ 0.32 1 0.32 17.96 0.0038
B’ 0.54 1 0.54 30.38 0.0009
c? 1.01 1 1.01 57.12 0.0001
Residual 0.12 7 0.018
Lack of Fit 0.11 3 0.037 298 0.0558 Not significant
Pure Error 0.012 4 2.880E-003

Table 6 ANOVA results obtained by Box-Benken design for a* of gelatin extracted from Caspian
whitefish scale

Sum of Mean F p-value
Source Squares df Square Value Prob >F
Model 60.56 9 6.73 11.16 0.0022 significant
A-SH.C 2.89 1 2.89 4.80 0.0646
B-S.T 334 1 3.34 5.54 0.0508
C-ET 11.47 1 11.47 19.03 0.0033
AB 0.99 1 0.99 1.64 0.2408
AC 0.72 1 0.72 1.20 0.3098
BC 724 1 7.24 12.00 0.0105
A’ 525 1 5.25 8.70 0.0214
B’ 548 1 5.48 9.10 0.0195
c? 20.08 1 20.08 3331 0.0007
Residual 422 7 0.60 1.71 0.3941 not significant
Lack of Fit 422 3 1.41
Pure Error 0.000 4 0.000

Table 7 ANOVA results obtained by Box-Benken design for b* of gelatin extracted from Caspian

whitefish scale

Sum of Mean F p-value
Source Squares df Square Value Prob >F
Model 694.70 9 77.19 11.88 0.0018 significant
A-SH.C 84.18 1 84.18 12.95 0.0087
B-S.T 39.87 1 39.87 6.14 0.0424
C-E.T 187.70 1 187.70 28.88 0.0010
AB 1.18 1 1.18 0.18 0.6832
AC 42.77 1 42.77 6.58 0.0372
BC 130.07 1 130.07 20.02 0.0029
A’ 31.84 1 31.84 490 0.0625
B’ 35.96 1 35.96 5.53 0.0509
c’ 121.87 1 121.87 18.75 0.0034
Residual 45.49 7 6.50
Lack of Fit 45.49 3 15.16 0.066 0.8332 not significant
Pure Error 0.000 4 0.000
Cor Total 740.19 16
AR
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Fig 5 Response surface plots of b* of gelatin
extracted from Caspian whitefish scale
(a) Sodium hydroxide concentration (SH.C) (x;) and
Soaking time (ST) (x,) on b*of gelatin extracted from
Caspian whitefish scale
(b) Sodium hydroxide concentration (SH.C) (x;) and
Extraction temperature (ET) (x3) on b*of gelatin
extracted from Caspian whitefish scale
(c) Soaking time (ST) (x,) and Extraction temperature
(ET) (x5 on b*of gelatin extracted from Caspian
whitefish scale
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Fig
4 Response surface plots of a* of gelatin extracted
from Caspian whitefish scale
(a) Hydroxide concentration (SH.C) (x;) and
Soaking time (ST) (x») on a*of gelatin extracted from
Caspian whitefish scale
(b) Sodium hydroxide concentration (SH.C) (x;) and
Extraction temperature (ET) (x3) on a*of gelatin
extracted from Caspian whitefish scale
(c) Soaking time (ST) (x,) and Extraction temperature
(ET) (x5) on a*of gelatin extracted from Caspian
whitefish scale
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Table 8 Regression coefficients for 2nd order response surface models in terms of uncoded unit

Factor viscosity gel strength L* a* b*
Intercept 2.09 145 5.964 6.95 40.5
A-SH. C -0.22625 -2.125 -0.33875 0.60125 324375

B-S.T 0.2925 7.75 0.0125 0.64625 2.2325

C-E.T -0.13125 -0.125 -0.14375 1.1975 4.84375

AB 0.375 -2.25 -0.1775 0.4975 -0.5425
AC 0.0475 8 -0.26 0425 327
BC 0.235 2.25 0.5375 -1.345 -5.7025
A? -0.18375 -2.25 -0.2745 1.11625 2.75
B’ -0.42125 -15.5 -0.357 1.14125 29225
c? -0.25375 -15.25 -0.4895 2.18375 538
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Fig 6 Optimization results for determination of conditions extraction gelatin from Caspian whitefish scale
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Gelatin has many applications in the food, pharmaceutical and cosmetic industries due to its technological
and functional properties. By-products from fish cleaning are rich sources of collagen. The physical,
chemical and rheological properties of gelatin or collagen depend on their sources as well as the
extraction conditions. Response surface methodology (RSM) with three parameters was conducted to
determine the optimum extraction conditions of gelatin from Caspian whitefish scale. A Box-Behnken
design was used to study the combined effects of sodium hydroxide concentration (0.075-0.225 M),
soaking time in sodium hydroxide solution (60-180 minute), and extraction temperature (30-50 °C) were
determined. Viscosity (cp), gel strength (g), L*, a*, and b* were chosen as responses. The results showed
the optimum conditions were sodium hydroxide concentration 0.11 M, soaking time in sodium hydroxide
solution of 116 minutes, and extraction temperature of 38 °C. The predicted responses including viscosity,
gel strength, L*, a*, and b* were 2.17 cP, 145 g, 6.03, 6.80, and 38.85 respectively. The response surface
method was able to estimate the optimal conditions of extraction gelatin with high desirability (0.99).

Keywords: Gelatin, By-products, Box—Behnken design, Gel strength, Viscosity.
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