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Abstract:
Introduction. The fungus Aspergillus oryzae is widely used in the production of fermented soy-based products. However, there is little
data on how its genetic characteristics affect the biochemical and fractional composition of protein substances during fermentation
and the quality of fermented products. This study aimed to investigate the conversion of soy meal under the influence of two A. oryzae
strains with different morphological and cultural properties during the production of a fermented soy sauce.
Study objects and methods. The study used two A. oryzae strains, RCAM 01133 and RCAM 01134, which were isolated from the
industrial F-931 strain (Russian Collection of Industrial Microorganisms), a producer of hydrolytic enzymes. Micromycetes were
cultivated by a solid-phase method on soy meal, followed by dry fermentation. The results were analyzed with regard to accumulation
of amine nitrogen, bound and free amino acids, proteins and carbohydrates.
Results and discussion. The cultivation of micromycetes resulted in a 35–38% increase in protein, a tenfold increase in free amino
acids, and a 1.5–1.7 fold decrease in polysaccharides. The contents of essential amino acids in the fermented soy sauce were
1.7 and 1.2 times as high as in the initial medium (soy meal) and in the reference protein, respectively. Fermentation enhanced the
biological value of proteins, increasing the amino acid scores of phenylalanine (7.3–7.7 times), phenylalanine (2 times), as well as
valine, threonine, tryptophan, and lysine. The contents of protein and essential amino acids were slightly higher in the sauce with the
RCAM 01133 strain.
Conclusion. Fermenting soy materials with the RCAM 01133 strain of A. oryzae is an alternative way to produce food ingredients
with good sensory properties containing carbohydrates and biologically complete protein in easily digestible forms.
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INTRODUCTION

been growing over the past decades, especially after the
Food and Drug Administration (FDA) linked soy protein
with a reduced risk of coronary heart disease [8–10]. Soy
protein contains all essential amino acids. Also, it has
a higher biological value than plant proteins of cereals
and a lower content of saturated fatty acids than animal
products [11].
Asian countries mostly use fermented soy.
Fermentation increases the solubility of soy polymers
and improves absorption in the intestine, which provides
soy-based products with high nutritional value and
functional properties [12]. High soy consumption in
Japan and China correlates with a low incidence of

Soy is the most common plant protein source in the
world that has a wide range of health benefits. Clinical
studies of soy-based products have revealed their
antioxidant, antitumor, hypoglycemic, and hypotensive
effects [1–5]. Having been cultivated since ancient times
in Asian countries, since the 18th century in Europe,
and since the 19th century in the USA, soy is now one
of the most important agricultural crops worldwide [6, 7]. The USA is currently the leading producer of
soybean, accounting for over 30% of world production.
The popularity of soy products in North America has
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Table 1 Essential amino acid contents in the initial soy
material and fermented sauces vs. reference protein
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Figure 5 Amino acid scores of initial medium and fermented
sources vs. reference protein

with RCAM 01134 and RCAM 01134, respectively.
About 50% of them were essential amino acids, which
indicated higher medical and biological efficiency of the
fermented products since free amino acids are easily
absorbed into the blood, activating metabolic processes
in the human body (Fig. 4)
The cultivation of A. oryzae micromycetes on a
plant medium not only increased the content of protein
substances but also improved their biological value in
the fermented sauces. As we know, the content and
composition of essential amino acids in the FAO/WHO
reference protein can fully meet the physiological needs
of the human body [34–36]. Our studies showed that
the test samples of fermented soy sauce contained a
full range of essential amino acids. Their amount was
1.7 times as high as in the original plant medium and
1.2 times as high as in the reference protein, mainly due
to a high content of tryptophan (Table 1, Fig. 4).
We compared the composition of essential amino
acids and their scores in the fermented products (Table 1,
Fig. 5). The amino acid score, which is calculated by
comparing the content of each amino acid in the proteins
of the initial medium (soy meal) and the fermented
sauces with its content in the reference protein, shows
changes taking place during soy fermentation [37, 38].
We found that phenylalanine, methionine, valine, and
threonine were the limiting amino acids in the protein
of the initial soy material, with their score under 82.2%.
Although the score of the main limiting amino acid,
phenylalanine, was only 4.7%, it increased 7.7–7.3 times
in the fermented sauces, reaching 36.0–34.3%. The score
of the second limiting amino acid, methionine, more
than doubled as a result of fermentation. The scores also
increased for valine, threonine, tryptophan, and lysine
but decreased for leucine (Fig. 5).
The composition of essential amino acids in the
fermented sauce proteins did not differ significantly,
featuring three limiting amino acids – phenylalanine,
leucine, and methionine. The score of the main limiting

amino acids was slightly higher in the sauce with the
RCAM 01133 strain of A. oryzae.
The increased score of individual amino
acids (tryptophan, valine, lysine, methionine, and
phenylalanine), which resulted from the fermentation
of plant materials by micromycetes, indicated a higher
biological value of the fermented products. The highest
score was recorded for tryptophan, whose content was
15.40 g and 16.48 g per 100 g protein in the sauces with
RCAM 01133 and RCAM 01134, respectively (Table 1).
It appears that the predominant amount of
tryptophan gave the sauces their major functional
properties. Tryptophan is known for its antidepressant,
hypoglycemic, and cardioprotective effects. It helps to
regulate appetite and synthesize the “joy hormone”,
serotonin. Also, it stimulates the production of growth
hormone and vitamin B3 (niacin). According to recent
studies, tryptophan exerts a stress-protective effect
on the cardiovascular system and acts not only as a
precursor of the main neurotransmitter, serotonin, but
also as a component of the body’s antioxidant system
[39]. Tryptophan deficiency entails disturbances in
the psycho-emotional state of a person such as sleep
disturbances, digestive problems, and mental disorders.
Together with magnesium deficiency, it can cause
Table 2 Sensory and physicochemical indicators
of the fermented sauces based on Aspergillus oryzae
Indicator
Appearance
Color
Aroma
Dry substances, %
Carbohydrates
(reducing substances), %
Protein, %
Amine nitrogen, mg%
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hydrolytic enzymes. The strains differed in their
morphological characteristics and cultural properties.
We found that the cultivation of the RCAM 01133
and RCAM 01134 strains on a nutrient medium with
soy meal increased the concentration of protein and
amine nitrogen, as well as decreased the content of
polysaccharides. The fermented soy sauce contained a
full range of essential amino acids whose amount was
larger than in the protein of the initial soy material and
in the reference protein.
The comparative analysis of the fermented sauce
proteins and the reference protein showed that the test
samples had a higher biological value compared to the
initial medium (soy meal). We found that fermentation
increased the score of the main limiting amino acids,
phenylalanine and methionine, as well as that of valine,
threonine, tryptophan, and lysine. The score of leucine,
however, decreased.
As a result, we selected the A. oryzae RCAM 01133
strain for use in biotechnology of functional additives
based on microbial and biocatalytic conversion of plant
materials. This strain had a high growth rate and a low
spore-forming ability, which makes it technologically
attractive for use in production.
To conclude, the fermented RCAM 01133-based soy
sauce contained a full range of essential amino acids in
free form and possessed good sensory properties. Thus,
we can recommend it for ready meals as a seasoning and
a salt substitute enriched with essential amino acids.
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Figure 6 Sensory profilogram
for fermented sauces based
МR
on Aspergillus oryzae

spasms of the coronary artery, cardiovascular pathology,
and diabetes mellitus.
Increased amounts of valine, lysine, and methionine
add more functional properties to fermented foods. They
are among the most important essential amino acids,
whose biological role in the human body is primarily
associated with protein metabolism. They help with the
growth and repair of tissues, accelerate cell regeneration,
prevent the formation of lipoproteins, and participate in
the regulation of the immune system [40, 41].
Sensory and physicochemical indicators of the
fermented sauces are shown in Table 2 and Fig. 6. We
found that the RCAM 01133-based sauce had a more
pronounced mushroom-like aroma and a uniform
consistency.
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