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Purification of Biological Response Modifier for
Immune and Anticholesterol from Lentinus edodes and

Development of Functional Manufactured Product
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SUMMARY
(P& FE)

I. Title

Purification of biological response modifier for immune and anticholesterol

from Lentinus edodes and development of functional manufactured product

II. Propose and significance of the study

A. Characteristic analysis and purification and isolation process of

biological response modifier

Lentinus edodes is a well known edible and medicinal mushroom. It
has attracted great attention owing to its anti—tumor activities, because the
fruiting body was supposed to contain a B-D-glucan, which is known to
have the antitumor activity against Sarcoma 180. Its antitumor effect seems
to be due to the restoration or augmentation of immunological response and
to the potentiation of host-defense systems through cellular immunity. The
significance of the these activities is dependent on the structure of the
polysaccharides such as an anomeric configuration, glycosidic linkage, degree
of branching, triple helix conformation and so on.

In this study, we are tried to investigate the purification and isolation
conditions, chemical compositions and structural properties of polysaccharides

extracted from fruiting body of Lentinus edodes for the industrial application.

B. Efficacy analysis of biological response modifier
Wide varieties of applications of glucan have been reported, including

thickening  and  stabilizing  agents in  chemical industries, and

immunostimulating and antitumor agents in clinical uses. Apart from these
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applications, glucan has been used as a substance that enhances the skin’s
natural ability to heal and protect itself against infection. The
immunomodulating action of mushroom polysaccharides is especially valuable
as a prophylactic, a mild and non-invasive form of treatment, and in the
prevention of metastatic tumors, etc as described above.

Polysaccharides from mushrooms do not attack cancer cells directly, but
produce their antitumor effects by activating different immune responses in
the host. This has been verified in many experiments, such as the loss of the
antitumor effect of polysaccharides in neonatal thymectomized mice or after
administration of anti-lymphocyte serum Lentinan’s immune-activating ability
may be linked with its modulation of hormonal factors, which are known to
play a role in tumor growth. Aoki showed that the antitumor activity of
lentinan 1s strongly reduced by administration of thyroxin or hydrocortisone.
Lentinan can also restore tumor-specific antigen—directed delayed-type
hypersensitivity reaction.

We have not yet been properly investigated their components which one is
better for increasing immune activities, except fruiting body. In this study, we
investigated the immune-activity, anti—cholesterol and anti—diabetes effect of

fruiting body extract from Lentinus edodes.

C. Process development of Functional product.

In the event that there are large shipments of mushrooms due to the
fact that it is difficult to keep most mushrooms to be fresh for a prolonged
period of time, an unbalance between consumption and distribution occurs.
This in turn results in heavy losses at the production farms caused by a
decline in prices.

In addition, despite increased productions through improved cultivation
technologies, if the demand cannot meet the increased production, there is the
possibility that a price drop may occur due to excessive supplies. Therefore,
there is a need to develop processing technologies for adjusting shipments.
However, there are only a small amount of ways to process mushrooms such
as in snacks, drinks, alcohol and canned foods. Lentinus edodes mushrooms

can be harvested all year round and has come into the limelight as a

_17_



low—calorie health food that contains a rich amount of protein, vitamins and
various minerals, even glucan. Thus, there is currently a need to find
appropriate processing methods in order to develop this high value—added
food. Therefore, in this study, L. edodes were used to make Jocheong,
Jeonbyeong, Gangjeong, L. edodes extracts and concentrate and powders by
separating the crude saccharide from extracts. These characteristics were then

examined.

ITII. Contents and scope of the study

A. Characteristic analysis and purification and isolation process of

biological response modifier

The polysaccharides were extracted from fruiting body of Lentinus edodes.
The crude polysaccharides were obtained by the ethanol addtion. They were
further purified using ion-exchange chromatography and gel chromatography.
Ion-exchange chromatography using DEAE-cellulose column separated neutral
and acidic polysaccharides. Neutral polysaccharides were then purified with
gel filtration chromatography. For various peaks obtained from gel filtration
chromatography, molecular weight was measured with Sepharose CL-6B.
Total sugars and protein contents were detected by phenol-sulfuric acid
method and Bradford assay, respectively. Crude extracts, crude
polysaccharides and crude polysaccharides—free from fruiting body were
investigated for their antioxidant capacity in total polyphenolics and

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity.
B. Efficacy analysis of biological response modifier

Biological response modifier extracted from Lentinus edodes was utilized
for the effect searching through ethanol precipitation with fruiting body

hot-water extraction. we investigated the effects that Lentinus edodes

proteo—glycan might regulate the secretion of Nitric Oxide’s(NO), cell
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immunoreaction release cytokine(TNF-a, IL-1b, IL-6, IL-12, IL-23) and
chemokine(MCP-1, MIP-1a, MIP-2) etc. There were representative cell
toxicity materials that were removed from realities in Phagocyte that
appeared using blocking antibody of TLR-2 and dectin-1 that was the
representative receptor .

By examining the effect whether proteo—glycan affected some
costimulatory molecule’s revelation, being antigen shearing activity of
Phagocyte by proteo—glycan regulation ability, using cell adhesion
process(cell-fibronectin  adhesion assay) method that wused plate that
conglutinating homotypic cell aggregation assay department fibronectin cell
mobility course of events proeto—glycan fraction’s regulation possibility about
protein vitality, the possibility of adhesion regulation protein expression was
investigated by proteo—glycan fraction.

Also, we investigated hyperglycemia to confirm the possibility for
regulation function of Lentinus edodes fruiting body. An experiment animals
were prepared to search the blood sugar control of Lentinus edodes fruiting
body extract for estimating type 1 diabetes model mouse and hyperglycemia
effect by streptozotocin(STZ).

C. Process development of Functional product.

L. edodes were used to make Jocheong, Jeonbyeong, Gangjeong, L.
edodes extracts and concentrate and powders by separating the crude
saccharide from extracts. We investigated the quality characteristics of
Jocheong containing various level of Lentinus edodes powder and extracts by
adding L. edodes powder in rice, L. edodes powder in saccharide L. edodes
extracts in saccharide. Then, we studied the quality characteristics of
Gangjeong containing various level of Lentinus edodes, properties of
Jeonbyeong containing Lentinus edodes powder and development of

functional food using Lentinus edodes extracts.
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IV. Results and recommendation

A. Characteristic analysis and purification and isolation process of

biological response modifier

The internal standard regents were glucose, galactose, mannose and
fucose. The peaks of neutral polysaccharides and acidic polysaccharides were
obtained as CPFN and CPFA, respectively. CPFN and CPFA were divided
CPFN-G1, G2, G3 and CPFA-GIl, respectively. The range of average
molecular weight was between 31 kDa to 658 kDa. Total polyphenolics in
the crude polysaccharides—free from fruiting body were higher than those
from the other ones. And crude polysaccharides—free from fruiting body
showed the higher on DPPH free radical scavenging activity. Positive
correlations were found between total polyphenolics and their antioxidant

activity.

B. Efficacy analysis of biological response modifier

In this study, we explored the biological efficacies (immunostimulatory
potency and molecular mechanisms, acute toxicity, anti—diabetic activity and
anti-hyperlipidemic effect) of various polysaccharide fractions prepared from
liquid culture of Lentinus edodes using various in vitro and in vivo models.
Polysaccharide fraction (LECE-PF) from crude extract was able to strongly
up-regulate the phenotypic functions of macrophages such as phagocytic
uptake, ROS/NO production, cytokine expression and morphological changes.
LECE-PF triggered the nuclear translocation of NF-KkB and activated its
upstream signaling cascades such as PI3K/Akt and MAPK pathways as
assessed by their phosphorylation levels. The function-blocking antibodies to
dectin-1 and TLR-2, but not CR3 markedly suppressed LECE-PF-mediated
NO production. The fraction was also found to be non-toxic up to 2g/kg,
according to accute toxicity analysis. Crude extract of Lentinus edodes
(LECE) also reduced serum glucose level increased by streptozotocin. Finally,
LECE significantly diminished serum levels of cholesterol, LD<-cholesterol, 3

-lipoprotein, and atherogenic index. Therefore, our data suggested that

_20_



Lentinus edodes and its polysaccharide might have the immunostimulating
potency via activation of multiple signaling pathways, anti—diabetic effect and

anti-hyperlipidemic activity without displaying acute toxicity.

C. Process development of Functional product.

In either case of adding L. edodes extracts directly to the rice or adding
it while boiling with the saccharide, there were almost no physico—chemical
differences. It was suggested that the amount of additives should be set at
172% or below.

Prior to processing the L. edodes extracts for boiling, when saccharide
is added at a constant proportion (10:0, 7:3, 5:5, 3:7), the Jocheong showed a
large difference in its sensory factors when additives were beyond 5:5.
Therefore, when adding the extracts, the proportion between saccharide and
extracts should be processed at no more than 7:3 or the boiling process
should be given the more time in order to produce a product that was similar
to the existing Jocheong.

Jeonbyeong was prepared by adding L. edodes powder to improve its
quality and some functional properties. The water absorption increased as the
amount of L. edodes powder increased while the arrival time and calorimeter
value decreased. The temperature at gelatinization and temperature at peak
point were similar to control. The extensogram showed that the energy of
dough and extensibility decreased.

Using the above results, the most recommendable method for producing
L. edodes extract beverages that suppresses the taste and flavor of the
mushroom, while making it more preferable as a beverage, is to add 20%
green—tea extracts in each unit (100 mL). In the case of L. edodes
concentrate beverages (20 mL), it is the most preferable to add 20%
cinnamon extracts. In addition, when separating the crude polysaccharide from
the L. edodes extracts and making into powder for use in a capsule,
maltodextrin was selected as the binding agent with the both 20% and 30%

additive quantities.
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Komatsu 519  Schizophyllum commune®%5¥ I Al
schizophyllanS 8] 3}% 31, Tsukagoshi®} Ohashi (20)= Coriolus versicolor
o] miSFTALREE A wtpd Al PS-KE #2359 o™, Chihara &
(21)2 Lentinus edodes® A AZFE sarcoma 1809 =g AA 8-S Xd
A lentinans w2 A A AU
il
D FEE Ax 2 58 AE
7hH vl & & HE
A3 RIS FH7]E ol &3ty EHd & EES 77 &ui(d
F, A" ZE, ofAEHolE, o eE NaOH)d do] ALdx FEatt 459
A 0CE FAE F=2FxdA FF st o IA(Whatman # 4)E ©|
g3l A 7H7s FAUE AT
W) d5FE H4 78 HE
Buals TuwAle 7 exd A7HE d5325S £33y &9
o] BElE 95to] o] A (Whatman # 4)2 o] &3te] 73 RS ¥=
3 5 e (= 95%0]4)S WAl 4Tol A 244175 A A 7] skl
A (6000rpm)E F3te] G AS AASL HHAES FEete] A9
Z34E AAES ¢ & dialysis tube(MWCO: 12,400 Da)ell ¥ 11 X%
AAEtAT FAS JAHdES oJHste] AASL ARSI TREA
(polysaccharide)& #H &2 o2 st th
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TE OCE o] #4384t #E 7]+ SHODEX RI-71E o] &34t

o

th) obnl = F(hexoseamine) ¥ 3

geun 7 o 2%  AE<2  hexosamine? 4 =4s 99

p-aminobenzaldehyde*] ¢fS o] &3 Elson-Morgang o2 &4 3

t}.standard®= Glucosamines AH-&3+%th.
2}) helical conformation &2l

FZE0| helical conformations 7FA =3 oFE &7] 93] congo red
AlFS WA NaOHE R 2 H7MAZ & HU&F = ghe Wstz S48}

o}
Atk HE2FZ curdlan?} dextrang A3 Th

v}) total phenolic compound % =74

ME dsdeade s 7 a4 242 Hauxo] h 3o
total phenolic compound %<& @olr 7] 93] Folin-Denis'¥} < 283 vy
© 2 Folin—ciocalteu’s phenol reagant A|eFo 2 WAutS Al =3 tt

standard® gallic acidZ A}&3F ).
v g 2HE =49 &

Tuo ZYAHEAGZLS = 22 —’F%%QL‘O]EE ion-exchange

column T E2vEIZHIE o] &35lo] Amberlite IR-1209] 25 a1, INYGREY
ofo] &ZF5 o] FEo &7F g, 0371*33*&%01] st ?LfJ el
2 o|g3laL, Amberlite IR-4Boll &5 1, 05N ZAbe] &35 o] 7o &
H7b gld Ze® o] [R4B FF TR FEELS TE& Hyrh
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Dry fruiting body

Extract with Extract with
water (307T) methanol (25T)
Filtrate Filtrate Residue

Centrifugation{6000rpm} Addition of
ethanol (4 volumes)

Supernatant Precipitate

Dissolve with water

Remove ethanol ! A
Dialysis for 7days

Polysaccharide —[ree Polyvsaccharide

Figure 1. Extraction process of polysaccharide, polysaccharide-free
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5) Polysaccharide % % A%

Crude polysaccharide?] F& % E3+v AAAE dF-FES F3lo] 3

gon deFEe 2AA 100g (dry weight)S 121 CollA] 2 A A 2H 4
Ax F&3 & AAEHGB00 rpm, 25 min)E £t JAHDES AAs @
2 Je el 3ue] ethanols 7}3te] 4 TollAl 244136 W8k o) Aol
Hxal= BHE gIFAS filter paper(whatman #4)2 AM&3fe] Hgstx o

2 &3]3 ¥ rotary vaccum evaporator (N-1000, EYELA, Japan)Z

o

o >
P o
S
e

}o] ethanols A Aty GIAE sF3AY. T5FH AlE+ dalysis
tube(MWCO : 12,400 Da)E o]&3le 547t FAsta sZAx3e] crude
polysaccharideE & %3}5FtH(Fig. 2). Polysaccharide A #&2 FZ& o] 3uj
-] 9] ethanolp— 7vete] 4TCell A 24417 WhA1EF AL, AAE 2] (6000 rpm, 20
min)E AA 3 & filter paper(Whatman #4)Z A}-&3te] 88t 60T A <k

24X ZHEer dekol & wiztx] ARAFHTY. AzxE ZuA|(crude
polysaccharide)Z desiccatoroll Al &akeo] & wi7zpx] WA A7l & A kslo] wj
okl Byt crude polysaccharide® & A3} $3 T}

6) Polysaccharide ¥2] = A x|

7}) Ion exchange chromatographyol] ¢]3%F £ g

=5 500 mLol DEAE cellulose(Sigma Aldrich, US.A)S Y i nwkg
T 24X 3set 1 L oHlolAAA BaAAY. sEe] Al 342 Buchner
funnels °] &3l SHFFE AA F, 02N HCl €9 500 mL& 718l nvts}

FArh HCL Al % T A SRFE FAse] & vs 02N NaOH &<
500 mL& 7tste] wwpkete] ST /?: 7l #8& 33 wkE 5, HF 02N HCI
LA 500 mLE 7}ste] wytslar Cl forme 2 A 2]¥ DEAE celluloseZ
"{]3}5’— T 300 mLEs FHdt AR
Lol &3iAzl %, 423000 rpm,

b FF4 300

15min)E& &F3ste] 284 EES Ak 905
mLE AFESFY] A4 BES Ao, £F 4452 4 mL/mine® 10 mL
A FYsAY. TFT 8588 54 1x39 T4 UG ACPEN)E i



AT vhE ) columnol 2 AHAEEL2 02N NaCl £ 5% FHjz &3

stk &9 xgH F7]1 918l dialysis tube(MWCO : 12,400

Z = AAT & 4 Azt A g3 A(CPFA)E 233

HFig. 3). &4 EIEF9 9 B ¢ oWz EAES phenol-sulfuric acid
A

method(22)¢} Bradford method(23)2 2tz 2 A5}

Z
»

®
o
2
N
ol

}) Gel chromatographyol] ¢t £z} 5ol

i

4 a7 2YE] A
S AAF 7] Y| gel filtration chromatographyS <331t} Sepharose
CL-6B(Sigma aldrich, US.A)E T/FT= FAg F glass column(2.3 X
80cm)el Fx &tk €% &= 05N NaCl 600 mLS 85Ut

A 2HLE BEAEs g e ¥F AlE Dextran D-670MW 670
kDa), D-410(0MW 410 kDa), D-150(MW 150 kDa), D-25(MW 25 kDa)<} blue
dextranMMW 2000 kDa)& A}&3F9th 5=+ ZF 10 mgs 05N NaCl 1 mLel
g7 5 AAE(G000 rpm, 10 min)E AAEe] B84 =22S AAT

T FYedY. £F HF5E 2 mL/mineldew, 5 mLA  fraction

e AQRIES EAE arjdz 235}
=

(

32 o =AL phenol-sulfuric acid methodE ©o]&ste] 2Helat 9l
A e $F Fomb)et 2AFMW)E EdE gEa4ds v

(35).
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Fruiting body

Extraction with water
2 times at 121% for 2 hr
Centrifugation (5000rpm, 25min)

Precipitate Supernatant

Aadd 3wol, of ethanal
Store overnight at 4 ¢
Filtratian

Precipitate

Dialysis for & days
Lyophilization.

Crude polysaccharide

Figure 2. Extraction and separation procedures of crude
polysaccharides from fruiting body of Lentinus edodes
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Crude polysaccharide

{CPF)
I | 1
Supernatant Precipitate
DEAE cellulose (CI-) column
chromatography
Unadsorbed Fr. Freeze drying
(Neutral Fr.) (CPFN)
Eluted
Eluted with with DU, ‘
f~2N Nacl Gel filtration chromatography
(Sepharose CL-6B)
[ ' 1
CPFN Fr. CPFA Fr.
Adsorbed Fr. Freeze drying
(Acidic Fr.) Dialysis for 5 days (CPFA)

Figure 3. Isolation procedures of neutral and acidic fractions of crude
polysaccharides by ion exchange and gel filtration chromatographies
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zZ+zke] A& 10 mgoll 05N NaCl 1 mLell €Azl & A2 (5000 rpm,
10 min)E At 584 =45 AANS ff* Tt & 2

mL/min® 2 5 mL# fraction collectorE A}-&3to] B ES FHAY. &5
Aol EZ3tEo] = NaCls A A7l flste] dialysis tube(MWCO : 12,400
A T FAAZsIY EAFS gl 4 EY=59 @
2 ogalz B8 phenol-sulfuric acid method(22)¢} Bradford method(23)E

-
e
t
(o]}
w o
N
i

b
o
ot

% 99 stEe phenol-sulfuric acid H(22)2 AF&3}e] 5% phenol
7} sulfuric acid® A Lo A 2087 FEA|7] & WAy S Rt
A(GENESYS 5, Spectronic Co., US.A)E ©]&3}o] 490 nmolA &%
TE ZA3 A, D-glucoseE standard® ©]-§3to] FEFAS FAge
Hou A gtk & FEEFS Hx AR wx(w/vel tE F e
TE(w/v)e MEEZ JeERATH

O

e
N

o,

A\ ofo oo
o

B ox

WA AFwFe Bradford® (23)o] wel A5E SRFT &4
HAME 3l Protein assay dye reagent (Bio-Rad co.)E Ab
2o A 5% WESAIZl & 595 nmoll A EHFEAES o] &3}
TE A7 FdaA AYste] gxdow Agsda
o

BSA(bovine serum albumin, Sigma)E standard® A}-&

)

O
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t}) Hexosamine & =4

AP A7 Elson-Morgan " (36)s AHE3sE L, ZF A& 5 mgs
3N HCl 1 mLell ¥22 A& 7}22 2R3A7] & HE3e] 100CoA 18A17F 7}
Fadfistal o #gk oA S 3 wFHste] 2 AxAA & AlRE ImL H0
of ¥l Hx=" glucosamine Ayt Alg o] 05 mLol Z+7 AleF A-1 ¥
A-25 1 mL¥ 7}sta 96ColA 1A]7F WE&A] 71
4 mL 96% ethanol® 1 mL A ¥ BE
3ol 526 nmeld FTIAEE =
glucosamine(Sigma, USA)S standard® ZFA 3 ZE=FAS o] &35t AAlst

o,

151121 ol
HN

2 o{&
R
w
(@)
i
i
ok
R
e
. og
ol
H
X
off mm
of
2 o o oy

Reagent A
A-1 %< glucosamine®] ™3k AleF A
; acetylacetone 1.5 mLe] 05N NaCO3 50 mL< # 7}
A-2 Algof digh AJ¢F A
; acetylacetone 1.5 mLel] 1.25N Nas;CO; 50 mL& A7}

Reagent B
conc. HCI 30 mLo] p-dimethylaminobenzaldehyde 1.6g<& =91 %
30 mL 96% ethanol& %7}

2}) Uronic acid &3 £4

A &% uronic acid®] 341 Blumenkrantz(37)9] ol

=3 98‘7 kel sodium tetraborateE E o] 0.0125 M<] %‘f’& LdS A3
9} #7129 glucuronic acid ¥ WdZ2F<0 THT 200t 7471

F 12 mLS H7F8F % ice chamberol H#3sAth o] % 100T o A

5%-7F E‘l%/\]ﬂ % water-ice bathel ¥o WF&S AHA|AIZ] ths, 05% NaOH

F

F8 Mo m-hydroxydiphenyl-& 015/7P HEE A 898 20 w H7FsH
o st & Ao 587 WA & EFFEAE o] &3t 520 nmolA &
FrE2 =AU =3 7z A8 g

}+= wronic acidE ALd o E
hexose} pentose A2l Go] Fikgodo] og AL o FFE=E A LA
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7171 938 0.15% m-hydroxydiphenyl &<t)Al 05% NaOHE % 7}ste] 520
nmoll A FF=S =AU, o]F uronic acid®] FHLS AA| FH LA
blank &FEE wWF FS EFFHAS o] &3t At} Uronic acide] g
X
[e}

S=(w/v)ell 3 uronic acid(w/v)e] #WE& =2 YERHAT

ol

Polysaccharide®] 4% ZAB|E dolr7] 93] Alx 2 mgs A &3]
Zatel 1.5 mL microtubed] T F bp.ok WA vrol kel A AT &
2M ftrifluoroacetic acid 1 mL& ¥o] I&E3st] =20 T 100 CAA 447+
2R s 3] monomer size®Z A3 F vaccum distillation F A&
o] g3l &wlE 4d3] AAsAG. Euirt AAR AlEA 1 mLel DI
water(deionized water)E& Yo €#3] =<2 ¥ 02mm PTFE membrane®
filteringsle] 31X sted HPLCE Al8& A3t Standard® D-glucose,
D-galactose, D-mannose, L-fucoseE A}&3t3tt. HPLC =712 Table 1. 3

2o

Mo ol o
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Table 1. Operation conditions of HPLC

Instrument YoungLinMP30

Columns Agilent Zorbax Cabohydrate
Flow rate 1.4 mL/min

Oven temperature 60T

Injection volume 20

Mobile phase(%)

Detector

Acetonitrile : DI water = 85 :

ELSD ZAM 3000

15
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8) polysaccharide %4

S|
ax

o

7} polysaccharide®] 233l

Crude polysaccharide®} Zt &8 E5<9 FHZ23 FH7F adFAA BAES
=2 #913}7] 98] Fungi-Fluor Kit(Polyscience, Inc., US.A)ES Al&3lo] &
sttt Kits solution A9 solution BE o] glon ZHo] =2 samples
oF 400 S 2] absolute methanolS 3 7}38lal vortexing § slideo] &8
dry ovenol| ¥ AZAZIT AZF solution AS Fo] W& Hojrmy of 3%
FA R Pk

)

o 9

= = 2~

¥ THTE rinsingstil UV Illuminator(Vilber Lourmat, Inc.,
France)oll Al &33& 3Hel3}]}).

L}) Helical conformation ¢l

A AN FZEFH  crude polysaccharide?t 2z EHE9  helical
conformation®] % & &<Qlst7] 98kl Ogawa$t Tsurugi(38)e] WHS #
GAA Aastgth. NaOH001~05 N)ol A& 1 mg/mLe] $== 5447
ot 2557 071 mMo] HEE 0001 N NaOHol congo redZ l—?}iﬂ}.
Congo red 100 w9} Al5E <2 NaOH £ 900 wS & £33 3 room
temperatureo] A 5%3F WHES AA| 3, F33F=A(GENESYS 5, Spectronic
Co., US.A)E AF€3F] 400~700 nm H oA scandlte] A E4a4S =
g8k At

sk ksl &4 S DPPH free radical® 474 (H A}
A AR F odE e 54 S Singleton and
%5}04 H]*—’Vé%k stk A& 1 mLel 1 mLe]
% 3% H-SA1Z FH (T10%) NaxCOs &
of 1 mL& 7hebsith 01&4~ 2 Egate] Ao A7 WA AL F 700nm
oA FFEE =A& AUt Standard:= gallic acid(Sigma aldrich, U.S.A)E o]
&3t
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HAAE o5 (EDA) Cheung 5(31)9] WHS o]&3stdtt 05 mL DPPH
radical(0.15mM ethanol)& o] FEWHZ A& 1 mL & Y2 & A4
vortex mixer® 2+ &£33 T 520nmolA FHEE =AY} ol HAAF

g 3 o]
A5 AR AT RANT FHE FoIE vhe HolAsh go] Axtstel
MR gabshel Taherk

@ Scavenging activity (%)

absorbance inthe presence of sample
=| 1- * 100

absorbance in the absence of sample

b m e

W) W

1o

(1) NO (nitric oxide)d] =4

-2~ gElgt 714l Raw 264.75 10% fetal bovine serum= 33
DMEM (Dulbecco’s modified eagle’s medium) A oA wi%&te] A 87}
nitric oxide A B A EZZF 2ol WA= FEFS HEsHA

k-8-A & AL E (reactive nitrogen intermediates : RNI) 32 &4 &
ol 2F&}E(nitro oxide : NO - ), of&Abo](nitrite : NO;) % ZHAF
(nitrate : NO3 )2 AMEujFH Zo] NO, % NO3 Hejz A3, o
NO:; o dH= FHHr NOs ¢ A4S ddaihsE A SAAAAN FA
of H7] w&ol o5 Fol Aol Ta = NO: & LA AA 570nmell
Al ELISA &A7]12 =733t} Cell line2 RAW 26475 Al&3lsiom, 747}
1x10° cells/mL %2 AEE 1847+ CO, incubatordl Al A %at 5 7z} well
o AEujgA S AAstL AEg FdI A EE Aste] v 307 v
&35ttt 1 3 inducer® LPS (lipopolysaccharide)E 25u/mLe] FEZ #
23t 3L, inducer’t A=A 22 2T wellol= wAE o] thA] 2443k
v k3t ATt Egul ket 2 welldl A 100p0e] AlEwid FE5oaS FHsle] 5%
2] Griess A 2F(B0ul of 1% sulanilamide in 5% phosphoric acid + 50uxf of
0.1% N-naphthylethylenediamine in H.O)3} A-&o|A 30&E7F #5271 F
ELISA 47|12 37433t NO; o B&Fe dAs Aol 9§ sodium nitrite

T
o EFIFAL A4 FFsach AWge FRLEFARE EASAT

°

1
% dr o by

Q o A
ON
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(2) Aogdye] FJAAA A4S 93 Acetylation WH

Al8E 19 %9  pyridine(Sigma-aldrich, US.A)3 1939  acetic
anhydride(Sigma-aldrich, US.A)E FTE¥Z Y3 50CAA 7}238 wyts}
g} o]F Z=H4E 713 F dichloromethaneS 2 %389 on F=9 {7
S X3 NaHCO; F8do =2 MG & {78 Na,SOE H7Fste] o
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Figure 4. Comparison of polysaccharide yields according to extraction
solvent
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Figure 5. Comparison of polysaccharide yields according to extraction
temperature
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Figure 7. Comparison of polysaccharide yields according to extraction
temperature
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Figure 8. Comparison of polysaccharide yields according to dialysis
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Table 2. ratio of watersoluble component and insoluble component

water extract dialysis
supernatant | precipitant supernatant precipitant
weight(mg) 90.5 9.6 52 40
ratio(watersoluble : _
. 9:1 55 :45
insoluble)

=22 QT

- B
Dry fruiting body T
Disintegrate Lentinus edodes
Extract with water (90T, 12hr)
FZA7k
Filtrate Residue
Centrifugation (6000rpm) Addition of ¥
ethanol (4 voll.lmes)‘_
| | A 3l X
Supernatant Precipitate
Dissolve with water hd
Supernatant Precipitate
Polysaccharide

Figure 9. Optimum extraction process of polysaccharide
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) AYEAE=E A 24

7} total sugar, uronic acid % Peptide ¥ =%

Ztzbel AE wWyoez FAHY ¥ Table 39 o]  YElNTH
phenol-sulfuric acid¥ < ©] 83t sample 200409} 5% phenol solution 200u0
£ 15ml m1crotube°ﬂ S wHk A7 & HeE A Imls Wi A2lA 10
B2 98 A7l & gpectrophotometer® 490nmoll A &3 % e =
total sugar® %& 70.32% % WESIL, m-hydroxydiphenyl¥ & o] &3}
sample 0.2mlol sulfuric acid/sodium tetraborate solution 1.2ml& Y& %
Hhsto] 100Ce Al 5&3F vES A7l & o5& 43 0.15% solution of

=

o
m—hydroxydiphenyl in 05% NaOH 20u0E 3l vortex mixero] mixingS Al

Els

_‘9:

H]

g fo

total absorbance®l
0.46%, Bradford®
&5 47 14z 3

71 ¥ spectrophotometer@ 520nmol X &3%= S =4
blank absorbance#t< " ZA#= Z43gk uronic acid &
o2 sample 800xlol protein Assay Kit I D.W.9]

diluted kit 200uls ¥ 204 583 ¥HSAIZI ¥ spectrophotometer =
59%Bnmmol A FF % S S43 A peptide ¥ 0.718% = 242+ Yl U

W @i 2o dAg 2 24EA

HPLCE o] &3} flow ratex 04ml/min® 2, o]542 DI water (isocratic)
o5 AHL CHO-682 (resin: lead, ligand exchange)® ZAHZE+= 90TC=E
Detector= RI(x16), &Y 202 42 800-810 psiZ 60%3+ =53}
sample®] & 99 FE T4 23} Fig. 109 22 A9&5 &
standardE WA EAI8ti sampled peaket WA S uvjusle] EA)E A}
Fa9L glugose’} 99.42% = 714 Ekal, manose’} 0.58% 2 W@ L3y o

AT 2P YA v ddie dE2EA Sk

3
20,
52
)

t}) otv] = F(hexoseamine) ¥ =74

Eloson-morgan® < ©]-&3le] sample 5mgol 3N HCl ImLS Y1 dAi7l~
2 A% g2 100CANA 18A17F &<t 7F&3lstal vacuum dry ovenoll A
AZAA F7FF ImLol 3t sampled ¥+ glucosamine 0.5mlo] NaxCOs
50mle] 7}si A acetylacetone 1.5mLA| %S 1mL 7}8tal 96 Col A 1A|7F HH-8-A]
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Table 3. content of Peptide, starch, uronic acid in polysaccharide

HY(mv]

peptide(%) 0.718
starch(%) 70. 32
uronic acid(%) 0.46
26, 5354
¥
17,5084
s.9824]
5]
! #
-
(=]
0.1554 -——.UII “‘“"L\J rﬂ.\/«w —
-8,6T5
CIZEEE e 1111111 22 £ o e o o e e s i MAAA MESECCoeCECE R ELER 1177717 TIEEEEREEEEESE92,00
M 2]

Figure 10. Constituent analysis of neutral sugar with HPLC
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71 5 F2oA A3 96% oEE 4mL¥ 1ImL A FEHClI 30mL  ©l
p—dimethylaminobenzaldehyde 1.6g2 <% 30mL 96% od&&< 7l3hS 4
I, 308 7F wkS-A]71 & spectrophotometer® 526nmell A &3 E S =A3
A3} Hexoseamine®] &S 565ug/lmg &8 5656%7F dtEEo] s AS

o} 2= o)
E]_—r‘}v\}\}\

2}) helical conformation &1

FZ3 £ helical conformationg &ol® 7] $3t9] samplel NaOHZ
0.01-05NZ &4 A7l & 2 3F5 WAAZ § 05mg/ImLE A =3
congo red Al%S  sample 09mL¥ congo red 0.1mLZ Z§3}o]
spectrophotometer 2 400-700nmel A scane slo] H &I = kel HIEES A
HE A= Figo 113 Zo] Yelgt) ol & Triple helical 72 & 742 A+
curdlran?} random coil®] F&E& 7FA 3l & dextran®] &F= 7ol Wste}
s 2 Ay RuwA A FEEOIA AL gAY = helical 7&7F
stk AS & ASdTh

v}) total phenolic compound % =74

Folin-Denis® < 83} sample 1mle] Folin—ciocalteu's$-¢
T 10-20%9] NaxCO3S 1mL ¥ oA voltex mixer®| mixing<
607 WE&-A1 71 & spectrophotometero] 700nmol A &3 = Fk
total phenolic compound %-& 15.85ug/1mg, ¢F 1.59%7} Utte= A
Atk

o ot 12

vh FEUzHE =49 £y

ZY2HE 2SS Amberlite IR-120S TalA AgEF=e 5 FHp
1IN NH4OH 2 2&35l0] £&dE Holx A3 T 20% =
% Ba(OH); &9 A& g % Amberlite IR-4BE C 2}
B2 056N OMIE*POE £E3t) o] WH S 233 WkEste] d2 &
sae] WAt AHAES AEshe W (Fig. 12)02 FH2~HEA
de = 7

=2 AE
A (Fig. 13)& ‘EHTE] GRS IR e R
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Figure 11. Change in the maximum absorption of the congo red
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Fruiting bodsw
Amberlite IR-120 (H-form)

Filtrate Adsorbate
‘ 1N NH,OH
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|besubacetate
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1M H.SO,

Ba(OH),

Filtrate
| IR-4B (OH-form)

Filtrate adsorbate
| 05N CH,COOH

Al Eluate
‘0.5N CH;COOH

IR-4B Eluate

L

Ppts.—Recrystallization

Figure 12. Separation of hypocholesterolemic substance of fruiting body
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N \
‘ CH
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Figure 13. Hypocholesterolemic substance
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Dry fruiting body

Extract with Extract with
water (90T) methancl (26T)
Filtrate Filtrate Residue

Centrifugation{6000r pm) Addition of
ethanol (4 volumes)

Supernatant Precipitate
Dissolve with water
Remove ethanol Dialysis for 7days

Polysaccharide—free Polysaccharide

Figure 14. Extraction process of polysaccharide, polysaccharide—free
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Figure 15. Comparison of extraction yields extracted by various method
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5) Polysaccharide] #2] 2 A

7}) Ion exchange chromatography

Aol o &%5‘}% AANA AH & O]%f?} ion exchange chromatography2 2

2 o rdth Fig. 18 A Al
2 ZHF &88e] Cl formez &4 3d
o] A& chromatogram®] t}.

Fig. 18°l A e} o] #els A el crude polysaccharide(CPF)ol U
3 FAEICPEN)Y &2 321 mg/100 mg, AHEwE2E(CPFA)S &2
40.4 mg/100 mg © 2 YEFYT. Ion exchange chromatographyE E3 <o
T4 FEEH Y BEES 2o £59 1*@4 ErEEoly NaCls
AA7] & 543 FAS A & sHAAXE T AAA A &+

A Edge o] o}, ion exchange
chromatography & A8t § Ao A A odA= 25 W 2
FelolAtt. o] A& jon exchange chromatographyol A 2 AE 7FA 2 )
ol NaClel w%7F =2 sliFiolA &&57] wied AA" 2As g
T AATHD5). olFA Lo I E LSS Gel filtration chromatography S A
goto] FAFEE &3l

?]3 crude polysaccharide=

= o M

1) Gel chromatography

Ion exchange chromatographysS %3] 9 AAAL} wjdddl BIE
(CPFN, CPFA)9] 243 225 A o3} ARviEddyz zAsiglen, 71 2
¥} Fig. 19~207 2ok AAA 248 ELS Fig. 199 A A aiabel A&
gdA 23 F 3% (CPFN-G-I, CPFN-G-1I, CPEN-G-IID2.2 3elw o z+7}
FHFANL G HS HEHA Fkorm, AT =S Fig. 20014 ¢4 o] i
A g 8ol FAEUA, AR A mEe] BRAsE AE ﬂ?ixm

ODgtol A#W el mAA] Xal A1#3

Gel filtrationo] 8 ¥ A B8R o= 25 duldo] HEEA &gt} o)+=
ion exchange chromatography 3 &ol|4 YEld protein peaks FE=& SOl
3H7A| 39 free protein®]#t AtgdET.  wEbA ion exchange
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(mg/10mg CPFN, CPFA)& z}7Z} Table 4] YERAATE Table 404 Helst 4=
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Edo] ywzr FEES
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Figure 18. Ion exchange chromatogram of polysaccharide extracted from

fruiting body on DEAE cellulose column

_67_



—8—sugar —4—=—protein
iz2 r 11
1 049
1r ]
_ nE _
[} 4 ax
S 08 r o i=)
n e U.E (=
T asf 108 &
= | na=
E =
= 04r 103 @
[ - -
- —
ooz} 122 =
1 01
1] 1]
1] ] i0 15 20 25 30 35 40 L i) 8 55 6O BS TO0
Fraction number [5mL! fraction)
Figure 19. Gel filtration chromatogram of neutral polysaccharide fraction
extracted from fruiting body on Sepharose CL-6B (Fraction
number of ion exchange chromatography : 14719)
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Figure 20.  Gel filtration chromatogram of acidic polysaccharide fraction

extracted from fruiting body on Sepharose CL-6B (Fraction

number of ion exchange chromatography : 45753)
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Table 4. The yields of separated and purified polysaccharides from fruiting
body by chromatography

Yield (%)

CPEN 32.1
Ion exchange
CPFA 40.4
CPFN-G-1 34.5
CPFN-G-1I 24.5
Gel filtration
CPFN-G-1II 20
CPFA-G 35

¥ CPF : crude polysaccharide extracted from fruiting body
CPFN : neutral fraction separated by ion exchange chromatography
CPFA : acidic fraction separated by ion exchange chromatography
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o) G A SR 8]l

Fig. 212 blue dextran(2000 kDa)¥} standard dextran(670 kDa, 410 kDa,
150 kDa, 25 kDa)ell t& Sepharose CL-6B # A =ZwlE1#)v]e] §EF3F4 0|t}
Blue dextran ¥ 7} standard dextran® £% %3 blue dextran @ 120 mL,
670 kDa : 130 mL, 410 kDa : 165 mL, 150 kDa : 210 mL, 25 kDa : 260 mL°]
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Figure 21. Molecular weights of standard dextrans by Sepharose CL-6B

gel filtration chromatography
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Table 5. Sepharose CL-6B elution volume and corresponding average molecular
weight of purified polysaccharides extracted from fruiting body and

culture broth

) ) Average MW
Fraction Elution volume (mL)
(kDa)
CPFN-G-1 145 580
CPFN-G-1I 170 308
CPFN-G-III 260 31
CPFA-G 140 658
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6) Polysaccharide?] o]s}es B4 #4

7}) Polysaccharide®] A& &4

o}' !
oft

AR A AN FZH crude polysaccharide®t 22 AAE A5 E o] &3}
gl Al " e =A) gEks X A)S ﬁJ,}‘— Table 63 Zv}. 4o
& A A F5% crude polysaccharide® 7-$- 72.890% % A} Ao A H]uL
=2 29 S Yepda, S AR polysaccharlde(CPFN G-1, CPFA-
= 247 92.37%, 91.23% = S8 H I ol EYAFA AAHES AXHA
ole]o] EFEo] A v} AAHIL HAAE FYEC] TR FHES o|F1
= AL & = Jddn zEn A A FEF¥ crude polysaccharide(CPF,
CPB)e] whulza 3takl 0.68%= v |3k Fo] ZAHHP, EIAAS AAH
polysaccharide(CPFEN-G-I, CPFA-Q)ollA = wildol HAZEZHA &gt} T3
crude polysaccharide(CPF)ol A & AxAWLS  042% =2 YEelgton 2418
3.24%<] W&z yYeuy, FAFAAE  AHAAS  polysaccharides(CPEN-G-I,
CPFA-G)l A AAATE 0.09%, 0.06%= Z+z;

30, ot Q 2 ol

ZF SAEAT. FEAS 2.24%,
266%% 717 EASFAL. HAHFA} AL v ol Rk FE FEAC] Fh
Hol QoA AHE W Add B ARANE 44 BB T4 PHERL
Se $EALS RS QAW 1 Aok x2F AUk AW Tl u
GA F4 AT Y LIBY Folglo] AAHOE e FEAS FFL

HPLCe| 93 +A4 ddiFe HAAZ3}= HPLC chromatogramol A o=
peak®] WAS Adate] PG HE&E YESIT Fig. 225 AAAdA F
=% crude polysaccharide(CPF)e} Fg]A#A|E  AA3  polysaccharide
(CPFN-G-1, CPFA-Q)E #4493 ZAxlo|t}. Standard?] 4% fucose: 13.6817%
o mannose: 25.18383%°) glucoserx 28.1650%¢] 18] i galactose: 32.6167+
of 747} peakE A st LhERSTH

A A el o] #3E(CPF, CPFN-G-I, CPFA-G)& =%  glucoseTro2
Aol EAete s ST F AT FAGE T A A A oA
= Fawde] glucose® o] Folzl T ASdS & = AATH

2 AFo 297 FEAGAE AlRolE thE Aol EEE tEAe b=
A A frefel A glucoseWr o2 1 WA o] 535 AT F AN

o}, (26,27)
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Table 6. Proximate compositions of crude and purified polysaccharides extracted

from fruiting body and culture broth

Samples Contents(%)

Sugar Protein Hexosamine Uronicacid

Extracts of fruiting

72.89 0.68 0.42 3.24
body (CPF)
CPFN-G-I 92.37 0 0.09 2.24
CPFA-G 91.23 0 0.06 2.66
(a) (b) (c)

Figure 22. Monosaccharide compositions of polysaccharides
(a) CPF, (b) CPFN-G-I, (c) CPFA-G
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1}) Helical conformation ¢l

Polysaccharide®] A7+ *(helical conformation)S o9 A Aojst=7t=
BRM(Biological response modifier)2. 2 A4S H7lst=d oA T3 EA4
2 A" grh. d¥kd o2 polysaccharide®] A 7+ZE triple helix, single
helix, 18] 3 random coil®] FX= Hof It} oldl e Fx FoA] 3% U
TZ(triple  helix)7} 7Hg kA Ao, Zef-8td A= triple helixol A
random coil®Z, random coil°ll A single helix® Bv}#H o] & 4 At} Single helix
= 7P EQhAEE AHE g —‘:rm‘ Al kel Ay A A} triple helix® v

g BaFEo] Qui4l). Fig. 232 dwkdg o2 4# A triple helical conformation
o AWstE YER SITH42).
Fig. 24% triple helix® ¢Zel2 Agste] +x2W3E F2A1A congo red

AlokS A ste] wEAIZl F FFFEAE o€ 400~700 nm TR 9] ol A
scandtg o, Ho FFE=E =AHI O FH polysaccharide F+EW3EY EAHS
AR ow AES Aoty F Hu FHE WH3H(wavelength shift)w= triple
helical conformation®l|#] random coil 7+Zx= W3}ES 90| dtH polysaccharide
9 triple helix®] F+% & 218 5 9t} Random coil®] %2 dextran®] 7
Hd FF=7F 450 nm W9l WA Wskzh §llem, triple helical
conformation®] 2t && % curdlan® 7-F- 0.24N NaOHollA Hd F3=7F W
stsle A2 st A9 & o} E triple helical conformation® 2 <A
2+ larminarine 3 %7} 580 nm Wel2 W3FstA] AH(28). ©]& curdlan
o] larminarin®l] W8] Y& =9 NaOHO A denature’} 2 o]Fojx= Fo=
Hol B} 7 triple helix’} el +%2& 7 Ao2 s oA

A A FZ=3F crude polysaccharide(CPF)g’r oy  EI AA
CPFEN-G-1Z #AEHE Ay A A oA FE53 4% crude polysaccharide(CPF)

e

random coil 9 FZoA FF =7t A2Ea, EHAAA A B(CPFA-G)

12 7

Al fAESE ol FRHEE YERY o2 Rl (A F=EE FY vE
| = random coil?] TZE= AS HEHoR g 4 g

N
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Figure 23. Changes of triple helix conformation
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Figure 24. Change in the absorption maximum with congo red
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t}) Polysaccharide®] A3 e ¥4

Fig. 25 Fungi-Fluor Kit(Polyscience, Inc., U.S.A.)Z AF&3}o] 2F2 A o A
F23} crude polysaccharide?} #2]4 A E polysaccharide®] ZTHe S 3H<ldt
ZA3yolth Fungi-Fluor Kitel Al AF&5 & solution A® SFFo &A1z e
% Cellufluor®] clearing agent®4] potassium hydroxideZ H7}AIZl &Aooz
T2 FFolv v gol fFu v e A HEolHor wkgdte] PAs

Uetdl= Aoz delA ATH28).

7zt A& (CPF, CPFN-G-I, CPFA-G)E& ZTHf ol =< $ slided 8%
dry ovenoll Al AZA|Z]l 3 absolute methanols ¥ il thA] AxA]ZIth Solution
AZ 4 ANgo 273 W& Y ¢ 327 room temperatured] A EBFS-A]7) 3
rinsing3 & UVolA #ZsIgt. o2 2Y, a2 oz A dextranol = &
ol A3 Holx] ¢gka, BAFeR d4HF curdlanol A= FESHA ¥ Fo] #
ZE AT} =g CPFoAlA] curdlan Bt oFelA|vE 18 FElgh 3 Fo] s
of BAFeE EAst= As vt we FEAPAE A S(CPFN-G,
CPFA-G)]l AAA F= E8eA FlstA ddo] #EH/AT. 9o 2=
Lentinus edodes®] crude polysaccharide®® olUz} A#|3 A|5E5% curdlan}

FALE BATS AL ke AL HPHeR HAT Ak

O:
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Figure 25.

Visualization of B-linked polysaccharides by use of
Fungi-Fluor Kit

(A) curdlan (B) dextran (C) CPF
(D) CPEN-G-1 (E) CPFA-G (F) Blank
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g 339 polymer® T E O dvtal B 4 vk dAkst matel o
SHolA F Hs T kst e @y dA de =
ATH29~32). AR F(EDA)S A& Ziksl wbg-o Azfinkge] #olste 4t
Al free radicaldl AAE A &3t AHnEgS WS
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(CF) 83 crude AAANA crude polysaccharide(CPF)E A 73 U= K
#(CPF-Free) 8o = 273%A %9 &S Hetdled, o= Yang (43) 3
Cheung S(31)o] Hagh Aoy Ef HAFL slE kol vld 2ujAd =

A=
=& 3 ZFS Ueuldtl Crude polysaccharide(CPF) #38& ol wro ks

T3 7t R 2o ggats @A DPPHYl o8 =43 Axts Fig 273
o] vEtwtth. DPPHel ofsfjA Az gt z-s dwh} @Wol AAs =7t wet
B gholl Aol7b v=dl 1 % iy w

Aoty AAA crude FEFE(CFH)I AAA F#:  polysaccharide-free
(CPF-Free) #%o] 7zt7} 52%, 57%= vl 4 =2 AL Yepddoh A2 A
9] crude polysaccharide #£3& 2% e zlog o 3AzadAS e
t}. o] Kim 5(32) ¥ Cheung 5(31)°] Hdk Zuy g HAF<9 DPPH
g 25 v gAakstEAd e Bth AR control$l BHT®F ascorbic
acidoll Hlasto] B wrE dAS HA=H, ol M FEEY Ay Y A
ol ol oy 7HA] A4E SAEe olgh Ayetar
sk <l Azt 2 A A total
polyphenol®] &&Fo] W&4E diksl &/ o] £olx 3 total polyphenol®] 33
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Figure 26. Comparison of total polyphenolic contents extracted by

various fractions

CF : Crude extract of fruiting body
CPF : Crude polysaccharide of fruiting body

CPF-Free : Crude extract except crude polysaccharide of fruiting body
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Figure 27. Comparison of DPPH radical scavenging activity extracted

by various fractions
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ool A FEH WAL 2L et | 21+ acemanman
mannan©] ©}A g o]th(33,34). °o]HE& Ztsto

O3A 28& oEsE AAA olMEE Ho e
g3t LECP (Lentinus edodes crude polysacharide) A &% acetylation B9
o7 olNEEAZ W acetic anhydrided] H7F=S zHz- 0, 0.1, 0.3, 0.6 mL=
A7tste] ofMEste] AEE dElstddth. Fig. 28~312 olMEsit | As
FT-IR® <1d 2deolth opAldst Aol BF Fxo EAlsts O-H
stretching &3 27} 3200cm ~3400cm ‘o1 4 broaddtAl uERErom 2800cm
1~3000cm ! ol Al C-H stretching &3 =, 1080cm ~1100cm e A1 C-0 stretching
Fryas vedar o & nElgrxe dYgARl A8UlEs 9T+ AN
3, ok & sl F 3400cm 'l A YERUbE O-H stretching 5327 A4 Abel
A3 2800cm 2900em ' oA C-H stretching &<=¥ =, 1080cm ~1100cm ' ol A]
C-0 stretching 53 AS50] Audoz Zrtst= AL Felsty i, 1750em T 5
2o Al C=0 stretching &332 E &2lgozHn FISo 0}/‘%]5‘3'1}7} A&y F
A= S & F UM okEEIE HAAS W] ddEHE FxE Figo 32¢%
25 Aolgta AyZtHET Fig. 33 742t ofAld st A9 NO A =Fs e
W Aol AAHoz NO A Fe] e e & U= o= oA E st
B g3t JdoA Aol DMSOE AH&3stddl, o] &uj7F NO A4l
AoAA AajA= 2HEgk sloletar AETh Fig. 339 A#E HW olAHISE
YA 71 FEE(B, C, D)ol otAEs7F HA] ¢ AlE(Normal, A)Xt} NO A3
3

ot
mm o,
-4
BN
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R
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Aol = 1/}‘5}‘1:} As & At 2l ofMEEIF AP FE NO A=+
T Zopzltt= ZS #eld ')F AATE T FAAE ]E ol 7Hd Bo] opAd
s7F JalEe B E(D)AA 7HE B2 NO AAHFS Rt o] host immune
systemo| A 71 £2 2395 4& F JdE VA E Zﬂ"] 3t
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Figure 28. FT-IR spectra of non acetylated crude polysaccharide
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Figure 29.

mg/mL acetic anhydride
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FT-IR spectra of acetylated crude polysaccharide added 0.1
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Figure 30. FT-IR spectra of acetylated crude polysaccharide added 0.3
mg/mL acetic anhydride
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Figure 31. FT-IR spectra of acetylated crude polysaccharide added 0.6
mg/mL acetic anhydride
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Figure 32. Expected structure of acetylated glucan

oo —‘
H T
L
l+| 1
LPs A e
Samples (100w mbL}
Figure 33. The effect of degree of acetylation on NO synthesis in murine

9 o w »

macrophage cell

: Non acetylated CP

. Acetylated CP added 0.1 mg/mL acetic anhydride
: Acetylated CP added 0.3 mg/mL acetic anhydride
: Acetylated CP added 0.6 mg/mL acetic anhydride
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A 2Ad AABHEE 25H7E (F2AFHA)

7F. A8 73
Mm-S S I innate immunity® adaptive immunity® TEE U

innate immunity= T2 WAAEZY FXGAEL} 22 FA M o] w7l
H F2 %H] He 5A4=4 % complementt}t defensin? 22 #o]§ b
d ool oa FdE WA =2 (Adely welg s S)Es AAAMT= &

_4

= A3 dbgolt). di adaptlve immunity ¥ innate immunity ol

o5 A 3lE antigen-presenting cellsE©¢] 39S 7FF3Fe] MHC class Y

¥ 22 Fx9lel] Fogo=za olo] HeAHd Wg& = TCR (T cell
o]

receptor) & 7FA I &= T cellEo] #49& o]F1 #d WveS ffeste
A AA dHrgolth, EWS| innate immunitys, A E S w2 E7}
pattern recognition®] 23t 54 XUl A FEo 93 2HIFH= AL
2 4y A Ut} o] pattern recognition-based cell receptor:  toll-like

receptorE beta-glucan receptor (alpha-dectin-1)E°] Ut} beta-glucan® ©]
S FEAE R oA 7HA "HYgurES Assts AR e Aok 1Y
gt dFe A= F8 AEo] beta—glucano] 7] wj&o] FAME &S
g oA MR Vss FXshe AR A FEHY o olF

olH &= FEd Haso] A &t wekA] 2 dAFAE olE F
receptor?l TLR-2%} dectin-12] blocking ZAE o] &3] TIHA o
F7F et A EdA freEe dEHe] AEEA4 420 Nitric Oxide
(NO)e]  &#4] adfof] digt =d Ax AxdHYy st = cytokine
(TNF-oa, IL-1B, IL-6, IL-12, IL-23) % chemokine (MCP-1, MIP-1a, MIP-2)
o &EHlel A= dFgFS Ao, @ ugATE  costimulatory
molecule?] W&ol ojwWl Jg& v =% I FIE HETGOZH Gt
of o3t A AT FgYP¥ye F4d%, homotypic cell aggregation assay®
fibronecting  F2gk FYOlEE o] &gk AME 2t3+ 4 (cell-fibronectin
adhesion assay)H S o]&3le] A xXolFA 7 E}Huéliﬂ Ao gk chulct

J 1= AR 5

RS DS BEL R R

lo
J

EOHHLM

R A o=
ol ro

= = S D

Ry

r_%

Tl FaWMAY TlsAd A Ed gid s AdS sk YE dda &4
2 strepzotocin (STZ)ol 93k A 18 T

of i FxumA FEE] dBdst 2 ¥ Fa ZHE Gofrazt s
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A
D AEAE

Ao AbEgh wpg-2 A A EZFQ] RAW264.7 Azl Az whal - Az
Q1 U937 A ¥+ American Type Culture Collection (ATCC : Manassas, VA)
oA 2 Wtk Ax wdg& wixl RPMIG40 media®t FBS+ 742t
Hyclone (Hyclone, South Logan, UT, USA)9} PAA (Pasching, Austria)E& A}
231t} Cynaropicrin, Genistein, U0126, SP600125, SB2035802 calbiochem
(San Diego, CA, USA)olA T3t} Human fibronectine BD Biosciences
(San Jose, CA USA)A Fg@d1, ALgd A= oldfe 2t} Beta
1-integrins (CD29) (P5D2, purified IgGl) : R&D system (Minneapolis, MN,
USA); CD18 (CLB-LFA-1/154, IgGl, ascites) :@ Sanquin (Amsterdam,
Netherlands); CD80 (MEM-233, purified IgGl), CD8 (BU63, purified IgGl)
2 CD62L (FMC46, purified IgG2b) : Serotec (Oxford, UK); CD29 (K20,
purified IgG2a) : Immunotech, (Marseille Cedex, France); CD29 (MEM 101A,
IgGGl, ascites) 2 CD43 (161-46, ascites, IgGl)= V. Horejsi ¢ R Villela= 4%
B Z+Z} Agutol AFE3EAth p-ERK, p-JNK, p—p38 &A= Cell Signaling
Technologies 718 11 anti-ERK+ Promega (Madison, WI, USA) A|#S A&
stk 2yl MTT(3-[45- dimethylthiazol-2-yl]-2,5-diphinyltetrazolium
bromide) & Xe+ 3}8tA] kS Sigma A FS ARESHS I, RT-PCRel A&
PCR primer (Table. 7)& BioneerAlol] #|Z+S o] &3}l o).

2) Al Euf

w}9-2~ macrophage like cell line, RAW 264.7, 217t monocyte cell line,
U937, 5 % COs, 37 °C incubatorel A vl ch wi#]:= 10 % FBS7} E3skd
RPMI 1640< AF-&-3F51 T}

3) AE AEE (cell viability) 74
Wl 34 EaE AEey] 98 AP, Huwl fo
g o] Ueli= Az vAE 23%E MTT

(3-[4,5-dimethylthiazol-2-yl]-2,5-diphinyltetrazolium bromide) assay® =
o] g-3te] EAEth 96-well plateo] 1 x 10°¢] A EE platingstil A g
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T 7 ARAEAS Astdnt 37 ColA 2t WAy e F&ete e
A ZF F<t CO» incubatorell A wi¥&EdTh o] % 10 ul MTT &< (stock
concentration @ 5 mg/mL)S H7Fstal 3A17F &9 FMHES F RS
W F5 9 formazan crystal &31E 98]l Zb welll 100 pl MTT
stopping solution (10 % Sodium dodecyl sulfate in 0.0lM HCL)S 3714
oz Hrletdnh AE AEES MTT7F formazano 2 91" %S 570 nm
N FHEE FA8te] dojxl OD @S F3 A&

4) M E F AES5AEA Nitric oxided A &

RAW?264.7 A5, WIS wWAZ o] gate] 1x10° cel/mLe] FE=
% 96 well plated] H=3l3, 5 % CO, ¥ 37 °ColA 18A17F E<F A uj
stk AwlF & mAE AASL 40 sEZ ZAE AFEEE 50 ulet

50 ple] LPS (HFs % 25 pg/mL) 37 WiAE Aelste] wiget. 2443t
i 100 WA AEde 345t = U2 96 well plate] %7131 NO A
22 Griess €9 (05 % naphthylethylenediamine dihydrochloride, 5 %
sulfanilamide, 25 % H3POy= ©]&3td AAFAY. E-EZ =2 sodium

nitrite (0 ¢4 100 uM)E AH&3te] HFA-E 2 sttt

o

o2

5 AAE F2 AEZSAEZ Reactive oxygen species®] A &

Murine ™2 AEFS] RAW264.7 AEZE  penicillin (100 IU/mL) %
streptomycin (100 pg/mL)3 10 %2l FBSE & #3t= RPMI 1640 wjA &
ol gafl A 2x10° cells/mLe] v== =3 F 6 well plated] HE3a, 5 %
COz B 37 °Coll A 18A]7F &<t A atqirh 4 v w2 ZAld FaHAl
frl EF £83% LPS (HF 5% 25 pg/mL) iwiAlE Agste] 12
AlZE vkl vk ¥ DCF-DA (dichlorodihydrofluorescein diacetate) 10
pM& Eehal BlE Abgbshe] 3A17 )b wigskdth Cold PBS® AEE

-

233 1 % formaldehyde® 314 ¥ flow cytometryS Ab-g&3dto] &34
=
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) A FE Q] cytokine ¥H]s =4 RT-PCRS ©]&3F cytokine &dl & XA}

>

Aol E71e] whe AL E AAlgFoA ZAFSHY] fE 72 AREE dAA
Fot A8 stal  Trizol reagentE AFE3to] total RNAS F&3Fch. &+
3t total RNAZS First strand cDNA synthesis kit (Fermentas)ZS A}-&3}
cDNAE Ax3% g, %9 cDNAE PCRE SZ3gth. oju] A&
Az o] sense % antisense primer @7 E L VEEH S FFE
|23, Yzt FH4AEE GAPDHS AF&3tsith. PCR amplicatione
i-Master PCR kit (iINtRON)< Ab-&3to] 7zt A& cDNASH A @4 =9
sense % antisense primers, W=7 GAPDH primersE dNTP 250 pM,
Tris-HCL(pH&.3) 10 mM, KCl 50 mM, NgCl; 1.5 mM%E 333+ i-mater
solution 20ulel 4] Al &3tk PCRE 95 °Coll A 45% 7t denaturing, 55 °C
oA 45% ZF annealing 18] 72 °ColA 1&7F extension st 7o Z
A3l Z 30 cyclese 33Ut PCREZ =X ¥ DNAE 15 % agarose
geldl A A7)dEslgar £33 E DNA bandd intensutyE =A3dAtk 23
of AF&H Z} cytokine FAAE thE = DNA primerd A 9L Table 73
Fdg=

B 2 FU{N' )

2L

) AL BARE 57

RAW?264.7 HEE 2x10°%ells/well & ZA3te] 6 well plated] 33}

Avfer shATh AuleF F 10 % heat inactivated FCSE g3 A48 wlA]
(growth medium : GM)Z XAl | thdF 82 LPS w285 =43
o] Aglstal 6 A 7H5<t CO, incubatoroll A v k&tdch 6A1%F v & &3

o2 ¥AE particle FITC-dextran (Img/mL, 5 % FCS in PBS)S A X

Agsta We Adste] 3083 Higstth. Cold-PBSZ Al X E Al F 3o
2 E AxE A AL 1 % formaldehyde® 1A & flow cytometry =
JAAEE SAsA
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Table 7. Primer list of cytokines and chemokines used in this experiment

(F: forward, R: reverse)

Gene Primer sequence

F | 5-TTGACCTCAGCGCTGAGTTG-3’
TNE=a R | 5-CCTGTAGCCCACGTCGTAGC-3’

F | 5'-CAGGATGAGGACATGAGCACC-3'
fL-1b R | 5'-CTCTGCAGACTCAAACTCCAC-3’

F | 5'-GTACTCCAGAAGACCAGAGG-3'
L6 R | 5 -TGCTGGTGACAACCACGGCC-3'

F | 5-CAGAAGCTAACCATCTCCTGGTTT-3’
IL~12p40 R | 5 -TCCGGAGTAATTTGGTGCTTCACA-3’

F | 5-GACTCAGCCAACTCCTCCAG-3’
fL-23 R | 5'-GGCACTAAGGGCTCAGTCAG-3’

F | 5-GCCCTTGCTGTTCTTCTCTGT-3'
MIP-1a R | 5-GGCAATCAGTTCCAGGTCAGT-3’

F | 5-GAACAAAGGCAAGGCTAACTGA-3’
MIp-2 R | 5’-AACATAACAACATCTGGGCAAT-3'

F | 5- ACTGAAGCCAGCTCTCTCTTCCTC -3’
Mep- R | 5'-TTCCTTCTTGGGGTCAGCACAGAC-3'

F | 5-CACTCACGGCAAATTCAACGGCAC-3’
GAPDH R | 5-GACTCCACGACATACTCAGCAC-3’
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8) Al

fol

Aaig Ae

Murine ©™2] A¥EF2 RAW264.7 A¥E penicillin (100 IU/mL) %
streptomycin (100 pg/mL)¥ 10 %<2 FBSE g3k RPMI 1640 wWijA| &
o] &34 1x10° cel/mLe] Fw= 2d3 F 96 well platec] HE3kiL, 5 %
COz B 37CelA 18X &<k AujeF stk ol 5 viAl& A7 st 44 5
L2 2AY Fu8A wd BT 28 50 plek 50 plel 7 Az aRAd s
block A7l inhibitor 3 WIAE EAlel Aelste] wjastArt. 2413 5
AEAS 100 uB = U2 96 well plated] 713 NO A #H2 Griess £
(0.5 % naphthylethylenediamine dihydrochloride, 5 % sulfanilamide, 25 %
HsPOy S o]&3te] AAjsttt. xTEE 42 sodium nitrite (0 o4 100 uM)
2 Agstel A Ayt

A A

9) Flow cytometers ©]-83F A A4 A

™
lo,
oft
A
=
i
i3
ol\

U937TAIEE 10 % FCSe 1 % AntibioticsE &3l RPMI 1640 WA &
o] &4 2.0x10° cells/mLe] FEZ ZHF F, 3510 mmel petri dishel
HES 5,5 % CO, & 37 CollA 1A & A wjgFstsdet. o] 3
A Fd T 2898 AT v 1 mg/mLe w== FAste] A 3 5
6417 ol 96 well plated]l HE3shil, staininge Al &gttt 12 AbER &
CD18, CD29, (D43, CD98, CD1475 AF&3t9a3, 2% Ab+™ Rabbit
Anti-Mouse FITC conjugate(1:250% %)Z AF&3st9tt. 2 washing @4 &
FACs buffer (2 % FCS and 1 % Sodium Azide in PBS)E A}-&31% 1, 1

2 2= normal WH] ‘% of control’ 2 2] gt

10) AZ-AED f2g 4P

o7 7HA A vE2 84" ZuwA fd ogEF £F 10 wE round
typee] 96 well plated] @]t wj=] 10 plo} AEZ(2x10° cells/mL)& o) o & 5
H 10 wE Agste] 30204 g AF A% 37°Col A vl st thA] o 7]
of 10 ple] MEZHFZ NZEAS Hubste] 4 Azl 6 AME = o wl kst
of AE-AEL 7+ 2 S hemocytometerE o] &3] A AlEATE = 20

ulg Z2< autopipette2 10 pl= 243 5 yellow tipE ©| &3l 6 H A=
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)

T

A

o]ZN ¥ S 3 ¥ hemocytometerd] ZANA~HA &A= dAv|FdoR A3
3 ARl #ZHod S i
11) ¥4 gude] wdsr A8
FumA Fd gdF F8S v E3E inducer? stimulation®] B4 MIYEES
lysis bufferolA &aiA171 3 A¥E2 daldS 12000 x gollA 15%7F A& 3
Ak U3 ko] dwAES 10 % SDS-polyacrylamide gelsell X 7] F 3l
Wet-blotting transfer WH-S ©]83}9] nitrocellulose membranes o & T2 -S
transferst1th. Membranes 5 % skim milkE ¥3}sh= blockmg buffero] A HF-&
A7l & B @i Aef] ol 1x A& 4 °CollA 3 &9 HESAIH T o] &
22} A S 283 t}e ECL chemiluminescence® 4¥H& AnZ ghelstgdt).
12) NF-«B activity &<l
RAW264.7 AIE (4x10° cells/wel)E 6-well plated] 12417 S Aujyst 3
YFEHAE Z2{ 2~ reagentE 0] &3] NF-«kB-luciferase plasmid (1 ug)Z
transfection Atk 30A17Fe] A F Al Eo] FuwA 3 odEdF EE (1
mg/mL)S Agstar 2z A7 (1, 2, 4, 8A17H) EE luciferase activityE FASH|
Q&) M3EE harveststSith
13) A ¥ -fibronectin?+9] F2Hdkg A=k
oe 712 Ag sEZ A" 2avA fFd R/ 8 10 plE round
type2] 96 well plateoﬂ glakar (5x 10° cells/mL) §H o FH|F A E-E
90 plE A& ske] 30+l g AlZF X 37 Coll Al sl g3ttt ol g s
fibronecin®] £o]# U= 96 well plateo] =4 €S T 4 A F7b ujds A
Alakdek. Ml 3 -fibronectin 7+ 2 %S 0.05 % crystal violet &< %7}
3 & F A 7Fsol WhS %= & microplate reader® 540 nmol A9 TH ==
=7 sto] A Alsh
14) Flow CytometryE ©]-83 WAAXe] &Y &4
(U937 cel)E WA F& i £ Al & Axdre] &4
Z4d gl (CDI1R, CD29, CDh43 %5)e] &4
- 92 -
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= flow cytometry® 43kt TAF e 4 Al Cell Quest software
programell Wl & A= WA E, G A o] el o W 3o
FARESS Bl Aol #As|A 1 v ES EAISHAT

= %

52 () 297 Oﬂéoﬂ/\i ke ICRA wFg-2olH, 2% 23+1 °C,
% o} 12 hr cycle Z % 300-500 Lux9]
T=8& AMRE TYstY
A AHA A

i °
A

) T8 44

2 A FEALS WA crude 5% Lentinus edodes crude extract (LECE)
of WAl v N Lentinus edodes culture medium (LECM)ZA] o H] A&
A gAEEQD 2000 mg/kgel &AM AbEEEo] WEE A orol A=

AFe] d3or HugHFES 2000 mg/kegl ® SHaL, WA S FolstE wiA =
TS FATE o, AEookE b A o)kETY SAAIIE o= A
S gk 7ol §l7] wiitel] A A "o kE HIQHAIE guideline
A (1997)"& astsih 2t 3 Fol kg = oF - 5 7 5ubglE A}
At (Table 8) AFEAS Fostr] A APsES] A HA= +3 335
+20g A 270+ 17 g o2 AFL 558U}
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Table 8. Experimental design used in this study

Dose
Groups sex No. of animals
(mg/kg)
1M Male 5 2000
2M Male 5 2000
vehicle Male 5 0
control Male 5 0
1F Female 5 2000
2F Female 5 2000
vehicle Female 5 0
control Female 5 0

M=male, F=female

1. Lentinus edodes crude extract (LECE)

2. Lentinus edodes culture medium (LECM)

Vehicle control ;

0.5 % carboxymethylcellulose 80 % + ethyl alcohol 10 % + tween 80 10 9%
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NEEAL 05 % carboxymethylcellulose 80 % + ethyl alcohol 10 % +
tween 80 10 %ol wA3IA AEHAIA, Fost7] A 124 224 F Fof A
o ZA% Aol wet A EHo FoAFS AEste] APdsEo 1 3] BT
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AT, QAFA BRe BE AFE R o] FolgAL Fo F 6 A

ok v) Az wAsgon, Fol BeURH 14 AAAE 1D 1 94 B
wol QurdHlel WaE, FEEA 9E 2 AYRTE BASdn w9 A9
of AgE RE APERo| Uste] APRA FolY, Fol ¥ 49,79, 14
Aol AFE B4 N FE T ABEES cther vHAste] BulE
WoAwggoR A e Slw D Uy G ol §TE Ko
et

As 30 golde] 659 ICR
2 citrate bufferd] Hol 7 Y=
o] B-cellits AMegxo=r A el
2 dHA AY STZE AL FoAst & 14 A H&
% =]

200 mg/deo] el AEwt Fmo]

b AY A

STZZ a3 d&d o+d I f2 $22 237 HA 58

ot 283l thEL O EA vehicle Tl E UFon, BA 2EE F9

. TEEZ g 9A

Al Zbel A2 10 43F FoIgtnh. dixzdoll= 22 F39 CMC 89
W ow Fosit

Ag 7 Bk I APEELS caged 6] ©lstE do] wlgxg

X+ Y EE& polycarbonate caged ¥ol % 20+2 °C, 12A]7F (07:00~19:00)<]

_95_



3} 7]

o
i

o))

e

B
—_
i)

_Zrl

3}o] glucose oxidase

v g o) A A

taom, pak

5|

2 unpaired student-t test®

o] 0.05°]

_96_



< LR 3Aste] Aesta, 6
= Fig. 3401 AA A A3
0 % wwke] M AEE A3 %
£S5 Hgomw, 12 A AfdAde= E3F LECE-PF (I mg/mL F%)7F
control ¥ = 25 %A%, ¥3 LECE-NPF (1 mg/mL 5X)7} 26 %38=2] A
E@}—% AAaTE v 18y o5 #E2 NO®H|of w}ﬁ Al FEATE
oA 710E Ao dEh FAHN A A, o5 AFE A=
AA o g olg AaAMAE] AEZFS Hetl=A o] w3 Hf@oﬂ?ﬂ
stE 2 RAW264.7 cellol Al 12413 &<t A3k § o] oF&Eo] Ao m]X|
cell viabilityedl] ##3F 38 A8} Fig. 350 AASAT. A A A H
AAAES FolAd MESAS YEWA Fpornz, Aexdde] w3

§_ T - =
T A AE FEE ARSI R AESAGCA TIlE Al e YEhA @
%

0%0

Mo r& N i:o -{o »

_97_



120

100

80

60

Cell viability
(% of control)

40

20

6hr

—8— LECE

120

100

80

60

40

1Zhr

C —e— LECE
—O— LECE-PF 20 { —O— LECE-FF
w- LECE-NFF —w— LECE-NPF
0
0.05 0.1 0.5 1 0.05 0.1 05 1

Concentration (mg/ml)

Figure 34. Effect of fractions from L. edodes on macrophage cell
viability.
Viability of the cells was determined by MTT assay, as described
in Materials and methods section. LECE : Lentinus edodes crude
edodes crude extract

extract 3
polysaccharide fraction
extract non-polysaccharide fraction.

120 -

100

80

Cell viability (% of control)
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;  LECE-NPF
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Lentinus edodes crude

GFX : GF109203X-10 pM
Geni: Genisteine- 50 uM

SB: SB203580 - 20 pM

SP: SP800125- 20 pM
Cynaro: Cynropicrin — 20 pM

Figure 35. Effect of various enzyme inhibitors on cell viability
of RAW264.7 cells.
Viability of the cells was determined by MTT assay, as
described in Materials and methods section. [GFX : GF109203X
(a protein kinase C
tyrosine kinase inhibitor); b-cAMP
protein kinase A activator); PD :

SB

SB203580 (a p38

inhibitor); cynaro :

inhibitor);

Geni

inhibitor);

genistein (a protein

8-bromo cyclicAMP (a
PD98059 (an ERK inhibitor);

SP

SP209105 (a JNK

cynaropicrin (a NF-«B inhibitor)].
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Figure 36. Effect of fractions from L. edodes on NO release from
macrophage. NO level was determined by Griess assay.

LECE : Lentinus edodes crude extract ; LECE-PF : Lentinus edodes

crude extract polysaccharide fraction ; LECE-NPF : Lentinus edodes

crude extract non-polysaccharide fraction.
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Figure 37. Effect of fractions from L. edodes on ROS generation from
macrophage.

ROS level was determined by flowcytometry. LECE : Lentinus edodes

crude extract ; LECE-PF : Lentinus edodes crude extract polysaccharide

fraction ; LECE-NPF : Lentinus edodes crude extract non-polysaccharide

fraction.
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Figure 38. Effect of fractions from L. edodes on cytokine and chemokine
expression from RAW264.7 cells. mRNA was analyzed by
semiquantative RT-PCR. LECE-PF : Lentinus edodes crude

extract polysaccharide fraction.
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Figure 39. Effect of fractions from L. edodes on the phagocytic
activity of macrophages. The extent of phagocytosis was
determined by flowcytometry. LECE : Lentinus edodes
crude extract ; LECE-PF : Lentinus edodes crude extract
polysaccharide fraction ; LECE-NPF :@ Lentinus edodes
crude extract non-polysaccharide fraction.
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Figure 40. Schematic diagram of the relationship between APC and T

cells.
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Figure 41 (A and B). Flow cytometric analysis of CD80 and CD86 using LPS
or LECE-PF-treated RAW264.7 cells. LECE-PF

Lentinus edodes crude extract polysaccharide fraction
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Cell-matrix protein (eg. fibronectin) adhesion

Figure 42. Schematic diagram of cell migration and adhesion.
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Figure 43. Effect of fractions from L. edodes on cell-cell aggregation.
LECE-PF : Lentinus edodes crude extract polysaccharide

fraction.
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Effect of fractions from L. edodes on cell-fibronectin adhesion.
LECE-PF : Lentinus edodes crude extract polysaccharide fraction
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Figure 45. Effects of various inhibitors on NO production induced by
fraction (LECE-PF) from L. edodes (experiment 1).

LECE-PF : Lentinus edodes crude extract polysaccharide fraction.
[AG : AG490 (a JAK2 inhibitor) ; Wort : Wortmannin (an Akt/PI3K
inhibitor) ; LY : LY294002 ( an Akt/PI3K inhibitor) ; PP2 : PP2 (a
Src inhibitor) ; Akt I : Akt inhibitor (an Akt inhibitor) Pic
Piceatanol (a Syk inhibitor) ; GFX : GF109203X (a protein kinase C
inhibitor); Geni : genistein (a protein tyrosine kinase inhibitor) ; U012
: U0126 (an ERK inhibitor); SB : SB203580 (a p38 inhibitor); SP :
SP209105 (a JNK inhibitor); cynaro : cynaropicrin (a NF-«B inhibitor)
; BAY : BAY11-7082 (a NF-kB inhibitor)].
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Figure 46. Effects of various inhibitors on NO and TNF-a
production induced by fraction (LECE-PF) from L.

edodes (experiment 2).

[GFX : GF109203X (a protein kinase C inhibitor); Geni : genistein
(a protein tyrosine kinase inhibitor) ; U012 : U0126 (an ERK
inhibitor); SB : SB203580 (a p38 inhibitor); SP : SP209105 (a JNK
inhibitor); cynaro : Cynaropicrin (a NF-«xB inhibitor) ; cAMP
cyclicAMP (a protein kinase A activatior)].
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Figure 47. Effect of LECE-PF on NF-xB activation
assessed by luciferase activity. LECE-PF :
Lentinus edodes crude extract polysaccharide

fraction.
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Figure 48. Effect of fraction from L. edodes on tyrosine phosphorylation.
LECE-PF : Lentinus edodes crude extract polysaccharide

fraction.
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Figure 49. Effect of fraction from L. edodes on ERK and JNK activation
judged by its phosphorylation. LECE-PF : Lentinus edodes
crude extract polysaccharide fraction.
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Figure 51. Blocking
LECE-PF-induced NO production. LECE-PF : Lentinus
edodes crude extract polysaccharide fraction.
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Figure 52. Blocking effect of antibody on LECE-PF-induced NO production.
LECE-PF : Lentinus edodes crude extract polysaccharide fraction.
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Figure 53. Effect of NO production by fractions from L. edodes

separated ion exchange column chromatography.
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A FuAe 7lsAA T e TtedSs BU|fete @I g =
& ZAEFATE. Lentinus edodes crude extract (LECE) ¢+ Lentinus edodes
culture medium (LECM)E w}g-20o] ZAFFo Al BE AJdToA Alg7|3t
S A=A Qg AP #EEA] gokow (Table 9), A AEH 9
d Sold whek AT E YEUAl &%kt (Table 10). ]9
Feketo] KW, Lentinus edodes crude extract (LECE) ¢} Lentinus
edodes culture medlum (LECM)E vh-$-2el 13] A5 3t39< "o LDs
A= 9o - ¢ BEFOA 2000 mg/kg oo 2 AEHT)
1854 7o 49 F AsT7tESs AHRd, APdELdS 7o
RE ol dixad vl TS Fdol fFAFsE T (Table 11). A&
=9 H3 Al Lentinus edodes crude extract (LECE) ¢} Lentinus edodes
culture medium (LECM) o3 2o E5F Wi Z7]e] §ord ol 44ar
< HEEA gkt (Table 12).
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Table 9. Mortality and LDsp values in male and female mice treated orally with
LECE and LECM.

G Days after treatment Final LDso

Foups 0 1 2 12 13 14 Mortality (mg/g)

1M 0/5 0/5 0/5 0/5 0/5 0/5  0/5(0%) >2000

LECE 2M 0/5 0/5 0/5 0/5 0/5 0/5  0/5(0%) >2000
vehicle 0/5 0/5 0/5 0/5 0/5 05  0/5(0%)
control  0/5 0/5 0/5 0/5 0/5 0/5  0/5(0%)

1F 0/5 0/5 0/5 0/5 0/5 0/5  0/5(0%) >2000

LECM 2F 0/5 0/5 0/5 0/5 0/5 0/5  0/5(0%) >2000
vehicle 0/5 0/5 0/5 0/5 0/5 05  0/5(0%)
control  0/5 0/5 0/5 0/5 0/5 0/5  0/5(0%)

LECE : Lentinus edodes crude extract ; LECM : Lentinus edodes culture medium

values are expressed as number of dead animals/total animals (n=5) (percentages).

Table 10. Clinical signs

in rats and mice administered orally with LECE and

LECM.

) Clinical Hours after treatment Days after treatment
Groups signs 1 2 5 6 1 2 12 13 14
1M NAD 55 55 55 565 55 5/5 55 55 55
LECE 2M NAD 55 55 55 5/ 55 55 55 55 55
vehicle NAD 55 5/5 55 5/5 55 5/5 55 5/5 5/5
control NAD 55 5/5 55 5/5 5/5 5/5 55 5/5 5/5
1F NAD 55 55 55 565 5/5 5/5 55 55 55
LECM 2F NAD 55 55 55 5/ 55 55 55 55 55
vehicle NAD 55 5/5 55 5/5 55 5/5 55 5/5 5/5
control NAD 55 5/5 55 5/5 5/5 5/5 565 5/5 5/5

LECE : Lentinus edodes crude extract ; LECM :

M : Male ; F : F

emale

Values are expressed as animal numbers.
NAD: no abnormality detected
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Table 11. Body weight gains in male and female mice after once orally dose of
LECE and LECM.

Grouns Interval
b Day 0-Day 7 Day 7 Day 14 Day 0 Day 14
1M 3.4+0.9 0.0+0.7 3.4+1.1
2M 2.8+0.8 0.2+0.4 3.0+0.7
LECE vehicle 3.8+0.4 0.6x0.5 44+15
control 42+16 0.4+0.9 46+1.8
1F 1.4+05 1.0£0.0 2.4+0.5
2F 2.8+4.2 0.0+4.1 2.4+0.9
LECM vehicle 0.6x0.5 3.6£0.5 42+1.1
control 3.6%1.1 0.8+0.8 44+£15

LECE : Lentinus edodes crude extract ; LECM : Lentinus edodes culture medium

M : Male ; F : Female

Values are expressed as mean = S.D., g (n=5); All animals were overnight fasted at
dosing (Day 0).

Table 12. Gross findings of necropsy in mice administered orally with LECE

and LECM.
Groups Observation Frequency

1M N.G.L 5/5

2M N.G.L 5/5

LECE vehicle N.G.L 5/5
control N.GL 5/5

1F N.G.L 5/5

2F N.GL 5/5

LECM vehicle N.G.L 5/5
control N.GL 5/5

LECE : Lentinus edodes crude extract ; LECM : Lentinus edodes culture medium
Values are expressed as animal numbers.

M : Male ; F : Female

Values are expressed as animal numbers.

N.G.L: no gross lesion.
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Body weight (g)

" Vehicle LECE LECM

Fig. 56. Effect of fractions from L. edodes on body weight in
streptozotocin—-treated ICR mice. LECE : Lentinus edodes
culture extract ; LECM : Lentinus edodes culture medium.
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Fig. 57. Effect of fractions from L. edodes on blood glucose level in
streptozotocin-induced diabetic ICR mice. LECE : Lentinus
edodes culture extract ; LECM : Lentinus edodes culture
medium. Differs significantly from the Day O, p<0.05".
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(1) A5 Wstel] A= FF

APETL AFAN ASSa 2 APTe] FY FFASHB FIS
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[e)
AbSE A= Fig. 5839 #u AAdizae] 9% ZHsHE 1223
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Y

mg/dl &= 05 % FU=HE AolToA 1740 £ 11.6 mg/dl & SAAA
o de dF FuzEHE I FUHE skt @ xawA =25
=& Aol A 1220 + 86 mg/dls YERW O 718 Aol Hla] 7 -
3 FY~"UE AeasE Bt Low density lipoprotein (LDL) Zd 2~
HE ZH2uEs 2Wtsts AZaddan toA fAd Zd2dHES
e 2Ho2 SAFE Adaud=zA e 948 55 st o
A4 FHA @A) Axolvh, ANz, FH~HE Aol 2 7
T ZuWAH FE= Aol oA EF LDL Fd2HE =2 Fig. 59
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Table 13. Changes in body weight in rats fed with high cholesterol diets for 1

weeks
Body weight

Group -7 days 0 days +7 days
Normal 26.3£0.5 31.3+1.0 36.3+2.4
High cholesterol diet 25.3£1.0 29.0£0.8 31.3+1.0
LECE 25.0£0.8 29.8£0.5 33.3+1.3
LECE-PF 24.0=0.7 29.2£1.6 31.4+2.2
LECE-NPF 24.2%0.8 30.2+2.2 32.8+2.5
LECM 24.4+0.5 29.8+1.3 30.8+1.1
LECM-PF 25.0£1.0 29.0£1.6 31.8+2.7
LECM-NPF 23.8£0.8 28.8+1.3 30.6+1.5

LECE : Lentinus edodes crude extract ; LECE-PF : Lentinus edodes polysaccharide
fraction ; LECE-NPF : Lentinus edodes non-polysaccharide fraction ; LECM

Lentinus edodes culture medium ; LECM-PF @ Lentinus edodes culture medium
polysaccharide fraction ; LECM-NPF : Lentinus edodes culture medium

non-polysaccharide fraction.
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Figure 58. Total cholesterol of blood in mice fed with high cholesterol
diets for 1 weeks.

LECE : Lentinus edodes crude extract ; LECE-PF : Lentinus edodes crude
extract polysaccharide fraction ; LECE-NPF : Lentinus edodes crude extract
non-polysaccharide fraction ; LECM : Lentinus edodes culture medium ;
LECM-PF : Lentinus edodes culture medium polysaccharide fraction ;
LECM-NPF : Lentinus edodes culture medium non-polysaccharide fraction. # p
< 0.05 versus basal, * P<0.05 versus cholesterol diet.
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Figure 59. LDL-cholesterol of blood in mice fed with high cholesterol
diets for 1 weeks.

LECE : Lentinus edodes crude extract ; LECE-PF : Lentinus edodes crude

extract polysaccharide fraction ; LECE-NPF : Lentinus edodes crude extract

non-polysaccharide fraction ; LECM : Lentinus edodes -culture medium ;

LECM-PF : Lentinus edodes culture medium polysaccharide fraction ;

LECM-NPF : Lentinus edodes culture medium non-polysaccharide fraction. # p

< 0.05 versus basal, * P<0.05 versus cholesterol diet.
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ol E3 LDL-cholesterol #t& 4.3+45 mg/dl °o)om Z#
ool i 188 + 1.1 mg/dl2A EAHoZE {4
ook A Aol oA maMA 2FE
4% LDL Fdlz=HE gol A4 FoAdUs 74 A
+ 1.5 mg/dl). =3+ High density lipoprotein (HDL) Zd ~HZ2
ko2 _-_g]]/\EﬂE_O. TH]—OHZL‘ x];dq_uﬂ;di/q ?_S:]jq_%‘oﬂ}\i _-Téigﬂ
AANTFE TS & oz 7y s Adduz
Al A AT, SFdzEAolw 2 vdd TN FEE A
d% HDL-FdzeHEo &= vt fFoldo] gldth (Fig. 60).
(triglyceride)& AAFthzol A 111.3 + 29.7 mg/dle] &
ZeE2~"HE Aol 180 + 1.9 mg/dlZ2 43 A
FEE AT FTolA 2FEFE AgolA fé% S4A
32 mg/dl olal ZTaWAAAA S HTtEdR{ & Aol
+ 107 mg/dle2A FAHSE {4 U %*éz] ot Eko] 3
TS Bt (Fig. 61). A% d=x=a, Fd2dHE Hol ¥ vds
FEE Ayt dojAel dA B-lipoprotein 3% W3 Fig. 62 TJr
B ipoproteine very low density lipoprotein (VLDL) @ Ej = ZFof A
WZ5m o]l d3Eo| A lipoprotein lipasec] & EalE o] A
hyperlipoproteinemia% sl ez dEFt AAYERT A
-lipoproteine 1583 + 22.1 mg/dle] &S RIow FHzeHE A o]
H 197.0 + 139 mg/dli S7rl e xuHAl FEE AYT FAA 25
E Ay dolA = B-lipoprotein %<& 131.0 + 137 mg/dl 4 Zd 2~
Eﬂ% Aol SAAoE FAUA HaHe A Bl (Fig. 63).
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Figure 60. HDL-cholesterol of blood in mice fed with high cholesterol
diets for 1 weeks.

LECE : Lentinus edodes crude extract ; LECE-PF : Lentinus edodes crude

extract polysaccharide fraction ; LECE-NPF : Lentinus edodes crude extract

non-polysaccharide fraction ; LECM : Lentinus edodes culture medium ;

LECM-PF : Lentinus edodes culture medium polysaccharide fraction ;

LECM-NPF : Lentinus edodes culture medium non-polysaccharide fraction. # p

< 0.05 versus basal, * P<0.05 versus cholesterol diet.
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Figure 61. Triglyceride of blood in mice fed with high cholesterol diets
for 1 weeks.

LECE : Lentinus edodes crude extract ; LECE-PF : Lentinus edodes crude
extract polysaccharide fraction ; LECE-NPF : Lentinus edodes crude extract
non-polysaccharide fraction ; LECM : Lentinus edodes culture medium ;
LECM-PF : Lentinus edodes culture medium polysaccharide fraction ;
LECM-NPF : Lentinus edodes culture medium non-polysaccharide fraction. # p
< 0.05 versus basal, * P<0.05 versus cholesterol diet.
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Figure 62. B-lipoprotein of blood in mice fed with high cholesterol diets
for 1 weeks.

LECE : Lentinus edodes crude extract ; LECE-PF : Lentinus edodes crude

extract polysaccharide fraction ; LECE-NPF : Lentinus edodes crude extract

non-polysaccharide fraction ; LECM : Lentinus edodes culture medium ;

LECM-PF : Lentinus edodes culture medium polysaccharide fraction ;

LECM-NPF : Lentinus edodes culture medium non-polysaccharide fraction. # p

< 0.05 versus basal, * P<0.05 versus cholesterol diet.
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Figure 63. Atherogenic index in mice fed with high cholesterol diets for

1 weeks. Atherogenic index was calculated as followings
(total cholesterol-HDL cholesterol)/HDL cholesterol. LECE : Lentinus edodes
crude extract ; LECE-PF : Lentinus edodes crude extract polysaccharide
fraction, LECE-NPF : Lentinus edodes crude extract non-polysaccharide
fraction ; LECM : Lentinus edodes culture medium ; LECM-PF : Lentinus
edodes culture medium polysaccharide fraction ; LECM-NPF : Lentinus
edodes culture medium non-polysaccharide fraction. # p < 0.05 versus basal, *
P<0.05 versus cholesterol diet.
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Table 14. Changes in body weight in rats fed with high cholesterol diets for

1 weeks
Group Body weight

-7 days 0 days +7 days
Normal 22.3+1.2 24.3+1.1 25.2+2.1
LDL knockout mice 25.2+0.8 26.2+1.3 26.4+1.7
LECE 26.5£0.8 271.2%1.6 25.6£2.1
LECE-PF 26.0£1.2 27.016.4 26.616.8
LECE-NPF 29.4+39 30.2+5.0 27.8+4.3

LECE : Lentinus edodes crude extract ; LECE-PF @ Lentinus edodes crude extract
polysaccharide fraction ; LECE-NPF @ Lentinus edodes crude extract

non-polysaccharide fraction
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Figure 64. Total cholesterol of blood in LDL knockout mice fed with vehicle
or various fractions of Lentinus edodes for 1 weeks.

LECE : Lentinus edodes crude extract ; LECE-PF : Lentinus edodes crude extract

polysaccharide fraction ; LECE-NPF : Lentinus edodes crude extract

non-polysaccharide fraction. * P<0.05 versus LDL knockout mice.
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Figure 65 . HDL-cholesterol of blood in LDL knockout mice fed with vehicle
or various fractions of Lentinus edodes for 1 weeks.

LECE : Lentinus edodes crude extract ; LECE-PF @ Lentinus edodes crude extract

polysaccharide fraction ; LECE-NPF : Lentinus edodes crude extract

non-polysaccharide fraction.
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Figure 66. LDL-cholesterol of blood in LDL knockout mice fed with vehicle
or various fractions of Lentinus edodes for 1 weeks.

LECE : Lentinus edodes crude extract ; LECE-PF : Lentinus edodes crude extract

polysaccharide fraction ; LECE-NPF : Lentinus edodes crude extract

non-polysaccharide fraction. ** P<0.01 versus LDL knockout mice.
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Figure 67. Atherogenic index in LDL knockout mice fed with vehicle or
various fractions of Lentinus edodes for 1 weeks.

Atherogenic index was calculated as followings ; (total cholesterol-HDL

cholesterol)/HDL cholesterol. LECE : Lentinus edodes crude extract ; LECE-PF :

Lentinus edodes crude extract polysaccharide fraction ; LECE-NPF : Lentinus

edodes crude extract non—polysaccharide fraction.
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Table 15. Formulas for Gangjeong added with different amounts of

Lentinus edodes

(unit : g)

Substitution level of Lentinus edodes

Control
20% 30% 40% 50%
Puffed rice 300 240 210 180 150
Lentinus edodes 0 60 90 120 150
Sugar 20
Starch syrup 180
Vegetable oil 10
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g d2kE0 v/v) 10 mLE #H7bete]
ArHE1:3 v/v) 10 mLE #H7Fste] 308 A= z
1 N HNO; €907 50 mLE ALs FEZAITZe2vk(Inductively
Coupled Plasma, Model JY-138 Ultrace, Jobin Yvon, France)® Table 162]
Az wEt F7]4%(Ca, Fe, Cu, Mn, Zn, Mg, Na, K)&} H(Pb)& &4
SFATHT72). P2 EdRdEFaAY(7)ez Agste] 625 me FHEE
UV/VIS Spectrophotometer(Model 150-20, Hitachi, Ltd., Japan)® 3%

A st aA .

ml

o Fe g B

frel @S Gancedo 5o ®WH(73)e wat A s} 2
75% ethanols 7}ste]l 80T F&4FoNA 2417 37 FE3 ob3 AShs= o
o] ethanolS A AT, FEES Sep—pak Cis cartridge AA s 3 045 mm
membrane filter (Millipore Co., USA)Z o33 & HPLCE o]-83}¢] Table
17¢] =702 439t}

- 143 -



Table 16. Analytical condition of ICP-AES for mineral

Optic

Wavelength

Integration time

Mode

Calculation

Argon coolant flow rate
Argon carrier flow rate

Nebulizer flow rate

Plasma generator

RF frequency

Sequential monochromator

Halographic grating
Ultrasonic nebulizer

RF source

Sample uptake rate
Carrier gas flow
Desolvation heating temp.

Desolvation coolong temp.

O Operating conditions for an aqueous medium

Multi

Variable

2.0 sec

4

3 pts

Pl = 12 //min
Gl = 0.3 ¢ /min

0.3 ¢ /min

40.68 MHz

2400 groovws /mm

1.35 MHz, 35 W
2.5 ml/min

0.7 4 /min
140°C

3T
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Table 17. Operating conditions of HPLC for analysis of free sugar

Instrument TSP (Thermo Separation Products) Sprctra System
Detector Shodex RI-71(Reference Index) detector

Column Carbohydrate analysis (3.9x300 mm)

Eluent Water @ Acetonitrile (17 : 83)

Injection volume

Flow rate

20 ul

10 mL/min
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Table 18. Analytical condition of amino acid analyzer for amino acid

Instrument Shimadzu LC-10 Avp amino acid analyzer

Shim-pack Amino Na (6 mm x 100 mm)

Column ]
Shim-pack ISC-30 (Na) (4.0 mm x 50 mm)

Buffer solution pH 3.2, pH 10.0 sodium citrate
Flow rate Buffer 0.6 m¢/min, o-Phathalaldehyde(OPA) 0.6 ml/min
Column temp. 60T

Injection volume 10 0

Table 19. Operating conditions of GC for analysis of fatty acids

Instrument Agilent Technologies 6890N
Column Stabilwax-DA(30 mx0.25 mmx0.25 m)
Detector FID

Injector temp. 220C

Detector temp. 240°C

Oven temp. 150°C (2 min)-3C/min-240C (8 min)
Injection volume 1 wb(split 20 : 1)

Carrier gas (make up + column) Nz, 30 mL/min
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A}) Amylographell 2] & uk=5e] 54

AACCH (79 wt amylograph(Brabender Co., Germany)Z A}-&3}o]

%‘ 43ttt Al= 65 g(FiE 14.0% 71)S & 450 mLel +4HA 7l dEd s

HCAMFEH BCT7AHA &9 15CTE FA71HA SaMAIE, e
HuAE 228 SASAY Amylographoﬂfﬂ gz Ax7F e E &
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L=, &gl HJrrt Hugel =2ds wo 28 HuHELER FAG
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o}) Extensographol] ¢]3+ Hk=o] EA

AACCH T met AlE 300 g(5% 14.0% 71)S farinograph mixer
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E4 4 & rheometer(CR-500DX, Sun Scientific Co. Ltd., Tokyo, Japan)

4
E AF&ste] AlE(UH] 18 c)E AW o] A § 432702 Aldsta, A
7 $-mastication test® Al Ztz} 153 WHE A3 & HA S FeTh
BHE S rheometer? probe’l 3 mm HE A H7FA] Eoj7pHA k= 3]
Asle] o8& 3 (max weight ; g), % % (hardness ; g/cm’) 2 oA
(breaking point ; g/cm®)o® EFUATE A XS table speed 60
mm/min, sample depth 3 mm, adaptor No. 34, load celllmax) 2 kgo = 3}
ATk AWE F F Ao E A WAE & Eeodal vd uwo] ¥
=

EERE R

qul
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Table 20. Baking formula based on wheat flour weight

(unit :

Substitution level of Lentinus edodes

Control powder

5% 10% 15% 20%
Flour 500 475 450 425 400
Lentinus edodes 0 25 50 75 100
Sugar 550
Egg 350
Butter 40
Milk 350
Salt 5
Starch syrup 5

g)

Table 21. Operating conditions of rheometer for the measurement of Gangjeong

by mastication test

Instrument Rheometer CR - 500 DX
Mode 21

Load cell(max.) 10 kg

Table speed 120 mm/min

Adaptor No.

Adaptor type

Mastication distance

5 (diameter)

Round

15.0 mm

- 152 -



o @TA% % 17

7h dwkAd
(1) A 2dg el H7ste] Alxd =3

A BEe 247E 10 g(1%), 20 g(2%), 30 g(3%)4
AW E S Table 229 2t}

Bg WEA e 2HO SRS 2568+262%,

Zgrulgol 214:001%, ZAW 038:0.01%, 3% 037:004%, @3} ol

T147¢192% o2 el EaHA BOe Ah@4s SR Z7}8
3% H7Me] A$ 34.82+0.99% 744 Frek o AW, =

M oy o T
%
N ot

N

o]

o] Ao AT WU} oF7F Z7belE Ao = Holu A4

2 Aasry zadmdo]l wA A7 1%9 A9 3.17%N A 3% H7FT-ol
¥ 3.45% = —‘7]-0]-},\J_ A3 FEE Ao H|=w SFxow =759
2z
3}

oo o Mo

e AU or raste 3% HIbTe A9 61.93+0.93%2 i

ATk

B bl Hls) E I A
o=z

mlm
e

Jar)
N,
I
it
of
(o3
s
rlo
i

£ g
S
o2
02 —H
o 2
Hr X
=,
o
)

( om
N O
)
ol
o

N 2
o
o
P =)
o~
o 4

RuRPEARe A
ru -
=S
o
oo M
rr
o o\ l

=
o, o
o
Hir oot
L
X
R
2
=
2
o
fr

5N
i
=
!
5
ok
it
o
5
Mr B
ojf
oX,
Mo

(2) Eaws 2w Gotele] Hstel Az 23

ol Fol7] sz Al mawA ds A 10 g(1%), 20 g(2%),
30 g(3%)% F7bsto] A7 o] ANbAEL Table 23949k o] yholl 3
7hk el wa tha EAN fARE dakE mgloh R, 2ud, 2200
3] A dAH e Hrhel wold s Srbskdon ol uret A
Hom wpshEe] de gasholh

B se] AU RS SR AR AEviFeR & ouw 2ol
20.2~23.9%, ZAWel 31~35%, 3ol 50%, GshEe] 676~71.3%F

- 153 -



2 7= 60,

o]

B

Hol=

2 3}

3 AL fAR

g HolA &

Aol

Ao 2 e

=

22|

bl =

J|

H]&(10:0, 7:3, 55, 3= H7}

Table 243 #Zt}

A9 =2l LAILTLY 2568+2.62% A &3k
ZHA17F 7:3¢1 AR A$ 44.81+2.71% % A A

=
=

-

I EAHA

ol
ol

g

g

=
T

=]
=

9 9]

719l W7 gl

H O
R

% 3

22

|

™
)
s

iy
;onﬁ

7heteE AR

=]
=

[e)
2 A7

A7HE &

_04

B
_&.E
_ZT

i

3R

iz

- 154 -



Table 22. Proximate composition of Jochung containing different amount of
Lentinus edodes powder
(unit : %)

Substitution level of Lentinus edodes powder

Control
1% 2% 3%
Moisture 25.68+2.62" 2450+2.17 29.22+0.84 34.82+0.99
Crude proteinZ) 2.14+0.01 2.39+£0.03 2.29+0.01 2.25+0.01
(2.88)” (3.17) (3.24) (3.45)
Crude lipid 0.38+0.01 0.48+0.02 0.47+0.01 0.50+0.02
(0.51) (0.63) (0.66) (0.77)
Ash 0.37+0.04 0.44+0.03 0.50+0.03 0.50+0.05
(0.50) (0.58) (0.71) (0.77)
Carbohydrate‘“ 71.43£1.92 72.19+2.06 67.52+0.65 61.93+0.93
(96.11) (95.62) (95.39) (95.01)

Y Standard Deviation

YN x 6.25

Y () : content of crude protein, crude lipid, ash and carbohydrate was
calculated by dry basis

Y 100 - sum of moisture, crude protein, crude lipid and ash contents
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Table 23. Proximate composition of Jochung containing different amount of
Lentinus edodes powder
(unit : %)

Substitution level of Lentinus edodes powder

Control
1% 2% 3%
Moisture 25.6842.62"  2575+2.15 32.11+2.91 36.91+3.07
Crude protein®  2.14+0.01 2.40+0.02 2.35+0.02 2.21+0.01
(2.88)% (3.23) (3.46) (3.50)
Crude lipid 0.38+0.01 0.64+0.04 0.54+0.02 0.53+0.03
(0.51) (0.86) (0.80) (0.82)
Ash 0.37+0.04 0.52+0.06 0.52+0.03 0.51+0.08
(0.50) (0.70) 0.77) (0.81)
Carbohydrate”  71.43+1.92 70.69+1.83 64.48+2.16 59.84+2.42
(96.11) (95.21) (94.98) (94.87)

Y Standard Deviation

YN x 6.25

¥ () : content of crude protein, crude lipid, ash and carbohydrate was
calculated by dry basis

Y 100 - sum of moisture, crude protein, crude lipid and ash contents
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Table 24. Proximate composition of Jochung containing different amount of
Lentinus edodes powder

(unit : %)
Ratio
Control (Saccharification liquids:Lentinus edodes
extract)
10:0 37 55 7:3
Moisture 25.68+2.62" 35.04£4.12 39.10+3.46 44 81+2.71
Crude protein”  2.14+0.01 1.93+0.03 1.73+0.01 1.67+0.04
(2.88)% (2.97) (2.84) (3.01)
Crude lipid 0.38+0.01 0.76+0.09 0.31+£0.04 0.31+0.05
(0.51) (0.55) (0.50) (0.57)
Ash 0.37+0.04 0.38+0.04 0.39+0.03 0.32+0.04
(0.50) (0.59) (0.64) (0.59)
Carbohydrate4) 71.43+1.92 62.29+2.54 58.47+2.38 52.89£2.02
(96.11) (95.89) (96.02) (95.83)

Y Standard Deviation

YN x 6.25

¥ () : content of crude protein, crude lipid, ash and carbohydrate was
calculated by dry basis

Y 100 - sum of moisture, crude protein, crude lipid and ash contents
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Table 25. Mineral and lead(Pb) content of Jochung containing different amount
of Lentinus edodes powder

(mg/kg)
Substitution level of Lentinus edodes powder
Control
1% 2% 3%
Mg 280.14+4.3" 261.75+3.2 312.61+8.3 307.3445.1
Ca 140.07+4.5 147.78+1.5 140.20%5.2 159.70+8.5
Na 204.79+2.6 209.60+5.1 243.52+9.8 238.25+2.5
K 892.56+5.7 937.87+6.9 1,087.89+14.4 1,367.54+19.2
Zn 6.70£0.9 7.30£0.3 7.47+0.5 7.39+0.1
Cu 7.87£0.9 10.98+24 8.52£2.6 10.04£1.6
Fe 10.63+0.7 9.83+0.3 12,7722 11.18+2.3
Mn 10.17£1.0 10.77+0.1 13.18+0.1 9.52+0.2
P 1,089.41+114 1,096.30+£11.5 1,196.46+27.0 1,047.38+18.5
Pb N.D. N.D. N.D. N.D.
Total 2,642.34 2,692.18 3,022.62 3,158.34

V" Standard Deviation
? N.D. : Not detected
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Table 26. Mineral and lead(Pb) content of Jochung containing different amount

of Lentinus edodes powder

(mg/kg)
Ratio
Control (Saccharification liquids:Lentinus edodes extract)
100 37 55
Mg 280.14+4.3V 262.24+8.1 287.27+6.3 262.23+4.4
Ca 140.07+£4.5 132.39+7.7 168.46+9.6 155.58+5.6
Na 204.79£2.6 245.39+9.5 259.63+11.1 234.83+14.0
K 892.56+5.7 986.84+11.9 1,054.92+15.3 1,528.96£12.5
Zn 6.70+0.9 7.05+0.7 7.83+0.2 7.03+0.2
Cu 7.87+0.9 8.95+0.1 754+1.8 7.62+0.8
Fe 10.63+0.7 8.47+1.4 13.39+£2.2 9.20+0.7
Mn 10.17+1.0 9.04+0.1 11.09+0.1 10.43+0.3
P 1,089.41£11.4 1,123.90£14.2 1,110.12+20.2 1,115.46+16.5
Pb N.D. N.D. N.D. N.D.
Total 2,642.34 2,184.27 2,920.25 3,331.34

V" Standard Deviation
? N.D. : Not detected

- 161 -



Table 27. Mineral and lead(Pb) content of Jochung containing different amount

of Lentinus edodes powder

(mg/kg)
Ratio
Control o o )
(Saccharification liquids:Lentinus edodes extract)

10:0 73 55 3.7
Mg 280.14+4.3" 268.80+14.5 256.1525.0 28857+9.1
Ca 140.07£4.5 137.31£1.7 129.91+£9.7 133.59+2.3
Na 204.79+2.6 241.78+11.5 273.25+13.5 181.02+6.8
K 892.56+5.7 780.07+16.3 942.22+16.2 911.76+17.1
7n 6.70+£0.9 6.37£0.3 7.26+0.2 6.66+0.6
Cu 7.87+0.9 7.22+1.1 7.67+0.6 7.24+0.6
Fe 10.63+0.7 10.31+£2.0 14.53+3.3 11.73+0.7
Mn 10.17£1.0 12.04+0.2 9.33+0.3 11.78+0.5
P 1,089.41+11.4 1,052.13+11.1 1,033.92+18.7 1,006.50+12.0
Pb N.D. N.D. N.D. N.D.
Total 2,642.34 1,916.03 2,674.24 2,558.85

Y Standard Deviation
? N.D. : Not detected
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Table 28. Content of free sugar in Jochung containing different amount of

Lentinus edodes powder

(mg/100 g)
Substitution level of Lentinus edodes powder
Control
1% 2% 3%
Glucose 37779 3,904.3 4,828.6 5917.2
Fructose 407.7 480.0 612.7 890.4
Sucrose - - - -
Maltose 37,162.8 43,163.8 39,813.3 44,992.1
Total 41,348.4 47,5485 45,254.6 51,799.7
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Table 29. Content of free sugar in Jochung containing different amount of

Lentinus edodes powder

(mg/100 g)
Substitution level of Lentinus edodes powder
Control
1% 2% 3%
Glucose 3,777.9 4,369.2 4,640.4 5,501.5
Fructose 407.7 509.1 612.7 818.6
Sucrose - - - -
Maltose 37,162.8 38,068.9 44,052.5 44,000.4
Total 41,348.4 42,947.2 49,305.6 50,320.5

Table 30. Content of free sugar in Jochung containing different amount of

Lentinus edodes powder

(mg/100 g)
Ratio
Control
(Saccharification liquids:Lentinus edodes extract)

10:0 73 5:5 37

Glucose 3,7779 4292.0 4,794.0 5,714.3
Fructose 407.7 408.1 669.9 725.0
Sucrose - - - -
Maltose 37,162.8 37,863.1 36,566.7 39,582.4
Total 41,348.4 42,563.2 42,030.6 46,021.7
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Table 31. Total and free amino acid composition of Jochung containing different
amount of Lentinus edodes powder

(g/100 g, dry basis)

Total amino acid Free amino acid
Control ~ 1%" 2% 3% Control 1% 2% 3%
Aspartic acid 0.18 0.24 0.28 0.36 0.02 0.03 0.03 0.03
Threonine 0.17 0.24 0.22 0.18 0.02 0.04 0.04 0.04
Serine 0.10 0.12 0.11 0.08 - 0.02 0.01 0.01
Glutamic acid 0.44 0.49 0.48 0.53 0.04 0.05 0.05 0.05
Proline 0.35 0.38 0.38 0.36 0.05 0.04 0.04 0.04
Glycine 0.09 0.11 0.10 0.08 0.01 0.01 0.01 0.01
Alanine 0.10 0.13 0.11 0.09 0.01 0.01 0.01 0.01
Valine 0.14 0.19 0.17 0.13 0.03 0.04 0.03 0.04
Cystine 0.29 0.39 0.34 0.36 0.06 0.09 0.07 0.08
Methionine 0.16 0.15 0.39 0.21 0.01 0.01 0.04 0.01
Isoleucine 0.10 0.13 0.15 0.11 0.01 0.02 0.02 0.02
Leucine 0.10 0.13 0.15 0.11 0.01 0.02 0.02 0.02
Tyrosine 0.08 0.06 0.10 0.09 0.01 0.01 0.01 0.01
Phenylalanine 0.07 0.05 0.09 0.08 0.01 0.01 0.01 0.01
Histidine 0.11 0.13 0.13 0.10 0.02 0.03 0.02 0.02
Lysine 0.15 0.20 0.17 0.14 0.03 0.04 0.03 0.03
Arginine 0.10 0.13 0.14 0.09 0.02 0.03 0.02 0.03
EAA” 089 109 134 09 012 018 019 017
Total 2.73 3.27 3.51 3.10 0.36 0.50 0.46 0.47

U Substitution level(%) of Lentinus edodes powder was added to rice

Y E.A.A. : Essential amino acid
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Table 32. Total and free amino acid composition of Jochung containing different
amount of Lentinus edodes powder

(g/100 g, dry basis)

Total amino acid Free amino acid
Control ~ 1%" 2% 3% Control 1% 2% 3%
Aspartic acid 0.18 0.32 0.37 0.48 0.02 0.03 0.03 0.05
Threonine 0.17 0.15 0.20 0.20 0.02 0.04 0.04 0.03
Serine 0.10 0.11 0.10 0.09 - 0.01 0.01 0.01
Glutamic acid 0.44 0.48 0.54 0.68 0.04 0.05 0.05 0.06
Proline 0.35 0.34 0.34 0.30 0.05 0.04 0.04 0.04
Glycine 0.09 0.11 0.10 0.08 0.01 0.01 0.01 0.01
Alanine 0.10 0.12 0.12 0.10 0.01 0.01 0.01 0.01
Valine 0.14 0.17 0.16 0.13 0.03 0.04 0.04 0.04
Cystine 0.29 0.34 0.33 0.37 0.06 0.08 0.07 0.07
Methionine 0.16 0.37 0.33 0.21 0.01 0.01 0.01 0.01
Isoleucine 0.10 0.13 0.11 0.12 0.01 0.02 0.02 0.02
Leucine 0.10 0.13 0.11 0.12 0.01 0.02 0.02 0.02
Tyrosine 0.08 0.08 0.06 0.07 0.01 0.01 0.01 0.01
Phenylalanine 0.07 0.07 0.10 0.08 0.01 0.01 0.01 0.01
Histidine 0.11 0.15 0.11 0.12 0.02 0.02 0.03 0.03
Lysine 0.15 0.19 0.16 0.15 0.03 0.03 0.03 0.03
Arginine 0.10 0.12 0.11 0.09 0.02 0.02 0.03 0.03
EAA? 0.89 1.21 1.17 1.01 0.12 0.17 0.17 0.16
Total 2.73 3.38 3.35 3.39 0.36 0.45 0.46 0.48

U Substitution level(%) of Lentinus edodes powder was added to rice

Y E.A.A. : Essential amino acid
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Table 33. Total and free amino acid composition of Jochung containing different
amount of Lentinus edodes powder

(g/100 g, dry basis)

Total amino acid Free amino acid
10:0” 7:3 55 37 10:0 7:3 55 37
Aspartic acid 018 022 026 028 002 003 002 003
Threonine 017 016 012 015 002 004 008 004
Serine 010 011 009  0.09 - 001 002 001
Glutamic acid 044 045 051 048 004 005 003 004
Proline 035 035 028 030 005  0.04 - 0.03
Glycine 009 010 009  0.09 0.01 001 001 001
Alanine 010 012 010  0.10 0.01 001 001 001
Valine 014 017 014 015 003 004 003 003
Cystine 029 034 028 030 006 008 007 007
Methionine 016 016 014  0.08 0.01 001 001 003
Isoleucine 010 010 009 012 0.01 002 001  0.02
Leucine 010 010 009 012 0.01 002 001  0.02
Tyrosine 008 006 007  0.09 0.01 0.01 - 0.01
Phenylalanine 007 009 008  0.08 001 001 - 0.01
Histidine 0.11 014 013 010 002 002 002 002
Lysine 015 018 015 015 003 003 003 003
Arginine 010 012 009 011 002 003 002 002
EAA? 089 096 081 085 012 017 017 018
Total 273 297 271 279 036 048 039 042

Y Ratio (Saccharification liquids:Lentinus edodes extracts)

? EA.A. : Essential amino acid
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Table 34. Composition of fatty acids in Jochung containing different amount of
Lentinus edodes powder

(%)
Substitution level of Lentinus edodes powder
Control

1% 2% 3%
Caproic acid (C6:0) 9.4 7.8 6.7 6.7
Caprylic acid (C8:0) 2.1 14 15 0.6
Capric acid (C10:0) 1.6 1.2 0.9 1.2
Lauric acid (C12:0) 1.0 0.2 0.9 0.9
Myristic acid (C14:0) 14.2 10.0 9.8 8.0
Palmitic acid (C16:0) 22.3 28.5 26.1 27.0
Stearic acid (C18:0) 6.6 5.0 2.8 4.3
Oleic acid (C18:1) 19.0 22.3 21.3 22.8
Linoleic acid (C18:2) 23.8 23.6 30.0 28.5
SFA" 57.2 54.1 487 487
USFA” 42.8 459 51.3 51.3
MUFA” 19.0 22.3 21.3 22.8
PUFA” 23.8 23.6 30.0 28.5
MUFA/SFA 0.33 0.41 0.44 0.47
PUFA/SFA 0.42 0.44 0.62 0.59
PUFA/MUFA 1.25 1.06 1.41 1.25
USFA/SFA 0.75 0.85 1.05 1.05

Y SFA : Saturated fatty acid

? USFA : Unsaturated fatty acid

¥ MUFA : Monounsaturated fatty acid
Y PUFA : Polyunsaturated fatty acid
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Table 35. Composition of fatty acids in Jochung containing different amount of

Lentinus edodes powder

(%)
Substitution level of Lentinus edodes powder
Control

1% 2% 3%
Caproic acid (C6:0) 9.4 6.6 6.5 5.3
Caprylic acid (C&:0) 2.1 1.0 1.1 0.7
Capric acid (C10:0) 1.6 1.1 15 15
Lauric acid (C12:0) 1.0 0.4 0.1 0.1
Myristic acid (C14:0) 14.2 8.8 10.8 6.5
Palmitic acid (C16:0) 22.3 279 26.4 279
Stearic acid (C18:0) 6.6 8.6 45 6.3
Oleic acid (C18:1) 19.0 194 22.8 21.9
Linoleic acid (C18:2) 23.8 26.2 26.3 29.8
SFAY 57.2 54.3 50.9 48.3
USFA” 42.8 456 49.1 51.7
MUFA” 19.0 19.4 22.8 219
PUFA” 23.8 26.2 26.3 29.8
MUFA/SFA 0.33 0.36 0.45 0.45
PUFA/SFA 0.42 0.48 0.52 0.62
PUFA/MUFA 1.25 1.35 115 1.36
USFA/SFA 0.75 0.84 0.96 1.07

V' SFA : Saturated fatty acid

? USFA : Unsaturated fatty acid

¥ MUFA : Monounsaturated fatty acid
Y PUFA : Polyunsaturated fatty acid
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acid(13.7%), stearic acid(12.6%), 37 H7F+9 A% palmitic acid(25.4%),
linoleic acid(24.5%), oleic acid(18.9%), myristic acid(14.2%), caproic acid(8.0%)
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Table 36. Composition of fatty acids in Jochung containing different amount of

Lentinus edodes powder

(%)
Control Ratio .
(Saccharification liquids:Lentinus edodes extract)
10:0 7:3 55 37
Caproic acid (C6:0) 94 7.1 6.8 8.0
Caprylic acid (C8:0) 2.1 0.9 1.0 1.1
Capric acid (C10:0) 1.6 2.0 1.8 1.1
Lauric acid (C12:0) 1.0 0.1 0.3 0.1
Myristic acid (C14:0) 14.2 129 13.7 14.2
Palmitic acid (C16:0) 22.3 23.0 26.7 254
Stearic acid (C18:0) 6.6 12.3 12.6 6.7
Oleic acid (C18:1) 19.0 177 154 189
Linoleic acid (C18:2) 23.8 24.0 21.7 245
SFAY 57.2 58.3 62.9 56.6
USFA” 42.8 41.7 37.1 434
MUFA” 19.0 17.7 154 189
PUFA” 23.8 24.0 21.7 245
MUFA/SFA 0.33 0.30 0.24 0.33
PUFA/SFA 0.42 0.41 0.34 0.43
PUFA/MUFA 1.25 1.36 141 1.30
USFA/SFA 0.75 0.72 0.59 0.77

Y SFA : Saturated fatty acid

Y USFA : Unsaturated fatty acid

¥ MUFA : Monounsaturated fatty acid
Y PUFA : Polyunsaturated fatty acid
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Table 37. Viscosity, reducing sugar, solids and pH of Jochung containing

different amount of Lentinus edodes powder

Substitution level of Lentinus edodes powder

Control
1% 2% 3%
Reducing sugar
40.38 43.16 41.04 43.30
(maltose %)
Viscosity 5 5 3 3
o 132x10 213x10 128x10 51.4x10
(centipoise)
Solids
74.32 75.50 70.78 65.18
(%)
pH 55 5.7 5.7 5.8

Table 38. Viscosity, reducing sugar, solids and pH of Jochung containing

different amount of Lentinus edodes powder

Substitution level of Lentinus edodes powder

Control
1% 2% 3%
Reducing sugar
40.38 41.02 46.52 4758
(maltose %)
Vi it
1Seosity 132x10° 134x10° 88.2x10° 37.7x10°
(centipoise)
Solids
74.32 74.25 67.89 63.09
(%)
pH 55 5.6 5.6 5.7
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Table 39. Viscosity, reducing sugar, solids and pH of Jochung containing
different amount of Lentinus edodes powder

Rati
Control . L. amo .
(Saccharification liquids:Lentinus edodes extract)
10:0 73 5.5 37
Reducing sugar
40.38 39.94 39.16 44.70
(maltose %)
Viscosit,
1seosity 132x10° 27.6x10° 25.610° 21.9%10°
(centipoise)
Solids
74.32 64.96 60.90 55.19
(%)
pH 55 5.6 5.7 5.7
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Table 40. Hunter's color value of Jochung containing different amount of
Lentinus edodes powder

Substitution level of Lentinus edodes powder

Control 1% 2% 9%
L(whiteness) 22.07+0.52"% 22.72+0.28" 19.02+0.41° 20.24+0.11"
a(redness) 7.45+0.49” 6.96+0.31” 5.90+0.36" 5.18+0.20°
b(yellowness) 17.80+0.73” 17.4120.42" 1457+0.36” 13.74+0.19°
AE? 0.00 0.65 471 5.00

Y Standard Deviation
* Means with the same letter are not significantly different(p<0.05)

2 AE = total color difference
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Table 41. Hunter's color value of Jochung containing different amount of
Lentinus edodes powder

Substitution level of Lentinus edodes powder

Control 1% 2% 3%
L(whiteness)  22.07+0.52" 22.05+0.63" 19.24%0.06” 18.290.09°
a(redness) 7.45+0.49” 6.66+0.31” 4.91+0.23” 4.89+0.06”
b(yellowness)  17.80+0.73" 17.54+0.28” 12.98+0.04° 12.73+0.16°
AE? 0.00 0.83 6.14 6.82

Y Standard Deviation

* Means with the same letter are not significantly different(p<0.05)
? AE = total color difference
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Table 42. Hunter's color value of Jochung containing different amount of

Lentinus edodes powder

Ratio
Control
(Saccharification liquids:Lentinus edodes extract)
10:0 7:3 55 3:7
L(whiteness)  22.07+0.52"% 19.55+0.23" 18.11+0.01¢ 17.97+0.07°Y
a(redness) 7.45+0.49” 4.86+0.70° 4.48+0.25° 4.74+0.07°
b(yellowness)  17.80+0.73" 12.61+0.29° 11.63+0.19% 11.74+0.03%
AE? 0.00 6.32% 7.103% 7.98%

Y Standard Deviation

* Means with the same letter are not significantly different(p <0.05)

Y AE = total color difference
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Table 43.

Sensory characteristics of Jochung containing different amount of

Lentinus edodes powder

Substitution level of Lentinus edodes powder

Control
1% 29 3%

Color 6.60+0.70" 6.70+0.77" 5.60+1.07" 3.50+0.51¢
Flavor 6.30+1.06" 6.42+0.51 4.90+0.85" 4.70+1.16"
Chewiness 6.10+0.92¢ 6.13+0.87Y 5.20+0.81% 3.00+1.26°
Sweetness 6.40+0.70" 5.40+0.63" 4.10+1.03” 2.90+0.76°
Overall ) ) o )

i 6.50+0.71° 6.40+0.58° 4.80+1.04 2.90+0.85°
acceptability

Y Standard Deviation

* Means with the same letter are not significantly different(p<0.05)
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A Apol7k gllew, 2% H7b7F 5.70£0.98% yebd Rk 2
ol HolA otk WA 2UE FEkdel 3% U AR A§
2801322 A5l A 1Ge My xo]lE HolHA HAxl Mol ¢ =
oHZP Ao uepyt oedt Ak A o3 Mm(EE) AAb A
ol A %= H]5zstel(Table 39 %) H7bgol S7td5 Wigto] #askqlth
ﬂu](flavoru A9 FAZE7E 63021065 1% "7k 6.25:0.667 7

% d
lo
L
o

o] Afol7F iAo, 2% H7F¢F 3% H7H7F 247 4.68+0.62¢9F 4.20+0.932
2 24 AA2TSE ¢ AbT HEw o] =A(chewiness) = A, &w| 9 2+
< ABRE Ho 1% H7(65.90+0.73)¢ A5 Tu7}?—(610+092)9’}' 2ol &
HolA gFkom 2% H7FHYH AR Tdub(sweetness)S HA e
A7bEe] F7kebAA FeojHor A Ed vheE 54X & o =
s & 7 AT

A el 7] & E(overall acceptability)d] A$-dl%= A 7F(6.50+0.71)2F
1% H7FH(6.40£052)= =#Fol& HolA| gktort 2% H7F7F 4.00+0.52, 3%
A7F7F 27040828 FHAske] o] A Ql AolE BT AY A xad
AEds gatdel] Ay Hrbetel S AxA AR HIF vlEe 1~2%

s

55 20 vivk Ao o AN O o] HbE A5 AAAR] V=
U 2 ARl 240 7o 9FE Fu Aom ddHv odd A
gamsle]l Zt o JhA EFAA A 58 A A8 5 9w vt
T8& AAberA s
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Table 44. Sensory characteristics of Jochung containing different amount of

Lentinus edodes powder

Substitution level of Lentinus edodes powder

Control
1% 2% 3%

Color 6.60+0.70"% 6.40+1.29" 5.70+0.98*" 2.80+1.32°
Flavor 6.30+1.06Y 625+0.66 4.68+0.62” 4.20+0.93>
Chewiness 6.10+0.92 5.90+0.73" 5.12+1.01” 3.20+0.62°
Sweetness 6.40+0.70" 6.00+0.82° 3.60+0.65™ 2.10+0.329
Overall ) ) By y
i 6.50+0.71° 6.40£0.52° 4.00£0.82 2.70+0.82°

acceptability

V" Standard Deviation

* Means with the same letter are not significantly different(p<0.05)
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FAHA FEAE Gstde] Hrlete] Az A AN Ade
Table 453 Zth M(color)®] A5 FEN H7lgo] S71E+E e AR
Al frodoem Fastded 53, @y FEH Hp s 739 AR
(350+1.2N) % FH7F(6.60£0.70)eF A AFol7F WS & 5 AT AAHA
o o FHT WY=L AI(Table 11-3 FX)IA= 1% H77)
19552 FA7FFE] 22079 w8 AA olAl= Azpolw HIbeko] Frheg
5 WEgho] At

] (flavor)e] 79 FH7F4(6.30+1.06)

1

stelap FE o] H7pH7}
w55 A7k

fo
1 o

°
A1 Apol
uj o] =7 (chewiness)> F=d H7H|7F F7HE45E {94
FHZF7E 6104092, @3t FEH] HIR7E 7:3%0 A
55 H7F+7F 1900572 FH7bA vl& A FaEdew, 37 #
1.20£0.632.2 743 th @ob(sweetness)> HSulo] =73 g2 Hgo g
FE99 H7F FrtetHA FolAo® st AFRE HAT ol 7 &
A tigt AREZ Hol HA FEAE Axste] Hrtste Bede 22
= A3 Hrbste ARG o Aot BEs & F AN T HAE T
A Ve

Aub ol 7] & %(overall acceptability)dl A+ FH7F2l 6.50+0.713 H]

gl 2l

walE w FatAn FEAe] Hru vt 7:3¢ AlEeAE 570£048% & Ao
5 Holx| gstov 55 HIUMFR HIbeo] F7HE W= 260+0.700.2 A=A
ol oy 317 H7FFe AfolE 12040828 #HAskguh AAl Aol A=
55 H7FFHEHE 24 189 HAAE o] "ol didd s xoen, &
ot Ee AA fAastda R YR 2EA] REe 5 A oR2A VTS
thebA] sk Blo <} o

&2 Hrtste] 2 S Azt AfdE 359 div FEAL 739 H
2 H7tste] Az:g A Vo] FHIIFeE F ApolE HolA| @tom 55 o

ol AL e A5E B do® vehg
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Table 45. Sensory characteristics of Jochung containing different amount of

Lentinus edodes powder

Ratio
Control o o )
(Saccharification liquids:Lentinus edodes extract)
10:0 7:3 55 3:7
Color 6.60+0.70 350+1.27¢ 2.10+0.52¢ 1.20+0.42%
Flavor 6.30+1.06" 5.60+0.78" 4.20+1.40* 3.40+0.52°
Chewiness 6.10+0.92 4.10+0.99" 1.90+0.57% 1.20+0.63
Sweetness 6.40+0.707 4.70+0.68" 2.00+0.829 1.60+0.84%
Overall ) b Y )
6.50+0.71% 5.70+0.48" 2.60+0.70° 1.20+0.82°
acceptability

V" Standard Deviation
* Means with the same letter are not significantly different(p<0.05)

- 194 -



7

=]
-

4) A7

% % W T
o ol
mmmufroﬁﬂ; mﬁmwﬁomﬁmm‘% ook o BT
w B RR RN o mrEER TeRR®E @
LT o ;
o) T X e R B ~ oy <M T OB N =
J ey o N .
A — X )
g F K E S NIE 9= F P F
L 2 o ™ S o B X I _ o o 3 S
%Mmedﬂp/.ovn]ﬂum%% w_zuMzb ﬂl%ﬂoﬂx -
7w%ﬂ%4ﬁox4 w s7 5 R
e MMMJUrx% o L mE T 4u7 dr.w__/lwmﬂu
TN Lc_a}lnaEL’.7 . RERE o
ﬁaxx7 e nm_.o);o ﬂﬂjl_]rd.ll AN
. E 9T wﬁwoo_zgwﬂwﬁ%}_bkﬁﬁ%%ow&
= T qru_.%iu}léne_qux7 U7m»]]1rvdutx°o
S _ma M_. = X £ TR R uxm ol Mo Mo o A=
%@wﬁmﬁ_zféﬁ%gwmﬁ?%nmTi%iﬂ.ﬁ,iﬂiﬁ
w oox o)) m o2 L of oy % o] M
,Dro] ~ _(]_UE‘:‘_L " zn O OOﬁ
fo M_,nmﬂ%%yﬂw%uﬂaﬁgﬁoaxi:_%&_;;oﬁ%
SRS R T SV
R om S g B 7T . S o @ X ﬂul_aeaﬁ_}d
N e HAcTﬂoﬁﬂr7e]EwluM1r7 = o aozlporx
%w_mmmMMEWE@.&%%W%&Wﬂ;%ﬂ&eiﬁ.ﬂ%ﬂ
=r — —
i}wm_ssﬂ%aﬂmﬂio a3~ o R g
OON = N o W 3 o K = ™ N o-
= — N —~ o) O 0 = N - N
T RO S = m il N N i N = S o wm o) = = M,om I ;b Y
—_— g —_— =5 ) J 0
W T m@@@hhlﬂuﬁoaol ] (P
NoE ~ P < B ~ = IR i oo ©E N Mfm v
o ] = it — —_—
FT R T rea s szt EeT T < M
™ A % = woX WoR o+ X ~ o o =
| a iy o K o b, X
B o 8 g e oM g wroon o e o)
T Bog o T Mo o, Nl
T - SR Ll i w e
TR AN e g oF = B ol ooy WD B AR T
o B = T "o S of = [aN] HL W — —~— 2y 7o me o 1or AR =~ i
e LT uiniT FAEETge R T
) w o s 20 + I B R ~ S N
line,ﬁw]rﬂ7(:|0% o N oQ © =
a L =] o = 11.!4,.:5|J.,| — %ux‘._.ooﬂ,_pl
aAHtlo# ﬂﬂﬁu73._,oo ol B 2T @-XO/,]HA
& o uM&ﬁo = Jomr . T How s o@d R o Wﬂﬂﬂﬂ s o c
o W mow B oo ﬂﬂ:o.%w@mﬂ_ﬂmuggﬂ
e 90 o o) o H A o
~ ,ul T .ﬂo = of [o LE W 3 % LT OT ‘.:1_ El ‘Nl M ‘% Wi
=5 o R —_
15 o X = M T T 5

o Aoz sy HLh

o A9 wa g
AES

- 195 -

i

k]
pl

J

A
¢}

A

%=
[e]
T

7‘51,

1}

J

A
e}

sl Az

S

Aalopgt 71&E =

=

A ARE FAY T Fo]7]
2

A



Table 46. Sensory characteristics of Jochung containing different amount of
Lentinus edodes powder

Control 1V 2% 3
Color 6.10+1.20"% 6.20+0.70" 5.10+1.04% 4.40+0.43>
Flavor 6.40+1.01¥ 6.10+1.29Y 6.30+1.06Y 5.50+0.68*"
Chewiness 6.40+1.08Y 6.10+0.48 6.20+1.10Y 3.40+1.27¢
Sweetness 5.70+0.57¥ 5.10+0.25" 5.20+0.64 2.90+0.43°
Overall ) ) ) )
it 6.10+0.57° 6.06+0.70° 5.96+151% 3.90+1.29°
acceptability

Y The number means the added amount % of Lentinus edodes powder in rice

? The number means the added amount % of Lentinus edodes powder in
saccharification liquids

¥ Ratio (saccharification liquids : Lentinus edodes extract) = 3.7

¥ Standard Deviation

* Means with the same letter are not significantly different(p <0.05)
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() ExmA 222 o AH Arkse] Azd 23

FEIHA FEE o Hubste] Fol7lE ¢ 2o AWM ES FHTt
Toll mls) el s E ) =AW S Frsklal, weestE e
Aotk F71d 3o A4S TR 2,642.34 mg/kg, 1% H7F7F 2,692.18
mg/kg, 2% A7} 7F 3,022.62 mg/ke, 3% H7F7F 3,158.34 mg/kg o2 WAl E

T UM =Y tetsien, 249 oie FrIdEe T332

N
o Ju
o|\
N

zhol & HolA ZRon Ko A5 HIbrwol moldas Frtste 43S
HAr)
AEE F8F TFEFS maltose>glucose>fructose £ &2 B Eg o

=z ]
=
B W7t £Eo] koldsE Feg B Frsgdm, ohvwat

FaH A

A A F 17F9] obvAte] AEHAed 74 ohvwat T THE Bol
gfw obw :=Ake glutamic acidol o™, 1 9 AR ghako] Z2FH o]
& BEnh 239 At 242 FH7M9] 4 linoleic acid7b 23.8% %

M =L HE&S AAERY A, palmitic acid(22.3%), oleic acid(19.0%),
myristic acid(14.2%)9} caproic acid(9.4%) <o 2 thH&E H7l4= o<k H
523 Ao, Fd® AWAF 9F  F  linoleic acid(C18:2), palmitic
acid(C16:0), oleic acid(C18:1)2 Zuw Al o4& Hrist=2 1 ko] £}
sttt

39 pHE =43 A3} 55~58% A&7 2o]& Holx &gkon 3t
Ao A FHIPF 40.38%, 1% H7F7F 43.16%, 2% 7 41.04%,
3% H7Fe] A5 46.30% = YERY FE7Ee BlE] HJrbaRe] ko]l & &
A%e Byt B3 AEe ngR e FHTIE 47 132x10° cpsét
74.32%, 1% ZA7}77F 213x10° cps® 75.50%, 2% F7F-7F 128x10° cps<t
70.78%, 3% H7}g-7v 7+t 51.4x10° cps®t 65.18%= H7bEFo] ZE7F3tHA]
TR BT facstes ARE BYom 3% ol HIMA VIE =AY A
A 2 AolE Hole Aow YEyith

s A A3 Lat, ash, bak BF Ukl SrbstdA fHAE S
aL, 2% oo AlEellA TIE FRIEeE dAT Ao]E Hole Ao
vUetsth Alsd S A Ao A A(color)# W] (flavor)= 1% H7H-
ko] Weujo] 7 (chewiness)S 2% A7FT71A, @2 (sweetness)d 2wk
Aol 7]Z = (overall acceptability)= 1% H7F who] AL FolF <l
2ol & HolA| gttt

olejgt A= Hol TuAl &S vl H7tsto
44 A7b FEoR 1~2%, £ 1 olatE H7tslor ¥

i

H
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7€ 230 5A4E WA Ee AEE A
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o) 2~
x5

o
S,
o
fru
o
ro,

A

(2) xauAl 2L¢S Fstedol AH Hrbsto] Azt =H

FaWA FHE Gl Hrbste] o7& & =24
A, St ZXW e Srhek

o 4§ FARZEUE 264234 mg/ks, 1% W7H7L

2,784.27 mg/ke, 2% H7+77t 2920 25 mg/ke, 3% F7HT7F 3,331.34 me/ke S

A T b =des Srrskden, w4 diyw 18w A

Zbek Apel g HolAl @tout Kol B4 Hrbewol Eobda s Fhshe

BFE& B Cadt Nafl 4§ o EOW% A BYAR O FES

o,
(I
4
rE
ox
Sh
+ rlo
fo -

S maltose>glucose>fructose =0 & FA% <)o
@ 7L o] FoldaE Y FHS T

F WA 7FeeiaL, oful ik
4 23 & 17F9 ofvldte]l HEHU=E A otV T 7MY Bl
SrE obv Ak glutamic acidol o™, 1 9 AR ghako] ZFH Aol
B =39 At 2A4Le FH7ES 45 linoleic acid7l 23.8% %

7HE =& H&S AR, palmitic acid(22.3%), oleic acid(19.0%),
myristic acid(14.2%)¢} caproic acid(9.4%) <=olRom, 1% HI7lFAlA =
palmitic acid7} 27.9% % 714 =& & ofv|:=AtolRlar, 3% HIFFAA &
caproic acid(5.3%)X.t} stearic acid(6.3)¥Fo] tha =2 A3}E HAL. &
olel WAk 9% F  linoleic  acid(C18:2), palmitic acid(C16:0), oleic
acid(C18:1) A & Hr7tgdass o dsFo] F7katdlnh
%74 ¢ pHE AT A3} 55~57% A8 Aol& HolA Fhon, 3
Aol A FHIFIF 40.38%, 1% HI7FE7F 41.02%, 2% HI7FT 46.52%,
3% H7Fe] g 4758% = vEY FE bl vlE] HdrbaRe] Rkl &&
A%Es Byt B3 AEe ngR gEe YT 47 132x10° cpsét
74.32%, 1% A7b77F 134x10° cpsSb 74.25%, 2% H7H77F 88.2x107 cps<t
67.89%, 3% #HA7V+7F 424 37.7x10° cps$} 63.09%= H7}EFo] Z7}slH A
T s BEE fAdte A3E ®nelow, 3% ol HIMAl 7IE 2 A
A3 Apol & HolE FOoR ‘%E}”D}
AMeE A A3 Lat, awh, bdk 5 HUbeFo] SrbstdA fHAE
a1, 2% o]l AlEelA 7E %@7}?9} =3 AAZ AolE Hol= A
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o2 vElgth Algd deAA Aol A M(color)e] A5 2% HI7F7HA,
ik (sweetness), &P (flavor), H-Sm ] =7 (chewiness)¥ WA 73 %
(overall acceptability)© 1% H7FFwto] X779 f2/ %2 Xfo]E Ho|X

ropet.

oleg AnE Hob EamA LS ol Arbstel 23S ART FS
A4 A7k FEOR 1~2%, & 71 olsE Frkslol mMAle F4e Helw
A A& 249 BAL WA gt AFS AZT 5+ e Ao 1

(3) FAHA FEHE Gt Hrtete] Fol71E & =F
FEAE Gt dA H]%E A7kete] Fol7lE & xH 9
A B9 =AW S A W) gllon, st
ato] Wit gstedo] WAl %%% A% Hrbete Aeode uE
SHAVTIY 2642.34 mg/kg, 1% FIFF7F
1,916.03 mg/kg 2% M7V 2,674.24 mg/kg, 3% HI7FF7F 2,558.35 mg/kg o &2
WA FEA 7t e wste #2d 5+ gk

W 59 S maltose>glucose>fructose 07 X E Q1o
WAL FEoo] WU o] EoldaE el FES S AL, oy
A A F 17F9] otv|ite]l AEHJ =, 7HE Weol FrE o]
< glutamic acidellew, 1 9 A2 o] ZFH AolE HIYTH
o AWt AL FHIFTY S linoleic acid’} 238% % 7HE =&
S  AA3F L, palmitic acid(22.3%), oleic acid(19.0%), myristic
acid(14.2%)%} caproic acid(9.4%) <=olow WAl FEHS 7Sk Az o
B T o]l el A E AN e ]Eid ?‘37 = wds oyt gstdy
of H7tstel Az Ao Boke vhE FelAew, E3AYAH(SFA)
3 B3R AHUSFA) 2] vl &%= W37} O“Zi"%.

x7e pHE 4% 23 55~57=2 A 81k 2ol5 Helx] ggton,
Ade] A FHEITE 40.38%, BetAI FEH] Eu7E 7320 AR
390.94%, 55 H7F= 39.16%, 37 7o AS- 4470%= e “XUHL
of Hla} & AolE HolA eFtom, WA 37 HIb o] v =S ARE
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Table 47. Farinograph characteristics of the dough added with Lentinus edodes

powder
Substitution level of Lentinus edodes powder
0% 5% 10% 15% 20%
Water absorption(%) 62.3 67.7 68.5 75.0 80.2
Arrival time(min) 105 5.3 4.3 34 3.1
Development time(min) 6.5 5.4 5.0 5.8 5.7
Elasticity(B.U.) 85 62 80 81 80
Weakness(B.U.) 42 180 184 200 226
Valorimeter value(unit) 72 56 56 54 50
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) WEE9] amylogram 54

Amylogram< 9] &3l2 "WI7HF Fof X3E G4 a-amylased =l
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Table 48. Amylograph characteristics of the dough added with Lentinus edodes

powder

Substitution level of Lentinus edodes powder

0% 5% 10% 15% 20%

Temperature at gelatinization(C) 62.5 63.0 62.5 62.5 62.5

Temperature at peak point(C) 90.0 90.6 90.3 89.3 90.3
Value at peak point(B.U.) 475 440 430 440 416
Value at 94C(B.U.) 410 380 360 340 320
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Table 49. Extensograph characteristics of the dough added with Lentinus

edodes powder

Substitution level of Lentinus edodes powder

0% 5% 10% 15% 20%
Energy(cm’) 233 175 137 134 97
Resistance(B.U.) 342 310 298 310 384
Extensibility (mm) 165 133 122 105 93
Ratio(R/E) 2.07 2.33 2.44 2.95 4.12
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Table 50. Proximate compositions of Jeonbyoung containing different

amounts of Lentinus edodes powder

(unit : %)
Substitution level of Lentinus edodes powder

0% 5% 10% 15% 20%

Moisture 2.20+0.02"  446+0.15  4.78+0.05 522+0.13  6.71+0.15

Crude protein? 7.48+0.03  757+0.02  7.73+0.05  7.93+0.06  8.10+0.05
(7.64)Y (7.92) (8.13) (8.36) (8.68)

Crude lipid  6.32+0.03  6.35+0.03  6.44+0.02  6.28+0.03  6.20+0.03
(6.46) (6.65) (6.76) (6.63) (6.65)

Ash 0.69:0.02  085£0.02 0.88+0.02  0.89+001  0.96+0.03
0.71) (0.90) 0.92) (0.94) (1.03)
Carbohydrate” ~ 83.32 80.77 80.17 79.68 78.03
(85.19) (84.53) (84.19) (84.07) (83.64)

V" Standard Deviation
7N x 625

¥ () : content of crude protein, crude lipid, ash and carbohydrate was calculated

by dry basis

Y100 - sum of moisture, crude protein, crude lipid and ash contents
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Table 51.

Contents of free sugar

amounts of Lentinus edodes powder

in Jeonbyoung containing different

(unit : mg/100 g)

Substitution level of Lentinus edodes powder

0% 5% 10% 15% 20%
Glucose 588.74 1045.57 1469.86 503.02 1268.37
Fructose 572.06 1522.21 1051.74 883.42 1260.70
Sucrose 46867.54 43827.70 42304.05 43945.66 44164.95
Maltose 1446.01 1384.27 1654.76 2308.96 1443.86
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Table 52. Hunter’s color value of Jeonbyoung containing different amounts
of Lentinus edodes powder

Substitution level of Lentinus edodes powder

0% 5% 10% 15% 20%

L(Whiteness)  66.69+2.47"% 67.20+2.12" 57.62+2.93" 57.00+2.39” 56.03+2.59"

a(redness) 10.87+1.319  10.30+1.17° 1359+1.69" 12.74+1.06™ 12.55+1.29"

b(yellowness)  36.78+1.17" 34.57+059” 33.10+1.86” 33.38+0.79" 31.54+1.33%

AR? 0.00 2.34 10.16 10.44 12.00

V" Standard Deviation
? AE = total color difference
Means with the same letter are not significantly

different(p <0.05
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(hardness) &4 ZA¥=E Hol AW AxA FaHA ETS 20% H7bet= 45
o= Fel7t A& Aoz ddEh

Aol A= B4 (breaking point)e] A$-ol= Ao stF gkt A= 2
2 AWNE 2ol gz vE A o] HUtEWA feolHom FrhstE A
IE2 Bt TuWA BgS Hulsle] AWS Axzd Bt glo] AP A H

w7y EEEAw TR BES Hrtsk AHE(100)Y A% texture
parameter(hardness, cohesiveness, chewiness, cutting force)”} Awrd o2 =4
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Table 53. Textural properties of Jeonbyoung containing different amounts of

Lentinus edodes powder

Substitution level of Lentinus edodes powder

0% 5% 10% 15% 20%
Max weight(g) 736.6+87.0"Y  1250.8+755°  13299+582"  1430.0£172.3" 214531456
Strength(g/cm?) 7365648697 125312+7546™ 13299358177 143000+17229”  214529+14555”
Hardness(kg/cm’) 15206:2483”  16987+1662” 2369421157 2386219897  7865+1719°

Breaking point(g/cm®)  119323+14089Y 204089+12224™  215449+9424”  231660+27963”  347536+23579"

V" Standard Deviation

* Means with the same letter are not significantly different(p<0.05)
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Table 54. Sensory characteristics

of Jeonbyoung containing different

amounts of Lentinus edodes powder

Substitution level of Lentinus edodes powder

0% 5% 10% 15% 20%
Color 6.10£0.74""  590£057"  650:053”  580+0.79"  4.80+0.99°
Flavor 570£0.82"” 580047  620:092”  615:052”  4.90+£0.97°
Taste 6.20£0.92”  6.05+047™  640+1.08Y 550108  4.30£0.95%
Overall a) ab) a) b) d)
acceptability 6.30+0.68 6.15+0.85 6.60+0.52 5.90+0.85 4.00+1.16

V" Standard Deviation

* Means with the same letter

- 218 -

are not significantly different(p<0.001)



)
T

o

Ab) A A F sl o

7t

=

o

Felch.
Fhako] wolA A
ket

S BpIRA = =9}

0

H o] ]

3|

Pz
=

=

whe shobA o,
ol

S

7F el
]_

3|

=
=

- -
-

3

=

extensogram

g

2

7k 2]

=]
=

Flew 20%

N
Nlo

20%E 9~

o

sucrose’} 7Hd 2k

WA R e

5%
o
BN

Tk 10% o]

2 Yelwtl. Rheometer

7}

BAth

=
o

=1

A

a3t

L

Ju

5t
Hol

7}3]
=

=

=

o

o] A}o]
7} 7 = (hardness)= 156%7}H4]

AN

=5

1

9
yul

Zhell A A

h=}

=

7ok dA

10% o]

=
-

[e)

R

7HAl 7]

il aft

J

S
™

7h-ol A

tob 20% #

S

=
[e)

gl

Jvmo
N
ze)
el

o

vk (taste) 1}

(flavor),
oA 10% H7F+7F 7}

i3

El

59 =

A (color),
3

=
—J—D R

=
[e)

Az

o], o]+ 20% A

A 71 &

Slod =
AR -
)

=4

]_

S

At

o

7}
(overall acceptability)

aA #a
w 15% °]%

==

o

%
o

ol
O

Y
0

it
&
X

o)
o
st
an
il

=

P

o)
"

- 219 -



mw% AT
ﬂﬁ 1H_T_k
mHﬁe Mmaﬂmoﬂi}
aﬂnm_. ° R — o
Lo %ﬂ.m«u@? M ow M
£ 1§El17rma = A
HT_ OﬂJl]rﬁOJ- Lfoﬁ Of‘ur
o o ol M.,_ __Mo Wi_m e ol Mw w oy N WL Mo
-3 SIERs %g@ﬁ@ﬂog
= . o w S _%iﬂ%ﬁlwﬁwﬁ
war.%:m< Af%yzﬁ% T
= o _zmuMATﬂulﬂ %i%ﬁnﬁﬂ%]w*ﬂﬂoio
el Mﬂ.@ B %%@ﬂri@i%%
‘ml7 ‘AA,ul_/O#E‘:.._,Mﬂ 0#61_;*5*0_ L.O)AﬁOEO
coy =n o% &» K N AT
= B izuo»ﬂ!Eo MMZ.n_rmoTﬂA —~
do 1 z/uogiz_ok ,&Syﬁo @m«ﬂn
— \lxﬂ =] N T = o <0 o m . utz "
o O.AimﬂP #@1%%@@?%
iy TR = o & | - Jm__oA %l%
= L oﬁwz%ﬂu. wemﬂhﬁA#Tﬂ]_s
ﬂ_1_ro MMTEﬂ = ie;lmorﬁ%&ug_.i
om ﬂoTﬂﬂaﬂ;wm o WWOMJE
) o ~y O - 0 ~~
Lﬂtg mﬁoﬂz%g %%w,%wﬂwmzf
- M 3 W T w%oﬂo %ﬁ&%
< ST Gz im%}%1” =
op 2 6.%;% B% HouLﬂaéé_%@o
m < B 7ﬂr1xr NGy i%%]zt]
=) . o_zom,Ao E;mﬂdﬂm,é JAoﬂM
= 7d|_1:o p ]L!Eo ,Iozu.r-
@ ?ﬂmo@ﬂ% I ¥
=S S T 5% imjulfiuﬁm
S " Oflfao L~ m _a:o_:&rw
2 ZOLOLLI &y E.#%oﬂo,lkﬂﬂ‘l
ﬂ%’ﬂeoT]_/E CLS 9.1@1%@0430»%0
o ﬂﬁooﬂﬁo@wl,@@ﬁ e B4
iy ?;;S@;;;5033
zogroﬂ_au?b lLZ.VH@ﬂo%w&loT
ﬂL]eHTHI ;ourwo% -3 o o N e
HMLA ook %EE_L/7auzr_ﬁo
4oa$TE7ﬂ mw % »o N -
X a0 Mo e }8,o oD
o Mo W £ - P
W o Aﬁeﬂ% dl.A 1_U.14o.%
=y LRI o
<O Mﬂ Mﬂo]
5 ?%Qmm_%ﬂﬂmo
%ﬂémoatau
AoHo
1

- 220 -



Table 55. Proximate compositions of Gangjeong containing different amounts of
Lentinus edodes

(unit : %)
Substitution level of Lentinus edodes
0% 20% 30% 40% 50%
Moisture 4.63+0.02" 4.99+0.07 5.82+0.11 6.93+0.02 7.19+0.09

Crude protein”  4.66+0.11 5.74£0.05 6.2310.28 6.82+0.26 6.94+0.23

(4.89) (6.04) 6.61) (7.33) (7.48)
Crude lipid 1.580.05 1.9240.13 1.2240.02 15240.05 1.8340.12
(1.66) (2.02) (1.30) (1.63) (1.97)
Ash 0.32+0.05 0.86+0.04 1.18+0.10 1.44+0.01 1.68+0.04
(0.34) 0.91) (1.25) (1.55) (1.81)
Carbohydrate” 83.81 86.49 85.55 83.29 82.36
(93.11) (91.03) (90.84) (89.49) (88.74)

" Standard Deviation

YN x 625

¥ () : content of crude protein, crude lipid, ash and carbohydrate was calculated by
dry basis

Y 100 - sum of moisture, crude protein, crude lipid and ash contents
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Table 56. Hunter’s color value of Gangjeong containing different amounts of

Lentinus edodes

Substitution level of Lentinus edodes

0% 20% 30% 40% 50%

L(Whiteness) 59.10+051Y% 52.84+3.20” 50.03+3.96” 47.05+4.74°  44.44+2.66°

a(redness) ~1.00+0.12Y  -0.03+0.61¢  0.48+0.47°  1.19+0.26”  2.10+0.47"

b(yellowness) 13.11+0.52Y 10.71+0.84” 10.32+1.26° 9.45+0.75°  9.77+1.25>

AE” 0.00 6.77 9.61 12.78 15.35

V" Standard Deviation
? AE = total color difference

* Means with the same letter are not significantly different(p<0.05)
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Table 57. Textural properties of Gangjeong containing different amounts

Lentinus edodes

Substitution level of Lentinus edodes

0% 20% 30% 40% 50%

Hardness(g) 130406+85870" 143533505406  106708+23168”  113564+29808"  152094+32678

Gumminess ~ 366.8+195.7°  306.1+133.0° 424.7+208.3” 757.2+301.2"  951.67+309.947

Brittleness  30.963+19.678™ 30.687+16.743™  41.366+21.013” 102.843+78.979"” 189.910+75.014”

Cohesiveness  5.927+1.988”  5.854+2.034" 6.180+1.892"  9608+3.726™  14.045+3.498"

Springness  10.477+3.399”  10.295+3.804”  11.037+3.303”  16569+4.547"  21.686+4.534"

V" Standard Deviation

* Means with the same letter are not significantly different(p<0.05)
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Table 58. Sensory characteristics of Gangjeong containing different amounts of

Lentinus edodes

Substitution level of Lentinus edodes

0% 20% 30% 40% 50%
Color 570+0.95"  580+0.63”  6.90+0.32Y  540+0.97”  3.90+0.97°
Flavor 480+0.81Y  4.90+058"  5.10+0.67"  4.30+0.70"  4.20+0.69"
Taste 5.40+045"  470+0.82”  6.30+0.90Y  520+0.78"  3.10+0.47°
Cripsness 590+028"  570+0.67"  6.10+053Y  450+0.71”  250+0.58°
Overall b) b) ) be) a
bt 5.20+0.37 5.50+0.53 6.70+0.48"  4.90+0.61 3.40+0.43

acceptability

Y Standard Deviation

* Means with the same letter

are not significantly different(p<0.05)
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Table 59. Sensory evaluation of Lentinus edodes extracts containing different

amount of green tea extracts

Substitution level of green tea extracts

Control
10% 20% 30% 40%
Color 49"V 5.0” 4.8” 47" 3.8
Flavor 4.2 46" 51" 4.2Y 417
Taste 377 4.2 55° 377 3.8
Overall acceptability 417 45" 5.7 3.9 417

'’ Means in the same row with different superscripts are significantly different (p
<0.05)
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Table 60. Sensory evaluation of hot water extractable concentrates of Lentinus

edodes added with cinnamon and ginger extracts

Substitution level of cinnamon and ginger extracts

Control
C10% C20% G10% G 20% C 10%+G 10%
Color 4.4% 49" 5.6” 4.7 46" 4.4%
Flavor 35V 47" 5.4° 46" 41 41
Taste 3.0 4.1% 5.4 3.3 2.8Y 3.0
Overall 399 4.0 56° 35 979 387
acceptability ' ' ' ' ' '

C 10% : Hot water extractable concentrates of Lentinus edodes containing 10%
cinnamon extracts

C 20% : Hot water extractable concentrates of Lentinus edodes containing 20%
cinnamon extracts

G 10% : Hot water extractable concentrates of Lentinus edodes containing 10% ginger
extracts

G 20% : Hot water extractable concentrates of Lentinus edodes containing 10% ginger
extracts

C 10% + G 10% : Hot water extractable concentrates of Lentinus edodes containing
109 cinnamon extracts and 10% ginger extracts

Y Means in the same row with different superscripts are significantly different (p

<0.05)
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Table 61. Changes of brix(°), pH, crude protein and total sugar contents of
Lentinus edodes extracts added with 20% green tea extracts during

storage periods

Storage time (days)

0 20 40 60
Brix (°) 11017 1.0£0.0 1.1£0.1 1.1+0.1
pH 5.43+0.01 5.57+0.02 5.41+0.01 5.40+0.03
Crude protein (%) 0.24+0.07 0.23+£0.02 0.20+0.01 0.24+0.03
Total sugar (%) 0.58+0.03 0.54+0.01 0.47+0.01 0.51£0.02

Y Standard deviation

Figure 68. Beverages using Lentinus edodes extracts added with 20% green tea

extracts.
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Table 62. Changes in Hunter’'s color value of Lentinus edodes extracts added
with 209 green tea extracts during storage periods

Storage time (days)

0 20 40 60

L (lightness) 77.80+0.07" 76.80£0.17 77.82£0.11 77.16+0.13

a (redness) 4.00+0.02 4.52+0.05 4.43+0.05 4.27+0.03

b (yellowness) 37.70+0.05 38.49+0.10 39.41+0.29 38.65+0.13

Y Standard deviation
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Table 63. Amino acid contents of Lentinus edodes extracts added with 20%
green tea extracts

(unit : mg/100 g)

) ) Lentinus edodes extracts
Amino acids .
added with 2096 green tea extracts

Glutamic acid 39.24+4.62"
Aspartic acid 11.72+£2.04
Alanine 8.99+1.72
Lysine 8.75+0.94
Leucine 7.82%1.06
Glycine 7.74£0.78
Serine 7.36+0.59
Arginine 7.21+0.61
Threonine 7.01x0.77
Valine 6.38+0.53
Isoleucine 4.94+0.58
Phenylalanine 4.83+0.36
Histidine 3.62+0.43
Tyrosine 1.37=0.09
Cystine 0.65+0.11
Methionine 0.54+0.10
Total g amino acid 128.17+9.79

Y Standard deviation
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Table 64. Changes of brix(°), pH, crude protein and total sugar contents of hot
water extractable concentrates of Lentinus edodes added with 20%

cinnamon extracts during storage periods

Storage time (days)

0 20 40 60
Brix (°) 3.9+0.1" 3.8+0.1 4.0%0.1 3.9+0.1
pH 5.33+0.01 4.93+0.01 5.32+0.01 5.17+0.01
Crude protein (%) 0.82+0.01 0.73+0.03 0.67+0.02 0.71+0.06
Total sugar (%) 3.15+0.94 2.46+0.68 2.59+0.01 2.85+0.89

Y Standard deviation

Figure 69. Lentinus edodes concentrate beverage with 20% cinnamon extracts.
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Table 65. Changes in Hunter’s color value of hot water extractable

concentrates of Lentinus edodes added with 20% cinnamon

extracts during storage periods

Storage time (days)

0 20 40 60
L (lightness) 48.50+0.20" 42.58+0.07 50.76+0.09 46.45+0.10
a (redness) 12.89+0.07 13.61+0.08 12.47+0.02 13.35+0.05
b (yellowness) 48.25+1.51 40.97+0.73 48.33+1.15 45.04+0.90

Y Standard deviation
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Table 66. Amino acid contents of hot water extractable concentrates of
Lentinus edodes added with 20% cinnamon extracts
(unit : mg/100 g)

) ] Hot water extractable concentrates of Lentinus edodes
Amino acids ] )
added with 20% cinnamon extracts

Glutamic acid 101.65+9.57"
Aspartic acid 32.17£3.42
Alanine 26.25+1.99
Lysine 26.26+2.85
Leucine 22.19+2.06
Glycine 22.31+2.91
Serine 20.73+1.78
Arginine 19.93+2.36
Threonine 18.17+2.08
Valine 19.92+3.54
Isoleucine 14.29+1.99
Phenylalanine 14.99+2.87
Histidine 9.54+1.03
Tyrosine 8.57+0.84
Cystine 2.92+0.47
Methionine 0.86+0.09
Total g amino acid 360.75+27.45

Y Standard deviation
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Figure 70. Crude polysaccharide hard capsule

Table 67. Moisture, crude protein and total sugar contents of granule prepared
by Lentinus edodes containing different amount of forming

agents(maltodextrin)

(unit : %)

Substitution level of forming agents (maltodextrin)

20% 30%
Moisture 4.50+0.44" 4.03+0.34
Crude protein 0.57+0.03 0.53+0.14
Total sugar 90.95+2.99 94.90+2.20

Y Standard deviation
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FaWA 2o A Bde] FA opn At S 4% A= Table 68
W2k A otw A F 7Y weol FrE obm k=42 glutamic acid (20%;
113.40 mg/100 g, 30%; 91.48 mg/100 g)o] o™, t}&2 arginine (20%; 76.60
mg/100 g, 30%; 57.65 mg/100 g), aspartic acid (20%; 55.13 mg/100 g, 30%:;
4194 mg/100 g), alanine (20%; 52.08 mg/100 g, 30%; 39.66 mg/100 g),
lysine (20%; 39.61 mg/100 g, 30%; 29.29 mg/100 g) =S & Eyth FaH
A FEd S8 glw aspy alay lys) leud] A¥eb= tha ZolE B
2 2ol obd Aoz HAgHE

% olm Ak ghakol A9 20% H7F7F 548.36 mg/100 g, 30% 7<47HL7}
41312 mg/100 g o2 yelY 30% H7br7F o B AnE B
obul i 4k FheFe H A 20% H7FS] 9 164.63 mg/100 g, 30% 7<47HL7}
12467 mg/100 g o2 Yepow, F ofu|iibe] gk F5 ofn st ko
Hgo] F A5 BT 30.0% o]/l At

stH, F WA iic’”ﬂr FE=Ho A  EAF  histidine, cystine¥}
methionine> A& A gon, olefst A= FEFAES thA dJets s o] §
st 2P AE Al FEF3A7] Wwo=2 Azt
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Table 68. Amino acid contents of granule prepared by Lentinus edodes

containing different amount of forming agents(maltodextrin)

(unit : mg/100 g)

Substitution level of forming agents (maltodextrin)

Amino acids

20% 30%
Glutamic acid 113.40 91.48
Arginine 76.60 57.65
Aspartic acid 55.13 41.94
Alanine 52.08 39.66
Lysine 39.61 29.29
Glycine 37.56 21.07
Serine 33.62 25.84
Threonine 31.49 23.20
Leucine 28.35 22.40
Valine 27.04 19.98
Isoleucine 19.78 15.40
Phenylalanine 18.36 14.40
Tyrosine 15.34 10.81
Histidine N.D." N.D.
Cystine N.D. N.D.
Methionine N.D. N.D.
Total g amino acid 548.36 413.12

Y Not detected
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Figure 71. Crude polysaccharide tablet(up) and soft capsule(down)
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B oAgAeA oz 58 FusAoRRE e 4Ag e
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Al 6 F AT ATRAAA =A% ATl eF 1
AT, sl astr] =4 Rm

O HTdT Aol 935H beta-glucand 2
cell zoneS E 3l endocytosis¥ o] o] AXAZ A HF9A
BAEES AFAY AU F5EE o2 Byt v @A77t
A% Frdeet awx oA EargRe] dad> Ags] FrrEo A AA

5o}

O Ed3] 2001 d=d AAZ7 gdFel (1->3)-B-D-glucan®] WAAHXEYW
A7} dectin-12.2 F4 ¥ o]g (Brown and Gordon, 2001), ©|E <&A ©f
WA WS BExpakyle] JaAdAF S 83 AgE-¢o #3 334
TZ 5o AF-Eo] s HaAHa o

O dectin-1 &3] #HA sds = ofg F9AY A4S vt AxXxd
gold 2 ae o} (Lipke et al, 1998), A A= 3ebA e =28 93 +
9 FAGWAR QA H o] dectin-19] 7538 E 93 HhHol} e A
S e gFd A4 A gk (Ishurd et al., 2004).

O 3 i Aol YEdE oy 7HA] FA0W =&
. & beta—glucan< serumW ZH2HE FAE 531 GUAE 54—7516}*:

o
237F Avtar dH A Ut (Biorklund et al., 2005; Kim et al., 2005). wekA]
3£ 3L

EaLol A A EAl Eﬁﬂﬂﬂ” AESo] dAH T JdEAZ Hrlee
AL TIWHA AAE o] &S 7HFAF JNEA w9 Z AE3 e EQAETL
g o= %L%"/P E ols 2Ale] a5S Fustely] s g S5
A IR @] M ok 53 Yxr|es HEste] nEAEe] &
ArAE AXY WS FH3E dAgdaAgEo] &uts] A ALE T

(Gupta and Gupta, 2004).
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