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Abstract: This study was carried out in order to make the Japanese fermented meat sauce shishibishio.
The fermentation mixtures (moromi) were prepared by mixing ground pork with salt at one of three
levels (15, 20 or 25%), koji (rice fermented with Aspergillus oryzae) and pepper. Commercial enzymes, ie
Alcalase or Pectinase 3S, were added in order to accelerate the proteolysis of the moromi. After 3 months
of fermentation, counts of viable bacteria were below 300 cfu g−1, and no coliforms was detected in any
moromi. Shishibishio obtained after 3 months had an acceptable seasoning with high peptide and free
amino acid content, and good hygienic quality; in particular, no unpleasant smell and taste was found. The
addition of Alcalase or Pectinase 3S appreciably increased yield of shishibishio and protein recovery from
moromi by accelerating the liquefaction and the proteolysis, resulting in the improvement of the sensory
quality of the products. The highest yields were, respectively, 49.8 to 50.6%, collected from moromi in
which we used 15% salt. Shishibishio with Alcalase had a higher peptide content but a lower total free
amino acid content than that with Pectinase 3S. However, there was not much difference in the sensory
evaluations for two enzyme treatments.
 2005 Society of Chemical Industry
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INTRODUCTION
In Asia, there are two popular sauces that are used
not only mainly as condiments but also as additional
sources of protein for humans. They are the soy sauce
that is made from fermented soybeans, and the fish
sauce made from fermented fishes. In Japan, soy sauce
is a dominant seasoning. Although not as popular as
soy sauce, fish sauce is widely consumed and three
kinds of fish sauce, ie ishiru, shottsuru and ikanago-
shoyu are very well-known.1,2 In addition, fermented
meat sauce ‘shishibishio’ has been used since ancient
times.3

There is very little literature concerning the produc-
tion and properties of shishibishio, while publications
about fish sauces and soy sauces are readily available.
In the production of fish sauce, traditional methods
take about 9–18 months.1 In order to suppress the
growth of harmful microorganisms during the fermen-
tation period, salt is added at more than 20%. So as to
shorten the fermentation period, additives containing
lactic acid bacteria (LAB) such as koji (rice fermented
with Aspergillus oryzae) have recently been commonly
used in Japan and Korea.1,4,5 The use of proteolytic
enzymes, such as papain, bromelain and Neutrase, to
accelerate the proteolysis of meat protein during the

fermentation period has also been reported by several
authors.6–8

As a part of the efforts to diversify meat products,
Nakamura et al9 and Yano et al10 have studied the
production of fermented meat sauce from lean beef,
beef defatted tissue and porcine red blood cell. In
their studies, the procedure of soy sauce production
was applied in which koji was used to accelerate the
fermentation process. However, there has not been any
report on the use of commercial enzymes in fermented
meat sauce production.

In our study, the fermented meat sauce shishibishio
was made from ground pork as a main material
with additions of salt, koji, pepper and commercial
enzymes. The present study aimed to examine the
properties of this product, and to examine the effects
of addition of Alcalase or Pectinase 3S on accelerating
the proteolysis of its fermentation mixtures in order to
shorten production period.

MATERIALS AND METHODS
Materials
Ground pork was obtained from a meat packer
1 day after slaughter, and stored at −30 ◦C until
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used for making moromi. Koji was obtained from
a koji shop in Obihiro, Japan. Alcalase 2.4L (EC
3.4.21.62), produced from Bacillus licheniformis by
Novozymes A/S, Denmark, had a declared activity
of 2.4 Anson Unit g−1, which is equivalent to 2736 IU
(international units) when soya isolate at pH 8.0 and
50 ◦C was used as substrate. One IU of proteolytic
activity is defined as that which can cleave 1 micromol
peptide bond per minute (initial reaction rate). The
authors recognise that pectinases, in general, are a
group of polysaccharide degrading enzyme complexes,
commonly used for the clarification of apple, orange
and grape juices as well as fruit wines. However,
Pectinase 3S (EC 3.2.11.5), produced from Aspergillus
sp by Yakult Pharmaceutical Industry Inc, Japan, also
possesses proteolytic functions with a declared activity
of 25 000 unit per gram, when casein at pH 4.0 and
40 ◦C was used as substrate. Therefore, in view of this
high level of protease activity, it has been used as a
proteolytic enzyme in this study.

Fermented meat sauce (shishibishio) preparation
The shishibishio production scheme is shown in Fig 1.
It can be divided into two steps: the first is the
preparation of fermentation mixture (moromi) and the
second is the collection of shishibishio. For moromi

Figure 1. Shishibishio production scheme.

fermentation, ground pork was thoroughly mixed with
koji, salt, pepper and Alcalase 2.4L or Pectinase
3S according to the proportions shown in Table 1.
In these mixtures, the percentage of koji was 10%;
that of salt was 15, 20 or 25%, and the levels of
the enzymes were 0.5% Alcalase or 0.25% Pectinase
3S. The moromi were placed into plastic bags (800 g
per bag), carefully sealed, and kept in an incubator
(30 ± 0.2 ◦C) for fermentation. At the end of 0, 1, 2
and 3 months, samples of about 60 g were taken from
each moromi for microbial analysis and collection of
shishibishio. The samples were separately centrifuged
for 30 min at 28 000 × g and 0 ◦C, and then filtered
with Toyo filter paper No 5C (Toyo Roshi Kaisha Ltd,
Tokyo, Japan) to obtain the liquid called shishibishio.
Yield of shishibishio was calculated as the percentage of
weight of the shishibishio divided by weigh of moromi.
Samples of shishibishio were kept in the refrigerator at
4 ◦C until chemical analysis.

Microbiological analysis
Moromi (5g) was homogenized for 3 min with 45 ml
of sterilized saline (0.85% NaCl) in a Stomacher (BA
7021, Seward, London, UK). Suitable serial dilutions
(10−1 –10−5) of the homogenate were prepared, and
a 1-ml sample of each dilution was pipetted into
sterile Petri dishes. Fifteen millilitres of the appropriate
growth medium that had cooled to 37–38 ◦C were
then poured into each dish and mixed gently. The
presence of common bacteria was determined on
standard agar (Eiken chemical Ltd, Tokyo, Japan). De
Man, Rogosa, Sharpe agar (MRS agar) (Oxoid Ltd,
Hampshire, UK) was used for growth of lactic acid
bacteria (LAB). The presence of LAB was identified by
a catalase test using 3% H2O2. Chromocult coliform
agar (Merch KGaA 64271 Darmstadt, Germany) was
used for the growth of E coli and other coliforms. Plates
were incubated at 37 ◦C for 24 h for E coli and other
coliforms, 48 h for common bacteria, and 72 h for
LAB. Colonies were counted by direct dilution from
plates of each selective medium containing discrete
colonies (30–300), and the total population of bacteria
in moromi was calculated as cfu per gram (cfu g−1).

Chemical analysis
pH values were measured with a pH meter (HM-5S,
TOA Electronics Ltd, Tokyo, Japan). NaCl content

Table 1. Composition of moromi

15% Salt 20% Salt 25% Salt

Control Alcalase Pectinase Control Alcalase Pectinase Control Alcalase Pectinase

Ground pork (g) 596 592 594 556 552 554 516 512 514
Salt (g) 120 120 120 160 160 120 200 200 200
Koji (g) 80 80 80 80 80 80 80 80 80
Pepper (g) 4 4 4 4 4 4 4 4 4
Enzyme (g) 0 4 2 0 4 2 0 4 2
Total (g) 800 800 800 800 800 800 800 800 800

There were three replications of each analysis of moromi to give each of the values.
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was determined with a salt meter (Model TM-25,
Takemura Electric Works Ltd, Tokyo, Japan). The
salt meter was adjusted with 3% NaCl solution as
a standard. A 25-fold dilution of each shishibishio
was prepared for measurement. NaCl content was
calculated as the measured value multiplied by
25. Total nitrogen was determined by Kjeldahl’s
method,11 and crude protein was calculated as
N × 6.25. Protein recovery was calculated as the
percentage of crude protein of shishibishio divided by
crude protein of moromi. Samples for determination of
peptides and free amino acids were prepared according
to the procedures described by Mikami et al12 as
follows. A 2% trichloroacetic acid (TCA) solution
was prepared by mixing 4 g of shishibishio with the
same weight of 4% TCA solution. It was incubated
for 30 min at 37 ◦C and centrifuged at 4500 × g for
10 min. The supernatant was then filtered with Toyo
filter paper No 5C. The filtrate was used for analysis
of peptides and free amino acids. Peptide content
was determined by the Lowry–Folin method13 with
bovine serum albumin as a standard. Free amino
acid content was determined by the O-phthalaldehyde
reagent with an amino acid analyzer (Model 8000,
JASCO Corporation, Tokyo, Japan) using the lithium
buffer system.

Sensory evaluation
Shishibishio obtained after 3 months of fermentation
were used for sensory evaluation. Sixteen panelists
whose age ranged from 18 to 50 years were asked
to evaluate the colour, aroma, flavour and overall
characteristics of the products according to three-
point scales (‘very good’, ‘good’ and ‘bad’) of
their preference. They were given the samples in
random order and not allowed to talk to each other
during testing. For the assessment of aroma, panelists
sniffed directly each sample containing in a test tube

(1 cm × 10 cm). For the flavour test, about 1 ml of
each sample was given to the panelists one after the
other and they were asked to rinse their mouth with
water between samples. At the same time as the aroma
and flavour tests, the colour was judged by visual
observation.

Statistical analysis
Significant difference between means were analyzed
with Statistical Analysis System (SAS)14 by analysis of
variance (ANOVA) according to the General Linear
Model (GLM) procedures using Duncan’s multi-
range test (p < 0.05).

RESULTS AND DISCUSSION
Table 2 shows changes in the microbial counts
of moromi. At month 0, the common bacterial
counts ranged from 4.6 × 105 to 9.3 × 105 cfu g−1.
However, the numbers of bacteria decreased rapidly as
fermentation advanced and, by 3 months, had dropped
to below 300 cfu g−1 in all moromi. Lopetcharat et al15

reported a similar tendency of of total viable count to
decline with increased fermentation time during the
production of fermented fish sauces such as bakasang,
nampla and aekieot in Indonesia, Thailand and Korea,
respectively.

In moromi with 15% salt, LAB count at month
0 was 2.8 × 104, 2.1 × 104 and 2.3 × 104 cfu g−1 in
the control, Alcalase and Pectinase 3S respectively.
It dropped to below 300 cfu g−1 in the control after
1 month, while still at 1.1 × 103 and 1.5 × 103 cfu g−1

in Alcalase and Pectinase 3S moromi, respectively, after
2 months; it then dropped to below 300 cfu g−1 after
3 months in any moromi. The similar tendency was also
observed in moromi with 20 and 25% salt. The higher
number of LAB in moromi with enzyme treatments
was probably due to the addition of enzymes, which

Table 2. Changes in microbial counts in moromi during fermentation (cfu g−1)

Months 15% salt 20% salt 25% salt

Control Alcalase Pectinase Control Alcalase Pectinase Control Alcalase Pectinase

Common bacteria
0 6.4 × 105 9.3 × 105 7.6 × 105 4.8 × 105 6.4 × 105 5.3 × 105 4.6 × 105 6.0 × 105 5.1 × 105

1 2.1 × 103 5.8 × 103 5.8 × 103 1.8 × 103 2.5 × 103 3.1 × 103 1.6 × 103 2.2 × 103 2.9 × 103

2 3.9 × 102 3.8 × 103 1.5 × 103 3.0 × 102 3.1 × 103 1.3 × 103 3.7 × 102 1.9 × 103 6.7 × 102

3 <300 <300 <300 <300 <300 <300 <300 <300 <300

Lactic acid bacteria
0 2.8 × 104 2.1 × 104 2.3 × 104 2.1 × 104 2.2 × 104 1.8 × 104 1.5 × 104 1.9 × 104 1.6 × 104

1 <300 2.5 × 103 2.5 × 103 <300 1.7 × 103 1.9 × 103 <300 9.4 × 102 1.1 × 103

2 <300 1.1 × 103 1.5 × 103 <300 1.2 × 103 1.5 × 103 <300 3.6 × 102 6.3 × 102

3 <300 <300 <300 <300 <300 <300 <300 <300 <300

Coliform group
0 6.2 × 103 5.2 × 103 1.3 × 104 4.8 × 103 5.0 × 103 6.8 × 103 3.2 × 103 2.8 × 103 4.5 × 103

1 <300 <300 <300 <300 <300 <300 <300 <300 ND
2 ND ND ND ND ND ND ND ND ND
3 ND ND ND ND ND ND ND ND ND

Values are expressed as mean for n = 3; ND: not detected.
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caused immediate acceleration of proteolysis, resulting
in more available amino acids for LAB synthesis. The
slightly lower LAB counts in moromi with 20 and
25% salt could have resulted from increased the salt
level. The data of Paludan-Muller et al16 showed that
increasing the salt concentration delayed or inhibited
LAB growth in Thai fermented plaa-som.

Coliform group counts ranged from 2.8 × 103

to 1.3 × 104 cfu g−1 at month 0, but dropped to
below 300 cfu g−1 after 1 month and no viable
count was detected in any moromi sample after
2 months, suggesting that even 15% salt addition
could completely inhibit the growth of colifom groups
in these moromi. This is in agreement with a report
of Virulhakul17 that salt in high concentration limits
the growth of spoilage bacteria normally present in
fish. This bacteriostatic effect is mainly due to the
high concentration of salt inducing the reduction of
aw (water activity) which interferes with the osmotic
regulation of most spoilage bacteria.18

Changes in the pH of shishibishio during fermenta-
tion are shown in Fig 2. Initial pH values were not
much different among shishibishio, ranging from 5.94
to 6.12. These values decreased gradually and had
reached to 5.21–5.72 after 3 months, which is within
the acceptable range of fermented meat sauces and fish
sauces described by Nakamura et al9 and Lopetcharat
et al.15 The decrease in pH was caused by acidification
in the presence of LAB.19,20 Several authors15,20–22

considered that the pH value drop was partly due to
the release of peptides and free amino acids during
fermentation. This is probably the reason why the pH
values in the enzyme treatments were lower (p < 0.05)

than that in the controls, and why the pH contin-
ued to decrease even when LAB dropped to below
300 cfu g−1 in the present study (Table 2).

Changes in yield of shishibishio from the moromi
are presented in Fig 3. During the first month,
yield increased sharply, thereafter increasing gradually
and after 3 months reached 30.2, 49.8 and 50.6%
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Figure 2. Changes in pH of shishibishio during fermentation. Values are expressed as mean ± standard deviation for n = 3. a,b,cMean values in a
same group with no common superscript differ significantly (p < 0.05).
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group with no common superscript differ significantly (p < 0.05).
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respectively for the control, Alcalase and Pectinase 3S
of shishibishio with 15% salt. In case of shishibishio with
20 and 25% salt these values were 24.9, 43.2 and
44.2% and 21.6, 37.2 and 39.1%, respectively. The
yields from Alcalase treatment and that of Pectinase
3S treatment were not significantly different, but
they showed higher yield (p < 0.05) than that of
the control, suggesting that enzymes might increase
the liquefaction of moromi. Similar observations were
reported when Bae et al23,24 used Complex Enzyme
2000 and Alcalase for rapid processing of modified
fish sauce, and when Aquerreta et al6 used exogenous
enzymes to elaborate the Roman fish sauce garum.
Among three levels of salt addition, yield of shishibishio
with 15% salt was the highest, followed by that with
20% salt and 25% salt. This agrees with results
showing that a decrease in the level of salt from 25
to 5% increased the yield of garum.6 This was also
attributable to the present study (Table 1) that moromi
with 15% salt containing more meat than that with
20 and 25% salt, resulting in the higher amount of
shishibishio.

Changes in protein recovery of shishibishio from
moromi (Fig 4) were paralleled with the changes of
yield of shishibishio from the moromi (Fig 3). Protein
recovery of shishibishio also increased sharply during
the first month, then increased gradually and reached
21.6, 47.4 and 46.0% respectively for the control,
Alcalase and Pectinase 3S of shishibishio with 15%
salt after 3 months. In case of shishibishio with 20 and
25% salt, these values were 15.4, 41.3 and 41.0% and
11.9, 35.7 and 36.0%, respectively. There is generally
a positive correlation between protein recovery in the
fish sauce and proteolytic activities.25 In the present
study, the percentage of protein recovery for the
enzyme treatments was around two or three times
higher than that for their controls, while there was no
significant difference between two enzyme treatments
with the same level of salt addition. It is reasonable to

conclude that the conversion of insoluble protein to
soluble protein during fermentation was faster in the
enzyme treatments than in the control. The reason for
this was the increased hydrolysis of protein in moromi
with addition of enzymes. Gildberg and Thongthai20

reported that both autolytic and microbial activities
increased when salt content was reduced to below
20%. In a study that used Complex Enzyme 2000
and Alcalase, Bae et al23,24 considered that the best
salt content for accelerating the proteolytic process
was 14%. The percentages of protein recovery of
shishibishio with 15% salt were the highest. These
values in enzyme-added shishibishio of present study
were lower than that in Chinese, Vietnamese, Thai,
Korean and Japanese fish sauces (namely 57.8, 61.6,
64.3, 68.5 and 70.4%, respectively) which were
reported by Park et al,26 but slightly higher than that
in fermented seasonings (44.2%) made from lean beef
after 3 months of fermentation which were reported
by Nakamura et al.9

Changes in the total nitrogen contents of shishibishio
are shown in Fig 5. This soluble nitrogen includes
proteins, peptides and free amino acids that derived
from the breakdown of meat protein. Total nitrogen
content increased rapidly during the initial period of
1 month, and thereafter only a slight increase was
observed in any shishibishio. This is in good agreement
with the findings of Lopetcharat et al15 that the protein
conversion rate in budu (a fermented fish sauce of
north-eastern Malaysia) increased dramatically in the
first 60 days of fermentation and then stabilized over a
period of 100–200 fermentation days. After 3 months,
total nitrogen content was 1.9, 2.6 and 2.5 g 100 ml−1

respectively for the control. Alcalase and Pectinase 3S
of shishibishio with 15% salt. In the cases of shishibishio
with 20 and 25% salt these values were 1.6, 2.5
and 2.4 g 100 ml−1; and 1.4, 2.5 and 2.4 g 100 ml−1,
respectively. Total nitrogen content is the important
parameter used for grading the quality of fish sauce
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and soy sauce. For example, the special grade of soy
sauce should contain total nitrogen of more than 1.5%
(Japan Agriculture Standard),3 and total nitrogen in
Grade 1 and Grade 2 of fish sauce should be not
less than 2.0 and 1.5 g 100 ml−1 respectively (Thai
Industrial Standard Institute).17 From both of these
points of view, shishibishio with enzyme treatment is
considered to be rich in total nitrogen, and showed
a significantly higher (p < 0.05) total nitrogen than
the controls.

Figure 6 shows changes in the peptide contents of
shishibishio. In the controls, peptide content increased
gradually, and reached to 5.6, 5.7 and 5.6 g 100 ml−1

with 15, 20 and 25% salt, respectively, after 3 months.
In the enzyme treatments it rapidly increased during
the first month, then slightly decreased during the
second month and increased again to reach 6.2–6.8,
7.1–8.6 and 6.4–8.4 g 100 ml−1 with 15, 20 and
25% salt, respectively, after 3 months. Overall, the

peptide content in shishibishio with Alcalase was
higher (p < 0.05) than that with Pectinase 3S during
fermentation. Alcalase is an endoproteinase that was
developed to be highly efficient in the hydrolysis of all
kinds of proteins. Pectinase 3S has both proteolytic
and pectin hydrolytic activities and is often used to
accelerate the pressing and filtration of juice from fruits
and vegetables; the proteolytic activity of Pectinase 3S
is weaker than that of Alcalase.

Total free amino acid contents of shishibishio
obtained after 3 months are shown in Table 3.
Values were highest in the Pectinase 3S treatments
(6213–7934 mg 100 ml−1) followed by the Alcalase
treatments (5792–7427 mg 100 ml−1) and then the
controls (4099–5662 mg 100 ml−1) at any salt level.
The higher (p < 0.05) total free amino acid content
in the enzyme treatments than that in their control
could have resulted from the more proteolytic activity
contributed by enzyme addition. Between the two
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Table 4. Sensory evaluation of shishibishio obtained after 3 monthsa

15% salt 20% salt 25% salt

Control Acalase Pectinase Control Acalase Pectinase Control Alcalase Pectinase

Colour
Very good 3 12 11 5 11 12 4 12 12
Good 10 4 5 10 5 4 10 4 4
Bad 3 0 0 1 0 0 2 0 0

Aroma
Very good 5 11 9 6 10 7 4 8 7
Good 11 5 7 10 6 9 12 8 9
Bad 0 0 0 0 0 0 0 0 0

Flavour
Very good 4 10 9 3 9 7 3 6 5
Good 5 6 7 6 5 6 5 6 6
Bad 7 0 0 7 2 3 8 4 5

Overall
Very good 4 10 8 3 7 5 3 6 5
Good 6 6 8 7 7 9 4 5 6
Bad 6 0 0 6 2 2 9 5 5

a Total of panelists = 16.

enzyme treatments, the higher (p < 0.05) total free
amino acid content for Pectinase 3S than for Alcalase
suggested that Pectinase 3S has more aminopeptidase
activity than Alcalase. Comparing the results obtained
from samples with and without enzymes at the three
levels of salt, it can be seen that a decrease in the
level of salt increased the proteolytic activity, resulting
in the higher total free amino acid content, especially
when enzymes were used. Aquerreta et al6 reported a
similar tendency when they used exogenous enzymes
to elaborate the Roman fish sauce garum. Individually,
glutamic acid, alanine, valine, leucine, lysine and
arginine were the predominant free amino acids in
any shishibishio. Similar observation in commercial
fish sauces have been reported.15 Nearly all these free
amino acids could contribute to the final taste of
the product and, among them, glutamic acid makes
an important contribution.27 In the present study,
glutamic acid contents in shishibishio ranged from 567
to 1159 mg 100 ml−1. The differences in glutamic
acid content among shishibishio might contribute an
important role to the difference of sensory evaluation
of products (Table 4).

After 3 months, NaCl contents were around 22.3,
25.0 and 24.5% in the control, 20.7, 22.4 and 22.5%
in the Alcalase treatment, and 21.1, 22.9 and 22.7%
in the Pectinase 3S treatment with 15%, 20%, and
25% initial salt in moromi, respectively. The NaCl
contents of our shishibishio samples were slightly lower
than the average values of commercial fish sauces (26
(±3.7)%), but higher than that of commercial soy
sauce (16–18%) as reported by Lopetcharat et al.15

The sensory evaluation of shishibishio obtained after
3 months is shown in Table 4. The most important
factors for consumer acceptability of the products
are flavour and aroma, although the colour can
also be significant.27 The enzyme treatments had a

clear brown colour similar to commercial fish sauce,
but the control had a lighter colour so that several
panelists assessed that the colour was ‘bad’. No
unpleasant smell was found in any shishibishio. The
panelists commented that all shishibishio, especially
those with added enzyme, had a nice aroma. In enzyme
treatments, shishibishio with 15% salt were graded ‘very
good’ and ‘good’ in flavour, while some panelists gave
a ‘bad’ evaluation for that with 20 and 25% initial
salt, because of to their saltier taste. Overall enzyme
treatments were judged to be ‘very good’ and ‘good’
by most panelists. It is important to note that the ‘bad’
evaluation for that with 20 and 25% salt was due to
their saltier taste. The ‘bad’ evaluation for the controls
was probably attributed to their low content of free
amino acids.

CONCLUSIONS
Shishibishio obtained after 3 months was an acceptable
seasoning with high nitrogen content and hygienic
quality. In particular, the products had an attractive
colour and a good aroma and flavour, with no unpleas-
ant smell and taste. The addition of commercial
enzymes markedly increased yield of shishibishio and
protein recovery from moromi by accelerating the liq-
uefaction and the proteolysis, especially in shishibishio
with 15% salt, resulting in the improvement of sen-
sory quality of product. Shishibishio with Alcalase had
a higher peptide content but lower total free amino
acid content than that with Pectinase 3S. However,
there was not much difference in sensory evaluation
between the two enzyme treatments.
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