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Abstract

Angelica shikokiana is an endemic Japanese plant belonging to the Apiaceae family. Its roots are rich in coumarin derivatives,
including isopteryxin and isoepoxypteryxin (YN-1), as well as various vitamins, minerals, and amino acids. Previous studies
reported multiple biological activities, such as the suppression of blood glucose elevation, inhibition of platelet aggregation,
neuroprotection, vasodilation, and antihypertensive effects. Herein, we focused on the effects of Angelica shikokiana on renal
function in dogs and cats by retrospectively and prospectively analyzing blood test data obtained during routine veterinary
practice.

In Study 1, changes in blood urea nitrogen (BUN) and serum creatinine (Cr) levels were analyzed in 56 cats and 38 dogs. A
high proportion of values fell below the baseline, suggesting renal function—improving effects. In Study 2, the data at baseline
and 30, 90, and 240 days were evaluated for 142 cats and 55 dogs. Significant reductions in BUN and Cr levels were observed
in cats with stage 1 and 2 renal impairment, whereas no statistical significance was detected in dogs. Nevertheless, long-term
administration in dogs tends to stabilize or improve renal function.

Our findings suggest that continuous administration of Angelica shikokiana may be effective in improving or maintaining renal
function, particularly in cats with early to-moderate renal impairment. Daily supplementation appears to be useful for renal
support and evaluation over a minimum of 90 days is recommended.

Key Words : Angelica shikokiana, Isoepoxypteryxin, Isopteryxin, YN-1, Kidney Disease, Renal function

1. Introduction

Angelica shikokiana is a perennial plant belonging to
the genus Angelica of the family Apiaceae. It is endemic
to Japan and is distributed across the Kii Peninsula,
Shikoku, and Kyushu. They grow on mountain slopes,
rocky cliffs, riverbanks, and streamside rocky areas D,

The roots of Angelica shikokiana contain coumarin
compounds, such as isopteryxin and isoepoxypteryxin
(YN-1), as well as many vitamins, minerals, and amino
acids ?. Its effects are diverse and include the suppression
of blood glucose elevation ”, inhibition of platelet
aggregation ¥, neuroprotective effects >, vasodilatory

activity ”, and antihypertensive effects”. Currently, many

commercial health foods and supplements are available
in Japan. Among them, in dogs and cats administered
with Angelica shikokiana as a dietary supplement,
improvements in blood urea nitrogen (BUN) and serum
creatinine (Cr) were observed.

Therefore, here, we retrospectively analyzed blood
test results from routine clinical practice, focusing on
renal function, and examined the usefulness of Angelica

shikokiana.

2. Materials and Methods
Cases in which an Angelica shikokiana product (JIN

Power 100, Hayashi Giken Co., Ltd., Tokyo) was

New Food Industry (New Food Indust.) 2026 Vol.68 No.l 1



Evaluation of the Kidney Function—Improving Effects of Angelica shikokiana Using Animal Models

administered at ~0.1 g per 3 kg body weight per day,
mixed into pet food or treats, were included. Blood test
results were obtained from routine health checks or
clinical visits to primary veterinary hospitals. BUN and
Cr values were expressed as ratios relative to the pre-

administration values (set as 1).

2.1. Study 1

To understand the trend of renal function changes with
Angelica shikokiana, data were retrospectively collected
from 56 cats (9.8 + 3.3 years) and 38 dogs (10.1 = 3.2
years) for BUN and Cr.

2.2. Study 2

Prospective data were collected from 55 dogs (10.1
+ 3.2 years) and 142 cats (10.2 + 3.1 years) at pre-
administration, and at 30, 90, and 240 days after
administration. As in Study 1, BUN and Cr values
were expressed as ratios relative to those of the pre-
administration values (set to 1). Pre-administration renal

impairment was staged by attending veterinarians using
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the International Renal Interest Society (IRIS) staging

system (2023 version) *.

2.3. Statistical Analysis

For comparisons among stage groups in Study 2,
the Kruskal-Wallis test was used, with p< 0.05 being
considered as statistically significant. All statistical
analyses were performed using EZR (Jichi Medical
University, Tochigi, Japan), which is a graphical user
interface for R (R Foundation for Statistical Computing,

Vienna, Austria) ”.

3. Results
3.1. Study 1

The total number of measurements was 56 and 38
for cats and dogs, respectively (Fig. 1). Among them,
values less than or equal to 1 relative to those of the pre-
administration were observed in 48 cat BUN (87%), 46
cat Cr (84%), 30 dog BUN (79%), and 30 dog Cr (79%)
measurements (Fig. 1).

The maximum and minimum BUN values in the cats
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Fig. 1. Blood test results
Changes in blood urea nitrogen (BUN) and serum creatinine (Cr) in cats (A, B) and dogs (C, D). Values are expressed as ratios relative to

those of the baseline (pre-administration = 1).
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were 1.02 and 0.33, and Cr values were

Table 1. Distribution of Study 2 data

1.06 and 0.273, respectively. In dogs, the Day 0 30 90 240
maximum and minimum BUN values were Dog LU >=10 55 50 15 17
(n=55) <1.0 0 5 40 38

1.04 and 0.33, and Cr values were 1.15 and Cr >=10 55 50 16 17
0.29, respectively. <1.0 0 5 39 38
These findings indicate that Angelica e LEDNY == e LS & S
(n=142) <1.0 0 11 112 105

shikokiana reduced BUN and Cr. Cr >=10 142 131 37 37
<1.0 0 11 105 105

3.2. Study 2

The distribution of cases with values above

Number of cases with blood urea nitrogen (BUN) and serum creatinine (Cr)
values =1 or <1 at Days 0, 30, 90, and 240. Values <1 indicate a decrease

from baseline.

or below 1 pre-administration and at 30, 90,
and 240 days is shown in Table 1, and their
transitions are illustrated in Fig. 2.

The maximum and minimum BUN values were 1.03
and 0.30, and Cr values were 1.13 and 0.24, respectively.
In dogs, the maximum and minimum BUN values
were 1.03 and 0.29, and Cr values were 1.15 and 0.24,
respectively.

After 30 days, both cats and dogs were divided into two

groups: those maintaining nearly constant values and

CAT BUN
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those showing a decrease. By 90 days, the constant group
was further divided into those that remained stable and
those that showed a decrease.

At 240 days, the number of cases by stage is shown in
Table 2. Blood test results are shown in Fig. 3, and the
statistical results among stages are shown in Table 3.
In cats, BUN levels were significantly lower in stage 2

than those in stage 3 and in stage 1 than those in stage 2.

CAT Cr
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Angelica shikokiana administration
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Fig. 2. Blood test results at Day 30, 90, and 240
Changes in blood urea nitrogen (BUN) and serum creatinine (Cr) in cats (A, B) and dogs (C, D). Values are expressed as ratios relative to

those of the baseline.
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Table 2. Distribution of cases by stage in Study 2

CKD BUN level CKD Cr level
Stage >=09 09>x>=0.6 <0.6 Stage >=09 09>x>=0.5 <0.5
BUN Dog Stage 1 3 4 0 Cr Dog Stage 1 3 4 0
(n=55) Stage 2 2 16 0 (n=55) Stage 2 2 16 0
Stage 3 6 6 3 Stage 3 6 6 3
Stage 4 6 7 2 Stage 4 7 6 2
Cat Stage 1 1 18 0 Cat Stage 1 1 18 0
(n=142) Stage 2 8 41 0 (n=142) Stage 2 8 41 0
Stage 3 11 20 7 Stage 3 11 21 6
Stage 4 17 14 5 Stage 4 17 14 5

Classification of cases by renal stage at treatment initiation relative to that of blood urea nitrogen (BUN) and serum creatinine (Cr)
values at day 240.

CAT BUN CAT Cr
. A | p=0.047 | B p=0.0047
Ratio 2 =0.0007 2 =0.0175 : Ratio »=0.0479
0 b 0
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o e —
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Fig. 3. Comparison by stage classification at Day 240
Ratios relative to those of the baseline are shown on the vertical axes. Significant differences were observed in cats between stages 1 and 2 (p
=0.007), between stage 1 and stage 3 (p = 0.0047), and between stage 2 and stage 3 (p = 0.0175). No significant differences were observed
between dogs.
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Table 3. Comparison by stage classification at Day 240

kidney changes on imaging are observed.

Cat Stage 1:Stage 2 38611 0.0007 Stage 2: Mild renal insufficiency with minimal
BUN Stage 1:Stage 3 3.3349 0.0047 clinical signs. Stage 3: Moderate renal
(n=142) Stage 1:Stage 4 0.6195 0.9259 . . . . ..
nsufficiency, often accompanied by clinical
p=0.00695  Stage 2:Stage 3 29353 0.0175 InstHticiency pamed by it
Stage 2:Stage 4 03735 0.9822 symptoms such as polyuria, polydipsia, and
Stage 3:Stage 4 0.4434 0.9709 weight loss. Stage 4: Severe renal failure with
Cat Stage 1:Stage 2 0.0205 1.0000 marked uremic Svmptoms
Cr Stage 1:Stage 3 33364 0.0047 ymptoms.
(n=142) Stage 1:Stage 4 0.3542 0.9848 In addition, sub-staging is determined based
p=0.0941 Stage 2:Stage 3 2.5850 0.0479 on proteinuria (urine protein-to-creatinine
Stage 2:Stage 4 0.3914 0.9797 .
ratio; UP/C) and blood pressure. For Sta
Stage 3:Stage 4 0.1622 0.9985 10 ) 00¢ pressure. Tor Stage
Dog Stage 1:Stage 2 0.4237 0.9745 1-2, dietary management such as a low-
BUN Stage 1:Stage 3 0.3172 0.9890 phosphorus diet and blood pressure control
(n=55) Stage 1:Stage 4 0.8811 0.8147
ded. F t 3-4, treat t
p=0.577  Stage 2:Stage 3 20608 0.1661 are recommended. For Stage 3—4, treatmen
Stage 2:Stage 4 0.0723 0.9999 focuses on symptom relief and maintenance
Stage 3:Stage 4 0.0622 0.9999 of quality of life (QOL) through fluid therapy,
Dog Stage 1:Stage 2 1.6351 0.3588 anti i and mana tof a ‘2. Th
Cr Stage 1:Stage 3 03172 0.9890 ntiemetics, and management ot anemia. 1he
(n=55) Stage 1:Stage 4 15156 04281 treatment plan is further refined according to
p=0.24 Stage 2:Stage 3 1.8805 0.2364 the subf-stage.
Stage 2:Stage 4 0.3255 0.9881 .
However, in the early stages of renal
Stage 3:Stage 4 0.6429 0.9180 y £

dysfunction, clinical signs (Swelling of the

Significant differences (p<0.05, bold) were observed in cats for blood

urea nitrogen (BUN) (stage 1 vs. stage 2, stage 1 vs. stage 3, and stage 2
vs. stage 3), and serum creatinine (Cr) (stage 1 vs. stage 2 and stage 1 vs.

stage 3).

Similarly, Cr levels were significantly lower in stages 1
and 2 than those in stage 3. Contrastingly, no significant

differences were observed between dogs.

Discussion
1. Renal Disease in Small Animals

Renal diseases in dogs and cats are caused by various
factors, including hypertension, renal circulatory failure,
glomerulonephritis, pyelonephritis, and immune-
mediated nephritis.

Renal function is commonly evaluated using blood
tests for BUN, Cr, and symmetric dimethylarginine
(SDMA) ""'?_ The IRIS staging system for chronic
kidney disease is an international standard used to
quantitatively assess the decline in renal function and to
guide treatment plans and prognosis *. First, based on
the results of Cr and SDMA, the disease is classified into
four stages. Stage 1: Cr is within the normal range, but

decreased urine specific gravity, proteinuria, or structural

ankles and eyelids, high blood pressure,
decreased urine output, proteinuria, frequent
urination at night, and loss of appetite caused
by uremic toxins, and so on.) other than those
of the blood test abnormalities are often minimal, making
them difficult for owners to recognize. Schauf et al.
emphasized the importance of renal protection through
moderate protein and phosphorus restriction and lowering
the Ca/P ratio in the diet . Consequently, many owners
provide renal-supportive diets and supplements such as

Angelica shikokiana.

2. Components of Angelica shikokiana

Angelica shikokiana contains various bioactive compounds.
In 1973, Hata et al. identified YN-1 as a khellactone-type
coumarin derivative '¥. Subsequently, 41 components
were isolated from the roots, of which prenylated
coumarins promoted insulin secretion .

Extracts of Angelica shikokiana were reported
to significantly reduce amyloid-f25-35-induced
neurotoxicity, implicated in neurodegenerative diseases,
such as Alzheimer’s disease . Additional reported

effects include vasodilation ®, improvement of peripheral

New Food Industry (New Food Indust.) 2026 Vol.68 No.l 5
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circulation and blood pressure regulation ”, prevention

16)

. . 17 .
of fat accumulation ™, neuroprotection ) elongation

of replicative lifespan of human skin fibroblast '®,
inactivation of human immunodeficiency virus ',
suppression of EB virus (EBV) antigen expression
leading to potential anti-EBV oncogenic effects *”, and
anticancer activity via inhibition of tubulin synthesis *".

Furthermore, the roots of Angelica shikokiana contain
abundant arginine and gamma-aminobutyric acid
(GABA), suggesting benefits such as anti-fatigue effects,
enhanced immunity from arginine, and improved sleep
quality from GABAZ2). The root contains higher levels of
YN-1 than those in the leaves, with stronger biological
activity *”.

Thus, the diverse effects of Angelica shikokiana extracts
may contribute to the improvement of renal function
through the amelioration of hypertension and renal

circulatory impairment.

3. Interpretation of Results

We demonstrated that Angelica shikokiana administration
reduced the BUN and Cr levels in cats and dogs with
renal impairment.

In Study 1, many cats showed decreased BUN and
Cr within 0.5 months, and many dogs within 2 months
after administration (Fig. 1). Some cases did not show
improvement (values remaining = 1), although the
maximum increases were limited to ~2-5% and 3-15%
in cats and dogs, respectively.

In Study 2, the BUN and Cr levels at 240 days were
either stable or decreased. Some cases with stable values
after 30 d decreased by 90 d. At 240 days, significant

improvements in renal function were observed in

6 New Food Industry (New Food Indust.) 2026 Vol.68 No.l

stage 1 and 2 cats, whereas no significant differences
were observed in dogs. This may be partly due to the
increasing variability in blood test results with advancing
disease stages (stages 1 to 4). However, as shown in
Fig. 2, many dogs also demonstrated a decreasing trend,

suggesting renal benefits in dogs.

Summarily, Angelica shikokiana supplementation
appears to be useful in maintaining renal function,
particularly in cats with early to-moderate renal
impairment. To evaluate the renoprotective effects, blood
tests should be conducted 30 days after administration.
Even if no improvements are observed at that point,
supplementation should be continued for at least 90 days

before reevaluation.
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Abstract

Sushiko, a rice-based pickle from the Tsugaru region of Aomori Prefecture, Japan, and godo, a soybean- and rice koji-based
fermented food from Towada City, are culturally significant foods that may harbor unique strains of lactic acid bacteria with
functional properties. In this study, lactic acid bacteria were isolated from these two traditional fermented foods and characterized.
In total, 55 strains were isolated (31 from sushiko and 24 from godo) and evaluated for their potential applications in health and
food fermentation industries. The isolated strains were screened for their survivability in artificial digestive juices, antibacterial
activity, milk fermentation ability, proteolytic activity, and salt tolerance. Seven strains from sushiko and nine from godo exhibited
higher tolerance to simulated gastric and intestinal conditions compared with the probiotic Levilactobacillus brevis KB290. Only
three strains produced bacteriocin, indicating the limited potential of these strains as biopreservatives. Nine strains showed milk
coagulation ability, whereas 22 exhibited proteolytic activity, suggesting their potential applications in flavor development during
dairy fermentation. Additionally, 31 strains were tolerant to 5% NaCl, indicating their suitability for salt-rich food environments.
The strains exhibiting high survivability and multifunctional fermentation traits were identified using MALDI-TOF MS and 16S
rRNA gene sequencing and found to be Lactiplantibacillus, Lactococcus, and Enterococcus species. In conclusion, sushiko and
godo are promising sources of lactic acid bacteria with diverse functional traits suitable for probiotic and industrial applications.
Although further studies are needed to confirm their health benefits and optimal food applications, these findings underscore the

importance of regional fermented foods as reservoirs of useful and beneficial microorganisms.

Key Words : lactic acid bacteria, fermentation, isolation, screening, artificial digestive juice, sushiko, godo

Introduction

Humans use lactic acid bacteria in a variety of fermented
foods such as yogurt, cheese, and pickles ”. Fermentation
by lactic acid bacteria improves the taste of foods,
and the bacterial strains function as biopreservatives
by producing antimicrobial substances. Additionally,
expectations regarding the use of lactic acid bacteria for the
maintenance of human health are increasing. In fermented
milk, Lactobacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophilus coagulate the milk by producing
lactic acid, and the added health-promoting microbial strains

perform functions such as intestinal regulation . Therefore,

efforts have been made to explore the use of lactic acid
bacteria as starters and identify potentially beneficial strains
in a variety of fermented foods > .

Lactic acid bacteria are commonly isolated from
various types of Japanese pickles ”. Aomori Prefecture,
the northernmost part of the main island of Japan, retains
a distinctive food culture, among which sushiko and godo
(Fig. 1 and Fig. 2) are two uniquely fermented products
traditionally used as preserved foods. Sushiko, which
comprises rice, cabbage, and perilla, is a traditional

pickle from the Tsugaru region *”. Although the sushiko

production method varies by household, the typical

New Food Industry (New Food Indust.) 2026 Vol.68 No.l 9
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Fig.1 Appearance of sushiko, a traditional rice-based pickle
from the Tsugaru region.

Fig. 2 Appearance of godo, a fermented food made from
soybeans and rice koji in Towada City.

process is as follows: 1) slice salted cucumbers into
rounds; 2) salt chopped cabbage pieces; 3) finely chop
red perilla; 4) mix vinegar, sugar, and the chopped red
perilla into cooked glutinous rice to color the rice red;
5) add the cucumber and cabbage pieces; and 6) place a
heavy stone on top of the mixture and allow it to mature
for several days. Godo, which is made from soybeans
and rice koji, is a specialty product of Towada City *.
The method for producing godo has previously been
described by Shimodate and Honda ”. Although sushiko
and godo potentially contain lactic acid bacteria with

unique properties, the microbial strains from these foods

have not been well characterized.

Therefore, in this study, we evaluated the potential of
sushiko and godo as sources of useful lactic acid bacteria.
First, the strains isolated from these fermented foods
were evaluated for their tolerance to artificial digestive
juices to determine their survivability as live beneficial
strains. Next, bacteriocin production by these strains was
investigated to determine their ability to preserve the
shelf life of food. Finally, the milk coagulability, protein
degradability, and salt tolerance of the isolates were
analyzed to determine their abilities to ferment various

foods.

Materials and Methods
Samples and strains

Eleven samples of homemade sushiko from the Tsugaru
region and eight samples of homemade godo from
Towada City were used in this study (Table 1). Of these,
ten sushiko and six godo samples were purchased at
farmers’ markets, and one sushiko and two godo samples
were provided by producers. All the samples were
transported to the laboratory in a cooler box and stored in
a refrigerator.

Levilactobacillus brevis KB290 (JCM17312) and
Lactobacillus delbrueckii subsp. bulgaricus JCM1002"
were provided by the Japan Collection of Microorganisms

(RIKEN BioResource Center, Tsukuba).

Isolation of lactic acid bacteria strains

Lactic acid bacteria were isolated using the plate count
agar with bromocresol purple (Nissui Pharmaceutical,
Tokyo) and Lactobacilli MRS agar (Difco Laboratories,
Detroit, MI). The isolated strains were characterized
using Gram staining and catalase tests and stored at
—70°C in MRS broth containing 15% (v/v) glycerol

(Kanto Chemical, Tokyo) until use.

Table 1 Composition of artificial gastric juice and artificial intestinal juice.

Fluid Composition(%, w/v) pH

AGJ NacCl (0.85), Porcine mucin (0.1), Pepsin (0.04) 2.85
Al NacCl (0.85), Porcine mucin (0.1), GAM (0.59), Trypsin (0.04), Pancreatin (0.04) 7.0

GAM, Gifu anaerobic medium.
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Determination of growth in the artificial digestive juices
The growth of the strains in the artificial digestive
juices was measured using the protocols of a previous
report, with slight modifications '”. The evaluation
was performed using artificial gastric juice (AGJ) and
artificial intestinal juice (AlJ) (Table 1). In brief, 1 mL
of each strain culture was mixed with 9 mL of AGJ (10-
fold dilution) and incubated at 37°C for 3 h. Then, 3 mL
of the reaction mixture was added into 9 mL of AlJ (4-fold
dilution) and incubated at 37°C for 7 h. After incubation,
bacterial growth was determined by measuring the
absorbance of the culture at ODy,. Levilactobacillus
brevis KB290, which is known to remain highly viable
in artificial digestive juices, was used as a control '*.
Taking into account the dilution ratio, the OD ratio was
calculated as follows:
OD ratio = (OD, after incubation with AIJ x 10 x 4)/

(ODygq, of strain culture).

Antibacterial activity

The antibacterial activities of the isolated strains were
determined using the agar well diffusion assay '". The 55
strains were cultured in MRS broth at 30°C for 24 h, after
which the cultures were centrifuged (1,040 xg, 5 min,
ambient temperature) to collect the supernatants. The
bacterial cells were removed using a cellulose acetate-
type membrane-filter (0.2 pm pore size; Toyo Roshi
Kaisha, Ltd., Tokyo). The MRS agar plates were overlaid
with 0.75% MRS soft agar containing Lactobacillus
delbrueckii subsp. bulgaricus JCM1002" as the indicator
strain for antibacterial activity. Wells (® 5.5 mm) were
made in the MRS agar, and 65 pL of the sample solution
was dispensed into each well. The plates were incubated
at 37°C for 24 h. The formation of halos indicated the
inhibition of JCM1002" growth.

Milk fermentability, proteolytic activity, and salt
tolerance

The 55 strains were incubated in MRS broth at 30°C
for 24 h. Then, 100 pL of the culture was inoculated into
5 mL of 10% (w/v) skim milk that had previously been
autoclaved at 115°C for 15 min. Coagulation of the skim

milk was assessed at 24 and 48 h, and the pH at 24 h was

recorded.

Proteolytic activity was determined as described in a
previous report '”. In brief, the lactic acid bacteria were
streaked onto agar plates containing 0.5% (w/v) skim milk
(Morinaga Milk Industry, Tokyo) and 0.5% (w/v) glucose
(FUJIFILM Wako Pure Chemical, Osaka) and incubated
at 30 °C for 24 h. The colonies that were surrounded by a
transparent zone were considered positive for proteolytic
activity.

For the salt tolerance test, 100 pL of each strain was
inoculated into 5 mL of MRS medium containing 5%
(w/v) NaCl (FUJIFILM Wako Pure Chemical) at pH 8.5.
The turbidity (ODy,) of the culture was measured at 24
and 48 h.

Identification using 16S rRNA gene sequencing and
MALDI-TOF MS

For each type of fermented food, the top three strains
showing high resistance to artificial digestive juices
were identified. Additionally, three strains across all
samples that exhibited milk fermentability, protease
activity, and salt tolerance, respectively, were identified.
Matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS) was used
for strain identification. 16S rDNA sequencing analysis,
performed by TechnoSuruga Laboratory (Shizuoka),
was used to identify the strains that MALDI-TOF MS
could not identify. MALDI-TOF MS was performed
using a MALDI Biotyper Smart system (Bruker Japan,
Yokohama), and the spectra were collected using
flexControl v.3.4 software (Bruker Japan). The species
identities were determined by searching against the MBT
Compass Library v.12.0.0.0 using MBT Compass v.4.1
software (Bruker Japan) with a cutoff score value of 1.70
or higher.

For 16S rRNA gene sequencing, total genomic DNA
was extracted from each strain using achromopeptidase
(FUJIFILM Wako Pure Chemical), and the 16S rRNA
gene was amplified with the polymerase chain reaction
using PrimeSTAR HS DNA Polymerase (Takara Bio,
Kusatsu). 16S rRNA gene sequencing was performed
using the BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, Waltham, MA) and ABI PRISM
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Table 2 Sample sources and number of lactic acid bacteria strains isolated.

Fermented food Collection region

No. of No. of strains
samples isolated

sushiko Ajigasawa Town
Fukaura Town
Tsugaru City
Goshogawara City

godo Towada City

—_ O W o~
—_
~

(o]

24

3500xL Genetic Analyzer (Applied Biosystems).
Primers 9F (5'-GAGTTTGATCCTGGCTCAG-3"),
and 536R (5'-GTATTACCGCGGCTGCTG-3'") were
used for the gene sequencing '”. The 16S rRNA gene
sequences obtained were analyzed using the NCBI

BLAST program to identify the strains.

Results

Bacterial isolation and phenotypic characterization
In total, 55 strains were isolated: 31 from the 11

sushiko samples, and 24 from the eight godo samples

(Table 2). All of the strains were confirmed to be

gram-positive and catalase-negative. The pH values

in the MRS media of all strain cultures decreased to

3.88-4.87 after 24 h cultivation.

Growth of strains in artificial digestive juices
Growth of the strains in the artificial digestive juices
is shown in Fig. 3. Compared with the control strain,
Levilactobacillus brevis KB290 (OD ratio = 6.4),
seven strains isolated from sushiko and nine strains
from godo exhibited enhanced growth in the artificial
digestive juices. In particular, the strains derived from
the sushiko samples obtained in Fukaura Town showed

a tendency for elevated growth (OD ratio = 8.4 + 3.6).

Antibacterial activity

Antibacterial activity was measured as an ability
related to food shelf life (Table 3). Of the 55 strains,
only three (Nos. 265, 267, and 286) formed inhibition
circles in the agar diffusion plates. This suggests that
only a few lactic acid bacteria strains from sushiko and

godo are available for biopreservation purposes.
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OD ratio

114 ]

158 ]
128 1
116 1
123 1
124 1
132 ]
137 1
118 1
284
126 —————
286 ]
153 —
166 ———————
160 —
140 ——
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—
—
—
—
—
—
—
—
—
—
—
—

sushiko

154
148
168
131
159
156
155
150
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175
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174
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267
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281
222
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252
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325
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330
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329
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Fig. 3 Growth of strains isolated from sushiko and godo
in the artificial digestive juices. The open bar indicates
Levilactobacillus brevis KB290 as a positive control. OD ratio =
(ODyy, after incubation with artificial intestinal juice x 10 x 4)/
(ODgg, of strain culture).
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Table 3 Functional properties of isolated lactic acid bacteria.

Source Strain Bacteriocin Milk fermentation Protease Salt
production Coagulation pH at 24 h activity tolerance
sushiko 114 — — 5.05 — —
286 + = 5.79 — ++
158 = = 5.79 = ++
128 — ++ 4.84 — ++
116 — ++ 4.83 + ++
123 — — 5.07 — —
124 — ++ 4.82 + ++
132 = = 5.02 = =
137 = = 6.10 + =
118 — ++ 4.88 — ++
284 — + 5.23 + —
125 — ++ 4.85 — ++
285 — — 5.08 — —
153 = = 6.18 = ++
166 = = 5.74 + =
160 — — 6.17 + ++
140 — — 5.94 + ++
306 — — 5.60 — —
154 = = 6.17 + =
148 = = 5.98 = ++
168 — — 591 + ++
131 — — 5.83 — —
159 — — 5.15 + —
156 = ++ 4.78 = =
155 = = 5.69 = ++
150 — — 5.98 — —
180 — — 597 — ++
175 — — 6.15 — ++
179 — — 6.05 = ++
174 = = 5.86 = =
172 — — 6.14 + ++
godo 267 + — 5.56 — ++
265 + - 5.50 + ++
197 — — 5.55 + ++
189 = = 542 = ++
281 = = 5.93 = ++
222 — — 5.75 — ++
208 — — 5.73 — ++
212 — = 5.69 = ++
252 = = 5.58 + =
272 — — 5.94 — ++
276 — — 5.74 + ++
325 — ++ 4.40 + ++
205 — = 5.61 = ++
330 — — 6.15 + ++
322 = = 6.21 + =
329 — — 5.72 — +
231 — — 5.18 — +
273 — — 5.98 + —
271 = = 5.97 = +
323 — ++ 4.32 + —
204 = = 6.14 + —
206 — — 6.14 = +
203 — — 6.23 — ++
225 — — 6.13 + —
Bacteriocin production and protease activity: +, positive; — , negative.
Milk fermentation: ++, positive at 24 h; +, positive at 48 h; — , negative.

Salt tolerance: ++, ODgq, > 0.4 at 24 h; +, ODg4, > 0.4 at 48 h; — , no significant growth.
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Milk fermentability, protease activity, and salt tolerance

Milk coagulation was evaluated as an indicator of
the ability of the lactic acid bacteria to produce acid
and ferment milk. In the skim milk fermentation test,
coagulation and acid production were observed in nine
strains (++ in 8 strains and + in 1 strain; Table 3). These
strains retained their ability to ferment milk via lactic
acid production from lactose.

Protease activity, which is indicative of the ability to
degrade casein proteins and generate flavor-enhancing
components in milk, was assessed using skim milk agar.
Clear zones were observed for 22 strains (Table 3),
confirming their proteolytic activities.

For the selection of salt-tolerant lactic acid bacteria,
strains that exhibited growth after incubation in 5%
NaCl-containing medium were regarded as positive. In
total, 31 salt-tolerant strains were obtained (Table 3),
suggesting their high potential for application in salt-

containing foods such as cheese and pickles.

Identification via 16S rRNA gene sequencing and
MALDI-TOF MS

Six strains with high resistance to artificial digestive
juices and three strains positive for protease activity,
lactose fermentation, and salt tolerance, respectively,
were identified (Table 4, Table 5). These functionally
active strains comprised four Enterococcus, three
Lactiplantibacillus, and two Lactococcus strains, each
representing a distinct genus with potential applications

in the fermentation and development of functional foods.

Discussion

In this study, the potential of traditional fermented
foods as sources of beneficial microbial strains was
investigated. Additionally, we investigated the tolerance
of the isolated strains to digestive conditions as well as
their bacteriocin-producing capacities and fermentation
performances. As a result, multiple lactic acid bacteria
strains exhibiting these traits were identified.

Several strains isolated from sushiko and godo exhibited
high tolerance to artificial digestive juices. Lactic acid
bacteria that survive the digestive tract are expected to
provide useful functions, such as producing beneficial
metabolites, inhibiting pathogens '?, and metabolizing
bile salts in the intestine . The results of this study suggest
that strains with health benefits may be present in sushiko
and godo. Fukao er al." showed that the exopolysaccharide
of Lactobacillus brevis KB290 contributes to the
aggregative properties and bile resistance of the strain. By
contrast, strains with an OD ratio higher than that of KB290
did not exhibit aggregation, suggesting that they possess
mechanisms distinct from exopolysaccharide for resisting
artificial digestive juices .

Among the 55 strains tested, three exhibited bacteriocin
activity and were identified as Enterococcus spp. Certain
Enterococcus strains produce enterocins, which confer a
competitive advantage in their natural habitats '”. Notably,
many enterocins display broad-spectrum antimicrobial
activity, making them particularly attractive for use in
food preservation. Accordingly, when applied as cell-free

preparations, Enterococcus-derived bacteriocins may

Table 4 Taxonomic identification of selected strains by 16S rRNA sequencing.

Strain Identified species Identity Source
114 Lactiplantibacillus plantarum 100% (515/515) sushiko
286 Enterococcus sp. 100% (509/509) sushiko
158 Lactococcus sp. 100% (500/500) sushiko
267 Enterococcus sp. 99.8% (508/509) godo
197 Enterococcus sp. 99.8% (508/509) godo

Table 5 Taxonomic identification of selected strains by MALDI-TOF MS.

Strain Identified species Score value Source
116 Lactiplantibacillus plantarum 2.33 sushiko
124 Lactiplantibacillus plantarum 2.35 sushiko
265 Enterococcus faecium 227 godo
325 Lactococcus lactis 2.18 godo
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represent a promising approach for enhancing the safety
and shelf life of food. However, some Enterococcus strains
are associated with opportunistic infections, necessitating a
thorough safety evaluation before their use in food-related
applications "

Lactose is a major component of milk, constituting
approximately 4.8%—5% of the emulsion "*"”. Consequently,
the fermentation of milk depends on lactose utilization by
bacterial strains. As shown in Table 3, only several strains
fermented 10% skim milk. Since sushiko and godo do
not contain milk components, it stands to reason that
many of the strains isolated likely do not ferment lactose.
Such inability of plant-derived lactic acid bacteria to
metabolize lactose limits their use in dairy products.
Previous studies have shown that some plant-derived
lactic acid bacteria could grow slowly over a week
in lactose-containing MRS medium *”. Therefore, by
adapting to milk, the expression of enzymes such as
[-galactosidase and phospho-f3-galactosidase may be
induced *", potentially indicating the presence of strains
that exhibit milk coagulation properties.

Lactic acid bacteria produce an umami flavor by
degrading milk casein during cheese ripening *”. The
strains in this study that exhibited proteolytic activity
toward milk proteins have the potential to be applied
in cheese production. Of the 55 strains, 18 exhibited
protease activity despite their inability to ferment milk.
Even if a strain cannot ferment milk, it can contribute to
cheese ripening as a non-starter lactic acid bacterium *.
However, casein proteolysis can result in the formation
of bitter-tasting peptides and P-casomorphin-7, a

bioactive peptide derived from Al f-casein that has

been implicated in gastrointestinal discomfort during

. )
milk consumption *¥

. Given that these peptides may be
generated as unintended byproducts of proteolysis, their
formation and potential health implications warrant
further investigation.

The tolerance of lactic acid bacteria to osmotic stress
is known to involve the uptake of glycine betaine,
a compatible solute *”. Locally available sushiko is
indicated to have a salt concentration of 2.5% (w/w),
whereas the concentration in godo is 3.6% (w/w). It is
possible that the salt in these samples act as a selective
pressure, resulting in the survival of many salt-resistant
strains.

In conclusion, we have isolated several strains of
lactic acid bacteria with promising probiotic potential
from traditional fermented foods in Aomori Prefecture.
Additionally, we identified strains that may be used for
the development of functional foods, including dairy
products such as cheese. Our findings suggest that these
foods may be useful sources of lactic acid bacteria.

This study had several limitations. First, this study
alone does not provide sufficient evidence to claim
health benefits of sushiko or godo to humans. Second,
the growth behavior of these isolated strains in specific
foods remains unclear. Therefore, further investigations
of the properties of these beneficial strains are required to
advance their function evaluation and application in food

production.
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® 2 [Nkl T, MRMEOBELS, 7727 b
D 7 OVIRRT (4 = — 2 UIRBT) 2SI v
55, LaL, ZoOfbri, wHEBZE DM
SNEEEEEIDMAToN TR WEED 2 ODEIC
blzo TEHLLEIT) 720, BEA L BOMICK
HAEFRADBHEL v E W) HifRDO D L TIE, BB
ZHEDLZIF TR WLEAICE T 2B A OFHED
HEEET 5 2 LIk b, BRI HAE I DEAE
T 556, ZOBNTIZREB DEICH 216K A
DVYNREHE T 5 2 LIk 205, Uk,
TIERBLNRE X725 20,

O < )LF T —ufght (% : A v AP F—
TIOVIRNT) TlE, 6 A & B ORISR AR
T2EATH, BEB ZHELZIT TR WLESETIC
B 2IERA DMK EHET 52 2 LA TH 5,
LL, 777 bV 7T & e U TRiRMEs5
7%, 2/ YA N - T—=T
(inside-the-table analysis) 23> & 31 2 BHEL 1Z{K >,

a: SOOI, FREDTERICER L 2HAICED
LRI TIERL, MBICBI2BEBE XY
IR B ~NOH D MR ICE S 2L b HTRET
HB, L7dio>T, Vo BARM 275713 B
IR I N B RETH B, TARIc B 2H D
T HERICEE DO TER I NI GAICIE, Z20nEH
BN E S L2 ® 0 AR (2 1:1) 1I2EED K Db,
HIE IS BT BRI S BRI R D Db 2 T
2T 2D 5, HlZ X, e LEoMEIcLD
AR TR T B ~OEI D M3 Ik I GG
Wi, TS DHERIIRE S 2T 2 R D 5,

Aa—Ery7LEa—"7lk 777 VTR
Bi7'a  a IcBE T 5 19 O HERRIHVRE X
N, ZNSIETIVT7 7 A FEICE OIS 7z,
B OHESERIEHSH — D SPIRIT JEH H B L T
TeHEIc B T, HERERDURER I EHm S 7,
TIT7 7 A REICIT 104 /35N 72, WL,
FEIEESR 60 44, FRGRERIZEE 25 44, il & —
CrY—7%, FEMEELLTORBREET2H
19 44, “FifiaEmES & L CoRBEET2H 17 4,
BE - HRZBE A NN—28Tho (BEOE
2R T]) P, SFESHICE VTN R & 7%
2 RAER G 7o L 7SRRI 20 FTH D, 2D )

L 1EE 2R T L7 A HETEMNSINZD D
THB, AEZEOER, A IAVBIUOETA—
WM X Bigima e T, IRRF =y 7Y A F 23
b sz,

7727 bV T7NVEEEFEDR T 2EEICHC 5L
JAEEICIZIE 2 &EDD 5720, AFHHOKLEH I,
SPIRIT O JFIHH % E S 2 2 T TIER S 11T
%, WEIHRF = v 79 2 b 2T 281%, 21
RENLTEEMEOERZ ST 2 2 L3RI
%,

A EICIX, SPIRIT 7 7 7 b U 7 )L alklRik ik
RIZE W TEIE S N7 HH OffiR 2l & 41T
W5, FHEHEDOMRIZET 2 5Hl R X Y 22 Wi
BilE, BIERER T E OG- R F I TR T 5,

Z72 NUFZILARZA NI Do) D SPIRIT
F v Y XMERRR [SPIRIT Checklist Extension
for Factorial Trial Protocols]
I5H 1. SPIRIT 2013 [RXXIBH : BT 1>, WHR
&H, NARNE, BLUZET 25513 HERIEIZ
BRRY BEcb &2 1 bIb
772 bU7IVERT O b OJVHEERAR : 2 bILHR
i 777 MUTZIVSVE LR THBI L%
BARY %,

7 7 7 b U 7 OVERER I IR O 75 R R D
7.0, BT YA v EHRT 52 L TERZD
BRI A% BT B alRE & 4 2011022

IEHB 6a. SPIRIT 2013 [RXXIER : tAZKERED RS
S URBRZE T HIRHLDIRT.
Z77bUT7IVEERTONIIVIRRIER: 777 b
D7 IVTHA & RAT 2BHDHA (REERD
RERDEEZZEH),

777 B T7OVERREE, R 0GR (Tab
L, HEERNR) MIBT 272DICHWE 2 ERTE
% (Box ), #lZ21X, HTEETIEY v 74
AREWMIEE %L, 1 DOREBNTHEED
MAZFHIES 2 2 EDBTRETH S (b2 2K
T, ELTERSIND I ENSE V), ZHIT X
D, NMABDOZHAEN (Tbb, BHEA DR
DD T OEMIC L > TET 20 E ) ) %:F
filiL7= 0, 2N ADHAGOEZRELZD T
522EMTESL, 777 PIUTITYAL v ERAT
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2 E X OLHFEHOIRFOE M2 EICT 2 2
LT, EDPARRBOFEELZHANSR, 777 U7
WTFFA AR H 72 > TORIRSEA 2 BUR§ 5 2
LMRTE B I,

IR 7. SPIRIT 2013 [RXIEE : BN GHIEENE
felRERDES,
779 M)7IVEERT Ok OVIRRER : FE4GLE
BEZERT 2REEOEFEDEZRTRT S50k,
777 ) 7IVERERE, BN AN E SRR Tk
TR - BT 5 2 L 2 AREICT B, Bl E, KT
ABXUOBEZHWVZZ2x2D 7 727 bV 7 ILiklRIC
BWT, MAADBRDRIEUTOVTN»DMH
BZIC X D HEEATEETH 5 - (1) A BER) A JES ARE, (2)
A FHEN A BLXOB WTNDOMNADZT 22 LR,
(3) A L BOOFHREN B HAEE, Z4s o HiEix
ZNENRg s fERZ R E L, Rl b REZ N
LY ufEtED D 2 oY, MR I, W
WU THEESHEEL X9 LT 2ERIR L2 ERT
saThH B I,

I5H 8. SPIRIT 2013 [A3IEHE : HAEBRDIELE, BT,
fRITRE AR = LR T 1 > DEgi,

Z77 FUT7IVEERZO M OIVDIERIER : 77 ¥
U7 IVERBRDIEE (REFEFTH 1 U THBHE
PRFTHA U THZH), AFDOHE, HLURE
FRDKES = L E0H,

777 bU 7RI, X FESERREHEAE
W5 2 EDHRETH 5, Ik b AR 2 EEHI e 4
777 PITATHAL U THD, SMENPTRTD
KFELOZDKEDHAGHICEH D (T 545
R AT 2 Y, ~HORAA bR RS
W& 24807 7 7 P U ZUTFHEAL v, FREORT
WCOREY IS EZz &L T 7 727 BV
TIVTHA VT, 2GRN T 7 0 —F 23K
»5NB

IEE 10. SPIRIT 2013 [RXIEE : 2IN&E DRIREHE
HE L UBRNEEDRH.
772 bU7IVEERT O kb OJVHGRIER : EETFIC
MY BHERBEEDEH (ZHI BBRREAFHETO
=RV,

7 CEtg LR IS 2R D 256, v Ty
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DOBENTEIRETH D, ZNSDBMEEEZDT
fEtT 2179 &, W7 v ¥ 2Lz nb o
LD, ZEHEANL T AREL B RS D B Y,

I5H 14. SPIRIT 2013 [RXXIER : A EWNZER T
BeHITRHELGEMEROHEEEE, TOEHAE
DEEE.

770 M)7IVERERZO R OVIRGRER  RFEL
k&l LT 7V OB A EERE (32
BEERERE LA ESHEZTHTHTR),

WY 2 v Iy A Ao, 7727 07
WTHA RS 2 R Rl &, % FEE
THBICHC 2 HEmOM G %2 58T 208N H
%, BlZIE, NAROLAHOFRZ T % 2
EERHNE L BT, B AD TR & ST
ZBEL Db, IO KRERY Y TINTA X%
LT, £, 2RTBRICE VT, BT
(7727 b T7VERERE LT >, SRELLEGR
B LTI D) ITkoT, LTSN Y AR
W5, X561, 777 PV 7B X > T
Sl N FEAR S LI B T A X
BEZZGENH 5, T, FHKCHfEsRS
BIREBRL ZH5GCH T EICEETY ALY
W BPAEIELHES O,

I5H 16a. SPIRIT 2013 [AXIER : T AEDERF
B, HIUBHICHAWAEFO—E%HT S
Z72 MU7IVERERZ Ok O)VHERIER : %2347 %
BElk, SMELGELSIRIRTEREFICRYVLITFS
nahEShEREHT 3.

—WD 7 77 FY TRERTIE, SINEPEL S
FESCHERT IR LTI vy b E3 N 2565605
%, Wz, ZWikcHFAICNT 57 v 5 aik
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IHH 20a. SPIRIT 2013 [RXIER : FE7 Y bALE
KUBIRT 7 b LOERICAWSHETFEZRCE
I3, HEHRAETEZ (SAP) A 70O FJILAICTE
I 3581, ZTOBREERART 3,

772 M)7IVERERTO N OIVHRIER KT EL
&I LT, FESXITRIRT 7 b HLORIFIC
B\t FEEiREH T 5,

c BEELGUBICSITBBEIEE T HREBEMRD,
DEAFOEFET TOMREIRT DL, ThEHMn
HFHEE LGEWVEEDMREIET DL ZEEICT
%,

HEE S N B IEHRBIROE R Z IEHEICHRRT 2 2 &
W, BRBRRS S A YNSRI 2 7 0 IS TR CTH 5,
L2L, 29 L7rdilBiEoid#zZ i claand
LOWETIR R WG AERH 2, 7727 U7
AREUCHEEOMEE LT, IREIROMEENR E &
ZREE HEBICHEICH O S B BT3B L 22\
BEWNH 2 Y, FIZE, D777 ) TR
BRGSO A » 5, ABEEIEAREZ KT
57727 MU TR S 05D, FEEIZBIL
BHBHDIF, AFMEary tao—)L LDl (374
HH B BFEEL R WIRILTD A DRIR), b 5 \»iF,
B DEMEDRTREINT L EEAICIE, A L BDOHFH
EBHMEDK (7405 BMBEET ZIRIT
DADHE) TH2 Y, HELT 2RI
W, DT OFFAE T TOHRD 2 WIZIEFFET
TOMBTH 2% &0 THIREICHIKRT 2 2 & T,
TR TR b LT B IR WFE AR 2 B R
2 LTE D PP HEE L 2 B T
ER LR, AL L TR ER T B4
TWhsdp 5 P,

- BRARDEAT #

BLod 2 HERICEC T, 7727 1Y 7Lal
DIFITICIZ SRR MG FIEP 605, St ADEF
fililc ¥ Tt eI, 7 7 7 Y TV
B (o= F L) HO8 00 L 2L —
T (4 A R - - T 7L D2OThH
pronmmeRs Rl &L B L, 777 b
U7 OVENTCIE, T AICEID ) s RT
DEME (Tbb, AR +B AL LU AR
5 +B ARE) 2, AICEHID HT s nTweZzwnd R

TOZMHE (A X +B HRIHEE L O A WH +B Xf
HARE) LT 2, ZREENTTIE, FIGHEHEZ Sk
HERE L T 2, B2, A B%D+B NIEEE A X
W +B GAIEE, A BRI +B AXI#EE, 22 A X
T +B REBE L LT 2, 26 20D 7 71—
Flkzn TN R 2Kz G L, Hifd: T2ED
"7:% (Box &),

- R T O—F OB ESRE

FRFTFIE L LCT7 7 7 b ) POVIRNT £ 72 132 BEfR
Moz RAT 202 0W 3 3 72012, TFEH
DHINCR A O FEZRET 2 2 E3dH 2, L
L, ZOLI BT TU—FTENL TRADEEN
UMD 2 Y, 20k, —~BICIEZDT
Tu—FRfERS LG, L LAads, b LYK
77 u—F 2T 2850001, T RO
&% FEMIE L CPRTE 2 X ) Wi iRy
52 ENEETH S,

- MET R EERA DOFHES &

7727 b PRI BT, BB DR HAE
HOEMEZFHMET 2 2 23k s, iU,
Moy EEEIC S EAERDPEE L v v KE
IHKILL TV 286, H50ERAEHAZO LD
FHEABELNRTH 28Ik 3 28200
TEFH DM k2 HR T 2 2 £C, GFiRASNn
TR OS2 R T 2 2 L3 TE D,

c BRFONRZHET BB, OERFEHEE
ELTHRAETZLESD

777 7N, BEhE TOVIC R T
DEYMNFERTEZEGD D Z LT, SMEDPD
WIcE ) s TnkrE ) reillid sl L
D[R CTH 2 450 Z oI X D FREFRR
W3 B 2 A[EEED D D, BHEIC X o TEfho A
TR L B LIc X D REDOHEERITH LT
AT7ABEL 0B B Y,

* AFANDOREEE Y 17 (FERFEE) ZEDKSIC
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WLT7 vy afbIinaiRbl (B : & 2 HF~D
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FENTIF I YICHL D b 22 FAUE AL 7 ADEL B
AR S 5 ¥, L7hioT, BEDOKET ISR L
TI vy LI N o> BMED, ZORETICH
TR SN SN EI»ZHRT S 2 LI
WA TADY A 2 f#T 2 L CTEHETH S,

I5H 21b. SPIRIT 2013 [R3ZIER : 5HERPIEICEAT %
REREZITOEZZH, EOEDPRBHIOER
77X T B0 %EARLIELET, IXTOHREE
WHELUHRIEEEOHEEEHT S,
777 U7 IVEHERICK I BHEERIEE : 3%E T 515
BlclE, IXTOPREERES K UTPIEEEICDNT
ST %, FELGLEBETHILEEEICERNH S5
Alcld, BWEEBHREZhZTNERREICEEHERT S,
RN, Ak, BRI, 7 I3RS O
filizHE LTEMI NS 2 ED3%\», thil i
W1 L Ic B 2568052 >, 1 DORTHMbo
WT- X bichibsnkgs, 78 a{bo ke
PEBE R R D3 SE,  fRITN RERICE % KU T ]
Mend 2 >237

i%:4 [Discussion]

SPIRIT 2013 &I ERARGERER 7" 2 + 2 v oS 1B
T5EMNEF =y 7)) A ZRMELTED, W
DG, FEhE, ENTICBE T 2 I ER T 5 2 L
©, Y e BoEE B X 0GRz et T 5 2 L& H
& LTwz P, AfFid, SPIRIT 2013 A O fLHE
fiRE LT, 7727 B 7AiER7 a b 2o
My 2Rzt s2b0Tchs, 7727 Y70
g 770 b )L Oz ElEE, BRI LD
FIHOHMEME & @2 HR L, PIEmBESELRE
LP/HERE, I ranEiMiidsiEicks
WY R BwEEZRET 2 ECHEHATH 5, AFEBHIL,
7727 bUT7IRET T aniz B 5B AR
LSEEOMEZ R T HDTH 503, FHEHDHMZ
fiAEE 3 X ONEEY) 22 Gl 2 PRt 4 2 i e SGE &R
T, KRFzy 7V AL 2EHT2 L 2R 2,

KFzvZ7VAMZE, 7727 U 7AikEE7 0 b
VDO FITE VT, RAKRGIH TR EHHEE %
ALTw3, —HoiRics ik, 7r kanic
EMEHZEESKT206EBH 5, e 2, EET
I EALFEZIERIRT T A LDBRHRFTEICER S
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By, 2oE% 70 b a)LIcHGEE L 2T iuze
5w, [ARRIC, ZEBEDME L %2 5 AJREES H
540X, ZOXNUSEICOWT e F a L NT
R 208035 %,

AYERARE, 7 727 B Y 7B BT %
CONSORT fAshiR & e L TR S dz, Ts 2
DDIRAA 74 0%, BB v b ard ol
FRORAERE IR F T HEDH 22179
7O DA ZRMET 2, KOA FIAL v BXLUZ
DAt SPIRIT FHHHOmHFTIEL, F+ v 71 v CHE
HHETH % (https://www.spirit-statement.org/) ,

PR5: [Limitations]

AAEERIR X, EQUATOR D B O /5 ik i H A
WIZHED O TER I I TV 5203, W DODBRARH 5,
%9, ARIRIRIKIZ AR T D 5 A3 E— D i S I
RplcfE I n 2Bz R E L TERI TV 5,
7o Z20E, W2 LIl e v 7L A4 R0
WSR2 25675 L, F—i XN T KRS 23
WIZTE S LIRS v, BT ORI Z R % D
XY D 5 55121%, ZOHEE 70 b
IVNICELIR T 20803 5, BT, KFAEICIE
LIk RHEE T 2EBDONREDT IV T 7 4 il
WKSML 7205, & A CERICE 2 50THD,
ZOT EDRERICHE R RIE L TR S 5,
=S, BRIESED SR R M, 7 v ¥ Ak
BRI BT 2 M B X OVBEE] (B« A iiRE iR SR
ICHDWTGEEINTED, 777 MY 7z
Ea T 2MAEH2EROBREZLTLH KL T3
RS\, 72720, BKAHA N7 4 DR EITIE,
7727 ) 7OV B 2 WS HESE R O R e
Z2a—Er L Ea—2E0I Ty AL T
ZTu—FPRHAINTED, Uk )RR
W2 &k 2 END R DR 5,

#E&iE [Conclusions]

AKa vy AFEHIE, SPIRIT 2013 FHIHDO LR
fiE LT, 7727 FU 7Lk a b aLodific
B9 2 BRI 268 2 R T b D TH 5, ARIFEH,
Ihoo7na b alo@ic i 2@ L ekt
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Abstract

Over the past 30 years, China's economic and military development has been remarkable, already surpassing Japan and catching
up with the United States. In terms of the number of top 10% papers, China ranks first, while Japan has dropped to 13th place.
Despite frequent political conflicts between Japan and China, the number of Chinese tourists visiting Japan and the number
of wealthy Chinese people living in Japan are increasing. To revitalize Japan in the future, it is important to work amicably
with Chinese elites. I have met many talented Chinese people at academic conferences and social gatherings. Could meeting,
experiencing, and being stimulated by people who have lived in completely different environments be an opportunity to maintain
brain health and youth?
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1. Encounters with Excellent Chinese People

I have had the opportunity to meet many talented
Chinese researchers. While studying abroad at the
Roswell Park Memorial Cancer Institute in Buffalo,
USA, as a research fellow from Showa University
School of Medicine, I met Dr. Nobuyuki Taniguchi of
Kureha Corporation. Thanks to this opportunity, I had
the opportunity to present my research on the diverse
biological functions of the protein-bound polysaccharide
Krestin V' at the First International Mushroom Biology
and Products Conference (1993), hosted by the Chinese
University of Hong Kong. Dr. Ken Liu was extremely
helpful to me, working from morning until night,
checking the lights in my accommodation, and other
things. In 1997, I took charge of the Department of
Pharmacology at Meikai University School of Dentistry.
Remembering how much he had helped me, I desperately
wanted to meet him again, so I invited him to live in
the Nishisakado housing complex near the university
for about three weeks to work as a visiting professor
(Fig. 1A). We collaborated on research papers >, and I
served as an external examiner for doctoral dissertations
by graduate students at the Chinese University of Hong
Kong. At the 1st Japan-China Conference on Traditional
Chinese Medicine and Stomatology (Beijing, 1999), I
had the opportunity to give a lecture on the outstanding
antiviral effects of lignin glycosides, my original finding
at Showa University. At that time, Dr. Guo Chuanbin
(Fig. 1B, D) from the Peking University School of
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Stomatology (PKU-SS) accurately translated the contents
of my lecture into Chinese, paragraph by paragraph. I
was impressed by his processing capability, attentive to
everyone and thought he would surely become a great
person in the future. I later learned that he served as the
director of the School of Stomatology and is currently the
president of the Chinese Dental Association. From PKU-
SS, Dr. Zhang Wei*” (Fig. 1C, D) and Dr. Liu Yu®” (Fig.
1E) visited our school in 2001, and from the School of
Stomatology of the Fourth Military Medical University
(now the Airforce Military University of Stomatology
AUSS), Dr. Chu visited our school in 2009 *” (Fig. 1F).
I also developed a close friendship with Dr. Zhou Li

0
11 who was a staff

(currently an American citizen)
of MPL (Meikai Pharmaco-Medical Laboratory) (Fig.
1G). Zheng Yan, an undergraduate student of PKU-SS
who visited Meikai University for a short-term exchange
program, introduced cafeteria of her university, which
became the first article of a series of the world's student
cafeterias in a monthly journal “New Food Industry”
(Fig. 1H) . I also met Dr. Dai Qiujuan and Dr. Sun
Rongcheng of Beijing Foreign Studies University (Fig.
1), who teach at Asahi University School of Dentistry
(Fig. 1L). At the IADR conferences held in Brisbane
and Wuhan, I met Dr. Jin Cai, director of the Guangzhou
Periodontal Hospital (Fig. 1KL). He told me that hospital
staff are encouraged to take a nap after lunch, which
I decided to practice. I recently learned that a similar

practice exists at the AUSS. While chairing the oral
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presentation session of Japanese Association for Oral
Biology in Sapporo, I got acquainted with presenter
Dr. Xio Li (Fig. 1M) '*'¥. She kindly introduced me
to Dr. Shi Haixia (Fig. IN) '*'®, a friend from her days
at Shanghai Jiao Tong University. I and Haixia, who
enjoys taking photos of flowers, met local people on a
walking path along the Koma River (Fig. 10). At the 2025
graduation ceremony, I could meet Professor Ryusuke
Oishi of the Faculty of Economics, and Professor Ryuji
Kanzaki, a Chinese simultaneous interpreter '*>*. They
introduced me Drs. Shuichi Ugajin and Ryo Nakajima of
the Department fo Chinese Literature at Meikai University
(Fig. 1P).

2. Question raised: How can Japan get along with
China?

China currently ranks second after the United States in
GDP and military power, but ranks first in the number
of top 10% of published papers. In contrast, Japan will
rank fourth in GDP in 2024, but will lag far behind in
military power and the number of top 10% papers ranked
13th (3,719 papers, 1/17 of China's) (Fig. 2). **” China
is also gaining advantages in mass production of electric
vehicles (EVs) and advanced supply chain technologies,
while the United States lags behind, China has

approximately 10 million charging stations, far exceeding

51 FxCHk

the approximately 80,000 stations of the United
States. EV driving technology can be used for military
purposes, as it facilitates the transportation of goods and

. 28
reconnaissance )

. While China is actively exploring
next-generation energy sources, the United States is
promoting fossil fuels (oil production), completely going

against the times >

. China's astonishing progress is likely
due to the country's system of centralizing national power
to achieve major goals.

Over 2.3 billion Chinese people will travel to Japan
during the National Day holiday, which begins on
October 1st. Japan is the most popular international
destination. The number of Chinese people living
in Japan and working with Japanese people will
undoubtedly increase. How can Japanese and Chinese
people in any workplace foster friendship and contribute
to the national interests of both countries? I believe
that not only humility, patience, and courtesy, but also
understanding each other's history and culture, and
a strong scientific spirit (academic freedom, long-
term perspective) are necessary. Perhaps encounters,
experiences, and stimulation with people who have lived
in completely different environments can extend brain
life-span and improve the quality of life*”. In this special
issue, several scholars who are knowledgeable about

both countries were asked for their thoughts.
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1. Introduction

In recent years, China has achieved a rapid economic
development and is increasing its presence around the
world., and surpassed Japan to become the world’s
second-largest economy.' China's progress is also
remarkable in technology and research capabilities. For
example, according to the Nature Index (2025), China
ranks the first of the 2025 research leaders, whereas
Japan was ranked as the 5th place. Bilateral economic
and people-to-people exchanges between Japan and
China have generated substantial benefits for Japan.
Despite these deepening exchanges, political relations
between the two countries remain complex, largely
due to historical issues and regional security concerns.
Japan’s political rivalry with China, coupled with its
economic interdependence, presents an important lesson
for the country in the era of globalisation. Revitalising its
economy and strengthening international competitiveness
will require Japan to engage with China. Establishing
cooperative ties with Chinese elites, scholars and
entrepreneurs is essential for Japan’s long-term vitality.

This study tries to discuss the benefits from Japanese-
Chinese corporations from the multiple perspectives
(economy, finance, human capital, politics, etc.). This
study briefly discusses the economic interdependence
between Japan and China and its mutual benefits in

Section 2; financial cooperation and the Asian capital

market in Section 3; collaborations between human
capital in Section 4; and policy implications in Section
5. Finally, conclusions and implications are presented in

Section 6.

2. Economic Interdependence Between Japan and
China and Its Mutual Benefits

The economic relationship between Japan and China has
evolved into a dense, multi-layered, and interdependent
relationship encompassing trade, investment and
tourism. China remains Japan’s largest trading partner,
accounting for 17.6% and 22.5% of Japan’s total exports
and imports, respectively, in 2024 Ministry of Foreign
Affairs [MOFA], 2025). Bilateral trade reached ¥44.2
trillion, roughly one-fifth of Japan’s total trade (MOFA,
2025). This interdependence is deeply embedded in
supply chains and technology-intensive sectors. Japan’s
exports to China include semiconductors, manufacturing
equipment and electronic components, whereas imports
from China consist mainly of telecommunications and
computer products (MOFA, 2025). Moreover, over
31,000 overseas bases of Japanese firms are located in
China—the largest concentration in any single country —
highlighting the integration of Japan’s production,
engineering and after-sales services with the Chinese
market (MOFA, 2025).

After the COVID-19 pandemic, the number of Chinese

' China is the second-largest country worldwide in terms of nominal GDP.
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Nominal GDP of Japan and China,
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Source: Figure 1 prepared by the author based on data extracted
from the IMF World Economic Outlook Database (https://www.
imf.org/en/Publications/WEO/weo-database/2025/april).

visitors to Japan rebounded to 6.98 million in 2023,
accounting for approximately 19% of total visitors in
2024 (MOFA, 2025).

Policy frameworks can further transform interdependence
into mutual benefit. For example, Japan, China and
South Korea have sought to revive high-level economic
dialogue and advance a free trade agreement alongside
the ongoing Regional Comprehensive Economic
Partnership (RCEP) (Reuters, 2025).

Figure 1 illustrates trends in nominal gross domestic
product (GDP) of Japan and China (1990-2024). As
shown in Figure 1, Japan’s nominal GDP remained
largely stagnant during this period, while China’s

nominal GDP has grown dramatically since 2000.

3. Financial Cooperation and the Asian Capital
Market

In East Asia, financial cooperation between Japan and
China has becoming increasingly significant as part of
broader regional market integration Organization for
Economic Co-operation and Development [OECD],
2025). Over the past two decades, Asian capital
markets have expanded substantially (OECD, 2025). In
2024, Asia accounted for about 27% of global market
capitalisation and hosted 55% of the world’s listed firms
(OECD, 2025).

Despite notable growth in financial services across
Asian economies, including Japan and China, several
challenges persist (OECD, 2025). Specifically, the
development of equity and debt markets across Asia

is uneven, with many firms continuing to rely on bank

52 New Food Industry (New Food Indust.) 2026 Vol.68 No.l

loans rather than bond issuance. Only around 14% of
non-financial corporate debt financing in many Asian
economies is raised through debt securities (OECD,
2025).

Financial integration between Japan and China has
gradually deepened. Following the Asian financial crisis
of the late 1990s, the correlation of money market rates,
government bond yields and stock markets among
Japan, China and other East Asian economies increased
significantly (Hong, 2011). For example, financial
markets in Japan, Korea, China and the United States
became more positively correlated, while bond markets
exhibited stronger co-movement (Hong, 2011). Although
country-specific shocks continue to dominate equity
markets, the influence of regional shocks has gradually
increased (Zhao and Kim, 2011). In particular, stock
markets in Japan, China and Korea have demonstrated
stronger correlations (Zhao and Kim, 2011).

Institutional integration has also advanced. Japan,
China, South Korea and ASEAN member states maintain
the Chiang Mai Initiative Multilateralization (Reuters,
2025), a mechanism providing member countries with
access to liquidity during potential crises, stabilising
exchange rates and supporting cross-border capital flow
(Reuters, 2025). Furthermore, China has announced plans
to further liberalise its capital account, promote two-way
capital flows and strengthen linkages between domestic
and overseas financial markets. Chinese authorities
have signalled increased openness to foreign investors
and support for Chinese firms issuing bonds and shares

abroad (Reuters, 2024).

4. Cooperation in Human Capital

The partnership between Japan and China also depends
on human capital. Beyond economic and financial
linkages, sustained cooperation depends on personal
relationships among scholars, professionals and
entrepreneurs engage across borders. Numerous Japanese
researchers and businesspeople have participated in
collaborative projects or professional forums in China.
Accumulating relational capital helps reduce transaction
costs, promote information exchange and support long-

term cooperation in both countries, particularly in
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technology, finance and innovation sectors.

5. Policy Implications

As discussed in the previous sections, building a
stable, forward-looking relationship is vital for both
Japan and China. Based on the insights gathered above,
this study proposes, the following policies to facilitate
such a relationship.

First, Japan and China should institutionalise economic
dialogue through regular ministerial-level consultations
under the Japan—China High-Level Economic Dialogue
and align selected industrial policies with regional
frameworks such as the RCEP (RCEP Secretariat, 2023).
Second, deepening collaboration in green finance,
sustainable infrastructure and carbon-market
development, supported by the Asian Development
Bank (ADB) and the Asian Bond Markets Initiative,
would enable both countries to leverage complementary
strengths: Japan’s institutional and risk-management
expertise and China’s scaling in renewable technology
and project implementation (ADB, 2024).

Third, non-governmental engagement such as university

networks, business councils, and think-tank cooperation
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between Japan and China should complement official
initiatives. Such platforms, being more flexible and
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during periods of diplomatic tensions.

In an era of fragmented globalisation, constructive
interdependence remains indispensable for Japan. Rather
than viewing China solely as a competitor, Japan should
recognise that cooperation enhances strategic resilience
for both nations and contributes to the stability of East

Asia as a whole.

6. Conclusion

Over the past three decades, Japan and China have
become deeply integrated through trade, finance
and people-to-people exchanges. This growing
interdependence continues to bring the two nations
closer. A constructive partnership founded on economic
pragmatism and mutual respect provides a viable path
toward stability and prosperity in East Asia. Enhanced
financial cooperation, investment in human capital, and
adherence to rules-based institutional frameworks can

further support sustainable coexistence.
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Abstract

In recent years, the presence of Chinese people living in Japan has grown significantly. Not merely as tourists but as residents
and workers who support Japanese society, Chinese people in Japan have become an essential force in deepening exchanges
between the two countries. Why, then, do they choose Japan as a new place to live, and how do they engage with Japanese

society?
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Abstract

Whether Sino-Japanese relations are “improving or not” may seem like a simple binary question at first glance. However,
providing a definitive answer is actually difficult. This is because Sino-Japanese relations are composed of multiple layers—
diplomacy, trade, public sentiment, business and tourism exchanges, and individual-level experiences—and these layers do

not necessarily move in the same direction. This paper distinguishes these layers to examine where Sino-Japanese relations are

“improving” and where they are “not improving.”
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Abstract

Based on experience studying abroad in China, it was observed that Chinese elite students possess broad knowledge and cultural
refinement. They value cultivating a wide range of learning—such as composing classical Chinese poetry —and continue the long-
standing Chinese tradition of emphasizing well-rounded education. In contrast, Japan tends to prioritize specialization according
to social roles, which may limit the breadth of knowledge pursued. Given that well-rounded education has long been idealized
in China, deeper Japan—China exchange may benefit from Japanese individuals adopting a broader perspective and developing

diverse cultural literacy beyond their specific fields.
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Abstract

From the perspective of improving China-Japan relations, this paper focuses on the classical Chinese poem " Lament for
ChaoQingheng ( %% 5& 17 )" by Chinese poet LiBai ( Z5[1 ). In the poem, LiBai compares NakamaroAbe ( i {5411 J§R [ ) to the "
bright moon ( B H )", reflecting his deep-seated view of NakamaroAbe as a true friend. Currently, individual activities alone may
not be sufficient to directly influence diplomatic relations between the two countries. However, in terms of cultural exchange, it is
important for Japan to earn the personal trust of the Chinese people and to build sincere interpersonal relationships. Such efforts
are of great significance for improving China-Japan relations.
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