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Abstract

To propose the use of skipjack processing by -product(SPB) as a food material, the optimal condition
for the production of the SPB hydrolysate through enzyme treatment was obtained using RSM(Re-
sponse Surface Methodology). Among eight proteases test, Protease P™ was screened primarily
on the aspect of production cost and taste of the product. The extent of autolysis accompanied by
endogenous enzyme in the SPB was almost negligible as compared with that of Protease P™ treat-
ment. The derlved model equation was within the satisfiable range as indicated by coefficient of
determination(R*=0.9460) and lack of fit(p>0.1) values. From the results of RSM and ridge analysis,
the conditions favoring the highest degree of hydrolysis were: pH 7.2, 51°C, reaction time of 3.94
hr, substrate concentration of 33.3%, and enzyme/substrate ratio of 0.48%.
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Table 1. Boundaries of the experimental domain and spacing of levels expressed in coded and natural units

Independent variables

Code units

pH Temp.(°C) Time(hr) S(%)” E/S(%)”
-2 6.0 35 1.0 20 0.2
-1 7.0 40 2.0 30 0.3
0 8.0 45 3.0 40 04
+1 9.0 50 4.0 50 05
+2 10.0 55 5.0 60 06

“Concentration(w/v) of skipjack processing by-product(dark muscle)
PRatio(w/w) of Protease P"™(Amano International Enzyme Co.) to skipjack processing by-product(dark muscle)
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Table 2. Responses of dependent variables to the hydrolysis conditions for Protease P

Independent variables”

Dependent variable

Run No.
pH T t S E/S DH(%)

1 -1 -1 -1 -1 -1 28.2

2 0 -1 -1 -1 1 40.7

3 -1 1 -1 -1 1 537

4 1 1 -1 -1 -1 385

5 1 -1 1 -1 1 50.4

6 1 -1 1 -1 -1 43.1

7 -1 1 1 -1 -1 53.9

8 1 1 1 -1 1 56.1

9 -1 -1 -1 1 1 284
10 1 -1 -1 1 -1 25.3
11 -1 1 -1 1 -1 311
12 1 1 -1 1 1 41.2
13 -1 -1 1 1 -1 314
14 1 -1 1 1 1 36.7
15 -1 1 1 1 1 59.8
16 1 1 1 1 -1 499
17 -2 0 0 0 0 46.4
18 2 0 0 0 0 41.0
19 0 -2 0 0 0 378
20 0 2 0 0 0 51.7
21 0 0 -2 0 0 295
22 0 0 2 0 0 543
23 0 0 0 -2 0 58.6
24 0 0 0 2 0 326
25 0 0 0 0 -2 36.7
26 0 0 0 0 2 48.3
27 0 0 0 0 0 49.2
28 0 0 0 0 0 46.5
29 0 0 0 0 0 50.8
30 0 0 0 0 0 449
31 0 0 0 0 0 439
32 0 0 0 0 0 457
33 0 0 0 0 0 45.1
3 0 0 0 0 0 50.5
35 0 0 0 0 0 49.3
36 0 0 0 0 0 45.1

“The codes of independent variables were the same as represented in Table 1
DH: Degree of hydrolysis, T: Temperature, t: Time, S: Substrate, E/S: Enzyme/substrate
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Table 3. Evaluation of eight commercial proteases for the hydrolysis of skipjack processing by~product(dark muscle)

Protease! Opt. Temp.(°C)? Opt. pH? Activity(A)® Cost(C)? A/CY

Neutral

Neutrase 0.5L™ 50 6.0 0.02 125 0.02

Complex enzyme 2000™ 50 7.0 0.61 1.75 0.35

Alcalase 0.6L™ 60 70 796 1.00 7.96

Protease A™ 50 7.0 6.36 875 0.73
Alkaline

Protease S™ 70 8.0 837 875 0.96

Protease P™ 45 8.0 15.72 875 1.80

Optimase APL™ 60 10.0 116.25 4.00 29.06
Acidic

Protease M™ 50 5.0 12.83 875 1.47

YNeutrase 0.5L™ and Alcalase O.6LTM, Novo Nordisk(Denmark), Protease A™, Protease S™, Protease P™ and Protease

M™ were Amano International Enzyme Co.(Japan) ; Optimase APL™ 8 were produced by Solvay Enzyme, Inc.(USA)
and Complex enzyme 2000 ™ Pacific Chemical Co. LTD(Xorea)
2)Opi:unal termperature and pH of each protease were suggested from the producing company
Inverse of the amount of protease required for 30% hydrolysis in lhr

L east expensive enzyme was given a value of 1.0
5Enzyme activity per cost
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Table 4. Sensory evaluation of eight protease-treated hydrolysate from skipjack processing by-product(dark muscle)”

Protease Color Bitter taste Odor Qverall acceptance Characteristics®

Neutral

Neutrase™ 05L 25% 2T 30° 27 fishy odor

Complex enzyme™ 2000 28 25 2.2 28 anchovy odor

Alcalase™ 0.6L 36 32 28® 28 stale, stinking

Protease™ A 26® 2.7% 30° 3L fermented soybean
Alkaline

Protease™ S 3.1% 2. 24® 28 astringent

Protease™ P 35 31 33® 45° aromatic

Optimase APL™ 1.8 05" 26™ 2.1° bitter taste
Acidic

Protease™ M 28* 1.7 32™ 27 bitter taste

*"Nalues are means of 12 scores. Means with the same letter in a column are not significantly different(p>0.05)
1)Interpretation of scores in color, odor and overall acceptance: 1-very poor, 2-poor, 3-acceptable, 4-good, 5-excellent,
score in bitter taste: 1-very strong: 2-strong: 3—moderate strong: 4-weak: 5-very weak
2)Description of hydrolysates from skipjack processing by-product(dark muscle)
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Table 5. Model coefficients estimated by multiple li-
near regression for producing hydrolysate of
skipjack processing by-product(dark muscle)

Factor Coefficient
Constant 47.210
pH —0.675
T 5.325*
t 5.992*
S —4.700*
[E/S] 3.708*
pH? —1.027
T? —0.765
t? —1.477**
§? 0.650
[E/ST? —0.552**
pHXT —1.250
pHXt —0.888
pHXS 0.650
pH X [E/S] —1.863**
TXt 1.025
TXS 1.263
Tx[E/S] 0.575
txS 0.600
tX [E/S] —1.013
SX[E/S] —0.550
R? 0.946
F-ratio 2.495
Probability>F 0.105

Superscript letters are significantly different : *p<0.001,
**p<0.05
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Table 6. Proximate composition and salinity of raw and hydrolysate from skipjack processing by-product

(g/100g)
Moisture Protein Lipid Ash Salinity
Raw 66.23+0.017 26.72+0.03 2.93%0.05 2.04£0.02 1.2410.00
Hydrolysate 2.59£0.02 23.8210.01 0.88+0.06 3.261£0.04 2.5910.00

YAverage + standard deviation(n=3)
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Table 7. Color value and amino nitrogen{amino~N con-
tent) of powdered-hydrolysates from skip-
jack processing by-product(dark muscle)

Raw  Hydrolysate Reference”

L 27 435
a 189 79
Color value 203 185
JE 50.9 512

Amino-N(%, w/w) 015%0.01 0.66+0.02

L: Measures lightness and varies form 100 for perfect
white to zero black

a: Measures redness when plus, gray when zero, and
greenness when minus

b: Measures yellowness when plus, gray when zero,
and blueness when minus

AE: Y 4L%+ ga’+ 4b°

I)Commeraally available Powdered Kasuobushi product
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