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Abstract
This paper is a review of papers on gluten-free bread prepared with sticky and viscous foods that meet food safety standards and

have been commonly consumed by Japanese people. Seven kinds of Japanese sticky and viscous foods : Jinennjyo (a kind of yam),

Natto (a kind of soy food), Nameko (a kind of mashroom), Okra (edible fruit), Banana (overripe banana), Mozuku (seaweed), and

Gagome kelp (a kind of Kelp), were used to replace wheat flour containing gluten. These foods gave a sufficient bread height and

specific volume comparable to wheat bread. It should be emphasized that these are gluten-free foods, although wheat starch is used.

Experimental conditions, that is, the amount of ingredients and water added were examined. And several foods showed favorable

results for bread height and specific volume comparable to those of conventional wheat bread.

Keywords: Japanese viscous foods, Jinennjyo, Natto, Nameko, Okra, Banana, Mozuku, Gagome kelp, gluten-free bread, Celiac

disease

1. Introduction:
Bread made from wheat flour is a processed food that

utilizes the special viscoelasticity of gluten protein, where
water is added to gluten, which is inherently low in water
absorption, and the resulting low water content (1:2 relative
to flour) is used to develop viscoelasticity':

This is a bread-making method using strong viscoelasticity
generated by applying force to the gluten matrix. Generally,
a Brabender farinograph is used to add water with a target
of 500 BU with stirring to obtain the amount of water
suitable for bread making®. The general bread-making
method involves mixing the dough obtained using the air
in the atmosphere as the core gass®, rise the dough with
CO2 produced by yeast, and bake it". However, there is no
substance like gluten other than wheat, and in order to make
the same porous gluten-free bread, it is necessary to make
gluten-free bread from a high-moisture batter for making
a cake, not wheat bread dough. For this reason, the S00BU
value of the Brabender farinograph cannot be used with
gluten-free bread. Using a batter with a high level of water
as in the case of cake, this is vigorously agitated to form
bubbles, and carbon dioxide gas produced by fermentation

with yeast is used to make gluten-free bread. Therefore,

it is not possible to form uniform and fine cells like wheat
bread, because it is easy for bubbles to combine to form
large bubbles and cause not fine bread-cells. Chemically
modified cellulose® is generally used in gluten-free bread to
dodge it. Seguchi and his collaborators have devised various
amounts of ingredients and water added, as reviewed in this
paper, to produce wheat bread-like products using natural
foods instead of chemically modified ingredients. Gluten
protein has proline (17-23%) and glutamine (35-37%)-rich
epitopes”, and some humans are unable to degrade proline-
containing peptides due to proline endopeptidase (Peps)
deficiency in the gastrointestinal tract'”, resulting in an
autoimmune disorder called celiac disease'”. It is said that
about 1:160 of Westerners have CD (Celiac Disease) patients
for a long time, and the number is gradually increasing'?.
The celiac enteropathy is an end-stage lesion that depends
on both genetic and environmental factors for expression'?.
Nakazawa et al.,'” reported that some CD patients from
screening tests of serum tissue transglutaminase IgA were
present in Japan. Although it is not as serious in Japan and
Asia as in the West, probably due to staple food of rice
cating, this problem will surely become a big problem in Asia

area in the future. Currently, Japanese society has interest in
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celiac disease, however, it is not a theme in food chemistry
or the industry. At present, the patients are only the tip of
the iceberg, and many are hidden in the water. It seems that
the problem of celiac disease in Japan will gradually be
naked. A gluten-free diet (GFD) is the only treatment for
celiac disease'®. Here, the purpose was to replace gluten
with other natural foodstuffs to make similar porous foods.
For this purpose, it is necessary to search for natural food
materials with viscoelasticity. Rice bread' and soybean/
corn bread'® are also produced, but all of these ingredients
have low viscosity, so they do not have the same good bread-
making properties as wheat flour, and their specific volume
is low. For this reason, chemically modified cellulose such
as carboxymethyl cellulose is added to produce gluten-free
breads similar to wheat. Here, Seguchi et al., have focused
on sticky and viscous foods preferred by Japanese as gluten-
free materials. From now on, the development of a GFD
suitable for Japanese preference will be required. There have
been many sticky and viscous foods that can replace gluten
in Japan for a long time, and Japanese-style GFD using these
foods are required. The purpose of this paper was to review
papers describing the use of these sticky and viscous foods
preferred by Japanese in place of gluten and their stickiness
to produce bread. Here, we have utilized seven common
foods consumed in Japan to make bread: Jinennjyo, Natto,
Nameko, Okra, Banana, Mozuku, and Gagome kelp.

2. Food Ingredients often eaten in Japan
2-1 In case of Jinenjyo, Yam flour'”:

Yam is one of the sticky and viscous foods which is a
favorite of Japanese people. They prefer the unique sticky
and viscosity of yam, and it is ground and eaten as it is'®.
Yam is considered to exibit antioxidant activity'”, making it
effective in preventing colorectal cancer®”, hypertension?’,
and diabetes??. Bread-making was performed using this
sticky and viscous food. There are about 600 species of yam
in the world, and there are 4 species (Jinennjyo; Dioscorea
Japonica 1, Yamanoimo; Dioscorea Japonica 11, Yamatoimo;
Dioscorea batatas 1, Nagaimo; Dioscorea batatas 11) in
Japan. Seguchi and his collaborators conducted the following
research'”. The swelling caused by the four species in
gluten-free bread was investigated. Bread-making method:

In order to obtain the same level of bread-making properties
as bread made from wheat flour, the amount of water added
and the mixing time are very important. Here, the general
bread-making method used in this review will be described
(Table 1). The viscous material was freeze-dried and then
powdered. As the starch, a prime wheat starch granule was
used. Prime wheat starch granules are unique in shape and
have a flat plate shape (10-20 pm) with some irregularities on
the surface?®. This flat plate shape is said to be convenient
for forming air cells when agitating dough?®?. For this reason,
prime wheat starch granules (protein content 0.217%) were
used. After mixing 10 g of dried viscous material and 8.86
g of sugar for 9 minutes, 10 g of raw yeast / 10 mL water
were stirred in a 3.6 -L bowl at 116 rpm for 9 minutes, then
30 g of wheat starch and 20 mL of water were added, and
the mixture was stirred at the same speed for 9 minutes. All
dough was placed in a baking tin and fermented at 40 °C
for 20 minutes. It was then baked at 210 °C for 10 minutes.
After baking, bread was evaluated regarding bread crumbs,
crust color (L, a, b values), cells in bread-cut surface, bread
height in mm, and specific volume cm? / g. Bread-making
results were indicated in (Table 2). Bread-making properties
sufficiently comparable to wheat flour (Haruyutaka wheat
flour) were obtained using Jinennjyo flour (Fig. 1). It is
known that the polysaccharides galactan and mannan in
Jinennjyo flour bind to globulin-like proteins and show
strong viscosity*®. When Jinennjyo flour is dialyzed against
water, it can be divided into an external dialysis solution
(LMW fra.) and an internal dialysis solution (HMW fra.).
When bread was baked with the HMW fra. and LMW fra.,
the bread height was 22.8 and 22.2 mm, and the specific
volume was 1.47 and 1.47 cm?3 / g, rerspectively, but when
these two fractions were mixed in the original ratio, the
bread-making properties were restored to a bread height of
64.2 mm and specific volume of 4.30 cm? / g (Table 3). From
the mixogram test, a smooth dough could not be obtained
solely using the HMW fra., and a smooth dough was
obtained by adding the LMW fra. there. The holding power
of the gas generated by fermentation was maintained by the
dough, and as a result, the bread-rising power would have
increased. Furthermore, the LMW fra. was divided into a
sugar group (0.37 mg/ 1.1 mg, 43.5%) and peptide group (0.48

Table 1. Gluten-free bread formulas and breadmaking properties (bread height /specific gravity)

Yam Natto Okra Banana Nameko Mozuku Gagome kelp

Flour or powder (g) 10 1 1 30 0.33 0.34 0.30
Wheat starch (g) 30 30 30 30 30.67 30 30.5
Water (mL) 30 15 21.7 50 12.67 24 22

Sugar (g) 8.86 8.86 8.86 8.86 8.86 8.86 8.86
Raw yeast (g) 10 10 10 10 10 10 10

Bread height (mm) 68.4 44.99 40.2 67.1 49.30 56.08 79.56
Specific volume (cm?/g) 3.95 3.40 2.93 2.72 3.82 4.00 6.89
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Table 2. Comparison of gluten-free bread baked with composed flour of various yam and starch

Yam flour Bread height (mm) Specific volume (cm3/g)
Dioscorea Japonica 1 (Jinennjyo) 68.4, (2.3) 3.95, (0.33)
Dioscorea Japonica 11 (Yamanoimo) 38.2. (3.0) 241, (0.01)
Dioscorea batatas 1 (Yamatoimo) 57.3, (1.3) 3.80, (0.03)
Dioscorea batatas 11 (Nagaimo) 426, (0.1) 3.00, (0.08)

Haruyutaka wheat flour!

69.4

3.45

Values represent means of 2 replicates with SD in parentheses.
Means followed by different letters in columns are significantly different at P<0.05 according to Duncan’ s multiple range
test. Seguchi, M. Abe, M., (2004). Effect of leek (A. ampeloprasum L.) and scallion (A. Chinense L.) on breadmaking

properties.

Food Sci. Technol. Res. 10, 479-482.! (Reprinted with permission from references 18.)

Figure 1. Gluten-free bread baked with composed flour of yam (D.japonica) (Jinennjyo) and starch (right). Yam / water
suspension (upper left), bread batter (lower left). (Reprinted with permission from references 18.)

Table 3. Impact of HMW, LMW fractions and sugar, peptide subfractions in gluten-free bread with yam (Jinennjyo) and starch.

Fraction Bread height (mm) Specific volume (cm?/g) Bread crumb L, a, b
Yam (Jinennjyo ) flour 61.8a (0.0) 3.78a (0.00) 787, 24.2,37.8
HMW fra. 22.8b (0.4) 147b  (0.04) 71.2,11.8, 25.6
LMW fra. 22.2b (0.4) 147b (0.15) 80.3, 0.62, 17.8
HMW fra. + LMW fra. 64.2a (2.0) 4.30a (0.30) 64.5, 19.8, 27.5
HMW fra. + sugar subfraction 33.3d (4.1 2.08d (0.60) 91.2,12.3, 29.1
HMW fra. +peptide subfraction 56.2¢ (5.2) 347a (0.09) 82.6,12.1, 26.5

Values represent means of 2 replicates with SD in parentheses. )
Means followed by different letters in columns are significantly different at P<0.05 according to Duncan’ s multiple range

test. ND: not determined.
(Reprinted with permission from references 18.)

mg / 1.1 mg, 56.7%) by paper chromatography (Fig. 2). The
bread making properties of the sugar group and HMW fra.,
and peptide group and HMW fra., were bread heights of 33.3
and 56.2 mm, and specific volumes of 2.08 and 3.47 cm?/ g,
respectively. The peptide group led to good bread making

properties. In the HMW fra. galactan, mannan, etc., were
bound to globulin-like proteins, and it was considered that
these viscous polysaccharides contributed to bread making
by increasing the molecular weight through bridging lower
amounts of peptides. A gluten-free bread made from viscous
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Jinennjyo was produced.

2-2 In the case of Natto:

A gluten-free bread using Natto (Fig. 3) with similar
viscosity was tested. The Japanese have long propagated
Bacillus subtilis var natto on the surface of boiled soybeans
(Glycine max (L.) Merr.) to produce foods using digestive
enzymes such as proteases possessed by this bacterium.
Bacillus subtilis var. natto produces a mixture of a highly

Ninhydrin

viscous substance called mucin, poly-y-glutamic acid (a
glutamic acid polypeptide), and fructan on the surface of
soybeans?®. The viscous substance, which is easily dissolved
in water, can be extracted from commercially available
natto, and natto powder can be obtained after freeze-drying.
Natto powder: water content 12.5; crude protein, 21.7;
carbohydrate, 13.3; ash content, 8.7 (%). Gluten-free bread-
making test was conducted with Natto powder and results
were obtained (Table 1 and Fig. 3).

Figure 2. Paper chromatography (pyridine-n-butanol-water=4:6:3) of Yam-dialyzable fraction (LMW) ; left is the peptide
group visualized by ninhydrin, and right is the sugar group visualized by AHP reagent. (Reprinted with permission from

references 18.)

Figure 3. Gluten-free bread baked with composed flour of Natto flour and starch. Upper viscous Natto. Unpublished data.



Masaharu SEGUCHI, Miki TAKEUCHI, Chieko NAKAMURA, and Aya ADACHI

2-3 In the case of Okra:

Okra (Abelmoschus esculentus) (Fig. 4) is a viscous
vegetable containing polysaccharides such as pectic,
galactan, and araban?®”. Baking test of gluten-free bread with
Okra was performed (Table 1 and Fig. 4).

2-4 Overripe Banana?®:

Bananas (Musa x paradisiaca L.) are the most commonly
imported fruit in Japan. The surface of bananas turns brown
within a few days, and the flesh of the banana that had
degraded was discarded. The degraded flesh which has very
sticky and viscous properties was served for bread-baking
test. Immature bananas were stored at room temperature.
After 5 days, they turn yellow, and the potato-shaped fruits
that have been used so far become softer and closer to the
point of eating. After 44 days, the pericarp turns brown.
The flesh at that time is softer and more jam-like than when
it is immature potato-like, but it does not rot. Each of these
immature to overripe banana flesh was freeze-dried and
ground into powder form and used for bread-making. We
conducted a general component analysis (Table 4) of banana
flour. An increase in the protein content was observed,
suggesting an increase in enzyme activity. Thirty grams of

banana flour, 8.86 g of sugar, 10 g of raw yeast, 30 g of wheat

starch, and 50 mL of water were used (Table 1). This is the
result of the bread-making test. From the left, we can see the
results using immature (green) banana powder, suitable ripe
(yellow) banana powder, and overripe (black) banana powder
(Fig. 5). Good bread-making properties were not obtained
with immature banana powder or suitable ripe banana
powder. On the other hand, the overripe (black) banana
powder led to a bread height of 67.1 mm and specific volume
of 2.72 ecm? / g, showing bread-making properties similar to
those of wheat flour bread. This is a cross-section of bread
using each banana powder. Overripe bananas showed a
sufficient bulge (Table 5). Seguchi et al.,?® investigated the
components of overripe bananas that affect bread-making.
The overripe banana was dialyzed against water overnight
and separated into internal and external solutions®3?. The
internal solution was starch, polysaccharide, and protein,
and this was freeze-dried at -15 °C and classified as a HMW
fra. (8.22 g / 30 g, 27.4%). On the other hand, the external
solution was composed of LMW materials such as peptides
and sugars, and was concentrated with a rotary evaporator
at 65°C. to obtain a low molecular weight fraction (LMW
fra.) (21.2 g / 30 g, 70.7%). The results of bread making
using brown banana powder separated into HMW and LMW
fra. by dialysis are shown. As a result, the bread-making

60mL (20mL)

Bread volume added water

65mL (21.7mL)

Figure 4. Gluten-free bread baked with composed flour of Okra flour and starch. Upper viscous Okra. Unpublished data.

Table 4. General component analysis of various banana powders.

Banana powder, days

Moisture contents (%)

Ash contents (%) Protein contents (%)

Green (immature) banana powder,0 days 3.3a (0.50) 3.5a (0.21) 5.0a (0.34)
Yellow (suitable ripe) banana powder, 5 days 8.2b (0.00) 3.6a (0.21) 4.9a (0.46)
Brown (overripe) banana powder, 44 days 13.2¢ (1.20) 4.4b (0.00) 7.0b (0.90)

Values represent means of 2 measurements with SD in parentheses. )
Means followed by different letters in columns are significantly different at P<0.05 according to Duncan s multiple range

test. (Reprinted with permission from references 29.)
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Green banana powder,
0 days

Yellow banana powder,
5 days

Brown banana powder,
44 days

Figure 5. Gluten-free bread baked with composed flour of various banana powder and starch : green (immature) banana
powder, 0 days, yellow (suitable ripe) banana powder, 5 days, and brown (overripe) banana powder, 44 days. (Reprinted

with permission from references 29.)
Table 5. Effects of banana powder with time (0, 5, 44 days)

free breadmaking properties.

and banana powder fractions (autoclaved brown banana powder,
LMW fraction, HMW fraction, HMW + LMW fractions, and LMW+autoclaved HMW fractions, respectively) on gluten-

Time and fraction

Bread height (mm)

Specific volume (cm?/g) Bread crumb L, a, b

Green banana powder, 0 days 44.0a (1.6) 1.54a (0.05) 55.0, 15.1, 24.6
Yellow banana powder, 5 days 35.0b (1.3) 1.60a (0.11) 43.3,114, 16.1
Brown banana powder, 44 days 67.1a (1.2) 2.72a (0.04) 49.2,12.6, 19.4
Autoclaved (127°C,100 min) Brown banana powder 38.6b (0.8) 1.62b (0.05) 28.5, 8.04, 8.20
LMW fra. 31.8b (1.1) 1.13b (0.64) 39.5,1.08, 11.2
HMW fra. 48.6¢ (4.9) 2.22¢ (0.08) 46.3, 5.40, 15.2
LMW fra. +HMW fra. 69.6a (2.9) 2.52d (0.20) 35.5,11.6, 12.9
LMW fra +autoclaved HMW fra. 37.2b (1.4) 1.52b (0.04) 33.49, 8.36, 8.13

Values represent means of two measurements with SD in parentheses. .
Means followed by different letters in columns are significantly different at P<0.05 according to Duncan s multiple range

test. (Reprinted with permission from references 29.)

properties were poor with both classifications alone. As
a result, good bread-making properties (bread height and
specific volume) were not obtained in the bread-making
test for each fractional segment alone. A mixture of HMW
and LMW fra. led to a bread height of 69.6 mm and specific
volume of 2.52 cm?® / g, which were similar to those of
bread baked before dialysis (Fig. 6). Thirty grams of brown
banana powder or the HMW fra. was suspended in 40 mL
of water and treated in an autoclave at 127°C, 2.1atm for
100 minutes. The autoclaved product had a bread height of
38.6 mm and specific volume of 1.62 cm?/g, demonstrating
a decrease in bread-making performance (Fig.7). The L

value decreased from 49.2 to 28.5, which was considered

to be due to the Maillard reaction during heating (Table 5).
This is an observation of green and brown bananas with a
polarizing microscope (Fig. 8). Birefringence was observed
in the starch granules of green banana powder. However,
no birefringence was observed in the starch granules of
black banana powder, and it was also noted that the starch
granules disappeared. It has been reported®-? that most of
the starch granules in aged bananas disappear, the sweetness
increases, and the polysaccharides in the overripe cell wall
are decomposed, resulting in softening.

Two g of wheat starch and 2 g of each banana powder
were mixed with 25 mL of water, and an RVA (Rapid visco
analyzer) test was performed (Fig. 9). The profile of 4 is 4 g
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Brown banana LMW fra. HMW fra.

powder

HMW + LMW Autoclaved HMW
fra. fra+LMW fra.

Figure 6. Gluten-free bread baked with composed powders of various banana fractions /starch. Left to right: brown
banana powder, LMW fraction, HMW fraction, HMW + LMW fractions and autoclaved HMW fraction + LMW fraction.

(Reprinted with permission from references 29.)

Brown banana powder

Autoclaved (127C, 100 min)
brown banana powder

Figure 7. Gluten-free bread baked with composed powders of brown banana /starch (left ) and autoclaved (127, 100
min) brown banana / starch (right). (Reprinted with permission from references 29.)

200 gm

Green banana powder, 0 days

200 4m

Brown banana powder, 44 days

Figure 8. Images of banana starch granules in green banana powder (left) and gelatinized banana starch in brown
banana powder (right) . (Reprinted with permission from references 29.)

of wheat starch only, the profile of 5 is 2 g of wheat starch
only, and the others are a mixture of 2 g of wheat starch
and 2 g of each banana powder. First, the profile of 1 (wheat
starch 2 g + green banana powder) was used. At this time,
the RVU was 660, which was almost the same value as the

wheat starch-only RVU (630), suggesting that the amylase
activity was low. The maximum viscosities of 2 (wheat
starch 2 g + yellow-banana powder) and 3 (wheat starch 2
g + black banana powder) were reduced to 204 RVU and
144 RVU, respectively, as compared with the green banana
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powder of 1. It was shown that amylase activity increased
with aging. A mixograph test was performed to investigate
the effects of protease activity (Fig. 10). One g of black
banana powder and 9 g of wheat flour were mixed with 5.5
mL of water and incubated at 40°C. for 20 minutes for a
mixograph test. As a result, it was shown that the viscosity
of b was slightly lower than a of the non-incubated one.
According to this result, it was speculated that brown banana
may reduce the viscosity caused by wheat flour protein. In
the case of overripe bananas, the accumulation of enzymes
was thus considered key to the expansion of rising of volume

in gluten-free bread. The autoclave treatment (127°C, 2.1atm,
100 minutes) reduced the bread-making properties, but the
viscous substance was unknown.

3. For small quantities
3-1 In the case of Nameko:

Japanese people prefer to eat the sticky and viscous
mushroom Nameko (Pholiota microspora (Berk.) Sacc.)
(Fig. 11). We utilized nameko's gelatinous viscous mutin?®"
for making gluten-free bread (Table 1 and Fig. 11). There
are some drawbacks such as little or no nameko mushroom
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Figure 9. RVA (Rapid visco analyzer) tests of banana powder 1, green banana powder (2.0g) + wheat starch (2.0g) ; 2

vellow banana powder (2.0g) + wheat starch (2.0g)
starch alone (4.0g)

: 3, brown banana powder (2.0g) + wheat starch (2.0g)
: 5, wheat starch alone (2.0g). (Reprinted with permission from references 29.)
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Figure 10. Mixograph profiles before (a) and after (b) incubation of brown (over-ripe) banana powder (1.0g) and wheat
flour (9.0g) in 5.5 mL of water at 40C for 20 min. (Reprinted with permission from references 29.)
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aroma, uneven surface of the bread, and rough texture.

3-2 In the case of Mozuku:

Mozuku (Nemacystus decipiens) collected from the
Southwest Islands such as Okinawa contains viscous
polysaccharides such as alginic acid and fucoidan®?. Gluten-
free bread was baked with a small amount of Mozuku (Table
1 and Fig.12), although the amount of mozuku added was not

as small as the amount of gagome kelp.

3-3 Gagome kelp™:

Next, Seguchi et al., examined how to make the same
gluten-free bread as before when using food ingredients
with unusually high viscosity compared to conventional
general viscous foods. Japanese people have a long habit
of eating kelp. Hokkaido is the place of origin area. The

Figure 11. Gluten-free bread baked with composed flour of Nameko mushroom (Pholiota microspore (Berk.) Sacc.) and

starch. Upper viscous Nameko mushroom. Unpublished data.

Figure 12. Gluten-free bread baked with composed flour of Mozuku and starch. Upper viscous Mozuku. Unpublished data.
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kelp is viscous and its properties are due to polysaccharide, Gagome kelp. The general analytical values of water, crude
such as alginate®, laminarin®¥, and fucoidan®. It is protein, lipid, and ash in gagome kelp were 10.13, 11.79, 0.58,
known that alginate protects human cells from apoptosis, and 17.11%, respectively (Table 6). As a result of various
induces cytokine secretion, and regulates the uptake of tests, The amount of Gagome kelp usage could be reduced
cholesterol and glucose®®, and that laminarin induces significantly to demonstrate the effect of Gagome kelp on
antitumor, antiapoptotic, anti-inflammatory, anticoagulant, bread—making properties, such that 0.3g of flour, 10 g of
and antioxidant activities’”. Among the kelp, Gagome kelp raw yeast, 30.5 g of wheat starch, and 8.86 g of sugar were
(Kjellmaniella crassifolia Miyabe), which can be seen near prepared with a water 22 mL (Table 1). The bread-making
the Hakodate area of Hokkaido, is known as a particularly test showed the result of 79.56 mm bread height and 6.89
viscous kelp. Gluten-free bread was produced using this cm?/g specific volume (Table 7, Fig.13). When the Gagome

Table 6. General composition of Gagome kelp.

Gagome kelp Moisture (%) Protein (%) Fat (%) Ash (%)
10.13 11.79 0.58 171
(0.34) (0.347) (0.03) (0.07)

Values represent means of three replicates with SD in parentheses. (Reprinted with permission from references 34.)
http:/www.alliedacademies.org/journal-biochemistry-biotechnology/

Table 7. Effects of water addition from 18 to 30mL on gluten-free bread made from a composed flour of Gagome kelp and
starch, and effects of pepsin, ethyl ether, and autoclave treatment on Gagome kelp.

Treatments Water (mL) Bread height (mm) (%) Specific volume (cms3/g) (%) Lab
None 18 65.44a (2.22) 5.56a (0.289 61.82, -0.94, 8.1
20 72.38b (4.03) 5.88a (0.42) 65.99, -1.74, 8.64
22 79.56¢ (3.05) 100 6.89a (0.39) 100 65.70, -0.90, 8.21
24 84.04¢ (3.37) 6.67b (0.30) 66.09, -1.13, 7.34
26 78.74c (1.92) 5.44c¢ (0.15) 68.59, -0.51, 8.26
28 64.01d (4.17) 3.96d (0.11) 71.99, -0.53, 8.03
30 63.81d (9.63) 3.96d (0.57) 67.78, -1.41, 8.97
Pepsin 22 81.68a (3.82) 103 6.12a (0.42) 89 71.82,-0.77, 8.09
Ethyl ether 22 83.95a (6.24) 106 6.63a (0.70) 96 64.71, -0.74, 8.03
Autoclave 22 23.81b (0.58) 30 1.54b (0.05) 22 61.55, -0.96, 13.38

Values represent means of three or more replicates ,with SD in parentheses. Means followed by different letters in
columns are significantly at <0.05 according to Duncan’ s multiple range test. (Reprinted with permission from references
34.) http:/www.alliedacademies.org/journal-biochemistry-biotechnology/

24 mL 26 mL
Figure 13. The appearance of gluten-free bread made from a mixed flour of Gagome kelp and starch, and the amount of
water added were changed from left to right; 18, 20, 22, 24, 26, 28, 30 mL. Upper viscous Gagome kelp. (Reprinted with
permission from references 34.) http:/www.alliedacademies.org/journal-biochemistry-biotechnology/
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kelp suspension was centrifuged (1,700 g for 10 min) and
then divided into supernatant and precipitate fractions,
good breadmaking properties were noted in the supernatant
fraction. These bread-making properties did not change
with pepsin or ethyl ether treatment, but autoclave (127°C,
100 mm) treatment lowered the bread-making properties
as the viscosity decreased (Table 7). The effects of alginic
acid, laminarin, and fucoidan in Gagome kelp on gluten-free
bread making were considered important.

4. Conclusions

It was reported that gluten-free bread can be made by
using sticky and viscous substances that Japanese people
usually eat, such as Jinenjyo, Natto, Nameko, Okura,
Banana, Mozuku and Gagome kelp, as wheat substitutes.
Overripe bananas have low commercial value and are almost
always thrown away or used only as animal feed, but the
stickiness and viscosity of overripe bananas was found
to play an important role in gluten-free bread production.
Furthermore, the strong stickiness and viscosity of Gagome
kelp enabled the production of gluten-free breads with a
large specific volume and bread height values with a very
small amount (300 mg/bread).

Conflicts of interest
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with this manuscript.
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Abstract
This paper investigates the pedagogical and practical components of home economics in Japanese junior high schools from 1947
to 1960 based on articles published in the home economics education journal Kateika Kyoiku, and discusses these components in
relation to the official curriculum guidelines of the time.
The pedagogical discourse of the era focused on topics such as transition from pre-war education, recognition of family
relationships, interconnections between home economics and the realities of life, and comprehension of family relationships.
The emphasis on regional characteristics, which became more prominent in the transition of the 1947 edition to the 1951 edition,
fostered practices grounded in fact-finding surveys.
The 1951 and 1957 editions were pioneering in the sense, which had several impacts. First, this approach prompted a shift in
perception, where life events and issues came to be viewed through a socioeconomic lens. In the 1947 edition, this was manifested
in units that took daily life as their core theme. The 1951 edition facilitated a curriculum that addressed life’s challenges
and potential improvements in a holistic manner, focusing on learning units concerning “socioeconomic knowledge and
understanding.” The 1957 edition proposed further that every facet of life was intertwined with family dynamics and household
management. Second, the section on “socioeconomic knowledge and understanding” in the 1951 edition laid the groundwork for
a more holistic approach to life education that sought to bring practical skills into closer alignment with the realities of everyday
life.
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OB 23508 (B o7z, Wo7z, Z24b%il)
T&mRTz,

3. MRETAERAT

BONLPEREZ LR L7238 (IR EEDOLTE
HEF S B D B, BERERTIE A ERE A R R D
DICZALRE, SEERTE A D ST SUErp QR 7 L)
V5 TR L 726

R ROME (MO E) (213 Fisher o IEHERME =
BEZ vz ZLT IR LDV OB EE A
FEB IV LA (p<0.05) IZH0hid, IEEAEIEL
BT HE T BRI L5720

FAATIZIZIBM SPSS Statistics 27 (HARIBMER R A1,
R0 Rz #EH I HOE O A K #120.05 (4l
BeoE) &L7.
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4. fRIEZMECE

AWTEIE, MR FRANEZ X R LS B0 E Mm%
B OKRE (2 52022-11-1) #4372 L CiTo720 it
L, RO HMROESRE, WO %L O
0 RO IIAHERTHYERTELZ L, b
FIZBML K THARMIRIE RN E, REZTIHHTHIN
§HEIILHETHRIRL 720

T,

Tk

T, g BE

I # R

TR HE DR A RUTR T, HRlaa -7 A VA EGE
OERERTE % IR BEE R D D ISR L 728 1E, %
GH% DS HR5EITH o7,

F2E, FHE T F AV R KGO E LR & X7
EHET O R LA ROIR AR, R - R L, AR
OREER T, 9 BT T -7 AV R EGE O & TR
EWART-EE PO EE R FREO2HAD ) b, i

£1. HREOIFM
_ Sl (R R ) -
e A7Y R (%) (n=304)
A () 214 (0.5)
& (cm) 158.3 (5.4)
HE (kg) 50.6 (5.9)
BMI (kg/m?) 20.1 (2.2)
g% () 3(2)
T BT ARl OF I AN AERRED L IERN & B b O P HEREHRD D 115 (37.8)
PRl T o AV A RKYE D B HERTE 7 SRR B 0 IC& L 150 (49.3)
BFRlauF I ANVAERGEDOZIEFI E b O S SRR R L 39 (12.8)

TR S 13, BRI D BRI BIFTH B IHICHADEFICB W TR EZIA L, LEHT D,

R2. HBOAOF VANV ABREOEREFE N/ SRPORETHEEEIRE, FF- FREL. F5EOE"

JEE (%)
s pray e BEREEDEY gilali BENEEDEY
(n=304) SELORIREGR "0 gy S SRHNGR
HNEE (n=115) (n=150) L (n=39)
P B IR 78
EHETH B INAY3 78 (25.7) 19 (16.5) 42 (28.0) 17 (436) * 0.003
EON 226 (74.3) 96 (83.5) * 108 (72.0) 22 (56.4)
BEANDARZ: =L 213 (70.1) 95 (82.6) * 89 (59.3) 29 (74.4) <0.001
HY 91 (29.9) 20 (174) 61 (40.7) * 10 (25.6)
REE - PRI 2L
REZAL WLz 78 (25.7) 25 (21.7) 45 (30.0) 8 (20.5) 0.244
WAL 56 (184) 19 (16.5) 26 (17.3) 11 (28.2)
ZAkaL 170 (55.9) 71 (61.7) 79 (52.7) 20 (51.3)
RIEZAE Ko7z 83 (27.3) 26 (22.6) 46 (30.7) 11 (28.2) 0.220
i 7 48 (15.8) 14 (12.2) 28 (18.7) 6 (15.4)
2L 173 (56.9) 75 (65.2) 76 (50.7) 22 (56.4)
A
HAENR T o7 =L 208 (68.4) 81 (70.4) 94 (62.7) 33 (84.6) * 0.024
Hh 96 (31.6) 34 (29.6) 56 (37.3) 6 (15.4)
RAED KL B LA o7 L 215 (70.7) 92 (80.0) 92 (61.3) 31 (79.5) 0.002
HY 89 (29.3) 23 (20.0) 58 (38.7) 8 (20.5)
B ZEL 25912k 57 =L 246 (80.9) 93 (80.9) 120 (80.0) 33 (84.6) 0.860
»H 58 (19.1) 22 (19.1) 30 (20.0) 6 (15.4)
HHICHD D S 591257 =L 284 (93.4) 107 (93.0) 141 (94.0) 36 (92.3) 0.852
Hhy 20 (6.6) 8 (7.0) 9 (6.0) 3(7.7)
R R A S S Y =L 271 (89.1) 107 (93.0) 131 (87.3) 33 (84.6) 0.180
Hb 33 (10.9) 8 (7.0) 19 (12.7) 6 (15.4)
T S DAL Z KL 5 & 3 121 (39.8) 59 (51.3) 42 (28.0) 20 (51.3) <0.001
ko7 HhH 183 (60.2) 56 (48.7) 108 (72.0) * 19 (48.7)

MRS S B O SERINICRIFTH 5 L) ICHADEFIZBWTRERL S 2 &, LERT 5o

"Fisher OIEMERE M T
R AT GRS AL IR 4059 <0.05TH EICE W)
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HTHHEDOMIIBNWTIE, HFELEENH 72, LT
HETIZ RV (EHBETHE-VWnR) EHELFIEEE
B & 28 53 S e b 3 et e 75K 7 U E O B EE B oS Wl
BERIVLERICEL, RFETHL (ETH D —13)
IR L B I IE AR & 25 b S S b A HE R D 0 B
WA RIS D o720 RFENORLZEDORICBWTOHEER
BIEASH D, fEHENDAL D R LA U7 B & TR &
EboTEERSEREERD VIFICA RIS, AN
NG % LI L7 BTSRRI 2 8T i A e Tk
HOICELBICHEICE o720 KIS, FrflaaF oA
AREGAE DS IEFT & 7S rh O AR LR - R
WEALD2HH EDMIZBWTIE, WINDA BB HE
Girotze SHIT, T F 7 AV AR GLE O R &
"B IEHORFEEREAHO6HEDH S, 35H (H

DN oty EWD72H KL D LT o7z 1D
PORRABILZIE L B L)1k o572) EDOMICBWTHE
LREDH o7, ENHDHI L HOPENZ KL TV Ao
PR IEAERT D B S bR LIS RS
%< BOENR TR oo BT S HERTIE 72 < 8 1E v fe
e D VIS BRICA IS D o720 KDTEB R %
DoleBIEILREE DO T HE P EFEERD VIH
FICE L A2 BLRE B X)o7 B R IER T % <
SRR D D ICEAL IS B S o Tz S0
DRTBACZ IR e h o7 FIE LRI E A D ST EEF D
REHFEERD VICARICE L, S ORELE &L 5
LI o7 HIFH LRI 7 SR R D D 124
R AT ENANE 2/ Y

F31TIE, HRaTF AV RIEYE O S TR & 7

RS FBOAOFVANINABREOEEFEUN-ERFORESH EEFTBZREORE

BEE(%)
. BRI .
— BRI EEDLT L. sy SIERTEZED ST T
HH H T (n/fg?)l) %}%;E;)(@_’%%% %‘a%?)ﬂkﬁ}f;ﬁuﬁk %5@4%@?%3% Pl
n=115) (n=150) L (n=39)
fTEME
AR A Bl 67 (22.0) 21 (18.3) 36 (24.0) 10 (25.6) 0.770
WAL 32(105) 13 (11.3) 16 (10.7) 3(77)
ZAbRL 205 (674) 81 (70.4) 98 (65.3) 26 (66.7)
HAaEA wmL7: 113 (37.2) 33 (28.7) 67 (447) F 13 (33.3) 0.044
WA L7z 15 (4.9) 4 (3.5 9 (6.0) 2(.1)
ZALRL 176 (57.9) 78 (67.8) 74 (49.3) 24 (61.5)
BETONE BmL7 55 (18.1) 22 (19.1) 28 (18.7) 5 (12.8) 0.924
WAL 125 (41.0) 47 (40.9) 62 (41.3) 16 (41.0)
2L 124 (40.8) 46 (40.0) 60 (40.0) 18 (46.2)
HETOHE B 7z 23 (7.6) 9 (7.8) 12 (8.0) 2(5.1) 0.481
WAL 144 (474) 58 (50.4) 72 (48.0) 14 (35.9)
k=L 137 (45.1) 48 (41.7) 66 (44.0) 23 (59.0)
HETORAE ®mL7: 84 (276) 24 (20.9) 50 (33.3) 10 (25.6) 0.245
WA L7 28 (9.2) 11 (9.6) 14 (9.3) 3(7.7)
ZALRL 192 (63.2) 80 (69.6) 86 (57.3) 26 (66.7)
TEB) Y BimL7: 61(20.1) 17 (14.8) 40 (26.7) * 4 (10.3) 0.002
WALE 128 (42.1) 43 (374) 69 (46.0) 16 (41.0)
ZiaL 115 (37.8) 55 (47.8) * 41 (27.3) 19 (48.7)
e R T
S IR IR Blotz  23(76) 10 (8.7) 11 (7.3) 2(5.1) 0.017
BTtz 159 (52.3) 52 (45.2) 92 (61.3) ¥ 15 (38.5)
kL 122 (40.1) 53 (46.1) 47 (31.3) 22 (56.4) *
BEEEIE HLZrotz 24 (7.9) 9 (7.8) 10 (6.7) 5 (12.8) 0.062
WTrotz 167 (54.9) 57 (49.6) 94 (62.7) 16 (41.0)
ZikxL 113 (37.2) 49 (42.6) 46 (30.7) 18 (46.2)
T HRE 5 1) Flors  88(28.9) 26 (22.6) 55 (36.7) 7(17.9) 0.060
otz 72 (23.7) 29 (25.2) 33 (22.0) 10 (25.6)
ZAbaL 144 (474) 60 (52.2) 62 (41.3) 22 (56.4)

RS AR RIS RIFTH B EHICHADEGICBWTRZE A Z L, L EHET D,

iFisher@EﬁE%%’ﬂfﬁfE
RIS N GRARE AL IR 2523 <0.05TH TS )
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o TORER, HavF o AV A EYE D IR,

EHETT N 2% A o 7ol B~ DAL R0l 4 D AR TR AN B % &
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REVEDS D B 2L otze ZLT ERERSHE 72
LIS TAEEEED S, EHEEIWMNTLE )
RPN 57205, R L RIS I BA T
L7z REMEDSH %o

AEFZE T, Hl a7 AV 2K O & HERT I 7
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OB A RITL I E 2 Do Wbk 2 &1, B HRE EGE
IRIFHAEL 2 o72) 1I2bwi, RSO REET
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ELTRIRFFHDSE o7t EXT05, @iES a0
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20 AHEEE OB R HE TOAGEIEH OB X->T
AP E L EREE S ER B SR RSN D LI e
otz M. SO TIE, FEITF VAR
JE DS REFNNE 7 IR RGR S D I L L 728
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EHMEED L VIR EGR 122D h oz PiF
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Y EOEBEIGD7-H ORI E FBICHE LTV,
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HEEEEICOWT DR, BB NE R 3 B I [ 45
BT 2RI M ZAITIRETH o720 TOX) LIRS
EHBHOD, FHR T F 4 )b KGO B HERT &
ALY S N L ANE SN Y - 3aNGY & T = oY
HEHSPIZ L7 ISR OB RN H D EH X 5o

V. #& &

B aa ;AN AEYIEDE LI L - T SHEFTICIE
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TR L RF R B, 57, 34-40, 2024

HINY (Stephanolepis cirrhifer) DREPIRITHIC & HIHITHEE D 1

BPH AN EHE AL NHE

WAL A R

A R EER R BT ZE R S SRR A R I

Bile acid conversion by an intestinal bacterium of seafish,

Kawahagi (Stephanolepis cirrhifer)

Nichika NODA!, Hisako HOTTA'!, Kiyohisa UCHIDA' and Yoshio OGURA',

! Faculty of Home Economics, Kobe Women's University

JEVEM TR L 72/ I NFIE A 57 a -Hydroxysteroid dehydrogenase &7 f-Hydroxysteroid dehydrogenaseii{k %
B 5 Clostridium sp. DWW E 720 TOWIT—NVEERLr ) FFF T a—VBEDT a KEEIEZT f-KEEILIZER L, TV
VA= VEBRR VY TAF A VIREER Lz BUSRID TN TH o/ SHICIOWIEY 7Y Y REHHERER)
HIIHIBE L7225, 70 ¥ VRGBS 3 2 IS BEIC L > TR, )3y /7433 a— Vit
R PIBAIE Ly VY 74 F 2 a— VBZ AR L72A 7)) 3 a2 — VRIS 2 /R & Bir o 72,

F¥—v— N BHEE. Clostridium sp. 7Ta-t FEF Y ZA50A4 FFeFasrF—¥, 7-t FaF Iy 2504 KFL ¥

my =, L KR, A TAF

&

It

a—g (CA) 7/ 74+FTa— i (CDCA) 1EHF
B CTEER SN KR TH D oD
JFETE ) b L7 ) v v e s LB hIcsw s
. BE»S ORI ERAE TS, IR E S0
TIZE A DTS BRI R ) B IR B % TR T %0
— B BRI ST KT LI NI XD 7
T a—uiE (DCA) Y bha—ViE (LCA) o
W R H S B2, RIEH BRI AR ICH ER D
DRF L DDOIFAET 5% DCAZKENRA DT TE—
& — 9 ELTHIBI, LCAIZH ) oW O FIEI B 5557
LEZLNTWD, —H VYT F T a—V g (UDCA)
IR AR ANST R 55 MR IR PR A %5 (PBC) Difi
SO L LTSN T WS,

TR RO AR D F D BT S & I R A
OBEREIE, LR, BAaEG. Bk BRLEG.
BTG, B EOEDH TS TH B KIS EIT,

—UKMH W 2 & R H 1 & A 35,

Je12. Ogurab i — WY1 #E T 5CDCAZUDCAN
B 52 LA ¥ 57 a-Hydroxysteroid dehydrogenase
(7a-HSDH) i 4 £78-Hydroxysteroid dehydrogenase
(78-HSDH) {&EMEEA AW AL MO FEE A5 HLEEL i
HL720,

RG22 oW 24 OB CTHZE L., FHEMNT
WM SN2 <A F (Rhynchopelates oxyrhynchus) 2
HCDCAXUDCAICET LR AAFIET B 2 L LM
L7, ZZCUWIFEETIX, B Riffi fEO R A
XD B A RS E R/ L2 A, FUEMTIRILS M
7271 I NF (Stephanolepis cirrhifer) 7> 57a-HSDHE7
B-HSDHE:FIG 2 R ol WAl I 2 Bl e T &7z, 2
DUWNET AT FROIRM LW LI RR 205 ATNF
A S ERILL 72 B P 18 D 3¢ 1 R0 B PR ZZ 36 PO 12D T
RO TEORRZ G LTz,
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AINE OGN WA S HlE L 7270 -HSDHIGE % & 78
-HSDH{E % 4 3 % B S E W AR A FK-3220k L iy 74 L £ B
W2,

3. B EOZEES
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R (2 X AR L7,
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Abstract

We isolated a bacterium possessing 7a-hydroxysteroid dehydrogenase and 7B-hydroxysteroid dehydrogenase activities from
the intestinal contents of a seafish, Kawahagi (Stephanolepis cirrhifer) obtained from the sea of Suma. This bacterium was
identified to belong to Clostridium sp.. This bacterium can convert the 7a-hydroxyl groups of cholic acid and chenodeoxycholic
acid to the 7B-hydroxyl groups, producing ursocholic acid and ursodeoxycholic acid, respectively. However, the reverse reaction
was minimal. Furthermore, this bacterium efficiently deconjugated taurine-conjugated bile acids, but the activity to glycine-
conjugated bile acids varied depending on the bile acid species. Glycochenodeoxycholic acid was slowly deconjugated producing
ursodeoxycholic acid, but glycocholic acid was not deconjugated.

Key words: bile acid, Clostridium sp., 7o-hydroxysteroid dehydrogenase, 7B-hydroxysteroid dehydrogenase, bile acid hydrolase,
Stephanolepis cirrhifer
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20214F ~20234F DL F R HE DO RFBICRN & ARIELERIC DWW T

P TN = K SN O I NI 57 SN0 1| B 1) 1 N VA NIy e SN S SR S e
i mESE, WE WiE. MU WA =i Y,
S ORI e SRR RE e HH O E

TH LR RBEAED BB L aRAE

Nutritional intake status and body shape recognition of female students
in the period from 2021 to 2023

Naoko SAISHIN, Natsumi IDOMOTO, Junka GENKAWA, Naoko MATSUMOTO,
Miyu TANAKA, Ami ITO, Moeka KAWANO, Saki HOSOKAWA, Hana MIURA,
Seina KASAGAKI, Mahiro KANAZAWA, Yuka MATSUSHIMA, Hotaru YOSHIDA

Faculty of Home Economics, Kobe Women's University

H 9 :COVID-19DMFRIHEAT I B 2K RFEAEDORKFEFEIURI EARRELFRZ WS LTHERZR L, 4%
BAGRYERICE T2 HME L7,

Foo RS AR R G, 20214E 0 520234 D6 A~ THICHFL R 0 2 X AT & W C A SO B2 R
BAEFEML. 202247 13RI EGRIC BT 2 i A b 1T 5720

fi R AVF = R ZIICD, 20214 EDNR S BIEDPERMED b D93 %0 o720 FHTH EFIVCL AT TA,
RTAY L EWEHEE AR L TP EOR G EP ol £io, AN LB IO 2 A EE O G310 ~
N%THo7zo HEHITREZLIZ, BESA Ty b2 LTWAEMZE LI ED S HI6% D EIKE TH 720

K AT OAED L FRFPEIMEAE T, REHRE SO 3MFENEIN220215 E 3L K ORBEZRVREMETH 720 F72,
H & O RIIERGR & MWL 0 B L\ TRHED D B AR b7z, A%, BHANE L wEFHEIZ 0T, @ IERE
OHEFHZINT, BBIIHEHIEEZ LT LEDN D b,

F—7—F:COVID-19, LT RF4, HREEIE, BML KAKE

% 5 FER AR - SRR AN LD & KIED AR EDOH F1311.5

Frilaw g AV AEGE (COVID-19) O34T %TY . HAEFED 2 0IZENEL EOFEGEZRLTWSHE
INA ORISR E R B2 AT L AR IR OREF R 3 IFEA LD RIEE EETH 52 SGHEHENC BT 5
BOHM 2 ) EIEOLAL 251 & I Lz, 20214E1~21 F131~3 % T HARRMBEAEO LD H & 25 E o
(22 H, 4~6123I0H, 8~9HIC4NHOR B HEE S T ELY . A TH20MA DL ELEOBAEDOH &
AFEM SN, 202345 ICCOVID-19735 B S i (2 AT 1320% % Lo Tz o 202248 FE & 0 JEAES7 ) 4 1A%k

LATE IR AR SN 720 REFAICBWTHEEARITRE HOLWZWST 720D M AZAEDTEY Fr7zi2af
AR RIFL S e TPREN D FITKFRFAED R FEPEAS R IE STz B VKPED RT3 % Al ak R £ 2

EIHIRAEOREE DR TEETH S, I T2EEBRAEITONL TS, 2O RITIE,
HARANZ MO BEAREDORE XL HELTBE ST, 20194ED HY DR ANDEGEPNENDO—DE LTHEELTWLHEE
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AL by,

RWFETIE, LFRFEDO EAIGEOBURE MEZ B S %
1235729012, COVID-19 D% CE RAERE - R A D
FEWE SN D 57220214 % & e, 20234FEF TO3FH, &
TRFEERNRICEFREL ML, SOICLTRFEED
PRRGEGRC BT B 2T o720 SRS OFAMEED S
AR R OHE LMD AT O L U
v,

&
1. REHE

A TR OB PR AR LR T A3, 4l
bl L, 20214E6 4 T ~7HH4, 20224E7H AR OY
20234E6H THICFEML 720 20214 310142122\, 20224F
BE 3MIAESIA & 4 M A94 ADEHA5 NI FHA KA FeAm L
FNZEN3MATIA, 3MAES0AN L4467 ADEH17A 2
SEE 21572 (H2598%. 81%) o 20234EHE3[H 491 A &
4439 ND T30 &, FLAT L7z A8 RIS A H AN mIE L
72 (H3100%) o K4EO NS H % 202143 A HE 2022
SRR, 20234E A BE L L7zo RUSHAAEN M H O
JEVEZR R UTzo o3 MG 1 1 AR i 27 2% 0 B il i 75 976
A K54 220229 (2Rl >THE L 720

AHEHATIHThOELARROEE BXWERETH
LEYERUHE AL (T eV s E  awEIoHE
A BFFQg Ver6 (KR4t BEHAL) ) Z2Hwiz. £
724 20224F 13 A H R A HARICHAE D Y O KRR
WSO ORI (-8l X, 25K, W, KD Sk,
KO#E) 2508 EE L, ¥4y bOEHEIZOWT3
DOFEPRIE (X, WEAT> TV B T T e
VL WL R S O BRI o B R SE H & 0 2 TR R R R
BT AR AE NG 720 3. ATEYHIBR E R IR b D
FREefiv, HoSE ol cnizaer s, HRAD
FHBIIEAE (20204EH) © D18%~295% Lo, B ARG B)
LAViEs29 (1) O1HEZ SREHLAEfE L,

2. T—HaEBH

HAEFRICLoTHONZRBRBNEB LM
P O R AR AR R 3HE R O I i 0 7 DR E 11— e L
BT & v, 2 g2 i3 Bonferronid i % %
Wizo p <0.05% MEMFEINCA EAKBEE LTz, AT ICIE
IBM® SPSS Statistics Ver.22.0] (HAIBM, H5i) 14

HL7z.
3. RIEMECE

WFFERF G 20t L WFZE HIWY, J57ik, WFZE i /0B
T 2R - AR S ZFHP L7z BT IR0 ER L AEICD
WCIH BRI TEML 720 72, MRS & f-
WRFANME W RETHMIEMBERZORBEHTITo
720 (ZAFF52021-4, 2022-15. 2023-8)

B R
1. BEEZEOEM

A AL AR B A1 258 DR PRI AR SRR, N EE
IZDWTC, FNENEI-A, £1-B, F1-CITRL7z. KA
ETHREBIIRRZD5 FARBICHE, KE, body
mass index (kg/m?) (LT, [BML) I2BIF5H =R
FROONL D o7z Tz B S SR EOF LD
FEE MM OEDFEEREDI0%~11%TH>72,

®1. REFHEZEEOEM

A, PR (N)
A AR 20214F 20224F 20234F
3[al A 119 50 91
4n] A= - 67 39
&t 119 117 130
B. R LfkE
AT AR 20214F 20224 20234
(n=119) (n=117) (n=130) Pl

& em 1580 = 4.8 1575 £ 49 1574 = 54 ns.
K kg 51.2 £ 53 501 £ 56 500 =59 ns.
BMI kg/m* 20.5 = 1.8 201 =17 201 =18 ns.

1A = L
"SR A BT

+
+

ns.: AEERL

C. Mg BE 43 J 2

A 20214 20224 20234F
n (%) n (%) n (%)
ik & @ BMIISS 13 ay 12 1o 15 (11
Wl fkE 185<BMIK25 99 (83) 104 (89) 114 (88)
W (15) 25<BMI<30 1 (1) 1@ 1
ES 6 (5 0 (0 0 (0
&k 119 (100) 117 (100) 130 (100)

2 AR i A 43 O MUV BE 43 JF S 30 < 43
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T IR PN AR, H R PR TR RN = AR SR R

2. BEWE

A AER OLH PR FEMEZ K2R L7,
COVID-19D A I 5 ATIC L D AT B R W AS R 22 5 72
2021471320224, 20234F XD W E PP W HIA 25D
0. 20214EA320234E & 0 b A RIS o2 AR, =4
VF— n-3RMEWR, K ARILY, €3I B, HiEiTHo
720

AR I DS I S U B (estimated average
requirement : EAR) RiiDFAEDOE A% FKI-AITRL

x2. AEFRRERERE

720 8 EFIVC AN YT LRI I T MHINOED,
ZNEN83.5%. 76.9%- 72.3%. 70.9% LA DAz 73 S dt
R THY FEAPHECTH 72, 20 €Y I VDI
RAEPHZEDOPLELT TH o7 (K3-B) o #3-ClIsks
IR A HEL R (tentative dietary goal for preventing
life-style related diseases:DG) &Kl F7/ziZ@HLTW5
OB G R R LTz FRICHAURTIEEE (% = AV F—) 1%
I DEDI5.4% UL L F A LA Z R L, EWiiiE
1395.8% LL L&Az Hs B e fili A Tdd - 72,

AR 20214F 20224F 20234 .

(n=119) (n=117) (n=130) bl

AL E— keal 1508 + 417 1591 = 424 1669 = 346" =
T AE T ¢ 571 = 18.1 572 + 175 595 + 149 ns.
%E 151 + 26° 144 = 24 142 + 18 =

TR ¢ 557 + 174 564 + 171 579 + 174 ns.
%E 334 + 540 320 = 45 308 = 42° o

SAIIE %E 117 = 21° 110 = 210 104 = 2.1 -
n-6:% IR e . 890 = 3.07 890 + 278 950 = 3.23 ns.
n-3F IR g 158 + 0.59° 163 = 051 180 = 066" :
AL g 1873 + 581° 2037 + 584" 2179 = 396" =
%E 514 = 6.4° 536 + 63" 550 + 4.8 o

A g 111 = 38 102 + 33 107 = 33 ns.
VP —MERSE g 397 + 159 306 + 147 406 + 143 ns.
Er3uD mg 34+ 19 34+ 17 40 = 210 :
g-ha 7z mg 55+ 16 55 + 16 59 + 19 ns.
ErIvK mg 181 = 80 190 = 73 193 = 81 ns.
C53IVB, mg 094 = 032 0.88 = 0.30" 090 + 0.25 .
v53vB, mg 107 + 031 099 = 031 101 = 028 ns.
FAT YR mg 220 = 82 931 = 76 250 = 70 ns.
Y5 3B, mg 0.89 = 0.35 094 = 0.32 098 + 0.29 ns.
E53IVB, mg 36 + 19° 37 + 18 42 + 200 :
R mg 222 + 83 9222 + 74 231 = 77 ns.
Er3IC mg 62 + 30 62 = 26 63 =+ 25 ns.
P . 81 = 3.I° 70 = 25 78 = 30 .
OETA mg 1809 + 647 1873 + 585 1925 + 571 ns.
I mg 451 = 148 419 + 146 434 = 145 ns.
e L mg 188 = 62 198 = 60 202 + 59 ns.
Y mg 808 + 247 846 + 249 844 = 242 ns.
% mg 60 + 19 57 + 17 61 = 18 ns.
i 473 mg 61 + 20° 69 + 21° 71+ 18 =

HUSE A i + R AR 22 Al
T —JCELE 5 B AT
a b Bonferronififi 1.0 2 58 LB %€

* 1p<0.01, * :p<0.05. ns.: HEERL
REF M THEEDD (p<0.05)
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K3 REFHREFBENEOELEBEDLLR
A. e P63 (EAR) K07 EOE G4

S fie 20214F (n=119) 20224 (n=117) 20234F (n=130)

n (%) n (%) n (%)

72 AEE g >=4( 44 37.0 13 11.1 10 7.7
LF/—ViEtEsem ug >=45() 72 60.5 79 67.5 88 67.7
vy 3B, mg >=0.9 58 48.7 70 59.8 67 51.5
v¥3IVB, mg >=1.0 50 42.0 65 55.6 72 55.4
FAT VN E mg >=9 5 4.2 27 23.1 0 0.0
v53IVB, mg >=1.0 74 62.2 73 62.4 72 55.4
¥ 3IVB, mg >=2.0 29 244 19 16.2 12 9.2
R mg >=200 52 43.7 53 45.3 49 377
vy3IvC mg >=85 96 80.7 90 76.9 102 78.5
N L mg >=550 86 72.3 94 80.3 107 82.3
RTATV T mg >=230 106 89.1 83 70.9 97 74.6
# mg >=8.5 107 89.9 110 94.0 115 88.5
Hgh mg >=7 82 68.9 67 57.3 65 50.0

MR NUEAEARKMOFEDOANEEZRL., (%) OMITTEEN ORI THEARKHONE D H

(R IN Byl
52 HARND EHFEIELAE20204E O &tk (18~295%) - HRIHEIL VI DI H 2 L HEMEE L7,

B. H% & (AD Lo i

20214F (n=119) 20224F (n=117) 20234 (n=130)

i e ot T
n-6% A e g >=8 8.31 8.48 0.13
n-3RIEHLER g >=1.6 1.55 1.56 1.68
%D mg >=85 3.2 3.1 3.7
a-ha7zu—)v mg >=5.0 5.4 5.4 5.7
v¥3IvK mg >=150 175.4 181 171
DR mg >=2000 1788 1823 1896
U2 mg >=800 792 808 847
C. HEEE (DG) KT/ L TV B2 DE A5
20214 (n=119) 20224F (n=117) 20234 (n=130)
JL#EfE*. < DG >DG <DG+>DG <DG >DG <DG+>DG <DG >DG <DG+ >DG
n n (%) n n (%) n n (%)
72 AECE %E  13-20 24 4 28 235 37 3 40 34.2 32 0 32 246
Jijsg %E 20-30 0 87 87 731 0 74 74 63.2 1 79 80 615
fIFRIIE %E <=7 - 117 117 98.3 - 114 114 974 - 124 124 954
B  %E 50-65 44 3 47 395 24 2 26 222 17 3 20 154
i ¢ >=18 114 - 114 958 116 - 116 991 125 - 125 96.2
AN g <6.5 - 84 84  70.6 - 62 62 530 - 84 84  64.6
/RN mg >=2600 105 - 105 88.2 103 - 103 88.0 114 - 114 877

RN ESDCREO AL [<DG] . DGRBBWLT WA 4% [>DG] . DGR F-IIDGE BB LT WA 4%
[<DG + >DGJ & L. ZNZFNDOAEERLZ,
{HL ., EHEMHLFIIDGU Lo 4% [SDG L7z,
(%) DIEIFZRBERENOBNEBIZKT TS [<DG +>DG) DA EEGER LTz,
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FHr FEEA PRI ARA H b R TR

AR AT AE L H P A IR IUR ORI 2 24-1UTR L7z,
WHEETEHP ORI RLBHBLZ—T7, T OO &M
HCHEERZ TN 7z, FICAHO BN EIIAEHO Y5
LUF?D30~38 gTdho7zo BIHDEIER IR ALY L[
By 20214E7320234E £ ) b A BIRME TH - 720 BT
b ol DFFFBE R EDOWERT, ITEHIRIBH 2 K2 -
7220215 F I KRB I D D AT L CEMENT W2 L TH

VR =, AR, i R

% (#4-2) o
3. FREEEICEETIHRE

20214E O A DGR D KA RFED A DR
AL E R o7 TORRDV DDA TH 5
EZEZBNBY o 20224 T EH A ITMATHE OB
FRIZOWTIAZIEREL « £ ORI & M EE 7 R 0 P34
IANF —BIEZ RKEIRL 720 RARTEH D59% A% [

=2

& S AY

1|

=41, AEEHNBREINERE
. 20214F 20224 20234 e
it (n=119) (n=117) (n=130) PR DRI
wh 302 = 136+ (63) %1 323 = 119 (68) 354 = 79 (74) * 480
VOB ROTARE 24 = 22 (48) 2%+ 24 (50) 23+ 19 (46) ns. 50
o B S OV H R A 5+ 5 (100 4+ 3 (80) 4 + 3 (80) n.s. 5
TR 41 = 35 (69) 49 + 34 (82) 51 = 42 (85) ns. 60
MR 1+ 3 (20 1+ 3 (20 1+ 2 (20 ns. 5
Sl ie 71+ 41 (51) 71+ 36 (51 70 = 35 (50 ns. 140
Ziggﬂ?gfé\m 105 + 66  (41) 106 + 55  (41) 110 = 60  (43) ns. 260
R 51 £ 75 (34) 43 £ 47 (29) 43 =+ 73 (29) n.s. 150
i 2+ 2 (14) 2+ 2 (14) 3+ 2 (20 ns. 15
A 30 = 26 (34) 32+ 23 (36) 38+ 30 (43 ns. 90
SE 82 = 50 (103) 94 = 55 (118) 91 = 45 (114) ns. 80
oS 35+ 16  (64) 34+ 20 (62 %= 17 (64) ns. 55
U 131 = 8  (66) 135 + 83 (68 132+ 8  (66) ns. 200
e 9+ 5 (70 9+ 5 (70 0+ 5 (77 ns. 13
HTH 48 + 38 (192) 57 = 38 (228 58 = 39 (232) ns. 25
LT SO A 31+ 53  (-) 8+ 77 (-) 43+ 4 (-) ns. -
SR A AT g A0 B D VT R A W %
v HAAD SCHSOER00 TR LHE (15 -2900) - 5 HEBL <V IOUTRE kL LAHL % i
T —ICRE ATt p<0.05. nus.: HEAER
ab Bonferron?*ﬁﬂ?@%ilftﬁ’fﬁ% B FHTaAEEDY  ($p<0.05)
*x4-2. AEENFHBENEDOAR
- 20214F 20224F 20234F
:u7k T
A (n=119) (n=117) (n=130) i
XKE L) 109 = 632 %! 242 = 109° 275 £ 92¢ *
NV (ETRUEERL) 52 = 21° 36 = 30° 38 = 26° *
A (W THi) 141 = 772 45 = 64 41 += 40° *
LS = R i A WAy g
T —ICRCE AT p<0.0l. ns.: AEELZL
ab Bonferronififi £ % & L H 2 R FHTHEEAEDY (p<0.05)
x=5. BB EAENTRILX—ENERVUFEERH (2022FHEE, n=117)
" IR F— NN IR (N
wige s ML M g TRVE ‘ - ‘
(g/ms) (0 SUUE AR eBE wessk KD ADBE
1 4 5 2 0
+ %3 0,
AR T BMI<18.5 12 1545+366 77% 0 (33% @ 7% 0%)
0 6 62 31 5
A 3 < + 9
i E A TR 18.5=<BMI<25 104 1599=+440 80% 0%) (6%) (60%) (30%) (5%)
. 0 0 0 0 1
i < + 9
Mg (1) 25<BMI<30 1 1624+ 0 81% 0%) 0%) 0%) 0% (100%)

AN 5 2 DAL L S B B D S 03

2 HARNO PRI #E20204E D Lk (18~295%) « HARIETIL NV T OHEE = AV F— 2% (2000 keal/H) 12032 03 BE 5356

Ao F—EINEOH G
5 I EE 73S 0> 2 AL — B I 0 -39l = AL fif 75 i

ORI OBE (%) 1345 IR/ O AU 2 R BRI B O N o # &
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MWl FETRDEAR] THo LML EaAELED
35%28 [RD &M X TRYB\BE] THBLAHLT W
720 AR E S ORBHREREIL, LEAELLVO AL
F—2IIL D, TOMDRKEFIIOWTHIMAE T, FRIZ8k
B AR EZTE R TERAER AR IS Lh o7k

(p=0.033) o ZLTHHITREZLIZ[BfEFI Ty b a2
fToTVETH?] LW EIMIC N3] RS L7225 E0 S
£96% AWK EH TH -7z (K1) -

B, BAES ATy hEIfToT0wEgTh?

I I I
3w 96 n=26

BUEIRAT > TS

N =21
PLRT AT - Tz 90 n
| | | R
VW 86 n=70
I I I I
0 20 40 60 80 100

)
WEGAE  oWEAE e (1R

X1. IBEEXEHNDOE ALy FORMIRT
(2022 FAEH, n=117)

MAXEHFROEBEMRICE (S

A

COVID-19#4T FTRFAEZEFRIMAL ., FEH
AR TWD ZEATRIBENT VDD KA THIMH
HIRR I A3 0 5 7220214E O e 38 FB IR AL 4E & 1
TR E o723 H A% < (322) . COVID-19D 57
MIEAT SR EPUE B2 RIZTL Tt BbNn b, it L
T BMIUZ20214E ISl ECTH 720 STNIE—RLTHIE
LTWw575, A PLARABLANIZ 4G I L) AR EARNL 72
WGBS Fo, WK A I IR O E 52 1Y
MU, HARZ TS5 EDBW SN ->TVEY, 7
THETF, RBEAR LI EECHAMET LT AAED
BMLR T o/ bR, A ML A XY 3 Ao ) X
T L HBTANE =ML T L2720 E 25N 5,

BRI OB TREN TH o 7201%, BHEDH
B DAFOEIUI20234F & I LCT20214E D )5 YA &
S RO EIUE20214E £ 0 B 20234E 0 ) 254 BT
MolZlThbH (£4-2) - COVID-1994T FD20204F &
20214F (2 R & A L 7235 < id. COVID-19% 4T/l
LR L C20214E D KRANDL MDA L O AFH~NDL
WA IEIT T 57210 o ZORERIZOVTIREGHDA R

HIEDAEDECIZDIZ L BHENEZONT WD, Al
T2V E B OIS AL, DAL AT L7
JTARL ERICERESENL WL EZON S, ]/
HIHERO ERTH530% T AN X —2H1E#ELT
Wiz (£2) o KNTERTER W0, BT 2 LED D
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2 AR TWAT) B2 8l (N—22/k) ~NDEBIZOWTIHRARZz, JFFIZTRPA1S 5\ ETRPVI blocker%
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EVOORD2MIHE L7z, FHEEMEIZ, SO OEFRAZENTIRO0MKEVOOR D 2HEI L, ZNHICMTWEPEH L
TH79+ ROO+WHE KO EVOO+WH D 2 #E £ 312, S 5iCblocker& FER IS L %53 5EVOO+W+TRPAL (967079
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TRPVI1blocker# 512 XV MBI AZIMT L, IV Ma— VB L THEEI R -7,

YV LofER I, B% N SAREE TS B0 28I AR v MAOEVOO#S- L MTWO Bt id, TRPA1IK U TRPV1®D
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AFAOIDY HAEH (p<0.001) , KENT Y ADEN/-HAEFOEE (p<0.001) 25H 72, F72, 20~30At &30/ T
&, BfEo 38l (p<0.01) , BITEO AT ~OBLE (p<0.01) dBFEEHELS AL,

FROBREEE TR, HEOREHEPBAEOLEFICEDLITHET L) ERIET 72012, FEWERT 217
7oA, 30D BE R L7236, A IR A W 72 3 R Z /K5 2 & AT & 72 (TLI0.94, RMSEAO0.05,
BIC-44.74) o [BAEOMAEEBIURE | 1, MERNREERO O] [RENTVACRELZEEGOER ] [EF~O
B DEA W] 251, [HAEDRBEZERRL-EANRT (F2) | Lol [16~18OEICK K E —MHICERHOE WY
ZL7ARE] [16~18EOEHICHE TORHEIHEL GO R 272K 8k ] 1Z [16~18RED KIE T OB 2 ABRBi DN T

(F3) | &% o720 FAIF3DHEE ZIT 5 LARB SN,

_60_



C2-8 )|

WEIE A A OFERITOWT, FATHIETIE, AT 2EMROM 1k, %R ETBOFEITICRY L 2 L0 HE
ENT W5, 72, PIOFATHRE T, AEPRED TRl R LREEHRC EFOHP NI EPHEINTWE, 2h
LEPEE R 7GR E LT, W20~30 B LI B WT, BEOEAN, BUEDO B4, 2§l HEIUHE L BELTw
BT EDIREREN, T72, @20~30iAHLITBVT, 16~ 18R DEHD I § 2 RAF R REEBRE DS, BUEO M Z EkL 72
BGOSR S 52 8T, WEEIUHEIEE T AR IEAVRIR SN2 4113, BEDBOER T 2R A T20W 24T
IV, AL RPN ZAT) LEDP DB EEZT b,

_61_



C2C12/ Rl B W TT I/ R ZHChl-biE L
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IGE-13 7V S S 5 O Hiat L7z.

(5]
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MBI E S 720 7 EC2C12/IIa DR e 7 X/ BBANE A DMEMIC (4, SIE[H] ) OS24 g I35 28 82, /L C2C1 2/ M
HFOChbl-b mRNA®RAZRT-PCRTME, 73/ BEHEDMEME #IEOZN LKL 72, £72. 7= A% > 78y MTChl-bit,
ATF4x, IGF-1HIIIC X 5 Akt, KOS63FF—F (S6K) DV v ER{b %<7z,

[ER-BE]

7 I BEAEADMEMIZ, 73 /B AADMEMIC AT, C2CI12/5 M e Chl-b mRNA®Z RIS/ —J5, FALE
TCbl-b% Y37 BIF ML 2 hr 5720 B TIZIML72Chl-b 12 X DIRS-AATLEF F AL SN, Z D5 RN TOHE T 2 #E He
IGF-IMERDSAKtIAZ E SN R B L ST W5, 4l Chl-by v 737 MO B IMEFRD S e b o 7225, FERIZIGE-13
TFVIEIHI SN TR W EDFEREZ AT T3V RO DL LT, IGF-TRIBIZ AktD) ¥ {22 L7z, IGF-1IZ
XBS6KDY) Y EALIE, 73V BOAMICEDL ST AHERISHMLZ2S 7 /i & F 2V E Tl IGF-URRi 2L b2y~
AL TH o720 73/ BBRZIE, Chl-b mRNARZ M EEZICHED ST, Chl-bs v /37 HOMINIEES b o7,
TR ZWE IGF1Y 7 IV D) b A% L AktE TIRIEMHAL SN 52 L, Lo L, ZOFitlhii#E 3 5mTORCIDE AL
E T3 ThnZ EBHLNE R ST,
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AIINFE (Stephanolepis cirrhifer) D
15 PRR B V2 B JIH i T 2

AT (A sy B T

(& =B8]

T CHEK SN D T—IVEE (CA) 7/ T4+ 3=V (CDCA) = —WMITEE & Vo — IR L. BRI L &
PSRRI R E 250 “RIBIFBOHICIZ T3 a—ig (DCA) 2V ba—uig (LCA) DXHCKEAADTTE—
F =R EBWHICEGTAAERLONRDH L. —H, VYT X a—VlEE (UDCA) O XHEFEPERT IR % (PBC)
DRI AO I FEREWGRIC X BB ERE I THEEME LTH ISR MEZ OIS 5o RAFFE T, iR
HTHENINF D OHE RN TH HUDCA% AT 2N NAIHE = Bl E L7z, €070, TORMONRIRZ 10
THEE AT

(5]

HINF OGN ST & HEEL 720 CAZ IEEE LCEMEMICHB O~ 974 —CAZ ) ==V F & fTo 72,
% 2T, 7a-Hydroxysteroid dehydrogenase (7a-HSDH) &7f-Hydroxysteroid dehydrogenase (75-HSDH) 361 % £
DN (FK-3220k) % 8 L 720 FK-322KkD g, MRS T 277 A0V A - FRIARTA L 720 WIS, BRTTHER O 254 SO
R T DO E AT 5720 PYGUUAR HIIZ0.2 mMOZFEHA A RIL . 37C Cl~4HM, M55 L7z, PR R
DEEWFOE % MR D8 R % AT, BBk a< N7 74— %Wz,

(R -EE]

MHHBEDT a-KEE I % 7 B-REBIENELIT 5 Clostridium B DR PIANE (FK-3228%) & AT NXORGHEY 25 L
726 CALCDCADZEHTIX, TNZN AL LTT7-7r METH DB 7-F ¥V 74 F T 3=Vl (7=0DCA) & 7-FFV) ha—
Vg (7=OLCA) ##2 5 2B DRI THHZ xR LT E5I12, CARHDZLEHUIZHLTCDCAD S DZEHIZH L IHtkD
FE o7z, WA TH 27=0DCAL7=0LCAZRIML72FEER T, 78 KR EANDFE LA B CIGEMEL R L7z, 7-7 MEO &
T TH BTNV TV (UCA) EUDCAZ ML 72 EBRTIE, ARILIZIZEA LRI S h o7z BAERKISIZELT
FK-322%ki3 % %) Y A RICE OB AT EE R L2, 7 Y v AR TIE, 7Y 33—Vl (GCA) ZIEE ARG L &
Motz F) Ak FFEY a—VEE (GCDCA) 1232 A Biaa s h sz,

LB OBHEA B Clostridium)@ DFK-3220k1x, F125 %) RGBS 2B ST TS 7 a K EEFE DT B KR
ANDZEAVLTHE R ETHI DY S L5720 UDCAIRE MIEoTHRLNITRETH A Z LI XL AMSNT WS, S
THEIMITH LUDCAZ AL FG M2 LA SR BHOEHEMESEL LM WE ST WD, HiEeRHW %k
T 2ENME ORI, b NSO B WIS LTHHEN DL OF G RH M OF G AT 20 EZ N
%o
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IR EBR MBI A L yaf 5 J
WalkinglZ X AR B~ DR
~-TRPA1XO’TRPV1 blockerZ 72 #5t-

LR (A sy M FFEK

(T=-B8Y)

w i (High fat diet: HF) (5 v MIX L ZF AR IN=Y ¥ F ) =T F AV (EVOO) HIZHEEFN 5 EE KR 7=
J=NVTHrILruaf v, HhiEIROEVOOIZ L AR 7 ) — VB RIS & 0 0.04% B I3 5-35 L3002, Ly R
WG HE O LN TEENC B BRI EE) 2 405 U728V & E) [mild treadmill walking, MTW (W) 1 247 o723 & 1K
BOEEIZEDX) ISR BT 00T o HHEHE AR MM IBAT) RORABAEIRHE TWAT) 12
BUIBLUCPIBHELEZWEL . INATOR—=V 2 /bADEEIZOWT H Tz AIFZETIE, FFICTRPALH 5V TRPVI
blocker DEERENDFMPEGZ LD BE NN ZLIZED . ZHEKRENTDAD =X LBGE DT o720

(5]
Z v M&SD (Sprague-Dawley) &, 4O T v M2IE AT RO FEIESE O CE-2 (FHHIFEE) C 1B Pl i & L 728,

OHEICHED T L7ze 2D, RT 74 =794 7 C28HMEE L7ze EEEITV—F ¥ Ay MEEERPI £D12451M% 2~
fa—)V & (HF) &L, SRR L, I EISOEVOOICL AR ) 7o/ = VEBEHILE TH 54 L a4 »0.04% % 70
L7zt yu~A v & (HFO) L L7z, £720 MTW (W) 2479 BEiE, MLy FIV (ZNTEMMEK-680MU) 2 v 724478 B)

(2043/H. #FEE4 m/5 EREOESAHEEL) % BI25~ 6 HiT o720 EERBFIHFR (n=7) . HF+W# (n=7) . HFO##

(n=7) . HFO+W#E (n=7) . HFO+W+TRPA1 blocker# (n=7) XO'HFO+W+TRPV1 blocker# (n=7) D& 7I6#E& L
720 IRBGEEAN OB TR D720, FABREAORTH 735 3 05k HPLCE T, B HOIBATR U TWATHUCPL
ZE Bl w45 % Western blottingi: & VTl E L7z,

(ER-BE]

RIFZEDRERIC LY BRI EENT v MCBWTH Ly uax A ViS5 EMTWO B, R h 735 3 05k,
IBATRUOTWATHUCPLL NV A BB S & 72 A%, 25 OHINIETRPALL O TRPV] blocker# 512 L #ifl s 5 2
EDTREENTzo T BIRIFIEIT v b+ Ly a A S EMTWHHIC L R BEATTHED A H = X HIZB VT
TRPAIRL O TRPVIZ BRI G- LT 5 I EATRIE IN 72, 51T, R T A @RI HLERIC B2 UCP1O & H A3
MU7=2 &2 5, AEIRIMED N—2 2L Btk R S,
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IR EEI G YMIBIT A LyaxS b
I —F T ORI X AR BGE DR
~-TRPFXYAINDT VI TZAMIEBAN = ALDR AT -

BRI AR (A el AR B

(T=-B8Y)

INFET BEBAEERT vy MIBWT TFAIN=V ) =744V (EVOO) RO EVOOH DO EELR) 7= ) —

ThoHFLruxf ol HERNGRIEEIO S TER TH 27+ —F 7 (MTW) OB LY. T8 H & 8 IR iR
(IBAT) OBiIE# 72 AEE T (UCPD) R KON T35 I V50 25N - AL 722 & 205 X0 #h Rk
BOEENTUHET B LB ME LT E L,

ZZC AWZE T, S E RIS v MR IS OEVOOIZ L AR ) 72 /) — VEIEIZHS$50.04% 4+ Lo
RA VERPEG L MTW 2 BEH L7235 & O IR BGE DB % 720 F72 TRPALRUNVIZ 0 — % EBREISHRMLT
Ty MRS L, AN ALERET L7z, 2L T IWATIZB 2 RX—Y 2 JBIHIa 56 o 181 Cd 2 UCPL L U'PGCl - «
FEBEZE L, IR BB N—Y 2L~ DEEZ T,

(7i&]

SDR4EHGHET v  (4208) 2w, EBEIL, 5%REZzaY bo—Vv & (LF) &, ZhiZFHLboaxs 2Rl tLby
a4 Y (LFO) O2HBII L7z, EEREFIII N S DFEBREZEINTHLFRE, LFORIIH L, THENMTW (w:hb v F3
N T4m/5r 2053/ Hy 5~6101/58, BARE L CEM 2 L) 2 0HH S ELLF+WEE, LEFO+WHE, blocker #5945

LF+W+TRPAlblockerkt, LFO+W+TRPV1blockerkt® 6 #1255}, 28HM T 714 =71 > 7 TH L7,

[ER-EE]

EERAOMRE K ORI IR, LEFISH LT LFAWHETH BRI 2D o B ICh BaEE e h -7z IR/ VT R L
FUYROETRLFU ¥ F=83 VA WEIZLFBICN LT LEO+WEHIC B W TH BISE Wil /R L7275, ALK U VIblocker
B COHBED R o0 ANVADNAF I —H—THLHMAEF IV FIAT OV REILFEICHRERICAHEAIE
BOLNFRHATLI 2OZERDS, REFFETIToMTWIZT v MIESTAML AR >TWARWEEZ LN A, IBATH
UCPIHEHEIILFHICHN LT LFO+WEIC BV TR W Z /R L. ALK O Viblocker B2 B W TR W% /R L 720 IWAT
FUCP1 X UPGCl-a B EITBWT, LFHEICH LT, LEFO+WHE K UV 1blocker HEICBWTAHEICE WHEZ /R LT L7, —
Jiv AlblockerBEIZ BWTRWMEZ /R L, LRI LT AEEN 572,

INHDOZENS EEENABIT v MIBITEF L a5 EMTWOBHIC LV RB VT FLFY Y ROST F L
TV i, FHZIWAT UCPLKRUPGCL-a EFFEB R 2 A RTINS ¥ 72—7J7, TRPAIKU'TRPVI blockerlZ & h Z
I SN D Z EATRENTZ, BB, AL ya A U5 EMTWHEH I, TRPALL O TRPVISZ AR %A LC, Hn - A1 3f
MR BAE AR OS5 2 L LT, PRI ONR—Y 2 b~ —H —HE B TH HUCPI LU PGCl-a HAFE B R A BN S
H IWATONR— D 2 LA R S S D R HEAVRIZ SN 7z,
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RIRAF—IV 7 MBI L ATy —0D
T AV LRI A S = X LD

BRI AR (A ) fRIR Wb E3E

(T=-B8Y)

R AF =3I 7 M#E&1X, 100CLTFCAELUMBM A TARB T ETH 5. HHEIENBVWLERMEISHETLI LN
kS, INF TR AT — I 7 MBI WT D, FEIHE D B3R O AR KB 5 OZALAHE SN T WD, FRIC,
TRAINVE VREEICEH LT IG5 (2008) &, KR, PMMAZE, FEHEIIRAF =3IV MEAT L L ELDRT AV Vi

(TAsA) PHEIN3 A H 5722 & AILS (2007) 1EEHRIFIINAETIHKIR AT — IV 7 MEAIECT A2V E VR
GEMIML-ZLE2MELTVED, ZOANZALIIDWTUIAALR DL\ £ 2T, RWFFE TR AT — 3 > 7k
W) 7 ey a) —o@IGI 7 2V U (LLTFASA) IMA D = A 22 SN2 L2HNE L2,

[75i%]

AEHSIE M T NOMEIER 2 DALz 7 0y 30) — (REFEE, MAESKI-0998 L OB AN E, AEA) 2 H
Wz MMEE, AF =Ly RT3 art—7 2 (SCOS-4RS, =F T EK) DAF—LFE—F T, MEGRIEIZ60T. 70T,
80C. MNEEE 540 1045 15495E L7z BT O B LN EIIR =7 7<=V Fad— (ZR-RX40V, F21Y)
THE L MESE, FEEH LRI T T T T L ASABXOTALEI 7 A2V E # (LT DASA) ORI
24-Y 7=V F5 Y &M, Ascorbate peroxidase (BLFAPX) OGP #l%E 1Z Nakano * Asada (1981) )ik %,
L-Galactono-14-lactone dehydrogenase (BAFGLDH) OifMMlsE Z0bab (1994) 0% ZNENHE L TITo 720 7
VEFFEEOERICIZGSSG/GSH Quantification Kit  (FAZALFWFZEHT) 220 fEHLIIE Tukey i B L Ut &
175720

(fER-E%]

1. AsAERIE, fEFI, FEET L LB ITMBIAER IR T DD D o 72 A%, WA E A I AL TIEIREE AT W IZ &/
2L, 60~B0C OHPATIE, BV TMEL 72505, AsAZ ROHER STz, 2. 70y 3) —HEROAPX O T iR
23~30CTHH. FLEH. IEEH L LA0C T TREBVIEEL NIV TH 57225 KISIREH60TLL ETIE, EEiEDL/6FEE
FTHN L7 3. 7aya) —HkGLDHG mW B tE 2 A L. /B TR BUS IR 40T, 50T, 60C & ) IS E80T . 1E3%
TIERISTREESOTC & 0 BUBIREESOC TG BIZE A o7z, Lo Eh 5, 7uy3) —DRIEAF — IV 7Nz &
b7 AsADIEIKIZIE, APXARE LS LTHY, 70CR80C T T FI#EAH AT B STy AsAD S FRAFT A1 HE
PEAVRIR SN2,
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MDD FEERBEES FEm L
BRI AR

WREES
j(E/f‘/7?%‘/0)5‘?[,753‘/\1%575’;75%0:0\/\“( .................................................................. /J\f’dl< 2 I
n-3 2 A BRI FTNG TR DR RE L B 2 STRRFHAD -vvvverrrerrrrrereeeee oo M R

WERE=
B E o TEFEN D DM % TR T E DDA cevvvereeremmi EHOB
B DOIMADTD 72 5 FTHEEE EADIESEE oo R s
ML C,Crofll eI 35 D‘Z) 7 X BRASINZ X 2 Chl-b mRNARDHIJK  -ovveeerrerreeemerreeneens RO
o N ) VA ar I - 1 (e A G T PP PP PP PP PP PR PEPPEPERPERPRR WiH B
BEDT I/ BEDCCMIEDCDIbMRN AR 1T AT RIT e WA BN
73 ) @ﬁ‘/\TBCZCRﬁﬁE #H]H@@Cbl-b mRNA & =z %) 7> gj—}ﬁ% .......................................... 5@ $E

W\2tE=
t 7 X ORI O H— F-503, F-507, F-51612 & 2 HIFERZSHEIZ DT woveeeverreneeeeens LI NN
v 7 X OMNME O R~ F-502,F-504,F-50812 & % JHITERZSHRIT DU T rverrrrrrrrrrrmrenennneeeeees o/ NI
€5 A DBHIE OB F-510. F-514, F-51712 & B ITHEZHIZ DU T oovveeessersneennans it My
B 5 A QBRI OB F-501, 506, 51212 X BMIHRARIZOVT orreerrsrrsennnees I A%
t 7 X ORI OB—H F-509, F-519, F-52012 & 2 HIFERZSHEIZ DT oveererenereeeeeens EHE RN
7 X OENME O R~ F-511, F-513, F-51512 X ZJHITRZHIT O T rvvrrrrrrrrereeeeeeee A Wi H
t I A OINMIE QM —R F-518, F-521, F-5221C & 2 JHIFRRZAHIT OV T ooeeeerrrenennens BhE Wit

WPEES
SpectraLayers Pro8% 2723 — /S A G AT IC & 2 SR EFF R FTRI — 7 — DRI oo b
AcousticCore 8% M\ 2723 — S A FFRHTIC & 2 Bl RFEI T RUS — 77 — ORI oo HB O OBE
F 2T N - BT ISR BT DB M EETE AL IAT o eeeeerrrmmmmmmmmme ettt BLI O & 2
S A - T ISR BT D E B ZE DIBHT  coeeeeeeeeeerreeereeer e X1 RiiA
Ay b=AEH YT T RAFT =T Ly FOERMIARK TH 5
Fructilactobacillus sanfranciscensis@##‘I?Ekbﬁ .................................................................. H A
HRTA & - TS 51 2 R O T X 2 pH E TTADKISZAE DI -+-vvvoeoeeee RO
PraatZ FIV 720 — S 2S5 RAT I & 2 BB B TR0 — ) — DYETE oo % HAL

WSEH =
IR T v 2B B4 Ly u A G
W — % 2 22 k2 IR L Ot IR ek L2 ;bUZoPGCl AANDEE PE 7 X
VBRI 7 MBI 54 Ly B i S RO
VA —F Y7L B IMEIRE R O H BRI BT HPGCL a NOFREHE «oveeerereeeeee Wi <6
IR EHET v MIBT 4 Ly uRS 5 RY
WalkinglZ & 2 REER A BRI ORI 7 > /37 BEBURAN DR oo ¥ AW
TR EEI S v MZBT A Ly aRS YL RD
WalkinglZ & 2 B E8 L IR 1 O UCPIZE B A D B o STAE
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EMEI AN v MBI A+ L yaxg v FEEE

WalkinglZ & 2 B 5 B 1 NS0 DO UCPIAND B oo, Y 5 Ty
TR EHEIT v MIZBITF A A Ly S YERG R
WalkinglZ & 2 B8 B 1 G NS0 DO UCPIAND B oo, B 253
EARE=
Btk EmEM E LCOT 2 T 7 7 ORI
— TOMEICE D E T 4 X ARG PE DS — ceeeeereeeasmree e el SRR
TNT 270 = KBS AR B BRI O R
— LS ZE T & BERFPE LT 5 2 2 BT T Ua T — eveeeeamemree e ettt e et e e B B3
INVIBRRIC X A2 — — T OFTFTIVIEEE L JABRDZEAL  cevvrrrerrrerme BigE K&
Ui - AORBEMELTOT 777 7 304 Mk
— ORI L D FETINE & BEIFPE O JEUY —— «eeeeeeermennrree e e sttt e e e e M 55
Ui - AORBEMELTOT 7 77 7 2304 Mk
— T ORI L D FETINE & BEIFEE O TN —— «veeeeeerrnmnnnrte e e ettt e e PN &
TNT ¥ 7 ) =K S AT B RO R R
— IMAEZE ) & BBITPE I 5 2 2 5EZE [T D U T v rere e e sttt ettt Wy fZE
TNT ¥ 7)) = KBS AT B AR OR) R
— MUEEZS T & BB 1T 5 2. 2 B T UA T —— veeeerrrrrrmrrree e e e sttt e e e W X0
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R F ASEE T ) - SEBEEAE T U oottt Bl g
IA MY VRZICE D HRBINT S
TFTAZEFF L OUHIRIIR L A B = LA DRRET oo JINBR ESVIS
FUF—AOY —F A Ty ML BT - ARPEIANDEEE e Bk Mk
TR T ASEE ) - SEBRERE LT I T oottt HA Bk
FXTT T =T DRFEMUT D UN T wererrreeermmmmee ettt WA EuE
DHA - EPAY Y% 3 YEDOZHAEIZ X AIME FFHMEIEIIL coveeeeermrmmrreeeeeniiieeis N s
DHA - EPA & HiFAtY G ORI EAEFINZ X 5 MUE L FBIEIAIIL oveeeeermmrmrrrreeeeeniiiiieeeeesnes EE s
WiEE=
AT FOERAF — I ¥ THIEDT A TN VI U T I oo, ER/N %
T2V FOMIRAF — I ¥ ZHEDT ATV E VIS TATT I oo TR B
KRN LA 2 R L 72 KB O FR LT B G BHIFZE  ovvveeeeormrreeemmmeee et e st By
WIRAF = IV MBI L BT V7 A DT ATNE VRIS RUT T o Wi AE
RIRAF =3I VMBI L 2 F V7 Y F A DT ATV VRIS AT TR o =i MR
| et
KBTI BT BB OFI & BB NI DMRE]  covveerrrrreeemrre e B B
BT B 2 IR O & BEE AN D RREE  woveeveerrerrerreoreeeeeee e, W
LTI D FAE R OHME I BT 2 BRERTIAR  -vvvvrreeeremmrrrrrrreees sttt e e e e e s IR
TR DB T OB B 2 FEARTIAE  -veveveoveormeeere e, S
S 2 U Ly By 1 o Y13 2 L e e Bl NE
TR DT T OB BT 2 BRAR TR ceoveerrereoreoneee e Ny
LTI D FAE R OHAE I BT 2 BFERTIAR  covvvveeeeermrrrrrrrrees sttt ee e e e e 2 AR
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