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Abstract

-

The possibility of the use of soy sauce koji and commercial proteolytic enzyme for the accelera-
tion of fish fermentation without affecting its characteristic flavor and nutritional quality inherent
to the final products was investigated. Fish sauces were prepared experimentally from small
horse mackerel under sixteen kinds of conditions and the chemical composition of those were ex-
amined, individually. The amino type nitrogen content, ratio of amino type nitrogen to total
nitrogen and protein conversion ratio were the highest in the fish sauce product treated with soy
sauce koji, of which 10% salt was added to the minced raw fish at the start and additional 10% salt
was added to the mixture after 48 hrs. incubation.
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Introduction

Seafoods constitute a major source of protein
in many oriental countries. Fermentation is one of
the methods commonly used to preserve these
foods. Fish sauces are traditional fermented fish
products that are used extensively in Southeast
Asia and some other parts of the Far East'"™®. Ac-
cording to Westenberg®®), fish sauces first came in-
to use in regions where the climate was too rainy

to allow sun-drying of the fish and where suffi-
cient fuel could not be found for artificial drying.
Therefore, a number of fish sauces are well
known in Southeast Asia.

Fish sauces are prepared by mixing small une-
viscerated fish-with salt in the ratio of 1 part of salt
to 1.5-3 parts by weight of fish. The mixture 1s pla-
ced in a concrete vat where it is allowed to fer-
ment for about 9 months at temperature between
20 and 35°C during which time the fish disin-
tegrates to give a brown liquid. The liquid con-
tains soluble nitrogen which is mainly derived

Corresponding author: Soo-Kyu Chae, Department of
Food Technology, Seoul Health College, 3-50, Choong-
moo-ro,Choong-ku, Seoul 100-749

639

from the breakdown of the fish protein by the vis-
cera enzymes of the fish.

Technical process so far employed for the pro-
duction of fish sauce is rather simple and needs no
more complicated treatment than adding salt to
fish. The proteolysis results from a combination of
the autolytic action of the natural fish enzymes
and the effects of microbial fermentation. How-
ever, the salted fish has to be preserved in a vessel
as long as 6 to 12 months at ambient temperature
before it becomes ready to eat and to use.

It would be advantageous with the fish sauce,
(a) 1f the fermentation period could be shortened
to reduce the capital costs and the increase the
throughput, (b) if a maximum conversion of in-
scluble to soluble protein could be achieved, (¢) if
the flavor and aroma components could be establi-
shed and their production accurately could be con-
trolled, (d) if the high concentration of salt could
be reduced to allow for a higher individual con-
sumption of fish sauce and (e} if fish, normally dis-
carded, could be incorporated.

Therefore, it has been attempted to accelerate
fish fermentation without affecting its characteris-
tic flavor and nutritional quality inherent to the
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final products.

Amano® used an antibacterial agent instead of
salt to accelerate fish fermentation. Digestion of
insoluble protein was complete within a few days
and a yield of solubilized nitrogen was increased
by 50%, however the sauce did not have a desir-
able aroma or flavor. Oishi ¢f al.® and Suzuki et
al? investigated the development of fish sauce
from skipjack thead paste by adding koji of soy
sauce. Skipjack head paste was fermented at 30 °C
for 90 days. During the fermentation period, the
chemical analysis and sensory test of the fish
sauce were performed. Beddows and Ardeshir®®
investigated the production of a fish hydrolysate,
using plant protease, which could be added to tra-
ditionally fermented fish sauce to increase the
total volume without affecting the overall nutni-
tional quality. Bromelain was reported to give het-
ter results than papain or ficin in that greater
amount of fish protein are solubilized using minc-
ed fish in 18 to 21 days at 33 °C. The distribution
and concentration of nitrogeneous compounds
were similar to traditional fish sauce but very little
aroma was present. Ogshira ef al. "% also examined
the use of papain, bromelain and trypsin to pro-
duce a fish sauce from sardine, mackeral and
opossum shrimp, with 25% salt added directly, or
in 3 stages over 24 hrs. However, the fermenta-
tion takes 340 to 350 days but the best results are
obtained with 0.3% papain with whole sardine at
pH 5.2, 37°C and 25% salt.

The present work was designed to see the
possibility of use of the soy sauce koji inoculated
Aspergillus oryzae and commercial proteolytic en-
zyme for the acceleration of fish sauce production.

Materials and Methods

Materials

Small horse mackerel was used for the pre-
paration of fish sauce as raw fish. Body size and
weight of the raw fish were about 10.5 cm and
23.5g, respectively.

Soy sauce koji was offered from Kubota Shoyu

KJFST

Co., Japan. Pronase E of commercial proteolytic
enzyme having an activity of 1,000,000 PUN/g
was purchased from Kaken Seiyak Co., Japan.

Preparation of fish sauce

The composition of materials for the prepara-
tion of fish sauces are shown in Table 1. The me-
thods of the preparation of fish sauces are shown
in Fig. 1 and Table 2.

Chemical analysis

Yield of fish sauces was determined by filtra-
tion of each mashes after fermentation.

Total soluble solid was calculated as a value
that the moisture content was subtracted from the
weight of sample. The moisture content was de-
termined by the method of Karl-Fisher reagent ti-
tration by MCI Karl-Fisher Titrater, Mitsubishi
Chemical Ltd., Japan*?.

Specific gravity was measured by an hydrome-
ter. Sodium chloride content were determined by

Raw small horse mackerel
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Fig. 1. Flow diagrem of preparation of fish sauce.



Vol. 21, No. 5(1989)

Effects of Soy Sauce Koji and Commercial Proteolytic Enzyme on Fish Sauce 641

Table 1. Composition of materials for the preparation of fish sauce

Sample Material Kojio) Enzymeb! Viscera Salt Temperature
No. treatment (%) (%) (%) (°Q)
C-1 whole 0 0 + 25 37
C-2 minced 0 0 + 20 30
C-3 minced 0 0 20 30
K-1 whole 10 0 + 20 30
K-2 minced 10 0 + 20 30
K-3 minced 10 0 + 20 25
K-4 minced 10 0 + 15+5 30
K-5 minced 10 0 -+ 10+10 30
K-6 minced 10 0 10+10 30
K-7 minced 20 0 + 20 30
P-1 minced o] 0.2 20 30
P-2 minced 0 0.2 20 25
P-3 minced 0 0.2 + 20 30
P-4 minced 0 0.2 E 5+15 30
P-5 minced 0 0.2 + 5+15 30
P-6 minced 0 0.1+0.1 - 20 30

a) Soy sauce koji produced by inoculation of Aspergillus oryzoe
b) Pronase E of commercial proteolytic enzyme

potentiometric titration with 0.1N silver nitrate!*%,

pH was measured by TOA pH meter, Model
Hm20E.

Acidity I and [ were determined by the experi-
mental methods of Japanese soy sauce'™. To 10
m/ of the sample, 40 m/ of deionized water was ad-
ded. It was titrated with 0.1 N sodium hydroxide
to pH 7.0 to pH 8.3. The volume of 0.1 N sodium
hydroxide for the first titration was noted as acidi-
ty I and that of second titration was acidity II.

The contents of amino type nitrogen and total
nitrogen were determined by the methods of for-
mol titration and Kjeldahl, respectively.

The ability of the process to convert the insolu-
ble protein into the soluble form was calculated as
following equation; (8)

Volume of liquid produced

Percentage x its N content (g/g)
x 100

of protein = - _
conversion Weight of fish used
x its N content (g/g)

The nitrogen content of the raw fish was found
to be 0.0243 g/g wet weight.
The contents of volatile basic nitrogen and tri-

methylamine type nitrogen were determined by
the Conway microdiffusion method.

Results and Discussion

Changes in chemical components of fish mashes
during fermentation

The changes in amino type nitrogen content of
fish mashes during fermentation are shown in
Figs. 2 and 3. Amino type nitrogen content was in-
creased with a progress of fermentation in all sam-
ples. No. K-5 showed the highest amino type ni-
trogen levels in samples treated with soy sauce ko-
ji and No. P-5 showed the highest amino type ni-
trogen levels in samples treated by pronase. No.
K-5 is the sample that 10% salt is added at the be-
ginning and additional 10% salt is added after 48
hrs. incubation. No. P-5 is the sample that 5% salt
is added at the beginning and 15% salt is added
after 7 hrs. incubation.

The changes in total nitrogen content of fish
mashes were similar to those of amino type nitro-
gen content as shown in Figs. 4 and 5.

From the above results, it was found that the
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Table 2. The methods of preparation of fish sauces

Sample No. Method of preparation

C-1 The whole body of raw fish was used. To 1 kg of whole fish 25% salt was added and mixed thoroughly.
The mixture was put into plastic pickle jor and incubated at 37°C.

C-2 Head and tail of raw fish were removed and then it was minced with knife. To 1 kg of the minced raw fish
20% salt wos added and mixed thoroughly. The mixture was put inte plastic pickle jor and incubated at 30°C

C-3 At first, raw fish was eviscerated. Head and taif of the eviscerated raw fish were removed and then it was
minced with knife. To 1 kg of the minced raw fish 20% salt was added and mixed thoroughly. The mixtyre
was put into plastic pickle jar and incubated ot 30°C.

K-1 The whole body of raw fish was used as sample No. C-1. To 1 kg of whole fish 20% salt was added and
mixed thoroughly. 10% soy sauce koji was added to the mixture. The mixture was put into plastic pickle jor
and incubated at 30°C.

K-2 Same as sample No. C-2 except that 10% soy sauce koji was added to the mixture.

K-3 Same as above sample No. K-2 except that the mixture was incubated at 25°C.

K-4 Some as sample No. K-2 except that 15% salt was added to the minced raw fish at the start ond after 48
hrs. incubation 5% salt was added to the mixture.

K-5 Same as sample No. K-2 except that 10% salt wos added to the minced raw fish at the start and after 48
hrs. incubation 10% salt was added to the mixture.

K-6 Same as above sample No. K-5 except that the eviscerated raw fish was used.

K-7 Same as sample No. C-2 except that 20% soy souce koji was added to the mixture.

P-1 Same as sample No. C-3 except that 0.2% Pronase £ was added to the mixture.

P-2 Same as above sample No. P-1 except that the mixture was incubated at 25°C.

P-3 Same as sample No. C-2 except that 0.2% Pronase E was odded to the mixture.

P-4 Same as sample No. P-2 except that 5% salt was added to the minced raw fish at the start and after 7 hrs.
incubation 15% salt was odded to the mixture.

P-5 Same as above sample No. P-4 except that the uneviscerated raw fish was used.

P-6 Same as sample No. P-1 except that 0.1% Pronase E was added to the mixture ot the start and ofter 15

days incubation 0.1% Pronase E was added again to the mixture.

addition of small amount of salt at the first stage
was better for the digestion of fish protein,
whereas a larger amount of it disturbed the en-
zyme activity. In the case of pronase treatment,
considered that the enzyme activity might be in-
hibited by the bile acid which was in fish viscera,
fish viscera was removed before mashing of sam-
ples treated by pronase. But uneviscerated No.
P-3 was better for the digestion of fish protein ra-
ther than eviscerated No. P-1. Therefore, it was
found that the eﬁzyme activity might not be inhibi-
ted by the viscera constituents and the autolytic
enzyme which was contained in fish viscera was
more effective for the digestion of fish protein.
The changes in the ratio of amino type nitrogen
(A.N.) to total nitrogen (T.N.) contents of fish
mashes during fermentation are shown in Figs. 6

and 7. All samples showed a slight fluctuation in
the ratio of amino type nitrogen to total nitrogen
contents during fermentation. After 15 days of
fermentation, the ratio of A. N./T. N. in No. K-5
treated with soy sauce koji was 0.515 and it was
the highest value in all samples. The ratio of A.
N./T.N.in No. P-5 treated by pronase was 0.424
after 15 days of fermentation.

Figs. 8 and 9 show the changes in volatile basic
nitrogen content of fish mashes during fermenta-
tion. All samples showed an increasing tentency in
the volatile basic nitrogen content as the fermen-
tation was made a progress. The fish sauces trea-
ted with soy sauce koji showed more remarkable
increasing tendency than the fish sauces treated
by pronase.

To investigate the effect of accelerated fish fer-
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Fig. 2. Changes in amino type nitrogen content of fish
mash treated with soy sauce koji during fermentation.
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Fig. 3. Changes in amino type nitrogen content of fish
mash treated by pronase during fermentation.
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Fig. 4. Changes in total nitrogen content of fish mash
treated with soy sauce koji during fermentation.
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Fig. 5. Changes in total nitrogen content of fish mash
treated by pronase during fermentation.

- — . :Sample No. C-2, ©—@ : Sample No. C-3, @—@® :
Sample No. P-1, A —a : Sample No. P-2, A—a : Sample
No. P-3, L —0 : Sample No. P-4, @ —@& : Sample No. P-5,
| —8 : Somple No. P-6



644 S.K. Chae, Hiroshi Itoh and Sayuki Nikkuni KJFST

0.6
_o0s}f °>
z ]
2 3>‘€9§8\1
€ 04 ]
)
ZI ® —
0 o
£ 03 F
< .
©
& 02}
0.1 F
7 15 25 35 45

Fermentation time (days)

Fig. 6. Changes in the ratio of amino type nitrogen to
total nitrogen content of fish mash treated with soy
sauce koji during fermentation.
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Fig. 7. Chanes in the ratio of amino type nitrogen to
total nitrogen content of fish mash treated by pronase
during fermentation.
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Fig. 8. Changes in volatile basic nitrogen content of fish
mash treated with soy sauce koji during fermentation.
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Fig. 9. Changes in volatile basic nitrogen content of fish
mash treated by pronase during fermentation.
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Fig. 10. Effect of the soy sauce koji and pronase treat-
ment on the amino type nitrogen and total nitrogen con-
tent during fermentation .
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mentation, the fish sauce treated with 10% soy
sauce kojl was compared with the fish sauce trea-
ted by 0.2% pronase. The effect of the treatments
with soy sauce koji and pronase on the contents of
amino type nitrogen and total nitrogen in the fish
sauces during fermentation are shown in Fig. 10,
and the effect of the treatments with soy sauce ko-
ji and pronase on the contents of volatile basic
nitrogen and trimethylamine type nitrogen in the
fish sauces during the fermentation period are
shown in Fig. 11. As the results shown in Figs. 10
and 11, the contents of amino type nitrogen, total
nitrogen, volatile basic nitrogen and trimethylami-
ne type nitrogen in the fish sauce treated with
10% soy sauce koji were higher than the contents
of those in the fish sauce treated by 0.2% pronase.

Chemical composition of final fish sauce products
Sixteen kinds of fish sauces were prepared
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Fig. 11. Effect of the soy sauce koji and pronase treat-

ment on the volatile basic nitrogen and trimethylamine
nitrogen content during fermentation.
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from small horse mackerel. The yield of fish sau-
ce, total souble solid, specific gravity, salt, pH,
acidity, amino type nitrogen, total nitrogen, ratio
of amino type nitrogen to total nitrogen, protein
conversion ratio, volatile basic nitrogen and tri-
methylamine type nitrogen of the final fish sauce
products were determined. The results are shown
in Table 3.

In general, the yields of fish sauces treated by
pronase were higher than those treated with soy
sauce koji and the yields of fish sauce increased
according to an increase of the protein conversion
ratio. The salt contents of all fish sauce products
were over 25%. The total soluble solid contents of
fish sauces treated with soy sauce koji were hig-
her than those treated by pronase. In the amino
type nitrogen content and ratio of amino type ni-
trogen to total nitrogen of fish sauce products, the
fish sauces treated with soy sauce koji were hig-



646 S.K. Chae, Hiroshi Itoh and Sayuki Nikkuni KJFST
Table 3. Chemical compositions of final fish sauce products prepared from small horse mackerel.

Sample Yield of fish sauce Total soluble Specitic Salt H Acidity | Acidity 1
No. (ml) solid (%) grawity (g/ 100 mf) P (ml) (ml)
C-1 406 34.02( 5.88%) 1.216 28.14 5.47 6.26 11.98
C-2 422 35.11{ 8.63*) 1.210 26.48 5.53 8.19 15.70
C-3 244 30.62( 0.72%) 1.204 29 90 5.48 4.1 4.00
K-1 355 38.11(10.76*} 1.223 27.35 5.34 B8.14 12.77
K-2 412 39.61(14.09%) 1.226 25.52 5.34 11.03 16.88
K-3 416 38.66(14.39*%) 1.220 24.27 5.34 9.23 16.35
K-4 447 39.13(14.63%) 1.222 24.50 5.34 11.31 18.00
K-5 443 39.35(14.83%) 1.228 24.52 5.31 11.87 18.45
K-6 472 38.13(13.06*) 1.221 25.07 5.34 10.27 17.35
K-7 397 47.87(17.46%) 1.240 25 .41 5.26 13.34 18.96
P-1 457 35.39( 9.32%) 1.210 26.07 5.57 7.98 18.60
P-2 417 33.93( 8.29%) 1.205 25.64 5.58 7.77 17.68
P-3 508 35.31( 9.61*) 1.206 25.70 5.54 7.98 16.39
P-4 507 35.39( 9.15%) 1.2312 26.24 5.62 7.98 18.72
P-5 478 36.48( 9.99*) 1.218 26.49 5.53 8.61 18.25
P-6 443 34.81( 9.11%) 1.209 2570 5.59 8.08 18.58

*: Value subtracted salt content from total soluble solid content.
Table 3. Continved......

Somple Formol-N Total-N Formol-N/ Protein conversion VBN TMA
No. (g7 100 mi) (g/ 100 ml) Total-N roto {mg/ 100 mi) (mg/ 100 mi)
(2] 0.676 1.900 0.356 0.332 90.27 19.75
C-2 0.816 2.295 0.356 0.416 95.91 19.75
C-3 0.157 0.769 0.204 0.081 31.03 2.82
K-1 0.804 2.033 0.395 0.310(0.258**) 124.12 16.93
K-2 1.403 2.566 0.408 0.457(0.376**) 138.23 16.93
K-3 0.985 2.460 0.400 0.440(0.366**) 98.74 16.93
K-4 1.064 2.641 0.403 0.507(0.422*") 134.00 13.11
K-5 1.093 2.628 0.416 0.500(0.416**) 141.05 21.16
K-6 1.006 2.380 0.423 0.483(0.401**) 126.95 1411
K-7 1.131 2.697 0.419 0.460(0.327**} 141.05 22.57
P-1 0.752 2.288 0.329 0.449 67.70 11.28
p-2 0.676 2.016 0.335 0.361 50.78 11.28
P-3 0.845 2.216 0.381 0.484 84.63 14.11
P-4 0.772 2.285 0.338 0.498 70.53 21.16
P-5 0.933 2.500 0.373 0.514 70.53 21.16
P-6 0.746 2.306 0.324 0.439 70.53 14.11

**: Value considered protein content of added soy sauce koji with fish protein content.

her than those treated by pronase, and besides,
the fish sauce products treated with soy sauce koji
were superior ta the Japanese Shottsuru and Thi-
land Nampla reported by Itoh et al¥. On the
other hand, fish sauce products treated with soy

sauce koji showed high contents of volatile basic
nitrogen. Generally, fish sauce products treated
with sov sauce koji and pronase showed high

acidity mn comparison with the control fish sauce

products.
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