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Ergothionein Production by using Bonito Soup with S.commune and
Suppression of Browning.
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Abstract

It has been reported that ergothionein is present in mycelia of basidiomycete cultured in liquid.
However, there is no report on the possibility that ergothionein in the mycelium is secreted into the
culture medium after culturing. Therefore, in this study we examined ergothionein production in
Schizophyllum commune mycelium and ergothionein secretion into the culture medium. After
cultivation, the production of ergothioneine obtained from the mycelium and culture broth was 8.2mg
and 1.1mg, respectively, and the production of ergothioneine in the mycelium was 7.5. It was twice as
much. The cell-free extract containing ergothionein prepared from the mycelium obtained was
extremely high in antioxidant activity, and even when it was added to the apples, browning prevention
effect was observed. Furthermore, it was also revealed that the antioxidant effect was higher when
using it as a cell-free extract of S.commune mycelia than the standard product ergothionein. We have
found the possibility that cell-free extract of S.commune mycelium cultured in bonito soup broth can

be used as antioxidant.
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Development of fermented black soybeans with thrombosis inhibitory
activity using mushroom mycelia
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Abstract

In recent years, thrombosis, such as myocardial infarction and cerebral thrombus, has become more
prevalent and is now recognized as a public health issue. Black soybeans fermented using
Schizophyllum commune and Hericium erinaceum exerted strong fibrinolytic effects, while those using
Laetiporus sulphureus and S. commune exhibited antithrombin activities. Black soybeans fermented
using S. commune, H. erinaceum, and L. sulphureus exhibited antioxidant activities that are 3-, 2.3-,
and 2-fold stronger than that of a control (black soybeans). Therefore, black soybeans fermented
using S. commune possess the capacity to inhibit thrombosis through fibrinolytic, antithrombin, and
antioxidant effects. Protease was involved in S. commune fermentation, proteins in black soybeans
decomposed to some extent and contained many amino acids and peptides as well as essential amino
acids. Furthermore, allergen protein levels were reduced, while those of nucleic acids, a component

of umami, were increased.
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SAMESHIMA, MATSUI

Introduction

In recent years, thrombosis, such as myocardial
infarction and cerebral thrombus, has become more
prevalent and is now recognized as a public health
issue. Some substances in food exhibit fibrinolytic,
antithrombin, and antioxidant activities, which may

)

prevent thrombosis”. Natto (fermented soybeans) is

a traditional fermented food in Japan that is made
using Bacillus natto, which produces protease®.
Nattokinase in natto exhibits fibrinolytic activity and,
thus, natto is attracting increasing attention as a food
that prevents thrombosis”. Other organisms that
produce protease include the mushrooms
Schizophyllum communé”, Hericium erinaceuwn’, and
Laetiporus sulphureus”, which are used in traditional
Chinese medicine and therapeutic agents. These
mushrooms are also rich in fiber, such as glucan,
proteins, and a precursor of vitamin D, and exert
inhibitory effects on thrombosis® and cancer”.
Soybeans contain active ingredients, such as
isoflavone, saponin, and lecithin, which have been
shown to inhibit the development of a number of
conditions, such as arteriosclerosis, and lipid peroxide
production due to their antioxidant activity. In
addition to the active ingredients in soybeans, black
soybeans contain anthocyanin, resulting in more
potent antioxidant effects. However, since black
soybean dishes have not yet been examined as
extensively as soybeans, they are not utilized to the
same extent. In the present study, we produced black
soybeans fermented using mushroom mycelia because
we hypothesized that they may prevent thrombosis

and cancer, in addition to other health benefits.

Materials and Methods
1. Cultivation of mushrooms

S. commune NBRC 4928, H. erinacewmn MWUYm-2,
and L. sulphureus MWU-W8 were used in the present
study because they grow well on black soybeans and
exhibit fibrinolytic, antithrombin, and antioxidant
activities. H. erinaceum was purchased at a local
market in Nishinomiya, Hyogo, Japan. L. sulphureus

was isolated from wild mushrooms in Ashibadani,

Shiga, Japan, and cultured by an aseptic inoculation of
tissue from the fruit bodies onto medium containing
2% malt extract (pH 5.6) . A small quantity of
mushroom cultures grown on an incline was
inoculated onto the 2% malt extract plate. Cultivation
was performed at 25°C for 2 weeks under aerobic

conditions.

2. Fermented black soybeans

Fermented black soybeans were obtained using the
following methods, except for the use of mushroom
mycelia. Twenty grams (one black soybean is
approximately 2 g) of black soybeans (Tanbaguro,
Tanba, Kyoto) was washed thoroughly with water and
placed in a flat-bottomed tube. They were soaked in
water at room temperature overnight, water was
drained off, and the flat-bottomed tube was sealed
with aluminum foil. After autoclaving for 30 min at a
pressure of 1 kg/cm?, black soybeans were cooled and
inoculated with fresh mycelia (5 X 5 mm) , obtained
by the method described in the cultivation of
mushrooms, and incubated at 25 + 1°C for 28 days
(fermented black soybeans) . The same black
soybeans that were not inoculated were prepared as a
control (black soybeans) . Black soybeans were
fermented twice.

The sugar content of each fermented black soybean
was measured using a refracting sugar content meter.

The pH was measured using a simple pH meter.

3. Sample preparation for measurements of
antioxidant, fibrinolytic, and antithrombin
activities
The same amount of low alkali glass beads (0.5

mm) with fermented black soybeans (weight 0.3 g)

cultured for 28 days was placed in a container with 2

mL of Multi Bead Shocker (Yasui Instruments Co.,

Ltd.) followed by the addition of 1.2 mL of distilled

water. Fermented black soybeans were ground by 7

cycles of bead beating (2,500 rpm, 10 sec, 4°C) with

a 30-s interval. The supernatant obtained by

centrifugation (15,000 rpm, 4°C, 10 min) was

subjected to antioxidant, fibrinolytic, and antithrombin
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activity measurements.

4. Antithrombin activity test

The antithrombin activity test (coagulability test)
was performed based on the thrombin time: the time
elapsing until fibrin is formed by thrombin, using the
method described by Kinoshita and Horie ®. Bovine
a -thrombin was purchased from Mochida
Pharmaceutical Co., Ltd. The thrombin clotting time
in a reaction mixture (37°C) containing 50 u L of the
supernatant, 50 ¢ L of 12.5 NIH unit/ml thrombin, and
200 u L of 0.33% bovine fibrinogen was measured

using a KC1A coagulometer (Henrich Amelung) .

5. Fibrinolytic activity test

The method of Astrup and Mullertz ¥ using fibrin
plates was employed to assess fibrinolytic activity.
Briefly, 30 u L of the supernatant was used, an artificial
thrombus was prepared in a disk by coagulating 0.4%
bovine fibrinogen using thrombin, and the potency

required to dissolve the thrombus was evaluated.

6. Antioxidant activity test

Antioxidant activity was measured by the
chemiluminescence method as described by Tabata et
al!. To 10 u L of the supernatant, 300 u M 2-methyl-6-
para-methoxyphenylethynylimidazopyranosine and 0.1
U xanthine oxidase/0.1 M potassium dihydrogen
phosphate buffer (pH 7.5, containing 0.05 mM
EDTA) and 0.1 M phosphate 120 uL of a mixed
solution of hydrogen potassium buffer (pH 7.5,
containing 0.05 mM EDTA) at a ratio of 1:6:17 (v/v)
and 50 u L of 0.72 mM hypoxanthine was added, and
the integrated value of luminescence for 30 sec was
measured. As a blank, 10u L of 0.1 M potassium
dihydrogen phosphate buffer (pH 7.5, containing 0.05
mM EDTA) was added instead of the supernatant,
and measurements were performed as described
above. A microplate reader (infinite M200, TECAN)
was used for measurements. The oxidation inhibition
rate was calculated according to the following formula
and used as an index of antioxidant activity.

Oxidation inhibition rate (%) = (1 - sample solution

emission amount/blank emission amount) X 100

7. SDS-PAGE
SDS-PAGE was conducted according to the method

1D

described by Laemmli . A 2.5% acrylamide gel for
concentration and 12.5% acrylamide gel for separation
were used. After heat-treating (100°C, 3 min) a
mixture of 12.5 u L. sample solution, 2.5 u L 0.5 M Tris-
HCI buffer solution (pH 6.8) , 41 L 10% SDS solution,
and 1u L B-mercaptoethanol, 0.25% Bromophenol
Blue (BPB), and 30% glycerol were added to the
solution. Ten microliters of this sample solution was
applied to the gel. Coomassie Brilliant Blue R-250 was

used to dye the gel.

8. Amino acid concentrations

Free amino acid concentrations were measured
according to the method described by Kajino et al.” .
The fluorescent reagent 4-fluoro-7-nitrobenzofurazan
(NBD-F) was dissolved in ethanol to prepare a 25
mM fluorescent reagent solution. After the addition
of 99.5% ice-cold ethanol to the sample solution, the
protein removal treatment was initiated by shaking
overnight (4°C). The supernatant was then
centrifuged (10,000 rpm, 4°C, 10 min), and the
supernatant obtained was dried, solidified using a
centrifugal evaporator to remove ethanol, and then
dissolved in ultra-distilled water. Amberlite IR-120
adsorbed free amino acids by batch treatment and 3
N aqueous ammonia was added to elute amino acids
adsorbed on the resin. After elution had been
repeated twice, the eluate was concentrated under
reduced pressure with a centrifugal evaporator,
ammonia was completely removed, and 0.02 N
hydrochloric acid was added to prepare a sample
solution. Forty microliters of the sample solution and
20 4 L of the fluorescent reagent were mixed and
reacted at 60°C for 5 min. Immediately after the
reaction, 600 u L of the eluent (A) used for the HPLC
analysis was added, and the reaction was immediately
stopped by cooling with ice. After filtration through a
filter, a sample was prepared for a free amino acid

analysis. Amino acid mixed standard type H (Wako
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Pure Chemical Industries, Ltd.) was diluted 10-fold
with ethanol. Forty microliters of the diluted solution
and 360 u L of 0.1 M borate buffer solution were mixed,
as were 40 1 L of the mixed solution and 20 u L of the
fluorescent reagent. After being reacted at 60°C for
5 min, 600 u L of the eluent (A) used for the HPLC
analysis was added, and the reaction was immediately
stopped with cooling by ice. After filtration through a
filter, a free amino acid standard sample was prepared.
Amino acid concentrations in the sample solution
before and on the 28th day of fermentation were
assessed. The column was CAPCELL PAK C18 MG
I (46 mmID X 250 mm), eluent A was 10 mM
citrate buffer (pH 6.2) and 75 mM sodium perchlorate
solution, and eluent B was eluted with a gradient of
50% acetonitrile. The gradient (%) of eluent B was
1% at 0 min, 18% at 35 min, 90% at 35.1 min, 1% at
55 min, and 1% at 85 min. The excitation wavelength
was 480 nm and the detection wavelength was 530
nm. The column temperature was 40°C. The flow

rate was 1.0 mL /min.

9. Assay for proteolytic activity

Fresh mushroom mycelia (fresh weight 0.5 g),
suspended in 0.5 ml of 10 mM Tris-HCI buffer (pH
9.0), 0.5 mL of 10 mM phosphate buffer (pH 7.0), or
0.5 mL of 10 mM Mecllvain buffer (pH 5.0), were
subjected to sonication with the ultrasonic oscillator
VC-130PB (Ieda Trading Co., Ltd.) at below 4°C for
16 min. Surviving cells and debris were removed by
centrifugation at 10,000 rpm for 20 min. The
supernatant solution obtained was used as the cell-free
extract.

Alkaline proteolytic activity (Tris-HCI buffer (pH
9.0)) and neutral proteolytic activity (phosphate
buffer (pH 7.0)) were assayed using the method

described by Arima et al.”

. The substrate employed
for the assay of proteolytic activity was a 1.2% solution
of Hammarsten casein (Merck, Germany). Acid
proteolytic activity (MclIlvaine buffer (pH 5.0)) was
assayed using the Anson-hemoglobin method
described by Anson'”. One unit of the enzyme was

defined as the amount that catalyzed the formation of

1 4 moL of L-tyrosine per min in measurements using
the method described by Lowry et al."¥ with
crystalline bovine serum albumin (Wako Co., Ltd.,
Osaka) as the standard.

10. Nucleic acid concentrations

In total, 0.1g fermented black soybeans was
weighed, 2mL distilled water was added, and
soybeans were ground in a pestle and mortar with
cooling by ice. After grinding, 1 mL was removed, 2.5
mL of 10% perchloric acid was added, and the
mixture was ice-cooled for 20 to 30 min. After
centrifugation (10,000 rpm, 4°C, 10 min), the
supernatant was collected, 2 mL of 5% perchloric acid
was added to the residue, and the mixture was then
cooled on ice for 15 min and centrifuged again to
obtain a perchloric acid extract. After a treatment
with activated carbon, filtration was conducted to
obtain a sample in which the concentration of nucleic
acids was measured by HPLC. The column type was
ODS - 80 Tm, ODS - 120 T, the mobile phase was 50
mM phosphate buffer, the flow rate was 0.8 mL/min,
the column temperature was 25°C, the detector was
ultraviolet detector UV 260 nm, and the injection

amount was 300 u L.

Results and Discussion
1. Characteristics of black soybeans fermented
using mushrooms
Black soybeans fermented using mushrooms are
shown in Fig. 1. The surface of fermented black
soybeans was covered with the mycelia of

mushrooms. When the internal state of fermented

Fig. 1. Black soybeans fermented using mushrooms

1; S. commune, 2; H. erinaceum, 3; L. sulphureus
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black soybeans was examined under a stereoscopic
microscope, mycelia were found to extend from the
surface of black soybeans to the inside. Fermentation
appeared to be promoted on both the black soybean
surface and internally. The pH and sugar content of
black soybeans were pH 6.2 and 6.0%, respectively.
On the other hand, the pH and sugar contents of
black soybeans fermented using S. commune, H.
erinaceum, and L. sulphureus were pH 5.6 and 14.7%,
pH 5.7 and 8.4%, and pH 2.8 and 4.6%, respectively.
The hardness was soft and the flavor was unique. It
did not have a distinctive odor like natto or tempeh,
and the flavor of black beans was emphasized in all
fermented soybeans, but the taste of mushrooms was
faint.

However, black soybeans fermented using S.
commune were slightly sweet, while those using L.
sulphureus were sour. Black soybeans fermented
using S. commune were sweet because the sugar
content was 14.7%, while those of L. sulphureus had

a pH of 2.8 and, thus, were sour.

2. Fibrinolytic, antithrombin, and antioxidant

activities

The fibrinolytic, antithrombin, and antioxidant
activities of black soybeans fermented using
mushroom mycelia are summarized in Table 1. The
fibrinolytic activities of extract solutions of black
soybeans produced using S. commune and H.
erinacewm on fibrin plates were strong, whereas that
of the control (black soybeans) was not. Sumi et al. ¥
previously reported the presence of a strong
fibrinolytic enzyme (nattokinase) in natto, which may
be an equally good protease for oral fibrinolytic

Table 1. Antioxidant, fibrinolytic, and antithrombin
activities of black soybeans fermented using mushrooms

Fibrinolytic ~ Antithrombin  Antioxidant
activity (mm®) activity (sec) activity (%)

S. commune 1225 119.9 99.7

H. erinaceum 720 25.7 76.3

L. sulphureus 124 300” 63.7

Control® 25 18.8 32.6
(n=4)

a) black soybeans
b) more than>300 sec

11
Table 2. Nucleic acid concentrations in black soybeans
fermented using mushrooms
Nucleic acid (ug/g WW)
GMP IMP CMP UMP
S. commune 7.2 0.0 0.0 134.9
H. erinaceum 40.1 0.0 84.5 264.3
L. sulphureus 75.2 0.0 0.0 192.5
Control” 4.6 0.0 00 994
(n=4)

a) black soybeans

therapy because of its confirmed safety for long-term
intake, stability, and strong fibrinolytic activity. Two
black soybeans produced using the mycelia of L.
sulphureus and S. commune exhibited antithrombin
activities. Black soybeans produced using the mycelia
of L. sulphureus exhibited the strongest antithrombin
activity that remained longer than that of the other
mushrooms, and the thrombin clotting time was 16-
fold longer than that of the control (black soybean).
A previous study reported that the fungus Rhizopus
Javanicus produced fumaric acid, an organic acid,
which exhibited antithrombin activity in the
fermentation process'”. Since the pH of black
soybeans fermented using L. sulphureus was 2.8, L.
sulphureus may have produced an organic acid, such
as fumaric acid, during the fermentation process that
exhibited antithrombin activity.

All three black soybeans fermented using S.
commune, H. erinaceum, and L. sulphureus exhibited
antioxidant activities that were 3-, 2.3-, and 2-fold
stronger than that of the control (black soybean).
The antioxidant activity of black soybean fermented
with S. commune was 99.7%, which was extremely
high. Antioxidant activity has been reported to
remove active oxygen and prevent atherosclerosis.
When atherosclerosis progresses, thrombi accumulate
in blood vessels, affecting blood flow, thereby causing
thrombosis, such as myocardial infarction and cerebral
thrombosis. In the fermentation of black soybeans
using S. commune, isoflavone in black soybeans is
presumed to be transformed from the sugar to aglycon
type by B -glucosidase produced by S. commune ',
which enhances antioxidant activity.

Therefore, black soybeans fermented using L.
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sulphureus exhibited strong antithrombin activity,
while those using S. commune markedly inhibited
thrombosis due to their strong fibrinolytic,
antithrombin, and antioxidant activities.

These results suggest that black soybeans fermented
using the mycelia of these mushrooms prevent
thrombosis and contain B-D-glucan because the
mycelia of mushrooms contain B -D-glucan, which is

known to exert preventive effects against cancer.

3. Degradation of allergen proteins by fermentation
using mushrooms and amino and nucleic acid
production
Proteins are generally decomposed by fermentation

to generate free amino acids, nucleic acid levels

increase, the synergistic effects of umami are
generated, and allergen levels are reduced.

The results of SDS-PAGE shown in Fig. 2 revealed
that the pattern of protein-stained bands of black
soybeans fermented using S. commune significantly
differed from those before fermentation. The stained
band of B -conglycinin'®, an allergen protein present
in black soybeans, was thinner than before
fermentation. Therefore, the allergenicity of black
soybeans may be reduced by fermentation using S.
commune.

As shown in Fig. 3, black soybeans fermented using
S. commune had markedly higher levels of histidine,

valine, and threonine, which are essential amino acids,

Fig. 2. Protein changes in black soybeans fermented using S. commune
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of B -conglycinin, respectively.

Fig. 3. Amino acid concentrations in black soybeans (control)
and black soybeans fermented using S. commune
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than those before fermentation. Protease functions in
S. commune fermentation, and proteins in black
soybeans are decomposed to some extent and contain
many amino acids and peptides as well as essential
amino acids. The protease activity (Unit) of S.
commune was 3.8 at pH 5, 1.1 at pH 7, and 0.2 at pH
9. On the other hand, the protease activity of B.
natto, which is used to make natto, was previously
reported to be 0.5 at pH 5 and 5.6 at pH 8.5 . At
pH 5, S. commune exhibited stronger protease activity
than B. natto. Since the pH of black soybeans
fermented using S. commune was 5.6, these black
soybeans may promote degradation more strongly
than B. natto. Therefore, fermented black soybeans
appeared to have been modified to a digestible and
absorptive state by fermentation using S. commune.
Nucleic acid concentrations in black soybeans
fermented with mushrooms are shown in Table 2.
GMP concentrations in black soybeans fermented
using L. sulphureus and H. erinaceum were 19- and
10-fold higher, respectively, than that in black
soybeans before fermentation. Furthermore, UMP
concentrations in black soybeans fermented using H.
erinaceum, L. sulphureus, and S. commune were 2.6-,
2-, and 1.4-fold higher, respectively, than that in black
soybeans before fermentation. Furthermore, CMP
was newly detected in black soybeans fermented
using H. erinaceum. However, IMP was not detected
in any black soybeans with or without fermentation.

These results indicate that fermentation with
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mushrooms increased the concentration of nucleic
acids such as GMP, which contributes to umami, and
turned them into foods with a more umami taste.
Food with fibrinolytic, antithrombin, and antioxidant
activities may be consumed to prevent thrombosis,
such as myocardial infarction and cerebral thrombosis.
These physiological activities were newly endowed to
black soybeans fermented using mushrooms in the
present study. Furthermore, allergen protein levels
were also reduced, while those of free amino acids
and umami component nucleic acids were increased.
Therefore, the utilization of different fermentative
microorganisms, such as mushrooms, may ensure the
development of new fermented foods with attractive

functional and beneficial properties.
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Abstract

This study aimed to examine the effects of a music program designed to promote health through
musical group activities among community-dwelling Japanese elderly people in relation to the concept
of ikigai—a reason for living.

Questionnaires and interviews were conducted to evaluate the music program from the participants’
perspectives. Furthermore, the benefits of the program were examined using the Ikigai- 9 scale,
which assesses the extent to which participants perceive their lives as happy and meaningful and hold
an optimistic and positive attitude toward life.

There were 26 participants with an average age of 84.3 years; their period of participation in the
music program ranged from 4 months to 11 years.

The narrative descriptions obtained through the interviews were analyzed and categorized. The
following categories related to Factor 1 (an optimistic and positive feeling toward living and life)
were derived: pleasure through participation, positive change in mood through participation, pleasure
in meeting people, and satisfaction with the music program’s content. These categories were
considered to influence Factor 1 positively. Narrative descriptions related to Factors 2 (an active
and positive attitude toward the future) and 3 (a recognition of the meaning of self existence) were
also found in the analysis of interview transcripts.

In conclusion, the participants highly evaluated the benefits of participating in the music program,
which may be associated with the promotion of ikigas.
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Model 2 -0.115 -0.181 -0.050 -0.212 P =0.001
age < 80 (1=112)

Crude -0.165 -0.259 -0.072 -0.317  0.001
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