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Black bean soy sauce with a low-salt solid-state fermentation process was
prepared by the black beans as raw material. Heilongjiang with green cotyledon was
selected among different raw materials. Here, the best technique was determined. Firstly,
the black beans were soaked for 4 hours under 121°, steamed for 15 min and mixed with
the fried wheat (5:5, w/w). After inoculated with Aspergillus oryzae (0.4%, w/w) and
cultured for 36 hours, the koji was obtained. When the brine (1:1, w/w) was added, soy
sauce started to ferment. The content of total nitrogen, amino nitrogen, salt-free solids of
the black bean soy sauce was even more than those of soy sauce derived from beans.
Especially, the concentration of anthocyanins was 3.7g l-1.
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Soy sauce, which originated in China over
2,500 years ago, is one of the desired traditional
seasoning in China, Korea, Japan, and Southeast
Asia countries. The annual production of soy sauce
in China is more than 5,000,000 tons, accounting
for over 55% of the world production
(Wanakhachornkrai, et al., 2003). Generally, soy
sauce is produced by fermentation of steamed
soybean and raw wheat with Aspergillus oryzae
(solid state fermentation or koji fermentation
process) (Yan, et al., 2008). As the development of
society and the economy, more and more people
pay attention to food nutrition and health
problems. Therefore, black foods are more and
more popular.

Black soybean (Glycine max (L.) Merrill)
has been used as food and medicinal materials in
China for a long time (Aparicio, et al., 2005). It is a
nutritionally rich food with a plentiful supply of
protein and calories. It also contains vitamin E,
isoflavones, saponins and carotenoids (Lee, et al.,

2006). Among a variety of soybeans, the black
soybean is reported to have discriminating
components, such as phenolic acids, anthocyanins
and isoflavones (Xu, et al.,  2008). Black soybean
therefore display superior biological activities to
yellow and green soybeans, such as free radical
scavenging activities (Hung, et al., 2007) and
inhibition of LDL (low-density lipoprotein)
oxidation (Bae, et al., 2008). In addition, anti-
inflammatory (Wang, et al., 2006) and anticancer
(Baigent, et al., 2009) activities of black soybean
have been reported, arousing strong interest in its
biological and nutritional merits (Paul, et al., 1990;
Minamino, et al., 1998). However, the seed coat of
black bean is a little thick waxy covering outermost
layer with black beans oligosaccharides. For a long
time, in addition to a small amount of medicinal,
edible, valuable resources of black bean has not
been large-scale developed, resulting in the
decrease of the economic value of the black beans
and the enthusiasm of planting black beans.

Two chief fermentation techniques of soy
sauce including high-salt liquid-state fermentation
and low-salt solid-state fermentation are mostly
used in the world. To make the consumption of
black bean food to be more widespread, scientific
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and also to the depth of the development of black
beans resources, in this work, black bean was used
as materials to produce the soy sauce. Using low-
salt solid-state fermentation process, a high-quality
black bean soy sauce was expected (Ling, et al.,
1998) through the action of microorganisms such
as A. oryzae.

EXPERIMENTAL

Preparation of raw materials
Black bean soy sauce was made by

fermentation of a combination of black soybeans,
wheat, water and salt (Ling, et al., 1996). The
analysis method of the ingredients in black bean
such as protein, crude fat, crude starch, moisture,
ash content and fatty acid composition were
described by the Chinese National Standard.
The steam pressure was determined to be 121!,
soaking time of black beans respectively selected
2, 4, 6, 8 and 10 hours, cooking time 5, 10, 15, 20
and 25 min.
Preparation of seed koji

To prepare seed koji, wheat bran water
was first blend with 100% hot water (w/w) and
cooked at 121°C for 30 min. The cooked wheat
bran was inoculated with A. oryzae spores and
incubated at 30°C for 3 days, then dried in a drying
cabinet at 60°C and was grounded into powders.
The germination rate and the spore count were
determined according to the Chinese National
Standard.
Preparation of koji

Cooked Black beans were mixed with fried
wheat which had been soaked in water (1:1, w/w)
for 30min previously, quickly blend and cooled to
a temperature of about 35!, then inoculated with a
certain amount of A. oryzae seed koji. The initial
culture temperature was 30 ± 2!. After a period of
time, the culture temperature was adjusted to 25!.
Fermentation process and preparation of the
samples

The resulting koji was fermented in 12%
to13% brine solution at a ratio of 1:1.1 (brine raw
material, w/w) to yield moromi (brine fermentation
or moromi fermentation process) (Whitaker, 1987).
During the first 10 days, the temperature was
controlled at 45°C, and then kept at 30°C to the
end of fermentation. Finally, the ripened moromi
was pressed to yield soy sauce. At various time

intervals of the fermentation process, samples of
100 g soy sauce mash were taken from each of the
mash tanks containing the same type of koji. They
were stirred individually and centrifuged at 10000
rpm for 10 min. The supernatants were filtrated
through Whitman no.3 paper. The filtrate, regarded
as raw soy sauce, was placed in brown bottles and
kept at 4°C (Fukushima, 1987). For each analysis,
tests were performed three times and all results
presented are the average. As the control, the soy
sauce derived from soybean was produced under
the same conditions.
Parameters analysis

Determination of the quality parameters
of soy sauces total nitrogen and total solids were
determined by AOAC methods 991.20 and 990.2
(AOAC, 2000), respectively. Salt content (SC,
expressed as sodium chloride) was analyzed by
volumetric titration with AgNO

3
 using Mohrs

method. Non-salt soluble solids were calculated
as TS minus SC (GB18186-2000, 2001). Amino
nitrogen content was measured as described by
the Chinese National Standard. Determination of
the anthocyanin content was by High Performance
Liquid Chromatography.

RESULTS AND DISCUSSION

The production processes of fermented
soy sauce consisted of four major steps, including
raw material selection, koji production, brine
fermentation and refining (Zhang, 2010).
Selection of raw materials

In this study, four species of black bean
were selected: Heilongjiang Province green
cotyledon (HG) and yellow cotyledon (HY),
Liaoning Province green cotyledon (LG) and yellow
cotyledon (LY). Through comparing protein, crude
fat, crude starch, moisture, ash content and fatty
acid composition, the best varieties of black beans
to brew soy sauce was selected. Fig. 1 showed
that the highest protein content of black beans
varieties was HG, followed by LG, HY, LY; the
highest ash content of black beans varieties was
HG, followed by LG, LY, HY; the highest crude starch
content of black beans varieties was HY, followed
by LY, HG, LG. As seen from Fig.2, the content of
unsaturated fatty acid of HG was more than the
others. In fermentation process of the soy sauce,
the level of the protein content was very important.
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In addition, Linoleic acid and á- Linolenic acid were
the essential fatty acids of the human body.

Thereby, HG was selected as the raw materials to
be fermented soy sauce.

Fig. 1. Comparison of the various components of
the four kinds of black beans. Data presented are

the average of duplicate experiments

Fig. 2. Comparison of the fatty acids of the four
kinds of black beans, Peak No.1 respects Palmitic
acid; Peak No.3 respects Stearic acid; Peak No.6

respects Linoleic acid; Peak No.7 respects y-
Linolenic acid; Peak No.8 respects α- Linolenic acid

Fig. 3. The different soaking beans time (a) and
cooking beans time (b) corresponding digestibility
values, 121  cooking for 15min. Data presented are

the average of duplicate experiments.

(a)

(b)

Fig. 4. The relationship of the different inoculation
amount (a), the different ratio of raw materials (b) and

protease activity. Black bean:wheat=5:5(w w-1),
Cultured for 36 hours. Data presented are

the average of duplicate experiment

(a)

(b)

Determination of the cooking process
The purpose of cooking was to make

moderately denaturing of the raw materials, for the
reason that easy to be used by A. oryzae, and
provide a basis for the later enzymatic
decomposition (Liu, et al., 2008). The moderate
cooking were needed due to effect obviously on
the utilization of raw material and quality of soy
sauce. Whether the cooking was appropriate

depend on the soaking time and cooking time.
As seen from Fig. 3-a, with the extension

of immersion time, the digestibility showed a rising
trend, but over 6 hours, digestibility declined. The
reason may be with the time longer, the water-
soluble protein dissolution. Therefore, 4 hours was
selected as soaking time (a little different with the
seasons change). Fig. 3-b indicated that during
the initial stage, digestibility was significantly
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increased with the extension of the cooking time.
More than 20 minutes, however, digestibility began
to decrease, which may be due to excessive
degeneration of the protein. Finally, 15 minutes
was selected as cooking time.
Determination of the koji process

The koji production process was the most
important in the fermentation of the soy sauce. At
this stage, the A. oryzae grew to a large number,
and produced a complex enzyme system. The
proportion of raw materials, koji duration, the
amount of seed koji, moisture, humidity and
temperature were the main factors that affected
the production of enzymes. This study investigated
the relationship between the enzyme activity and
the amount of seed koji, proportion of raw materials
and the duration time of koji, respectively, in order
to determine the best process (Su, 1980).

Standard of high-quality of seed koji was
germination rate>90%, spore count>109 (A g-1) (Su,
et al., 2005). The results of the amount of the seed
koji was observed from Fig. 4-a. With the increase
of the amount of the seed koji, the protease activity
was significantly increased but once more than a
certain numerical, protease activity declined. This
may be because the seed koji was excessively
added to the raw material, resulted in inadequate
nutrition and lack of space. The growth and
reproduction of the A. oryzae was affected, leading
to the decline of protease activity. Therefore, the
added amount of the koji was 0.4% (w w-1). Fig. 4-
b demonstrated that when the ratio of raw material
was 5:5, the protease activity reached a maximum.
Meanwhile, the protease activity attained the
highest at 36 hours. Once more than 36 hours,
A.oryzae began to pick spores and affect the
generation of the protease.
Fermentation process and chemical indicators

Anthocyanins were the unique
ingredients in black beans soy sauce. Anthocyanin
remaining with polyphenolic substance can
effectively scavenge oxygenic free radical.
Therefore, dietary intake of soybeans can decrease
the risk of the occurrence of osteoporosis,
cardiovascular disease and a number of cancers,
including those of breast, colon and prostate. Fig
5-a showed anthocyanins remained 3.7 g l-1 at the
end of the fermentation.

During the fermentation of soy sauce,
proteins in the raw materials were hydrolyzed into

Fig. 5. Content of anthocyanin (a), total nitrogen (b),
amino nitrogen (c), no-salt solids (d) and salt content
(e) in raw soy sauce with various periods of aging.
Data presented are the average of duplicate experiments

small molecular weight peptides and amino acids
by the proteases produced from A.oryzae. The total
nitrogen content was an important indicator to
measure soy sauce grade (Fukushima, 1989). As
can be seen from Fig. 5-b, the total nitrogen content
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showed some fluctuations in the soy sauce
fermentation process. Its content had been slow
to improve as time progresses. The total nitrogen
content in the black bean sauce was higher than
that in the soy sauce. In addition, amino acid
nitrogen can increase the flavor of soy sauce. Fig.
5-c indicated that the amino acid nitrogen content
increased dramatically at first, then increased a
little. This may be because Maillard reaction need
amino and carboxyl. Amino nitrogen content was
higher in the black beans soy sauce than that in
the soy sauce.

Non-salt solids refer to various
decomposition productions of soluble protein,
such as amino acids, peptone, peptides, dextrins,
low molecular weight sugars, organic acids,
alcohols, esters, pigments and other substances.
It was the major nutrition substance in soy sauce.
There was a direct relationship between salt-free
solids content and quality of soy sauce. Fig. 5-d
revealed that black beans soy sauce had a larger
content.

Fig. 5-e showed that throughout the
sauce mash fermentation process, the salt content
was maintained at a relatively stable level, showing
a slight fluctuation. The stability of the salt content
implied the sauce mash was fermented properly
and managed under a good environment.
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