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Abstract

The hydrolysis of pen shell by-product by the APL 440™, selected as the suitable alkaline protease
on the basis of cost per unit enzyme activity, was optimized using response surface methodology(RSM).
A model equation obtained from the results of RSM could be used for the prediction of degree of

hydrolysis(DH) as follows: %DH=51.126+2419 pH+2.415T —2.4265— 2.846pH*—

42117 3.014t* +

2.419%% From the ridge analysis, the conditions favoring the highest degree of hydrolysis were pH
10.2, 614, 2.58 hrs reaction time, 30.9% substrate concentration, and 0.32% enzyme/substrate ratio.
The effect of autolysis affecting degree of hydrolysis in pen shell by-product was negligible. Hydrolysate
produced under the optimal condition increased 3.5 times and 7.7 times in amino nitrogen and salinity,
respectively, comparing with raw pen shell by-product.
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Table 1. Boundaries of the experimental domain and
spacing of levels expressed in coded and natural
units
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Table 2. Central composite design consisting of 36 ex-
periments for the study of five experimental factors in
coded units

Experimental factor [abbreviation]

Code pH Temp Time Substrate E/S ratio
units [pHI [T] (t] conc [S] [E/S]
(% w/v) (% viw)
-2 8.0 40 0.5 15 0.1
-1 9.0 50 1.5 30 0.2
0 10.0 60 25 45 0.3
+1 11.0 70 35 60 04
+2 12.0 80 45 75 0.5
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Run Independent variables Dependent
variable
No. pH T t S E/S Degree of
hydrolysis(%)

1 —1 -1 -1 -1 —1 33.0

2 1 -1 -1 -1 1 440

3 -1 1 -1 -1 1 47.8

4 1 1 —1 -1 -1 50.2

5 -1 -1 1 —1 1 425

6 1 -1 1 -1 -1 439

7 —1 1 1 -1 —1 43.7

8 1 1 1 -1 1 50.9

9 -1 -1 -1 1 1 355
10 1 -1 -1 1 —1 418
11 -1 1 -1 1 -1 43.5
12 1 1 -1 1 1 479
13 -1 —1 1 1 -1 39.6
14 1 -1 1 1 1 425
15 -1 1 1 1 1 469
16 1 1 1 1 1 50.5
17 -2 0 0 0 0 35.2
18 2 0 0 0 0 444
19 0 —2 0 0 0 34.5
20 0 2 0 0 0 342
21 0 0 -2 0 0 34.1
22 0 0 2 0 0 441
23 0 0 0 —2 0 735
24 0 0 0 2 0 48.3
25 0 0 0 0 -2 51.6
26 0 0 0 0 2 55.2
27 0 0 0 0 0 395
28 0 0 0 0 0 50.3
29 0 Q 0 0 0 49.3
30 0 0 0 0 0 57.8
31 0 0 0 0 0 54.3
32 0 0 0 0 0 48.6
33 0 0 0 0 0 56.1
4 0 0 0 0 0 509
35 0 0 0 0 0 52.7
36 0 0 0 0 0 51.7
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Table 3. Evaluation of eleven commercial proteases for the hydrolysis of pen shell by-product

Protease Opt. Temp. (C)? Opt. pH? Activity(A)Y” Cost(C)" A/C
Neutral
Neutrase 0.5L 45 6.0 1.26 1.24 1.02
Complex enzyme 2000 50 7.0 135 1.96 0.69
Alcalase 24L 60 7.0 10.26 4.95 2.07
Alcalase 0.6L 60 7.0 3.86 1.00 3.86
Protease A 50 7.0 381 8.87 043
Alkaline
Protease S 70 8.0 6.88 8.87 0.78
Protease P 45 8.0 10.26 8.87 1.16
APL 440 60 10.0 45,62 3.61 12.64
Proleather 60 10.0 19.24 8.87 217
Acidic
Newlase F 45 3.0 422 8.87 0.48
Protease M 50 45 6.83 8.87 0.77

UNeutrase 05L, Alcalase 24L and Alcalase 0.6L were obtained from Novo Nordisk (Denmark); Protease A, Protease
S, Protease P, Proleader, Neulase F and Protease M were obtained from Amano Pharmaceutical Co. (Japan); Complex
enzyme 2000 and APL 440 were obtained from Pacific Chemical Co. (Korea) and Solvay Enzyme Inc. (USA), respectively.
20ptimal temperature and pH of each protease were suggested by the producing company.

Ynverse of the amount of protease required for 30% hydrolysis at optimal temperature and pH of each enzyme for
1 hr.

YLeast expensive enzyme was given a value of 1.0.
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Fig. 1. Degree of hydrolysis of pen shell by-product
with and without APL 440 protease during hydrolysis
at 60°C and pH 10.0
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Fig. 2. Response surface plot for the effect of time
and temperature on the hydrolysis of pen shell by-pro-
duct
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Fig. 3. Response surface plot for the effect of substrate
and time on the hydrolysis of pen shell by-product
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Fig. 4. Response surface plot for the effect of pH and
substrate on the hydrolysis of pen shell by-product
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Fig. 5. Response surface plot for the effect of E/S and
temperature on the hydrolysis of pen shell by-pro-
duct
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Fig. 6. Response surface plot for the effect of pH and
E/S on the hydrolvsis of pen shell by-product
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Table 4. Model coefficients estimated by multiple linear
regression

Factor Coefficient
Constant 51.126
pH 2.419°
T 2415¢
t 1.533
S —2.426¢
{E/S] 0.785
pHR 2,846
T2 —4.211#
t2 —3.014°
$? 2419°
[E/S]? 0.558
pHXT —0.256
pHXt —0.553
pHXS -0.295
pHX[E/S] —0.883
TXt —~0.729
TXS 0.009
TX[E/S] -0.041
tXS 0.293
tX[E/S] —-0.093
SX[E/S] -1.073

Superscript letters are significantly different: a; p<0.001,
b; p<0.01, ¢; p<0.05.
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Table 6. Color values in powdered-pen shell hydroly-
sate

Ll) aZ) b3) E4)
Hydrolysate 784 —2.0 132 224
Reference® 435 7.9 185 51.2

YL: Measures lightness and varies from 100 for perfect
white to zero black

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

9b: Measures yellowness when plus, gray when zero, and
blueness_when minus

YAE: AL+ Aa?+ Ab?

¥: Powdered Kasuobushi product on the market

Table 5. Proximate composition of raw and hydrolysate of pen shell by-product” (g%)
Moisture Protein Lipid Ash pH NH2-N(mng%) Salinity

Raw 82.80+ 0.08 8.02+ 0.01 148+ 0.08 2.86+ 0.07 6.12 0.13+ 0.01 2.55% 0.03

Hydrolysate 530t 0.02 57.78+ 0.03 2291002 2294+ 0.02 10.20 248+ 0.01 19.63+ 0.02

D: Averaget standard deviation (n=3)
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