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SUMMARY

[. Title

Establishment of Chamsong-I mushroom cultivation and development of higher value—added

products

IT. Research background and objectives

1. Research background

Shiitake mushrooms are commercially important crops that produce forestry high
income, along with chestnuts. Its productivity is ranked as No.l in the mushroom industry
and considered as special crops that provide added wvalue, compared to its volume of
production. However, the locally grown shiitake mushrooms are now in danger of being
eliminated by climate change and most of shiitake mushrooms are imported from China.
Traditionally, Shiitake mushrooms are cultivated in an oak and Shiitake spawn has been
inoculated on logs of an oak and propagated as a method of cultivation. But, the supply of
oaks logs has been reduced recently and in the meantime, Chinese shiitake mushroomes
are mainly on the shelf of Korean markets. According to outlook of agriculture published in
2011 by Korea rural economic institute, total amount of shiitake imported from China
indicates USD 5,975,000(USD 82,802,000 for raw shiitake, USD 29,728,000 for dried shiitake).
Based on this data, its import has increased more than six times within 5 years. Therefore,
sawdust—-based cultivation has received attentions as a new method of cultivation in
response to this crisis.

The method of sawdust-based cultivation for shiitake mushrooms has a weakness
which is the high initial investment costs. But, this method saves resource, labor, and
space needed for cultivation. In addition, since the cultivation period is shortened, it has an
advantage for planned production and predicted ship-out schedule.

The main production countries of shiitake mushrooms which use sawdust-based
cultivation method are China (approximately 95%) and Japan (more than 82%). In Korea,
the method of sawdust—based cultivation was introduced 10 years ago.

But, there are no officially developed and propagated methods of sawdust-based cultivation
in Korea. Therefore, consolidated methods such as sawdust round media-ground cultivation
in Taiwan, sawdust stick media bed cultivation in China, and sawdust block media bed
cultivation in Japan are being used in shiitake farms. These farms are researching and

cultivating shiitake mushrooms by their own cultivation methods .



In addition, Korean Rural Development Administration indicates that an average auction
prices (November, 2011) for raw shiitake mushroom of premium, medium and low quality
in Ka-Rack Market are approximately ¥39970(won) per kg, W17,000(won), and
W14,000(won), respectively. Each supply price of production farm families revealed
approximately ¥9,900(won), ¥4,250(won) and ¥¢3,500(won), respectively. Based on this
data, we believe that not only temporally increased production of locally grown shiitake
mushrooms by the method of mushroom culture on logs and increased imports of shiitakes
from China or North Korea result in reduced selling price, but also climate change makes
the income of shiitake farmers unstable.

For our research, we improved Lentinus edodes and bred it in the form of Tricholoma
matsutake. Unlike Agaricus mushroom, this new cultivar(Chamsong-I) does not have open
cap and has the characteristics of thickly shaped stem. Especially this new
cultivar(Chamsong-1) grows between 15725C and its shape, texture and taste are similar
to those of Tricholoma matsutake. Therefore, Chamsong-I mushroom has started to receive
great attentions by satisfactorily meeting consumer preference. Shiitake is simply known as
an edible mushroom in Korea. But, many people do not know that shiitake could be used
as medicated mushroom. Ajinomoto which is a well known seasoning company in Japan
extracted an ingredient with anticancer immunity which is called “beta-glucan” from
Shiitake mushrooms and developed anticancer drug called “Lentinan” 20 years ago.

This drug “Lentinan” are now being made and sold by a couple of pharmaceutical
companies in Korea. Moreover, Lentinan is widely prescribed as an anticancer drug in
Japan. The taste, shape, and texture of Chamsong-I look just like Tricholoma matsutake.
Also, its immunity substance “Beta—-Glucan” is similar to that in medical mushrooms and
Chamsong-1 has 28.3% beta—glucan.

Culinary mushroom has distinctive scent and texture and is used variously in many
countries. Likewise, since the beneficial substance of culinary mushrooms for health has
been verified scientifically, the consumption has increased worldwide within 10 years.
Especially various researches have been looking for the possibility to apply it to functional
foods. However, the application of mushrooms to various food products is very limited.
Traditionally mushroom has been consumed in the form of food additives such as
seasoning mixed with dry powder or processed in frozen or canned foods.

Moreover, from the food scientific point of view, there are great interests in the
nutritional value and storage period of mushroom after harvest. For instance, there are
several cases that powder of Grifola fondosa and shiitake mushrooms were used for baked
bread and powder of Phellinus linteus was also employed in the process for instant
noodles. Nevertheless, in our research we found that there are no previous studies and
reports that used the powder of mushroom in the process of making a fried food as an oil
barrier.

Furthermore, apparent shape, size, and freshness are the key factors for mushrooms in

the market in order to be selected by consumers. Besides these key figures, there are no
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significant differences nutritionally and functionally among raw mushrooms. But, it is true
that low grade mushrooms which are not qualified for the standards of these key figures,
lose the wvalue of commodities and the price goes down. Thus, most of low-grade
mushrooms are simply used as food additives to bring out the flavor and the taste.

In the food industry, a frying process is called “Art”(Getz, 2004) and a very popular
cooking method that is used globally from domestic house to food industry. Frying process
1s one of traditional cooking ways that put foods in edible oil and fat with high
temperature(150C ~200°C). But, since fried foods contain high amounts of fat and oil, they
belong to the representative food groups with high fat and calorie. Especially fried foods
such as snack, instant noodle, etc are being enjoyed by children, increasing the degree of
seriousness for their health. Thus, an extensive effort is necessary to reduce the fat
content in fried foods because the nutritional fact regarding fat (specially, saturated and
trans fat) content is strictly regulated. However, there are no reports to use mushroom as
an oil barrier to reduce fried foods so far. Therefore, this study can provide potentials to
obtain mushroom ingredients with beneficial health effects from Chamsong-I mushrooms

and apply them as a high value-added food ingredient
2. Research objectives

As mentioned above, the objectives of this research are to invigorate national mushroom
industry which is faced into serious difficulties and also to provide a positive plan for
UPOV. For doing so, the specific objectives are 1) to establish cultivation condition in
order to improve productivity of Chamsong-I, 2) to evaluate nutritional characteristics,
mushroom storage, and biological active substances, and 3) to stabilize mushroom rural

household incomes and secure exported goods by developing new mushroom food products.

IMM. Research content and scope

1. Development of high quality spawn and productivity improvement
The culture conditions of Chamsong-I mushrooms were optimized through liquid
spawn. The optimum storage conditions were also investigated in order to extend the
shelf-life of Chamsong-I mushrooms by the analysis of physicochemical and textural
profiles. In addition, the experimental procedures to prepare B-glucan-enriched materials

from Chamsong-I mushrooms were established.

2. Development of high value-added processed foods with Chamsong-I mushroom
byproducts

Green processing for beta—glucan—enriched materials (BGEMs) from Chamsong-I1



mushrooms was established and the resultant BGEMs were applied to develop high
value—added food products (fried noodles/wine). For doing so, combined physical and
enzymatic treatments were applied to produce BGEMs and their oil resisting properties
were characterized in fried noodles. In addition, the fermentation process of wine by
BGEMs were characterized and the procedures to develop high quality mushroom wine

were established.

IV. Results

1. Development of high quality spawn and productivity improvement
7}. Optimization of the culture condition of the mycelia of Chamsong-I mushroom and
productivity comparison
O The optimal culture condition for mycelia growth were established through the
complex media, temperature, pH, carbon source, nitrogen source, amino acid, and
C/N ratio. Liquid spawn was made by using the optimal culture media.
O Sawdust and liquid spawn were inoculated in sawdust-based media. After

cultivation, the products vield was increased up to 6.5% by liquid spawn.

. Quality analysis of Chamsong-I mushroom and development of B-glucan
extraction process
O The optimal storage conditions for the extended shelf-life of Chamsong-I
mushrooms were established through the analysis of geometry, weight loss,
color, polyphenoloxidase activity, and texture profiles.
O The optimal extract conditions for the B-glucan were established through the

conditions of added water ratio, temperature, mushroom size, pH and extraction time.

t}. Development of mass cultivation for high quality Chamsong—I mushroom
O Optimal culture period was evaluated by utilizing sawdust-based media and many
kinds of culture methods were evaluated for mushroom production. As a result

mass cultivation process was developed.

2. Development of high value—added processed foods with Chamsong-1 mushroom byproducts
7} Development of beta-glucan—-enriched materials from Chamsong—-I mushroom by
green processing
O Green natural processing to produce BGEMs from Chamsong-I mushroom was
established, producing a new mushroom powder with 49% beta-glucan. Also, a
high extraction yield (50%) was obtained.

O BGEMs exhibited cytotoxic activities against tumor—cells and also had an

_10_



effective DPPH-radical scavenging activity.

t}. Evaluation of processing performance of BGEMs and investigation of fermentation behavior

O Physicochemical analysis showed that mushroom BGEMs mainly consisted of
1,3-1,6-B-D-glucan and their molecular weight was determined to be 220 kDa.

O BGEMs exhibited a flow behavior like shear—thinning fluids which could be well
characterized by a Power-law model.

O When BGEMs were mixed with other food ingredients (e.g. wheat flour and water),
the pasting properties of wheat flour were distinctly reduced and the onset
temperature and enthalpy of starch gelatinization decreased.

O The fermentation behavior of Chamsong-I mushroom was evaluated by utilizing

hot water Chamsong-1 extracts as a substrate for alcohol fermentation and the

conditions for a functional wine with Chamsong-I mushroom were developed.

t}. Development of fried noodles with reduced oil absorption by BGEMs and a

value—added wine

O When BGEMs were incorporated into the formulation of fried noodles, the noodle
samples became darker while they had firmer texture. It would be mainly due to
the compact and tight structure of BGEM noodles, providing advantages of
reduced physical damages during handling and transportation.

O The use of BGEMs signficantly reduced the oil uptake of fried noodles, even
showing 21% oil reduction when 6% BGEMs were used.

O The health—beneficial effects of Chamsong-1 wines were evaluated in terms of
the amount of Chamsong-I mushroom B-glucan and B-glucan—added period and

the quality attributes of the final products were characterized.

V. Research accomplishments and utilization plans

1. Scientific and technological aspects

7}. Development of processed food products with Chamsong-I mushroom and
improvement of its storage stability (International manuscript publication
3/domestic journal 1, SCl-grade manuscript in preparation 1, Patent application 3)

Y. Award by Ministry of Food, Agriculture, Forestry and Fisheries

Title: Development of mass production system for premium Chamsong-I
mushroom

t}. Utilization of mushroom—-processed techniques as platform technology in the field

of functional foods

2} Establishment of various functional food-pharmaceutical technology

_11_



v}, Diversification of food processing technology for the development of functional ingredients

v}, Extension of the developed techniques to other cereal processing beyond mushrooms

2. Economic and industrial aspects
7}. Reinforcement of international competitiveness for Korea—-USA FTA
L}, Development of a new market and a niche market for mushroom functional products
t}. Expansion of employment and technology transfer with developed cutting—edge technology
Z}. Contribution to the improvement of national economic situation by increasing the

export of mushroom-related products.

3. Social and cultural aspects
7}. Improvement of consumer preference to Chamsong-I mushroom through the
scientific study on functional bioactive mushroom components
t}. Contribution to the health of people by the production of functional mushroom

food products

4. Research utilization plans
7}. Development of fried noodles with reduced oil absorption by functional
Chamsong-1 mushroom ingredients
t}. Increase in the profit of farmers by raising the consumption of Chamsong-I mushroom
t}. Pioneering of new international exports with functional Chamsong-I mushroom ingredients
Z}. Development of a new market and a niche market with high value-added

mushroom processed foods

_12_
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M3g gangEsd HWE S 2t
A1 A aEEs Aol AAFA NS 8 A Wl

1. ZFEolmAl FHALA AA wjFxd sy 2 LA v
b wtARA R A Wik gk e & }
(1) HBLE-1(ZF oA, HBLE-2(A & & Ao w4 54 A}
(7b) HBLE-13 HBLE-2 it5o] w2 & 53}
O HBLE-13 HBLE-2 % 5ol w& FAwAZE Awslr] 93Fe] PDA(potato
dextrose agar; Difco Co)E H 53 1659 HHIAE o]&. ZH7te] "X+ 12
1CoA 2023 E3rd % 90 mn Petri disholl #F3Fe] A3} 2™ PDAH]A| o
A 109 3F ke 54 AP B2 8 mn cork borer® &S wojuo] A
Z. HAEH WA= 25TY incubatorol 4] 204 7F v k3t & Aol Ay - Aba)
TE gulE =3}
O HBLE-12 MA, MEA, PDAM|A|e| A $-8k AL AAES B, HBLE-2%
MEA, PDA, MPDAA 8k A S 29 MAWIX 9] A9 FAA7F A
& WS AARE, A A eF wfg &S

40

35

30

25

20

B HBLE-1

Colony radius{mm}

15 B HBLE-2

10

* PDA, potato dextrose agar; SDAY, Sabounrand’'s dextrose agar vyeast extract; YMA, yeast
extract malt extract agar; MEA, malt extract agar; MYA, malt extract yeast agar; SA,
Sabounrand’s agar; MA, maltose agar; ES, ebiose medium; MPDA, Martin’s peptone dextrose
medium; MCM, mushroom complete medium; MMM, mushroom minimal medium; YPG, veast
extract peptone glucose medium; YPD, veast extract peptone dextrose medium; YTM, vyeast

trypeptone medium; YM, yeast extract glucose medium; Seong, Seong’s medium.

_19_



<HBLE-2>

<HBLE-1>

(\}) HBLE-13} HBLE-2 3] w& H3z &% XA}

O HBLE-13 HBLE-2 F=Fo] w& AR Ags £os Muslr] 98]
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(th)

HBLE-13 HBLE-2 w5 w& 2 pH XA}

HBLE-13} HBLE-2 = w5l w& A4 pHE Awsty] fske] 01N HCl%
01N NaOH= zA¥ MPDA(Martin's peptone dextrose medium; Dextrose 19,
Peptone 0.5%, MgSO, - 71O 0.05%, KH:PO, 0.19, Agar 2%)®]X|E d3t3}]
90 mm Petri dishol] #=F3%F 3 PDAR|A| A wjdd #F9 HARAE FES 8 m
cortk borer® wZ& wojuo] HE HEE wAE= pH 4, 5 6, 7, 8 9, 1074

pH 1 Ao 2 AxHN o™ 25T 2 incubatorol] A 2047t w3t & FALe] A7
B ARG BEE Sk AT O A3 pH 4~5004 8 dAF A
A=

W HBLEL

Colony radius{mm)

W HBLE2
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O

(2}) HBLE-1, HBLE-2 3o w& A4 gard XA}
E

HBLE-13} HBLE-2 % #Fol tha A 8498 Adslr] 939 Czapek-dox
(Sucrose 3%, NaNOs 0.3%, K:HPO: 0.19%, MgSO. - 7TH:O 0.05%, KCl 0.05%,
FeSO, - 7TH.O 0.00196, Agar 1.5%; ©, & A& A& Sucrose’} @4 Yol7] i
of  ALAZ) WAEZ  J)EERE Fo]  starch, D{(-)fructose, sucrose,
D(-)mannitol, D(+)glucose, D(-)sorbitol, L(+)arabinose, galactose dextrin,
lactose, D(+)maltose] v =5 100 mM= ZA3dlo] ZF v x| E ZA]. PDA® A 9
A HH FH 27FA ] A BE-S 8 mm cork borer® tES wojuo]
T3 5 20T 9] incubatoroll A 209 7F w<F, AR A A3} A RS HvHE
=5

O .

O T #F EF fructose, arabinose, maltoseol| X $F35 A} AAS w9al
HBLE-12 arabinose°| A HBLE-2+= glucoseol A 74 93t 3<% HBLE-1
< sucrose®l 4] HBLE-2+= lactose®l Al A} Aol EX] Foke-.

40
35
30

E

E 35

:E 20 -

=

2 15 4 B HBLE-1

8

10 - B HBLE-2

N
e
Giucose \m‘.ﬂtol GalEttose

. 5%“

N 4
Dextrin Lac‘tose Mahose
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(vh) HBLE-1, HBLE-2 ¥l mt2 A4 Aig AL

O HBLE-1¥ HBLE-2 5 5o W3t AAAALAS HAiEr] 935k Czapek-dox
(£ AgeAe= daddol HE NaNOsE AAR) HiAE 7|EujA= 3o
ammonium acetate, ammonium oxalate, ammonium phosphate, ammonium
bicarbonate, ammonium nitrate, ammonium sulfate, ammonium tartrate,
ammonium chloride, sodium nitrate, potassium nitrateE 20 mM=Z XA 3}o] 7+
WX & ZA. PDAH]R| ]/‘1 HH G 271 ] FARAE FE-S 8 mn cork borer
2 7ES dojuo] HE3d & 20T Y incubatorol A 209 7F vk, HALS] A AN

/\}HH 4 UEE S —f—xé %P
O HBLE-13} HBLE-2+ potasium nitrateo| A %73k AR A-S H AR e 1
E2 fAE AFEE =2 2PEE XA AL ammonium tartrate, ammonium
chloride, ammonium nitrate, ammonium sulfate$ 3, == < 7} 3 #ARAA
o

S X< AL HBLE-12 ammonium clroride, HBLE-2+ ammonium nitrate®
A AR A4S AR 2 vA ol A HBLE-13 HBLE-2%& Bl A @A

35

30.1
30 285
2q2
E 25
E
Z 20 18
9 15.8
E 15 1 q b s ]
E 114 T=o
8 10 Teg 72 B HBLE-1
: - W HBLE-2
1.3
0o g0
o -

A Acetate  A.Oxalate  A. Tartrate A. Phosphate A. Bicarbonate

A Acetate A Oxalate A Phosphate A. Bicarbonate  A. Nitrate

A.Chloride A Nitrate A Sulfate S. N|1rate P Fﬁtraie

A. Sulfate A. Tartrate A. Chloride S: Nitrate F;._Nitrate

<HBLE-1> <HBLE-2>
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(v}) HBLE-1, HBLE-2 #F°] w2 ZHA Amino acid Ak

O HBLE-13} HBLE-2 % =] i3 2A amino acidE A&317] 938+ Czapek-dox
A Z 7| Eu R 2 &9 Phe, Leu, Ala, Ser, Asn, Arg2 20 mM=Z X4d3lo] 7+
W& 24 PDAW| Aol A wikd 77FA] #7729 #AdS 385 8 mm cork borer
2 7#EE dojuo] HE3 3 20T Y incubatorol A 20€ 7+ wjoF, ALe] A A ¥
AR AR E SukE =4,

O HBLE-13} HBLE-2¢] A4l 293¢k amino acid=:= HBLE-13} HBLE-2 &=
% alanine®}  serinedl|A] ARl whE A o]FolF o, T oHF T
phenylalanine® A= AR ] FA] 94%aL, arginined A= WAL AFEA] &

sl 2.

40

35

34
s I
29.6
ik 772
25
21.
20 18,
16. 14 M HBLE-1
15
= HBLE-2
10 4
5
X o0
o
Leu Ala Ser Aszn Arg

Amino acid source

Colony radius(mm)

<HBLE-1> <HBLE-2>

(Ah) HBLE-1, HBLE-2 =] W& AA C/N FA}
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o] HEd & 20C9 incubatorol Al 204 3¢
HIQF, wtALS] A F 3} wAG WEE S -

2S5 8 mn cork borer® &S uo
= =
O ®ao & <

Fe AATIE A F& xdste] AP C/NH|ZF 1:2090 A4 51
1:1007hA = wFEo] B AekA X3kadal, A4 & AT B 4

zxAste] AFs C/Nul7E 20164 FH 100:17-4] 4] HBLE-1&  60:1° 4],
HBLE-2% 40:10 4 A8 o] YFoskal &

20
16.8
16.2 197

15 M 1349
E 1z 121
£ 1
T 10 R
= . 7 H HBLE-1
=2
3 B HBLE-2

5 -

an aa aga ao aa
a

1:20 1:40 1:60 1:80 1:100 20:1 40:1 B0:1 B0:1 100:1

<HBLE-1> <HBLE-2>

g, HAe) A AR W )
(1) AAEF i 2 A AF

mm)E & 26T AGuiFr]olA] 158 &t missh &

8
of #AMAE F83 v}2, 80T dry ovenoll A 24417+ &<k A
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ZAIZL - 4 2pe] AL FAE A
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ol ooz oft XN o

)

o X o oft

(2)

<HBLE-1>

Hlj 27| 7F 1~58H Box(ZF= Box) 6~10E Box(= Box)
Elol=1] 59.0 kg 70.4 kg
452! 57.7 kg 69.3 kg
502 57.6 kg 68.6 kg
75l 57.5 kg 68.6 kg
sogl 56.7 kg 621 kg
105 56.2 kg 676 kg
120% 55.7 kg 66.9 kg
<HBLE-2>
Hi 27| ZH ubA 3 7| () kA 5 7| ()
30y 59.4 kg 69.7 kg
459 58.3 kg 62.6 kg
602 57.4 kg 67.2 kg
75¢ 57.3 kg 67.9 kg
oy 56.7 kg 66.6 kg
105 56.2 kg 66.1 kg
120 56.0 kg 65.7 kg
450 T 421.98
400 1 360.12
350 1 301.26
300 04001 258.33 254.8 230 1
250 T198.98
200 1
150 1
100 1
50 -+
0
02 752  90Y  105Y¢ 1209 1352 150¥ 165Y
vl 71 3F
800 1 691.21
700 t
288 1 497.59 476.3
1 387.1
400 1,0 2941 9983 29758
300 1 <2
200 1
100 1
O p
602 7524  90Y 105Y 120Y 135Y 150Y 165Y
) g 7171
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2. FFowAe 54 4 d vg=F3 =34 %4

7k Fgewmale 5454

- g olgsle AxA F Axd FEol
WA 100 gol BiE A Au 8R, westE, ER ol @, 4% 24F, ©
o]‘rﬂ, B]Ji‘.%‘ﬂ‘?l, = Ol—f_:ﬂiﬁ/}l’, H]E]»EVJDZ’ H]FJ’E'_]_DZ(IU), H) 9B, /S,O]/\,j-ﬁ—’

Edros BHHE, FE9 FEFs £43

(2) ZEolm e o2aE vl 4

O WAlo] &3t Q= thE Al gl o ZuE oy ole] TS 2AE A
7} 81 mg/100 gO 2 EIHA(9.6~200 mg), %4 o] MA (55 mg), ¥e 7214 mg)
A+ = 124 wre] 7F

o 913!
urke 4 Be g dEagevas ¥
ChReHEFER) AR 1) = A4S A8E dshs FELE 486

*3

i

No. Test Item Results

1 Protein 164 g/100 g

2 Fat 1.8 g/100 g

3 Ash 46 g/100 g

4 Carbohydrates 68.3 g/100 g

5 Sodium 11.2 mg/100 g

6 Phosphorus 463 mg/100 g

7 Iron 8.43 mg/100 g

8 Calcium 18.7 mg/100g

9 Potassium 2.14 g/100 g

10 Thiamin 0.89 mg/100g

11 Riboflavin 1.02 mg/100g

12 Total ascorbic acid not detected (LD 1 mg/100g)
13 Calciferol 4.8 pg/100 g

14 Calciferol (1U) 190 1U/100 g

15 Pantothenic acid 10.2 mg/100 g

16 Dietary fiber 39.7 g/100 g

17 Trehalose 1.93 g/100 g

18 Maltitol not detected (LD 0.1 g/100 g)
19 Moisture 89 g/100 g
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O WAle A= AT A

~~

§\]
N

O

TE A% 2kdxd 2A

A”AE AFR3 alginate, xanthan gum, chitosan® %Y Rheometer(Rheostress
RS1, Thermo Haake, Karsruhe, Germany)Z ©]&3le] A3 JAnE 7|Fo= 24
A =, 0.05-1.0%2 A xFE Gofol thel 25Tl A 0.1-200/sec7k*] A& E
HBIA 7| HA] AG-28S 24390, 047/secd] AeEEo]A 001 Pase) AEE

HolE & Ay vz 24
=

A
=

il
ke
e
Ir
(5
o
off
i
)
®.
=
=8
o
>
8
N
el
o
=
5
o
=
0
c
3

0.05%; chitosan, 0.8%(w/v)) = A|Zx3 AR GHE AZHolE o] &3lo] T LA
SRt 12TColA 6Y3F A3EA 29 (FA 02 Al5E FHall 43 &e,

3 AAA A BIE WS chitosane] tEA= 4, 12 2 25T A A HA] =

Lo WE AFEAS 4T

O

1.00000
0.10000 A
;:_: 0.01000 A
£ 0.00100 -
==
== Alginate
0.00010 —a—Xanthan gum
—— Clutosan
0.00001 -
0 0.2 0.4 0.6 0.3 1
Concentration (%o)

FolmAle Az e FHgAs Wil

AEolmAle AF T S8 £4 ARE dolry] 9te] #38 A5 Aozl WAl
EHS alginate, xanthan gum, chitosan & * 23 t}2 12CoA 6Y o+ A
F T T LSS FAY. 2 nE FF &4 AEE 08% chitosan £ 94-&
MAsLe] IRAY § 4, 12, 25CAA A & F4 W E 2Ag

24 o)W Al ol alginate, xanthan gum, chitosang &3 A$ T3 A& 77}
10%, 7%, 6% 2 HstA] &2 dZ2T(26%)° W8] 5 Aago] AsE. 53

chitosan®. & ¥ g3 A9 hxa3 vlwste] 62%¢ F8 &4 742 3}

b mpela] 2o mE i £ ARE dolry] 9138k 0.8% chitosan §

Ng A3t ZRAY £ 4, 12, 25ColA A & E£4 W5 AL Chitosan

TR AT 12TCAA A% Al 6% 53 FA&S W X7 (26%) 5T} 4
Ade BYoy 25T = 28 HE EHE HolA ¥ds. ol Zol,
&l

=3
Zao] e 2" Held WAle] FRAAES FEHJoH, a-AYEASG A

£ o f
2



Weightloss (%)

30

(N
=

—
<

Femmol mE FoAQl Aol HolA @k, ol daEFH Lol sl
chitosan¥} 72+¢ FEEZAS HJ@dls Aol A A WAl S8 £48 x| 3=
g 237 das & 7 S
40
B Control
B Chitosan
~ 30 -
§
S 20 -
=
;
10 -
10
Control Alginate Xanthangum Chitosan 25T
Q) ol Ale] Agzdel wE M W3
O A% AN F AT WSS B kel viA A% REe) AaWe EEvw
(L=92.30, a=0.19, b=1.92) 2. & H A3 Chroma Meter(DP-400, Minolta Co., Osaka,
Japan)E AbE-3te] HAEoH, dRl)gt AEAHAR)R YERE. 7F X2l tellA

AR 10714 Fste] 38 v
o RS ANE ST

88.11°]1<1

A 49 o) F

=49 F At H2ge

g sk Aol A 6L7MA 77 F.
chitosane I8 A |3k HAl A 7}
= w9,
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A7713E E]k F-AE] W Alel wiskel sid
wel 71 Amst fodow Fadp<0.05). A
om A 6ol A FAE W
WAL 8475-84.899) WISIE frolHoR B Lgts
58 fo8 o Lol

Asa grlel A

EAE AYg A5 Like Wstet AE
A5 S48 WAle Liks
AL 81.66%2 A%k v FE] A sk
FAFE Eg FA o] A
7483 2 xanthan gum¥} chitosan<
A o] 2ol E YERE AEE A% 6
HE FE HdoE A F4 54 =



Color Storage day Control Alginate Xanthan gum Chitosan

L 0 88.11 88.11 88.11 88.11
2 86.04 86.99 85.02 87123
4 83.29 86.64 86.27 86.13
6 81.65 84.75 84.81 84.89
AE 0 13.41 13.41 13.41 13.41
2 16.05 14.32 15.98 14.25
4 1259 14.85 1551 14.92
6 1957 17.31 17.38 16.95

2. A HV*J 5C°ﬂ/‘1 AL A4

= W chitosan ﬂﬁli 60177}X] M7 FAE. H, A

=(4T9 12C) AR A-Fole 28 =4 Ag w59 T8t A% 6 &

& A A& ll:]—?:]!- AE#FS A7 Ao Aol wet Frkstes A3ds B
3 S

o}, AL A3 chitosan Aol oJa] AEZke] Ao =M 27| ARG Ale] W
Mo AEE §A% e A F A gREES Adsty] g A Lo
A AFsE Aol Aos, A2 A A= A-YAYE Tl AmFA 7
TE ABT F A8 T F AN
Storage Control Chitosan
Color
day 4°C 12ie 250 4°C 125 25°¢
B 0 88.11 88.11 88.11 88.11 88.11 88.11
% 87.68 86.04 85.42 88.08 87.23 86.69
4 86.11 83.29 79.58 86.42 86.13 83.54
6 84.72 81.65 71.27 85.32 84.89 80.47
AE 0 13.41 13.41 13.41 13.41 13.41 13.41
2 13.57 16.05 16.40 13.30 14.25 15.05
4 15.28 17.39 22.56 14.66 14.92 18.21
6 16.20 19.57 30.58 16.38 16.95 21.65
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4ol Ale] AAZ7Ao wE Polyphenoloxidase A w3}
Polyphenoloxidase(PPO) &4 2 A& 10 gol 20 mL% 0.1 M sodium phosphate
buffer(pH 6.0)5 H7}3te] v, of3}ste] A2 o<} 0.2 mLel 0.1 M catechol 2.8
mLE 7}3}e] 420 nmol A 383 3= HEE SAHSAIL, 249 01 mLo] 1
3F 00019 F3=E T7HA 7 As 1 unito= A3

O PPO &L WAle F2E Hrishe 89l 5 stz Mg 3/ 4w &
23 Frz 283 BAl WY tyrosinaser PPOY dF0 2 0.2%9 T-#E THir
3, polyphenol ¥ monophenolel] 2H-&38te] 44 & 3l melanine A3 &2
24 49Ws fFrsh uges] B AFoAE A dAeo] 43 alginate, xanthan

gum, chitosang A3t 37|99 HES AaAFo=ZH WAL AWA83 #

W3l PPO Aol M A& 93s 2418, AFAd47 S71E4E PPO 4% &
A F7rgrom A WAl AR 7|7F T A Wl Js FAL XVOP 717 =

T vaste] SE A g
£ 3], chitosans 23k WAl

=]
= .
Aad EAdds B weta] Hal } A] chitosan A% -& €3] 244 4
HagS Asiste] Fd A 713F Aol Jhed Aoz dd
9%
H 0day
B | 2day
'E 60 U 4day
E- | 6day
2
7030 = I
o]
&
[
0 I =
Control Alginate  Xanthan gum Chitosan

MA A% 4ol A PPO 54 @Al tld A% £E9} chitosan 2] TS *
I

A st FAE Al BE A 2xdA A% 7|3be] kel wel PPO &
dol Stehe Aoll e, vt St E A% 4TIHE Kl
Chitosan #® g WAL AF %7} 4-12-25C2 A5l wtel PPO &4

A A A= 64297 7FAF. E3)], chitosan A8 3@ & 4T A A =3

A9 A 6Y7HA 6.0 unit/g ©] 3 PO &4 S X217, 3A, 25CAA A

s A g ALY A A 4Y o] 3R HASHA Bagde] AAas olHd A
of

-
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PPO activity {units/g)

(=z]
(=]

(=]
=

0

(a) 4C

20 I
#Control

E_’JG | ®Chitosan
< 20
':E 20
<
Ml B E

D 1!

0 2 4 ]

Days of storage

(b) 12°¢ {c) 257¢
200
#Control s " Control
. =
#Chitosan £ 150 | 9Chitosan
Z 100
L -
i o
0 2 4 6 0 2 4 6
Davs of storage Days of storage

(5) AEolmAe) Agzdd we =47 Wl

O

WA el A7 Texture Analyzer(Model TAXT2i, Stable Micro Systems,
Surrey, England)& o] &3l A3 HA 2 &5 A4 11 mm, %°] 10 mm=
2} 20 mm A A 9] probelcontact force 0.5 N, speed 1.0 m/s)Z °F 80%7FA <F
Z3k= texture profile analysis(TPA)E o] 8319 hardness®} gumminessE =4 %)
HA AF B2 1 cme ASHARZR e $ A5 A Hysk oz 3
S 713l 8 mme] Zol= 2 mm A7 2 probe(contact force 0.5 N, speed 5.0m/s)E
AFA7]= Penetration testE 2 A&
Az g7t S E 28 ALY hardness7t HAadtdow, FA 7 Al w59t
gum ¥ A7 A5 A 2¥95FH hardness7t 7+

8 A3 HAS A 49 5E hardness’} 7F43F ¥FbA | chitosan A8 Al B3
=
]

a3k Alginate S

e
®
=
=+
=y
)
=

T2 S HAl9 hardness?} BlaLsle] 50% oS A FTFo=ZH

71 aaA . o]t o], chitosand] gt A AT Fgardddo]l AR ®d
o] & S HAS WAt A v A Ee] WA od 24 A3E A AAF) o EH
AA A ZF hardness A4S A AA .
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Gumminess (N)

40

30

20

10

YControl
I B Alginate
60 ® N anthan gum
B(litosan
z
g 40 I
3
= I
20 E
0
0 2 4 ]
Days of storage
O Gumminess®] A$= A 571 F71ge wel RE Azl A ar, A%
2937 4ol alginate®} chitosang FB 3 A|F5ANA Fodoz FAeFHY =2
e 39, Alginate Aol A%, AF 4Q7AE FAL T ¥ g v

73 =
o o] & 64X HA3 st ¥ 79 fAHE gumminessE B AT
Xanthan gum & A E8E A% 29 714 @S gumminessit-g B o1}, A%
49 o] ZHE = A 4. 3¥, chitosan A E S UFE Al Fof H]Ee] A A 6Y 7R
% gumminess W37} AA UEbg o mA WAl A4 A Eddd. 2 4
T FZE B4 FHEE 6979 AA 717 F penetration testE FHsto] B
Aol F-8 AX(softening)E 43 A3 A 83He] Fol4 zol= glnow, A%

= T BA AR
29) O R FoHen padt ATE 1l

K

il

M

5.0
Control control
= Alginate —*—alginate
== anthan gum | % 4.0 =&=Tanthan gum
—8—Chitosan %‘ —®Chitozan
;_'. 3.0
g
g
€ 20
1.0
0 2 4 6 0 2 4 6
Days of storage Days of storage
WAl chitosan 2% X2 = A% exo] W xAge] MEE =4 A
g B2 2359 Axtel §AEA AA 7 7ke] Z71ES4E BE 2T oA hardness
7F A AT A2 AR Fe, 2" A2 WlelA 5157 No2 A% 4
A7bA gelAel xpo| glo] Aol &AH. 2Ett BCAAE =8 2o BA
Slo] oF 60%ol4el #aE el vAle] hardnesst Lo WU Bl LS
5l o) &
= O,
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Force (N)

30

60

Gumminess {N)

Force for puncturing (N)

(a) 4 (b) 12 [c) 25T
30 30
#Control #Control ¥ Control
¥Chitosan 60 - ¥ Chitosan 60 - #Chitosan
:
g 40 £
z £
£
. i 20 i i
0 , il
6 0 2 9 1
Daysofstorage Days of storage Daysof storage
O A7 & gumminess®} softening= A7 7|3t & AW =27 F5del we 2
© AlEolA Fagh 53], chitosano. 2 A8 A 2]dk Q¢ F-A el vk
gumminess$} softening @] Aa7F AA dojdozH Ao sk A7k Wslrt
49g. WA A% Lxot S7Ge g} 5Fel o osAgel olste] £Ao)
Aty = Aol TAskEH, £ AR AR 7IRE T stk o gk WAl
247 Wyl B o, A2 A 9 chitosan X 2ol 93] Astd o] A<
2 F dee FA%
10 40
(A) Control - (B) Chitosan
-+ -4
1 g 30 -=12C
=—25C z ——25T
£
20 - “E 20
10 - 10
Al 04
0 2 4 6 0 2 4 6
DZ_\‘& of stor age Days of storage
) 5 -
(A) Control —_—i (B) Chitosan P
-8 27 - 27
4 . zZ 4
—+25C ~ ——25TC
3 % 3 \
&
b
’ 8 @ \
1 1
0 2 4 6 0 2 4 6

Days of storage
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O WMEEFI FFA HA9 SRS Lopry] 935ke 85T, 90T, 95T, 100T, 10
5CxANA A7 18A3bst FF3te] 1R FF 9 F&& A A
HBLE-1, HBLE-2 E%F A= 500 F¢9, %%+ HBLE-1 100C, HBLE-2
105Col A ¢

N
g
4
o
o
=
o

o AT 2004 A 50wl
IFE T L E T
. HBLE-1 3.52g 30.2% 1.40g 14.0%
e HBLE-2 2.30g 23.0% 1.05g 26.3%
. HBLE-1 2.90g 29.0% 0.99g 24.8%
e HBLE-2 1.90g 19.0% 1.24g 31.0%
. HBLE-1 3.48g 34.8% 1.28¢g 32.0%
e HBLE-2 1.40g 14.0% 1.04g 26.0%
. HBLE-1 2.97g 29.7% 1.70g 42.5%
100 HBLE-2 1.20g 15.0% 1.20g 30.0%
. HBLE-1 2.90g 29.0% 1.44g 36.0%
1o HBLE-2 2.16g 21.6% 1.65g 41.3%

2= A~
A dxwAl, debE(ef 118mm), MEA(F 150m) HHE FE F FEEES
) o

st AAS FHYNE 24T
O HBLE-1 ¢8R H& zhaoz vk, AA 4 508], HBLE-2+= v &4, A
A 508 FHelA 7MY =2 28-S Y
A% 200 A% 504)
o)
h R g PE L g
HBLE-1 3.06g 30.6% 1.44¢g 36.0%
e
HBLE-2 3.0g 30.0% 1.11g 27.8%
HBLE-1 3.40g 34.0% 1.90¢g 475%
o)k ] (F 1.18mm)
HBLE-2 3.0g 30.0% 1.75¢g 43.8%
HBLE-1 3.72g 37.2% 1.80g 45.0%
)& (2F 150um)
HBLE-2 1.65¢g 16.5% 1.92¢ 48.0%
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Fee AdE FHFbrix o=

Akal 9L, 184

B

o ] HBLE-1,

HBLE-1 HBLE-2
pH 9hr 18hr 24hr 9hr 18hr 24hr
3 6.6 6.8 7.2 5.0 5.6 5.8
4 2.4 2.2 2.8 24 2.6 2.4
5) 2.4 24 2.6 2.6 2.6 2.2
6 2.4 24 2.6 24 24 24
7 2.2 24 2.6 2.6 2.0 2.4
3 2.0 2.4 2.6 2.0 24 2.2
9 2.2 2.2 2.6 2.0 2.2 2.2
10 2.4 2.2 24 1.8 2.2 24
11 2.2 2.0 24 2.2 2.0 2.0
12 2.2 2.2 24 24 24 24

_38_

kg, 10 kg 5), MA (LY, &5, d5EF 4 T HEE0 cm),
21 m 20 cm) B SAAE T o] EA] e AR oj# e WO
F, ASS AA FEHE A A wiF e FAY HEdA 7sES 539
AN B SRzl o7 RawAl A AEF ol sle] Aulrgryre]
e thA] T gele

O ok, 20108 49 1 m 20 em Fu5 =5 ZF 10029] HBLE-1, HBLE-2E
T 5 ok9] sk AuiAbel A wi¥ R S-S A A3 HBLE-19]
Stefo]l HBLE-2¢] Hla] tha HolA A vt Tyl Aol A Ajnjd HBLE-1¥.th %4
AEE Y =& 498 495



<X A > < Kg == A 8>
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<gArASH WSR2 Qe HBLE-1>  <dARAS 2 Z2WzEZ A8 HBLE-2>
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U =5 A4l HBLE-2>

U5 =5 HBLE-1>

311.88

127.28

350 1

300 T
250 1
200 Tt
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M
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o
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A
K
o

R

Folv Al WES T2

Z

A gl uE

Fat w4

o}

7}.

G R

i3

_?4

ojy
Nk
-

il
T

(1) et

7h A2

HUES AxG5T, 24 A7)
AA=L7] (30-50, 50-100, 100-200, <200 mesh) ¥ = 2%

g

)A

B

]

el
4o
KR

30

20 ' ' I I

(2:) ueanb-g

50-100 100-200 200-

30-50

Particle size (mesh)

Particle size (mesh)

50-100

< 200
26.43

100-200

30-50
24.02

26.17

25.85

B-glucan (%)

3}
.

R e

3|

AES B o}t 50 mesh Bt} ¢ Zrolx|d 1

2

fveel

Ho

de= AL =

Yerow

=
=

Fel A=

S

100 mesh ©]

g,

i3

il

°o]-&

=
=

stirrer

3

miracloth A& A&

°F 500 rpm

o
iz

20

T
ja)
il
L

N

—
o

=

=

B
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60
50
40
20 = " Vield
20 - E 3-glucan
10
(1]
5 min 10 min 20 min
Agitation
5 min 10 min 20 min
Yield (%) 52.49 53.63 52.02
B-glucan(%) 39.56 39.85 39.43
O MyFAIZEe] whE 3 2 FE&9 WSl glen® wWykAIRRS SR o2 AAT)

(2) =84 AHgE &3 FEouA WEeEEF7 443t
O FFoNA BLE @l FHA 60 mLE Jha Aol wE &
(Ultrasonication, Homogenization, Boiling, Autoclaving)E 3t Ut} miracloth
ol 43ko] 7etelstata oelnt AREE Reld ¥ FAAE & F 747e] &

R HEEEn dEe AT

o o

(7}) Ultrasonication

(0]
50
A0
30
55 = vield
= p-glucan
10
O
Filtrate Residue Filtrate Residue Filtrate Residue
20 min 40 min 60 min
20 min 40 min 60 min
Filtrate  Residue Filtrate Residue Filtrate Residue
Yield (%) 42.29 48.76 43.82 48.12 47.04 45.03
B-glucan (%) 1.85 40.52 2.15 41.26 2.34 41.28
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(\}) Homogenization

50

40

30

20

1Ll

B vield
Lhe
10 B-glucan
0
Filtrate | Resicdlue | Filtrate | Residue | Filtrate | Resicue
1 min I min 5 min
1 min 3 min 5 min

Filtrate Residue Filtrate Residue Filtrate Residue

Yield (%) 44.13 47.12 46.04 45.79 45.23 46.16
B-glucan
(%) 3.28 42.77 343 42.53 3.65 41.80
0

O Homogenization #2]ol] m& J3ks F43 Ay} o3} & Z575-2] 7% homogenization
e Alzbo]l ST E e 9 pEo] ok A ATHE HS o] whslo] of ol
[e)

)
]
o] 35 vielEFt g 8 el oft S

(t}) Boiling
1h 2h 4 h 8h 16 h

Filtrate Residue Filtrate Residue Filtrate Residue Filtrate Residue Filtrate Residue

Yield (%) 37.99 52.58 39.86 51.48 39.38 51.26 38.73 52.13 39.10 51.18

B-glucan
©6) 176 37.91 6.99 38.05 767 39.65 8.10 39.28 8.90 39.81
0
O Z&EolAal B deels 1, 2 4, 8 16 Al7Hs<t hoiling X 2] 3le] o3 A7 &
9 ojmele MEZRI G D £ES AT A A4 NHIEN §F o
F& Wle AEER e
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50

A0
30 ——— — — — — -
20 R M| EE— M — S S M S—— & S RUT[]
B p-glucan
10 . — — — — -
(1]
Filtrate Resicdue | Filtrate Residue | Filtrate Resicdue | Filtrate Resicue | Filtrate Residue
1h 2h 4h gh 16h
(£}) Autoclaving

50

40

30

= vield
20
E B-glucan
10
0
Filtrate Residue Filtrate Residue Filtrate Residue
10 min 20 min 30 min
10 min 20 min 30 min

Filtrate Residue Filtrate Residue Filtrate Residue

B-glucan (%)

Yield (%)

autoclaving X @l W|8] 5. H3 autoclaving * ] ¢} boiling X8 E v
|

W AFEL F&2 "S53k autoclaving A E] A WEFEF7F ghgFo

7)
A5 A3t oftel] Wtk bREolA wlEkEFIhe] S

40.08 52.30 39.84 52.53 41.14 52.04

7.23 40.16 7.43 39.75 7.87 40.58

NE

4

o a
o

— O

T3k ultrasonication, homogenization & % 2ZF& 2] 428-9] boiling,

B oohuet AYAGE AN Fob &Y.
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v, FFoy Ao WME=EF F5F R
(1) 224 AgE o3 3
b &rsteE g 2

AHEE
- Pectinex - Multifect - Pectinase
- Accellerase - Ultraflo L - Celluclast
- Termamyl - Amg 300 - Viscozyme L
55
50
a5 —— T |
40 +— | -
B vield
B p-glucan
35 +— | P-a
30 A T T T T T T T
+ & @ S 2 I e
< N & {° & & ol dfa
& & B & B & & g
? < & ) ¢ 4} &
& ¥ )
&6
&%
-
A Multifect N
Pectinex R Accellerase Ultraflo L. Celluclast Termamyl Amg 300 Viscozyme L
Pectinase
Yield
©6) 4541 45.49 42.89 45.78 45.95 44 .47 46.38 4411
B-glucan
©6) 46.12 45.28 42.64 45.83 4463 45.65 46.90 46.12
O HEolWAal dgoe e3lE Ad 845 47 HEA7 e & oatsle] #i
Zo] wetFF7E 3t W 588 A3 A3} Acellellerase, Celluclast 284 7
9] WEREFZL sheFo] vold S Hol o] 7 EAVE FFolHAl ol v
Zk 283t WES TS 7FESAE F des HodFE
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B yield
® B-glucan

Flavouzyme
4213
48.48

Flavouzyme

42.51

Acalase Fg
49.28

Acalase Fg

Promozyme D2
46.23
44.62

%)

- Promozyme D3
- Acalase Fg
- Flavouzyme
Fromozyme D2
Yield (%)
B-glucan (

55
50

}o] Acalase Fg,

G

3+ Promozyme D2 H]

puit

42% = grolZ

499% 2] wE}

Flavouzyme ¢ 74-%

=4/a04 §9A 7 43

Ag

g S diskE

o =1
=TT

oAl - AAe] wlet

KR

wn

rvze)
T
i

Gl

fveel

Ho

18] 3l autoclaving

s

Al T AAA -50 meshe] =7 &F wyl &
— 47 —

—_

+ A

°
pad
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A E 233 & & 2 WEE 3 35S A4 w3 9] x3bel ultrasonication,
homogenization A &]& A7}t & 2 WESF s 4%
Particle size reduction
(30 - 450, ~50 ~+100, -100 ~ +200, -200 ~ )
Agitation
( S1min, 10min, 20 min )
Ultrasonication || Homogenization
(20min, 40min, 60min) (Lmin, 3min, Smin)
Boiling Autoclaving
(1h, 2h, 4h, 8h, 16]1) (LOmin, 20min, 30min)
50 -
4_0 -t
30 -
20 - "vield
B B-glucan
10 -
0 |
Residue Residue
Autoclaving Autoclaving Homo-, Sonication
Autoclaving Autoclaving, Homo—, Sonication
Residue Residue
Yield (%) 49.99 49.48
B-glucan (%) 48.62 49.45
0 9 ¥ AnE mustde W & % EITRe el W A gons
ultrasonication, homogenization &= Z&o|WAl W el F71S A 3stE &Aoo
2H %S B, wEbA agitation S T3 BTE AA F autoclaving A 2
Vo 2% & 559 & 2 WEEF 58 71 FEowal ¢ A7}

L E—— O -
The e W

B}
.
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Particle size reduction

(-50 mesh )

Agitation

( Smin )

Filtration

Autoclaving

( 10min )

Filtration

Freeze drying

: 49.99 %

Yield
B-glucan

48.62 %

wjr

4

L 1= = S i

¥ =

5

=

F 55%, Tl 329 WlEl=SF1F 34%,

=
]

11 mg of GAE/go. %

o

Br

ojy

7+

=
[}

]

HEtEFIhe e oms of onf A

O wEhA HE
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Fo] shear rate

°©

&3l

2

1.2

0.8

0.6
Concentration (25)

0.4
- 50 -

0.2

ojy _ =
_Lmo :i mh o ﬁwﬂo =n M/nﬂV M]lm
BO WK £ = > S W ~n
5 5 ™ oy 0 - 7
— 0 — ﬂyﬁl | 0 ‘H
oo O E i
e BT E e
% ,.ﬂﬂ u&! N WH Lf :i
RN & oo MR AT = %olg
B R oo o °
I T oK X ok IR
T K o o RS moar
ofp = = o 3 i iU
< 7o m R P T o
XX G 8 R 70 W
= o 9 T % n
" wm < YR PRo ur " g X
g oW im 5 b WS = =
T R iR ; X =
= - 2Rk
po N° T4 W & o m____7Tm K % o ==
= ~ o HITH il & 0
R 5 X ow o oW T Sk
T il L
=K -~ .=z OF ©
o P E kg E N R R
Hog o o jroems g
T oy o oK I i 9 MM i 2
=2 D25 FEE
3 = W, = ok T o] g
EMM Wd.mamﬂ ok = TN 0
; = PR ~
2* TEiz g S
\°] o] i <
A TR o N -§ g L | |
[N A A s A o
bt G - S - T T T
B & ogp B R T F s e B2 - = =
o oo . QT = o M o B
= _ o - H uH- st & N X H Ansoosin paonpeay
I SN o N P u - T e
u L T & _ 5 ~
T ife e g g 2 g I
DM W om e e ‘s 8§ % 5§ § & f ®R oF
L = = JE —
WE T WX W = s WO R
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1-200/s9] WMol A rheometerE ©]&3}le] 25Co| A shear stressE Z43FH o9,
5542 shear stressE shear rate2. 2 W70 apparent viscosity®= W 2HA| A #2498}
O WeEF3E 43; oAl £ F8Ae e g AA shear rateo] <713l

w2} apparent viscositys™ #HAdE AAAR] rtAd FAEALS UERE.

»

1.0000
——CSP 1%

—e—CSP 3%
CSP 5%
0.1000

0.0100

Apparent viscosity (Pas)

0.0010

0.0001 T T
10 100 1000

-

Shear rate (1/s)

e RTE A AEolulsl $ 2 Sgele] $EEHS Power law modeldlol 2§417)

Q
— [}
% REAFE gastn JREAFE
e

Sample
K(Pasn) n R?
1% 0.0363 04717 0.99
3% 0.0504 02772 0.98
5% 0.0662 0.0014 0.99

< G5 2ESHA o] gol 3o T-g— AR At 524 5 T shHE

T (WAI, water absorption index), &3] 5=(WS; water solubility), %9

(SP; swelling power) 2.2 &7 4 98

e 73 738 oAl 2] e 329 o, FESTS 5.8, &3l% 46%,

Ba9 11 g/goz £494.

o} Zf EOﬂ AAGE AAH, BHAE 2 F7
&

Frgoll gede gabsL,

b
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Fe AFome AgsbeAe] ¥, AeBA BHNAE $5T Ao o4,
Sample WAL WS (B6) SP (g/g)
Beta-glucan enriched mushroom powder 5.8+0.2 46.2+1.5 10.8+0.3
Qat beta-glucan? 11.4 10.9 15.1
Rice flour (RF)” 4.9 2.5 41
Steam-jet cooked RF? 9.4 213 11.9
) Food Hydrocolloids 23 (2009) 2016-2021.
2) Journal of Texture Studies 40 (2009} 192-207.
vh wlE =R A3 FFolv A e A dAd 74
(1) wiet= 73 3t Fsolusl Lrbe] AL 54 25t

O A FLEd FHL FHLAED MCF-73 df &A1 HT-2990 o g
MEEZA EIE MTT assays o] &3] w28

O WlERE T2t A3k FEolmal o] Ao gk 54 S 0.25-2.00 mg/mL RlelA
R wRoEARl EdE B on, MCF-73 HT-29 A X5 el 7+7} 4.75%
— 50.73%, 20.97% — 63.23% = Eb.

O wlEt=F3E A3t Aol S Al Al FdEA S ICo0FH(LAE
d4E 50% Al wl Bad ARe wk)o® wlae] W, bzl HT-299]
Agol+= ZolwAlo]l 0.39 mg/mLE 041 mg/mLel FEawAly FAS £ 19,
L F Al 29 MCF-79 theffA = FEolw Aol 050 mg/mLE 3E31H 4l
(0.25-2.00 mg/mL sE=WL A 502 olste] BdE Yep)HY 93k 245 UER

80 80

MCF-7 cell HT-29 cell
60 - 60 -
E 40 - % 40 -
g 3
[=] =
3 <
20 - I = e
025 0.25 0.50 0.75 1.00 2.00

Concentration (mg/mL)
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o] ksl &
A&7} DPPH (1,1-diphenyl-2-picrylhydrazyl) #t}2-8 A A 3=

FAiks)
bl g YoA] AtagidRE Y AAE HEER= SODS A 852 pyrogallol)
A

35 o]&3= =AHIE T A WHoZ XALEH

B2k A8 FolAl BEe] DPPH g £A%2 05-5.0 mg/mL ¥l A
FolEAel g3 Hlon, 53] 1.9 mg/mLe) ICH0%HS ol wAl9l £aMAl(2.2 mg/mL)
e g AAZAE Ve

80 -

60

40 -

20 -

DPPH radlical scavengling effect (%)

O SOD #AMEA S HEt=E 73 43) FFolual 229 557 05 — 50 mg/mLE
71l whe} 11.319% — 45.26%% s &=ol=4Ql S7FHE H.elo, 53] 3.2 mg/mLY
IC50%ks Hof A FuMA(Fd s= A 50% olate] &/d)ut} 53
F9E YE.

60

g
> %
=
k5
(-]
]
=
8' 20
7]
0 -
05 1.0 20 3.0 4.0 50
Concentration (mg/mL)
O o)t o], WetEF7 43 FFoliil B &8, A 5 AF5E B4 3,
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GWE 5o AYBYE TFE 2 5L ET, B g8 Ae
FEARRNA, FENA, Gogetols BEA 59 AEo] /s AoR Arsn,
¢ WEF Ax 5L 9% /14 L AR B A )5 FRARL 4T AY

7} Wl F 733 FAFolA e vEAA @ BASE 5EA 4
(1) WetZF7E 723t ZAEomAl &2 2 HFolmal 2] AdukAd R 4
. . Total
Sample T}""{,{,‘gf Ash (%) Fat (%) (Nz;‘_’ztgf"'% ) Carbohydrate @-glucan (%)

(%)

Chamsong-|

Mushroom Powdey  902£010 558+ 008 283:020 2028:082 6229 26351036

B-glucan-enriched o7, 054 0441000 168:007 13132057 7908 4862 0.71
Material g : ; : : : : - - - 2

O F8, I8, AW, 9 @A FFe AOAC W o 439, F wra=E9
o U2 ARSale] Aol zrE AAksh o}gw], wWElEFST): dhake Megazyme assay
kit o]-&3 Bad W o R SAT HeEFIt A3 Ao EES F7 57%,
3] 0.4%, 2] vk 1.7%, wul A 131% % Y&l H A 31’1-5‘:’ §j].5':’ =z tg_’ ol A o]
ol FasAa o Al BskE o] SISk WS R 3¢ 486%2A
AE) vte] oF 2 8] A% Fao] F7g

) EFE R 38 FEolnal BEe £5% 54

O F352 YehE 37HF] ‘“FE-E4S(WAL water absorption index), &3] =(WS; water
solubility), ¥ &2 (SP; swelling power)' &= o}#e] 2lo] 234 A4bgh

Water absorption index (WAI) = Wet sedimentweight / Sample weight

Water solubility (WS, %) = Residue weight / Sample weight x100

Swelling power (SP)= Wet sediment weight/ Sample weight x [ 1 - (WS / 100)]

Sl Water absorption index Water solubility Swelling power
P (WAI) (WS, %) (SP)
Chamsong-| 882+051 2553095 11.84+£0.67
Mushroom Powder
B-glucan-enriched 13.33+033 0.87+041 13.45+0.65

Matenal
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Soybean Com Canola Olive

Grape

Chamsong-I
Mushroom Powder

561023 567 2017 566 +023 544 £012

545021

1190013 11.51 £0.43 1139024

1183018

11.88 £0.27

B-glucan-enriched
Matenals

KeN
=

Z(Grape, Soybean, Corn, Canola, Olive oil)

_EH

~

TR Mo

=
iz

T}

o

)=
4

]

37 A= 11 [e]
¥reds o

(1-3)(1-6)-B-glucan

et Ao 9

wl
=

]

o], chemical shift2] =

s &

| L

Cc-2 C-3 C-4 C-5 C-6 C-6'

C-1

727 86.3 68.3 76.3 60.8 70.0

103.0

(—3,6)-B-D-Glcp-(1—)

73.9 86.8 68.0 76.3 60.5 70.2

103.3

Lentinan®

729 86.3 68.5 76.4 60.9 69.68

103.3

Standard B-glucan

69.8

734 8r.7 66.4 76.6

103.3

B-glucan-enriched material

1) Carbohydrate Research 339(2004) 327-334

2) Polymer Journal 34(2002) 443-449

EF 9] chemical shift®] gto] A= fFAFEHS:

-
1.

35

ol sl

S

o] Fz7} 1,3-1,6-B-D-glucang!

BolaL o]z A e

TR

0
o
ofpy
™
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! BMED! V) 400mLC, 3
)
Filtration with miracloth

l Filtration with miracloth Dissolving in DW

12

Evaporation, < 4i

Di ng in DV

olving in DW

Ag. 2% KOH 400ml at 100°C. 3h (x3) Freeze-thawing at 4°C,overnight
Filtration with miracloth Centrifugation, 9000rpm, 15min ;
Ly -‘—lv —
Freeze drying
Step 1. Extraction Step 2. Purification
(1) B-glucan-enriched material _—
C-5
C-1
C-6'
c-4
C-6
c:3 W i
& " o~
T T T T T T T T T T 1
105 100 95 90 85 80 75 70 65 60 Ppm

(2) Standard pB-glucan

C-1 c-3

105 100 95 90 85 80 75 70 65 60 ppm
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Absorbance

105

95

85

75

65

55

O FT-IR Aol A wlet=73t 3k FFoludl 22t 25 WE=F3 spectrumo]

Mg A FUE 19 53, dEEFRe 542 dehli B 890 am'
1370 cm ‘el 4] peak7t A EE o2 mol WEERI 48 Fgolnal BT
TZ%7} 1,3-1,6-B-D-glucano| e}+= A& A &<lst

(5) HlEt=

L

~

B-glucosidic linkage OH bond
U ~
CO bond
500 1000 1500 2000 2500 3000 3500 4000 4500
Wavenumber{cm-)
——[(-glucans-enriched material ——Standard B-glucans

7 A3k FEoluAl Bae] Bag 24
HPLC Agilent 1100 series, CA, USA
Detector RI Detector
Column Bio Sep - SEC - S2000 & S4000
Mobile phase Water
Flow rate 1 mL/min
Column temp. 40¢C

900 -

700 -
=)
E 500 -
E
§ 300 -
Z

100 -

-100

0 10 20 30 40

Retention time (min)
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O HPLCE co]&3lo] Weta 73 438 Fsolal &89 A% £X& 4% 24y
retention time< 16.79 ¥ o] EF=A 59 v E Edle] EAEo] 220 kDag!
e g2l

6) MEtEF7 A FsolAl B RSt B4 54
7hH A % EA (steady-shear viscosity) #4

Apparent viscosity

7

\
\

Viscoslty(Pa-s)

\1\‘\&1

1 10 100

Shearrate(1/s)
—+—control —#—10%subs. —+—20%subs. ——30% subs.
O "7MFE WeaEF3 A3 FEo WAl %ULE 10, 20, 30% A &+3}o] batterE Whe
=

shear rate®] W= apparent viscosityE =43t FIF sl Aol B

ShaFo] wold = viscosityZl 7 3L Et], shear rateO] 718kl we} viscosity
723k shear—thinning FEj o] & Fo]d& Ko,

- Power law model

g : Shear stress
— ¢\ c o i i
c = K(Y) K Consistency index
v . Shear rate
n Flow behavior index
K n R?
control 28.41d 0.284a 0.99
10% subs. 55.82¢ 0.281a 1.00
20% subs. 134.50b 0.260b 1.00
30% subs. 542.55a 0.083c 1.00

& A2 Power law modelol] w-¢ Z & &H(R2=1
< *’7‘7} AR, o] E A At w T A o] B o] HolEaE

i 1
k (flow consistency)’} 718992 n (ﬂow behavior index)#ts Fadte AEE



HolE, B3l n (flow behavior index)gke] 1H.t} 2k ®Hlo| &5+ X3ty )
shear-thinning £74-& A&2g 5 AN+
() #4834 (dynamic viscoelasticity) ¥4
G'(elastic modulus) G"(viscous modulus)

100000

10000

1000 .J*".

-—-—.--*""".'.'."r-

G"(Pa)

100

0.1 1 10 0.1 1 10
frequency(Hz) frequency(Hz)
—+—control = 10% subs. —— 20% subs. —— 30% subs. —+—control 8—10% subs. —— 20% subs. ——30% subs.
O "7H#5 WEeEtEF3E 4 FHolHA = 10%, 20%, 30% A 2H3lo] batterE

Ela=

o] frequency®] WE G'(elastic modulus) 2} G"(viscous modulus)E =74 3k
frequency’} S7Her5E G, G" 3t 2% S718le A& B frequency &4 Y&
13l 3 WEREFTE 73l FEo|HA B dhgfo] BoldgE G, G kol Sk

ez e,

e ) —+—control

E__ —8—10% subs.

5 : : ——20% subs.

= v’c _SU%SUbS.

0.1
0.1 1 10
frequency(Hz)

] ZF 748 Aol BEg A et shake] wE pattere] M EAA ZA

3 =44
G, G kol ATl WIGY/G) ol88k] AV tan(delta) 7S BA1F A} oA @
grape] kel wheh Rold: A B, o A4 o B4 4] B

y, T mm

LHER,
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(1) wlet=F3t ek ZSolu Al o] Wb o Fited vx= FF

Sample Water absorption index Water solubility Swelling power
{(WAI) (WS, %) (SP)
Control (weak flour) 1.63+0.03¢ 5.59+0.05° 1.72+0.03¢
10% substitute 2210057 4.69+0.04° 2.32+0.086°
20% substitute 303:014P 4.05£0.08° 3.16+0.15°
30% substitute 4.04+016° 3.43+0.12¢ 4190178

O HEbEFIE 78 Aol B ARRSke] EVHRE YIAISE At ALl A HERE R
Bl Aaol|al Bk o] Bold4E FEESEN Aade Tlsgn sdEs
ES)

Sample Water absorption index Water solubility Swelling power
(WAI) (WS, %) (SP)
Control (weak flour) 9.09+0.25% 21.30£0.41% 11.55+0.38°

10% substitute 8.05+0.15° 20.00+0.45° 11.18+0.13"8

20% substitute 8.36+£0.22° 18.20+0.74° 10.22+0.18°

30% substitute 773+0.11¢ 15.98+0.38¢ 9.20+0.09¢

O WERZFT 43} Fbo] S AREste] A7FRE oAl £ 100TelA 30 & &<t 7 st
SHAAS A Fasel uAe JPe BNt 2 A% WAEE gA e
Fol HolIFE FEEFE, SAE, WY BE gasts TS 1Y

Grape Soybean Com Canola Olive
Control (weak flour) 179 £0.02 1.77 +0.02 1.79 002 1.82+0.04 1.84 +0.05
10% substitute 244 +003 238003 241002 247 £0.02 243005
20% substitute 3.18 £0.04 3.15£0.04 3.14 £0.02 319003 3.20 £0.05
30% substitute 413008 4.04 +0.06 4.07 £0.04 411 £0.02 407 £0.05

% 21 8-7-2] (Grape, Soybean, Corn, Canola, Olive)<
kWA & 4R st He fAY A E HES FEo=E

O
Ao §AE VES FEG ERVAZ ol Ad A, f7)



SR8 FA5e) Aol wolx gk WEETY 8 Aol EU Bol BES
4 BBl FH

O WEEFFZ 4 oAl EE& AFESte] A7FFE UiAl A DR Ho|AE
EAo vA = das 243817 91819 starch pasting cell-S AFE33 o0 AES

[e}
10.7% s =2 e 50ColA 1 & &k §X3la 375 ¥ &< 95C7A F7FAz1
o 3.75 & otell 50T7HA] wraSlan 50T ol A]

- 100

- 90
7 - 80 5‘3‘
= L
i 2
z 70§
g 5
= - 60
- 20
40
0 100 200 300 400 500 600 700 800 900 1000
Time (s)
control 10% subs. 20% subs. 30% subs. ===-- Temp.
Peakviscosity Final viscosity Break down Setback Peak time
(Pa.s) (Pa.s) (Pa.s) (Pa-s) (s)
Control 2.06a 2.92a 0.72a 1.58a 3M2.5a
10% subs. 1.94b 269 0.66b 1.41b 306.5b
20% subs. 1.75¢c 2.39¢c 0.56c 1.20c 303.0¢c
30% subs. 1.67d 2.20d 0.51d 1.05d 299.0d

b sl AFolAl R 10%, 20%, 30% WAt Ho]AE
sl A3} Peak viscosity, Final viscosity, Break down, Setback, Peak
pasting parameter°] 748 A3S HQl ol WERETFRE sl oAl
Ashes ol BWolAW Fidom HiEo ko] Haste] o #2 AUt
e}

O
oo B oo 2
U (=) % o L
f Ko o o
N

(4) A AFAE A (DSCYE )83 33554 4



et 77 743t Aol 288 AFESte] AIFRE Al Al BUHRe] 33 549
v 2= GEE F4317] sk Al AFEAF D #FA (Differential Scanning Calorimeter) &

4%, Aluminum pan®ll AE2E& F¢ & &3 th5 30CTAA 90CTEHT/E)7HA
oz

(60.9 %, 7.94 Jig)

(61.0 C,9.90 Jig)

(61.3 T, 10.87 Jig)

<— Endothermic Heat Flow

(61.6 C,12.59 Jig)

30 40 50 60 70 80 S0
Temperature (C)

—control 10% subs. —20% subs. ——30% subs. —p-glucan-enriched material
DSCA AR AN E o] &3k U7 tjA] WEetS 73t st oAl &2 kol
2 AR 25t qAde] F/hE5E Peak 257t gadtdon 58 A7)
o 7}= ol 3 31 oWEEE

A3} endothermic peak”’} HW.o|X| &= Ao = Mol 537} ¢

2= 0]o] o
= UE T M AT .

239 deFEdae Az

3 S 8 A wE B REE
AR AINES), 55 257) oblel wi FEdle) die feA o S p<0.00).
Ho] Fre= 40T 60T = F5 12413, 80CellA = 4A1%E 100 C+= 6A1Z74HA
3] S7t7E o] §- ZFAAte] FlEk i B RiBhE UEREA] 29k o] d
W 8= 22 ¥ Sl FHaL,

oAM= 28w AxY Fa miel 3= F&o] Astgl

on ol N BN o4

flo
o
i
o
ki
N
of

N
&
-9
a
K
=z
P
P

o]
()]
Bocs o Y e
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|

RE)
o
o
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i
e
2
Y
PN
PN
o
o
J
S
ol
k
>
k
ofl
3, ol
i
e
>
B
2
=)
i
.
K
o
e
off
e
b
[nt



“Brix

b

e %’ /%:f_____L J_ S L
= %//_/ T 20 1
2 i
-]
<=
i
15 1
i 10
4 8 12 16 2 4 6 8 10
Extract time (hr) Extract time (hr)

3

FEEAY] WA s WEeS FASlaA HES
5, 10, 15, 20, 25, 30°Brix® %23t & Saccharomyces

cerevisae(EC1118, Lalvin, Australia)E 0.04%(w/v)e] v == H7}8}3L 25Tl A

159 ¢t ¢3E WSS A €38 3 42 AEE 045 um membrane
filter® o]3}3F 3 J&W Scientific DB-WAX silica column©] ##4 gas chromatographZ
o]-g3te] AHUNT, injector 230C, detector 250CollA Hes carrier gas® AFE3ko] #2938}

O WETF Az A 7He] Gt 2855 43 AT TURA, s 8 A9

==

stuck fermentation |4 0.2 13l 52 EA U A Fd&FE F7] wEol
1

2]
Z7] F3tEo] To% HYE oA ¥ deFEoS wER 1569 Folk 5°BrixE
[e]

FABHEA 19 nRke.2 7o) st Aol o] FelxA] &gk, 10, 15, 20, 25, 30°Brix4]
27 BEEFS 2 A4S 779, 14, 22, 22, 22%9] EHgo] AAE A, IR
247y 5,6, 7, 11, 14°Brix@ #4¢. %3 27] 9% 10, 15°Brixit @& 12Y 0]
g WE7E AAE v, 20-30°Brixw & 8Y o] F ¥H g TEIF WFAL. ol¢)
o, 7] BE7t B&FE Ao ¢2& T Edshe LEV|LLS Fasglon,

.
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Soluble solid (°Brix)

30

Q) el e dae
K3

O 15-20°Brix % X

—+— None

—#— 10" brix

——HNone

—*—10*Bnx

—&— 1 Brix

30 A

Alcohol (%)

Fermentation period (days) Fermentation period (days)

B o] TE 5 54 Aol dae
WEE ARSI 7] FE 159 20°BrixE 24 FF3 el Saccharomyces cerevisae®
0.04%(w/v)e] TxZ A7}sle] 25°CelA] 10

25
OComp leted fermentation
BCompleted aging during

20 1

Alcohol (%)
&

=&
[=]

15°Brix 20°Brix
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(1) We=F3 JA7HA7] R 327 s vE2A Axd SR ojgsrd A
oA AFFERS VAR d3g a5 E JPdFe o] we=EFIs Arkske
Al7)19 H7bepo| whE Fie] EAWEE ZAetaA WEERE B8 A 1, 3, 5%,
a5, 2 3% kst HEFE AT AR oRE das FEHGC o8,
FHAHDNSH), (G =A), 2= (phenolphthalein A A 9F A%, tartaric acidz $H3h),
pH (pH Meter) & #2413
g A WEREFIRS JUe B a T 43 g e 21-208% 2, FR 7| vk
1% A7F A 18%, 3%} 5% A71eF Aol 8% AL = 43S AT IH,
U E o HlEEFEIS HE ASoE RE AROA 18%Y ¢HE ¥ EE X
A7bpel e f2490 Aol7) §ldls. S99 e weaE T3 ko] S
el g A FUbrd A= 10598 g/LE Ag vhd g & ko)A e
11.7—123 g/L% S71Hp<0.06). 9T WElEFZF #7leko] S7ish wel 2a dole=

85—7.6°Brix® 7+A3k ubi wbE Fo= 95—12.3°Brix 2 F718le] A3 Aye}
FAFSE S 1.9 (p<0.05).

o)yt ol g A WElEFIE HUToAE HElE T o] SRS ¢FE
RS SU1ehaL, S99 deE g4 ayy, BE & HUrolAls wWElE T3
A7ty &3g Bg 3 o] HolA] ke, wEkA, d3 g WE 3o A

BEE FFol dFFE 9o HElEFETRE Jdoz o] f3ke & = qljlon,
ALk v 28-S aEPSs o UE A 19%9) wEeERg AP A Ao s wdd.
g A WEEFETRS AJRSE wEse] AR E 385560 g/LE S71E kbl wE &
A7 M= 34026 g/LE 7443 38 pHYE WaE d J7Fs 28 AE 370328
g o WE T AU = 410488 FU1GtomA At Ao AAE Hol

ERE MR A Snesh S vherel f71AKS RS, BE A RS
AAFoRA KR} ol T F g /149 BT F/Ph FAE] F71 D pie)
2 =

O

fermentation

Alcohol Reducing sugar . Total acid
OB H
Sample (%) o) fix (@) P
1% | 20.99+0.83° 10.45£0.21° 8531023 | 3.84x0.41° | 3.67+0.12"
3% | 21.97+150° 10.08£0.11° 8.070.12° | 4.73+0.31* | 3.370.15%

5% | 24.76+1.43° 9.84+0.0.08" 760+020° | 4.98+0.28" | 3.16+0.06°

1% | 17.40%1.61 11.67£0.17° 9.47+0.12° | 3.37+0.47° | 4.14+0.07°

, 2% | 17.56%1.47 12.02£0.16" 11.17£0.90° | 2.85+046° | 4.48+0.14°
fermentation

3% | 17.82+0.57 12.30+0.132 12.33+0.312 | 2.60£0.24% | 4.75+0.16°

Control 17.73+0.62° 11.21£0.112 0.13+0.12% | 3.68+0.53° | 3.73+0.26°
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@) WMEREFI A7V JA7hEe vhEA Az wEFe] o] whE o]5shd 54 W)

O FFolA dFFEdE VA2 ¢as FEE AT Jlo] MESFHE Hrlshs

A7 A7beEe] e FRE AT F 12TA 1087 43 vhe AR wss
A

O ta A wEEF3hs Ulstel Axdt Wase] 4 & 43, #eld, Sk ® plls

A7rakol F7bghell whel A7 212599141 18—20%, 10.5-9.8 g/LolA] 10.2-96 g/L,

8.5—7.6°Brix°l 4 7.7-6.7°Brix, 3.8-5.0 g/LellA] 4758 g/L, 37—-32°14 36—-29=

7423
O WUE & WEEFIRS AHUbsto] Ak daae 554 & ‘?:-_Li%, sk W pHE 3 7Fsko|
Z7)8bol| we} 242 18%el A 17%, 11.7—12.3 g/Loll A 11.4— g/L 9.5—12.3°Brix ]| A]
8.7—10.9°Brix, 4.1—4.89) 4 39452 ¢z} 74 }9134, ZAEE 3426 g/Loll A
3.8—3.3 g/L& Z7}sh
Alcohol Reducing sugar . Total acid
OB H
Sample (%) QL) rix (@) P
1% | 17.74£0.91" 10.17£0.17° 7.73x0.12% | 4.73£0.55° | 3.57+0.13"
Before " . b a a
, 3% | 18.85+2.11 9.75+0.09 7.20+0.20° | 5.17£0.28* | 3.32+0.10
fermentation
5% | 19.89+1.20° 9.56%0.14° 6.73+0.12° | 5.78+0.36* | 2.89+0.06"
1% 16.47+0.96 11.39£0.17° 8.73+0.31° | 3.77£0.35° | 3.90+0.10°
After . b b b
, 2% 16.55+0.73 11.93+0.11 9.67+0.31 3.47%0.16" | 4.13+0.11
fermentation
3% 17.21£0.74 12.04+0.08° 10.93+0.61* | 3.28+0.16* | 4.53+0.38"
Control 16.49+1.09° 10.82+0.17° 8.00£0.20* | 4.20£0.44° | 3.67+0.10°
O WEFFFETZE H7A 719 A7Fse 2 Axd g$EFe] A 3 wetEE7kd
Z9E Shgke] Wals 43t
O wE A WEelZF3Hs HUEsE a7 WEE T &3 0.9-15%=, T 7
H|3le] 3% 2 5% H7baroll A 22 10%6 2 9%2] S7FE-S oo f242 Aol=
S5 g, wa SO welE RS JUReE Aol 1.5-2.2% % HUleke] 1, 2, 3% %
Z7Fgrel w509, 10026, 1209714 &Abs. o3} o], v Ao wEelaF3ks
H7beh= 73‘%114 kg Sof Arbek u g el FkEds WElEF3e] skt
Eokon wE 5 3% oA %47}o}<>4t HA71=F div] a8l A Aslg. g
o g Ao A EEI} WEREFFETRS dudo R o]gdlr)e wE Ao welEE7kS
A7lslE AL FEHS Z7HA7)7] ok 43S A o 2 938 v S
& = A
O WE A WEEFES #JUe HaFe HEIgES 1,100-1,700 GAE mg/LE,
PRl westel 1, 3, 5% AH7F Al 7b7t 419, 22%, 31964 Z7kske] 1% H ke
FEF Lo 7P ke 39, B E So| WEREFIHS F7Es A9l 1,300-2,300



GAE mg/LE A7leko] 1, 2, 3% = =713

of wa} 509, 100%, 120% 7% A=,

uEbA], wlEkE R g Aok fAsH SelwEghae] Aol BE Sl Hrlehs
Z o] E%@QE v
O 54 5 ekl ;ﬁﬂ%ﬂﬂ“sﬂ Bshs wa A A7k wEFelA] 2t 0.9-1.5%0014]

0.8—1.1%, 1,100—1,700 GAE mg/Lel A 970—1,600 GAE mg/L, %

7Yz}t 1.5-2.29¢004 1.2—1.8%, 1,300—2,300 GAE mg/LellA] 1,200-2,000 GAE
s 4e 1ndl.

kg ol A
mg/LZ BE AFEA i

a5

Fol A7

Fermentation Aging
Sample B-Glucan Total phenolics B-Glucan Total phenolics
(%) (GAE mg/L) (%) (GAE mg/L)
1% | 0.92+0.08" 1,111+133° 0.83+0.04° 967+66°
Before a b a b
, 3% 1.37+0.27 1,324+£86 1.05%£0.10 1,203+£46
fermentation
5% 1.54+0.05% 1,706+60° 1.12+0.08% 1,559+35%
1% | 1.50%0.10° 1,321+46° 1.22+0.04° 1,219465°
After ) ) a b
, 2% 1.90%0.06 1,564+61 1.66=0.09 1,558+84
fermentation
3% 2.17+0.04% 2,275+238% 1.80+0.03? 2,053£160
Control 1.04£0.13" 791£45° 0.82+0.03" 742+66°
O oy o], WelZF7ty A s5rES WAl U 78 Aged dEo= Wity
dAY 54 2g 2 Gy AT dAE Sikst 2S5 &Y, w=3ukA|,
TGO o G5e B wEhA, B ATt A wEREFZE Il uhE g 5o
7% A 3 SV & & SaTe AAEAAd 1A 2s Y AR TuE
(3) FHFolmAl o VAR B4
O ZhEolmAl %“%—fﬂ F7)dE 418 SPMEE o] §3he] 3 VA& FF31aL,
GC-MSH v F2338 50 mL Headspace ﬂaskoﬂ gAY HEFE ANEE Y
teflon capo.= & = 40TCol| A 4083 WA &, SPME fiberE 1 cm %4
30% &<k A4S FHeke] 200T injector portoﬂ/ﬂ fiberg =EAIAH 18 &<
g2 7). Column< DB-5MSeF DB-WAXE AFE-319] 3L, oven 253 40T A 557
A3k & 200C7HA] 5C/min®] 52 52A1A 20 3 7X3E Injector =5+ 200TC,

L=

T

detector 20TCo|N o™, carrier gas@+
Ionization voltaget® 70 eV, 4% &
O ZFoAl d5F=

Az dase] AU FdTE

o=

ethyl octylate, acetic acid,

ol O gu]- HL§8L ‘jx;j ]_:,ll,]_ Hl—_‘t}; ;q—&

heliums ARSI AL, 452 0.8 mL/min,

AaFo]l W9 (m/z)= 33-3500.2 #4338
FRLE A7l
=A% A3} ethyl alcohol, isoamyl alcohol,
ethyl acetate, 3-methyl-1-butanol, hexanoic acid % ©|

| 1969] H]



2E ANBoA vk dEE. Isoamyl alcohol> W] = whubuaks vehly, 714 Y]
obH| =4kl leucine S ZH-H EF ¥E HAHS F8 AAHHE =49 Ethyl acetates
B oAl 3<F, liquor, B4 E, AL 5o FERE Fe o|8E = Aw A4k
TR AR OE esterst Ho] AN EHE UHALF dBAF HF
o FrjdE o R B ARV sk DEa g dsist kg Foll ¢Jshd
AT = A=) AE-Q acetaldehydels 28 AlBoA AEHA &9kS.

kil

FHSE F238)]HE ) pentadecane, octanoic acid, ethyl octylate,

4
154

ethyl octanoate, 2—-phenylethyl acetate, decanoic acid, isoamyl octanoate, isopropyl
ester, ethyl ester= TH7lr—U3a A WEEF3E J7 -8 & fJAUhare] o=
sl AES Kl dHH ) ethyl acetate, acetic acid, isoamyl alcohol, 2-methylbutan—1-OL,
2,3-butanediol, 3—-methyl-1-butanol, hexanoic acid, phenylethyl alcohol, ethyl decanoate,
dodecanoic acid, isopropyl myristate, hexadecanoic acid= F87F—2E 2 WEE 53!
H7h—te & Jrhlre] co2 SIsh wE d WElETEE Hrkre] -l ethyl alcohol 3
tetradecanoic acid¥re] o} W@ o) vls)] A A-H. 53, vEE 7 Aol 93
R st AEs B9l

decanoic acid® 243 #2423 wH ethyl decanoates 743k
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Sample (unit: peak area %)
No. RT Compound Before After
Control fermentation fermentation
(1% B-glucan) (1% B-glucan)
1 4403 | ethyl alcohol 47.07 53.84 48.48
2 6.258 ethyl acetate 1.99 2.24 252
3 7019 | acetic acid 2.13 2.59 3.26
4 9.720 isoamyl alcohol 2.10 3.90 592
5 9.868 | 2-methylbutan—-1-OL 0.14 0.21 1.55
6 11.915 | 2,3-butanediol 0.09 0.25 0.58
7 15.084 | 3-methyl-1-butanol 1.17 1.67 2.30
8 19.619 | hexanoic acid 1.43 1.53 1.69
9 23.736 phenylethyl alcohol 2.10 2.48 3.20
10 23.947 | pentadecane 0.83 0.51 0.37
11 25.434 | octanoic acid 1.30 0.67 0.59
12 26.168 | ethyl octylate 21.09 1477 13.56
13 28.000 ethyl octanoate 0.72 0.43 0.37
14 28.941 2-phenylethyl acetate 1.27 0.76 0.37
15 30.891 | decanoic acid 13.05 0.14 0.12
16 31.775 ethyl decanoate 0.13 9.01 10.14
17 33.134 isoamyl octanoate 1.66 0.09 trace
18 36.762 | dodecanoic acid 0.03 1.94 2.23
19 38.019 isopropyl ester 0.07 0.03 0.02
20 41.113 ethyl ester 0.59 0.24 0.08
21 42.306 | tetradecanoic acid trace 0.43 trace
22 43.378 isopropyl myristate 0.44 0.35 0.73
23 51.677 | hexadecanoic acid 0.59 0.64 1.64
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(7 &3¢ Formulation

2% BGEMs 4% BGEMs 6% BGEMs

Control

49 ¢ 48 ¢ 47 ¢

50 g

Medium flour

lg 2 g 3g

20 g

0g

BGEMs

20 g

20 g

20 g

Water
NaCl

0.75 g

0.75 g

0.75 g

0.75 g

0%, 226, 495, 6%6

HE)E
A Z T

==
iy

20 g, 29 0.75 g)&

=]
=

&

o}

o

=

() A

6% BGEMs

4% BGEMs

2% BGEMs

Control

= control¥} H]uL3}e]

oA AEEA 2

71 E

ojy
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H

fveel

_EH
il

)

ud
(]

() Lo =] ud

~ - —

(96} sos 1O

f

]

(o)
o

ud o o

(4] JUSLOoD 2UMs|on

150 °C 170°C

130°C

150°C 170°C

130°C

2%-BGEMs -l~4%-BGEMs -#—-6%-BGEMs

=#=Control

=8-6%-BGEMs

2%-BGEMs -B-4%-BGEMs

=4=Control

0il content (%)

Moisture content (%)

Frying temperatures(C)

Frying temperatures(C)

170

150

130

170

150

130

15.43 20.84

12.87

11.34 6.65

16.90

Control

16.76 21.34

12.71

10.46 5.71

14.42

2% BGEMs

13.06 20.62

13.97

12.61 6.91

13.03

4% BGEMs

13.30 15.99

12.67

7.59

13.15 13.04

6% BGEMs

)

)

Tl A=

tol 18 A &2 130, 150, 170C= 3

S

o

fveel
_ZTI
o

17}29) 4%, 6% thal A 130°C 2 150°C ol A

s A7FFE] 4%, 6% Al Al 170°Col A

0Coll A

iz

Fel 130C <F 15

S

3} v

gL, =

150 Cell A<= wile}

g,

_ZTI
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A A

b 5

L
[at]

[=] T3 (=) (5]
L}

- —

{96) 8o IO

Lo
i

e [Fo]
(94) JUeuos alnisiow

120

80

Time (sec)
2%-BGEMs -#~4%-BGEMs —8-6%-BGEMs

40

120

80

Time (sec)
2%-BGEMs -B-4%-BGEMs -#-6%-BGEMs

40

=4+=Control

=4=Caontrol

0il content (%)

Moisture content (%)

Frying times (sec)

Frying times (sec)

120

80

40

120

80

40

21.42 20.00

14.37

6.65 4.13

12.01

Control

15.62 18.31

15.43

8.29 4.90

11.89

2% BGEMs

15.77 16.94

13.73

8.97 4.53

12.76

4% BGEMs

17.19

4.61 14.33 13.52

9.56

11.17

6% BGEMs

tol 7' A =& 150TCelA 2z 40, 80, 120 2= &

S

e

=
[}

F e 2ot

—

0

o
500
T
iy

o

Nlo

o}
o
R

of
&

B

kel Fol7h Aol G, FEA 80

o

=
= =2

739 controld} Al
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)
=
—

g I
Z I .
D
5
0 10
=
5
0
Control 2% BGEMs 4% BGEMs 6% BGEMs
Control 296 BGEMs 4% BGEMs 6% BGEMs
Oil content (26) 18.71+£1.39a 16.44+1.33ab 14.82+0.94h 14.60+0.20h

O WERERIL 43 AEoluA Be) Wl vAwe] HE fuve) E588 B4
5 150ColA 50 23 7% Aelsk F8E-E Soxhlet WHAOAC, 2002022

93101 §5 A £
AYFFE 54
O 71, AEOlWA MEET IFF 2B AR FIRS FRYl Fols AL
Fo1g: 58, 4% ol W7k A FHEo] BAF Sobglizv, ol controlo] MIshe] 21%¢]
NGt FH AGRAE e
o el B AR #9 AR X4 F4 9o
(1) frgme) 4
Control 2% BGEMs 4% BGEMs 6% BGEMs
L 82.27x0.94a 69.87+1.34b 63.33+1.57c 59.51+1.03d
ax -2.60£0.18d 1.45+0.10c 3.05%£0.22b 3.88%0.16a
b 20.13+0.27¢ 20.68+0.68bc 21.47x0.44ab 21.93£0.47a
Chroma 20.30+0.77b 20.73+0.53 21.68£0.72a 22.27x0.67a
Hue angle -82.64+0.58d 86.00+0.39a 81.92+0.64b 79.96£0.51c
AE 0.00£0.00d 13.07x£1.43¢ 19.83x1.64b 23.74+1.53a
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O L value 7} #4shs Aoz Hol WELEF37 243 Fo] £2e] A7FE thA] vL&o
Fold s fEe] Aol ur|vt of YA A4S Bl a value 9 b value”t
Hashs AFom Mot dhefo] St E e Ald, 24 AldE AoAE A
gl

O o] A3E §43t°] Chroma, Hue angle, AE valueE A4t wW wlelZ+31 73}
FEol o] HWIHE A vl Eo] EoldE Chroma(l%)7F f94 02 F7haal

=
Control3} AZ7ke] Mo z}o]E el AE value %3F fr93 o2 Z718ks 34213
(2) WEtZFZE 733t ZASo)u Al Edo] HAyid feHe] ez B4

(7h Ade ez =4

10
8
2 5
o
1]
S 4
2
0
0 0.5 1 1.5
Time (sec)
—Control —2% BGEMs —4% BGEMs —6% BGEMs
Control 2% BGEMs 4% BGEMs 6% BGEMs
Hardness(N) 4.88+0.63d 5.35+0.39¢ 6.97+£0.52b 8.33x1.20a
O 28 A3l de] WS Texture analyzer?] platformel| =&E3l 5 73R blade®=
25 50 mm/min, 7092 W3 &= Compression tests 2 /\] i

Az WEFZFAE ) Apelal Bae] Fgo] F/4A5S Hardness(N) B3 Fel3 02
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(b FgHe dan 54

25
&
2 1.5
o
[}
L (S
0.5 -
0
0 05 1 1.5 2 25
Time (sec)
—0% BGEMs —2% BGEMs —4% BGEMs —6% BGEMs
Control 2% BGEMs 4% BGEMs 6% BGEMs
Hardness (N) 1.87£0.29b 1.87x0.35b 1.95+0.42ab 2.19+0.30a

O fEHe] gaxs 24317] 98l three—point break testS 2A3F A3} 49 FEH7FA =
control¥ U] 3le] 9] ZQ1 Zpol= gl o), 6%+ thE FHHE AEEH V] aLste

ol oz 7Hd %S Hardness (N) 7} 4 4.

(t}) 992 Breaking stress #4

3FL F : Applied force (N)
Breaking stress (N/mm?2) = —
2WT? L : Length (mm)
W : Width (mm)

T : Thickness of noodle stick (mm)

15

10 -

Breaking stress (N/mm?)

Control 2% BGEMs 4% BGEMs 6% BGEMs
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Control 296 BGEMs 4% BGEMs 6% BGEMs

Breaking stress 775+0.82b 7.93+1.15b 850+1.31ab 9.44+1.25a
(N/mm°)

O 98 three—point break testE AA|%F A3 2 Breaking stress (N/mm2)E 23}
o] FEH AE7MA = control@ Blalsle] oAl Apol= gl 6% tfE
AZEF} vwste] folHor 71 % Breaking stress (N/mm®)7} 4 4.

S
X

o187 fwe) W U Tx B

(3) Scanning Electron microscope (SEM)-2

Oh e B9

< 4% BGEMs >

O Scanning Electron microscope (SEM)Z F8w 9] WS- 32s)r] 9ste] f8d A%
ethyl etherell 12 A|ZF &< ©7F AWh-& AlAs AL, FZ270% $ 156 nme] W5 Z8-S

s} Ao w; FUE o] g WAT TA Wigo] FoldFE Ryl W /)Ee
2717 ZolEal BW EF FHs) A AL HAt
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G’ (Pa)

< Control >

H

FU

O fguel yRFre) Ao

2t g Fk dst FFolv A ol AUt 794 doughe 454 54 A7)

(1) %43 e4 (dynamic viscoelasticity) ¥

1.00E+06

1.00E+06

1.00E+05

\

1.00E+05
) M

1.00E+04 1.00E+04
0.1 1 10 0.1 1 10
Freguency(Hz) Frequency(Hz)
—+— Control —+—2% BGEMs —=—Control —=—2% BGEMs
4% BGEMs ——6% BGEMs —=-4% BGEMs —=—6% BGEMs
O MRS WEFFRT 43 Adolual BUE 2 4, 6% A3hele] dough® 5014 20 mm
parallel plateE AF&3lo] 0.1-10 Hz W9 frequency©l] W& G'(elastic modulus)2}t



G"(viscous modulus)ZE =A%t wetEF7F 73 ZASolnAl B ko] Zold 4=
frequency 7} S 715kl wel G, G % EF FUFeke Ade B9

0.4

035

Tan &

0.3

025

0.1 1 10
Frequency(Hz)
—+—Control 2%-BGEMs -B-4%-BGEMs -8-6%-BGEMs
O wletEF3t A3t FFo] EEs AT Skl whE doughd] AR SAA 44
G, G" kol id Q] v(G"/GY) ol&3te] A4S tan delta #bs #2493k 23 A g
Fapo] Fhgel et Yobds AFE BRI, ol AR o A4 42 FeAL

HolE.

(2) 21#-A (Extensional properties) £

_F@)vet Elongation rate =LM
27-R-h, -, [(t) d(t)

F(t): the force measured as a function of time (t)

Elongation stress =

V: the probe speed

R: average radius between probe and aperture perimeter

ho:  the initial thickness of the dough sheet

lo: the distance between the probe surface and aperture perimeter
I(t): the length of sheet as a function of time (t)

Control 2% BGEMs 4% BGEMs 6% BGEMs

Extensional viscosity (Pa es)

0.67+0.04d 0.91+0.07¢ 1.21 +0.06b 1.47+0.05a
(Strain rate = 7.35)

O F8HY doughE A& 5 mm, F7 14 mm & 59 3 mm A &9 70| E¥g=

5 719 plateel] Alelol EaL oAl 71e] Moz uAFle] X|E 10 mme] AHHE probe®
100 mmymin £E=2 %99 dough sheetZ 3L X|U7H 3ol doughd] A28 =A%k
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Load (N)

15
e % =40 4
\ (1]
/ \ 18
1.5 / : @
| o
/ - B 5
05 -
r'/.-
0 2 0
n . 6 0 2 4 6
Time (sec) Strain rate (1/s)
—Control — 2% BGEMs —4% BGEMs — 6% BGEMs ~ ——Control —— 2% BGEMs ——4% BGEMs —— 6% BGEMs
O %] figure= FEolHAl MEREF 78 Aol S71ghl e doughd] A3F A1
force-time curveE YER|IL, Q@ EZ2] L= 99 2o gwHE AXtd Ftow TEH
A9, Strain rate®] 7.35¢ W, dough®| Extensional viscosity (Pa-s)i= WEFEFFZF 7138}
FEol FEs A o] FUkgtel| wet fFoAoE Frlkshe A4S B
(3) Thermo-mechanical properties 24
3.5 100
o o
= 3
=z =
< 3
u W
= c
E ©
s

0 0
0 5 10 15 20 25 30 35 40 45
Time {min)
—Contro|l ——2%BGEMs =—4% BGEMs -——6% BGEMs =——Blocktempperature ("C}) = Dough temperature (°C)
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Control 2% BGEMs | 4% BGEMs | 6% BGEMs

Cl 1.12+0.02a 1.11+0.01a 1.10+0.02a 1.11+0.03a

C2 0.53+0.01d 0.57+0.01c 0.59+0.01b 0.64+0.01a

Torque (Nm) C3 2.13+£0.02a 2.10+0.01b 2.02+£0.01c 2.01+£0.00c
C4 1.69+0.03a 1.63+0.03a 1.71+0.16a 1.78+0.02a

C5 3.20+0.01a 3.19+£0.02a 2.95£0.08b 2.67+0.05c

Water absorption (%) 50.73£0.06d | 53.80+0.20c | 57.50+0.10b | 60.73+0.15a
Stability (min) 9.13+£0.22d 9.71+0.11c 10.62+0.22b | 11.10+£0.16a
Development time {(min) 1.21£0.01a 1.28£0.06a 1.32£0.02a 1.35£0.11a

O "7RFe] solusl wielka=:2t 28} s diAlEel uhE 9 dough®] Themm-mechanical
propertiesE 4 3}7] 93] Mixolab& AH&-3

O Mixolabs FA3t7] 913 &9 43 27HF e FFolal ve=a73t 43t A=
fAE AEe A dough A8 A ;e Clo] 11 Nm7F 5=t 228 e Axbshe]
ARE3F o1 Mixolab®] Chopint ZREZS o]&3dte] M-S 30ToA 8 #7F AS
$X 33, 4T/ minE NC/HA L5252 $8F e PToIN 7 B &
vhA 5T/miniz S0T/HA 18 el Thg 50°CoIA) 5 23k AAAAT. 919} 2 7259
WA %= dough®] Torpue Nm)E =43t

O Mixolab parameters % C2, C3, C4, Co& 44 wbld % o3} dEe 73 33ty
AR =24 93, Ao =35 et HEESF7 Ak Zdsoal aAE
hAETE C2v S7letader ol o B WEeEF 43 2AE sk 7174
shearing ¥¢tol A& 4 Qrh= 7 % o) &har, o] AL w3+ doughd stability
time¥ = ##o] glvl C39 C598 #ii= WELEFF7E 73 XH ﬂ‘“*o] Z7}gkol

£

e} FEE o, WERERE A 249 A
time?] F7hetE #HHo| &

FZE AHAIMAIZ] R AHIES 24 A SE T kst &4
Z35k BE e ks
O oAl WEFo| ksl &4 ABTSS DPPH &t 2A%S F43te] §7ish
ABTS & 27% 48 ABTS 7 mM¥} potassium persulphate 2.45 mM-2- 124 7F
IAste] ABTS 2he)zs A4S H, 1119 v&E 4 01 734 nmoﬂfﬂ TR
3l
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umol/ trolox exquivalents

30

20

10

g2 3% RS AR 20 uls 7heke] 158 Fol 734 nmelAd F3=E SA4T
olu] 6-hydroxy—2,5,7,3-tetramethylchroman—2-carboxylic acid( Trolox®, 238313, Sigma Aldrich,
St Louis, Mo)Z ZE34S 28 5 FAksd& =g
DPPH &HZ AA% S Camire 5 (193)3 Boyd & (1996)9] W& WHygste] A48
=, 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical 50 uME &-3)= ethanol 1 mLell
A& 1 mUe H7Fste] A3 &<F 37Tl A vk3AIZ1 £ 517 nmell A S35 SA T
U A FAolAl oA & 1, 3, 5%(w/v) Arbste] Alxdk B3 e ABTS radical
A e SAS 734(42) g ks Ao = 840-15.83 mmol TE/Le] W&
LERRLeH ] 7 F7bRl wel gAdo] freld o2 FHEHp<0.05). 1, 3, 5%7HA
e ZF7he ?337}?%011 e BHHE 27 74% 21%, 33%, 84%74 4L,
A7 oA 7 =k

< ZA3 eksle2 7.24-1370 mmol TE/LZEA WElZF3E Arleo
Ao g ZIlehs AL S (p<0.05). B3 1, 3, 5%7-A Hl
g} &rdo] 747 219, 35%, 89%7FA F7tsk o HUF a&e
A 1% H7keo] 7 E %+
=] F7RS AFske] Az oAl W 4 DPPH radical 4~A%5(-%
Waeks Sl 1666-19.08 mmol TE/L, <437 k53 Sl 17.55-0.06 mmol TE/LOjf:’x.
g A gEA Mot ffste] S Frod 0w FUFF oL el od &4 ¢
T7hs YRR @eks. & A 1, 3, 5% 7k DPPH radical 47 5o] F-3H 7"
tiu] 24zt 4, 2, 4% S7kske] 19 bl A7 Esol 7 ke EE A 1, 3, 5%
A7Hee 574 945 5 SAY AgelM = F-37heel div]ste] DPPH radical 4~7]%©]
747} 3, 2, 4%7HA) Sk e A UE 9E A Al fARH 1% H7kre a8

[e]
7Ha E=kE.

—_

maﬂow
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Z231
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==X
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o
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OFermentated wine OFermentated wine

m Aged wine | mAged wine

=z
(=]

&n
o
1
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B
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©w
(=]
1

<
—
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B

DPPH radical-scavenging activity (%)

Control LBF1% LBF3% LBF5% Control LBF1% LBF3% LBF5%

2 Aol A AxS oAl WE T A S48 T)Eo| HalE white wine

2 red wine®] ¥4k @4 Aakel fARE H3RE BAE(Gilen et al, 2003; Hogan et al.,
2009; Roussis et al., 2008; Yang et al, 2009). &3k 7]& &1(Schwarz et al, 2009;

b
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umol/ trolox exquivalents

Viallano et al., 2004; Vrcek et al, 2011)ol A4 ¢}ele] a-xkal A3 #Hi53stE 7k =&
Aol A#AAA 7 HaE ) 9}3 uEkA], FEolHAl W T o] ABTS9 DPPH radical
AATE HEaFo TaHo = HAsEsstE el A 7|1 Ro=w dHdd

(W) L& 5 me=EFte Jobeto] Az ‘?ﬁlfﬁ Frbshs
Z

O WE & sAGAA oAl WelEF3hs 1, 2, 3%(w/v) FH7tste] Alxd HEFo
ABTS radical 2758 Trolox®%] dHAikals o 5‘5}’\}0}04 e K=, HE A5
A2 840-19.77 mmol TE/L2] WS Yehlglor Hﬂ 7] HTbbo] ST
o] freldoz Frksh Wk A dn & 3ASEE 7.24-17.55 mmol TE/LZA
et = F3F Hoto] SMe = 1°T° 7‘—133 Skt AR AaRe Bl

O WE 5 AdGA A FFoAl WEEFE 1, 2 3/(W/V) H7lste] Azxgk Ya o
DPPH radical /\74‘:‘*0“ A% AING=), LETFl W ZF A7F A% 17.27-1948 mmol

TEL, 54 ¢5 5 17.55-20.06 mmol TE/LE %Jr?qoﬂ 40}04 freldoz F7Hp<0.05).

30 70 -
OFermentated wine OFermentated wine [
m Aged wine F g0 4 WAgedwine b
> 1
= b A
i 550 ~ T B
20 1 : — R
b =
[ T 540
¢ B g
, B : g
— . 730 7
10 ¢ e
T2 -
-
x
a
210
0 T T 0 T T T
Control LAF1% LAF2% LAF3% Control LAF1% LAF2% LAF3%

ofr
1:01' rﬂ

b F ALFOCE 7 cellgel B 44 A9
O B QATelA FEolua wEFe Aelvlsy e ARow Fue AL MCFT A
7} Tge ARER) I AL o b 54 B0h8 298 T spood-vaoumd

f3fo] d3E U FES A AGF] ALEE 96 Well plateo] HAIE(1x104 cells/well) 2+

A el }3L 37, 5% COR incubatorel A 72417t vk 3= <labagz] 2l ¢l4=o]
5 mg/mL L2 A3 MTT &9 20 uLE A7Fske] 2,000 mpmellA 1087 94+8-2] 5k
NS A A F DMSO 200 uLE 718k 3087t wntk 3 540 nmollA E3 s SA¢
O WE A FAEolwAl WEFEIS 1, 3, 5% H7Iske] e AlEQl MCF-79 =4
AA &S 4% o), E 4E AT LEF FEHES TEHE YIS W,
M E F2 ATl 13.70-5561%2 HAZ wel=F3 Hrlwo] S71EFE A
TR vEste] A4 A &gl FUksh w1, 3, 5% H7k At AUtEs s
sk 3 Al 22, 19, 15% =24 1% H7bre] SAXE F2 JA a0 7P =0
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O =4 ¢85 5 S4% LT IS 11.50-51.28% =4 5 mg/mL A2 <4
w7le] ejsje] o] feldom AaTHp<O0D). B 1, 3 5% A7hE 2A7e] WSS
aste] gakek A, 16, 20, 17% 24 HE A 3% HI7Fr Y B&o] M E%e

O ZFolwslel 2 AgdA =4 T sl B-glucan®] Tt F¢ Mol g
ghxlo) ARIAAIE e Ak Yeell growth inhibit activity(26)=7.7536+7.8695 XB-glucan(26)2]
AAZ 90.13%%] = 4HAEE BAE

O W FEH Akre) Wk mE B A, 1% WrhLo] 306 A Bk 2, 3% Al
A% oF 1502 A WE F AvkE A 1% Akre] meol Y ¥ SATAe
AR H SEF GAE F4 TS 11.50-47.05%2 MeE YERSie. o9k 2o,
54 5 LR FYEES Agwkdd wet gedow Sk o, sl A
Fol folHon gad

60 1

0 Fermented wine ! -
DAged wine I - T
£ 40 I '
g I T T
z g i _
g 2‘“ | -k T | [i | .1 W
25 & 1026 6 10 26 5 1025 6 10 26 5 1025 6 10 26 65§ 10256 & 10
Control CBF 1% CBF 3% CBF 5%
(mg/mL]
&0
1 Fermenied wine =
O Aged wine - ~
£ 40 - I & :
s 1 : x
E 20 I ! . 1 | A £
E T :'
25 & 10 26 & 10 26 & 10 26 & 10 256 & 1025 5 10 26 65 1025 & 10
Contral CAF 1% CAF 2% CAF 3%
(mg/mL]
(b)) e AlEF(HT29 cells)ol ek A4 A8 &3t

o

g A oAl WERE TS 1, 3, 5%(w/v) H7lske] diek Ao F2) ofAlg
S48 A3, 11.23-51.26%62] W2 vebRtaL, UE on A5NS4 ) AE S
A A o] 11.87-47.70%2] W2 WELZFTEZ Hrlgo] S7d4E FrREHo
A o] Frpek w1, 3, 5% W7kl Hrtas s Sk Al b2} 35 16, 13%2A4]
19% A7hre] A 2 A a&o] M =%+

A 98 3 233 vaFe] U 1065-36.24% 2 4 3 10 mg/mL A @9
A ZAdo] Fo)How AasHp<0.06). M7Fase 1, 3, 5% Hrkte] 2z} 46, 22, 15%=
1% H7hre] ago] 7 Eoks OE o5 F3vk Eagd oAl MElETRE
1, 2, 3% A7t 3 GAE F2 JA= 11.57-51.26% 2 welZ#7 Ao} 72 A sl

RAR
Aol FEo S w0 I 4GS B B, 1,2 3% B7HE
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O

&0

40

Inhibition ratio {39

irhibition rathe (%

20

A7HEES A7 50, 2B, 20067 1% A7k Fgo] vhE Ak w20 A% Eoke
Agelmal WetFThe A7Md A9GEh, 4 91 F HT29 A2 4

g
A5 & 1065-48.06%2) W92 A2l o] He fe)den ol en, 44 4ol
ol8) 29 Whe) 5 mg/mL ALEe Aglsly Aede] o149 Bavl e
Fgke. W 1, 2, 3% Arkre] A/MERS 27} 68 35, 5% wE Az BA3H 1%
Abre) mngol 4B FAw urk 29 AR E%S

O Fermented wine
nAged wine _L

26 & 10256 5 10 26 & 1025 5 10 25 6 1025 5 10 25 5 1026 & 10

Control CBF 1% CBF 3% CBF &%
(mgimL)
1 Farmaentid wine '[
0 Aged wine I -
4 1 . .
‘ &

: il 1L T

26 5 1025 &6 10 26 & 1026 & 10 26 & 1026 6 10 26 5 1026 &5 10

Coantrol CAF 1% CAF 2% CAF 3%
(maimb)

webdl, ol MErE R FANES dETOR S, WE A, F 1% A
et s

A7y AgT oz Al 73k AAE Shgulsa Aeusiuist g F 2 Ed et
HEHDAES ez 33 Fash AA o] YL K8Fo|glon, AL b 1%
X F 2000(95%)¢F 30Ul (5%) = WE A, d ARlE #E A s, A e
FAEolAl wEFE fElH wol 12TolA 1097 4471 the 5Tl AFat =,
A Arfe] AZEE Folv] fl3te] Aedt $4(18-19 T)llA IsirkE 7338y,
&% A A g ek o] H ASH wSg g AIRE S AAS & [UtE
AGe WEF AEE oF 20 mLE FFEE 579 Fege AFgstgon,  AjHd
gk Jrpt E5E v AEE AT, 938 ARHoR V|ERE HAE Fs &
ME= AALE F7HH o2 93

AgolmAl daF Ax A WgSTF0S BE Ak Fol WU Ax, e AlQd &
b, b Alsh AA A V|EEe G vAA] ek, WEREFIEe] A9 dEg ]
o]l EE&4E S gadtng BEF Ax A FES 3 ¢ Jon=



4G ge

A7Vl =

Sample Contro "% Bgucan) (1% B-ghcan
Color 5.62+2.24° 5.77+1.69° 4.41£1.79°
Flavor 5.05+1.64 5.03+£1.69 5.46+1.89
Sweet taste 3.90£1.74 3.82£1.45 3.85£1.79
Bitter taste 4.26+1.89 4.56+1.79 4.64+2.05
Sour taste 4.56£1.92 4.87£1.78 4.31+£1.95
Overall acceptability 5.03+1.81 521+1.73 4.82+1.99
O o3t o E3le] A77Ike] ghob MmAA 0] olEgo] glon, A} A
e vt w Aol v YA Aol e AlEEE 918 o84
Sl e HALe] AAAE VAR AMEERAL, 7R WlE S F1ko]
73t o FTUlE 3, AESA ELL fAHE A5 HET Ax 218
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0. NATHG BEE] Yitw 2AYe] AMARS T ATo|n], o AHE nFow AHF
Eaul s SlAdel BUETL AT + A= e AN
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a7 FA nH A AES sfasl o ] ol

1 FYR MEE R FETAS BET0] URUENE SHPE T4 A AnE 9 Al
Tu 9 AE A2

L 2% AN el 2 AEYl AR 5& BES ATANRE Fut

2. AA sk gl Wb 2 oEvhEAA WA Bl RuAEAA ASH0R i
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3. A9 Ea% AN 2 Ay FRE A4S o83

4. shptol o8 EulolAe] AT BHEe wAT.

1. =% (A SCI 39, =) Ad 191 AA €5, A SCI 1 FiL &4 %)

7}. Juyong Kim, Jongbin Lim, In Young Bae, Hyuk—-Gu Park, Hyeon Gyu Lee, Suyong Lee.
Particle size effect of Lentinus edodes mushroom (Chamsong-I) powder on the
physicochemical, rheological, and oil-resisting properties of frying batters. Journal of
Texture Studies. 41: 381-395 (2010)

Y. Juyong Kim, Seung Mi Lee, In Young Bae, Hyuk-Gu Park, Hyeon Gyu Lee, Suyong
Lee. (1-3)(1-6)-B-Glucan-enriched materials from Lentinus edodes mushroom as a
high-fibre and low-calorie flour substitute for baked foods. Journal of the Science of
Food and Agriculture. 91: 1915-1919 (2011)

t}. Soojeong Heo, Seung Mi Lee, In Young Bae, Hyuk-Gu Park, Hyeon Gyu Lee, Suyong
Lee. Effect of Lentinus edodes B-glucan—enriched materials on the textural, rheological,

and oil resisting properties of instant fried noodles. Food and Bioprocess Technology (in

press)
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HiQled, ol wxl, "H2A, olF&, W, old . FFolHAlY W Ay B Sk W3l
wE A 5. Sk AL 42 682-687 (2010)

Hye Won Kim, In young Bae, Suyong Lee, Hyuk-Gu Park, Hyeon Gyu Lee.
Physicochemical and health beneficial effects of wines incorporated Lentinus edodes B

—glucan—enriched materials (in preparation)
H5 10-2011-0033473)
5 Ax3= U (&9

Agolusl 2 Faeld AUA TS AT AAFTE AxPY (EA9E

10-2009-0094898)

3. stewat

7}

o,

=

2.
u},

Extraction of beta—glucan from Chamsong-I mushroom (Lentius edodes) by green
processing. 2009. $hor2E3pskE]. o A,

Application of Lentinus edodes mushroom (Chamsong-I) powder as an oil barrier in
fried foods. 2010. IFT. Chicago. USA

Utilization of B-Glucan-Enriched Materials from Chamsong-I Mushrooms (Lentinus
edode) as a high-fiber wheat flour substitute. 2010. 32k 2 3E3-313]. A&
Preparation and characterization of Chamsong-1 wine. 2010. 3F=2] 3% 3}8}3], <1
Evaluation of B-Glucan-Enriched Materials from Chamsong-1 Mushrooms (Lentinus
edode) as an Oil Barrier in Fried Noodles. 2011. 3+5F2) & 3}38}3], of .
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