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Development of Pure Culture Starter
Using a White-Spored Mutant of Koji Mold,
K-1A for Kecap, an Indonesian Soy Sauce
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Abstract

In order to prevent aflatoxin contamination in the production of kecap, an Indonesian soy sauce, the
starter culture was prepared using the white-spored mutant K-1A strain induced from the aflatoxin-
negative koji mold, Aspergills sp. K-1 and applied to koji making process of kecap. The number of
spores developed on the cooked rice inoculated with K-1A was not so different from that of K-1. The
germination ability of K-1A after storing at 30°C and 75% RH for 3 weeks was also not so different
from that of K-1. While kecap koji making process took 9 days by conventional method (without inoc-
ulum), the use of the starter culture shortened the process to 3 days at room temperature. Since the
inoculated strain K-1A developed white conidia (spores) during incubation, the mutant could be distin-
guished from contaminated aspergilli by their appearances on agar plates. The number (cfu/g) of con-
taminated aspergilli in the kecap koji from the environment decreased to 1/10 by using the starter
culture. The kecap mash prepared with the kecap koji inoculated with the starter contained higher for-
mol nitrogen and water-soluble nitrogen than those prepared with the koji without any starter. These
results demonstrate that the use of the white-spored mutant as a starter not only contributes to the pre-
vention of aflatoxin contamination but also improves the conventional kecap fermentation process.
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Introduction

Kecap is an Indonesian soy sauce and there are two
type of kecap, sweetened soy sauce (kecap manis) and
salty soy sauce (kecap asin). The sweetened variety is
most popular’. Kecap is made by spreading cooked soy-
beans on a bamboo tray and leaving for a period to make
molded soybeans (kecap koji). The molded soybeans are
then mixed with salt solution to carry out the second
stage of fermentation under ca. 20% salt solution for 14
to 120 days at room temperature’. Then the fermented
mash is filtered. To make kecap manis, the filtrate is
mixed with palm sugar and spices, boiled for 4 to 5 h and
filtered’. Kecap manis contains 26 to 65% carbohydrate,
0.1 to 0.3% total nitrogen and 3 to 9% salt’.

Since kecap manufacturers do not usually use any
inoculum in kecap koji preparation, molds grow on the
surface of cooked soybeans as the result of infection from
the environment such as the air and the previously used
trays®™’. Molds isolated from kecap koji were mostly
from the genus of Aspergillus** and we isolated aflatoxin
producers from Indonesian soybean koji samples®.
According to Sadjono et al.5, approximately 47% of 32
samples of Indonesian kecap tested contained aflatoxin
B, at concentrations exceeding 5 pg/kg. Therefore, the
possibility of aflatoxin contamination cannot be ruled out
in traditional koji making process and it is thus necessary
to use a pure culture starter from the standpoint of food
safety. In our previous paper’, we induced the white-
spored mutant, K-1A from the selected Aspergillus strain,
K-1 (aflatoxin-negative koji mold) by irradiation of ultra-
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violet rays to distinguish the mutant from aflatoxin-pro-
ducing molds. We applied it to kecap fermentation using
a 500 mL Erlenmeyer flask as a koji and mash fermenta-
tion vessel and showed that the white-spored mutant
could be used as a starter for preparation of kecap koji
from the standpoint of preventing aflatoxin contami-
nation”’.

In order to apply the mutant K-1A to kecap produc-
tion at a kecap factory in Indonesia, the first author was
invited to JIRCAS during the period from July 4 through
September 28 in 2001 under the counterpart researcher
invitation program of JIRCAS and the second author
stayed at the Research Center for Biology, Indonesian
Institute of Sciences, for the period from January 28
through March 27 in 2002 as a JIRCAS short-term
researcher. In these periods, we prepared an inoculum
using the white-spored mutant, K-1A and applied it to
kecap production at a kecap factory in Bogor, Indonesia.

Materials and methods

1. Strains

Aspergillus sp. K-1A was a white-spored mutant
induced by irradiation of ultraviolet rays from the afla-
toxin-negative koji mold, K-1°.

2. Preparation of starter culture

Thai rice obtained from a market in Japan was used
in this study. After washing, the rice (20 g) was soaked
overnight at room temperature followed by draining for 1
h. The soaked rice was mixed with a slight tree ash (0.2
2)*, put into a 300 mL Erlenmeyer flask and covered with
a cotton plug, and autoclaved at 121°C for 15 min. After
cooling down, the autoclaved rice was inoculated with
conidia (spore) suspension (0.5 mL) prepared with a slant
culture on a potato dextrose agar (PDA, Difco, USA) of
each strain and autoclaved 0.05% Tween 80, incubated at
28°C for 4 days with shaking once after 24 h incubation
and used as a spore inoculum. To determine germination
ability after storing at 30°C, the spore inoculum was
placed in a desiccator which had saturated sodium chlo-
ride solution instead of a desiccant to keep at 75% RH at
30°C for 3 weeks.

To prepare pure culture starter of K-1A for making
kecap koji at a kecap factory, the Thai rice (355 g) was
used. The soaked rice (71 g as raw material) was mixed
with the tree ash (0.7 g)*, put into a Petri dish bottom (15
cm in diameter) and the lid which had a filter paper cov-
ered inside was replaced and autoclaved at 121°C for 15
min. After cooling down, the autoclaved rice was inocu-
lated with about 0.5 g of the spore inoculum of K-1A and
incubated at 30°C for 4 days with shaking once after 24 h
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incubation and dried at 42°C for 3 days, milled with a
mixer (IFM model, Iwatani, Japan) and used as a starter
culture.

3. Kecap production
(1) Traditional process

Kecap mash was prepared at the factory of Zebra
Bogor Co. in Bogor, Indonesia, according to the tradi-
tional method employed by this company. Namely, black
soybeans (40 kg) were soaked in water overnight, boiled
for about 3 h, spread on 10 bamboo trays (ca. 90 cm in
diameter) and left for 9 days in the koji fermentation
room (Fig. 1) of the factory at room temperature. The
molded soybeans (kecap koji) were sun-dried for 2 days,
winnowed to remove the hulls and spores, placed in a
plastic pail and 70 L of hot water (58°C) and 30 kg of salt
were added to prepare kecap mash. Then the kecap mash
was allowed to ferment for 2 months at room temperature
with exposure to sunlight (Fig. 2).
(2) Kecap process with the starter culture of K-1A

Kecap koji was prepared using the starter culture.
After spreading on 10 bamboo trays, cooked black soy-
beans (40 kg as raw material) were inoculated with 120 g
of the starter culture of K-1A, and incubated for 3 days in
the same koji fermentation room as the traditional pro-
cess at room temperature. Then the kecap mash was pre-
pared by the same process as the traditional process
described above.

4. Analytical methods
(1) Moisture

Moisture was determined by the aluminum foil cup
method’. A piece of aluminum foil (15-20 cm square)
was formed into a cup shape (ca. 5 cm in diameter, ca. 5
cm deep) using a bottom of a 100 mL beaker. Five grams
of sample were weighed into an aluminum foil cup and
heated at 105°C overnight in an oven and cooled in a des-
iccator for 30 min.
(2) Nitrogen

After homogenizing kecap mash preparations with a
small cup blender, total nitrogen (TN) was determined by
Kjeldahl method. To determine water-soluble nitrogen
(WN), 10 g of the homogenized kecap mash was diluted
to 250 mL with distilled water. The resulting diluted sus-
pension was centrifuged at 18,000 rpm for 10 min and the
supernatant was filtered. Nitrogen present in 20 mL of
the filtrate was determined by Kjeldahl method. Formol
nitrogen (FN) was determined according to the Kijun
Miso Bunseki-Ho (Official Method of Miso Analysis)>.
After neutralizing the supernatant (50 mL) with 0.1 N
NaOH to pH 8.5, formaldehyde (20 mL, pH 8.5) was
added and the mixture was titrated with 0.1 N NaOH to
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Fig. 1. Kecap koji fermentation room at Zebra Bogor Co. in
Bogor, Indonesia
Boiled black soybeans were spread on bamboo trays
(ca. 90 cm in diameter) and left for 9 days in this
fermentation room at room temperature.

Fig. 3. Colonies of the white-spored mutant, K-1A (white
colonies) and contaminated wild aspergilli (green-
yellow colonies) on PDA

Kecap koji prepared using the starter culture was
suspended in 0.05% Tween, spread on PDA and
incubated for 3 days at room temperature.

pH 8.5.
(3) Sodium chloride

Sodium chloride was determined according to the
method described in the Shokuhin Bunseki-Ho (Methods
of Food Analysis)®. The supernatant (5 mL) as prepared
above was taken in a porcelain evaporating dish and
titrated with N/20 silver nitrate in presence of 1 mL 2%
potassium chromate as an indicator.
(4) Microbial analysis

Sample (10 g) was suspended in 90 mL of auto-
claved 0.05% Tween 80. For counting filamentous fungi,
serial dilutions of the samples were prepared in the same
solution and the diluted suspensions (0.1 mL) were
spread on the plates of potato dextrose agar (PDA, Difco,
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Fig. 2. Kecap mash fermentation at Zebra Bogor Co. in
Bogor, Indonesia
Kecap mash was allowed to ferment for 2 months at
room temperature with exposure to sunlight.

USA) containing 100 ppm chloramphenicol. The plates
were incubated for 1 to 3 days at room temperature. To
count bacteria, 1 mL of diluted suspension was mixed
with molten plate count agar consisting of 0.5% peptone
(Difco, USA), 0.25% yeast extract (Difco, USA), 0.1%
glucose and 1.5% agar and incubated for 1 to 3 days at
room temperature.
(5) Count of spores of the mold strains

Number of spores was counted using a hemocytom-
eter and a microscope'.
(6) Germination ability

Germination ability of the spores of the strains was
assayed according to the method described in the Shoyu
Shiken-Ho (Methods of Soy Sauce Studies)' with minor
modification. Namely, one drop of spore suspension in
autoclaved 0.05% Tween 80 was placed on a thin layer of
the koji extract agar prepared on an autoclaved object
glass and then the object glass was placed on a 1.5% agar
plate in a plastic Petri dish and incubated at 30°C. After
6-8 h, germinated and ungerminated spores were counted
using a microscope.

Results and discussion

1. Preparation of starter culture

Table 1 shows the spore counts and germination
ability of the spore inoculum preparations. The number
of spores developed on the cooked rice inoculated with
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Table 1. Spore counts and germination ability of the spore

Table 2. Weights, moisture, germination ability and viable

inoculum spore counts of the starter culture
Strains  Weight of No. of Germination ability** Strain ~ Weight of  Moisture Germination  No. of
preparation® spores (%) preparation*® (%) ability  viable spores
(2) (count/g rice) 0 day 3 weeks (2 (%) (count/g)
K-1 26.3 1.7 x10° 92 89 K-1 354 7.8 86 3.0 x 108
K-1A 26.0 1.6 x 10° 91 87 K-1A 363 7.7 86 3.0 x 10°

*: Thai rice (20 g) and tree ash (0.2 g) were used for
preparing each spore inoculum.
**: Germination ability was assayed after storing at 30°C and

*: Thai rice (355 g) and tree ash (3.5 g) were used for
preparing each starter culture.

75% RH.
Table 3. Moisture and microbial counts in kecap koji
Moisture Mold* (cfu/g) Viable bacteria**
(%) Aspergillus Rhizopus/Mucor (cfu/g)
K-1A Others
Cooked soybeans 68.5
Traditional Koji (9 days incubation)
Koji after fermentation 36.5 - 2.3 x 107 5.0 x 10° 4.1 x 10°
Sun-dried koji 7.3 - 2.8 x10° 1.5x10° 2.6 x 10°
K-1A Koji (3 days incubation)
Koji after fermentation 54.9 23x10"  2.0x10° 1.4 x10° 8.6 x 10°
Sun-dried koji 8.1 8.6x10° 1.0x10° 1.3 x10° 1.8 x 10°

*: Number of colonies on PDA containing 100 ppm chloramphenicol after 3-day incubation at room temperature.
**: Number of colonies on plate count agar after 3-day incubation at room temperature.

K-1A was not so different from that of K-1. Both germi-
nation ability of K-1A before storing and after storing
also were not so different from those of K-1, respectively.
These results show that there were not so many differ-
ences in spore productions and in germination ability of
spores between the original strain and its white-spored
mutant. However, the spore inoculum prepared with the
mutant K-1A had white color spores which could be dis-
tinguished from that prepared with the original koji
strain.

Next, a starter culture for the study on kecap koji
fermentation carried out at Zebra Bogor Co. in Indonesia
was prepared. Table 2 shows germination ability and via-
ble spore counts of the starter preparations. There were
not so many differences in the germination ability and in
the number of viable spores between the two prepara-
tions. The preparation using the K-1A strain was used
for kecap production at Zebra Bogor Co.

2. Kecap production at a kecap factory
(1) Preparation of kecap koji

Kecap kojis were prepared by the conventional
method (without inoculum) and the newly developed
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method using the starter culture. While the kecap koji
making process took 9 days by the conventional method
(without inoculum), the use of the K-1A strain as the
starter shortened the process to 3 days at room tempera-
ture.

Moisture contents and microbial counts in koji prep-
arations are shown in Table 3. Both koji preparations
contained approximately 10® cfu/g of bacteria. The tradi-
tionally prepared kecap koji contained 2.3 x 107 cfu/g of
aspergilli and 5.0 x 10° cfu/g of Mucorales. Since the
inoculated strain K-1A developed white spores during
incubation, the mutant could be distinguished from the
contaminated aspergilli by their appearances on the agar
plates (Fig. 3). The koji prepared using the inoculum
contained 2.3 x 107 cfu/g of K-1A as the dominant mold,
even though it contained contaminants, 2.0 x 10° cfu/g of
aspergilli and 5.0 x 10° cfu/g of Mucorales from the envi-
ronment. This result shows that the number (cfu/g) of
contaminated Aspergillus in the kecap koji from the envi-
ronment decreased to 1/10 by using the starter culture of
K-1A.

After sun-drying, the moisture contents decreased to
7 to 8%.
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Table 4. Formol nitrogen (FN), water-soluble nitrogen (WN), total nitrogen (TN)
and NaCl contents, and pH values of kecap mash

Fermentation pH NaCl (%) Nitrogen FN/TN (%) WN/TN (%)
period*
(day) FN (%) WN (%) TN (%)
Control 42 5.5 20.8 0.17 0.68 1.65 10.3 41.2
60 5.5 21.0 0.26 0.83 1.98 13.1 41.9
K-1A 2 5.7 21.0 0.15 0.40 1.12 134 35.7
14 5.6 20.9 0.24 0.65 1.35 17.8 48.2
42 5.5 20.3 0.35 0.77 1.57 22.3 49.0
60 5.5 20.6 0.42 091 1.61 26.1 56.5

*: Kecap mash fermentation was carried out at room temperature.

Control: Kecap mash was prepared by the conventional and traditional method (without inoculum).
K-1A: Kecap mash was prepared using the kecap koji inoculated with the starter culture of K-1A.

(2) Kecap mash fermentation

Kecap mashes were prepared with each kecap koji
and allowed to ferment. Table 4 shows total nitrogen
contents, water-soluble nitrogen, formol nitrogen, sodium
chloride, and pH values during fermentation. The pH
value of both the mashes indicated 5.5 after 2 months of
fermentation and they contained about 21% salt. The
contents of formol nitrogen and water-soluble nitrogen
increased with the fermentation time. After 2 months of
fermentation, the kecap mash prepared with kecap koji
inoculated with the K-1A strain showed higher contents
of formol nitrogen and water-soluble nitrogen than that
prepared without the starter. These results demonstrate
that the use of the white-spored mutant as the starter not
only contributes to the prevention of aflatoxin contamina-
tion but also improves the conventional kecap fermenta-
tion process.

The water-soluble nitrogen of the total nitrogen
reached 56.5% after 2 months of fermentation when the
starter culture was used. However, this value was lower
than that of the result described in our previous paper’
using a 500 mL Erlenmeyer flask as a fermentation vessel
at the laboratory. The temperature of the hot water used
for the kecap mash preparation was 58°C in this study,
while water at room temperature was used in our previ-
ous work’. The hot water might have inactivated pro-
teases of the kecap koji when the kecap mash was
prepared at Zebra Bogor Co. There was much room for
improvement in the kecap production process.
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