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SUMMARY
I. Title

Functionality of fermented rice bran and its utilization

II. Objectives and Significance

The objectives of this project was to select of proper strains for
mass production of fermented rice bran containing physiological activity
and optimization of its culture condition, to characterize physiologically
active components in fermented rice bran products, to develope of
processed products from fermented rice bran products containing

physiological activity

III. Scope and content

Part I : Development of processed products from fermented rice bran
products

- Physicochemical properties and processibility of fermented rice bran
products

- Changes of functional activity during food processing procedures

- Development of characteristic processed products with fermented rice

bran products
Part II : Selection of strains for production of fermented rice bran and

its optimization

— Screening and selection of strains for production of fermented rice

_11_



bran having functional properties

- Optimization of producing fermented rice bran having functional
properties

- Scale up production of fermented rice bran having functional

properties

Part III : Characterization of physiologically active components in
fermented rice bran products

- Screening of physiologically active components from fermented rice
bran products

- Separation and purification of physiologically active components from
fermented rice bran products

- Identification and characterization of physiologically active
components from fermented rice bran products

- Toxicity and activities In vivo

IV. Results and Recommendation

Part I: Development of processed products from fermented rice bran
products
Liquid and solid culture of rice bran with Monascus pilosus were
produced and their physicochemical properties were investigated.
Proximate composition of liquid fermented rice bran products were
93.97% for moisture, 0.3% for crude lipid, 0.73% for crude protein,
0.74% for crude ash. Proximate composition of solid fermented rice bran
products were 68.1% for moisture, 6.7% for crude lipid, 4.8% for crude

protein, 3.7% for crude ash. Total dietary fiber contents were 4.26%, for

_12_



liquid fermented rice bran products and 16.6% for solid fermented rice
bran products. Mineral and amino acid composition of liquid fermented
rice bran products was also analysed. There were no heavy metal like
Cd, Pb, As and P was the highest following K, Mg, Na in content.
Major amino acids were aspartic acid, glutamic acid, serine and alanine.
Changes of macrophage phosphatase activity and mitogenic activity
during food processing procedures of Liquid and solid culture of rice
bran with Monascus pilosus were investigated. Remained macrophage
phosphatase activity after steaming of liquid culture were increased
with treated time and temperature. Remained macrophage phosphatase
activity after dry heat treatment of liquid culture were higher with
higher temperature and time. Drying method did not effect the
macrophage phosphatase activity after treatments. Results from
remaining mitogenic activity after steaming of liquid culture showed
that 45min at 95C was the upper limit of steaming condition but
samples from 121°C treatment retained its initial activity. Mitogenic
activity after dry heat treatment of liquid culture were higher with
higher temperature up to 4 hrs. Drying method did not effect the
mitogenic activity after treatments. Solid solid culture of rice bran with
Monascus pilosus had similar trend as liquid culture but lower activities
for all samples.

Powder and granule type intermediate products from fermented rice
bran products were produced and meet the standard from Food
Addendum. Tablet type products were made with beer yeast to improve
tablet forming property and polydextrose to improve color. Beverages

from fermented rice bran products were produced by procedures to
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maximize yield and extractability of active compounds and minimize
processing steps. Hot water extract of FAHAFEE at 1.0% level was
most effective to mask off flavor but addition of cyclodextrin or
maltodextrin had no additional effect on removing off flavor. Samples
with 5.1% high fructose syrup and 8.1% sucrose as a sSweetener were
more preferred. 0.34% Ascorbic acid and 0.34% sodium citrate were
chosen as a proper level of acidulant level. Peach flavor was preferred
by panels most. To improve storage stability, 0.05%6 benzoic acid were
added to final formulation. Beverages produced with final formulation
were stores at 4C, room temperature for 80 days and determined
quality changes in pH, acidity, overall desirability and color. Most

values were retained after storage. and acceptable.

PART II: Selection of strains for production of fermented rice bran
and its optimization

About 50 rice bran products which were fermented by mushrooms,
fungi and yeasts, were examined for their immuno-stimulating activities
such as macrophage stimulating activity, lymphocyte mitogenic activity,
intestinal immune system modulating activity. Among them, Asp.
oryzae liquid culture(rb2) and fermented rice bran product by Monascus
pilosus(tb-C as liquid and rb-3 as solid culture), showed the higher
immuno-stimulating activity and rb-C was selected as the most potent
candidate containing active components by showing higher values in
macrophage stimulating activity, lymphocyte mitogenic activity,
intestinal immune system modulating activity.

To determine production of exo-biopolymer(active polysaccharide) by
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enzyme treatment and by-product, different level of rice bran was
added to basal media. After 5 days of cultivation, addition of 2% rice
bran was best in production of exo-biopolymer. Agricultural
by-products including molasses, soybean whey, yeast hydrolyzate, corn
steep liquor (CSL) were added at 0.5% level to basal media including
rice bran 2%, peptone 0.5%, KH>PO, 0.1%. to determine exo-biopolymer
production . Addition of molasses and CSL showed 14.2 mg/ml¥} 13.2
mg/ml production. Molasses with 0-2% addition, 0.5% and 1.0% addition
showed 142 mg/ml¥ 143 mg/ml of exo-biopolymer production.
Addition of peptone alone and pepton and 0.5% CSL to basal media
was compared and media with CSL alone increased exo-biopolymer
production from 13.2 mg/ml to 153 mg/ml. Crude enzyme from rice
bran culture with Monascus pilosus produces little exo—-biopolymer after
hydrolysis. Amylase and protease were added to media at 0.5% level
during incubation. Addition of amylase increased macrophage activity
and splenocyte proliferation compared to culture without amylase. Media
consisted of rice bran 2%, molasses 2.0%, CSL 0.5%, KH.PO, 0.1% and
amylase 0.5% were fermented with Monascus pilosus. Changes in
content of exo— biopolymer, total sugar, reducing sugar, starch, pentoses
and uronic acid were determined and 5 days of incubation showed
maximum production of exo-biopolymer and further incubation showed
similar productions or decrease. Total sugar and reducing sugar had
similar trend with production of exo-biopolymer. There was no
significant changes in content of uronic acid. Pentoses were produced

most after 4days of incubation.
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PART III: Characterization of physiologically active components in
fermented rice bran products

Mushrooms, fungi and yeasts, were used to produce fermented rice
bran products containing immuno-stimulating activities such as
macrophage stimulating activity, lymphocyte mitogenic activity,
intestinal immune system modulating activity. Among them, rb-C, the
fermented rice bran product by Monascus pilosus showed the highest
immuno-stimulating activity and was selected as the most potent
candidate containing active components.

The high molecular weight fraction, FRB was prepared by ethanol
precipitation, amylase treatment, dialysis and lyophilization from the
culture broth (rb-C) by Monascus pilosus. FRB from the fermented rice
bran products showed potent stimulating activity in a dose dependent
fashion toward the immune-related cells such as macrophages,
lymphocytes and Peyer’s patch cells. FRB fraction potently induced the
production of hematopoietic growth factor (GM-CSF) and cytokines
such as IL-2, IL-6, IL-12 and IFN-v in lymphocytes. It also showed
strongly augmented cytokine production (IL-1, IL-6, IL-12 and TNF-a)
in macrophages. The chemical properties of FRB such as heat-stability,
periodate-lability, pronase-resistance and precipitation by ethanol,
indicated that the activities of FRB were due to polysaccharide moiety.

The active fraction FRB which showed the highest activity, was
further fractioned by anion-exchange chromatography on DEAE-
sepharose FF (Cl form), and an unabsorbed fraction (FRB-a) and
eleven absorbed fractions (FRB-b~FRB-i) were obtained. Of these

fractions. FRB-c¢ and FRB-d showed the most potent immuno-—
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stimulating activity and were purified, respectively by gel filtration on
Bio-gel P-30 and/or Bio-gel A-0.5m. Among the subfractions obtained
by gel filtration, three major purified polysaccharides, FRB-c-IIb,
FRB-d-1, and FRB-d-II showed high immuno-stimulating activity and
yvield. They also enhanced the production of various cytokines in
macrophages and lymphocytes. Each FRB-c-Ib and FRB-d-II were
eluted as single HPLC peaks and their molecular weights were
estimated to be 298 and 44 kDa, respectively. Component sugar analysis
indicated that FRB-c-la, FRB-d-I and FRB-d-II mainly consisted of
arabinose, xylose, galactose and uronic acid in addition to the small
amounts of rhamnose, fucose, mannose and glucose. Methylation
analysis indicated that the purified polysacharides FRB-c-Ib and
FRB-d-1I contained mainly of  terminal-Ara, 4-/5-linked Ara and
4-/5-Xyl linkages in addition to terminal-, 6-linked , 4-linked and
4 6-branched galactopyranosyl residues. The immuno-stimulating
activities of FRB were examined in vivo. The immuno-stimulating
activities were increased significantly in comparison with the control
group by intravenous and intraperitoneal injection of FRB. Intravenous
administration of FRB (10 mg/kg) inhibited tumor metastasis produced
by colon 29-M3.1 lung carcinoma cells more than 85% as compared
with the control group. Based upon these results, the rice bran products
fermented by Monascus pilosus might effectively contribute to the
systemic immune system to protect human bodies from several diseases

and cancers.

_17_



Contents

Summary ..........................................................................................................

Chapter 1 Smmary Of Study .........................................................

I. Signiﬁcance ........................................................................................................

II ObjeCtiVeS and SCOpe .......................................................................................

Chaper H State Of the 2 ) o LR T T T PP PP P PP PP TP PP P PP PP PPRRPPIPPRLY

Chapter III Contents and Results ............................................

I. Development of processed products from fermented rice bran
DIOCUICES ++++++eesssseeeesssee st
1. TOLFOAUCHION +wsrerresresrsresessesmssesessessssssssesssssssssssssss st nssnasaans
2' Materials al’ld methOdS .................................................................................
3' ReSultS and diSCUSSiOnS ...............................................................................
II. Selection of strains for production of fermented rice bran and its
Optimization ............................................................................................................
1. TOEFOAUCHION +esesresresrsresessessmmsesiessesissssssesssssssss s ssssss st nasnanaans
2' Materials al’ld methOdS .................................................................................
3' ReSultS and diSCUSSiOnS ...............................................................................
III. Characterization of physiologically active components in fermented
FICE DIAN PIOQUCES w+evsseeeeessssereesssessesssseesissss it
1. TOEFOAUCHION +rsresresresrsressessesmssessnssessessssse s s ssssasssssss s sse s nacaans
2' Materials al’ld methOdS .................................................................................

3' ReSultS and diSCLlSSiOHS ...............................................................................

Chapter IV Future planS ...........................................................

Chapter V References ................................................................

_18_



mr

o

o

A1 Al e e

Ry

A1

e
;ﬁ r
"

i

2. A

(o))
es

Al 2

ﬁ.u_

oF
ER

B

7h Al F-IA]

e Al

o},

B
"
=y

7K

]

m
)
jze]

zel

A
o~

1]

A5 A

wK

=

A e B

Els

A1 A EERE AR

A
=

1. A

o
s
=K

i

_19_



7].) %.x].j] g]

LF) 73 G A] @] woreverersseeesseessseesse st

™

=0

o

2) Ag

7]_) Macrophage %]./\é

vzel
Nr
7O

~
B

Z}) ACE A

1) )7 E O DOWAET A Fo werereerersesestssssmtssisi sttt

2) v 73k g ol granule R ZE ceeererereeet e

ze)

wjr
Nd

53
ol
T
Ho
—_

gl

%LH] ﬁEZ(S]

7h) Azl

T
o

wr

o
b

W vAeEE

oo

=

B

K

i

wjr

xr
il
R

0
o

—

O

g

—

_20_



X
]
I

<

A

A

4) ofv]

i

=13
=

1) <A

(=<
50

[e] e}

2) LAy

1) P73 E ol powder E granule A F e

N

ojn

2) w7 sy

TE) R ZE G cvrerreeenrenet et

) o1 d AAA Ae &

alil
Ky
-

ol

13

(1

=

maltodextrin 3

ul
=

(2) cyclodextrin

o) vl el
2) 2] g

7o)

=]
=

x;ﬁl 7].];]] B e

[e) P R P R PR PP PR
=

7}4]

=]
h=

Wb HEWG

A A%

A 2 A v

=

1. A

ool
jan
7K

E

q,mo
Bo

ol
o

M
Ho

~
70

A
np Zd 3 CSL

ol

<

A

:E,:_y,]_

7} el ue

=]
=

_21_



ax

v},
A

o
2s)

7A
B

3

=
=

o}. Glucosamine

vzl

X
.Zﬂﬁ

A}, Macrophage &4 st

rvzel
Nr
n_NO
B
B
)

XO

°
go

o)
o
4
i

0
7o

o)
s
4
XY

3) #7149
4) pHE

00

gase)

0
o

%
o

H

7 M E

9) F23% CSL #H7F &=

=]
=

<

il

A

=
-

a4

10)

o
o
o

st=

A
o

11) A

A 3 A m

1. A

7. A

Hj A

ul
=

1) A8

o

ol

_22_



3) }\] gllz

Gt
Gry

oo
<

9] Screening

X

3) TAY B

rvze)
.Zﬂ I
J)NO
o
No

3
:2)

7F Mitogen

244

}) Macrophage

Eohe] g

(1) A& 2} Peyer's patch Al

-
X

(2) 343 Peyer's patch Al

o

Nr
W

el

x
B

;é!

A

=

1
H /\g);_}‘ﬂ_ cytokine %_Xé

3]

of <
B B O] A JEH e

-
X

REER

7}) Anion exchange Chrornatography(AEC)

L]_) Gel permeation Chromatography

t}) HPLCe®l ¢

oo
=
jze)

il g
N

o)
7o

jze]

7A
B

9) &A4Y39 in vivo &4

10) v

iz
o
n_mo
Hp
Br

o
jod
G
70

Y
=
=K
—_

p

dAIO
B
Br
B

7.

_23_



12} SCreening s eeeseeseessssssssssnnsnnss

A Zj]_ Screening

29 3} SCreening weeeeeeeseesessessnsssssnssnnsnns

AZ} SCTEENING wwrwesreseesesssssessssssssissians

O
_Zrl

70
el

H'}\

A

pul

st ACE

enzyme * €

i3

_?4

%jﬂ@ig 71§E

9] cytokine Akl m]

e

i FRBE] Aol ¢

splenocyte?] cytokine A4k

s

o

macrophage®| cytokine A4k

i3

FRBe] A= <

1=]
RS

o

1) AHiOl’l eXChange Chromatography (AEC)

2) Gel permeaﬁon Chromatography (GPC)

3) A

uie)

X

N
umO
o
B
B

i
o

or
o
o
X
il
7K
M

o %

o

4) A o

el

il

0

wr
Nd

=)

—

-040

o

D AAG

A
o

~X
el

7t wgd F8 FRBEEY in vivo

A},

d 3}

A

AE &

o4

Els

9] in vivo FoJ9 ¢
9] in vivo £ ¢

J)Alo
o
o

kY

I 9=

3 B

g

_24_



ol
<
ze]
Wr

0

a8

i

-
T

?_

1) FRB9]

W ZEARA] ] T A B e

o

%

~

g
o

7

3) FRB9] w}

_25_



=

ul
=

] A7k =4 =

5 —

7}71A] 8t

H
T

[e)

AA 3 glel el

=
al

[e]

o
=

7} e]
o] o
j
A4

RS

o

fLe

R

A7 8T A
o} W=7 4

}

9]
pad

U2 70%

ol &EHAY T4 AVI=E AYHI 3o 7

AL & A AEIA e The
o o
#gol =

uo1—

]

off ARg-%]aL
A

&
4

)

}

ko)
pil

7} detoxication®l] T

)

|
=
T

o)) 7}

1

9
yul

=

_26_



=il
=

1©] masking Al

el

B AT dae

A

T
<0

k3

0

s

oo

Zulz o] Hjoj2ag 9

1 AA W oy AYEA V5S 3Een

il

4
<)
Hin

—

=K

ojn

M

i

He

<

ze)

Jo

K
Hin
o
o

—
1o

—_—

0

K
=T

pzel

ol 18l AAGA, WEuA, BAA,

i
g

ze]
vzl
-
o
oyl
~
ol
<

M
N

= AAxd

ojp

Al =
2=

A

Uepd e

7% EHE

el

p
‘umo
ze)

oW

o 1y mFoRRE o]e]dh

o))

A7) =

screening 7]

ol
=

?_

o

3

x
il
o

o
J_,mo
s

—

0
el

X

20
A
TR
o

)

]
o

)

R

wjr

_27_



Ae AAEZTEH| Alps shAl & & dou vlsd BA
o BAFH Y FZ2AAVE, in vivo test, SN, SR FE
712 g AR e A o] AEg 75 Foto] ojH g o]ES o] &3 VE
AAES T s o okE A EA of & IHE BA Xt
o] &
=

¥A3¥ macrophage= IvAE ZE I8 2El tissue
damage®] effector functionS 7FAA Hw A= o ol&EZH <4
receptordl] 2]&lo] A Foly HAE| 9ste] &= o] 59 complement
U otE lymphocyted] 48 &3 237 Zgo st &AdstE 5
A

kel AuReel EAske Adudddzgxzs (GALT: gut-
associated lymphoid tissue)< F&HAHH G AW IgA responsed H| 53}
Aol glo] wle Fo3d IS st Qo 53] Peyer's

iooh el Igh A AF F

ko]
Q
=4
o
=
Ir
o
ey
=
12
juta)
o
r o
o
[kl
)
ey
e
2
(2

Age Yrzdd A9y F YILTEL 45485

=)
Mo
2
g
o
12
]
oX
o
olN
X
>
N
rlr
il
i
o
i
2
rlr
o)

eyer’'s patch A%

A okoll A o] Peyer’'s patch AlXE%F T-cell A3l o3t T A EZ2]
Azke]l AAE FHo] gk Ryt ot AFoRRE AFTF H=F

[oi3
=

_28_



o Renin-angiotensin systemo®l <]3F UXA(Ee)Ad) THJLS Angio-
tensin converting enzyme (Kininase II, peptidyl dipeptide hydrolase,

EC 3415 o]t ACEZ AH3dhdl 9lsle] EAQ angiotensin 19

SE

o

COOH =%t dipeptide (His-Lew)E desia 73 dog=
7]+ angiotensin II2 A 3st= Aol 9 sto] TR

ACE AslE2d=Z= YW (Bothrops jararaca, Agkistrodon blys blo-

mhoffi)®] =X FESAY FAdA 2 ACE As|Al (Capropril,

Enalapril )& AF&3tal QLo Abgel oigh Folgk st A Ao <3t
ok

AAdo] &nr

Rl

2A7b 1 Qo] olag EARE sAsnA ol

AForEH ACE AsiZAd S 7H =429 AMe] a5 &

2. BA - AHH F9

_29_



¥ =
1 5421
= 1AA
"JO
o=
BERE
ZE

wON
~ K Qo
o’ ol g 55
Mo = T =
2B 5 2
O Ol 0
B o o M B Mo oo
m;i O
H < fal =T o M =
1m MM ﬂr \Dl \m_ﬂ ) ® M \@v
X0 o™ e g 4 H oF %o =T T d
Jlo ~ o e N =T T —~ ! 1u —_—
s O_H Y —_ N2 N - 1 O,A = T
h < L W i < ) b ok B
oy 1)_AIL ) = 0 k
mmlwmf_ aHoJallé mﬂww% P
)l al s = = e 7o o | T
B C) . o o ° <o
@M o Wﬁ“ R K %0 I oolr u‘mﬁ T ny MAM o N
iy bl % = oF < oy oF 2 = wﬁ = T )
< R = o o= N _ N H
I % Je < o) T ® o i
3 El~ Nm o Mm = w_w JJo Hi mﬁ T = 5
‘Wﬂ ”_ﬂ ‘E|a b.ol b ~ U] 3 ° m]_.ﬁ
Wy_naﬂ ﬂ_xaﬂm _}ﬁx %5%
™ w " 7 m T i 5w oy = 8 <
o] T ~ B L&Wﬂ B° co m_; Bl ) S
o Gl c i A - rool S B
o T T o mm = me _r % z E ol
P s EY5 W o T3
7 < o o9 o of T 72 9 = o N m W )
E) o A = M I o = ez 2% o A i c
o B = L 68 ; A B AF A
C) - iy = o 7o o r hoE _ T
T oW %%#gg o LT o N
Y o} ﬂ lo _ —_ H o o
o — 6N N __ﬂ = Tu s = ~
q JL a L ~ L dl ‘N_l 1 n.:,AO UL
aevwﬁ%w o A R g
o i @ﬁ oy ) _ﬂoﬂ mw wo o ,_Lm o}/
T Lm e 05 ~ ﬁl Bo :m
o x = e - A =
o & T T oy i =
< —_ 15
T H?_,l of- 0 o
° < = = -
el X o/
= @
o %A

- 30 -



[e]

iat

%

of 7F7h9f A a1

o
X

=]

Apegn) o] A ]

o))
<0
!

ToR

—_
o

N
o

H

o
H
3
K
0
oo

o

uie)

X
wr

oy
T

el

el

|

o}
-

el

=0 AN ARFS &TE, Macrod 02 &

p
.

Micro* . &2

e
1o
=

!

el
i

ze)

il

171 g4 ofol wel A

A 3]

Yl

)
|
s
(]
el
Hr
Mo
ﬂ.ﬂ

?_

d

o Fa

)

2 gtz A4

=i
=

1, 2, 3 AIFZA1 AHF-2HA

_31_



HH

BA

.UT

o

el

3}l

tol A=A B2 ikl 4

3|

o MAE ol &

o

€

2<% macrophage %

]

E

o5

7A

o
o
in
B
Plo

el

X
gl

el
]

el
)

Nr
el

7A
%

!
o

X
o7

!

el

o HAE ¥

2

el
Hin
<
Ho
.

AT B4

2.

7F A F-A

T
i

0

N
X

0

x
w

o
Nlo

uie)

Ho
Ho

7
ol

=

ol

el
7]

~

N
i

—_

<

a!
._Q,..ﬁ
Gl

~o

oF

Ton
4
a!

0

- A

_32_



70
el
o
oo
il

o

Fo A AAE crude

A

i

zel

~X

el

A
w

o
|
o

;onﬁ
.
~o

—_—

2] A& AlF arabinoxyland}o] A &4 v

_ B
LU

_33_



ﬁ‘
= Lﬂ—g—

3.

et
X0 =g
R =3
o M o mlu o i Mo =
oo o o ey . T
- _E
_ M_. Ho %o o F K = wr_u |
- Teg L . o =7 N
) —_ K —_ ) ~~ <N
i I BOE g owo o © m 5% oo 1%
3 do D o 7 = = it = FW® ST e oy
s e wj g oy T ’ z o o R X0 Ay
gl o} o o — N\ o %O oW o o T
=3 o) N TO oy Xq %]
=|3 o E R TP wn I X ) Ch
3 iy S | — o = o aw X = =
- o . oy T % o= ~ N o)) o] _ [oh — ol < = Ne
= fo K N g ) o ~ N s u N
,mu el i O % H 1# Jl Jﬂ _.LE o <H T ﬂmo [y <0 N
o #7 P o wO T — 0 70 Gall fo B~ vl = 70 o ) =
T e N Ho R e M %o - - W i T
nyoRT My o B X 0 Wo |% o i} X T
TR N SR = X ol oy M vl <) o T X o X
| ol T~ =0 = ™ ﬂa ﬂe X0 — T — N R o E 0] ﬂwe ,El gl EO %0
| =0 ZO O w % w ° Xiﬁa AoMiﬁeELﬂ]
o _ , ~ uouoﬂpu oy o = 0N ioj S ﬂz;%ﬂﬁ
o T X P RR oo T E B 3 S W o T
= 10 ~ | ™ R0 = M a Ak p o m Bl X R o
. ol = o | R ] R J) o ol
nﬁ L N 7K oF NO o] ﬂﬁ M J = X
E ) ™ = | OT_ \ul N o O ,mﬁ UM K ZE
r fh =0 S [ g x° =0 /)
. ﬂol.,x o .. Azﬂn%ﬂe
@ F QO ) B , LT XX
_— = [
< rOEK g ol o _ W
o o X 3 o —
Ch = ﬂbrﬁ Iy = nAJ _E X0
T pal = " Gl
W o X %.‘_ - TR o ~ <
T X 63 T x° o
TH B =)
ﬂm e o
ia _ T
=0
nE T
E — B :i ™
T 2
i
'X 2
—

-34 -



—
ol el o
~ o ° % =
FTa T g W wE R 2 X w0 M
we P FF L mw T CR oy A
T oy B B Moo bl e 3 5
L RO 0O = = i 4 RO X oF el
= & R N N o Ho o e £ < T
HOF I i He " ~ o= = m G BO =0
e— [ 0
g XAk Bk = |7 2 =0 S = ® o TR x° )
uﬁ ©ow o o |2 E N o . e o )
T T T o™ ™50 o~ W_ML ) el (e B 2}
L P RN = = o <R \s 00 = o
o) X XN R oy X = o do o N s a] do o X
o TR o R g X W 2 o By
G DA I o LR o % T g N N
T . " =) = X GRS o W
a N T do w5 = ol oy 5, o " O T <
el o o Ol oy AR To H6 oy W L 7o R 70
i SR R - o B D )
I RO R N ® W RO SN B X R0 oo & 7o F o= i
= < T WOF e O EKE o 9 W %o 9 S INE
! | | | _ _ , T e B o S TR m
_1@ o o RO , _ L ! ,
N T BT W Ee
s BB o o o=
—_ jazel = fisl ‘.mo
=1 ‘Mﬂ ~X st W;A —_ =
_wr *o o - 0P
Z e == P
3 = k X [ O X
R o X =0 m ® o 3
w O He = K = o ©°
o 3R N om ST
= EO ot ;Ir” HT ﬂNﬁ
< mm R Mo X°
wo o o EK
W ~
™ S
s

_35_



O
woE a8 T EHX P E° -
_ do il I~~~ s ° o T
o Z..* — X ° :i N N ‘H o N ﬂ OC o) —
o= © X o 117 . . @O = = = n o Ty
o) N = A T oW oz o @ o7 W= B L, =
T oF E B Lo = T 0w g & m_. = 5 Y g
E.t 17_.0 K w.%u — \HI ™ ,_wﬂ HT © ,_M ﬁo ﬁE 1_ﬁl ﬁo =0 ° aL
—_— U_.E _ X O.M o T ol ﬂ.ﬁ 2’ S 3 T
o = - oy I = X o) o °
A poo;,mvgaﬂa@ﬂ g P oz
ST, Fas = T g Voo B oW ow o
% W ~ 8 = o oz o N2 o B W g ) <)
s XX . NS oy R T of e = .
i = ¥ o o R Y oo m g ° T o oy
IV DA S s o " &8 7 o G T
B X ~ 8 XX B W - B cy T o+ o= o
S W Lo = B o iy do A oK R
& - o ° LT W o/ % w o] X K
Tgim%jqifé 24 T5
! — ) o —
}Muolﬂ_/mﬂ%lgﬂm.m@z o T
< L, ~o of o oR X 5 X | = SR s
Hfﬂuryouaﬁﬂﬁezm_mﬁ% g & Wﬂﬁﬂe
20w T X ~ B B X (7 BV e
R - A W o iy R
F KO0 T oRE R o o B E T o ® o B8
44%%%}xo:;&;o%%; T ogom Y
X - — —_— o) ] )
=0 5o X ™ X O S — of oF H ™o a = = -
o 3 M © = T o W T B R =
%@o_/ﬁquﬁ = T o Jo % I w
L EEETiTErLsEEEES otz
o E R A A T O BT T ok s X oo iy
_I \ul 17r o O#E HI = 3 3l 7o ezl # _ ~ 0
o oF o oo Moz Wwom N TR o - o
RN o e T A o D° TR W5
~ N ol 70 SO =0
B o ™ s oF ~ o~ ol m T =~ =% X
5 P = B o N T B W g ol R
o = o B X o= N —
ol %~ w2 oo Joup o E o T, ol o H T =
T oo < = O BWOR o > B ON X oo m =
T e o T oo 7 X = N o ol
ry b = T m o B2 W o oz o
- S i~ X . g | iy —
% do T T 5 o= g ¥ w e KB
o oW D w5 - = B
2 T 5 N K 7 1B ™
S T wooxo
N T Moo W

- 36 -



A2t Haso] glew v

e
Hr
il

o
Az

-
B

AEAlel o

g

f
L.

o =il A

==
[e)

(ferulic acid), &2 ¥l = (polyphenols)®} oFgbH] =7] A % (arabinoxylan)

FA Tt

AT AP 3

B

Aedd=ds Ax

;onﬂ

A7 13

s

g5tz

x

o} Zuaz

KR
=

o
A

Kl

gl

A A

NH
]

H

s} o

= A,

=
=

o HE <17

Hu oA gom AAZ olF

A

s

o] &

A

o £ o]
A A| (biological response modifiers, BRM)&}

she

KR
o

o

el

K

oF

=0

7.

T

o] 75%7F %

=
T

o]

o @AAE A

o]
S

By

B!

s

Njo
Mo
o)
o
W

0

—_—

v
ze)
B

o]
U
of

7K

7F w2l

=
<)

& A

of o

ok
=L

o)

e

A o

M2 ofof Aol o

w 2}4]

| AFeI AF AR HE A=

S|

I =
A=, 5

3]

gl

A (anti-tumor

7K

%A 3} 5 (macrophage

%A (anti-inflammatory), ™Al X

==
9%

2

activity),

=

B A A

ul
=

18 ¥ & # =24 (nterferon inducing activity)

o
RS

activation),

_37_



(anti-complementary activity) %

33}t

e

i

o A ¥ Al (Ganoderma

A B (Grifora umbellata),

linteus),

W Al (Phelinus

=
=

lucidum), < °)¥ X (Tricholima matsutake), 37 (Angelica acutiloba), T

W ALeel o

p=2
o

o4 o] (Agaricus bisporus)

ul
=

¥ A (Doriols versicolor)

ol o

ol x

2 EHA

~X

B
Br
o

XO

3N A IL-6 2 GM-CSF zZ& %

24

I Peyer's patch®] T cell&

o 213

o

R

zel

~X

il

I
e
%/

—

re

)

Njo

3} pectic polysaccharide}

A

=
T

KRRl

13

%L/g o

[e)
e

glycoside®l|

flavone

o))
A

1

methanol FZ &

B

o)
e

ol

o 77k

o}z AA Ao 7 o]FolA 3l

]

X
oy
T
Nd

s

7%

B
w

A =

FHel o

e
=

AT

A el

3

=
o

|

Helzdr

LY =y
A exet.

Al M 2] 75 el v

s
a

o] <l

Aoz JlgHh ey wgo=

oj

JH =
o=

A

3

DRI

B o]

1=}
T

[oi3
=

=7

screening 7|

ul
=

?_

il

3

7A

o
o
o

vzl

!

o
)
jze]

‘uAlo
w

el

A7

o]
DS

A

o
o

%
-
;o.ﬁ

%0

of
JJo

N

o

—

ol
7A
T

KA

_38_



oA el At 75| ghefo] ofEl g oleS ol &F VST T E
= YokE AAMRA S&o 2 WHES BA Hepar Ak
Villus epithelium
ﬁ Dome epitheliu
Enterocytes M cell
Goblet cells s Enterocytes

Goblet cells dome
dome
UU corona U U
T-Iymphocy;e \

corona

germinal
center

B-lymphocyte —

subcosa

Interfollicular area

+ .
T-cells Dome + Follicle

B-cells

Fig. 2-1 An ileal Peyer’s patch in the gut associated lymphoid
tissue (GALT)

=z al

A 2 Aol s Tzt Al S8H gW MAES o, WA
2AE Zefstaat sheler

AgHes ZASIY n7 S A9 ER
5L A S E macrophage?] A3} lymphocyted 4 2 A3 WY
3l

o_>L

=

&4 59 in vitro ® in vivo testE® AA|sH T Al o]EE 7]ETA

EFR2AR 0§37 A% x2S A5

_39_



g
ofsiit #
A 2 7

- 40 -

4 5ol Te ATsh ol FoiA]



=l
[l

oK

0fo

=X
110

&

il

g

o

-l

K0

A 3

—_L

H

FHI e 2

o

=

P s AE S i

) I

5]
HAl = o] 1 o] -8

A sk ey e )

A7t 7vs

AE 2AZ

o]

X

=
=
T

=12

7

2 o A

o

=

o

Al 1A
GG NS P

1. A4

A

)
o)

4l
50

L

o))
~~

%

=

TioR
el
!
o

pe

o]
e

!

%
o7

L

=

L=

AT & E

Z7HA1 7] 3L

1

b WU A T0%
°

AZFA 2d 2 ol gAY FA HAVlwE AgHa

[e)

=

53

R

of o
Aol AEJA A o]

17

3l n

o Aol
o o3

==
[€)

BAE
St w4

e 3

701-

I

[e)

—L
.

[¢)

—

=
3=

of A% e HFoLAS ol g 7}

2=

==y
A Wl

7F 7]
o o

=
[e)

L

pu

L.
o

oj
X
Ho
A

o gstn ik FUAAE FFE G

A

i

kel
pal

o #4

o

=

7bgo 2 HFEAE (ferulic acid),

3|

S
s

71 % (arabinoxylan)

-
a-

=
=

¥ (polyphenols)¥ o}zhy]

3
=

;OL
o
mK

q
;OL
T

o

oj

d77F JFEA e, v

L
o

| %3}

_41_



o
A= BAGAA 5 AT WAL e AA-E] AsdoR
o]d 4 vk Macrophage= WA ER A=ol oste] A3t 5
2 A E  (inflammatory macrophage)t ZA3le A A X (activated
macrophage)® Yot d5 24 A ¥ (Inflammatory macrophage)
thioglycollate®} Z<2 d=5H2 S =EFHIS A9 7|54 W3ty A
EdrEEel S "nh ofe] WANkEy SA4AYPAS FEATIE
lipopolysaccharide(LPS) ¢ WHIZHEA <93 ®Hj®E cytokine,
hydrogen peroxide, nitric oxide(NO), cytolytic protease 5 °] A< tf
g AEEAE el 2484 A E A gith &4 3 macrophage
= | AE 28 FAAE 283 tissue damage?] effector function=
THA A A

de]l FAubR o] E=Aste FABAI = 4F4 (GALT: gut associ—
W IgA responsed H|E3dle] A A ko]
il 9t} E3| Peyer's patche Zdu
A HdxriHd ¥uk ofygl IgA RS f% YR dEA
o Ao HE EHEL HExAo ddd &
o] o' WA S FUHA7IE Edo] JTHH o] Peyer's patch Al
x9 7ss &gt A Hr

deie] shuel mEr2 ooy Al 9s] 7]QIH AT renin-

g Alz=®lo] 1 Fo  stuolm o]

Angiotensin converting enzyme(Kininase II, peptidyl dipeptide hydrolase,

ated lymphoid tissue)S 39

[e=]
-
o gl ¢ FRE AL G

of
:

dx =3 A S 28317

angiotensin  system&® <l
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EC 3415 olst ACE= A3l oste] fAstem WMo ZFxEs e
4 ACE A&l A (Capropril, Enalapril 5)2] ARl 2]ste] A ¥},
ZpAA o EAEtE AAED FTole AACd e 7lss e =
of TAT Ao ZE o oo WiF Aol FE FUIEI Utk 53]
I 2+t 7 (Yamada, 1984), 3FeFA] (Yamada and Kiyohara, 1989)

;

%= (Roesler et al,, 1991), &% °]7F (Saito et al., 1992)2 58 WAL =
dE4& dovls 8o A&HH Ut v BEAES o] &3 EAH
AA W o2l AelEd TVlss 3Rt w59 wolrlss 24T & 3l
v AAEAE 249 A2 old HEtelA wig FAFE A= o]y
g HgxdEdEe FE A EdEds 1A 42 FdEd
(Ohmori et al., 1988; Kanayama et al., 1983), 3tH A& (Saito et al,
1992), lymphocyte ¥4 =24 (Hara et al, 1991) 59 WA & Ao] 9
Ao®w HuEI glow o5 &4 dF= tdo] 7|Qlg Aew &
H2 Sk

© Aol e dF B4 2y AYdd 24 Aol M s AL

rie

2 933 Monascus pilosuse A2t dF 25 AYEAHS /A= A
Laol Azt 7EAH AE AAR AL 2 oletd g 2
V2R Fo A EAY w2 ZE macrophage @ ATH

Aol gz st oWy #EE ACE Asigd S =4

How 7% A%e Feje) AeAES Yass] 99 20g Hw

Ac)

-
ol
-
X2
o
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2. A8 € 99

7h A&
= A mA dads Aietr] sk AHEs dFE s d
o /] WS Monasuc pilosus KCCM 6002991 0H, HALHIX 2=

PDA (potato dextrose agar) APHBIX| S, A ujeF 7| E 8] X] 2= 5% rice
bran, 0.15% NaNOs, 0.1% MgSO, - 7TH20, 0.25% KHyPO, (pH 6.0)2] w=A]
g, 1A w%S 9 WA 2% rice bran 100 goll 120 mle] THFE 7t
st Etetar Wyt & ARESEdTh wiHe HEH dFE 20TAdAA 3Y

1l 31 A

=
Sweden)Z ©]€3t°] micro Kjeldahl'H o2 A3l o, 3L A3 3

Hog At =AW e soxhlet o2 FA ST

3 ¥4 Ha v
/04§ B4 AOAC WHol wet B2 Axd ARES dug
Sa ¥ 50T RN A HRL GAoR et J§F F

ICP(Jovin Yvon 38, France)® 4] 3} t}.
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0.1% TEA, 6% CHsCN(pH 6.1), B) 60% CHsCN, €%%7 : linear
gradient of solvent B(0-100%), flow rate: 1.0 mL/min, A %: UV 254 nm
o] Att.

ooud EEa e shEAdzddAe] Aydd FEd 4

Monascus pilosus 5 ©]-838to] v 7Zg{ A L 1A

ofo
X,
)
ofo
o
Sh
ftlo
o
e
ol
]
offt
iin)
Y
BN
o

7h SAA

HAwfF 2 wA M FNE FAS o T ZHzE dAH A FHs 95T
A 15, 30, 45, 607+ AtrEAetdon 121C 7hhksaAdo s 1581t
S71E ol &3t ZtEAgsAtt 2 Ay AEe AeoR YAAl
te FAAZs L -20To Bl

(3

) A d A
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2717 F-24 oil baths o]&3ke] AlRE 242 130, 150, 180Tl

A4, 8 12A%F 7HEAHE3 & Aeow WA v FEAAZREL -2

7}) Macrophage &4

Macrophage &4 % macrophage®] lysosomal phosphatase®] &4
e ol&sto] AAjgte=d o] WS o5 o] st =, 5-10F
& $A4 ICR Moused E7Fo] 1 ml9 thioglycollate mediums FY3 F

48-72X7F Fo] RPMI-1640 medium®.E mouse?] E72& A3

A\

N

o

macrophageE B4 02X ¥ 3439t (Herscowitz et al., 1981). 34%
macrophageE RPMI-1640 medium©®.2 % W A #H3d 1 A E57F 1x10°
cells/ml RPMI-1640°] ¥ %% RPMI-1640 mediume®l] AJ&2HAZ T o] &
Abl-& 96-well plate®] 2+ welloll 180 WA 53 & 37T, 5% CO, Hi %
7104 2A17F F<eF wj93le] macrophage celle] 222l well plate?] 719
o] F-=3}lo] monolayerE 84 Al Z T} AlZF % non-adherent cellE -2
Al Zslke] A AsEIL 10% fetal bovine serum (FBS)S g3 RPMI-1640
medium= ZF welloll 180 w® EF3laL A& 20 WS 7Fsked 37C, 5%
CO; wiE7]oll Al 2471 7F AlvfFste] macrophages 4 stA1Zth o] & A
A 39 macrophage® monolayerel] 0.1% triton X-100 (25 p)S 7}38F<]
macrophage®] AXEE&  &SAAH o] W EH|HE  lysosome?]

phosphatase®] 7]& &4 100 mM p-nitrophenyl phosphate (150 wf) =
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0.1 M citrate buffer (50 xl)&} o] WolFo] 1A ot A A e o A Wt
S A7 & 02 M borate buffers 7}ste] w38 A A A#AH ELISA reader
2 405 nmold FF¥E=E =A3to] phophatase?] XS =SAH3AG

(Suzuki et al., 1990).

}) Mitogenic activity

Lymphocyte mitogenic activity= MTT assay® (Takemoto et al,

1988)0. 2 =A3stgtt. MTT assay: ICR mouse® HE H3FS A3
% ice cold RPMI-1640 medium©o] BAA ¢+ petri dishol| &7]3 &%

Al (mesh #100)& patch®lol 1A tha FARZ]O] AFnpR w2
A patchZHFE AXE ®HEAAC o] A2 F54 (mesh #2008 A&
st ousla 47] mediumo® Al W AA} F AEEEE 5 X 10°
cells/ml RPMI-16402. 2 %4, 90 WS 96 well plateo] &F3F T} A
10 pe( =2 Ay A9)E 7hskal 37C, 393 5% COz i 7]l
A ekttt 1% 1 mg/mLEy %o MTT solutiong 7}étal 37C, 5%
COy HjSk7)ol A 5-6A17F WA 7122 A E MTT formazan I AES A
7] 98l 2AEHGA s AE AASL ojuf AoJX formazan 100 L]
0.04N HCl/isopropanols 7}sla 587 &8st H39 & 713

%
% 570 nmolA FFEE ¥ st lymphocytel] FAEE M w st}

2

u

oo 42 Hong 5 (1998)¢] el oAl A3 A 754
C3H/HeN female mouses 7&FE T3t XAMAIA Ag® o] Fax o] gl
= Peyer’s patchZ Z#l) o] Hank's balanced salt solution (HBSS)o] &

—

A4 9J+= cell culture® petri dish® %7]3, 5% 4(100 mesh)E Peyer’'s

patch Yo F& &, FA7] nEv/E F2HA patch® HE AXE
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WEAAY. o] AX dgd8 F57(200 mesh)® A IA] 7], HBSS=
A2 = RPMI 1640 MA 2 o] &ale] A% 252 20x10° cells/ml %A

jus)
==
o
el
ol
-
Q
o
jud)
=
o
]
™
4
ojf

Hg Hote] TFAE FAHALY FHE0E ALE
vt @ FY F° mouse WEF WE HZE3t] FAY] vleS o &
&to] HBSSE M o2 Yol ZFAELE 353 5 99 2o] o3, A
Hatuw AZFEZ 25x10° cells/mE ZA 3] 96 well plated] 100 pl 4
weklth. 71 F Peyer's patch cell?} AlZ9} WbgARL v Fds ol 50
w0t RPMI 1640 wiA1& 50 wE ZH2F platedll &3 tf& 37T, 5%
CO; incubatorell Al 643+ vl %3} th Bone marrow cell®] 2% &4 =

A& AlamarBlue™ assay ¥< o] &3ttt FFA XS] wjgF E

of\

il
—
o
>
)

Aol AlamarBlue™ &9 20 wE H7lste] wreA7l Fo HFFAHEE
excitation 544 nm ¢ emission 590 nmolA] & #EA 7] (Luminescence

spectrophotometer, Perkin Elmer Limited. UK)&Z =743} 1t}

2} ACE A& =4

A& 0.05 mLell Hip-His-Leug 0.1 mL #7}g & 37C, 5% %
A% F ACE &49% 015 mL #H7F8tar 37ColA 1417 WE§A] 7]
i 05 N HCI 025 mL #H7kete] ®Eg A A A7 = (Control @ A& &
A Al F=FF 0.05 mL AFE, Blank : HCIE7I3E & 4998 A7)
ethylacetate 1.5 mL<S F7}sto] 1567 832 2,800 rpmol A 10+
b AR s A5 05 mL &8kl de S oil bathol A 14
0CZ 15687 A% %, 1 M NaCl 3 mL #7lZ &3l 228 nmol

A FHEE 49

>

A&fl& (%) : (Ec - Es) / (Ec - Eb) X 100
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(Ec, control &% %; Eb, blank &% %; Es, sample 3% %)

<

Al

}_

=
%t WA homogenizer® ©]&3}o] A 3}5Fa1(22000 rpm, 10%) AXA

of

MRS Bt sy fistel AFUXGE0)G FAARE 4

=

e @5 Ax 583 =ol7] flske] wAEst g vAEE el malto-

dextring #7184 th(maltodextrin @ 4L E N = 1 @ 20). &9

ﬁ
2
o
ne

S
K

AZGEC)sIAY 5Z2A %3S % blenderz 233 o

=13
=

/\l-a.

OH
=25

fol

al

o

(121C,202)

<_

2 =

t
(homogenizer 0l &, 22000rpm, 102)

l

= &
2

tol

-

(maltodextrin : 0] 2 & & ¥ =1:20)

sZ2dx £ = g3 A

|

powder

Fig 3-1-1. 7 & N powder?d #AzZFH
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2) v 7 g N granule A F

H

N
O

BE N granules A Z37] Yste] m 7t dE A powderE ethanol¥}

TS Table 3-1-1% 22 v]&=2 &3 sto] A(18~20 mesh)dl Hojul=

o
e
o

)

[e]

2 dAS A7)e HystE HAAg F 50T EFAx AT

Table 3-1-1. "] 7+ & A granule?] B EH]

T4
n| 7 g 9 powder 100g
ethanol 30g
= og

Japan)E ©]&3le] EWAZ  Zkel Lightness), a(redness/greenness)
b(yellowness/blueness) S =4 &} th

(2) 7

SRS AOAC WA wel oven dry A sATh
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grEm= WFFHR ethanol, & & H7bste] £t =FES
A(18~20 mesh)ol "ol Wi oxw AA3 =7]¢ YIS AT &
S50CoIA dFax sta AHE A & Bed AxVI(5edehE ol
&35t BEdS Azt (Fig.3-1-2)
Table 3-1-2. 7]7¢ 8 9 tablete] ul§H]

A B
1] 7} powder 90g 90g
ZogrER= - 18g
WEF R 90g 2g
ethanol 60g 60g
=2 12g 12¢g

7h 548 ZAF

(1) M=
Age Ame
Japan)E o] &3}

Color and color difference meter(Minolta CR-200,

04 Y

=<

ul

AN
S

g
a

b(yellowness/blueness) & =4

s

[e]

v

arel

&ttt

_51_

L(lightness),

ol wa}t oven dry o2 A3

a(redness/greenness),



7
3

TN
y
"
v
B =
% £ ~
< = il
L .
wo o
N = wl
B 0 s
2 .
o= .
Jo Mg 0}
A 104
=
g %o s . M_. o
= om ~ S p o0 B, -
— X o = " -
" o =S =Kl B
X Am Ny
w® R iy W
R w <
oau 2 -
z < ar
gyl ©
A = op =
oL
o o B ~
oo X
wir
o o)
i Y
S R B

A HH @—

e

29 4

[e]

b7] 9lste] Abg

°

&kt

o
A7

=

Wz

(45~50C)

el A
olHAAA &
- 52 -

=

(18~ 20mesh & 1)
=]

€

sttt

S

[e)

(REI8

bl 2%

°

Fig 3-1-2. 7
7h) Az )
EAS A}



oA 95TClA 4A13F FE3ko] dgler, 4 ¢ FE=2 10W F9

99% Edes Hrheto] flok 2 FEUHor At

Alge] MEi= Color and color difference meter(Minolta CR-200,
Japan)E |83t ®EWAE 3k L(lightness), a(redness/greenness),

b(yvellowness/blueness) S =43} th.

(2) A=
At el 10mls S5 25ml2 343 o3 pH 8.0°] 2 w714 0.1

Lo o] FH(off-flavor) 9} A A2 <l 71 Z % (overall acceptability)E 3 7138}

vk SHH7E 09 AW AHgsi
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KD, [H

KM

(|

(121°C,202)

-

Al >
=X

J

IH
=
or

(10000 rpm, 10=)

oD
s

_, ol _, ™

10

<

(100C, 102)

-

nlr >
o

J

4
0l
o
il

-

n0
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3

d

]

3) VAWML S A A
h AEAZ R AFAEY

A% ohgulel we vguE gael AzFP odstel AxF ARE:
247} 4T, AL, 3TCAA AFFAA A7 Fo| WskE B

W A o olgtetA 54 wst

Color and color difference meter(Minolta CR-200,
a(redness/greenness),

1) A%

Aol AEe

Japan)E o] &3e] FHAE  Zkel L(lightness),
Rk

b(yellowness/blueness) =

(2) M=
e g 10mle FFHF 2
sto] ATt

(3 F=
gAd F=A (Atago, PR-100, Japan)& ©]&

(4) pH
pH meter(Orion 720A, Japan)Z o] &3le] =A 3¢ th
(5) #HsAA
AU gS B8 A" 74 2AYE A2 vgdgd gEIde S
109 F88 Ads S 23] WE B GUE s et
52 o] FH (off-flavor)9} A A<l 7] &= (overall acceptability)E 3 7}3}

A7he 04 A=W Agsar.

Sich. 54



ol 0.73%, Z3|itol 0.74%E “EflAth vk
gheFo] 68.13%,, FAWo] 6.68%, Tl 480%, X
WA ol & AL FES AFES el gdtEr e 3

om AALF R A 426%, LALFT A - 166%Z LEREET

Table 3-1-3. Proximate composition of fermented rice bran with

Monascus pilosus

Liquid culture Solid culture
moistrure(%) 93.97+0.04 68.13+0.24
crude lipid(%) 0.30+0.03 6.68+0.26
ash(%) 0.74+0.07 3.71£0.03
crude protein(%) 0.73+£0.11 4.80+0.23

2) Aol L fuF G B
SA MEE v wEAY HoHF FW FeY FFS 4T 2

Y= Table 3-1-49F 2t & Aol AF#EF2 Ad=FT o2 241%9 o1
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Rnog

41 %9 gHFE A=

L
L

1.9%, fructose

1
.

T8 E o2 A glucose

_Z.#O

j—

AEFT2E 56.0%%

al

7

A o] 448%o0lng A THS

o}

ol
N

p=2
[e)

= olg

o7 AlgHET)

Table 3-1-4. Dietary fiber and sugar content of fermented rice bran

with Monascus pilosus

Content(%)”

24.1

TDF

1.9

glucose

4.1

fructose

dry base

*

714 % Cd, Pb, As¢}

ol ESkth Fekr M

3)
h=4

Pollal K, Mg, Na2o] o=

e e

KN
=
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Table 3-1-5. Mineral composition of fermented rice bran liquid with

Monascus pilosus

Content
(mg%)

Na 96.4
Ca 9.0
Fe 0.9
K 351.2
Pb -
Mg 123.2
Cd -
/n 0.7
Cu 0.14
Se -
As -
P 398.5

n 7 gl oln il S #A S A= Table 3-1-67% AT
TR olu]:=2to 2= aspartic acid, glutamic acid, serine, alanines™ 2. &=
YEb T AR g A A 7 FHS ofn| =4E2 aspartic acid, glutamic
acide.& A ZFe| 1/5& A stsler 7H4 obw ;e Abe E g vkt
HE Ul oz YEyth A HgdeA= 3| ~Ed, dEfd, Elol 2
Al o2 yeigon mAdgAy= &y aspartic acid®t glutamic acid

i

=2 gt 7 AL olnite ERETSY FHddehd, v

a

oy
rlo
l~r
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= oA pelat Aol Qoj 2 Rol§ molA sk,

Table 3-1-6. Amino acid composition of fermented rice bran with

Monascus pilosus

A content(nM/mg)
Solid culture Liquid culture

Cyax 4.70 2.81
Asxoxs 24.32 6.90
Glxsx 21.52 541
Ser 12.02 6.06
Gly 5.57 1.80
His 20.82 8.96
Arg 10.47 2.79
Thr 11.42 4.68
Ala 21.66 8.78
Pro 12.59 5.38
Tyr 8.99 7.11
Val 15.69 5.05
Met 2.17 1.10
lle 8.84 2.84
Leu 15.26 3.61
Phe 7.44 1.87
Trp 1.45 0.68
Lys 9.21 2.62
TOTAL 214.12 78.46
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AR AREAC mE Ry 9EY 24

Monascus pilosus 5 ©]&3ste] n7s x&st= A 2L 1A wjA

o

42 ol g3te] A

oA wEels e ol 2dE ThEel AMRHE T4
%

RE AZRF 584 SRS FERR FAAE @ F AL 5
A% A vt 2o

D AqATE e Ay &4

7h) A ujekl o] shga g Z Ao wWE macrophage phosphatase@ /] H 3}
Monascus pilosus®l 2%k 117} QAL gNS 5 HZA sholA Z

7] g2 &= % A7FS A @8l macrophage phosphatase activityS =

4 A¥= Fig 3-1-4% 2such wAdade &

5CelA Aegt Arves 121CA FA FZ28 ARA o Ee

macrophage phosphatase &4 Hth. A2

ol = ZAFA7ko] Z7}38o] ule} A9 macrophage phosphatase &4 =

2 FoE YEY S &7 5575 & SA ARl FUtESE

macrophage phosphatase &4 o] S7}sle] Ao EAVF He= B2 F

ZEEE EFoMA= AoRE FAT F AT

2
2
=
o2
2
tlo
oY
e
2
A
BN
Y
=2
>

¥0

=% 9 AZFE Z¥ 39  macrophage

phosphatase A4S =43 Ay %71 T7F S55 A gto] F/MES4=

phosphatase activitys A3 23 Az w2 Ao Hsle= 1

Sttt o] ZA H]fo] o EAAZWE uHFA Polw s U =7
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BN 100 pg/ml
10 pg/mi

Absorbance
=)
IS
1

05"

Fig 3-1-4. Effect of steaming temperature and time on macrophage
phosphatase activity of fermented rice bran product(Liquid culture by

M. pilosus).

0.6 4 I 100 pg/ml
10 pg/mli

Absorbance
H

0.0

® 0N AN ™ 2N o™ AN ™ 2
T 00 000, 00 00T, a0 0, a0C g0 T
AD AD ADY 80 AD AD ADY @0

AN e
¢ C C
A30 7 4307 (30 7 00

Fig 3-1-5. Effect of time and temperature of dry heat treatment on
macrophage phosphatase activity of fermented rice bran product(Liquid

culture by M. pilosus).
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0.6
0.5 I 100 pg/ml
/310 pg/mi
)
3] 4
c 0.4
©
a — T
o
o 0.3 -
2
el
<
0.2
0.1 o
0.0

Hot air drying Freeze dring

Fig 3-1-6. Effect of drying method on macrophage phosphatase activity

of fermented rice bran product(Liquid culture by M. pilosus).

L) oA wjFde] shEA el 27 wE mitogenic activity 3}

o,

n 7y A u Aol FapE P AR WE mitogenic activitygE =
3k A3+ Figure 3-1-63 2t 59 Ay ZHdME 9B5TAA =

Alzol S7F AaE EA o] Frkste] 458 A2d ARV HbE A RE

O

Z]

ol
-

MM EF P =2 28-S Belou, 60 AYodMe L Ao i
o] 7hEatAelMe] w4 Az

ghal AbRE QI 121°CAA A2 e Algs 24 HAR] AR H7HE 104
/mIQl el M= 9BCAHRT &do] svregkort 100ug/mle] F =0l =

H 23k &ds ®o] 7heh Adato] Hadh AlFEe A AR FAo

e 458e ZAsA g Aol EaHol

FABSE Qe FAT F AUk 53] BCAAE HE AAAE F
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o] W& mitogenic activity
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0.6
BN 100 pg/m| T
0.5 - 2 10 pg/ml - T
T
T

(0] 4
© 04
c T
©
Qo
o 0.3 A
(2]
e}
<

0.2 4

0.1 4

0.0 ‘

n @i ain ain’ oin
956-30 950—"'5 5G 60 co

\ine _ i 5 M
EEAPYI RN 9 421

9

Fig 3-1-7. Effect of steaming temperature and time on mitogenic

activity of fermented rice bran products(Liquid culture by M. pilosus).

0.6 o B 100 pg/ml
= 10 pg/ml T

Absorbance

0.0 - < < < T T < < X7 <7 Y
M ST TR _%v’ﬁ\\

W00 B . i _,
5"’,\\200 \30¢ ,\'3,00\,506' 2600 8007, 6007 4807, 4007 40 ,\%QO’\%QO
Fig 3-1-8. Effect of time and temperature of dry heat treatment on
mitogenic activity of fermented rice bran product(Liquid culture by M.

pilosus).
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0.5
I 100 pg/ml

0.4 + —— /3 10 pg/ml
)
%)
c -
p 0.3 T
e
=
o
(2]
2 02

0.1 4

0.0 T T

Hot air drying Freeze drying

Fig 3-1-9. Effect of drying method on mitogenic activity of fermented

rice bran products(Liquid culture by M. pilosus).

1) LA uf kel
7 Ak el 7hEAe] 27 ¥ macrophage phosphatase@ A W3}

A vl %k ©] macrophage phosphatase activity® T2 A|Ro|A of
A o] Hlstel vha v FAE UEhAT Al g Al ko
S22 %= 2 A7k wE macrophage phosphatase activity®S =733 A3

N uf Fo 3 M=k AE Ho] B5CHTHE 121TolA $4 58 A=

ottt 2y mA gl 95T SAE AR Ag SAATE
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3 eme] W) At ool we

il
i
2

rot
IS

phatase activity
ol AA kil dAS FFE Holx T

3}e] macrophage phosphatase activity

2
AC)

A g S A=

=
g 4% A% Azl he B4 Wake Ao e g

= O

0.6
I 100 pg/ml

0.5 o /3 10 pg/ml
o 0.4 4+
[&]
c
3
s T
5 0.3 A e - T - -
(2]
Ke)
<<

0.2

0.1 A

0.0 Ty wn n i wn n

-0 ™ o AD ™ oo 30 ™ o AD o 60 o AD ™
956 950)\ 950?’ 95OA‘ 9506 ,\2»\0\

Fig 3-1-10. Effect of steaming temperature and time on macrophage

phosphatase activity of fermented rice bran products(Solid culture by

M. pilosus).
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Fig 3-1-11. Effect of time and temperature of dry heat treatment on
macrophage phosphatase activity of fermented rice bran products(Solid

culture by M. pilosus).
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Fig 3-1-12. Effect of drying method on macrophage phosphatase

activity of fermented rice bran products(Solid culture by M. pilosus).
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Fig 3-1-13. Effect of steaming temperature and time on mitogenic

activity of fermented rice bran products(Solid culture by M. pilosus).
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Fig 3-1-14. Effect of time and temperature of dry heat treatment on
mitogenic activity of fermented rice bran products(Solid culture by M.

pilosus)
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Fig. 3-1-15. Effect of drying method on mitogenic activity of fermented

rice bran products(Solid culture by M. pilosus).
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(2) cyclodextrin ¥ maltodextrin %7} &3}
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cyclodextrin ¥ maltodextrin® 7} &3E Table 3-1-107 72 nj g

o et SRE Axd F ASAAE o] &

U BsAA A FAFEES 10% FELE

wl cyclodextrin =+ maltodextrin® % 7}l
Fea e UEUA e 238 58

22

o Aardatol R}

maltodextrin® H7t= L& X &9t}

o g o]0
F7tel elstel Ew

Sh

e whazge

o1 AALINE AAEHY

H7HeE Al vae el
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cyclodextrin %

Table 3-1-10. ©]3] v}2=# & 913 cyclodextrin ¥ maltodextrin &S
gelg Ao W 2 54
(91 %)

Anas il

A B C E F
IR 84.9 79.9 80.9 79.9 80.9
44 A 1.0 1.0 - 1.0 -
cyclodextrin - 5.0 5.0 - -
maltodextrin - - - 5.0 5.0
Lz 5.1 5.1 5.1 5.1 5.1
A 8.1 8.1 8.1 8.1 8.1
H e C 0.34 0.34 0.34 0.34 0.34
Nxez=d 0.2 0.2 0.2 0.2 0.2
TAMHEF 0.34 0.34 0.34 0.34 0.34
ol A= 15 14 2.9 1.6 3.4
75 % 7.0 5.0 2.5 4.8 2.0
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ArRE AeHE nohgd 4w g Avne BrHe zdste] A

Table 3-1-11. #v g9 g&s 283 vAdTdagse] wgd 3 54

(£r9): %)
. EER

A B B C D
IRARL 829 849 87.0 87.0 89.1
g4 d 1.0 1.0 1.0 1.0 1.0
a3 6.1 51 3.0 51 3.0
e 9.1 8.1 8.1 6.0 6.0
vty C 0.34 0.34 0.34 0.34 0.34
Dxs=d 0.2 0.2 0.2 0.2 0.2
TAMNYEE 0.34 0.34 0.34 0.34 0.34
F=(, Bx) 165 145 12.1 114 10.3
NEE 4.2 55 4.3 3.8 35

A% A% Folahs] Astel Wk Avlme] FEe wEwCce ¥
Foh PN GEFS FAe 2dste] Atk BEAAAT HEHCY
%

°] 0.34% T-Axk HEFO o] 034% & W M =2 VIEES
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Table. 3-1-13 &¢| 57 2 H/4S 2eja ngtasae]l Wiy o
=4
(9): %)
A=AE A8
A B C D E

IRAS! 84.9 84.9 84.9 84.9 84.9

g4 dr 1.0 1.0 1.0 1.0 1.0

Nxes=d 0.2 0.2 0.2 0.2 0.2

v 5.1 5.1 51 51 51

A 8.1 8.1 8.1 8.1 8.1

Hl et C 0.34 0.34 0.34 0.34 0.34

TAMNIGEF 0.34 0.34 0.34 0.34 0.34

Hpo}gk 0.02 - - -

QL A x| &k - 0.02 - - -

A2} &F - 0.02 - -

Hl) &k - - 0.02 -

ERSES - - - - 0.02

F=(, Bx) 134 134 134 135 13.3

AP (%) 0.28 0.30 0.27 0.27 0.28

/4] 55.0 51.3 57.0 57.4 54.6

75 % 6.5 3.5 2.6 2.1 3.8
o) ) F 6 )

Y A A4 8 HE Gv= Table 3-1-149F 2okeh. HE wj gy
of oste] Aat®l &= pH7F 4602 S5 AFAe BRI pHEU
T Egtonz AL FAA7L e A5 FHo TS s
37 9l8te] mEAR AP 006% FEoE A FEHA T
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Table. 3-1-14 v E g8 H% g 2 54

ARA = 1l ] gl
IRARS] 84.9

34 45 1.0

CES R 0.2

AR 51

Ao 8.1

v e C 0.34

TAMGEF 0.34

B 2o}k 0.02

QF2] gt 0.05

F=(, Bx) 134

2H5(%) 0.28

/%] 47.8

pH 4.6

3% = e FguE 7zl oA
o) At =43 73

Al = (cfu/ml) 25 Iml%g 100°] 3}
HEH(g/kg) 0.05 (w vl =) oFA gt (0.050]3})

v AgEel w4 Wst

ZF wigkHlol osto] Alxd mATESRY] A T FE WEE 24
a7] f8te] 55 100CHA 1021 Ahtet & Wzhsle] b2 4T, A2,
37°C9 €xoA 80Uz AAsHA pH, A%, AAA 7|35 2D ML Lo
Wals #AstAth(Fig 3-1-16 F8 Fig 3-1-17) 1 A% AF7|12 5 A
AAQ 7a=E AL WFEe FHoA 2 Wste A4 G v
AAARJA 72 B9 37C A AlgelM A% 20de] A F5¢ o
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Fig 3-1-16. Changes in acidity, pH and overall desirability of fermented
rice bran beverage during storage at 4C, roon temperature and 37C
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_80_



80

60

Brightness(L)
N
o
-

20
0
0 20 40 60 80
Storage(days)
0
1k
oL
<
2
2 3r
hel
3
I
4 |
5 |
—6
0 20 40 60 80
Storage(days)
50
40
230
2
[
2
=
K]
T 20
<
°l M
0 . . . :

0 20 40 60 80
Storage(days)
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2% F7bsto] 54z M ¥ §F AR ITANRS AU A 1A
2% et 7@ 05% AAYS HUbete &4 v AdES S
AstAct £714e n7 2%, peptone 05% H7FE ZEujx|o] F71d
01%E ztzt #7kste] S v LS SAsR e, pH 2 =% o
2 92 27k 20, 30, 40, 50Ce} pH 4, 5, 6, 7, 841 Z+zre] &4 vt
S S48
L= ] PA = S R
7182 (7] pH 50, MF2% 20C)0 nAe =& 72t7 2elshe]
5%t whFstel &4 B B glucosamin®] &S AFS AT
gt e Adrta s
"7 2%, peptone 0.5%, KH:POs 0.1%°l s4F FAiba<l 292 (A%
50% 3¥Hr), ek (&hstE 7.7%, 9 E 0.05%), = (S5stE 1.4%,
gz 03%), &F 7RSS, corn steep liquor (CSL)S 242 1y &
ko g 05% H7b mE g4 td 2 glucosamin®] AAbRe] 1t X =,
a3s A s
v, g3 CSL H7F v& & &3
w7} 29, peptone 0.5%, KH.PO, 0.1%°] =4 FAr&E<el @3 CSLS
0-2% #H7tste] &4 thd 2 glucosamin®] Aitekel| wx = g9
B RARRi S
o zh-gol

7_}
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| AAEE 84
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g - BajEo] A PAE 2 exo-biopolymer® H3EH = AL 71 S
kg oS gmmonium sulfate 5% 30%-70%%2 £35S o]Z 20 mM
AAAAZTEH (pH 65 FAste] 42 FAAS xahdor AL

of u7} 7teRAE HAASt AYFAE4] exo-biopolymer? A4F 7

A A B4 g4 e Aabgke vkm (2001)¢] W F8be] =
APt m 7} HFEAS 12000 goll A 5EZF AR sle] Ao AbA o)

Aol BB E = ol ghES 7hato] 4Tl A 12417F RS AT 12A413F 5

o}. Glucosamine 7%

g FFolol AL glucosamine TEHS =A3ko] YERY
FNE 80TCoA 12417 &k Ax & #5ke] 400 mgS cap tube
of #3lx 6 N HCI 5 mlE 7}ste] 121 ColA 60%3F A stA). o] AL
AR E (2,800 g, 15%8)8ta, AN 05 mlE FHste] rotary vacuum
evaporatorg AF&3te] HCIS &A3] AAS g vAl 1 mle THT=
LA A Swift H (1968)°] Wt glucosamine & HFS F3tth 7 &
W glucosamine & 3 mlel 6 N HCl 3 mlZ 7}38le] L3 o=

A ate] A& HeFdel oal 2t A1=59] glucosamine &S T-3F5 T

o2

2
i3

o

Z}. Macrophage &4 3 =
Macrophage &4 %=+ macrophage?] lysosomal phosphatase®] &=
S ol &t HAgt=d o W v o] Aystrk F, 5-10F
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d &7 ICR Mouse®| 7ol 1 ml9| thioglycollate mediums 59 g

is)

48-72717F o RPMI-1640 medium® & mouse® H74-& AHd F
macrophageE B0 22X ¥ 3|43t (Herscowitz et al., 1981). 3]4%
macrophageE RPMI-1640 medium©®.2 % W A#H3d 3 AE57F 1x10°
cells/ml RPMI-1640°] ¥ %% RPMI-1640 mediumedl] AJ&2HAZ T o] &
AFNS 96-well platee] Z+ welloll 180 w& 53 & 37T, 5% CO, Hi
7104 2A17F F<eF wl9%3sle] macrophage celle] ZHZte] well plate?] 719
o] F23}lo] monolayer® FAAA AT F A1ZF & non-adherent cellE<
Az slke] A AsEIL 10% fetal bovine serum (FBS)S g3 RPMI-1640
medium= ZF welloll 180 w® EF3laL A& 20 WS 7Fsked 37C, 5%
COz Hi&F7loll A 2441 2F Aufgste] macrophages /3 3tAI T o] 2
A 39 macrophage® monolayerd] 0.1% triton X-100 (25 p)S 7}38F<]
macrophage®] AXEES  &SAAH o] W EH|HE  lysosome?
phosphatase®] 7]& &4 100 mM p-nitrophenyl phosphate (150 ) =
0.1 M citrate buffer (50 p0)9} 2ol FolFo] 1A17F &t A defol A vt
SA1Zl % 0.2 M borate bufferg 7}ste] ¥-8-5 HAAA ELISA reader
2 405 nmollAl FFEE A3 phophatase®] A4S FA3ATh

(Suzuki et al., 1990).

Z}. Mitogenic activity
Lymphocyte mitogenic activityi= MTT assay® (Takemoto et al.,
1988)0. 2 =A3st . MTT assay: ICR mouse® HH HZAS AH

N
o

% jce cold RPMI-1640 mediumo] ©7A# ¢+ petri dishel %713l &
Al (mesh #100)E patch$lol IXAZ thg FA7]9] IFwp/l2 w2

A patchZH-8 HMEE WEAZAT o] A5 F53 (mesh #2005 AFE

4

5=

ato] ol#ati A7) mediumo® Al W AR F AEFEE 5 X 10°
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cells/ml RPMI-16400.% %4, 90 A2 96 well plated] 2Fa the A
g 10 (A2 A AdA5)E 7Ista 37T, 393 5% CO, 7]
A vkt 2% 1 mg/mLEsEe MTT solutione 7}etal 37C, 5%

<3|

el

COy w710l 5-6A17F WES-A1 712 A E MTT formazan I HE
7] 98l 2AEHA s AsS AAS ojuf Aoy formazan 100 pl

0.04N HCl/isopropanol& 7}8}i 587F 318t THo && 713k

mlo

Lo

o
o

% 570 nmolA FFEE ¥ 3] lymohocyteo] F4 %

i
=

233

o

N

bogawe @

oX,
5\
o

4owe] #4e Hong 5 (1999)9) ol o|Astel Zqskalrh 779

C3H/HeN female mouseE 74FE7-8t0] XAMAIA L%Fule] F-zhxo] 9]
= Peyer’s patchZ Z#o] Hank's balanced salt solution (HBSS)o] &
7 &= cell cultured petridish2 %713, 5% A (100 mesh)E Peyer's
patch #l°l ¥ s, FA7] ZFvp/l2 F2WA patch® 8 HMYEE
WEA T o] AX dgdS F5A(200 mesh) = ¥ A]| 7151, HBSSE
A8 F RPMI 1640 WA & o] &3le] AX %2 20x10° cells/ml %A
3o A X ENS ZAFAY. o= 96 well plateo] 200 pl & FEF3
dA FE ARE 20 W H7FsFe] 37T, 5% CO. incubatorol A 5 7k
HjFatgith. o] wjd Aeds At EFAE F4E 3 At
stttk et FY F mouse WEYF WE AZete] FAL7] vl

_Z,__
dte] HBSSE W £ox Yol aFAXE 3¢ & ek o] o3, A

o

-

= =]

oEL
A

o
o
i
o

= ol &

e

3351t 1 & Peyer's patch cell¥} A5 9} HES-A1 7] 8] A5 A50 w0

9} RPMI 1640 iA1= 50 ptE Z+Z} plated] #+F3 o2 37C, 5% CO;
incubatoroll A 647t wjekal vl Bone marrow celld] =4x= &4 =HL&

T™ =)
AlamarBlue ¥ assay H< o] &3
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2 187417+ Ao AlamarBlue™ €9 20 W= H71sh

ff
4
>
b
1o
=
o2
ofN

o] HkE-Al7] %o HBAEZE excitation 544 nm ¢ emission 590 nmol A]
=]

Peyer’s patch cell At=< %3+ bone marrow cell®] FXAEE ZAH 3=
FoHd &4 3 mouse E7 macrophageE ©] &3] A 89| phosphatase

A=A S =AEE macrophage &4, 1831 mouse?d BZAES =

d

A2 =43 lymphocyte mitogen FA S 7| F 2 & screeningS 33}
Ak

u]7 WEee Table 3-2-10] AIAHo] Qi vhsh go] #E 2L Wz
Aol Aoldt Ae dom dHAZAHS fs & HEYENE FEsta 54

12 AAdAE FR/, R ZEAE Az @l AEH
s 27| TF Monascus 57 & 02 AA | F2 A 8| Fo

B xds delste] wigetion AATF o &% AR rbl - rb7H,
Adgel g A& rbA - 1bG 5 FT 1N ARE dFom AEA
stk A7 W &4 A4, Fig. 3-2-19] veRd vhe} o] 100
LolA FHIbtel Bl AR =S &Ao] yEuow 53

Asp. oryzaeE M|7F 712 BAM|LS rb2 A&} Monascus pilosusE

i

R

o

=
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A w= LA fES b3k ColA LPSe A RT thh &2 845 1B
Aot w3 rbd (M. anka, 4A)), rbA (A. sojae, 1LA), thD (M. anka, i
A, tbE (M. ananesus, AADAEAE F53 Do) HA=H Q).
Macrophage &4 stol A= 9o AF3 A5 LPS o] 39 =& 843}
e BHaow AR s oA AFdS vehiAY (Fig. 3-2-2).
The AN Fd7btol vl s A
A71 670 wHES ¥ EL FAS B (Fig. 3-2-3). wekA rb2, rb3,
rb4, tbA, rbC, tbD % rbE AZE 23} #AAS F3lo] Ax A ARE 7
st
22 Ao A= 7] TN AERRE gdoR

Faddgaa e A 12 Adet fFASHA 52 2A4S Blow 53
rb-2, rb-3¢} 1h-C9 A5 FTEEHET =& A4S HAY (Fig
3-2-4). Mitogen 43} macrophage &9 9% (Fig. 3-2-5, 3-2-6)

BT 53 48 Bgon 53] rb-2, rb-39 rb-C ABEE A ¥ Lo A

=
g
®
(@}
=}
ie]
ox.
o
o
o
rr
o2
ox
=
BN
Hd
T

W FHS AP

% bgHen nBHe et

ol4te] Axz R v wadoniy AP 2Ae AL 6
A Monascus pilosusE ©]-&3t A vy ZA|7F 7174 Ads o=

A A,
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Table 3-2-1. Several microbial strains for the production of fermented

rice bran products

Sample Strain name Culture condition
rbl Asp. sojae Liquid
b2 Asp. oryzae "
b3 Monascus pilosus ”
rb4 M. anka U
b5 M. ananesus "
b6 M. pupuresus ”

Ist rb7 M. ruber U
Screening | _bA Asp. sojae Solid
rbB Asp. oryzae ”
rbC Monascus pilosus U
rbD M. anka ”
rbE M. ananesus ”
rbF M. pupuresus U
bG M. ruber ”
rb-2 Asp. oryzae Liquid
rb-3 Monascus pilosus U
ond rb-4 M. ank'a //'
) rb-A Asp. sojae Solid
Screening rb-C M. pilosus U

rb-D M. anka U

rb-E M. pupuresus ”
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Fig. 3-2-1. Intestinal immune system modulating activity of several

fermented rice bran products in 1st screening procedure.
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Fig 3-2-2. Macrophage activity of several fermented rice bran products

in 1st screening procedure.
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Fig 3-2-3. Lymphocyte mitogenic activity of several fermented rice

bran products in 1st screening procedure.
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Fig 3-2-4. Intestinal immune system modulating activity of several

fermented rice bran products in 2nd screening procedure.
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1.4

1oL =3 100 pg/mi L —
10 ug/mi T ]
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° oo
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o
2 06} % i
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Fig 3-2-5. Macrophage activity of several fermented rice bran products

in 2nd screening procedure.

0.7
1 100 pg/ml
0.6 - 10 pg/ml
0.5
8
= 04
Keo)
2 1
8 03r
<
0.2
0.1
0.0 —! ™ < ) <

) ) \ N\ 2 5] X
e\\“e' 5':)\\(\ o \)Q\«\ 6\5%\«\ & X7 ®
N S N o>

Fig 3-2-6. Lymphocyte mitogenic activity of several fermented rice

bran products in 2nd screening procedure.
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u 7}, sucrose, glucose & ©AaYUS ZHzE 2%4 Z]Eu| Ao HIg & 5

7)
A7 w g A3 (Fig 3-2-7), &4 v Aol wAd H7A M

A wE dAFSE AT Xylose H7HA €4 © 2 132 mg/mlE H]
=2 oy HAES B oY, glucosemined] % 442 pg/mlE &
TAFS Bk tde] AAAFN #A FAFS A5 d#AAe] gl A
Zdow wjge] XAASFE pHYF F7tE = AFS A
Flammulina velutipes (°©] %, 1994)9} Pleurotus sajor-caju (% %5,
1996)o <3t FwA FAS A exo-biopolymerAHA] EAPo R
ow Ay EA AN FAA F

7}
A= A5 dgAo] gl Aeg Husdta

Q9
oy}
—
jab)
(@
=
o
)
%
—
jab)
O
pe
o
102}
D
s

N
I~

&N
o
o

ol

—|—‘

peptone F7FA] 151 mg/ml=Z HAAYS H7tshA &L A9 (135 mg/ml)
B ZUekdt. ¥y ammonium  nitrate, ammonium  chloride,
ammonium sulfate®} sodium nitrate ¥ 7}A YT A FS 10.6-13.3
mg/mlE FAaUS HA7bshA] e ARt €4 vde Aol At
A S5241€ ammonium nitrate A 7FA] 7 =& A4S BT o]=

velutipesd 93+ 3R A ©o WA Al ammonium nitrate 74 71 =
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Fig 3-2-7. Exo-biopolymer production from cultured M. pilosus

in various carbon sources.
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Fig 3-2-8. Exo-biopolymer production from cultured M. pilosus

in various nitrogen sources.
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dx skt ok =ElE] WAl TARA] Wl A= ammonium tartrate

1994) ¢

At Aol A

A &

&

29

o]

=
<)

gitobs e AR TR

A7

g]

2]

g

(F &, 199).

°

Hjj =] o

KeN
=

© % peptone

2

4

(Fig 3-2-9),

7}

pu

AL

oz
KH2PO4

A7HA 7

0.1%

=
=

H7HA

714

sl
s

o}

Bk a8y

Ko

o thg A I A

At BTGl A

0.1% #

=
=

Bt KHPO,

o
1%

)

M

6“:}:

jgace]

O

4) pHE

o

wmo

0

7A
B

d

|

3}, pH 5914 7Hd =&
dom (Fig 3-2-10), A <]

Macrophage &4 & *

ool Ag S FAA FAL B

24

T

ol

)

wmo

ﬁo

ol

—_
1o
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.
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Fig 3-2-9. Exo-biopolymer production from cultured M. pilosus

in various mineral sources.
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Fig 3-2-10. Exo-biopolymer production from cultured M. pilosus

in various pHs.
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W AR e 1371 pg/mlE 30Ce] Hl&) thih e HFARA
ZS Bt (Fig 3-2-11). &4 oadeo =S 20C7}
AR S 30CY wW7E 7F =tk o] 5 (19943 % 5(1996)% 25T

oM Fdrpdel Aol 7 =okthal Baskitt

N
)
o
ki
%2
o
=

6) v A7) oF &
e AxE EqE v 2%, peptone 0.5%, KH.PO, 0.19%9] 8 A =4
3} %7] pH 5.0, L% 20T wjFzAdA &4 gy #AMA =71

g SAT A9 (Fig 3-2-12), &4 v FAMA S42 v A 3Tl

i A 7F W2 macrophage@A S 43 23 (Fig 3-2-13), Wl %A
kol 3 oldell= wjdAI el F7FE 5 macrophage®] &40l F7hshE
AES BHoy 3-59 Aloleo] ujYgAlZFEotol= macrophage &4l W
st Aoy folA Aol= fIATh F, wiAIzte] Ao AR ddud
o] Aol Tt o 3 ol FHEHE &ATF e e e 44
ol ¥ ®ol o]FoA= XSEE macrophage 274 Ad 24 vt

= 3 WA THE =

i

[e

¢

7) WA skl 9%k gk

Peptone 0.5%, KH.PO4 0.1%<] 7] 2ul#] (7] pH 5.0, W= 20T)
of m7e =& 747t dEste] 54z wige A% (Fig 3-2-14), W4 <
A7bslA e A9 AydAd E 42 exo-biopolymerZb 3.2 mg/mle] A4

K

o

Bl whA, 7S 1-10% #7FA] exo-biopolymeri= 11.8-13.8 mg/ml
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Fig 3-2-11. Exo-biopolymer production from cultured M. pilosus

in various temperatures.
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Fig 3-2-12. Exo-biopolymer production from cultured M. pilosus

in various culture times.
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Fig 3-2-13. Macrophage activity of exo-biopolymer from cultured

M. pilosus in various culture times.
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Fig 3-2-14. Effect of rice bran concentration on the production of

exo-biopolymer and cell mass

- 100 -



o] AAEEFS B weEk wAte] A EZARQ exo-biopolymerAd Al

D529 JLPAS FAstd e, TAHI YA glucosamined] &3

S Al exo-biopolymer b A& T AFS BT WG 2% °)
A 7FA exo-biopolymer$} glucosamine®] Z71#FS njujsdormzg n7t

<
")

29 F7}7} exo-biopolymer AAbel| 7} # g

8) FatE H7ta

w7} 2%, peptone 0.5%, KH:PO, 0.1%°] 4t HFAME¢ g3 (A4
50% 3Hr), dEuk (et s 7.7%, @9 0.05%), % (453E 1.4%,
agwlA 03%), &E 7R E, corn steep liquor (CSL)S 77 g E
Fo® 05% H7tel we zdE A3 A3 (Fig 3-2-15), A4
25 #HrlekA] ke 71E iR+ 12.6 mg/mle]  exo-biopolymere] A
e Beloy, FAte UM 4% exo-biopolymere]  AJthakol
11.8-14.2 mg/mle] A4S Bty 53 Z83} CSL H7HA 142 mg/ml
7} 132 mg/mle] AAHES Bt A FS dutH oz HAALYPoZ ALE
He &8, &% JbeEdlE, CSLAlA 72.3-772 pg/mlE F7Hatsith o]
del Aol oa] ZlEuAe Y 05%E UMY A9 ALY EA]

exo-biopolymer AAt#o] 13% A% Z7}38F5 ).

9) F23 CSL 7 ko wE a3
w7+ 29%, peptone 0.5%, KH.PO; 0.1%9] A HAl&el s zhzh
0-2% A7} A (Fig 3-2-16), exo-biopolymer?] Atz 1.0% 71 Al 7+
A= F7bste AEES BAou, 20% H7F Alole & FHAskth 05%
9} 1.0% H7F Al 142 mg/ml3} 14.3 mg/mle] exo-biopolymere] A&
ATk WA AAFE FE st SUMESESE FUbete AEE Ho

2.0% #7F Al 758 pg/mlE 7HE =& wA SIS BT 71 A e

- 101 -



3 05% H7F A 74 =& exo-biopolymer?d] AAFES H oo wEl o
e TE 05%%E AA & ALY a9 = peptone H7F Al, peptone
# CSL H7MAE 22 wla sheieh (Fig 3-2-17). Peptone®} CSL& 7H2}
0.5%, peptone + CSL< 1.0% A7} Al CSL¥ peptones &3 Al8&A] HT}H
CSL @& AF8A]  exo-biopolymer AJ4t#o] 132 mg/mlolA 15.3 mg/ml
2 =718tk Wbd peptone ©@E AR AldlE 126 mg/mlY
exo-biopolymer A4tHFS H Yl CSLe H7bsTol mpE d3ds A3
Ay (Fig. 3-2-17), 05% H7MAl 7}F3 =2 exo-biopolymer A4FsFS B
gdom 05% o4 F%= FH7FA exo-biopolymer BAFHEHLS thA 7 A3FFS
o} A AAYUOoZE peptoned AMESE A BT CSLE 05% H7f

Ageke Aol vhga s,

10) 2437 23
n 7ol Aygdd BEAE FAEE arabinoxylane B 7 W wwla
A 2= o M. pilosusr @A AAbE = G40 #8o o3

g - Bajzo] el AE A exo-biopolymer® A3tE = = sltl. o]

s

3k A Sk AR E NS ammonium sulfate 5% 30%-70%= 3 <& o
E 20 mM JAESFEd (pH 650 FAst A2 FAAS FF 4

49 ol Ad@del Ye 2gol gef g BEee Faw @

AZFo] arabinoxylan® 3 T EIES 9
(AM-100, (F)A¢1)9} protease (Pronase, Sigma)E z2F #jkad o] 05%
A7 sk A3 (Fig 3-2-18), macrophage 24 ©]u splenocyte proliferation

g o] amylase F7Fste] wjdst A9 45 HIFSHA & A S v]§)
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Fig 3-2-15. Effect of 5 by-product on the production of exo-

biopolymer and cell mass
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Fig 3-2-16. Effect of Molasses concentration on the production of

exo—biopolymer and cell mass
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Fig 3-2-17. Effect of CSL concentration on the production of

exo-biopolymer and cell mass with or without peptone
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B) Splenocyte proliferation

Fig 3-2-18. Effect of protease and amylase addition during cultivation
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St=
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e
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gl
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uronic acid¢]

{F

of g A A
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ojp

A wF As 2

A 5

ke

o Wae v

&

/‘\_]_,

B o uronic acid®] A3

o]J

o))

bol wep A
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=
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ZRe)
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Fig 3-2-19. Carbohydrate changes during cultivation.
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ARRE Aol o] &3 fH AAE Fole AN thetel e A
A75e FAsE Bdol diHel dvka LA gom dAR oE &

&oto] AAdFAE A8 ARgE std B2 o Ee] Ak o3 A EA

s ek(1,2). AAALE A Ql5el 75%7F AAdFA 5 A A 9
SHOR HAdws ol&sta glvta BauEol gl o= A Aot

5 24
& gwste] WAl SlobE E: /154 NEom ogsun s AT
A%H 3 otk 53 0dEet Agelt fgoz olgHole BRI

e

(anti-tumor activity)(9,10), &% &4 (anti-inflammatory)(11), 2] A3
g4 3} 5 (macrophage activation) (12,13), < E#HE F =24 (interferon

inducing  activity)(14) % =2A4  #A3%E  (anti-complementary

activity)(8,15,16,17)5 9 vtggt W FA=do] AT Bausa 9]
thools T HuH AR A7E dE FEels S A (Phelinus

linteus)(18), A % (Grifora umbellata)(19), 3 A ¥ Al (Ganoderma
lucidum)(20,21), & olWM A (Tricholima  matsutake)(6), A (Angelica

acutiloba)(22-25), TEW X (Doriols versicolor)(26) 2 & o](Agaricus
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bisporus)(13)s WA rele] tdA] SolH, o5 tiE o9
WA= ko AREHAY A=A QA i HgA ol drd =4
solzk shAllt

WS A (immune system)?] G&2 QAE FAs=E 4% A vABE

o

(pathogenic bacteria, virus %), ©l&3d % WHIH A7]A ¥ (transformed
self cells, malignant cells)®] $FoZHE AAE Hoste] A
(homeostasis)S FA3HAl st =59 71#, =24, Hx 2 4FEHS F
HAsl=dl VledozE AX¥A  HWY(innate immunity, nonspecific
immunity) ¥ 3 d 2 W9 (adaptive immunity, specific immunity) 2.2 &g
ot el tiste] v EolHom Hxe] wWolg wdste AXA WY

A= macrophage, natural killer cell NK-cell)d} #& A

ke
i

complement, interferon, tumor necrosis factor (NGF-a)2 A% ™, <

At

olfel  WrEE wddteE FMA WA= T-lymphocyte
B-lymphocyte 5ol #ofstA #rh 3 o]5 7F WY FA L84 Alolof &
theFgk F79] cytokinew 7t E A8}
(cytokine network)7} o] Fo] A a1 lom upelr] o]ie] HAHZE] &
A AAlHE AA WARkEe] S sket g astE FdekAl A2,

Macrophage®= =F2Z%H dFE E°{7F @3 (monocyte) 7| A4 <

Fol E¥abe B oA 2L

£
™)
s
&)
o
fols
28 4&
o,
o
to
Q
s
rot
2,
2

ES
o},

)
rlo
pou)
2
J
o,
o
v
o
i)
o
ay)
e
-
N
N
[
i3
o
BN

Aol et

kupffer cell, alveloar macrophage, splenic macrophage, peritoneal

macrophage, microglial cell 522 #3354 vl v = H& ¢xo we}
P 228 gYS xEste] FAES doe Ve sdshH,
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ol= I HAA FA WA olde dANA A W F

ol 7)ol vt (29) o] ¥ gk macrophages ©241 48 By ofyt uyistek 3
9 RERoz A3 & AM(processing) IAHAE Aol ‘W AHZF
(presentation)A] A $d2 WA Ax7F LS JAHTE F JEE
antigen—presenting cell(APC)2A 29| I&S =33l FU& A X ot A
S zra Aqrh(30, 31) Z3¥}AH OS2 macrophage
effector2A WA 9] AALES S4A710L &FF 895 YeERATE(24)

H] % (spleen)> WA A F54 95 d= B

%7 F(antigen)d] od) 4GS W T RAW Ba o] FoiAE

rr
o
>
ax
)
12
)
Lo

2 T lymphocyte?]

T8 our|#o|t}.(27) B cell stem cellol A #3}3te] A <% B cello]
H Hzxo =  FA(antibody)E EH| et AXE olyA|TE o] A=

of ozl A AWAAER HA st dokar dEA Aok Fd A5 9
F 239 o mlA 9 G A= plasma celleld] o]E AXEA| ko] B A
XAE TRt Jdom, o 2~39 Foh AE Uhee Aow dEA
t}. A T cell& 759 wil cytotoxic T cell (Te), helper T cell (Ty),
suppressor T cell (Te)E T2 = J=d Tex 4 Py A3 o
% lymphokines ®WE3le] ©E& T cell?l &S EAsSIAL
macrophageZE ¢l A ATt T3 Ty plasma celld £33} AL =

Fi, Tse= 19 &S JANTI= 78 285 e Aoz A

oo
o

s
o

B cello] A4S A EHd Yo Eo]& 2l immunoglobulin(Ig)s Ak
ato] {2 WEsHA =M, o2l 7es BHxdl F= oy £AE5ES B
celle] ®HA zta vt Igaet Ighs Fdeo] Igoll AFsiA =W 1 4l
S HAgntold B cell W9 kinaseE A3} signal transduction?]
38 sk CD19, CD20, CD21% fAkst 98-S F8stA Hoh &3
CD402 T cello] #H]%k cytokine?] A=r& Whol Ig2] isotype swiching?l]

12 ol
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Hojsttt, 18]31 B cell& MHC (major histocompatibility complex)el] WY
313k ol dRE AFAA T celld cytokine FES =7HA171 2 ¢

(e}
&
¢ receptor2412] CD32 5°] Atk T cell £HL 3

o IgG= 93 F
Azted & dE apE Z3 Jdoew 1 FWe| signal transduction
complex¢l CD3+(E zta gltl T3 CD4 & CDS8E ZAAEY APC

o] MHCEA8} AgstE Bz F8A 0y
Az Aol dets sl How odelA 9tk
deukgol geolats MEES ZHHA 7T FIAE fstd "2

(lymphoid system)&t= 2oy 71#S FASH A 12 (FF) 927

(primary lymphoid system)®} 2xH(% %) %H2ZAl(secondary lymphoid
system)E wFHCH30). AAHoz XI5 Aty §F3F AS5A7| &

12 @=A4= FA(thymus)®t F4(bone marrow)® TAEHW, FxZ9
g3t HE T HE4ZHe XS FE 23 gEZAE 9 F
(spleen), X4 (ymph node), =3 = 7] & (mucosal associated lymphoid

tissue; MALT)So. 2 o] Fo] X t}H(32). 2 A HaxzA e 1/39]

ﬁd
m
X
ofy
[e2vH}

o
-1
# F gue Anpsd EAsE duvd Yz

Y

lymphoid tissue; GALT)S AA oA 7H ®We Addzzxzxoz
Peyer’s patch, laminar propria, &3t HXH(MLN) To= FA4HY
(25), Agx ™ol [gAE 4|37l 93 inductive site®Z €& A A} o]F
Peyer's patch™ &7 (ileum)® 27 (colon)?] antimesentric sidedl &3}
= HET HIAARMA, o5 BELT & Jlelolyt F(species)ol
e 3] ol=2] 7HF FElEA dehde slor deEA o,
ol7b WA 2 et AVI7F AA AolA= Aom HuHA AvH35).
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Peyer's patch®] lumen domes Y1 J& MEISTAE AiELstdE AIAx
o] M celle] A3t} M celle phagocytosisell <& & W7ol 3ddS
24 28 5 o] Peyer's patch Wl g5 A xR Etste]
T35 SA3IA 7 A Y-S Al A (presentation)stE G = g

o}, wEtA Peyer's patchol A #2E ©EZFE5S germinal centerol A &

7

stetar Asste] A0 JEde Fal e AW 2H o olFsty Al

3k & A FUH36). T o9t IR Peyer's patche ¥4 &
Azt dExa e Z4AY dboldaE FEATIE A4S H AR
bacteria’} B =& AS ZXAste 9L e EH8 IgAGIgA)E At
3}= plasma cell® #3}3}7] ¢3] thA] lamina propria® E9o}2 7] % 3t}
(3738). &, & Yol Eo]= S EALS M cello] 98] EF =] Peyer's
patch W lymphocyteE A 38IA171a1, T 2 M xe] S AATo=
A TE lgrie] AlEEs ASAZE F o] g540E [l WA
stoll 7]l = A He= Aotk

FH sk BE FEI WA R 93] Peyer's patche T

cell& EA3AA IL-6 @ GM-CSF #e 387 Axe A<s @ E3lo

A
=
g 3E ARl oF 3uuY A2 FF FRAL 34 2409

=9o] HAH EA3}= pectic polysaccharide®} flavone glycosideol] #-

o
oX,
o
X9,
oo
o
T
=
i
fd
¥
o

M (40), €99 methanol FEEINHE =

FRAY FHE BH THAZ FHTYF RIUDHE 5 FBUY3

g ARdes FHeHA FFsta slov 30% FrErb vAR Azl
AREE I S W U A 70%E ALEY HE 5o A7FX EAR ol &Y
Ad w2k A71ER AEa glo] vAbe] aRrirhA s 9 F8e AhYg A
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Table 3-3-1. Characteristics of physiologically active component,

arabinoxylan

rice brans, barley, wheat
Source

(Main component of hemicellulose)

Molecular weight 100 - 5000 kD

*Anti—tumor activity — NK cell activation
) ) o *Immuno-stimulating activity

Physiological activity . . .
Hypoglycemic activity

Hypocholesterolemic activity

Structure

—4)-p-D-Xyl-(1—4)-p-D-Xyl-(1—4)-p-D-Xyl-(1—4)-p-D-Xyl-(1—

3 3
) )
1 1
a-L-Araf a-L-Araf

2. Az 4 W9

7. A B
1) AgFFE % A

B AN A Tade] xAE 9 A8 TFE Table 3-3-29
ANE sl ol WEAE Azel AGHE AF FRolFel WAR U

& B (Saccharomyces cerevisiae)E AH&3FA Y. R#E A2 PDA

(potato dextrose agar) APHBIA]E Alg3st o ShH oA wjeF 7] Eu)

i

A 2A, A H$ 10% rice bran, 1% glucose, 1% yeast extract (pH
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6.00¢ =49 mMAE AF&std e, FFo]g A2 = 5% rice bran,
0.15% NaNOs, 0.19% MgSOy - 7TH20, 0.25% KH.PO, 2% sucrose (pH 6.0)
°of WA E, R A9E WAF 712 #iAd 0.1% CaCly, 0,1% K;HPO,

(pH 6.0)5 B8t Zh7 wra st

2) 49 T&

A F 5L Balb/c Al, ICRA mouse (6~8F#H<ol -24) C3H/HeNZ

mouse (6-8 FH| AANE (F) U vHlo]eHARFEH FYUse] AgA
BAANA 1797 ASA1 F AT AP eES % 23:3C, 5%

55~70%%70 oA B3 AARE A F2 5 AFEE

3) AleF

Mitogen®} macrophage?] Z45& A3V fst A|PFozZA RPMI
medium 1640, Penicillin/Streptomycin, Fungizone®< Gibco BRLAHGrand
Island Co., NY., USA)Z H¥ F4st12 HEPES powder, fetal calf
serum(FCS), p-nitrophenylphosphate disodium salt (p-NPP) % MTT
(Tiazolyl blue)= SigmaAiF(St. louis MO., US.A)= HE T35t AL-&35}
Gtk 28] 1L lipopolysaccharide(LPS; from FEscherichia coli Serotype
0127:BR)#} concanavalin A(conA) T3+ SigmartZ2HE T35k

B2l 2Ao| Algd EF pullulan series (P800, 400, 200, 100, 50,
20, 10 ¥ 5)= 9 Showa DenkoAl= F-8 T3t}

4) Resin

g EAdo AA A€¥ DEAE Sepharose FF (Cl form)$}
Sepharose CL-6BE Pharmacia BiotechAHSweden) A% S, Bio gel P-30
2 Bio gel A-0.5m< Bio-RadAle] #A1FS 22 4 3ste] AF&3%
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Table 3-3-2. Several microbial strains for the production of

fermented rice bran products

Sample Strain name Culture condition
A Cordyceps cinensis Liquid
B Cordyceps cinensis ”
C Cordyceps cinensis "
D Cordyceps cinensis "
1 Lentinus edodes 1A
Ist 1’ Lentinus edodes el Py
Screening 2 Agaricus blazei u] 7
2! Agaricus blazei gl AL
3 Flammulina velutipes v 7
3’ Flammulina velutipes LR PAS
4 Lentinus edodes—27 w7
4’ Lentinus edodes—27 el Py
rbl Cordyceps cinensis Liquid
b2 Lentinus edodes—27 "
rb3 Flammulina velutipes ”
b4 Lentinus edodes ”
rb5 Agaricus blazei ”
rb6 Auricularia auricula ”
rh7 Flammulina velutipes—3 ”
Z2nd b8 Yeast strain 7112 ”
Screening b9 Yeast strain 7910 "
rb10 Yeast strain 7905 ”
rbll Yeast strain 7918 "
rhl2 Yeast strain 7906 ”
rb13 Yeast strain 7904 ”
rbl4 Yeast KCCM 11201 "
rblb Yeast KCTC 7106 "
rb16 Yeast strain 7911 ”
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Table 3-3-2. (A<)

rbl Asp. sojae Liquid
rb2 Asp. oryzae "
rh3 Monascus pilosus ”
rh4 M. anka ”
rh5 M. ananesus "
rb6 M. pupuresus ”
3rd rb7 M. ruber "
Screening | rbA Asp. sojae Solid
rbB Asp. oryzae ”
rhC Monascus pilosus ”
rbD M. anka ”
bE M. ananesus ”
rbF M. pupuresus ”
rbG M. ruber "
rb-2 Asp. oryzae Liquid
rh—4 M. anka ”
4th rb-A Asp. sojae Solid
Screening | rb-C M. pilosus ”
rb-D M. anka "
rb-E M. pupuresus ”
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U A

1) A998 v 23d AXE % & #59 screening

Table 20 AAE wke} o] 2% WAF, 3

1L
i
)
1:,91:
I
ll
i)
P)l'
o)
FS

A v Zdg (A2 AFIAA, vHEAd RAGZEEH Foukg)S 12000
gol A 5&7F AR st 2 A5 Ao 4uje] P EH = deeS e

o] 4TeolA 12213k WAjste] JdAA. w7k dadel Jde A4

9 SHe galactoseE F&F A E 39 phenol-sulfuric acid H(47)
o7  AAY &S p-D-galacturonic acidE IFE ZFE 39
m-hydroxybiphenyl H(48)° &2 wuld 322 hovine albumins ¥+ =

A 3ol LowryH(49) o2 Zb2h A A3kl

3 THT A4

ot A2 2 M trifluoroacetic acidZ 121 Col A 15417 7R A A
A S D (aldose) ¥} A P (aldonic acid) o2 A 3AIZ1 F NaBH,E o] &
ste 77} alditol ¥ aldonic acid® UAAIA T o] #E Al AAE alditol
acetic  anhydride®  ©]&3}o]  alditol acetatefr=A=Z  HFA]7| 2L
gas-liquid chromatography (GLC)Z TFAZ& 439 tH(50). GLCY #
4 232 Table 3-3-3°] uebd viel 2o FFE 74 FES retention

time¥} B3l A5 Fo FATS EA45GT. A E Y mol %= peak
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o] HAH 9} 7+ FAF9] alditol acetate =A< EAHFOZEE ALbS)

Table 3-3-3. Analytical conditions of gas chromatography for

component sugars

Apparatus GC M600D (Young-Lin Co. Ltd., Korea)
Flame ionization detector (FID)

Detector .
(Young-Lin Co. Ltd., Korea)

Column SP-2380 capillary column (Supelco USA)

Column size 0.25 mm x 30 m x0.2 gm film thickness

Oven tem 60C (1 min) — 220C(12 min) — 250C (15 min)

D 30°C/min 8°C/min

Injector temp. 250°C

Detector temp. 250TC

Carrier gas N, (1.5 m¢/min)

Intergrator D520B Intergrator (Young-Lin Co. Ltd., Korea)

4) 99 T 4 4

7}) Mitogen &4 =74 (lymphocyte mitogenic activity)

Lymphocyte mitogenic activity:= MTT assay® o2 =433t}

MTT assay:= ICR mouse® HE #FS FHFH3 & ice cold
RPMI-1640 medium®] 744 4+ petri dishe|l %7132 %A (mesh #
100)E patch9lol 1A A2 T2 FA7]9] aFwp/l2 F2HA] patchZ 5
H AXZE WEAZAL o] 9 554 (mesh #2000 AMg3te] o 73}

7] mediumez A W AA F AEFEE 5 X 10° cells/ml

o
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RPMI-16402. 2 =4, 90 X< 96 well plateo] &F3F o3 Alm 10 w
(M= e AA5)E 7Fskar 37C, 393 5% CO; vl 7ol A w3t
Atk 1% 1 mg/mLEEe MTT solutions 7+atal 37C, 5% CO, ¥l
7114 5-6A12F REGAIZI A E MTT formazan HAES A7) $13)
ZA2HA FeAS AAST olu] Ao formazane 100 09 0.04N
HCl/isopropanol< 7}stal 53t &3sta &9 =& 7ks % g $ 570
nmellA T3 =E H| st lymohocyteo] ZF=AE=E HEAT (Fig

3-3-1)

Y}) Macrophage 8435 =4 (Macrophage lysosomal enzyme
activity)

6~8F % 2] ICR mouse?] &7}l 5% thioglycollate medium< 2.5 ml
ALeE B 72~96A1%F Yo %% E7F macrophages 343t RPMI 1640
o2 2~33 AFsn AL F5 1x10° cell/mZ Z=H3to] 96 well plate
of 200 WA EF3FAY. o5 37T, 5% CO: incubatoroll A 2A]7F Hl <
3Fo] macrophage monolayerE A A 7111 Z} welld] A 8E H7Fste] 24
A ZE w3ttt &A1 3lEl macrophage monolayer= RPMI 16402 2 A H
gk ¥ Triton X-100& 7}ste] AMxErs 833ttt f2l®  lysosomal
phosphataseE 7] 2 ¢l p-NPP¢} w5271 & microplate reader® ©]-&3}

©] 405 nmel A F@ =5 FAeArh(Fig 3-3-23% %)
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Spleen of ICR mouse (6~8 weeks, 3)

- suspend lymphocyte with RPMI medium 1640
- centrifuge (1500rpm, 4C, 10min)
- remove erythrocyte with 0.2% NaCl
- wash with RPMI medium 1640
- adjust the cell number (5x10° cell/ml, use
RPMI medium 1640 without or with 10% FCS)
- dispense 90 wl of cell suspension into the microplate
- add 10 wl of sample
- incubate (5% CO., 37T, 72hr)

MTT activity

read

- add 50 u¢ of MTT

- incubate (5% CO., 5hr)

- aspirate the supernatant

- add 0.04N HCI in iso—prophanol
- add DIW

absorbance at 570 nm

Fig 3-3-1. Procedure for the assay of mitogenic activity.
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ICR mouse (6~8 weeks, &)

— inject 2 ml of thioglycollate medium

— activate for 72~96 hr

— wash the peritoneal cavity with RPMI 1640 medium
— recover the peritoneal macrophage

— centrifuge (1500 rpm, 4C, 10min)

— wash with RPMI 1640 medium

— adjust the cell number (1x10° cell/m)

— dispense 200 wf of cell suspension into wells of microplate
— incubate (6% CO., 37T, 2 hr)

— wash the non-adherent cell with RPMI medium 1640
— add 180 ¢ of RPMI medium 1640 with 10% FCS

Macrophage monolayer

— add 20 xl of sample

— incubate (6% CO», 37C, 24 hr)
Activated macrophage

[— remove supernatant

— add 25 ¢ of 0.196 Triton X-100

add 200 0 of p~-NPP (1 mg/ml)

— incubate (5% CO,, 37C, 15 min)

— add 50 p¢ of 0.2 M borate buffer (pH 9.8)
Absorbance at 405 nm

Fig 3-3-2. Procedure for the assay of macrophage lysosomal

enzyme activity.
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o ZFAEY #8434
(1) AN &9} Peyer’'s patch Al E<to]l ¥+&

AW &4 Hong 52 WHGDA et S48t 5 C3H/HeN
w9~ (5-7F, 7)Y AFH Abo] EA)8lE= Peyer's patchES FAI A9 A
Ze o] Hank's balanced salt solution(HBSS)©] © 7% petri disholl &
71 F45 A (No. 10008 patch Ho 28 EL uS, FA] 1FvIZ =
Z4& 33935t Peyer's patchZHH AXZE WEAZIT Alxzdgd
%A (No. 20002 o3} & RPMI 1640-FBS(5% FBS %
RPMI-1640)2 A ¥ &} 2x10° cells/mL RPMI 1640-FBSZ AEZF=E

i

o

N
o,
o
o
O
CD
2
o
=B
=
D
=2
—
0
()
g =l
=
x
.1
.
ol
K
o
oX
filo
Ay
o,
ol
k!
2
ol
rr

AMEE AT w2 3Mste] 20 uL# H7bskar 37T, 5% COx Wi g7

oA 5UAF WFF F FeAS gl TFAE SAEH SAHELE

(2) 35473 Peyer's patch A3 w3 A Eebe] whE

TUAF w2 dER ME o] &ste FFAEE IFdted, F F
AMZ1E o] &3te] W &0 ® HBSSE FYste] EFAEE Algdel e
T 4719k o] ot A Hate] 25x10° cells/mL RPMI 1640-FBS®= A3
= Z 96-well plateo] 100 ulL® &3t} 3o = oA A
< FFAE FAEH S48 FE 93 RPMI 1640-FBSS 77 50 ulA

HA7vsta 37°C, 5% COq v E7]ol Al 647 nl k3t
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AgANA WEH= dated o8 sduo] By = SAHAMS AMEEA
t S, EFAEet S wd e wdE R 1243F Hel Alamar
Blue™ 20 wLE #7b8 t& P3=ES SPECTRAFluor Plus(TECAN
Co. Ltd., Austria)= ©|83}9] excitation 544 nm$%} emission 590 nmel 4]
SAste], AeAdaE AR dial AR T8 SFAEe] SRS

vl sto] A&ttt (Fig 3-3-3%%)

PP cell +
) f/L =) =) 0000
p— Culture 5
‘ s 0000 “
C3HHe islocation Qbtain PP .
mice l Supematant
PP cells in RPVI1640
(2x10 cellsimL)
0000
) 00 0 Q| Culture 6days
o~ :S BMoe"s 0000
moeusmmmmo l Alarrar Biue™
(25x10° cells/ml)
0000 0000
0000 = (o000
0000 0000
Measurement of bone marrow cells
proliferation by
fluorospectrometer

Fig 3-3-3. Assay of intestinal immune system modulating activity

by measurement of bone marrow cell proliferation
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) " xR ACE ANER A

94 10 g& FTFF 400 miol ¥ 100°Cell A #HFH-97F 50 mid o
A DEFEI F o]l 8000 x gollA 2087 dAl R sle] A AS
F3tx Whatman No. 41 A2 oI F Ag=z AL oH
Cushman 59 W& o]&ste] 7942l ACE A& e A3 Ach
A gl A9 3000 gollA 207 AT F AAAE AEE
AH-8-3131

=, A® 0.05 mlol Hip-His-Leug 0.1 ml 7}3F 3 37ColA 5&87F WA
stk 97lel ACE Z49E& 015 ml 7kstal thA] 37C oA 1417 wH-e
121 % 05 N HCI= 025 ml 7Fsbo] whg-& AAAZY. 2L A28
A Al FHRS 50 ulE Abgstslen dxg = HCIE 7HeSs Z4os 7t
3ttt o] 7]el ethyl acetate 1.5 mlS 7}&le] 1

A 107 AAREEAIA FA NS 05 ml AT o A NS oil bath

>

m
jZ:
£
o
o
Do
0]
(=
o
X
e}

140TColl A 156%%F Ax=% 1 M NaCl& 3 ml 7tate] &3A1z1 % 228 nm

k3
AM FHAEE FAs] dbAdstadts S48

) AL o) AAE cytokine FA

Cytokine =742 sandwich ELISA(enzyme-linked immunosorbent
assay)'H<S o] &3ttt w4 % A, anti-cytokine mAb(anti-mouse
cytokine monoclonal-antibody)& coating buffer(0.1 M Carbonate, pH 9.5)
o] 4101 96 well ELISA plateNunc™ immuno plate)oll 100 ut % 3}
Il 4ToNA FFH HESAIA well EHo FRAACY. tS Y plateE
PBST(PBS with 0.05% Tween 20)% 33] A& % assay diluent(PBS
with 10% FBS)E 200 w# FFatal Ao A 1Az Wxete] dA7F &

A %2 well M-S blocking 3} o]% PBSTZ Z} wellS 33] Az s}
I FFE49 recombinant mouse cytokineE @& 3 A3 gl E= A
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825 50 w A EF3la assay diluentE 50 b FEF3te] A-2oA 90E
Bk WA AT Hbg AT S A AL assay diluentE 50 wl B 5
st well EHE 30% <t blocking A7l ¥, PBSTZ 53] A& Ah
S Rk plateol] biotinylated anti-cytokine mAbS}
avidin-horseradish peroxidase®] conjugates assay diluentol] 3]2slo] &
Foka 1A3E Eo AT o] F 2 welldl EAe= e Ae A
a2 PBSTZ 73] A#H $ TMB substrate (3, 3')5 5
tetramethylbenzidine ¢} hydrogen peroxide, Pharmingen) 3 7}ste] 30%
lFstion, 50 u 2 N HoSOsE H7bske] wb&E& FA8kal 405 nmell A

45

i
i

microplate reader(Molecular Devices, USA)E ©]&3lo &F =
ok IL-1, IL-2, IL-4, IL-6, IL-10, IL-12, GM-CSF, IFN-v¥ TNF-a

g A B ok sdd g oer S48tk (Fig. 3-3-4).
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i ¥ ¥

) B btnylted antimAb
Coating the capture Ab at40 ,ovemight

Avidin-horseradsh perox dase
B bcking by assay dilient '
(PBS with 10% FBS)

l 00 00 l

00 00
M acrophage & lym phocytd
surpematants
g% AWK
° (]

Add standard or Add TM B substrate

M acrophage & lym phocyte supematants Read absorbance at405 nm

Fig 3-3-4. Sandwich enzyme linked immunosorbent assay

(ELISA) for the determination of cytokine content
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5) @Y 243 B2 A %

7}) Periodate oxidation

A5 20 mg= 0.05 M acetate buffer (pH 4.5) 50 méol] =<1 ¥ 0.05
M NalOsE 5 mt H7bskar 4T ol Al 72A2F AkstAlF . o] 2hstE
= F¥E NalOs= A AT Z4 22 ethylene glycols #7133k & F42 3
ata 7Aool NaBHy 20mgs #7Fste] abwh wwbAlA A ZTh
Whg-l2 01 M acetic acid2 FT3}ete] 74 2 4 dxE Aot

periodate 2F3tES ARTh(52)

) Pronase digestion
AlZE 20 mgE 0.01 M CaClZ X383 005 M Tris-HCl buffer (pH 7.5)
50 mgoll =<9 5 20 mg® pronaseE FH 7}l 37C incubatorol A 484 7+
T EAE BEASAE BAoE SR F9 F AT et

Aot Ao de T3 T2 A2E @35+9] pronase 23ES AU H.(52)

t}) Chlorite treatment

A& 20 mgS 4% acetic acid 50 mgol =< ¥ NaClO; 100 mgS #H7}sth
Aol We wj7kA] 70Coll A wRkAZ T o] 4T

NaOHE #7ste]l F3tA 7l 4 9 &4 x5 7144 chlorite #]

S AATRG3)

o Z K

Z}) Polymyxin B treatment
ARE 2 mgy/me g Az 7 2 %29 polymyxin B sulfates

s Aol AT wE 1 mg/mel polymyxin B sulfate A2 225 AT
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6) M7 dade AHPE & AT 22 AY

A E e el 7]dg Aol vk EAste] Al o gl
AR uvp Zhak g AS 4u) 9] ethanold 7hsle]l AAAA AL FAAZRE
1 g2 100 ml¢] 0.05 M acetate buffer (pH5.2)° €3]A1z1 ¥ 1000 [UY]
amylase(Sigma Co.)& FH7tsto] 4A1zF WHEAIA HAES 7HEsiA A
Wl e EAgdS AEA7]7] fEl 100TolA 2038 A elstar, A4de
FoE o83t 48A17F A& §

st ARAE AASRIL FAAZETE T 246 Agaisin

ol
a2
a)
rN
ftlo
2
A

ol
32

o
)
oz
ol
12
rlo
o|\

7)o 2R T Ay 843 439 AA

7}) Anion exchange chromatography(AEC)

A8y AR T M =S E4S EYd h-C g3 (Monascus
pilosus® 2t w7 HEgMS AR F LEER EAstE AES A AT

7] 9138 amylasex2l3te] FRB ¥+ ZA At FRBE T/ %<

, =552 #H3¥3¥ DEAE-Sepharose FF (Cl form)ol &&AIZ ¥ =

797, 0.05, 0.1, 0.2, 0.3, 04, 0.5, 1.0, 2.0 M2 NaClZ4 TAHo =z &&A]
e

ol ol 7 HBe ¥% W R4 F 54 AxE A 1

o

=)

SR
oo

jus)

15282 FRB-a)2 11719 &8 & (FRB-b, ¢, d, e (-1, -1, {-III,
f-IV, g, h, i) 4t E3 04 M NaClE2 {&&Aodl= 471 &2
o] x4t} (Fig 3-3-5% %)

ne
pac)

(FRB-f-1 ~ FRB-F-1V)o¢]

Y}) Gel permeation chromatography
Anion exchange chromatography A4 & F & A& =2
FRB-c¢ (0.1 M), FRB-d (0.2 M)E th* o2 Biogel P-307 Biogel

A-05mE o]&3sle] A ogHYE dgste] FRB-cEZFH FRB-c I, c 1 &
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S, FRB-dZ%¥ FRB-d-I, d-II, d-III &S 77zt 98 = IdAdoh
FRB-c-I2 void volumeolA €% =W H} Biogel A-0.5m colume®l| ¢
& Azt A ojmt= dso] FRB-c-la, FRB-c-Ib ¥ FRB-c-Ic 37} o
2 A olES A, Y 5 4 T4 1xE oo o]F A

Ho] AL-8-3Fth(Fig 3-3-5%%).

t}) HPLCOl 93 EA%F 343 4 & &<

GPC A g AA A 9 #AZFS d5st7] flste] Table 3-3-4
o] B4 zHo=® HPLC (high performance liquid chromatography)Z 3
AT BAF S A= 13 pullulan series (P800, 400, 200, 100, 50,
20, 10 2 5)& o]g&3dte] 779 retention timeS 3 F, Expo] 3k

F Fyomny st Agatark

=
Q

>

M)
o
e
e
p‘L
2
ne
rlo
23]

Table 3-3-4. Analytical condition of HPLC for the purified

polysaccharides

Apparatus HPLC-9500 (Young-Lin Co. Ltd., Korea)

Detector Refractive Index (RI, Waters, USA)

Column Shodelx GS5ZQ+G5320+GS220 Packed Column

(Asahi Chemical Industry Co. Ltd., Japan)

Column size $7.6x300 mm

Flow rate 0.5 m¢/min

Eluent 0.2 M NaCl

Intergrator Autochro data module (Young-Lin Co. Ltd., Korea)
Injection vol. 10wl

- 130 -



Rice bran

Fermentation by Monascus pilsus

Culture broth

Ethanol precipitation
Lyophilization

h-C

Amylase digestion
Dialysis

Lyophilization

Water—soluble crude polysaccharide fraction (FRB)

DEAE-Sepharose FF (Cl form)

absorbed fraction

Absorbed fraction

(FRB-a) elution with stepwise NaCl gredient
(005 -2 M)
0.p5 M 0.1l M 024 M 03 M 4 M 5 M 1.0 M 20
FRB-b FRB-c FRB-d FRB-e FRB-g FRB-h FRB-i
Bio-gel P-30 Bio-gel A-05m (FRB-f-I, f-II, f-III, f-1V)
FRB-c-I FRB-c-II FRB-d-I FRl_Ly—d—II FRB-d-III
‘ Biogel A-0.5m
FRB-c-Ia FRB-c-Ib FRB-c-Ic
Fig 3-3-5. purification procedure of immunostimulating

polysaccharides from rb-C fermented by Monascus pilosus.
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g MALEA F 9o BAGFY F= 54 29

7} B-glucosyl Yariv antigenS ©¢] £ 3 single radial gel diffusion

A w5 ug)S B-goucosyl-Yariv antigen [ 10 pg/ml, 1.3.5-tri-(4-

-

B-D glucopyranosyl-oxyphenylazo) 2.4.6-trihydroxybenzene ]& 33l
agarose plate’d2] welloll H7FF A-oA dFE5 Wx|ste] ESA| 7] §
¥ hollows A8t olw x2S 2 gum arabics FE=HZ H7b

shol @7l w4 sl u.

1}) Methyl3} &4 & 2 HA 2H

A g Az AAE 93 methyldt= Hakomori 5ol whel 4
Alskedeh. Zb thd 2 methylst o] dell 0.2 M NaOH= 2o A 2A]7F A
g2lsle] & esterdl sFal, W35 B-elimination®] doUA| $E= methyld}
= TS PsE Y. a8y gdo] 93| polyalkoxide® W EHF

T2 F93 49 methylsufinyl carbanions Fxbd H71etga &

rlo

triphenylmethane & 2 ¢35} %t} Methyls} th3d2 Sep-Pak Cis
cartridgeE o] &, 3438ttt Methyldt o 2 oligodS 1M TFA®
100Col A 2412 7hital 5, 3kl 2 acetylst #A S AA partially
methylated alditol acetate® #3to] GC 2 GC-MS=Z #4stath. GC
A2 SP-2380 (0.2 um film, 0.25 mm i.d.x30 m, Supelco) capillary
columno] =¥ Hewlett-Packard 5890A GCE At&3te] HAm=zxA
[60C (1 min), 60C—180TC (30°C/min), 180C—250C (1.5C/min), 250C
(5 min)]el A splitless injection mode® +21sl¢ o™, A GC-MS= &
2 columng # X3 Hewlett-Packard 5390A GC system¥ 5970 mass
selective detectorE o] &3te] FHAH2=x7 [60C (I min), 60C—150C

(30°C/min), 150C—250C (1.5C/min)]dlA FA1etch (He 48 @ 05
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ml/min) 2} peak® MSeol| 93 fragment ion =43 GC9 relative
retention times Z%3sto] T3P o, ZF 313E9 mole %= peak

A3} guAFE P HEF

9) EA92Y in vivo 84
7} In vivo B9 T84

g4 A89 in vivo WYEEAS F437] 98], C3H/HeN mouse®l
FRBE A9, H57& 33l 543 v d& Tt Als Fo 6
AdA o mouseE AAMAIA, H7F O ZHE = macrophageZ, spleen® 2 5-F

= lymphocyte®, 2% 0@ KEE Peyer's patch cellS 7Hzb B389l o

H o]5& ex vivo AEllA Z+ZF macrophage &4, mitogen@A 2 #
I+

) In vivo & o] &4

Alg o] "ol &AL colon26-M3.1 lung carcinoma® ©]-&3t= AdE
E TY dolnd s o]&atdtt. A3 s === Balb/c mouses AHE3HA S
™ colon26-M3.1 lung carcinoma 2.7 x 10° A% & m
3

x =
AT T4 o] 149 F mouse= AAMAIA T U EAH VT HE

Fdo &3 F(colony number)E AUt A A Bl o3 3Ho] &3}
2 19 3]

ko3
<

[e) Z 5 =
]:U‘,__Z ].,_'__ oq

rir
of\
r?,

2 297 27} 13

_ﬂ

= 1

7)
&3} vlarste] =433

_E
rr
e

10) vz %xel W9y V% FRBY SHUY
AP Oow S84 A5 Ao By WY

(acute toxicity)s E¢lal7] 9ate] A4 2 melAHS
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s 7k

Askgeh AFRel e 49 ICRA mouse (8, 57%)E 173+ 4417
%, 7T

F 6vtg A F 30vkEl & o]l &t om A A AT 5 ARE
500 mg/kg, 1,000 mg/kg, 2,500 mg/kg, 5000 mg/kg T2 13 A4 F
ottt oluf dxwrE AYAFFE Fosigon, Fo% 149717

dAela AEH vk FE Sqse] WELR TS

B16-BL6
Colon26-Vi3.1
cancer
cell Target
orgen Q
Gelectin: glactose Galactose contairing ﬂ Wcws
bindngprotein  dligosaccharide
— &
~
Remove lungs and fix
in Bouin's soln

Fig 3-3-6. Cancer—-metastasis occcurring mechanism and the

assay for anti-metastasis activity
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FRBe| A Fojx e EZAHAE $8te] ICRA mouse(d, 55%)5 1
F7F ALAZ & 2 9 6 98 A Z(FRB)E 100 mg/kg, 250 mg/kg,
500 mg/kg F=® 13] Aol FASF AL T2 salines A&

o 48X 7 Bt AEES BESAY. olE2 Td §F Atk 4% A

i

1) vAdgde g H9&8A 14 screening
7+ w5 g 9 dtgzAs 9l v 7d g ol(Table 3-3-2%%)%

patch cell A=< %3} bone marrow cell?] SXAAEE A= FAAd
o A7 mouse &7 macrophages ©|-83F9] Al& 2] phosphatase A=
84S A3 macrophage €44, 12|31 moused] BIFAES] FTAE

2]
£ 743t lymphocyte mitogen €4S 7|55 9% screenings 3 3} Th.
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Itk Macrophage®] 249 49, B AlRoA 37kl vlef £ &
de Uil e LPSe &43 fFASE Ao ngAds yYeleE AR
7} Bz v B2E A (Fig 3-3-8. #%) 3 lymphocyte mitogen
ge] Aol 72 AsdA F dEzdo® ARESE LPSY conAdl H]

2 mng 248 ved A (Fig 3-3-9. &%) HE 1%
AMA AFEH A w7} g Ho] macrophage &/ o] B4 A e

3 ok7hel mitogen BAL BolZlE SHo, 1 A AFmsh Re Hol

ABCD11 22 33 42¢
F

Fig 3-3-7. Intestinal immune system modulating activity of

several fermented rice bran products in lst screening procedure.
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Fig 3-3-8. Macrophage activity of several fermented rice bran

products in 1st screening procedure.
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Fig 3-3-9. Lymphocyte mitogenic activity of several fermented

rice bran products in 1st screening procedure.
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(Fig 3-3-12.
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rb1

immune system modulating activity of

Intestinal

Fig 3-3-10.

several fermented rice bran products in 2nd screening procedure.
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B 100 pg/mi

06
Bz 10 yg/mi
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04 4

Absorbance

0.3 4

0.2 4

0.1+

00+
celifreesalinelPS 1 2 3 4 5 g 7 g 9 10 11 12 13 14 15 16

Fig 3-3-11. Macrophage activity of several fermented rice bran

products in 2nd screening procedure.
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Fig 3-3-12. Lymphocyte mitogenic activity of several fermented

rice bran products in 2nd screening procedure.
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3) AT Egde digk WY& A 32 screening

33 AL FR, AR

ol

HEAE Az @el AbgH

fr

Aspergillus 27\ &2 Monascus 57 #F o2 A u] g} A A go

f

Hrxds deste] mjFatlen HAd Rl o AR rb-1 T rb-7H,
AAEE oJF AlE rb-A T rb-G T F 14 ARE UEem A

oX
o

SR Fadd SA 9 4, Fig 3-3-13¢] uetd uhep 7o
100 pg/ml =4 F37kel Hla] A= £ Aol vyegon 5
3] Asp. oryzaeE M Z71A R AA wiS3 rb-2A 9} Monascus pilosus
S A v rb-Cold LPSe| &3 AR A s Bk

T3 rb-4 (M. anka, 94A)), rb-A (A. sojae, 2LA]), rb-D (M. anka, :LA)),

o

th-E (M. ananesus, IADAZAANE G533 Dol FEHATH

i:]

Macrophage &/ stol| A= 9l AT A5 LPS o]de =2 &3}
FFe How AR vE oEHQA AFS YEddd. (Fig 3-3-14.
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Fig 3-3-13. Intestinal immune system modulating activity of

several fermented rice bran products in 3rd screening procedure.
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Fig 3-3-14. Macrophage activity of several fermented rice bran

products in 3rd screening procedure.
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Fig 3-3-15. Lymphocyte mitogenic activity of several fermented

rice bran products in 3rd screening procedure.
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4) v dg e digk BY&A 43 screening
47 HZANM = A7) 67) AlETS e r wddgds AP st

FuAGBYe 4% 37 Astst fAS e YL Ry 53

Y
& WYg7|d F Peyer's patchs Fd U A dzyjgor
23 dde F4o =23k specialized M cell2 TFAE  flattered
epitheliumo. 2 @At} o]9f 22 M cell2 lumenl ZHE A EA}
ofyel EA EA% engulfete] HIZAFol o] AP omN AFo] 24
3toll 71oddt=d =, FW ol dE= Peyer's patchd FEZFELS M cell
of os HH¥ FLF whsio] LAstd

oA ®E3petar  AmEA HW, ForyH wE2A o]Edto]
MLN(Mesenteric Lymph Node, Z#% HEZd)S AAH AWE 384

Ak oebd weRys 2R sl ddd 44 F AL WA

o ZYIZ A germinal center

rb-2%} rb-Ce] 4F FAddlxaQ LPS Adstes =2 dHdHy

s ZFAE FAGAAES BT oldst A= dA AdEstE] Al
Hu e WaddAdrAe Agaricus (Oubiken, Japan, ¥4 5F< Agaricus
blezai®] B-glucan), AHCC (active hexose correlated compound,
Amino-Up, Japan, ¥ 1), Bio-Bran (7|%% FA]3}= arabinoxylan A &)

WoRags v ®Hrd e FAE CH-10] WIS LAZ o] &37]dd &
SRS &

58 b= oEd 4L BT 2y 20 A9 wEEelA
geig o ozt vre 48 dehiglon oled @S 33 A6 %

FAg FAoldY. wElA olE AR H$ IEXEoA = macrophage
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mitogen A9 ALE RE ANBTAA EF 4353 A4S Bon
(Fig 3-3-18 #=x) E3] rb-2¢ rb-C A159 A
A Ay AEox kgHor udAS YEdE Row HuE
Ak,

kA o]de] AyE FE ndudgdon HE AL LA AL

S YA Asp. oryzaeE o] &3 w7} AA WS = Monascus pilosus
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Fig 3-3-16. Intestinal immune system modulating activity of

several fermented rice bran products in 4th screening procedure.
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Fig 3-3-17. Macrophage activity of several fermented rice bran

products in 4th screening procedure.
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Fig 3-3-18. Lymphocyte mitogenic activity of several fermented

rice bran products in 4th screening procedure.
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Table 3-3-5. Angiotensin converting enzyme inhibitory activity of

several fermented rice bran products

A, &3 A=A

B ACE
T Hj %] 2 H| 3L
= O
g7t 5%, dextrose 1%, veast ex. 1.0%, CaCly 0.4%,
12.5%
Cordyceps  |K,HPO, 0.3%
sinesis 7 5%, dextrose 1%, veast ex. 1.0%, CaCl, 0.4%, 93.3%
K;HPO,4 0.3%
i g n 7 10%, dextrose 19, yeast ex. 1.0%, | 24.7% | 1¥H
Al
"7} 10%, dextrose 1%, yeast ex. 1.0% 154% | 1°
g v 7t 10%, dextrose 19, yeast ex. 1.0%, | 289% | 2
AlE Al
u] 7} 109%, dextrose 19, veast ex. 1.0% 89% | 2°
B g v 7 10%, dextrose 19, yeast ex. 1.0%, | 305% | 3
¥
"7} 10%, dextrose 1%, yeast ex. 1.0% 18.6% | 3
i g n 7 10%, dextrose 19, yeast ex. 1.09%, - 4
31
u] 7} 109, dextrose 19, veast ex. 1.0% - 4
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B. 8]1A]: 17 10%, dextrose 1%, yeast ex. 1.0%

T ACE &4 H| 31
Cordyceps sinesis 12.5% macrophage011113 (rb1-16) 1¥ Al &
X 17.4% 2
L. edodes - 3
P. lenteus - 4
A blazei 18.9% 5
maitake 38.4% 6
L. edodes -1 - 7
Saccharomyces cerevisiae N 3
KCTC 7112
KCTC 7910 - 9
KCTC 7905 - 10

7918 - 11
7906 - 12
7904 - 13
11201 - 14
7106 - 15
7911 - 16

C. AAuEFaA: 773 5%, sucrose 2%, NaNOs 0.15%, MgSO; -
TH20 0.1%, KH2PO4 0.25%

o ACE &4 H] a1
Asp. sojae 32.5% macrophage020115Asp. sojae A &
Asp. oryzae 27.4% rb2
Monascus pilosus 12.5% 3
M. anka - M. anka
M. aranesus 13.9% b5
M. pupuresus - rb6
M. ruber - rb7
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D. A FulA: v 100 g+FF 120 ml—>2d F IFHFT G
i )

R ACE &4
Asp. sojae 22.5% ARl Algm
Asp. oryzae 17.4% B
Monascus pilosus - C
M. anka - D
M. aranesus - E
M. pupuresus - F
M. ruber - G

O uRAEEd F A9 EZDY JdH BAxA A

1 duAAZZA AAFE 93 enzyme A

Monascus pilosus® Wt n| 7 g e n7toq FH3k Hdito] )
EAste] Aol ool ddHdonz WA Agd npep Zo] w
ZEaE 1 g9 1000 U9 amylase A &ldte] AES 7FRsiA &

O FESs HES A= Table 3-3-63 2ok 7 v HEES BT

= amylase A8 2 IF AES AAF ] &4

52 AbgeRlth
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Table 3-3-6. Yields of fermented rice bran products

after amylase

treatment
] Yield after
Femented rice bran ) Cultural
Strain name . enzyme
products condition
treatment
rb-C (Sample 1) | Monascus pilosus liquid 19.3%
rb-C (Sample 2) | Monascus pilosus liquid 20.2%
rb-C (Solid sample)| Monascus pilosus solid 20.2%

2) duAA=zA 2R3 &

Monascus pilosus®l 23] Hj sl A

o AAE
e A

pilosus® w3 v 7}

UeEtled Abd e

T AU

F AR} A=

olel @ Abde e EAT

A QuPARAS 4T

= =70
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Fig 3-3-19. HPLC peak patterns of the rice bran product

fermented by Monascus pilosus. (Gel permeation chromatography)

- 151 -



=
28%

o
23.18%9] galactose®t 17.25%9] glucoseE &
oF

A

gol el7s

&<l FRB

3}, Table 3-3-7°] et nie} o] T4
i

o

L

O
. X% rhamnose,

Fil GCel ¢

[e)
AdRom 18.18%¢ galacturonic

81.82%, 18.18%, 0% = U ElyL o™
ZA

=

7}
=

A

o
a-

o 2}

-2k
[e)
T

Il
™

-H Ag A

3

A w5Eol

fu
L.

w4 o]

s

h=i}
o™ 19.62%9] arabinose®} 8.7%9] xylose ZAlS K o

to] alditol acetate®

)

¥ A3, FRB

g

35
AF
=

[¢)

g nAdEsd F 9S8 18X FE FRBe 383 =4
Monascus pilosus®l| 2

2 TA % side chaing ZrE pectic substance® &4 7}

At
vl, FRBE £ AT EAHAEY HE

9] arabinoxylan
fucose, mannose % ©|

[e]

(e}
s

>~ B
T

A

oo

o]
)

zel

A

3} ORAR olele] Wre

gl

0|

i
"

ol

o))

RIS

AT

=

F ool webd AR

ol HEHA

T f

A8k A= polyphenol €]

=

[oi3

=
T

vl A

SHA

J)AIO
B
o)
Nfo

periodate*]

fu

Al 7152

fe=]
=

o=z CH-19 9 B9= 213 J)

o~
T

[si3
=

78

4

)

A
=

polyphenoliF & 4F3}A]

proteasex 2] H

pu
R

The el 5t

]
oF

N
ar

)

- 152 -



71+ chloritex 8] & 33+ = FAS vk (Fig 3-3-20, 3-3-21,
3-3-22%x) 7w AE FRBe ZtF WA Ld3 vwgs W protease®] A
g2l3t FRBAAM = wlAg T A2 Fd3 &84S B WA, periodate 2t

4% &4 Zavt YEl o chlorite A8 A 9o &4
o W7t A9 A skt FRB g&o] Yeil= o3k 543 FRB7}

=)
N nEa H#e 4L ue@ u Y 22 slols

i

Table 3-3-7. Chemical composition of immuno-stimulating

fraction,. FRB from the fermened rice bran products

Chemical composition FRB fraction (%)
Neutral sugar 81.82
Uronic acid 18.18
Protein 0.00

Component sugar (Mole%)
Rhamnose 3.19
Fucose 0.58
Arabinose 19.62
Xylose 8.70
Mannose 9.31
Glucose 17.25
Galactose 23.18
Galacturonic acid + GIcA 18.18
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WA ==AHA] FAAYETFoRE AEHE  lipopolysaccharide
(LPS)e] 45 Asgttta &% polymyxin BE FRBell #2|ste] A
2] FRBetO] W19 @45 vluwg A3, Fig 21 - 230 vepd upel 2ol
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Fig 3-3-20. Changes in intestinal immune system modulating
activity of FRB by treatments of protease, periodate, chlorite and

polymyxin B.
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Fig 3-3-21. Changes in macrophage activation of FRB by

treatment of protease, periodate and chlorite.
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Fig 3-3-22. Changes in mitogenic activity of FRB by treatment of

protease, periodate and chlorite.
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H}. FRBE o] WA £9 cytokine AALd] # X &= F3F

1) 848 E FRBY A= 93§ splenocyte?] cytokine A4t
A A FHAA AFNME A AE] FAHIE FQI U S zEx

=

\r
=,
o
i

~
>
o
2
ol

N

N
6
18
X
5|
il
o
Mo
s
p‘L
als
(@}
<
—t
o
7.
=]
D

el

1n
o
>
>,
1o
=

7)
v B AAxe 43 A 9 E3tE X8 mediator24 9] 7]
gsta ki A vk wEkA =2 lymphocyte mitogen

S BAY Monascus pilosus 3 Aoz w7t g Ao ZA 3 FRB

o
ol
-

g &S ©]g, lymphocytegs A= & AAtE = ZHE cytokineFE =

%

9t Anti-cytokine¥} peroxidase conjugated anti-cytokine2 ©]&
sandwich ELISA (enzyme linked immunosorbent assay)Z ©]-&3lo] 24
ool o F=¥ IL-2 IL-6, IL-12, GM-CSF(gronulocyte-monocyte—
stimulating factor) 2 IFN-v(interferon-v)¢| A4t#Es =33 A3 FRB
B E cytokinedroll tisl] dizwtol HlE] €53 =2 AAES B
F3ut. (Fig 3-3-23 - 3-3-25) 53] IL-12¢] AfddA= dA o
LPS % ConA Bt §F3 Aibs FEa3%5 Bt B cel &3¢

71GANA 245t B celld] BAIAR #Esk= IL-69 A, = &

_1 0
HE
flo

o

FiN

Aol A FEFES HYow NK celle A3AIZITt I8zl IL-129] 7

Boom conAst A x| AAHFEE
& vebdeh (Fig 3-3-23 33) o2 @ AMde NK-cello] AelA Az E
AH 34T 9l W AEYS 188 w) FRB7F NK-cellS 2431414
g S veRd 7hsAd o] AAE AT A T-cell growth factorz® &# %1
[L-2% F37F izl va) =2 A S7e Bilen, S5 283k

pap N

Z}% granulocyte?} macrophage?] A4S A3t A o] @ekdat
< A WAz T HAHoR ol gx= GM-CSFY

=



kol QlojA = FAET HlE] AEE WUgANE s o]EXH 0w A
Aol =71 AES velytl (Fig 3-3-24) Natural Killer cell¥®} lymphocyte$}
macrophage ¢ HIAXEE A4S IFN-v GA] S o3 A

Abigel T7be A AT (Fig 3-3-25) wepA] v g & 24 F

IL-6 IL-12
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Fig 3-3-23. IL-6 and IL-12 production of splenocytes stimulated by

FRB fraction from the fermented rice bran product.
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Fig 3-3-24. IL-2 and GM-CSF production of splenocytes stimulated

by FRB fraction from the fermented rice bran product.
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Fig 3-3-25. IFN-v production of splenocytes stimulated by FRB

fraction from the fermented rice bran product.
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2) 848 E FRB9 Aol 93 macrophage® cytokine A4k
3438 FRB 3%<S macrophage?d ®l% Al #H7}3le] AAE+= ZHE
cytokine & 738tk Fig 3-3-26, 3-3-27°] el wle} o] ELISA
Wl 93] IL-1, IL-6, IL-12 ¥ TNF-ao] A4EsS =43¢ 23 100 u
g/ml TEolA Fd7F gz HlE RE cytokined] AAS SUMAIIE A
HE BolFAT a2y 10 pg/mle] AEEelA= IL-1, IL-6, IL-12
TNF-a9] A& 79 d&s 74 &5 o=z yeturh 33 NK-cels
g8t Azt delA e IL-129] A, LPS® A5 A By d4 ¢
s AL FE ZEYE BYon, TNF-ao A 2= o] #AH=d
ol FTYAEY AEIAE fFEsid, Gy o] A 285k
g3 IL-13 IL-69] #H]E ATt &l ok E3F cytokinee] A4
m

& macropahge S 4 E9F FAbeE s HERAT

HAAEs FdS &4, Agsted T 92 B Ao dLstezA T
Auptol o3 A Az WG B dupgo] o &A wisA
Agu$S Fedty Ao IL-1, IL-6, TNF 59 A¥3t 2285 #us

g A Y Wl aatin 9uA gon

TS
>
H
oX,
g

macrophage?] A4 3tE T3 A WA FHo=E 7T F ASS

AAbeE gl
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Fig 3-3-26. IL-6 and IL-12 production of macrophages stimulated

by FRB fraction from the fermented rice bran product.
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Fig 3-3-27. TNF-a and IL-1 production of macrophages

stimulated by FRB fraction from the fermented rice bran product.
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. FRB Lo =25E W98y 139 28 2 A

1) Anion exchange chromatography (AEC)

343 FRBE= DEAE-Sepharose FF (Cl form)® AECE 333 24}
H &2 1] g2 (FRB-a)% 11719 2 Y& (FRB-b~FRB-1)& €& +
AN (Fig 3-3-28 Fx) 53] 04 M NaClzZ &&= 471 &
(FRB-f-1, f-1I, f-1II, f-IV)o] dojHem ymx & L2 =5 N 9
Fow dojiity. o JEE=9 3t 24 #HE E 23, &

z
NaCle] %7} wobd5s S4YS} Hgde] G gasty wude)

i)

9] chromatogram< ZAFeH Z 3} 280 nmolA =
A9 protein peaks A A proteino] ofUgt A E7F 2oz HAno] 9]

of Aol delolA AER ArBAe] PRl

(DIW) {(0.05 M) (0.1M) (0.2M) (0.3 M) 0.4 M) (05M)  [(1.0M) |2.0Mm)
L]

40J/FRB—a FRB-b FRB-c FRB-d FRB-e FRB-f-I~IV FRB-g FRB-h | FRB-i J/

Absorbance

Fraction Number

Fig 3-3-28. Anion-exchange chromatography of FRB on the
column of DEAE-Sepharose FF (Cl™ form)
The column was eluted with DIW until sugar was no longer detected

and then eluted with 0.1 M ~ 2.0 M NaCl solution by stepwise
gredient.
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Fig 3-3-29. Intestinal immune system modulating activities of

FRB subfractions obtained by anion exchange chromatography.
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Fig 3-3-30. Macrophage lysosomal enzyme activities of FRB

subfractions obtained by anion exchange chromatography.
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Fig 3-3-31. Lymphocyte mitogenic activities of FRB subfractions

obtained by anion exchange chromatography.

2) Gel permeation chromatography (GPC)

AEC AAHAEF % 245 B39 FRB-c¢c 3 FRB-d= HPLCZA
el ExeEs #4=3% 3 Bio gel P-30 @ Bio gel A-05m = &3
#Fo| FF3 resine AEse] GPCE F3q3stt. FRB-c¢ &9 4
Biogel P-30 resing ©|&3to] A o33t A3} FRG-c-I¥ FRG-c-119 2
A gEeor BIHATY. (Fig 3-3-32) 18y izt FiE<9l FRGc &
yoid volume 9ol &&F o Yoz HAZF 855 3oz dAd
T o], Biogel A-05m< ©o]&3sle] A GPCE 33 A}, FRB-c-Ia,
FRB-c-Ib % FRB-c-Ic9] 371 3&& 4 + ddrh (Fig 3-3-33) AEC
B4 A 02 M NaClZ &ZE% FRB-d ¥&& Biogel A-0.5m column<
o]-& AAG A EA=Fe] Aol FRB-d-I, FRB-d-1I, FRB-d-1II¢] 37}
gto] dojxith (Fig 3-3-34)
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Fig 3-3-32. Gel permeation chromatography of FRB-c on the
column of Biogel P-30.

The column (2.2 x 70 cm) was eluted with 0.05 M acetate buffer (pH
5.2)
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Fig 3-3-33. Gel permeation chromatography of FRB-c-I on the

column of Biogel A-0.5m.

The column (2.2 x 70 cm) was eluted with 0.05 M acetate buffer (pH

5.2)
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Fig 3-3-34. Gel permeation chromatography of FRB-d on the

column of Biogel A-0.5m.

The column (2.2 x 70 cm) was eluted with 0.05 M acetate buffer (pH
5.2)
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3) BAYE A&y A
7H AA & % "W &4

FRB-c¢ % FRB-d A9 AALEES tor W eSS 34
A3= Fig 3-3-359F 3-3-3691 #AlAJE wkel Zt}h. Macrophage? 4 9]
4%, FRB-colA AAE oAM= BF sk 94 245 Bie
FRB-c-Iec= Auj#ez st A3s Bt Iy $£&& ued o
FRG-c-Ib7} F2 24 A4 o=z #esrt. FRB-dolA AA4 3

A A&

rlo

Aol F FEAFE Aol Ee AIFE HIow
FRB-d-Io] 7}% )38 245 Bk (Fig 3-3-35)

Lymphocyte mitogen &4 2] 4%, FRB-c-Ia®} FRB-c-Ib7} B} AA| &
Ho ve] =& AL Bow FRB-dA AAHE 370 F&-E FRB-d-I
FRB-d-1II, FRB-d-III¢] +o= &Aoo =A uYEyrh olde A

macrophage?| @43 = A 3= A3ko|t}. (Fig 3-3-36)
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Fig. 3-3-35. Macrophage lysosomal enzyme activities of FRB-c
and FRB-d subfractions obtained by gel filtration.
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Fig 3-3-36. Lymphocyte mitogenic activities of FRB-c¢ and FRB-d

subfractions obtained by gel filtration.
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) AA R ATl g3 HIAHA MEQ cytokine A4t
AA AN AR 7 FES o] macrophage®} lymphocyte® A=
st & AAE = ZFE cytokine®FE 54 % A3 Table 3-3-8 2 3-3-9
of AAlE wie} oy &4 GA tbd o= macrophages A3kl IL-6,
IL-12, TNF-a % IL-19 Aitss AR 23, F3H7F dizao] &4
T AMFHS B dbH FRB-colAl AAE FRB-c-la, Ib ¥ 112 74
T AR AR & AAES Below, FRB-dw oA e izt i<
FRB-d-T gi°] 7H¢ %2 s yebdleh (Table 3-3-8) 3 &4
o2 lymphocyteE A=3F Z-$- IFN-v, GM-CSF, IL-6, IL-12¢] 7
T dAH R FroEAOR w2 ALEY FUHE Hou IL-2¢ 4
A wrollA dAlE =2 A4S Btk FRB-celA= FRB-c-Ic9
455 Agstar w2 A AT uUEdlen, FRB-dwolAs IL-29
g2l FRB-d-T9l4] Ao Aske] fx=s whd, GM-CSF %
IFN-ve] AJ2ae intermmediate fraction?] FRB-d-TIoA o] A=
AATE (Table 3-3-9) whebA] v La e fef &4 2% FRB7} WAl
£ AFsle tgst cytokined] AAF SUME fFEdtE AMES ERE U E
AAas st = AEA] WA HEAE FEd s /T

F elvha A

s

tlo

!
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Table 3-3-8. Cytokine production of macrophages stimulated by

immuno-active polysaccharide from the fermented rice bran product

Immuno-active | Dose Cytokine production (pg/mL)
polysaccharides | (zg/mL) IL-6 IL-12 TNF-a IL-1B
Control 0 5755 0+12 0+4.5 0+0

100 5117+76 58+12 709+1.1 548+2.7

LPS

10 5292+156 74+39 1214+2.3 796+30

100 4888+9.9 91+39 635+7 699+41
FRB-c-Ia

10 2681+69 80+3.9 39+2.3 509+63

100 3197+135 61+16 0+2 324+8.2
FRB-c-Ib

10 423+23 44+7.8 0+0 78+55

100 356+19 36+3.9 0£0 57+8.2
FRB-c-Ic

10 53+3.3 05+7.7 0+1.2 0+8.2

100 4003+5.5 55+16 177+4.7 366+8.2
FRB-c-1I

10 2178180 660 0£1.2 289+14

100 4227+30 1210 220£0 678+0
FRB-d-1

10 793120 61+0 0+1.2 198+0

100 1960+3.3 69+3.9 0£1.2 332+8.2
FRB-d-1I

10 50+9.9 8.7+39 0+1 8.7+33

100 527422 39+7.8 0£2.3 161+8.2
FRB-d-III

10 44+1 0+7.7 0£1.2 0£2.7
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Table 3-3-9. Cytokine production of splenocytes stimulated by

immuno-active polysaccharide from the fermented rice bran product

| Dose Cytokine production (pg/mL)
Immuno-active (ﬂg /1’1’1

polysaccharides L IFN-v IL-2 GM-CSF IL-6 IL-12
Control 0 20+8 292019 | 52.8+1.19 45+3 200+8.6
LPS 10 192420+141| 180+0.9 |571+19.065| 3452+140 | 377+8.6
100 |49200£149 | 2080+0.98 | 301+29 2018+39 | 383£52

FRB-c-Ia
10 21280+8 | 5400+8.35| 310+25 739+10 361+13
100 |32580+124 | 2520+1.96 | 340+26 130044 | 401+17

FRB-c-Ib
10 | 11500+83 | 4020+2.45 | 274+64 302+3 529+8.6
100 | 11500+66 | 2840+4.9 | 309+11 452+39 | 414+8.6

FRB-c-Ic
10 0+8.3 (3060+12.22| 69+8.3 23+2 307+13
100 85360907 | 1200+0.98 | 498+14 3084+7 | 352+8.6

FRB-c-1I
10 | 30240+74 | 4180+8.34 | 274+£2.4 | 1531+69 | 654+21
100 | 14680+24 | 6120+2.94 | 214+11 61660 328+26

FRB-d-I
10 7500+49 14060+6.381| 170+3.5 143+2 352+8.6
100 | 22340+16 | 3900+6.38 | 307+32 290£22 383+17

FRB-d-1I
10 1260+8.3 |4900+12.76] 90+12 26+5 358+17
100 | 6200+24 | 3860+2.45| 153+3.6 180+0 407426

FRB-d-1II
10 0+8.3 2900+4.9 48+4.8 1310 258+4.3
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4) AA 9239 = 2 2AF <l

FRB-c % FRB-d=%H AAH zF g9 ¢% % E4FE s
71 9138ke] Asahipak GS-520, GS-3203% GS-220 columng H#H iz 2
o] HPLCE Fdadth(Fig 3-3-37) F&3 4o Fzadd
FRB-c-Ib¢] 7% retention time 3472 o)A main peakE el oL}
AE2 oA shoulderE zZt= peak¥dS H ATt 12 FRB-c¢ 3
AA &2 2F 9 peak= YEET FRB-d Fd¢l g2 5, &4
7+ Axo] #A4S BAYY FRB-d-IIE &% th

==
K3
¥ peak®z UElY sk AAE A 9T F USMARE, S M

o,
lo

*zedd FRB-d-19] 4§ 2709 peak’} HAA YEld oz Hol 7
B AAES gAdd 5 ASdTh

olE9 EA#EHS =AHsy] 9ste] T+ EAZA pullulan seriesE AME-
sto] IS FAsla(Fig. 3-3-38) 1 EAHS F43 23 Wy &
A3t g0l $5aA AAEJY FRB-c-Ib& 298000 Da, FRB-d-I<&
172,000 Da, FRB-d-1I:= 44,000 Da¢l t@dAdS g 4+ AN
(Table 3-3-10)
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FRB-c-Ib

FRB-d-I

FRB-d-1II

Fig. 3-3-37. HPLC chromatographs of the immuno-stimulating
polysaccharides, FRB-c-Ia, FRB-d-1 and FRB-d-II purified from

fermented rice bran products.
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Fig 3-3-38. Standard curve for molecular weight determination of

the purified polysaccharides. [Kav=(Ve-Vo)/(Vt-Vo)]
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Table 3-3-10. Moleculr weights of the immuno-stimulating

polysaccharides purified from fermented rice bran products

Sample Molecular weight (Da)
FRB-c-1b 298,000
FRB-d-1 172,000
107,000
FRB-d-1I 44,000
FRB-d-1II 5,700

A AEEdel ) BAH WAEY TGP = B4

=
ukel o]l FRB-c-Ib 4T ol of 924%, A9 ol oF 76%
oja wMHLE HEHA Ut AT BA4S T AR} olE2 F=
galactose (29.7%)¢} arabinose (27.0%), xylose (18.1%)% 43 = o]
W 1 2] mannose, glucose, rahmnose ¥ AHd o] A=A Sty o] ¢S
S ¢ F AUk (Table 3-3-11) g4 FRB-d &l A4 ddhdEe 49

(50.1 - 82.2%) % A= (16.0 - 44.9%)°] th&sk v&= &

Ho
i)
©
%0
32

ow FRB-d-II ¥ d-1I1¢] 4% dds A3 it AT £33 9

i

& FTEF YO 2 agrabinose, galactose, xyloseE = H|F= /3t A

2
oy
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Table 3-3-11. Chemical compositions of the purified immuno-
stimulating polysaccharides, FRB-c-Ia, FRB-d-I, FRB-d-II and
FRB-d-III

(%)

Chemical compositon FRB-c-Ib FRB-d-I FRB-d-1I FRB-d-III

Neutral sugar 92.42 79.00 82.25 50.13
Uronic acid 7.58 21.00 16.04 44.88
Protein 0.00 0.00 1.7 4.99
Component sugar (mol%)
Ramnose 2.37 091 515 8.73
Fucose 1.38 0.87 0.00 2.81
Arabinose 27.04 33.06 29.02 13.94
Xylose 1811 10.30 15.20 5.84
Mannose 9.23 1.10 413 147
Glucose 4.56 417 4.07 6.65
Galactose 29.74 28.58 24.68 10.70

Glucuronic acid
] ] 7.58 21.00 16.04 44,88
+Galacturonic acid

AA dE FRB-c-Ib, FRB-d-I, FRB-d-1I¢] E=A}=Z& arabinose,
FA) 3

Ap#pee Zhzh Abolslel 298000 Da, 172,000 Da, 2 44,000 DaS el o
e Ao FHiEo] QA FUrh o5 FA FE-S 53| arabinose

¢} galactose’} =& HE& = TFHo] A4S P E arabinogalactanl® A

[e]
e

N

ARAT B

A

galactose, xyloseE 1L H|FE TH3F FEF

~

-~

rlo

Lo

Hie

g 75 ol AAME e E 2 B-Glucosyl Yariv antigens o] & WA A
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& 33Ut B-Glucosyl Yariv antigen< arabinogalactan %2

arabino-3.6-galactan¥} Eo|x o2 Hlg3lo] A AS FAH3= Aoz Ly
A Qe v o5 WSS YENY A Hoxm HAA Fxcbel] Fa7t

3-linked GalZ TFAE 3 C69 oA EAHE %t arabinogalactane &

= Atk o= AA| FE-E3 single radial gel diffusion
S g3 A3 72 dFES HF halos: FAA ZFSozAAEE AN
3R] 2&%S) arabino-3.6- galactan T+EFE A4 ELS & F UA
o} o]ie]l A= olE vl Eo] arabinogalactan R.Uhi= arabinoxylan®

. o o = s
2 24 tede =5 74T ddth

2) 84 g3 A2 S
dAGT AA7 vuwd gFasittar ddE FRB-c-1b¢ FRB-d-1I&

oS
1>
o

ZEA ol dzto® methylationo] <3 ZAE ;s P

Methylaton > A A thdS DMSO| %<1 5 Aol ofshA 2 OH
group= methyl3tA| 7], 7FEalela g9t & Aol ol A
OH groupg acethylationdte] F=A3t3 F GC-MS®E #4313t
Table 3-3-12¢] Hi= nu} ¢ o]  GS-4a-Ii= arabinose Z3 %

galactose ZAgro] koW terminal-Ara, 4-linked % 5-linked Ara %t7]

9} 4-linked Gal, 6-linked Gal ¥ 4,6-branched Gal Z+7|7} A&}t

xylose Z+71 2% 4-linked Xylp®t terminal-Xyl7} A3tttk o213k AL
Ao H t}do] arabino-4-galactan®t arabinoxylano.z &8 7leA S

oY

}e 5] AJASF S| terminal-Ara XH7]7F W AR FEH 2 tpdo] i
HAE oz EA%S & F AdJoh aEy A PR At

FE e FREA A o B2 2¥e] eddva dddn

H
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Table 3-3-12. Methylation analysis of FRB-c-Ia and FRB-d-II

purified from fermented rice bran products

Deduced
Glycosyl residue glycosidic FRB-c-Ia FRB-d-II
linkage
Ara terminal(f) 21.08 21.99
4 or 5 10.87 14.79
Xyl terminal(p) 5.65 493
4 or 5 13.39 15.35
Rha terminal(p) 3.24 4.28
2,4 or 25 - 1.27
Man 3 6.71 4.32
Gal terminal 775 9.73
4 9.34 8.67
6 12.95 8.56
4,6 4.39 4.06
Glc terminal 2.55 2.04
3 2.06 -
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ob, W7 &EH f# FRBYESY in vivo B 57 &A

1) A E in vivo T 93 tA 2 &A 3}

A ol & A (nonself, #AAE HAE 5)o] IS # 7P WA
dojt= M uESo tf 2] A| 3 (macrophage) °ll )% ek 28
(phagocytosis)o]tl. T3k A A EE FAS processingsdte] 4F S =4l
o] o] B Z(presentation), AATo2A T BEZFE FE5t1 THA
HAAE 25 & UEF SF& effector cellZA 2] F=a35}A g}, w1
g &4 F9 in vivo Folo o XA Ee] &3 RS
E3l7] 98] FRB &% 0, 25, 5.0, 25 mg/kg (50, 100, 500ug/head) =
Z2 54zt A 2 B U Fo3la ex vivo 843 o] FE lysosomal
phosphatase o2 =43ttt FRBE A% o811 macrophages A4
mg/kg T o Tk oA dixatdd Hd =

25 mg/kg HAYToAAE HET

I FAREE S Bl FAY AR 25 mg/kg FolTolA= 50 mg/kg

Folw B w2 248 BAdoR2N SAARGE AW Ak Fo] A=
& B

& 75 S AAFeEAIth(Fig. 3-3-39). 1y EAdo] Fofs)

9e A5, Folrwo we B4el Frke APt A FEH 2L B
9t). ol FRB7F %ol Zmo] welim Aold e wele o 5 gl

o}, (Fig. 3-3-39)
2) BAYEY in vivo Fo 9% uF T T FHTA
B % (spleen)& dHo gy 98 £7sH B U T L7 A%
]

A o) AFL we F PLTY L3} ol FolAE F8 YL wo

WAwE e FRBIES Av 2 27 v Folshu v B g
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2o (Fig 3-3-40)

0.30

0.25 T

0.20 +

Absorbance
o
o
—

0.05 A

0.00 f T T T T T
Cellfree 0 i.p.2.5 ip.5 ip.25 . iv.2.5 iv.5 iv.25

Administration of FRB (mg/kg)
Fig 3-3-39. Macrophage activation by intravenous and
intraperitoneal administration of FRB prepared from fermented rice
bran products.
FRB fraction was intravenously or intraperitoneally administered for 5
days into Balb/c mice(n=6) by 2.5 mg/kg, 5.0 mg/kg and 25.0 mg/kg.

Control was saline only.

- 181 -



0.6

0.5

0 T

Absorbance

0.1

OO T T T T T T
Cellfree 0 i.p.2.5 ip.5 ip.25 . iv.25 iv.5 iv.25

Administration of FRB (mg/kg)

Fig 3-3-40. Lymphocyte mitogenic activity after intravenous and
intraperitoneal administration of FRB prepared from fermented rice
bran products.

FRB fraction was intravenously or intraperitoneally administered for 5
days into Balb/c mice(n=6) by 2.5 mg/kg, 5.0 mg/kg and 25.0 mg/kg.

Control was saline only.
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Fig 3-3-41. Inhibitory effect of FRB fraction and commercially
developed products on lung metastasis of colon 26-M3.1

carcinoma.
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Table 3-3-13. Acute toxicity of FRB fraction administered by

oral into mice

No. of )
No. of Initial body Final body Survival
Group ) mouse
mouse  weight(g) weight(g) . rate(%)
survived
Saline 6 29.4+2 51 36.8+3.01 6 100
500 mg/kg 6 29.8+2.73 37.5+4.84 6 100
1,000 mg/kg 6 30.8+2.91 36.9£4.91 6 100
2,500 mg/kg 6 30.4+3.14 37.4+3.65 6 100
5,000 mg/kg 6 29.9£2.45 37.7x4.11 6 100

2) FRBY mYA YT FH =54

FRBS] A9 Fojo] g F45AHS XAkst7] flstel FRBE 100,
250, 500 mg/kg F=® A Al Fof mefe] FARE § 48471
B9 #EE Y. 1 A3 Table 3-3-149 YEl Hle} o] 100, 250, 500
mg/kg BE A TolA 100% AEES EAY. wEA FRBE LDsy
500 mg/kgS AR zHste SFA UElE Aom FAHJYSH 500

mg/kgolatoll M= A FAt = 5Ad0] A9 gle Aom AdE A

oL
i,
e
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Table 3-3-14. Acute toxicity of FRB fraction by intravenous

injection in mice

o ) Time (hr) Suvival

No. of Initial body Final body

Group . . Death rate
mouse weight(g) weight(g)

1 48 (%)
saline 6 31.8+19 31520 0 0 100
100 mg/kg 6 314422 31824 0 0 100
250 mg/kg 6 321420  32.8+28 0 0 100
500 mg/kg 6 31919  30.9+3.1 0 0 100

3) FRBY vl m|Zd FAA F7]F AN}

100, 250, 500 mg/kg s=lA 79 Wb Ik webA W 2y o

2 FRBE= ¥UE 5A0] glgo] EE i
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Table 3-3-15. Changes of internal organs’ weights of mice by

intravenous injection of FRB fraction

Final body Spleen Liver Thymus
Group . . . .

weight(g) weight(g) weight(g) weight(g)
Saline 34.3+2.7 0.12+0.04 1.70+0.28 0.06+0.01
100 mg/Kg 33.8+3.1 0.11+0.06 1.68+0.24 0.06+0.01
300 mg/Kg 34.4£2.9 0.10+0.03 1.83+0.26 0.05+0.01
500 mg/Kg 34.4+3.2 0.13+0.04 1.92+0.22 0.05+0.01
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