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Abstract

To determine optimal conditions for extraction of cod byproduct, Box-Behnken experimental design was
applied. Independent factors were extraction temperature(80°C, 98°C, 121°C), extraction time(2h, 3h, 4h)
and addition of water(1.3x, 2x, 2.7x). Response variables were extraction yield, crude protein, crude ash
and calcium contents. General composition of cod byproduct was moisture(71.74%), crude pro-
tein(16.63%), crude fat(0.52%), crude ash(6.86%) and calcium(2.06%). By RSM(response surface meth-
odology) analysis of cod byproduct extraction, extraction temperature greatly affected extraction yield
and crude protein content(P<0.01). Crude ash(P<0.01) and calcium(P<0.1) content were largely affected
by the addition of water. Optimum extraction condition were extraction temperature of 121°C, extraction
time of 2.2h and addition of water of 2.6x. Predicted characteristic values were yield of 8.64%, crude
protein content of 86.80 mg/g, crude ash content of 3.4 mg/g and calcium content of 25.37 ug/g at opti-

mal condition.
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Fig. 1. The hot-water extraction procedure of cod
byproduct.

Table 1. Levels of extraction conditions in experimental
design

X. Extraction conditions Levels

' -1 0 1
X, Extraction time(hr) 2 3 4
X, Extraction temp(°C) 801 98+l  121#£1
X, Addition of water(times) 1.3 2 2.7
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Table 2. Proximate composition and calcium contents of
cod bypreduct

Composition Contents(%)
Moisture 71.74
Crude protein 16.63
Crude fat 0.52
Crude ash 6.86
Calcium 2.02

Table 3. Comparison of composition of cod bone and cod
byproduct(d.b.)

Composition(%) Cod bones Cod byproduct
Crude protein 38.8 58.8
Crude fat 0.5 1.8
Crude ash 62.6 24.2
Calcium? 38.1 29.5

YBased on crude ash content
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Table 4. Experimental data and Box-Behnken design for hot-water extractions of cod byproduct

Exp No. Temp. (°C) Time (hr) Water (times) Yield (%)  Protein (mg/g)  Ash (mg/g) Calcium (ng/g)
1 121(1)* 4(1) 2(0) 8.65 80.97 297 24.96
2 98(0) 2(-1) 1.3(-1) 471 4418 2.4 21.31
3 80(-1) 2(-1) 2(0) 432 34.53 2.75 41.18
4 98(0) 41 1.3(-1) 5.35 50.87 2.63 15.15
5 98(0) 2(-1) 2.7(1) 571 53.49 344 3427
6 121(1) 3(0) 1.3¢-1) 7.00 65.53 2.83 16.77
7 98(0) 30) 2(0) 4.82 46.29 2.96 21.57
8 98(0) 3(0) 2(0) 475 45.67 2.89 20.89
9 121(1) 3(0) 27(1) 8.19 80.71 3.11 29.6
10 98(0) 4(1) 2.7(1) 5.82 52.06 3.19 16.54
11 121(1) 2(-1) 2(0) 8.21 80.3 3.16 14.23
12 80(-1) 3(0) 27(1) 422 38.62 2.95 39.49
13 80(-1) 4(1) 2(0) 439 41.14 293 27.59
14 98(0) 3(0) 2(0) 4.97 47.35 3.16 22.23
15 80(-1) 3(0) 1.3(-1) 401 40.17 2.57 20.18

*Values of parenthesis is coded level
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Fig. 2. Response surface for the effects of extraction time and temperature, and addition of water on yield of extracts.
(a) extraction temperature at 98°..., (b) extraction time at 3hour, (c) addition of water 2times
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Table 5. Regression coefficients calculated by Minitab
program for response variables

Yield Crude protein Crude ash Calcium

(%) (mg/g) (mg/g)  (ugle)
b, 21.573**  168.08* -3486  231.26*
linear
b, -0.329%*  -2.90* 0.055 -3.78%*
b, -3.156* -5.72 0.785 -28.04
b, -0.649 -19.04 1.906 30.88
quadratic
by 0.002%*  0.02%* 0 0.01
b,, 0.544%* 335 0 0.37
b, 0.014 0.75 -0.179 -0.23
cross product
b12 0.004 -0.07 -0.004 0.31*
b13 0.017 0.29* -0.003 -0.09
b23 -0.189 -2.90 -0.171 -4.13
R-Square 0.994 0.988 0.855 0.883
Probability of F <.0001 <.0001 0.102 0.064

*Significant at 5% level,

*=xSignificant at 1% level
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Fig. 3. Response surface for the effects of extraction time and temperature, and addition of water on crude protein in
extracts. (a) extraction temperature at 98°C, (b) extraction time at 3hour, (c) addition of water 2times
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Fig. 4. Response surface for the effects of extraction time and temperature, and addition of water on crude ash in
extracts. (a) extraction temperature at 98°C, (b) extraction time at 3hour, (¢) addition of water 2times
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Fig. 5. Response surface for the effects of extraction time and temperature, and addition of water on calcium in extracts.
(a) extraction temperature at 98°C, (b) extraction time at 3hour, (¢) addition of water 2times
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