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A study on the rapid fermentation of fish sauce has been carried out for effective utilization of

sardine. The frozen sardine was thawed at room temperature, chopped, homogenized with equal amount

of water and then hydrolyzed by addition of commercial proteolytic enzymes such as bromelain,

papaya protease, ficin and a enzyme mixture under different conditions of hydrolysis.

The effect of wheat gluten for masking fishy odor and color development durirg thermal treatment
were also tested. The reaction mixture was heated for 30 minutes at 100°C for enzyme inactivation,
pasteurization and color development and then centrifuged for 20 minutes at 4, 000 rpm. Finally, table
salt and benzoic acid were added for bacteriostatic effect.

The results were summarized as follows;

1. The hydrolyzing temperature, time, pH and the concentration of enzymes tased on the weight

]

of whole sardine for optimal hydrolysis were as follows: autolysis, 52.5°C, 4 hours, pH 8.0:

with 0.25% bromelain, 52.5°C, 4 hours, pH 6.6 :with 0.25% ficin, 52.5°C, 4 hours, pH 6.8:
with 0.3% rapaya protease, 52.5°C, 4 hours, pH 6.6: with 6% enzyme mixture, 52,5°C, 4
hours, pH 6.9, respectively. But pH control was not much beneficial in increasing yield.

. The hydrolytic reaction of chopped sardine with proteolytic enzymes could be interpreted as a

first order reaction that devided into 2 periods with different reaction rate constsnts. Qi values
of the first period prior to 4 hours were 1.23 to 1.31, and those of post 4 hours were 1.25 to
1.55. The corresponding activation energies were 1.81X10% to 2.34X10% kJ/kmol and 1.92X10*
to 3.77X10% kJ/kmol, respectively.

3. The reasonable amount of 75% vital wheat gluten for addition was 9% of chopped sardine.

4. The dark brown color was mainly developed during the thermal treatment for 30 minutes at 100

°C and not changed during storage.
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Illustration of hydrolyzing apparatus.

1, constant temperature bath; 2, test tube
basket;3, hydrolyzing test tube;4, thermo-
meter;5, motor;6, transformer
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Fig.2. Apparatus for mass production of hydrolysate
from whole sardine.
1, constant temperature bath; 2, agitator;
3, thermometer;4, condensor
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Table 1. Chemical composition, volatile basic
nitrogen’(VBN) and pH of sardine

Sardine fillet Sardine
Moisture, % 76.0 73.8
Crude protein, % 17.8 14.4
Crude lipid, % 4.0 9.2
Total sugar, % 0.4 0.2
Ash, % 1.8 2.4
pH 6.0 6.3

VBN, mg % 19.0
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Fig. 3. Influence of temperature on the hydrolysis
of chopped sardine.
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Fig. 4. Influence of time on the hydrolysis of
chopped sardine.
QO: autolysis, 52,5°C
®: 0.2% bromelain, 25.5°C
[1: 0.2% papaya protease, 52.5°C
A: 0.2% ficin, 52.5°C
: 7% enzyme mixture, 52.5°C
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Fig.5. Semilog plot of pure protein-N as a function
of time and temperature during autolysis
of chopped sardine,

[3: 44.5°C (O: 48.5°C @: 52.5°C
B: 56.5°C A: 60.5°C
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Fig.6. Semilog plot of pure protein-N as a function
of time and temperature during hydrolysis
of chopped sardine with 0.2% bromelain,

[J: 44.5°C O: 48.5°C @: 52.5°C
W: 56.5°C A: 60.5°C

Table 2. First-order rate constants for
enzymatic hydrolysis of chopped

sardine

Enzyme Temg?:rature kls>§1105 sz>51105 Ti;ne*
44.5 2.905 0.984 14,400
48.5 3.337 1.267 14,400
Autolysis 52.5 3.608 1.388 14,400
55.5 3.341 0.820 14,400
60.5 2.877 0.664 14,400

Range of r2 for regression 0. 98-0.99 0. 96-0. 99
44.5 5.860 1.601 14,400
48.0 6.447 1.774 14,400
With 0.2% 52.5 6.930 1.914 14,400
bromelain 56.5 6.087 1.959 14,400
60.5 4.991 0.852 14,400

Range of r2 for regression 0. 97-0.99 0. 89-0. 95
44.5 6.436  1.237 14,400
With 7% 48.5 6.737 1.330 14,400
enzyme mixture 52.5 7.883 1.758 14,400
56.5 7.441  1.290 14,400
60.5 5.849 0.962 14,400

Range of r2 for regression 0.98-0.99 0.91-0.97

*Time at which first step “ends” and second step
“starts”.
r2: Coefficient of determination
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Fig.7. Semilog plot of pure protein-N as a function
of time and temperature during hydrolysis
of chopped sardine with 7% enzyme mixture,
[3: 44.5°C O: 48.5°C @: 52.5°C
B’: 53.5°C A: 60.5°C
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Table 3. Activation energy and Q for enzy-
matic hydrolysis of chopped sardine
in the temperature range of 44.5°C

to 52.5°C
Rate  Activation energy rz for
Enzyme constant E;X 1074 kJ/kmol Quo regression
Autolysis  ky 2.34 1.31 0.97
k2 3.71 1.54 0.93
With 0.2% ki 1.81 1.23 0.99
bromelain k, 1.92 1.25 0.99
With 7% ki 2.18 1.29 0.90
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Fig. 9. Influence of enzyme concentration on the
hydrolysis of chopped sardine.
@®: bromelain, 52.5°C, 4 hrs
[): papaya protease, 52.5°C, 4 hrs
A: ficin, 52.5°C, 4 hrs
B: enzyme mixture, 52.5°C,4 hrs
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autolysis, 52.5°C, 4 hrs
0.25% bromelain, 52.5°C, 4 hrs
0.39% papaya protease, 52.5°C, 4 hrs
0.25% ficin, 52.5°C, 4 hrs
6% enzyme mixture, 52.5°C, 4 hrs
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Table 4. Panel scores of odor, taste, color

and overall acceptance of each
product as gluten added

Added 75% vital wheat gluten

Item of progyct (w/w), %
score 0 3 6 9 12
A 2.1 2.1 2.9 87 3.7
B 1.6 1.9 2.9 3.8 3.8
Odor of 1.8 2.1 2.5 3.9 3.8
D 1.5 1.9 2.6 3.6 3.6
E 2.2 2.4 3.1 4.1 4.0
A 2.1 2.4 3.0 3.9 3.7
B 1.6 1.8 2.9 4.0 3.9
Taste (o} 1.6 2.0 2.7 4.0 3.7
D 1.7 2.0 3.0 33 3.2
E 1.8 2.1 2.7 4.1 4.0
A 3.7 3.0 34 39 3.7
B 2.8 31 35 38 3.7
Color C 3.3 2.9 3.2 4.1 3.7
D 2.9 2.9 30 33 3.1
E 3.4 3.3 33 43 3.9
A 2.2 2.6 31 4.1 3.9
Overall B 1.8 2.2 2.7 3.8 3.7
acceptance C 1.8 2.2 3.0 4.0 3.9
D 1.8 2.3 2.9 3.7 3.6
E 1.6 2.2 3.5 4.2 4.0

Score: 5, very good; 4, good; 3, fair; 2, poor;
1, very poor

A: austolysis, B: with 0.25% bromelain, C: with
0.25% ficin, D: with 0.3% papaya protease,
E: with 6% enzyme mixture

Reference: soybean sauce (odor: 3.0, taste: 3.3,
color: 3.1, overall acceptance:3.4)
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substances in hydrolysate after heating at
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