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SUMMARY
(FELHE)

I. Title

Development of probiotic functional dairy products using fermented MRPs

II.

[1I.

Purpose and Necessity of the Research and Development
This research tried to produce fermented maillard reaction products from milk
proteins using probiotics and confirmed that the produced new functional materials has

protective effect on cardiovascular disease and immunomodulating effects.

Recently, the technological approach of natural ingredients and the development of new
materials that carry various biological activity i1s demanded throughout the world.
Especially, this research proved that milk has not only positive effect on immune
system but also have other positive function. This research shows that the development
of new functional materials is mandatory. Also, it will be possible to produce high value
milk products through this research as it found out that milk have various positive

effects.

By using probiotics strains, our research is trying to measure the protective effect of
fermented maillard reaction products from milk proteins using probiotics which affects
cardiovascular disease and manipulation of immune system, so we can retain safety
and functionality that milk protein has about increasing positive effect to immune
system. This can lead the company to participate more on developing product,

related technology and industrialization.

Research and Development Contents and Range

By assessing ability and anti-oxidization activity of probiotic strains, our research
practiced screening some outstanding strains and decision of the best fermenting
condition of fermented maillard reaction products from milk proteins using

probiotics was confirmed.

Cholesterol reduction and protection of cardiovascular disease were investigated
with invitro and in vivo study through the fermented maillard reaction products

from milk proteins using probiotics and substances from Maillard reaction.



Safety of milk protein Maillard reaction products and its fermented hydrolysate was
confirmed by a cytotoxicity on cell line derived main organ and a 14-day
repeated—dose oral toxicity study on animal models. To confirm the
immunomodulating activity, we were performed a proliferation on immune cells and
nitric oxide, cytokine, and phagocytosis activity on macrophage in vitro, and
immunomodulatory, anti—cancer, blood biochemical test and histopathologic

assessment in vivo on solid tumor animal model.

IV. Research and Development Results

This research investigated preventing effect against cardiovascular disease not
through pharmacotherapy but diet therapy. This research confirmed functionality of
various anti—oxidative and protecting cardiovascular disease from fermented

maillard reaction products using probiotics.

Screening probiotics strains with some criteria (Bile and acid tolerance ability,
anti-oxidant activity) and made decision of the best fermenting condition of

fermented maillard reaction products using probiotics was confirmed.

By using selected probiotic strains and substances from Maillard reaction, our
research made fermented maillard reaction products using probiotics. Our research
confirmed functionality and protective effects of cardiovascular disease with the

product in vitro.

This research investigated that the fermented maillard reaction products from milk
proteins using probiotics has the protective effect of cardiovascular disease through

cholesterol-lowering and thrombin inhibitory activity in vivo.

We were selected the whey protein concentrate Maillard reaction products that was
generated reaction with lactose contained in whey protein concentrate for 24 hour
and its fermented hydrolysate using LCO1 probiotics strain through the screening of
immune activity. Safety of these samples were confirmed by a cytotoxicity and a
14-day repeated-dose oral study. In vitro, nitric oxide production, cytokine
expression and phagocytosis increased on macrophage in the order of milk protein,
Maillard reaction products, and fermented hydrolysate. In vivo, nitric oxide
production and lysozyme activity in serum and cytokine expression in spleen
increased and generation of solid tumor decreased. Therefore, we confirmed that
the fermented hydrolysate of milk protein Maillard reaction products has

immunomodulating effects.



. Research Results and Plans for Utilization

Research Results

- 17 Academic presentations

- 5 SCI Papers

- 3 Patent Applications and Patent Registrations
— 1 Publicity in progress

— 1 Technology Transfer in Progress

Establishment of the optimum manufacturing process for the development and
commercialization of functional material having a cardiovascular protective and

immune enhancing effct

Development of milk product using functionality of the fermented maillard reaction

products from milk proteins using probiotics.

Functional Characterization of fermented maillard reaction products from milk
protein using probiotics through clinical trials and application for individual

recognition functional food.

From this investigation, development of milk products that have protecting effects
of cardiovascular disease and manipulating immune system of milk whey protein can

lead to increase the usage and the added value of milk with by-products in milk.
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- UE Vradles o83 wAE] Y Bd A
(& HAesrdexd]

L ferdd 2 nlolgus A4 B4 A A5EAEY 754 B
7). A

(1) F29d 9 nfo]ditg AAHES T AP 7HeRdE Az

o JVFES A2 Aspergillus oryzae 3 flavourzyme, Bacillust-#]2] protamex, neutrase
1.5, Bacillus lichenformis+r2| alcalases AF-&%

o FEHAWPC, sodium caseinate) R mRo]gwkE A E(WPC-lactose,  sodium
caseinate-lactose)< &4/71d Hl&S 11100(w/v)2 H7Hste] 574 A& Al ol sk
shaking incubatorel A 180 rpm©. & shakingdl® A flavourzyme, alcalase, neutrase® 7
50 °Cell A HPQ/\]Z%J_ protamex«] 35 40 °C°ﬂ/\1 HPQ/\VL"—

\_Elr%“é 24e S8 4 AR AEYT AREARS GEALY
]
=

(2) Degree of hydrolysis(DH
 DHi Nielsen 5(2001)2]
+. Dithiothreitol(DTT)¢] $1-&
colored compoundE =43}
* Tryptones ©°]&ste] RTEIAES
OPA reagent$} 2+ &< BH&AIA 340 nmolA F3E=E 43

= YeEti =

o
o2

S 333t o-phthaldialdehyde(OPA) method® 43I
o] amino group®} o-phthaldialdehyde”} ®h-&-3fo] A

=52, D.W.(blank)+=
tryptone &% (mg/mL)

£

(3) SDS-PAGE #4
o fFEdld % wlo]duts AME IS EINEY w9
Laemmli(1970) ¥ o] wtgl SDS polyacrylamide gel A7) 5S A A g

(4) 313 24

(7} FARP assay
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Ferric reducing ability of plasma(FRAP) assayt total antioxidant powerE =74 3d}+= "
How e pHolA Ao 9 &l ferric tripyridytriazine(Fe3+-TPTZ) &-3HA7} ferrous
tripyridytriazine(Fe2+-TPTZ)2 2=+ AHE o]l &3t S5t ditsy 54 Uy e
2, Fe2+-TPTZL 73 gaA S 7Hx 22 595 nmoﬂ/ﬂ 2UH & F S

Samples FRAP reagent®} 1:309] H| &= £33 & 503 nmollA] STHE=E A5t 4
A S Feldta, FF24S iron(II)sulfate heptahydrate(FeSO4 - TH20) & A &t

W 9 veldure Ay Be By RS by

ox,

(1}) ABTS assay

ABTSE potassium persulphate®} HF-S-AlA A =29 ABTS-+ radical
734 nmoll A F3%= S F ARE tste] AR W FAstEA Y FRef Hl#ste] Hast
= ABTS +9] F3 =5 gelste ibstess S8t A4

7 mM ABTS{2, 2-Azino-bis(3-ethylbezothiazoline-6-sulfonic acid)}2} 245 mM
potassium persulfateE A2o4 12 A|ZF §<F WSAIZl & oS o] 83}o] 734 nmo
g FHE7F 14 £ 002 7 HEE 8459

20 w0 Control(EtOH only)®} 2z} A& 180 w9 ABTS + solutiong ¥ ¥ 6% %
734 nm e FFEE T dUH LS ST

o
o
o,
>
i)
_O‘
i

(t}) DPPH assay

DPPH(2,2-Diphenyl-1-picrylhydrazyl) radical scavenging activity assay® DPPH=Z
2bskE JNAIEE § Al 9% radicale]l & S-S YolR7] 9% 23 <. DPPH+= 3t
Ao R Qb 3stH free radicals 7M1 & 84 EZ =24, 517 nm FLollA Hd &
L5 YEhuH, dAxE oW F3E7F fHAste] oA AbstE 7] of H 91

500 uM2] DPPH reagent 100 pL.¢} A& 100 pLE 37 °CollA 30% FoF wk$-A|zl & 517

nmell A FBEE SIS

(5) NO assay

NO assays &3] RAW264.7 celll Ao A5 dAaHRE IA3t A5 A &4 2=+
el A LPSe A 8E FAo HaEste] LPSW Edd oz g3t o A3 NO

A =3 vlastel NO A4 AAlss &3

RAW 2647 cell& 2.0 x 105 cells/mL= seedingdt ¥ over night® starvationA| A5 &
ek 3 24 A7 5 A5k 50 uLE #H3e] 96 well plateo] 3. 1% sulfanilamide
/ 5% phosphoric acid €S 50 pLE Y3, 0.1% NEAD 50 pL& Yo & %, 540 nmol

_ e = s
A FEEE 4%

(6) HMGR reductase inhibition assay

HMGR reductase inhibition assay+ cholesterol synthesis 37
HMG-CoA reductase &S A A]A cholesterol &S A 32|
st Agdd

HMG-CoA + 2NADPH + 2H' — mevalonate + 2NADP" + CoA-SH

o
i)
dlo
&3
[e}(e]
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* HMG-CoA$} NADPHE 7] A aﬂ N

et

A71ek & HMG-CoA reductase 42 <

AL

Kol
=

z

(7) micellar solubility of cholesterol inhibition assay

e Dietary =% free cholesterole] 54 Q1x]# o] Agtsla

P m

H o] St/ enterocyteo] &% +=Hl|, micelle¥} A3t o] ] 73t A|5E o] &3] cholesterol
°] micellar solubilityE #A&Al7]= E97F Ad=AE FAst= L

e cholesterol, ¥54F 2 1% &S ¥3}+5l= micellar solutiond] Al&E H7Fsk & °Coll A

24 A7k ¥i%F 3 cholesterol %S vl =A &S

(D) F+e9d o vlo]dnts A ES] a2A 72 AR

o futuld 9 wloldnkg AHES] ahHE VP EAEY] AAAEE A% (Fig. 1), 992
9 wlo]kil-g- AAME T RS AlZFe] A E 5 DHYF A A3 F71e S

o FuwiAEo] A9 tryptone—% EFEd=E 8o 7tEE A7 tryptone AR WHIE
=A% Ay WPC7} 13.36 = 117 mg/mLol 4] 31.71 + 146 mg/mL% W& YEH oH

sodium caseinate: 14.14 + 0.86 mg/mLoﬂ 2 4054 + 0.69 mg/mL2] HelE UERE

o wlo]UNES A E] H$ WPC-MRPst 4.08 + 0.29 mg/mLollA 21.71 + 0.44 mg/mL2|
HAE YEFW I, sodium caseinate-MRPs+ 951 + 0.52 mg/mLolA429.10 £+ 0.69 mg/mL
o] W& YE

o Tt Esl AlZbel WE fFuEWd sl Ee DHOF vlustd S W, MRPs 7H-&3l &<
DH7} AAA o=z ¢ v E¥XE YeUes AL dA8d ], o= vlo]ditgoz <3|
A H cross-linkage® ¢le] &4 #Zgo] AgS Wly] wfFo g Fy

WPC Tismons WPC MRPs 14 =01

Tryptone (mg/mL)
5 8 & 8
Pm
Wk
Tryptone (mg/mL)
5 5 B & 8
1
mp 4
|
\

o
o u

SC I2E%E SC MRPs 'I2E%S

o
&8 &

a0

35
30

a8

S

20

Tryptone (mg/mL)

Vi

Tryptone (mg/ml)

o 5

10

0 0
° oh 1h 2h 3h oh 1h 2h 3h

=—#—Protamex =—fi=—Neutrase - -Alcalase

Flavourzyme

Fig. 1. #9932 % vwlo] ks A Z9 ANE 7t A= A3
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EhaAE 3 AT & FumE v E o A= alcalase$} flavourzyme X @] wtoll Al Ao A
o2 =& IR ARE =, WPC 7HeEalEe 4% alcalase # 2]l A
31.61 £ 0.44 mg/mL, flavourzyme *#]+-ol4 31.71 + 1.46 mg/mL2] tryptone ==
EF 913, sodium caseinate 7Fatdll =2 749, alcalase A 2ol A4l 39.08 + 1.03 mg/mL,
flavourzyme A #]oll A 4054 + 0.69 mg/mLY tryptone == YEFAS

el A wpz7bx| 2 vlo] gutS- A E o A% alcalase$} flavourzyme # 2] wtoll A =S
7teEs] Ax7 S2A4F A=, MRPs-WPC 7R3 & A &= alcalase #2704l 21.71
+ 044 mg/mL, flavourzyme = glatellA 1697 = 0.15 mg/mLY %S el
sodium caseinate 7}FFE3] Eo A= alcalase A & oll A 26.18 + 206 mg/mL, flavouzyme
]l A 2910 £ 0.69 mg/mL9 tryptone FEE YEFHA S

o] A5 T3l hrEd AEE ndetd s o, fFeE 9 oalo] kg A ES] TtgE
S Eo A alcalase E flavourzyme A &]to] thE 7l4E&] 409 SRS W &5 o

Fol AT Ao By

(2) SDS-PAGE &4

e Bowpolete AE ThewelEe] ¢ 24& SDS-PAGER w43 A

shol kil A A tfEEw vimPe o vholohg YHER FAI
s}

a4 7kred e gAY TE vaglS o, alcalase’} 7}
T = BAAEE YERRUARL, neutrase’t 7 w2 EZIAEE UERHASE. Sodium
caseinate®] 3%, &xAel 3 At F 53] neutrase AT AA 17 kDat 20 kDa 917

% 3
A A% band7t 4HE AL FAHAS

kDa

73

135

‘5- LF 75
63

48
35

25
20

17

{1 56 i 6-LG

w W_A WN WP WF wmMm
Oh 3h 3h 3h 3h Oh 3h 3h

WM_A WMN WM_P WMF
3h 3h

kDa > kDa
245

245

75
63

48

35

Casein i Casein
25 25 ...............................

20
17

SM SM_.A SMN SM_P SM_F
Oh 3h 3h 3h 3h

Fig. 2. o9 zd 9 nlo]LulL NMAE 9 SDS-PAGE 23
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=4 23 (Fig.3),

[e]

A= 2ok o} alcalase A

=

S

3} A]

Al s}

@) foud 2 vlo ke ANEY BAAY NSRS Fis 24
FRAP

T AR o o

3

°©

7}

=

control(ethanol
[e)

Aol AA

Flavourzyme

A g9 Fx9 IC50(mg/mL)& 4
WPCol| A= alcalase”’} 9% o =

] A1x+8 FRAP 23

o] Wz}

[e)

-

1

o

.

R

~ Alcalase

°] ABTS &t

d 2}ol] A

gz A

=

H
- 29 _

I3

=
=4

-

R

g
el 50%E FAaAY

1

o

7

-~ Neutrase

E

A

Z

1 A7k o] 3
r]

¢ O.D.
o =

& Protamex
Fig. 3. nlo]&xkg AP E9 7}

o
=
=

=

192
-

(Fig, 4)

o ,ﬂl W Fgr
%ﬂ o oy of o
oF OE o # ,_ﬂo_ﬁ _ﬂ{ = | &
IO S 3 3
i e .Lf
o oo gy
o
— == X
AN T o)y KO £ 5
ol No oV wr ~ (Hl
—— — F—
zﬂv = 2 o ® o 3 E
ﬂ =3 ﬂ/rA fan Jﬂ_ E.._ ]
T Fo.xw & i )
7' o w U‘W .,ME A (4] ..1I
= © = )
PE ot T e 2 =
Mﬂﬂ ~ o = O |\ ——F—F—F——¢ = [k e o e v
e XM W Mt a - 6~=5Mm2_ms_»=_u?_§w 0 i .cNEm.u& so_,suu_.mis_m,
N — =r or of ih W “
6N W m.L oy 3 W
ISP TSN
N ™
vz A s
&% = HL M,A.M ol = ﬂ ; , 3
Ry N oo i
o B
= - T o= L1 .
H_l ﬂ LLE & ~
W ow R |
oE X w2 oF _,
&= T =R, _ ,_
SN S | "o n -
0 O s ! 1_t p2ied = \ =_=_ ,,
T Qv oF & n_Al m.m o] \ = \
WO~ o H__._ o
o I o < 00 ¢ I
s i w o g o =~ 2 ¢k :
o8 zo N = o T r —
I T . B I e [N | e s o
_MT_.,_; oo W o i dlo B op W T (oterosos wan anien avia m (08054 ) s avs
W E R ® Mo g e

0

fo fo
OE OE
o T kAT OON W
o =y

7
No

o

only)% €]

B 91



= AsS YEM L, sodium caseinate®] A-$ Z43F 2 Aol YERYA] Zkor)

10 F dealase Aniol MiA HE £ASE el 3, vlo] ke Al
2 o g

—10
ko
¢

@ b
S

s @49 fuZd 2AF ¥l A3 alcalase A& wto] M =

= FRAP assay9 392 =4 ZAyole AdX3= AR, alcalase #] & o
Fe @4 S YEdE AS FA3

ABTS #6013 27

ox, b
e e & rlo

9

>,

Rl

WPC TI£E%NE

400
300 . FC
3 1 WPC_MRPs
200 4
]
5 1o 4
g
= 1s
i
=
10 4
5
[
0h 1h h h 1h L 3h 1h 2h 3L 1h h h
Protamex Neutrase Alcalase Flavourzyme
i | =
SC Mt =
600 -
. =C

S5C_MRPs

500

I’z (mgml)
S
—1-1

oo -
Oh 1h 2h 3h 1h Ih 3h 1h 2h 3h 1h 2h 3h

Frotamex Neutrase Alcalase Flavourzyme

Fig. 4. vlo] &ntg A ES 7l E3 AZFE ABTS 23

upo] Fuk-S A E o] VhgEEEe DPPH &uZd AA% 54 23 (Fig. b), 7FrEs] A
ko] S71E 45 Hud 2AF T Tt A4S RS, 4 s4EE vus] Bk
S ], WPC®} sodium caseinate EFol A alcalase & to] & &4 A+t H|E| =
o Z o =] gk

oz 27 %5S He. o] ABTS assayet FRAP assay® ZA3}¢}b

A0S A= Tl Eol nrol Y whES oAl @ tixalol
2bebe s e E Hoeg Hol wlo]dk wkg-2 DPPH @tz AASES S/ A
gtolgl o] A= FRAP assayd 348 =3 ZAyete A%

o
=)
o

o

S

i)

I,

10

to ot

[\
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WPC I ECH= WPC MRPs I =YHEE

as

w
-}

A
£0s s
=
£ £ _
£ 5z £
g i £
£ ; g §§ fa
| i a : .

on n an an on " o an

sC e =onE SC MRPs I =°n=

30

M
m

N
°

o
S

Scavenging activity (%)
o
Scavenging activity (%)

A==

oh 1h 2h 3h oh 1n 2h

o v

o v

3n

—a—Protamex —i— Neutrase —s——Alcalase — Flavourzyme

Fig. 5. vlo] &t A ES 7I5&3] A1ztE DPPH 23

st 54 AHE F3 alcalaseE Al $k wlo]&nkS WA ES] I E
Aol A EE =74

g
st 44 vEd S gelskalal, o] OPA methods &3 DH =74
Al SDS-PAGEE &3 ©ild =4 wW3al g9l 75349}5: dA 8= Aoz 5 further
studyoll AH82 7heRales A4S Aow Ay
4) T2 7R AEY 95 A 23 g9l
e WPCS sodium caseinate®] W &4 9 AF A a3& —a‘ii A3} (Flg 6), et ‘3—“,
Aol M= W &do] ey gta, dF

Aol gl9l ot WPC 7FrEE 2o = d= o4 3= Foa9e
o 7} 7t EAadEE Hugds W, WPC 7tridls *‘—573] alcalase®} neutrase # @]+
ol EA&AY 3 A *F FF5 A aUt SUtehE AS ERASHS . vl SC 2 SC
ArraEe 9% oA BaE dehnAd 28
100 -
120 m20mg/ml go | ®20mg/mi
100 - B 10mg/ml | ®10mg/mi
7 uSmg/mi PR — 3 70 | ®5mg/ml
o} ' ! i 3 _
2 E o E
3 | | 2 50
s ! ! E 40 |
=] : : 20 4
E E 20
! ! 10
PSSO conral  WPC  WPC_P IWPCN WPCA| WPC_F PS50 control cp CA SO
L ng/mi

Fig. 6. WPC % SC 7588189 9% A 5% 5%
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B) FEHA 9 vo]|gutg AAAEY /IFRAEY FHZHE 74 4

e WPC¢ sodium caseinate®] HMG-CoA reductase A& 35 <13 A3 (Fig. 7), WPC
= ¢F 40%, sodium caseinate:= ¢F 28%¢] &¥& EMY

e WPCE &AaAz Ao vl 7FEaEe a37F YAy A9 2%, sodium caseinate:=
MR Ee] g7t A YEhg o, 7ZF spgEE gadE vwst A7 flavourzymed)
alcalase°l| 9|3t 7Fdl =2 a97F vluwd =74 YEE

w Al i:..' 40
B35 B3
£ 30 30
E 25 o B control ‘ 5 B contral
oA amips £ 20 B MREs

15 + £ e |
E 10 4 5 10
s 2 54

0 o4

WF’C P 5{. l3
Uh uh

WRC_N WPRC_A WPRC_F SC N SCF
3h 3h 3h 3h Jh Ih

Fig. 7. WPC, sodium caseinate 7} %3] &2 HMG-CoA reductase inhibition & 3

e micellar solubility of cholesterol inhibition assay+ dietary B+ free cholesterol®] B &4k
I} A Aol Agstal Q= micelled] incorporation %o g7 enterocyteol] &%=,
micelle?} ZAg#Ho] ] 73 A|5E o]&3] cholesterol® micellar solubilityES #FAaAl 7]+

7 dEXE FeldE= dg 9. cholesterol, @54 2 <x AL ETEE micellar
=

-

solution®l Al&5& H7Fst =, 37 °ColA 24 A|ZF vl £, cholesterol &S Hl2 4313

= (Fig )

2 FAS st Ay thE g4 v A alcalaseE #1233 MRPs 7}
3l

cholesterol solubility 7} ¢4 o2 7+A%
25

20

15
10 I ® 3h {Alcalase)
o

SC M WPC M
Fig. 8. WPC, sodium caseinate 7]-—,——,_.—5115.,] micellar solubility of cholesterol

inhibition &3}

Micellar solubility of cholesterol (%)
A
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2. w2 d vwioldutE AAPES] AL A Tt

Mo
it

g
I
|:°"
L
N
M
™
lo
N,
fH
i
i,

)
L
=]

s

4

7h A

(1) B9 74 WE MRPs(maillard reaction products)®] 323t &3 &< 2 MRPs &4
A 7t EY Az

o 1AAZOA fFelE WPC80(whey protein concentration, protein 80%), SC(sodium
caseinate)®} lactose vlol¥ HES-E<2 G-WPCl(glycated-WPC), G-SC(glycated-SC)2]
7}A] (flavourzyme, protamex, neutrase, alcalase) &4 A3t 7tFE3E oA ‘G-WPC
9] alcalase ] 7FFiEslE o] Al S

* FRAP, ABTS, DPPH®| Al 714 WAYFo 2 itst a45 vl 4% 43, G-WPC
o] alcalase A& IRl & g4kst a37F 7H E9%o™, NO assays 53 WA
¥} HMGR inhibition, cholesterol reduction assayoll A &= HUstA =& A4S Vel

o F/HHo R, T FHO wWE mlo]ld v BAPEL ks 2 AolE gldtr] 93

lactose th4! glucose:g ALg-3t mlo]l <k uk-g WA ES A Zste] A3t & YHFRAP, ABTS,
DPPH)E Hl . =439S
o mlo]Y wF$-& 55T 9] shaking water bathel A 60 rpme & 747 98-S 3t om §4/7]
A &S 11100(w/v)E2 H7tete] 572 & Ald el FHsle] shaking incubatorel] 4 180
shaking st 4] 50 °Coll 4] HF-S-A1 7] 2

(2) FYAFJA2EH(UF)S o] €3 MRPs 84 A 7MFEaEe £8 € 3 Ax

e Vivaspin ultrafiltration (GE healthcare lifescience)S  ©]-&3lo] Expsfo] W&
MWCO(molecular weight cut off)ol] 93] A5 5 2 - 5=39S

e UF 93l (5000710,000MW), (3,00075,000MW), (3,000MW>)2] A 7}#] #8S A=

I
e

) GHARIYAAH(FPLO)S ©|&3 MRPs 4 A 7I-EfEY 9
2341

e GE healthcare AF¢] AKTA FPLC(Fast Protein Liquid Chromatography) A]Z2~#le] Tablel
o] F 7HA HHA S AFste AR iy JEol=E #E FASA S

A A=

A3} o)

Table 1. FPLC column £F

Optimal separation
Type of . Bed
Column Matrix range
chromatography volume .
(globular proteins)

Superose 12

SEC cross—linked agarose | 24mL 5,000-5 x 10°
10/300 GL
Superdex™ cross—linked agarose
) SEC 24mL 100-7,000
Peptide 10/300 GL and dextran
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FPLC A]|2H"S o] &3l Alge dwae t}ix
=49 A3} retention volume Fig. 93 &
- A9 Superose 12 10/300 GL
- £ 1: 50mM phosphate buffer, 0.15M NaCl (pH 7.0)
/-2 0.5mL/min, 1.5CV
o

o Ao T BA

o

Flou), vy

U o Mi
==
N

. i i i i Chul =l Retention Molecular
. : g TR Volume weight
= : P BSA 7.427mL 67kDa
= i i i Ovalbumin 10.432mL 43kDa
o E E E K-casein 11.634mL 33kDa
200 ‘ E E B-lactoglobulin 12.595mL 18kDa
80 h E i E | a-lactalbumin 14.038mL lakDa
woa || F'[ | Vit.B., 18.806mL 1.3kDa
L
w A \
= Elt\/lé}ullaiseéin\ E R ||: l.
. £y ST TO SE  N
=5 23 : e ; HEED % == =% ) r
BSIA E a-liactallbumin
67kDa E L 14}(3-51 Vit‘ B
ﬁ-l;ac;gggﬁbulm 135'5!(.1326
Ovalbumin
42kDa
Fig. 9. Superose Z@ o2 A% dd gFEF 93
[e) = b2 L [e) [} )= =] b2
FPLC A9l ol4@ ARe feol=t bdod 2o zaow RAdon, Aeho=
E%%é‘iﬂ B2+ %3} retention volumeS Fig. 109} #2&

|
A AN o ot
r

o2

HYU

. SuperdexIM Peptide 10/300 GL

m: 50mM phosphate buffer, 0.15M NaCl (pH 7.0)
/% 0.5mL/min, 1.5CV

& 100uL

9tk 214nm

o
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I
v
£
B
&

CHed=l s Retention Molecular
HEtD| = Volume weight b
L. 17.336mL 3,000Da
Vit.B;; 18.299mL 1,355Da i
DL-
P 19.409mL 245Da i
L-Leucine 19.890mL 131.2Da E
Glycine 20.482mL 75Da :

75D

8 o8 B B K 5B oEEEEGEEGOEY

Glycine
NJ—,_,_,“_J Wit.B;>
1,355Da

Ls
2.000Da
L-Leucine
131.2Da

Fig. 10. Superdex ZHd 22 EX3 HEols EFEF 3

(4) ZZuo| Q€ AE o] §% MRPs & 7}4?—51154 wu g Pepols -2

1-24d% Al 1 @BolA Awg G-SC MF27 #& 7523812, G-WPC MF31 2& 7145
a2 A 2 FN A% G-WPC LC0l HLE ArEdEe gdon Wy A

ol=E - =

G-SC MF27 @3 7FE38E S cholesterol reduction & 37} FHojykoew G-WPC MF31
ElgcH 7}‘?%3]1%% thrombin A3 Aol 7H¢ F3k3. oo wet AdH RS 7|50l
7V st TR EEA AUEAS

G-WPC LCO01 5 7teialEe, dad] Wenkg-o] A<l phagocytosisoll Al 44 o
2 AAHe BdE WY A3 ARE AFEEHE NO9 tiaxAdl W9y ’%}0157} Sl

T4
. - ?_]_
INF-as) %‘iﬂ_% Y feHoR FAARoH, ol Wil WY 73 Gut Y ¢4

ﬂl 1 f&‘%ﬂr 211 2 dEoA AHEE MRPs o Ax e 7 7lsAde &
Table29} & #Fo]7t o= 2 MRPs9 MRPs @& 7[Rl &S Zhz vju 2438198

Table 2. Al 1 §57 Al 2 @5 MRPs AF =4

AlPE A2 @E
A o Lactose 1:5 1:0
s 25 55 T 55 T
HE-S- A]7F 1 day 1 day
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(5) MRPs Z& 7}—7‘%%11% 89 AdEH Bs a3 g2l

e Al 1 ¥@F A% AEd G-WPC ¥R 7IeaslEMF3DE HEols F82 Add Hs
23E SA67] #18 thrombin A& 24 Hlw SH 83U &

e Thrombin inhibition &4 S.B. Zhang 5 (2008)2] anti-thrombotic activity assayE A}-&
st SA s A =

* Thrombine &} §a1e] A o £ g B x=Als TheEdlste]l =849
vpgoz WA A dAS S TA I ZZE thrombin Af&S =

. ANE El buffer(blank), 3l 3} ¥ (positive control)& ¥ B g w=A3} & ;}3}04 37 ColA 108 =

AlZ1 & thrombing #H7}ste] &AWES-S JAlsHaL, 37T, 108 ¥ 405nmol A %—%

—‘E— =gkl sl ] A& (%)= HERH A

Fa

f l‘ﬁ

. 492

D 29 %oﬂ w2 MRPs¢ 413 &3 3ol

o Fo T WE who]¢ wkof o3t datst I AF A, FFH vkl glucoses
ARG mlolk kg A ES] FFitkst &Aool feodez AA FUHE S IS A e
(Fig.11)

. 37 Astel e},

[e)
T gl
Azstlon, ditst &4 F8&=2 £ AAE 98 dud 2 feol= EAS HAAG)

o] O
PY=]

A. B.

600 - 50 -
<)
T
fx 290 40 -
) =
2 400 - =
= = 4
= g 30
2 300 - =

@
2 2 204
] ]
2 200 - Z
=100 - .
n_l ol I n
WL15  WG15 SG15 WL15  WG1S SG15

C.

50 -
40 -
30 -

20 -

gl B BN

WPC WL1S WaG1s SC SL15 SG15

Fig. 11. 993 2 vlo] g wtg A E9 G i3 &4
A. FRAP assay, B. ABTS assay, C. DPPH assay

ICy value (Pmg /mL)
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(2) MRPs &4 A 7I1+E3E9 gud 2. .24

WPC*} G—WPC«] G A S vl B35t A H oz wlo]d nkgo] 23 MRPse AA
5 A8

WPCE +4 O}L T2 " Al B-lactoglobulin(18.4kDa), a-lactalbumin(14.2 kDa), bovine

serum albumin(66.5kDa)¢] Fig.120l 4 ¢} o] Exp=F A7]o wet &x4 08 HEHAS

upo] ¢k Hkg-o] 9]3] B-lactoglobulin?} a-lactalbumin 3327} A WhA 184kDa -

66.5kDa H <] W ¥ =7} S743tel]l wel MRPse] /44 S #4163+ (Fig.12)

66.5kDa 184kDa  14.2kDa

Fig. 12. WPC# G-WPCe] w9 24

G-WPC® G-WPC alcalase 2] 7Fsai=o] dlds vja £43 A3}, Fig.13¢l A ¢t

#o] o 142kDa - 66.5kDa M99l wAgS 7hx @A o Arh A7 grasklo, of

14.2kDa °]&te] ¥A#e 2t i v39] 4L kg

nlo] ¥ wkg A Eo] alcalase Mol ol&l] s Eo] e EAe] dwdEo] A4
<} o

8 AL %9l5

A

G-WPC hydrolyzed
by Alcalase

o
&
&
b
i
§
3

14.2kDa

Fig. 13. G-WPC¢% G-WPC alcalase 3 7I5EHE9 vz 24

r-ln:
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(3) MRPs &4 A 7I+&30E 2L

o WPCHT} mlo]F wbg A Eo] diksl &Aoo Fhor, wlo]d whg AP EHT) nfo| &
WS- AAES ah A b | =
ANA iAol o] AHE FAZ(4.2kDa °lshe] EAHS zh= @A figh A ¥
7158 HEZF 28

e G-WPC alcalase A2 7l52dl=S UFste]  (5000710,000MW), (3,000 5,000MW),
(3,000MW>)e] Al 7FA] #8& dAow, o5 FHeol=s Hu-#48 35 (Fig.14A).
Fig.14A0l A 7} 89 AgvtEade] WA o g JEol= o v &S Fstlon, +59
Fatst &4 vlae A& S

e 7} B3Fo itz gy vlu Ay Fig.l149 BelA et o] ABTS9 DPPH assayell A
(3,000MW>) #+2&leo] 37} 7} Ekom FRAP assayolA & (50007 10,000MW)el o] o
T HAR g9 Ede
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Fig. 14. G-WPC alcalase A3 7ITEME £ HAetol= A3 3gitst &7
A. felol= A B. 3843 &4 (a. FRAP assay, b. ABTS assay, c. DPPH assay)
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(@ Z2ulo] 9 Y ~E o] §% MRPs ¥E 422 wud B2

o freuiE UP 1< vhg A= duldS vl FA ko] HAAA SR mfo] gk whgo] o)k
MRPs®] AG o5 4805

e WPCE TA3t= 8 vzl B-lactoglobulin(18.4kDa), a-lactalbumin(14.2 kDa), bovine

serum albumin(66.5kDa)o] wAt&F 7)o we} #AF o7 HEHGow, nmpo]g wkgo
9]3l B-lactoglobulin® a-lactalbumin ¥ =2 2o] 749} 184kDa - 66.5kDa MY Wl 3 =29
<7F= MRPs® 44 g<lst3 = (Fig.15A¢ C)

SCe F8 A " AL asl-casein(23.2kDa), as2-casein(25.4kDa), B-casein (24.0kDa),
k—casein(19.0kDa) o] A}, Fig.15B¢} H. Ecroyd (2010)°] w2W caseine Alo]= A =ZvE
gy R e Al 2E7E & o] FoAAA e Aol U=

G-SCE SCol W) °F 67kDa ®AFe] =7t F7hatam, o 43kDa ®AFe FaE =
o A sl weh mhol gk wkgol o whul A o] WstE gl gl S (Fig.15B)
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i i L ol s

Bl 148 LS

Fig. 15. frad9 @3 ulo]g w3 A ES du¥id v 4
A. WPC 2 G-WPC(Al 1 §%)
B.SC 2 G-SC(Al 1 §%)
C. WPC 2 G-WPC(Al 2 %)

oE

G-WPC$ MF31 @tg & vz s v 43 Ay wgEox oF 18kDa - 67kDa

9le] I A} 14kDa o3t Aol 9 A7F F7hglen, 14kDa - 18kDa W99 ¥ A+

239 & (Fig.16A)

18kDa - 67kDa W$lel 93 Z7}= Fig.159 A} CollA wloldk wbgof o8] Z7}13h

o] et dAstrE waxgel os mpo]Y¥ whEo] zlaix o] mpo] wkE A EO

ALHoz AAE Ao ]

Fig.162] A¢} ColA wrge o&] AP 14kDa ©]3t FAt=ke] 335 T3, MRPs7| 3
Hol fEol=rt A E S

G-SCe¢F MF27 wrafo dwds vl A A3 #gEor 33kDa - 67kDa 9 9]

A 93 E 2FAast9a, 33kDa ©]8te] ¥ A= 71 & (Fig.16B)

G-SCe MF27¢l ¢ wae] wel Fa=il AGE Petol =g gl dd

A

ﬂ?i

o

d

KeX
=]
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(5) ZEHlO|QHYXE o]&3 MRPs &a 7l4-EFHES Helol= -4

o AT BAH Ag&¥ ZHAYH(Superdex)> w4 7Hs WHE7F 100-7,000Da (Tablel)o]H™,
12,384Da o] At #e] vae did JFA 2 24 A+ (Fig1?)

e MRPs ¥g 7}4#3 A3} Fig 17914 2ol 1,355Da - 3,000Da
H ool w37}t & 384Da o]stell A= v J a7t A A

Ko
o
lo,
O
>& _Vl r
o
iy
m m1ru
Hm
1
ot

—— T02 AATPOAraT S35 aDa A UV —— 1015 (MR
)

s

G-WPC fermented | | | !

oo by MF31 (i1 : : 1 G-5C fermented
t | G-WPC fermented | | by MF27

= : by LCO1

e "/h——%j ‘\tf—“‘;.ﬁ_-_,&_—“-

7 190 (o) : 490: 200 270 240 0 - ; 340 ™l
1233404 3,000Da 1,355Da
Fig. 17. f+294d vlo] & dtg YHE TR ES HEol= £

:L]

, WA gk wet 1355 - 3,000Da H

e G-WPC MF31 #g&9 A7t ¥ Fglo|= £A44
3} A gletol =] 7hzo] el

9 Al WAzt gasts A

thrombin A 3] &4 A 74
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(6) MRPs @& 7IESE £39 A4¥8# Bs a3 <l
e G-WPC MF31 #3252 #38o th3t thrombin A3 &S vwlus)] 2 Ay Fl #3o &
A7k 4R Fen] F6 A8 Add Bl wxd 45e ERE vl
. 7 239 Peroln ol FUANA RO DR, Figl9e AEvETY WA MEE thrombin
As) mBE el wasl B A% T4 299 B} AR TUe
e B3 Pl - F4= 1234Da o4 R4S 23 9= wwla gAY d=e] &, 5
G 2R pal-pale] Wag
@ R BAAz o $EI PUNE F) 5Y & 2PN /54 v
A% %9
. i i Peak Retention Area
s : : name Volume (mL) | (mAU-mL)
s F1 7.13 785.0893
e F2 7.25 619.5695
=2 | Hod Fa 836 962.4522
o i F4 8.90 132.9990
- v i F5 17.58 389.4659
B i F6 18.08 4.7824
- | I\
o <1 j2f 3 |:|\\i\uf’:“‘—‘§{ s q; B e e
ob b 1) [1] 1] wu: [E] T . : Iel?: B =0 e ) 20 =a =e ] i
12,38403 3,0000a 135508
30 €
- g8 71
25 2
2 € 5
2 » g o
s o)
i f:
T 0 - E. g
5 & JE= = 2
£ S -
2 5.4 I I ' I £ &
= = 1
'—
0 - s s s s s 0
Fi E2 F3 Fa F3 ! F1 F2 F3 F2 F3 FB

Fig. 19. G-WPC MF31

FEdd vlo]|gt S AAEY Ax ¢ @HE 27 HF TAH 47
7 Ague € 23
(1) MRPs 2#&%7A & AY scale upg 3 A4 33 A3}
N8P BE @ra} Hel 24 gae) 7ls Aol #e¥ MRPs &
= ¢3 lab-scale®] AFALHS A A S
FS2rE9] 7he7i+ 2 AEFA, (kA 1A] #2013-2302)

259 £33 Thrombin A3 &I



%63 1o o O =
g =T T
7h 3% o] ez g 74zl o 2 1fe] Aela) g TR R o 2 A
Al o]ml-o]H 7} glofof gt olul-o]F 7} glefof it}
(b A 238 (%) 3.001% 4.001%%
(th) A" %) - _
() A4 A e ERFRA, Iml% 20,0000]3}
Inlg (BAAIES] AL 55ToA 15 &&=
10,000,0000]4+ 30ColA 27HT $ FEF I
o ojguf ZAJojojof gh})
(b ot n=>5, ¢=2, m=<3, M=10 n=5, ¢=2, m=0, M=10
(HA A% 75 57dolofof ghth)
Table 32| A&EFAd F-3sl= AF AZE A& @8R &, vlo]d s YAE ¢
g, HE FFE dE2A o tgd 2o aFAskS AAE

MRPs #a ot 259 I Al Alxd7 27339 349 2842 1839 MRPs
g = <

[e)
=
Novozymes A}e] Lactozyme® Pure 6500 L& AF&3Fo] 2l
A E = glucoses A WE o] E8o] w4 o] wE glucoseE H71e o7t gl=

% 248

Fig. 20. MRPs 28 & #| %9 A% Bio-Reactor
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(2) MRPs ZFa=2o At 54 A3}

(3) MRPs%} MRPs

YAl HATE BEA] MAE AR nese] w24 APL AW A, @
A%f 2% A7 MRPse] WAz 4% A7b wEAel S5 dwe] ol glglon]
AzFANAL] BENDF G JRFACE TN YE FAF nPRY G B3
of 1 FFS 2%E HAE HY

1:[
o]l Whg AAE Tkl wE T 2B APS AN A, (FaH
1 o
=2

247 A oF 244 3be] LEA O] AF
Aurgl fabde]l HE @4 E 107 CFU/mL, 108 CFU/mL= 3t wl, WaAgtel] oF 3t
F AE o7k ldlon, HFEHoR 108 CFU/mL F+o2 HFske] 37CoA pH7 oF
4.80] = W 7bA ) FaklE
goFst =19 2443 A3} lab-scaled] HH3t¥ MRPs Ha=Ee] A FAEE Fig2l
I+ 2

2 chay 2 g

2.5% 12.5%

X =7 2% W7t

o (90:c, 5min) i (95:C, 5min)
Coo-iing Cooﬁling
Lactozyme =7t Lactoz;fme ot
s °EICFU/""'- = Hg @F 10;CFU/mL Hs
-l-2 (37;‘C,24)~|?_?) -] (37“‘:C,24A|?_})
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-
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=13
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Fig. 22. MRPs¢ MRPs @& E AFAA A3 Algd dEg=
(A)EA nvlo]le Y 13
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25 347] 5}
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U Adds

(1) MRPs &3
A 2% MRPs

FAE A=

o
T

Elgca

4 7SR &F
9} MRPs 23 fo5t% Fig.249 %

A | MRPs & # (LCO1) B MRPs ¥38 o5 (LCO01)
C MRPs %3& -+ (MF31) D MRPs @& fr&5 (MF31)
E | MRPs ¥ & (MF27) F MRPs 23 fre5 (MF27)
Fig. 24. MRPs 2 &9 MRPs ©¥& &35
e MRPs ZaEfF% MRPs @8 59 142 Table 59 &
Table 5. MRPs 2 &9 MRPs %% 289 AHAE73
MRPs 2& MRPs 28 fS%
A£4d | LCo1 MF31 MFE27 AzA LCO1 MF31 MEF27
T2 (D) 83.22 | 84.22 84.73 84.07 84.53 85.27 85.64 85.57
3 (%) 0.37 0.35 0.29 0.34 0.19 0.25 0.17 0.15
oA (%) 4.34 4.03 4.12 4.30 3.40 3.30 3.29 3.47
A% (%) 0.19 0.17 0.19 0.19 0.14 0.12 0.16 0.13
FR6 185 (%) 11.88 | 11.23 10.67 11.10 11.74 11.06 10.74 10.68
9 (%) 15.56 5.86 2.19 2.68 14.09 12.80 12.64 13.26
Glucose (%) 0 2.39 4.16 4.13 0 0.01 0 0
] 5.9x1 5 g g g 5
ElacRs g 5.3x10° | 7.1x10 Elgai] 5.3x10° | 4.1x10° | 5.6x10
fab ;
. 1.4x1 8 8 _ 8 8 8
L 08 1.5x10° | 1.3x10 wnEgd 2.4x10° | 2.9x10° | 1.4x10
. wad | - - - a - - -
A 2EE | - - - BEF - - -
e AZ3 MRPs HEFo Fo59 kR 9 w4 AY Ax FAF 1P dE
3%l fres 4% ol AR Ze sy, #a e fAikie= mLd 108 CFU
A sHrEo] e
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5. &l d wo]dutE AAH= TE JIFEHE J& FAF A=

7h. 2@

>

(1) MRPs 4t &89 Az 2 dF it

e Lab-scaleol ] MRPs @& 7[EdE2S o8
S AAlste] AlAIES ALeEA S

e MRPs f4tt &3+ obg] Table 6.9 AlAl" wjgnjo] wel A
Futg ol A ofgfe]l Al (Fig. 25 whal A A A1 ES A

oft

L
of

H
rok

FaE enel A4 B4 gy ol o

Hlow, & deoleAl

b PN

Table 6. MRPs #4td &8 AlAIES] #l 3]

S kA v &) (%)
WPC 3.500
3 7.000
ABY-3 0.014
&%%TMFW, L.CO1) 0.140
e 59.500
NS 4.000
BRI 1.000
Pectin 0.250
o) E FEF 3.820
1N EF 0.100
4 20.830
A 100.000
A= &7
""" - #%, WPC £% ¥, 948 84 |
!
g
- 2@(93~95C, 20%), |
\

- AHH(93~95T, 20%) &, 41C7HA
Wzt

1
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Fig. 25. MRPs f4td &89 A=

ol

g

(2) ZT24Hlo]2 Y MRPs &% 479 Az € d=F AL
e Lab-scale % pilot-scale®l*] MRPs ®& 7l4EdlE9 AA FA-AS HAsEste] (A)F+=H

Hpo] 9 Ak HZ ol wax (500 kg)et s471x (300 kg)E AM&3te] MRPs & 7}

Pl = e
TR E] 54

S
g3 &

____________________ - 5
- 24 (80T, 5&),%, 41T7HA 9%
\
_________________ i =
AT A
- 41°C "< (pH 4.4~4.5)
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Fig. 27. MRPs 4t &89 #5H7A

(6) 71574 EAZIE 2 AFAEY 14 AE
o [HF9 e R Al 2 [AAVeAE Ve 2 rAle Fastel fawd MRPs

(e}

U 4843

(1) MRPs 3t &

- MRPs Akt

o, o
ol
1o
e
BN

o lab-scaleoll A of&Want & FlefE © MRPs fAihit 85 &5 AX39S (Fig. 28). #
SHAAY A At Fol MF31S A&t 2as $59 Ada%r =qton floE
o] Aawrl =8 A
o] =4t MRPs -4t

Fig. 28. Lab-scale°| A A|Z3 MRPs f-4tt €5 (S H 1, QlojZqh
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Fig. 29. MRPs fAtd S5 A|ZE

&9l o8, v YESH 0

agol A At

Fsk MRPs
AAjste] HE AFe FAYE 2

£
£t
mlo
i

Table 7. MRPs 4t S$8¢] 0383 A3 45

MRPs 2&#

FE (%) 83.86
37 (%) 0.32
A (%) 2.69
A (%) 0.11

pH 3.90~4.00
A= (%) 0.52, ZAito =2 A

g 17.82

H] 5 1.064~1.066
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(1) 5

FOIEE B 484 985 GAFOE BEAA AREES TRRDT AL Ta
(2) X%

$1RE we A4 ARE AL BEAA ATIEE THAHE AL B

bt B 555 0 1 mLY 1,000,000 o)A, BRSO et A Al ES A9
Elg=))

(2) A5 0 1 mL% 100 o) sH(aHtA|Ee] st}

(3) thAAT ¢ A o]ofoF s},

(4) REH(g/kg) - tollA Aels A o9 BRELVF AEEHM = ofY )

(2) Mt
A9, WA 3. | AEAEH 3.5.1 dukAlSol| wel Alg skt

(3) g+t
A9, DA 3. vAEAIGY 3.7 T 3.7.2 AAAE L "HAaSAFE o E {33
v A el et A3 ghet

(4) REZ
A9, AukA|EH 2.1 REF wak A g s}
(2) Z2vlo]2Y MRPs &3 FAHT
SZ2nlo] 9 8l MRPs &3 §-4Ht9] A=

) =+ u}o]gﬁ@ Agho A At 5 A B =
gasseri MF31, Lactobacillus fermentum MF273 WA a3E5 A

foi
fot

H= ZQldt Lactobacillus
Y= Lactobacillus

plantarum LCO1 & AFE3}o] MRPs 28 7S A X399, 74t &= 54

Az Ay Fo] FAHEF o A= Table 10% 25

Table 10. ZZrlo] 2 8 MRPs &3 #4+7e] mAZed 54 Brds

T2z A SAAZ %
MF31 Tt E 6.9x107 3.3x10°
MF27 &g 71sia s 1.7x107 1.3x10°
LCO1 2E 7l s 1.1x10° 4.2x108
- XZEHlo] Q¥ MRPs &3 ikt AAS 2% 3 2 4 AE
o [AA7ISAEFY VI B A ls Faste] ZTEupo] o E MRPs =@ ket AlA1S] A
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9 R AS HAEslOH, AFe] 9L AdVITAE T ZRilo]E 2z T
Lzupo] QB9 V|E Bl A Table 119F £+

Table 11. T2u}lo]Q €29 7|F 2 7 (AR7|T4EFY 7I& € 74, 2014)

EERRX=ES

1) AxV&E
1) AR G5y PAE Ee olF AT #FH F e wFAE A TI7] % A Z
HEA
%
Lacidophilus, L.case, Lgasseri, L.delbrueckii ssp. bulgaricus,
Lactobacillus L helveticus, L.fermentum, L. paracase, L.plantarum, L.reuteri
L.rhamnosus, L.salivarius
Lactococcus Lc. lactis
Enterococcus E faecium E faecalis
Streptococcus S.thermophilus
Bifidobacterium | B.bifidum B.breve Blongum B.animalis ssp. lactis

(2) A=YH A7) HAES old - dx3te A zsteof 3k
Q) 7IsAE(EEs ABAYR)Y T . AFS 100,000,000 CFU/g 1% i3kl lojoF g

2) 74
1) A% . afrel e FrE 7EAH oln] - o]H 7} glojok F
(2) ZE2ulo] QB 50 HAF o]

@) &dT : =4

3) FFAFY &4
1) 71548 WE : it 54 2 Fallo A - viRig s 4280 =52 & T US
() dLHAF
100,000,000 ~ 10,000,000,000 CFU

4) NEH
(1) ZZnlo] Qe 4
(7h FAREet 8 Tt Al 40 3-58 FAREE 9 T
(W) RI9C 27 Bifidbbacteriun) : Al 4. 3-59 W9 E 2~ Bifidhbacterium)
Q WA [HEE 4] F=F
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- ZRulol g sl ARAAZ AAT Gl =dFozN oY /M AFFA TF
Fo &3t7] B4l ds WAL 7hA Yolok 3 wrekA 4387

=

BN
R
&
“ ELYL
N
2
BN
My
2,
' >
=
oX
o
N
rc
o X Ml e o

o
>
of
>

Iy =

(1) #F9 Witd &<

o A5 Lactobacilli 53 #]#]Ql MRS HjX]ol] 7 &3}
13,000 rpmellA ¥4 EEste] #AE HAAR. o|AE
2 3] AHsta #A dgAS dF2FA MRS wiA9F dF el ZH7 106 CFU/mL =5
o7 FFate] 37TCAA 0 Az, 3 ARF Mg = AE dE AT AT 4L IN HCI
S AFg3te] MRS #iA|o] pHE 2.5% ZFA3IaL, pepsing 1,000 units/mL ¢ == A
ste] "atste] Az, AdTe 54 KH2PO4, L-cystein HCI, tween80 o] $
¥ phosphate buffer(pH 6.8)& A&3dto] A3 HS F3l] g4 ste] MRS ¥ agar
iAo g, AdTE SAT 27 0 AR 39l 23004 3 AR v o A

o o

Z_‘_I
g 2ol S AR AR A 2L ofefeh 5 (Table 1)

37C, 18 A7+ &<+ v =
saline (0.85 % NaClo =

—_—

.

(2 HEFA4e &

cOWHFEAY FHS WA fAE PHOR SFSYOM, ATANS aste] FEY
(OxgalDel 0.3% FH% MRS Wlxol HEF ¥ WA Frhgds 598 Pyow o,
d B

=
N
-
f
p‘L
s
[\
i~
>

24 A7 7% =
b ujek To| AFFE Fols AL nx] 2AL ol %t S (Table 1)
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Table 1. HAA - WFEA &< #A =4
Ingredient Z23 (%) gram / Liter
glucose 2% 20 g
beef extract 1% 10 g
peptone No.3 1% 10 g
yeast extract 0.5% bg
sodium acetate 0.5% 5¢
magnesium sulfate-7H>0 0.01% 5 g/S%) Tnli W/v)
manganeise sulfate-4H,0 0.005% 5 g/S%) Tnlf, W/v)
tween 80 0.1% (5 mL/lf?On:I%L w/v)
diammonium citrate 0.2% 2 g
dipotassium phosphate 0.2% 2 g
WA HiA] pepsin 0.234% 2.34 g
WEE 9A oxgall 0.3% 3g
U A9 43
(1 HE 2 HEs4
o AFHANA HFII e HFFE T 468 #FES Yo R YA S JEFEE
Rom Ai= opefel ZE(Fig. 19} Fig. 2)

Acid Tolerance- L44F Acid Tolerance- M 8HH| 2|75

" WO hr @3 hr 0 WO hr @3 hr

8 8

7 b= 7
-6 ~ 36 -
e E |
5 1IEMi = n 0
G 5
E‘\ {=2] B .
[ =

: [, | ]

: I = = = | | = = . |

1] = 0

““}% \g.@b ‘\‘:ﬂ ﬂ.’}Q ‘b@f\ @.‘P’l‘ \,l\("l} ?\'B"' o 9““0‘5 \,"" ‘&hq ‘L%\% ‘,&ﬁ \»c,’a ‘p‘:’ \'%\, \.g": \:aﬂl \p‘b \3‘5
Strains Strains
Fig. 1. WAt A A3
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Bile Tolerance- 2433 Bile Tolerance- A% H|2| &+
1000 BOhr B24hr BOhr @24 hr

9.00

-
=

ES

8.00
7.00
6.00

5.00
4.00
3.00

log(CFU/mL)
log(CFU/mL)
= e " C I -, B T R - - = §

200
1.00
0.00

\s{\- w«ﬂ 4,(&.3 '.vh‘ﬂ t&.@$ ?&,Lg\- \.g'l \qu @%10 ‘h‘q}

Strains

o UAbgol - Aom yehd 559 A5, Uitk wiA el A 3 AZE sk wijek gk o]
o ATt FashA @y aFor Fad As ST 5 gUNen, o Fal 4
230 Aol Al BA B Ae o g S v iAol o Ao r yEhd
e 47, 3 AR Wi o] %o Adrt 2 2 o} AA AT AS = 4 UM
o, Aol M Aol AdlE= As I Fig. 1. HEFEol 73 a9
35 24 AZE wiSF - AT S As SRS g dNaL, 7o) Al "HEdol o
FS FA @ AR B g Ao, AR Ale] dFole 22 ol FHiske A
= = 7 M= (Fig. 2)

e 0.3mM DPPH (2,2 Diphenyl 1 picrylhydrazyl)Z methanolel] 2@ A|7F 7FA 34 S A7
g el A SeiAZ) F, 517nme] FF =AM 0.9~1.09 FFEE =S DW=E 34
3te] DPPH reagentE A Zst

o UMY UEEAel e Aoz MHE 256 49 md A dS o]&3te] DPPHeF W
kol @akst B4 FA45E. SEWAS MRS A elA 37T
& 3 =, 13,000 rpmelA 10 &3+ YA &8}

5o 50 uL¥ DPPH solution 150 pL.& 9%
nmell A FFEE SA4% dEz2TE E A e D.W.E DPPH reagent} ¥kg-Al
A olF HETE 4 2T FFE G S A delA vEhd F3 % S o &3
A scavenging activity(%)S AAFgH

o o] w blank®E Y AEH AAY FHEE AAS WA TS A Ao, o}
Alxk2l ol 98 scavenging activity (%)E A4FsH

O

. 0D517m'n,, sample
OD;,

517nm, control

Scavenging Activity(%) = (1 ) > 100
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U A9 23

Positive control® 0.2 mM®2] ascorbic acid solution ¥} DPPHE HF$-A|# scavenging
activitye AlAtsiglon, Wibgd 2 UdsAdoll A AdrE 256 T dAkst g4s A
gk A= oo 2= (Fig. 3)

100 100
90 - 90 -
80
70 -
60 -
50

: EE”Hﬂ R IRRIRE T

Ascomlc ky2t  E4191 30sc NR41 NR33 NR44 Casei0t LF4 LGG NR42 Ascomlc D1 LF9  NR17 Dt NR39 LF16 2= R828S RBZBQ RSZSN
acid acid

Positive control Strain Strain

Fig. 3. 59 ¥4t3 &4 &9 2%

Scavenging Activity (%)
Scavenging Activity (%)

F 256 oA 20 %olste] d= kst gdo] ulg- wjekst Ao 7 s, 20 %

A9 Py
FARTY FEMA i) Y Helsht: Aol e d@uwEel dov, AFHo

2= tyrosine method7} AF&E 3l 9)&. tyrosin method?] 79 whwl
8%+ tyrosine ¥ tryptophan<s phenol reagent?} ¥kg A7 WAuEe-S Z A7l &
650 nmelld FFEE ZATHull, 1947). 12 tyrosine method?] 7Z-$-, Al A] efx}e]
HES A 7Fo] w9 ZA31(48 AlZH), 1 917 E7F "WolRtteE vdo] 9e

el sld Aol ME Ortho-Phthaldehyde (OPA)E ©]&3ke] #59] proteolytic
act1v1ty~ =439S, OPA & thiol groupd &Alste] wruae] B3] 28 os)] G35
free amino-acid¢} WHeste] Steh== YA =M, o] =l 340 nmelM A4

S35 2t o proteolytic activitys WEHH = H == AFEE = A= WHSY
ol el OPA Whg-o] 542 el wix o] wit dsds ol&stol SA4sA+=.
djdol 3kE wjAo]l MRS oA 3xF At wiFete] &S H A3t A7 #FE PBS
of 2~33] washing ¥ § 1%E HEF. 48 AF Wi T wiAAAES FE3te] 7]
110 mM TCA solutiong 1:3 H|&2 XH7}ste] 7184 FEol= 2 olmikS 8F A7,
o]Z& 2,000 x gollA 30&3F A ste] HalHA 2 AEAES AskaL, s

)
10 pLE OPA reagent 190 pL ¢} ¥H& AlA 283+ AAgH & 340 nmollA SFH=E
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A3t =
OPA Reagent= disodiumtetraborate decahydrate 7.620 g I 200 mg ¢
sodium-dodecyl-sulfate(SDS)E 150 mLe] S/ 343 solution A°l ethanol ©l

160 mge] OPAE =91 &3 176 mg ¢ dithiothreitol (DTT)E SFFol =<
solutione &3tsle] % 200 mLe] OPA reagentE A X335, OPA ApA|7} "lof Wizt
sto] A = 7] wiEol, AR&shr] vpE e Alxste] ARE-SEl S

o T3 T AFolME skim milk mediaZ ©]-g38te] OPA W& ZAslo] Z7] & A4
o] M AEQl caseind WPCOll theh #also] 438 54 e dils Bestuat
Z}7} casein ¥ WPC7F 39 A AT wiA| 24 St A& A4S 19 & 5, +F
M-Szl &

U A8 A3

(1) OPA-®E-g-oll Hst w24 &4

OPA ¥Fg-o A3gtst A& gAY ¢138lA Lactobaciilie] T8 A2 A}E-%+= MRS

A o] S 7INko R Sto] WA S Aol HA wiAzdS ©@AE MRS

A7t = @ﬁ:%git beef extract, yeast extract, proteos peptone No.3 7} o} 2zt

e AA el =8 background colorg AY™, HgE 7hits] © FHEjo] whldo]r] uwf

o OPA #H&-9 @.%3}7] o ©do] A5, WA olE Hestar, T AP A KBl
J

2} e fuwde] B S 2] HEA ZAY AES e A (casein, WPOZ A

7h 124

MRS iAo A AArPdoZ AL8FH beef extract, yeast extract, peptone No.3 (#
2.5%)e AF FIdWA (casein @ WPC, 1%)= X]Z‘ﬂro}oi 79 A ARE Folsg
H, gukd o g X =E H| XS fAFolA did FeEdA At dHH A
O
e

d o]
Lactobacillus helveticus SJ20<2 ©]-&3te] 443} OPA w55 &2 (Fig. 4)

ut

Growh in Modified Media No.1 oD
value Change
(Lactobacillus helveticus $J20) g
10 0.5
0.45
9
E 04
0g - gu 35 —
g 7’45% I ;]3 No Change
=) ®
S 7 go2s /’
Be N | B /
Q0.5
5 e /
0.1 /
0.05 jiiii—-——ﬁf
4 T T 0
0 6 12 24 36 48 Ohr  Bhr 12hr 24hr  36hr  4Bhr
Time(hr) time (hn

Fig. 4. 194 XA AF =D OPARIS EA

12 Ao = 2o AAo]

¢}
@ol, OPARE-go]l T7hshA &2 A= g
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(b 224

MRS ®j#] 2A4& 7|2o2 fowd=z X3y 197 vjXo] %7] AFA a4 T4 &
of ARESl7] 918 ATS] yeast extract®t peptone No.3 ©WAE A% H7bste], 79

AyAye aE
Yeast extract®} peptones Z+ZF 0.3% 718k S wl 2] Ao 109 CFU/mLFFo 2
7 el AS #EHET & Ao}, OPASLS] HbgoA i R 8oz 3 340
nmoﬂ’ﬂ FH7E S8 Hhsol UrE}‘JrZ] e

ol Aol dojyx] &2 0 AlZFolA FF=r AYUAA =4 Yelhys oz #
FEl A4l yeast extract®t peptoned] o8k &k} vz ) thE HEES] 9
st7] 91 Al

%é_% A7
g Mo w 8 ted 22 A3t et Zle® Ko, o] Heer] 93 v
o] A¥S zasH(Fig. 5)
Growth in modifed media No.2 MOREIWGihT: - WG
(Lactobacillus helveticus 8J20) 12
10
9 = 1
P — E
4 —
8 = §O.8 £
g ~ i
E 7 < s
2 3 0.6 -
\=) o
G 6 =
2 So4
5
0.2 1
4 -
0 6 EISmE(hr)
== MRS + Casein + yeast(0.3%) 0 - T
»~MRS + Casein + Peptone(0.3%)
Fig. 5. 224 wjA oA 43 2L OPA ¥g 54
(ch) 324

Z v Ao H7}E &= Yeast extract®} PeptoneS ZHz} v}kl
OPA reagent®} WHSAIA F3F% 7k Fol& gQlsisior 1 Axe ofgel Z&(Fig.
6)

14 — 1.4
1.2 e 1.2
T~ E 1
E S
=
=] &
3 08 - 1&'0'8
s g
S 06 - =0.6
= >
> (=]
S o4 ©0.4 1
0.2 - 02
0| e - B
Minimal 0.30% 0.20% | 0.10% | 0.05% | 0.30% | 0.20% | 0.10% | 0.05%
media
Peptone Yeast extract

Fig. 6. Peptone® yeat extract =3 OPA u--& %4
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Y i TR HESFE OPA whgd mAs= F3Fo] AoA= AS &4 & 5+
Ae. 2 0.3%5 Aele 71E9] 29A AE o3 18t 2 FFEE Hole 4
S A & AN, o]E Fa wA Ul vhE AEEC] OPA ¥hgell JFS A=A o
B2 3lskes AFS APeAS. wiAo] HrtHe RE ARES 22 avER 77t
FENE Axste] OPA 9 W& A2l & 340 nmollA] F3 =5 S48 & (Fig. 7)

1.4 14
1.2 - 1.2
E
N2 : et
M - :
® 08 0.8 I i
@ 1 1
= 1 H
€ 06 0.6 I I
[=] : :
© 04 - 0.4 T 4
: 1
1
0.2 0.2 1 I
LI
0 - 0,_i_— L 1 e —_ﬁ_‘_[_—‘_
.. Glucose  PhosphDipotDiammonium  Tween80 MnS04 MgSO4 Sodium
Minimal assiumate  citrate Citrate
media MRS broth2] H{X| &

Fig. 7. W< 2t AES3 OPA¥HE ¥4

iAol H7lE+= FAIEQl diammonum citrate o] OPAS} Hbg3slo] S4 ==
7= AL FAstglon, wixo A Y dES AAste] wiAE Az olek g
yeat extrac®} peptone®] ¥& 0.3%HETF WFHA o] FFo] A=A v HA &
g g5

Diammonum citrate A< #| A3}l yeast extract®} peptone?d %5 0.01% 7FA
FHE ) AYEALS sk Ay ofget Za(Fig. 8).

Growth in modified media No.3 R"'“t"’g_;fc?m ;‘?age“t and
(Lactobacillus helveticus $J20) modified Media No.3

10 (Lactobacillus helveticus $J20)

9 é-!ii

o
w

o
[}
wu

= E
E 8 o 0.2
=) -
=) %®0.15
g7 s
3 01 i
6 T } 8
! 0.05 e =
5 Time(hr) 0
i m Negative Control m0.01% YeastExtract
===0.01% Peptone =m=0.01% Yeast =w=Necgative ®0.01% Pepton Extract

Fig. 8.. 357 wjAelxe 4% 54 2 OPA W¢ =4

} (107 CFU/mL)% &= Aoz
Z do13 A= AzhdE=z
I kel SUkekeE AE ?Hd@g T IR (Fig. 8). <o Za=3 th=24 wF Ate] 57}
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= 0 AZbel Bl 340 nmell M) FFE=7F SUkeke Ae RS 5 Ao, 7
2o WAE ARgste] @M AR S Flsks Aol 48T tede #AQ0F

(&) 424

o T (casein, WPOE 74 1%5 A &3 45 48 ARt o] 59 ol X F3=2] S7t
7 dEE o, Skl mimlstths dAle] Sdle. olE Heshy] s wauide] o
Fe 1204 3%7HA S7HA1A OPASe] REgollM Fofjt F3io] F7P7 B2 s =AE
stk

« Fig. 79 ez e} o] o] F=rF S7bsks A HEe] 0 ARt e F3&=7}
7kl o, 48 AZE o] F-9 0.D.gtel F7hEe] AAE As AT = e £

7t
SJ20 ¥wk oyt A+t Lactobacillus casei 393, Lactobacillus rhamnosus GG©ll

72
MNE FEF5E ol S7teks Fol FT7tste Ae &9 A HEH o= ofg 19 2
zA ol HiRE Azt fakte] wilE BHEAd S OPA WS o] &35ke] EQlsdl S
(Fig. 9)

OPA Reaction(Pruiein concentration, Strain)
WOhr E12hr m24hr ®W36hr ma8hr

£
S o=
&
" 06
@
=
g 04
o
O g2 i i I —
¥éE¥$¥¥¥¥&¥¥¥¥¥&|5‘3§35‘35‘3&3€6‘3¥¥¥
- o - il - ™ - o - ol
Casein Whey Casein Whey Casein
5120 393 LGG
Fig. 38. 494 wjx] A ¢ OPA w-& 54

Table 2. 9% 7}

=gy AP HE&F HF A =4

Ingredient % gram / liter
glucose 2% 20 g
casein / WPC 3% 30 g
peptone No.3 0.01% 0.1¢g
sodium acetate 0.5% 5¢g
MgSO~TH,0 | 0.01% LmlL
sV ’ T (5 g/50 mL sol)
MnSO,~4H,0 | 0.01% L mL
e o (5 g/50 mLw/v)
10 mL
tween 80 0.1%
(5 g/50 mL w/v)
KZHPO4 0.2% 2 g
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(2) ZEulo| YA #F9 FaHd &3 &4 <

o MRS A A 3 ztol] AA AfujgS i) BSdS Hst & 4755 AHEsHA
oA BajaAdS gt dd #5523 0.1 M phosphate buffer saline (pH 6.8)2 A}
g3l 2~33] washingdlel 13,000 rpmellA 94 E23}o] cell pelletS L T ol &
t}Al 0.1 M phosphate buffer saline (pH 6.8)°] &E3 3 casein® WPC7} 22t g
H Aol 1%°] + FEAS HEF o]F 48 AgbEet vl &, wi g AEEE 0 ARH
48 AJZE o] %] OPARMES] FFEE S48+, 4t ztolg g1

Fig.10. A& & n|dd+

Proteolytic Activity - Casein Mgt Proteolytic Activity - Casein H&tH| 2|35
WO hr @48 hr WOhr @43 hr
D5 03
045 045
E 04
c X :
g 03 E 035
. 0 g 03
- m
u w 025
3 [~
3 :
e — 1§ § 015
g = B - o o1
-3 & j— L | |9 005 4
Mmln Nl
P R B AR SR RO O SN N O N
t&\ﬁ*li‘&%ﬁf\ﬁ\ﬁé ?'\é\“\‘*‘“\_\‘&*_\'?‘\?k’q’*'
Strains Strains
P

TF9 Casein 7I-&3 &4

Proteolytic Activity - WPC &

=
=2 ET
WO hr @48 hr

=t
I

=
P

0Od value at 340 nm
2 oo oo
I> on oo e

=
P

(=]
|

D44 |FB 43121 LF22

SC LF16 NR28 NR2% D48 D2 393

Strains

Proteolytic Activity - WPC MEH| Q| #F

BOhr @48 hr

Od vale at 340 nm

RSl ol N 0N 0N ol AN N 0N ol

MAI0 NRO4 MF22 MF2 LB17 LF37 11454 MF32 30sc MR1e

Strains

Fig. 11. A% & 1] A&

59 WPC 7t &3 &4

o Fdwol W3le A9 caseind A% 0.17(0.D. value) AE7F 7HE =& Z7F o7
Elut oW (Fig.. 10), WPC2 A% 2k 1 (O.D. value) BE9 F7}Zo] 7} & Zo7g 1}
Ebte(Fig. 11). ©]+= Casein® A9 A #+x7F §3 @@ 5o vls] aixfo]7] i
of 7hEall7E dojur] oy g 7QlshE Ae® B 4 S

e XS T7F FAE casein®t WPCE 77} dwld FalasQl proteinase K& 0
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activity unit/mL~1 activity unit/mL 7}A] Wk§ AlA Aol A A4S 2A%E & (Fig.
12), 3l AFFHS EUE2 FH =9 F7HES  proteinase K 9] activity umt/mLi =]
33k

Standard curve Standard curve
(Casein +Proteinase K) (WPC +Proteinase K)
04 12

0435 1
y = 18131y - 0.0238

RT=119898

[

y = 0.9854x + D.0063

=
s

08 RI=09648

=]
o
G

=
()

06

/ 04

> nl

D 0.05 01 015 02 025 b 0.2 04 06 08 1 12
Proteinase K ( AU/mL) Proteinase K ( AU/mL)

Fig. 12. Proteinas K¢ f @9 (Casein, WPC)2] #+-& ZH3FF A

=
oy
wn

OD value at 340nm
OD value at 340nm

=
i

<
=1
o

©=

9] proteolytic activityES 3% kel <719} proteinase K2 activity unit® = W33 4
H}E Ayste] A9 10 M9 #59 @S FAE Uehd A3 obg 39 Z5(Table 3)

Table 3. f-99 71838 &4 5H A7

CASEIN Hl=](3%) WPC ¥ =](3%)

. 0.D. at 340nm o Audi g 0.D. at 340nm T Aus
Strain 0 HR 48 W3}gk e STRIN 0 HR 48 Watgk | (AU/mb
HR ) HR
LCO1 0.036 | 0.215| 0.179 0.112 SC 0.133| 1.116 | 0.983 0.992
KC17 0.011 | 0.151 0.141 0.091 LF16 0.118 | 1.099 | 0.980 0.989
KC16 0.011 | 0.147| 0.136 0.088 NR28 0.156 | 1.077 | 0.922 0.929
NRO9 0.039 | 0.173| 0.134 0.087 NR29 0.133| 1.050 | 0.917 0.924
MF9 0.011 | 0.129| 0.119 0.078 D48 0.133| 1.012| 0.879 0.885
LF13 0.011 | 0.127| 0.117 0.078 D2 0.133| 0.994 | 0.861 0.867
MF39 0.011 | 0.114 | 0.104 0.070 D44 0.133 | 0.902 | 0.769 0.774
KY210 0.011 | 0.109 | 0.099 0.067 LF6 0.126 | 0.877 | 0.751 0.756
MF27 0.011 | 0.102| 0.091 0.064 43121 0.175 | 0.852 | 0.677 0.681
MB50 0.011 | 0.100| 0.089 0.062 LF22 0.170 | 0.831| 0.661 0.665

4. mpo]git-E HAE 0|85 ZE TRulo|oE A o At

7F. Ay B

o febulE JlgRE] FAlo] =& 75 14 ) 75 (casein 7 ¥, WPC 7 #5)= AEts}
of mlo]kukg A E Uigt o] &5 JEAE E1E. FEE JpEE %} A Aol A
AFESE WX RS 7o R dlo], FuwAS casein ] vholgwks AAEI WPC



g wlolghdts AAPER Zhzt A3hellon, wek #o] S dEelA FF7]
yveast extract®} peptone DAL FTFS 0.3%= FT7HA7 ¥IAE AFESFS .

x| o] /42 o} 5 (Table 4)

Table 4. vlo] &g AP E o] 85 Flo AME3 wix] =4
, || PO wepoTE
strain contro AAE S AAE
D49 + - -
KC20 + - -
D2 ++ - -
WPC A% | D48 ++ - -
NR28 + - -
NR29 + + ++
SC + + ++
LF19 ++ + ++
ME27 ++ ++ +
KY210 + ++ +
casein A% | MF39 + - -
LF13 + - -
MF9 + + +
LCO01 + ++ ++

(=) OD600 <0.5, (+): 0.5 <OD600 <0.9, (++): OD600>0.9

CER
A 5

AY A3
FEHEE o] g3 1 WA AYME F 14 7F F 6 Tl vlo]Udnks AR 3t
ol&5o] v AR FAFHAS. WPC Zhrislsol 8t 7oA 2 #5(NR29,
SC), casein #3350l 53 Aoz HAutd 4 #F(LF19, MF27, KY210, LCOD)7} wfo]
Uik A g o] 850 U AE FAH oW, o5 ¢ WA s, A
% 34 3 Hy wiAo HFste] AHES5E st E pHEAHS AAEG S, =3 2 &
Al AETA A vho]dit-g AAES H7FEE wix]o] thal MRSoA 18 Al7Hs<et wj ket
Ao} vlatste] 48 AlZE vk & pHS} AAF7F o] T Hlg FEoR FARIEEA
o= glstl5(Table 5)
Table 5. vlo]|&RE-g AP E o] & #F A 23 247
MRS 18h e R Control
ARE AR E
log(CFU) pH log(CFU) pH log(CFU) pH log(CFU) pH
LCO1 9.60 3.88 8.99 4.47 9.31 4.97 8.09 3.81
KY210 | 9.37 4.34 8.87 4.57 8.91 6.18 7.44 4.46
MF39 8.43 3.84 7.64 5.24 7.87 5.16 8.23 3.91
LF19 9.02 3.84 7.69 4.57 7.89 5.15 7.89 3.91
NR29 9.71 4.3 8.13 5.52 9.05 6.21 7.95 4.44
SC 9.05 4.36 7.02 5.83 8.10 6.24 7.35 4.43
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Casein 3 vlo] &wk-S Al E-of %
18 Azt FQF wiekst Ayel A

T LCO1¢F KYZ2100IA e Aol Hja% MRS A]
A5 Hole Zo= yetow, pH W3tk o]
froletAl "olxl= e F1E ARF. ESE wlo]dnks AP Eo] Eoj7tA] Ee
control HjA[ellA o] ARt} wlo]duk-g A Eo] H7be wiA oA AFo] -FatA e
gorm= olg EUR d oA wloldukE AAFE e o] §Fo] EAsH, o=
s Aol F7tE Aoz B 4 S WPC @ vlo] ks AAEolA = LCO1, NR29
ANA fok wd3 A7 YeuE As o T AU
HFHoz 2 A AEAAA casein frdl vlo]&HEg A E A= LCO19 KY2109],
WPC 2] vlo]dnts AAE M= LCO1F} NR297} 717} o] &5 -3t = &2y
Rom, F 3 TFE o] A= o]&Fo] dv dFE AEESS. 12y WPC
Frefl mho]lukg- A Eo] EgE iAol A pH7F Beol "ol < AE sl
°]%= whey protein AA7} 97144 @¥idR FE Aol AAYEHEEE whey protein?]
well oA pH7F Heol oA A & Few HS

rSL__

il

4

A%

m&

g

93t HAxA A &), small-scale?] tf
T =]

g
&k wigtH] S A HEFRASs G493 HATade vt wign)e] Aol A v
& 5 pH7F A4 pH 4 Fro = "Wolxl Ay 314 HybHol o8 A 58S &
d o AFo] M T2 2UE HAY daxyoz AHst
o wAadd, dAgdogyn mrolduky AAES AES A3AI7]7] 98] MRS 24
7o 2 ady a9 wEE 243 modified MRS ¥R S AMg3sle] HE HA 2
S HASA S, &9 glucose?] FEE VS 2% OHT UG o0 R 2SS
AArYPoR AEH = beef extract®] 4% Aol $HHstA HA &+ tpkst dwd H
T el =Ado] EFEo] lo A A AN FATE 2 AR JoBE o]F A7t
I, o8 A A9 A 2] Aol Zag 724 a4 A Had HA
ArYo]l Hashy] wiTol yeast extract®} proteose peptone NO.32] %S AJ7go] &l
H 552 0.3% B @3e wEkow wiYgs ggdon, w3k dAdow ARgEHE 9
ammonium citrateE #| g
gk wloldNbE A= wRe A WAl AFdA 7o Aol IR 7|E 3% F
LHY O 52 555 Agste] wloldkukg A= i ol&5o] TS F U=AE

k183l modified MRS ¢ /& of#fj 9} Z3(Table 6)
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Table 6. AL E ZA9Y

CRERE

Rigi b i

Ingredient

%

gram Jiter

glucose

2% / 1%

20g /10 g

L+C or L+WPC

3% / 5% / 7%

30g/50¢g /70 ¢g

peptone No.3

03% / 01% / 0.05%

03g/01g/005¢g

yeast extract

0.3% / 01% / 0.05%

03% / 01% / 0.05%

sodium acetate 0.5% 5¢
1 mL
MgSO,-7H,0O 0.01%
(5 ¢/50 mL sol)
1 mL
MI‘ISO4-4H20 0.01 %
(5 /50 mLw/v)
10 mL
Tween 80 0.1%
(5 ¢/50 mL w/v)
KoHPO, 0.2% 2 g

U A9 23

A 2P
TE PBSel| washing3t %
Ftoll A A+t<F pHE

H] 2 (MRS agar)el]l H&3ste] g<la14S.

=z 5lod o
%4591

gk Al (Table 6), MRS Hi#|ol| A 32} 7Althsto] A

Aol 1% HEF T, 242

h

Ao 7%
= 4 7HA]

0.1%
AR

olg) 9} #S-(Fig. 13, Fig. 14, Fig. 15)

TS HAG A o
0 AlZF, 24 AIZF, 48 A3 72 A
peptone<ol ¥& 3

5ol A =4 R p

—4—Y/P0.3% —@—Y/P0.1% —&—Y/P0.05%

97

A4S

92
8.7

/

Pk

- = /

7:2 -w

Fd

: —
67 67 > ﬂ\j'lg
6.2 6.2 62 ——
] 24 43 72 0 24 43 72 0 24 45 72
Glucose2% + MRPs 3% Glucose 2% + MRPs 5% Glucose2%+ MRPs7%
—=Y/P 0.3% —fl=Y/P0.1% 5 —=Y{P 0.3% =—f=Y/P01%
9.7
8.2 5 d
7 J&
- -
= N 0
a3 /:/ 1 2t . \
ol N\ 4 \
77 " N ‘k
; 2 5.31" 4 \
2 1
67 5 " \v
% ; 52 0 i
0 24 43 72 24 72 24

Glucose1% + MRPs 3%

Glucose1%+ MRPs 5%

0 48 L3
Glucose1% + MRPs 7%

Fig. 13. Casein f& vlo]&utg A=A L.CO13} KY210-4 A
437 (2= Y A= 23 F
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102

——Y/P0.3% —B—Y/P0.1% —&—Y/P0.05%

0.2

102

102

4.07
5 9.2
4.23
/ 82
72
62 T T T 6.2 T T T
Le] 24 48 72 o 24 48 T2 o 24 48 72
Glucose2% + MRPs 3% Glucose2% + MRPs 5% Glucose2% + MRPs 7%
102 102
2 - 5.75
92 92
// 4.91 / /&
8.2 6.14 82
/ e L=
72 Tl
6.2 T 6.2 T T T
o 24 ® 72 0 24 28 72 o 24 48 72
Glucose1% + MRPs 3% Glucose 1% + MRPs 5% Glucose1% + MRPs 7%

Fig. 14. WPC & vlo]&et-& A EoA LCO1 HHLE =4 &4 A7
(2= &9 A& ¢& F pH)

10.2

9.2

82

7.2

6.2

10.2

92

82

72

6.2

=
=7

o

24 42 72

Glucose 2% + MRPs 3%

48

Glucose1% + MRPs 3%

72

102

8

8.2

72

6.2

—t—Y/P0.3% —@—Y/P0.1% —&—Y/P0.05%

10.2
T
Ir'—’:‘ 52 e
/ f / v
ﬁ; 82
G6.88
72
g9
; ; ; -
¢] 24 a8 72 o 24 a8 72
Glucose2% + MRPs 5% Glucose2%+ MRPs 7%

10.2

92

8.2

T2

6.2

L¢] 24

Glucose 1% + MRPs 5%

432 72

24 48 72

0
Glucose1%+ MRPs 7%

TEH R ol
Hol= A& et 5 gislen

Fig. 15. WPC ] vlo]&ut-$ WA Eo|A NR299 HALE 24 &4 A5
(2= Ao 2= TE F pH)

o BREY TR SRS

#59]

= 7
., Yeast extract®} Peptone NO.39] <%ko] ZAojaAf=
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3l = a1

o] A

w3k Glucosed A-F 29X T} o}

WPC el vhole

=i
=

= Casein

(Table 7)

Kol
=]

LO — Q
S 2 &
.. O
=) i~
() — X —
g - <
oY o @) ) N
Z,.ﬁ D) N N T O %
= I T o
to T T @ =
Ho < n4 N
+ E g o858 =
T 56 2%
N R =R =Z XM Gl
L} | | "E = = L}
o B . - .
__M_ o o ™M o
iy o o o o
G Z. Z. Z. Z.
X
o o o o
) S S S S
a, a, a, o,
13 13 O 3}
oW %P %P el ol
N RERS! M S IS
NS o® N A N © Ny O
=R .. B B e ..o B
= X = X e X e X
0} ) [} ) eMe eMe
n o 2 = %) %)
S D T |0 T B RIS U 2 EISU 2
28383 =28 8~ 828 3~
O O > 3|0 O > ST = 5 3T =2 = 3
"= = = "= = = " =® = "E = =
© o N o N
B @) S @) o
n — ~ — Z.

tel BSA o gk

2 og3

152 Bradford method

KR
9

1k

M iz = vhol <k

b1 9

S

vl A

ahs

A u) A o)
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S, npo] kS WA E-] VR E T FTHO yeast extract 2} peptone T A o] Eoj7t
solutions A|Z3te] 4tk &S Hluste] wlo]dukg 7hEalEe] ks aE gl

6¥

S ) Z-(positive control) = 3HAF3E &
o)
AN

Aol = Aow d#HZ 0.2 mM2 ascorbic
acid T8N & AFE3ste] o] v F JYEF 5

Tk o teEsEs Y 2 daste] dolxl fFuid sheREEe] ¥
kst % e Wy o R gldte] fuwld vl g vlo] kg A ES] Tl
d=o] kst Ao o7t e A& Rl

ksl g3teE odsk WHSo] 9=, DPPH method, ABTS method, FRAP methodZ
Abgate] o2 gAkst ARel A Hlgk Aol YEtdEAE Tt s

(1) DPPH method

0.3 mM DPPH (2,2 Diphenyl 1 picrylhydrazyl)E methanolol] 2 # A

AR A
Agt gefel A &A1 F, 517 nme] FFECA 0.9~1.09 FFEE ZEF DWE ©
23}o] 3] A3l DPPH reagentES A %3
o7l 1 mg/mLE ©d o] A H wlo]k W3 JleEddlE R FEW Tl a
sample €9 50 pL ¢} DPPH reagent 150 plLE &3k & dx79] 37CA 30

98- A7l 2 517 nmollA 3 EE SASA . tlZ=7(control group)® sample¥} &
9] D.W.E DPPH reagent®} ¥H2 A]Zl ¥ scavenging activity(%)E AAEsH= &2 o
43le] FHFAHOF scavenging activity®s Al4FE scavenging activity® T2 32 o

ol ste] Al S

M
2ol A

oD — 0D

control

0D

control

sample )

Scavenging activity (%) = ( x 100

(2) FRAP method

FRAP reagent+= tS3 #& whHo=w #4113 0.31 g9 sodium acetate trihydrate©l
1.6 mL9] glacial acetic acidE #7}3F & D.W.E #H7lste] 100 mLE H3E 2435t
solution AE A %% T3k 10 mMe TPTZ (2,4,6-tripyridyl- s—triazine)E 10 mL 40
mM<e] HCIZ &3tsto] solution BE A|xE. HE3H FeCl3-6H20 (Iron(Il) Chloride
hexahydrate) 20 mMS 10 mL D.W.o| =9l solution C& A|Z3. HEFAH O = solution
A, B, CE &£33lo] FRAP reagents A %39S

5 mg/mLE @SS 243t vfo] i3 7hisllE 89 6 ulet FRAP reagent 180
uLE &3sk 7, 37TCeolA 30%%t ¥heS g = 593 nmolA] FFEE 5SS
272 sample?} 5% D.W.E FRAP reagent®} WH&-A|A blank%}oi A

FeSO4 7H20 (iron(IDsulfate heptahydrate)S 0~1.0 mM9Y s == ZFA3}e] o]= 593
nm NN FFEE SHs Y FHEE o83 Z”\*«] HEFSAS A8k,
sample?] AFeE S FeSO47H209 wXxo tiv|sle] Yeldls. 5 &
sampled| Al & Fe3+ ©]&o] Fe2+ o]0 =2 3tYA7]E= stddo] 7] wjio] 34aks}
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=2 sampleoA] AA o2 =2 Fe2+ %7} e} A 2 (Fig. 16)

FRAP Value Standard Curve

y = D.6817x - DDEV
Rj-gg}

e
o

o
g

2
o™

&
P

0D value at 593nm
(=]
w

B
w

s
e

0.2 0.4 0.6 0.8 1 12
mM of Fe,50,.7H,0

Fig. 16. FRAP value 34 A% I 4

e
N

(=]
s

o

(=]

(3) ABTS method
e Ethanoldl 7 mM¢ ABTS (2,2-azinobis (3-ethyl-benzothiazoline-6-sulfo nic acid)

diammonium salt)S =9I Solution A ¢} Z7FF 2.45 mM potassium persulfatesS =
°] solution BE # £33l & 4204 12~16 A7+ AX st radicals A 7], o]

S 743 nmol A SF =7} 1.47F H == D.W.E 343t ABTS reagentE #| =3

. 0471 of 5 mg/mL & G¥AES UG who]dNkg kR E #8 20 uLE 180 uL
ABTS reagent9} HFSAIZl & 6 #3F AXg. A3 & 734 nmolA FF=E SHT
Hx=72 ABTS reagent®} D.W. 20 uL& H¥H& A7l & d)x=4-9F vlusle] O.D.gko] 7+
23k FS 54 3Fo] scavenging activity(%)E AlLEelom AAbA L ofge} s

— 0D

sample )

X100

Scavenging activity (%) = ( OD

control

U A9 43

(1) DPPH method

Antioxidative Activity - DPPH Method

100

80 -
70

60 -
50 -

40 -

30
20
10 -

Scavenging Activity(%)

Ascorbic acid ||

Control [

Casein

Fig. 17. vjo|gut-g AAE 2 fod@z vty 7l-E8 52 DPPH methodE ©] &3 33}
g9 <l
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(3) ABTS method
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A-S(L. Franzini et al, 2012)

B AFSoA] F el g A A&l Isoflavoned 74-¢ serum lipid A7 &3}
A Ak 2SS AdaA 23S wG e rogites Bavt 2w (Mohktar
et al, 2004 , Chung et al, 2008), %*@} gAo] =2 2 AR FE=CA AduA 4
2o YIS wEed 7Yt Hae Q) Kris-Etherton et a/, 2002)

olggt A AF AANES FIA FAtst S ZEe vio| S i EsEe] A
715 NAANZD 7 Jde FAAE 754 e EEE B g oo, AdR T A &

A
HAH cholesterol®] A7 % gFAZE Ao A& & ¢ S Aoz Aztd

32
dlo
pLgcs

oFA| Eo] AlgtEo] A

7% ZEulo] Q¥ A #F9 A9 Cholesterol assimilation, bile salte] &3] 53 &
712s Sl FU2HES F4E HFo & 7 de A7EAY 5ol B Ho glom, &
< AP E faide] vt Bl AE fd dwd AEEY] Vs EdAE s
HZo & AslE =8 + Ae 71648 HAeol=so] BiHoUS

g APoAe 1xdel] Mgt Zzuto] Q¥ s 7o G|, #FE Fdl nlold g
AAES TaAA e Bg JteEdlEdA FUH2HEY A8 ads Elste A
o =

Ayl Z2ulo] Qg #59] cholesterol A3t 58S #H7IsH] Yal Colorimetric
assay® €3l °ol& ATIHAF

Z2upo]l QB A #Fo Ag, #FE MRSl 0.3% oxgall ¥ 0.2%2 sodium
thioglycolateE #7}ste] 121TCo|A 15587t autoclaveste] MRS-THIO®|A| S A %3t o
719l Cholesterol micelle (Cholesterol 1mg/ml in 0.4 mM sucrose solution)s 1%
(w/v) HF3}le] Cholesterol®] =7} 100ug/ml ©] == g of7]d A¥HE #F= 1%
(W/v) HE3e o5 37 TollA 24A13H5<E vkt o] 5, vj%F A5 ollA cholesterold<=
sl A ?} cholesterol®] %S #2135} o olu] cholesterol® A& I}7} e}
A g o2 7S AITEA ¥ MRS-THIO A E AF&3F MRS-ThioHl] =] ol A]
247171 HHO oli 11,000 rpmellA 153t fAZelste] 42 A5 2mLel 95~97%
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ehtanol 3mL¥} 50% KOH 2mL<& #7}3le] water bathollA 60T, 10&7F A g]st. A2
A WZtsk & hexane SmLE& H7bste] FH2HES 553513, HexaneT & wEldto] 6
0C &%oA hexaned 7]3A|#H A AE. hexaneo| A|A%E FHol o-phtalaldehyde
(0.55mg/acetic acid 1mL) 4mLE& #H7Fst &, 34k 2mL& A A8 #H7Fskal 550nmel A
spectrophotometerg ©|-&ste] FFE=E 7. "g TH|EE cholesterol standard
curves ©]&3}e] cholesterold %<
nlo] ek whg- A= (MRPs) 7hr3l
due 7|Wo R &tof, wlo]gk Wk
o

(Table 8).

ol FU[U

4
=9 FHzHE ARads gelstr] fsiA, MRS
AdEol HA7be wWiAE A= wjA =242 ofdet

v

FANR

Table 8. MRPs medium® A

Ingredient ZA4 (g/L)
Dextrose 20
Beef extract 0.0
Proteose peptone No.3 5
Yeast extract 2.5
Sodium acetate 5.0
Ammonium citrate 2.0
Dipotassium phosphate 2.0
Magnesium sulfate 0.1
Manganese sulfate 0.05
Tween 80 1.0
MRPs 30

o] wix] FAel| 0.3% oxgall ¥ 0.2%% sodium thioglycolateE ZH7}star o 7]9
cholesterol micelle (cholesterol 1mg/ml in 0.4mM sucrose solution)< 1% (w/v) H&
aoi cholesterol®] &%=7} 100ug/ml ©] =% 3t of7|o) AHEHE #F=5 1% (W/v) F
gk o] 37TeolA 48A1%bE<t st o] % wiYF AT NelA cholesterol¥s A &ato]
_I_I} cholesterol®] %5 &olstl o A& v Ar)o 7]&3F colorimetric WH S
s ALl

Y~ Z9 ALETDE % reduction rate®E AALEYG o AAMAIL ol e} e

U?i 0¥

Control cholesterol — Sample cholesterol (ug)
Control Cholesterol (ug)

% cholesterol reductionrate = ( ) X100

ok AdE o] MRPso 7hiEs 24
method& ©]&3te] 7hidl 24 SAT. 2aE 49 MRPsolol v& &d AL
5ol A% A= H7EEol 7] e, whEolA A EZe] vEhr] wiiell, HA AL
2 7k g4 SAd AREskl= olel® ARl SIS, wEkA o8 Rekstaa), vt
ol W MAE 3% (w.v) # glucose 2% (W/V) 7} H7He 8ol 109 CFU/mL 5
ToE #& AT F LEE AW AR g5 Thedd 24e A 2a
7F Bk A5 HE 200ul WA 110mL TCASE WHSAIA 3023 AAAIZ. ©]F 4000rpm
ol A 301t AR FeNE @ F, OPA reagent®} WHEAIZ. W o] F 340nmel

stolsl7] 938l o-phtalaldehyde (OPA)

mE mlO
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1xpd %o Adsl 3714 5 (LCO1, KY210, NR29) A #59F 55 o] &3 2gr}
Rl & Ze2vE A3 avs s (431212 45, e =HE Az 7}

a
= ZEnpo| Q¥ dF(Lactobacillus acidophillus) 2" positive control® A& o

H

-
s

Az

Cholesterol reduction rate (%)
(MRS, incubation during 24 h)

100
90
80
70

60
50 -

40 -

30

20 | {— B |
10 - . .
0_

43121 \ LCo1 \mm‘ NR29 | 43121 ‘ Ic01 ‘ky210 ‘ nr29
MRS /18 h MRS / 48 h

Reduction rate (%)

Fig. 20. 1z} A8 #39] CholesterolA 7 &3} &<l

Cholesterol reduction rate (%)
(MRP Medium + Probiotics, 48 h)
100
90
= 80
= 70
L]
*@ 60
£ 80
S
'g 40
T 30
@ 1
o 20 -
-l ]
0 —— —— _—
CMRPS ‘ LCO1 ‘ KY210 WMRPS ‘ LCO1 ‘ NR29
cMRPs + Probiotic strains wMRPs + Probiotic strains

Fig. 21. 1z A4 #F¢9 MRPs 2 & 7l5%3] &2 2 Cholesterol A & 3}
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F9] cholesterol A7 &3+ 20-30% the] ©& G35 Hole Zow HQow, 45
& Apel7F yetuA e Aoz FAHAS(Fig. 20). =3+ 3 #FF o83 LAz
w57} Z2-= cholesterol A7k ;49} Al AY o s 10% © O}“] AAE Mol
o % YetaFig. 2D, ARHo R 9 Al #F8 Al #FE o] &M AxF who]ek b

5o g 7R EA ¥ cholesterol A&t 7154 oFdk How AEAS

A oo W AL M

3% o
do o

EE}E}H, IApd=ol] et Zheis] 4ol e dFEe WAL E ARe Zenoley

s R A AYe AWHYE

Casein ¥ WPCell thaix] 7hritsl] A4S 2t d55 FolAl, whol%k whg AdEe] H
7hel w4l Aol Lactobacilli®] FiA¢1 MRSelA FrbE d7go] gls= s
of pH7F 4 7H4] "ojAl=, BRG] v AR HiHs #5585 A= Awd A
et A= o9} Z-5(Table 9).
Table 9. wlo|gkg YAEL o] 7t dF9 A

MRS18h cMRPs MRS18h wMRPs

log(CFU) pH log (CFU) pH log(CFU) pH log (CFU) pH
LCOo1 96 383 8991 447 LCO1 96 388  9.309 497
KY210 937 434 8871 457 NR29 971 43 9051 421
MF39 843 384 7639 524 NR28 905 436 81 6.24
LF19 902 384 7693 557 D2 912 384 7.8% 5.15
MF9 931 39 7451 597 KC20 894 412 741 6.21
MF27 904 401 854 431 D49 91 399 715 6.1

MB50 895 3.89 894 4.52
LF19 927 395 8.97 421

Caseint Lactose WH§<S &3] #Alx2¥ G-casein oA += 7]& LCOL, KY210 <
MF27, MB50, LF19 #57} MRPs& ARE 7bsd Zlez A1¥flov(Fig. 22),
WPC+ Lactose HF&S F3l] Alx" G-WPC Edo|x= 7]¥£ LCO1, NR29 <] MF36,
9018, SC w7k 77k G-WPCell tigh o]&weo] &lslen, g d55& 7ML
cholesterol A& &3= 3HFig. 23)

w3 vtg AIZF 9 cholesterol A3 &yl W3} —ir‘”]% stolaly] Yeia HaEAZHS 24
|7}, 48A1%F, 72417k 2 thFElsle] cholesterol A& adE g

N
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Cholesetrol reduction rate (%)
(MRS, cMRPs Al 2t 2%)

100
£ m24hr  ©48hr W 72hr
% 80
c 70
L
5 80
3
g s 3
E 40
2 30
Q
° 20
o -
© 10 I

0

43121 MF27 MB50 LF19 Ky210 LCO1

Fig. 22. 2x} A #3(G-casein 1&) ¢ CholesterolA 7t &3¢

Cholesterol reduction rate (%)
(MRS,wMRPs M 22 =)

100
90
80
70
60
50 F—h
40
30
20
10

m24hr ©D48hr m72hr

43121 MF36 9018 sC NR29 LCo1

Fig. 23. 2z} A¥ #F(G-WPC 18) 9 CholesterolA 7 &3}

22 A #5522, MRS A Cholesterol A3 a3& &3S u], G-casein LA
MF27, MB50 4] 40-50 %the] H]i% %2 Cholesterold3] &7t e A& &
SR, T G-WPC LgFolAE MF36°] 50 % o %2 Fdlz~dHE As axds e
9018°] 40 % W aIE YeEFH ST, Sc, NR29, LCO19 A5l Z2HE A
a¥7F dudes wng o Jeikg., waAgted o avs o3 vtk 7H7
OkALS Hol= Ao E UENEOW, G-caseinlEZFAAE AFoxE ueld uf 7z} A
FelzHEe] AFENTE FoHor Was AoRE B offE Ao B

PC ZFolAE 2447l A Ze2HE As 277t fostA UA do s AES
T Ao, o)Al AS gIsy] HEiME FUHA Ade] dad JoR K

oD% oo
K

C)
m?L' g rUEE rlru

e



Cholesetrol reduction rate (%)
(MRPs medium, cMRPs &1 2 2 3%)

100
jelo]
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70
60
50
40
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" j—h : h | 5
o | Ml |

cMRPs MF27 MB50 LF19 KY210 LCO1

%, J
Fig. 24. 2x} A #F(G-casein Z1&) ¢ MRPs 2@ & 7[+EE 9 CholesterolAZ &3

W 48hr g72hr

Cholesterol reduction rate (%)

Cholesterol reduction rate (%)
(MRPs medium, wMRPs & 2t 7 =)
100
B48hr @72hr

90

80

70

60

50

40

30

2 )

i
- L1 i
. : T
WMRPs MF36 9018 sC NR29 LCo1

Fig. 25. 23} A4 #F(G-WPC 1&) ¢ MRPs @& 7}-EMNEY CholesterolA 7 &7

. wlolek whg A

o?r_,

=l G-casein®l|

il

3 o] 7}EREEo A= Casein + Lactose WHEo A A3

A MF27& ol&3 waEor 50% o FdxHZE A ads Fdd 91 on,
MB509I M= F 40% o FxHZE A7 a3s A = AJS(Fig. 24). T3 25
9] G-casein®o] 20%9 Y& Fulz=HE Asaxds detde=d whs, MF273 MB50S
2 g3 $of ZYxEE A anrt T AL FAdE ANS

o W G-WPCelM &= #WtA o= 20% olste] ve FdlzdHE As a3t gl=Aey
g A G-WPCZF 20% tloll &35 ol wbd g o] Fo o]gjdt giEo] o uf
g} et AZ hacte AES B30 A (Fig. 25)

A q
o 3T AAES FE|A, casein + Lactose HFolA A E G-caseinolA MF273 MB50

Lo

m[o [‘
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7b ol Aew AR UE F Al
1Abd o) Abgk 5 o, FUZ2EHE A 78S e dFES o RE 7T
HASS o JaAsglS. 7S dd AP ZFHzEHE AsE Ve AE e
FE8 Adyoe] g #5FE FoA MRPsol W3t o]&% 2 wraso] I AORE H
T TFES AEF = MRPs7F £017F Sl Al 304 MRS HlS23h =0 4%
pH A3tE Hole #5755 F712 AAdsH(Table 10)
Table 10. ZH2HE A} 71548 #59 MRPs o|&% &5 A ZAF
Strain MRS18h cMRPs wWMRPs
log(CFU) pH log(CFU) pH log(CFU) pH
43121  9.34 3.8 7.98 6.15 8.24 4.98
LF35 9.21 3.6 7.01 6.65 8.95 4.25
SF 9.01 4.02 7.51 6.54 7.5 6.98
MA1 8.95 3.98 8.45 4.32 8.67 4.58
LF1 9.13 3.78 6.67 6.87 7.21 7.32
B719 8.47 4.1 6.98 6.51 7.15 7.45

ot HaE st MRPs @& 7l EolA 50% +59 ZFda2HE Asfad

o oMo

<)

AHAAY, G-casein A& MALlo], G-WPColl A+ 43121, LF35, MA1 % 3357} MRPs

ol ek o] 855 2 e Frieglen, of 37k #55 7M1 AL, MRPs7t 24

A Azxste], ZU=HE Adt sHE SAHAE

Cholesterol reduction rate (%)
(Bl 2HE Mol 257,48 hr)

(cMRPs) (wMRPs)

100
90
80
70
60
50
40
30

100
90
80
70
60 |
50 | =
40 — -y
30 | =

Cholesterol reduction rate (%)
Cholesterol reduction rate (%)

20 — 1 20 === =
10 — L 10 ﬂ—r»
o 0 |
MRS \cMRPs) MRS wMRPs| MRS wMRPs| MRS wMRPs|
MA1 , MA1 LF3s | 43121

Fig. 26. Y28 E A3 F #39 MRS-THIO¥| X ¢} MRPs
A7F WA oA ZHE2HE A8 axdel &<l
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AAZA 3, Fig. 8914 ¢t o] MRSAA Uetus Fdl=vHE At a3 &% setst
© A¥des I F AAS. 28 G-caseinol A MAl1S = 2ad AlEoA *Eﬂ*Eﬂ
o] 50% 7FF =A Ast HeE A AT F UdAd v, G-WPCAlA = 99 A3e}
R A 2 MRSE S v w2 ZFE2HE Ast a34E dehle oz Yes(Fig.
26)

HEAoR ZY2H29 A3 EHE casein? Lactosed ¥HES E3 AAgH
G-casein 1EAA YehE Ro=z Feld 4 99lon, G-caseinolA MF27, MB5O0,
MAL ©] Al 74 #5E5 7HAa 2a s JgPs o, Fd=v =2 A a7t devs
Ao APdE T3 29T 5 U=

BE3F Casein ¥ G-caseinitell m3E &Qletr] Ha] Adtd Al 74 #5FE G-casein©]
A7Fa A9k caseino]l F7ME wiAl 2HolA FHlzEIE AR a3E @Qlste], wlold

whgol dojut MEa dolibx] @ WF1re) Aol F Polui UL APIAS

Cholesterol reduction rate (%)
(48 hr fermentation)
100

90
80
70

®Casein O cMRPs

|

50 —

30 — —

20
10 .+ = -
0 [E—

Control MAA1 MB50 MF27

Fig. 27. Fd2HE A3t &4 3 G-casein@} casein® *}9]
Casein ¥} G-casein B Wa o dlaA &g $o FU2HE A3t ai7t 57k
He AS FAE  dUE. Caseind G-caseins HHS o) , Ad 3744 o5 7
casein BT} G-caseindlA ¢ H& Fdl~HE A3t ads g 4 A3 (Fig. 27).
g HAS Fall Casein® HaEE HU mlo| ‘ﬂgoﬂ Q]'H A E G-casein?] #H E 9]
U zdHE Al a7t LFolvnt 25 SUbeE URoH, ol A}
of thek AQle FFo g AU 2ed Ao
AibE M 752 G-casein®ll tlg 7hEE] A4S 8

0] 8-3lo] G-casein® #3 AEZS Folstgion, Ay

tl

¥

fl

i mlo
L)
[-40
o
¥

o
rO d
Q‘L
K
gi
o
N

N
>
i,
@)
e,
>
ol
it
o
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Degree of Hydrolysis

(OPA Method)

0.3

0.25

0.2

0.15

0.1
0.05 7I— — e
N E B EEEEE
Q0 hr 48hr T72hr 0 hr 48hr T72hr 0hr 48hr 7T2hr
MF27 MB50 MA1

Fig. 28. A% #F9¢ G-caseind] W3 7}-E3 &4

cholesterol?] A3} &7} MRPs Aol A% #]5=dk Fegoz vehbs AS F3l4 MRPs
o] B ggnri= #5 AAF 2t 2o ~EHE A7e @] ue el 27 o
T Aorr A B F 5 (Fig. 28)

g AellA= GC-FID #4415 o]&ste] Fel2HE Ast @4S BFAoE gjlst=
[e)

Aoz AdEo] 9o} colorimetric assayollA] ¥HE238 S Eg] Z=313] Cholesterol?
Aek Ayl JdsEFd o, exe] WAL =X ¢9tr] Wil Colorimetric assayWro =
5 ZEe AT HxE ST Akl o]l GC-FIDwA2 HashA &5

Cmolakul AHE E A

r—]m
%
it
L
gk
>
ofo
o
]
oX,
L
S
0,
5
|
S

N
tlo
R

A7F AgelANE dadol 4A $9o A8 L BE &S e wh,
e e Jga el w gae] Ao g Aol AL AdFol
g = A gxe] ghrha Aol Aol Hw F
% 9%, FHUR A AATO] UehA g B4
Jrb Ade ARAu FAFS NEE dEd P9l A AHE fFumstel, 4

ox Fﬁi
=2

rd e
Ak

el >
2l
L

et
rJ
X
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7F A W9

3, plasminogen free fibrin

PRS-, sl WHol A= platedoll A

L'y
o)
2
L
o oo
T
rlr
fi‘i
@)
@
jab)
"‘{
N
O
=}
e
RS
O:::
2
4T o

. ’éﬁdiﬂr%ﬁ g5 25, 0.1M¢] Borate buffer (pH 7.8)& #AlZxste] EeE W& HhE-
71d 2 aiE &3 A7 1% (w/v)9] fibrinogen< borate buffero] %3] o<,
7loll 1.2% agarose solutions 7}gste] F3] 413 ¥, Fibrinogen solution®} 4]
S o] 7]9 Sunit/mlY FEZ Thrombing #7}élo] FlbrmogenE Fibrin®. 2 #3xA &
A AR, A2 A T3] Plate7t &2 218 &2 s ) 2mm A 7E 9 & Plate
el vk #

e Sample U9 Axpel webx] FH[E. WA Z2ufo] Q8 A~ 5o ddgs] 848 &
A3t7] fsted, 24A17F S wleFd MRS culture?] cell free supernatantE X2
= 7.8% ZA3}e] o]= Fibrin plate®]o] A ™. MRPs Ha&E9 ays 2lstr] 93|
E}% T M 2o A HEE e

HA 27118 MRPs Medium® 2 WH3a, MRS £AS 7207 3lo] dAdrd ARS
3% MRPs ®jA|& A & 9o Al A58 Table 19 24| & 10" CFU/ml F22
AFste] 37 T 4847 &9t wsle] pHE 7.82 243 & AMNELSIY F5AqS F
slo] Ago] AFgst F WAl 2712 MRPs Solutione. 2 ™ 3lH, MRPs 3% + Glucose
2% T&q 10 CFU/ml o2 #& HET F, 37CoA 4827 o nlde &
pHE 782 X745t dilidste] dsods Fste] Ao A&

o o WHoz AxE &Ade] AE 20uLE Fibrin plate’de] 2mm 7<) holed A4
gk & 37 TollAl 3AIZEE §h8 A7 §, Clear zone A4 oF& AT

* Positive controlZ+ 3 &3] okA|Z AF8-¥ 31 9l Urokinase®d AF&-3F3 2

FEE Plate’dol A Aglgk o]Fo, A== Clear zone WA S 3o A=

g 5, AEolA YERhd Clear zone® WA oldd thulste], dx &3 5= X3} st

%5, T3 Negative control2+ 0.1 M Phosphate buffer salines AF8-%

z , 1xhA %ol Mgk Al 7FA] w59l LCO1, KY210, NR29E M]3, fouz

Zhradl @40l UEhd 7 FES ARSIl S. Casein AW IFAA A9 1095 A

3lo], G-casein®] WaEE A xd AHg3IF o, WPC A8 oA 4 1575 AF

sto] G-WPCe] aE AlZol| AH&33l&

=

(o]
=2
o
o2
rl

[€]
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U A9 23

UrokinaseZ 0 unit/ml ~ 500 unit/ml F+o & 8 39<S w, Clear-zone©| ©]o] tiH]
sto] F7beke AS &lsksl = (Fig. 29)

g g s W3sl7] A sampleES Control ZF o2 AAsIe] &8 o] HAs
3}

A5

o g Aol MRS, MRPs medium, MRPs Solution =+ dd-&3] A Yehl#] &= A
S &1%(Fig. 30)

m i MRPs medium

MRPs solution

Fig. 30. 2 & A Sampled AL &4 &<

MF27 MFS NROS KC17 KC16

LCO1 KY210 LF13 MF39 MBS0
@ @ ® @ (O]

® @ ® @ ®

MRPs MRPs
medium medium

MRPs

MRPs
solution

solution

Fig. 31. Casein 4l

o
=
N
yE

MRPs a7l es] 483 &4 <

_79_



Casein A% 1070 #FolA, #F9 @45 B7] AT
EolA E5 Clear—zoneo| WAE A &fom, olF F3l
ght ol o] gk MRPs W& 7F5 3] &l
+=(Fig. 31)

rir
ek
2
ofo
i)

2,

o

LF28 MF36 MF31 LCO1 LF37
® @ @ @& 6

D2 LF47 D44 D48 NR29 SC  LF33 NR28 LF16
® @ ®@ @ @ @ @ Y@ @& 6

|
MRPs | MRPs
medium | medium

MRPs
medium

MRPs
solution

MRPs MRPs
solution solution

Fig. 32. WPC A% #F % MRPs 2 a7l E3E9 A &8 &4 &<

WPC A 1670 #FollA = 918 mizi7tA =, 5 ZAA9] &3¢ MRPs 7hial = ol A
g4 &8 a3t gl Aoz YEEE(Fig. 32)

AzAoz, B AN Aue wavooEs FFd slodns ALE, #IE o8

= RN
vpo] ¢k wbEs A= Ta ThewEsEeA 2F ddEs] dAo] fle Aew AEUE
F 99

. mholiks AAHE TR JlrEd=E EFN A 84 &AUn vitro)

Thrombine ¥ &4 9 e A5 Sl 5-2¢ e W4 @id WrAYS
of oajr 43} ¥ o] fibrinogend Fibrin® 2 H3A|# & H(fibrin clot) Aol #ojs}
o, Wk oofye}, daw &, Y H8A 3 B g2 WE dYgME T 53
AAA, d8 W dde AEA7IL das A4 A7l 583 9 =
A e g oL FY2EHE s v e vk AR
7} 3 Fibrinogen®] <7} sl 93 dHdF2] oA
71 ArES SElA Bad vl s

=
ki
)
Anj
Ho
o
X,
=
i,
=
)
rir
ke
=
il
o,

49 P

71 A8A o= Aggregometer® 83 A% S A FAHS RISt o=
] ]

A= o] g ot Aggregometer?] A 71717 @A S A Al o] FH|EH o] 9l



Al = EAZE ARS. T o] V7] QR #FAS oF T A APl A& Ratol
of 3l Platelet rich plasma (PRP)¢} Platelet poor plasma (PPP)E 4|3 o]
of e]F-olA A& zlegsfoF st=tl, PPP PRPS| 75 & o]Fo] 1~2A17F o]
& i Platelet®] 7=27F s3]0 HFA] dPdAE A&

& mEA dg e o] 8% oY X AZe 237
W
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ek
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39S, 0.2 % (w/v)9 fibrinogens 313 buffero] =%F3] 83]A]7). fibrinogen
solution& 96 well ° 140 uL % 253 5, 7| AALdE& &IstaLa s+ sample
55 40uls H7ISE & Aol #F. o] F 37TolA 1083t Pre-incubationg A7 = o] 5o
405nmol A S3 = #S =485 (OD 405nm, sample blank). 7)o AHA3 FHxeo
Thrombin solutione 10ul. H7}el & o]%, AAgk A7 &<k vbg A1 = 405nmel| A]
SFEE A%, Positive control®% Thrombin ¢ A|#|91 Heparing AFE3}3 o™,
Negative controlZ+ PBSE AFE3lSla. SAHAS FHFE s ol&std, HTHo2E %
inhibition rate® #4F3}1 W, % inhibition rate #4F &2 ol T

OD405nm , —ative contorl (OD4O5nm. sample OD405nm, sample blank) ]

% thrombininhibitionrate = | x 100

0D405nm. —ative control

MES I &3 AFolA A&dd Al 7 AES E2 BHoR AEsS. WA T2
culture®] cell free supernatantE =2 §, pHE 7
MRPs @a&o ais gelstr] 98 o+ F 714 =4

& MRPs Mediume = WH3a™, MRS 24& 7202 3dlo] FAY 485 3% MRPs
A2 wA & oAl AFe Table 19 FAo #< 107 CFU/ml $£Fo2 HE3}e] 3
7C 48A1%F &t vidkste] pHE 7.22 A § dAiEgste] Aeds FHstol Aol
Abgsk F A 2AL MRPs Solutiono.® WH3al™, MRPs 3% + Glucose 2% &
o 10 CFU/ml 522 #& HAF3 F, 37TolA 4841 5oF w3t & pHE 7.22

45 24 Bl FENS Hstel Aol AHEANS
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U A9 23

o AF HAAxNE F7] 98 WA, substrate®] FEE 0.2%% 1A% F thrombin® ¥%=
£ sl AElste] ODgkel A4 =744 Seb7hs As &< (Fig. 33)

Thrombin inhibition assay

1.2

Thrombin
conc.
1 (U/mi)
— =0
P
el
08 - e ; -2
// ,p»”-“-"ﬁy( -4
—

0d 405nm

0.6 &
A =3

time (min)

Fig. 33. 3 Thrombin¢ &<

42 | Fibrinogen©| Fibrin®.2 H3¥ o] ODgte] Z715+&=

=3 2]
2% AT 5 or], OD gol WS olF 1 #F7k4 45F 20 Unitmle A7 5
P 2

Thrombin inhibition assay

Heparin
conc.
1 (U/mi)

/ =0
0.8

0.6

0d405nm

0.4

0.2

time (min)

Fig. 34. 3% Heparin 329 &<l

=5 A Ag¥5 Thrombin o A& &7t F7lste]l FH%= fhel #4
o

=
o
s AL FaT 5= dJded(Fig. 34), 90% ©l4e] Asjazrt velE 100 1U/ml
=
[e)
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Thrombin Inhibition Assay Thrombin Inhibition

(MRS supernatant) (MRPs Solution)
14 12
—-1C01  -=-NR29 -+KY210 =s=Positive control gative control -—NegativeContml--pusitivemntro{ -LCOl(MRPssolution)—l_Col(MRszdium)]
12 3 "
= et ——p=
1 " od
08 y
3 E f
g% ) éns /
[a] = v
O 06 "g
0.4
04
02

" M

0 1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20

o
[

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

time (min) Time (min)

Fig. 35. MRS A3 3 MRPs 2&E Az 9 A= vl

AA MRS % A5e Ad A= MRPs HaEd Hlufle UH, PBSE A&

Negative controliol ¥]&] Thrombine] A3}/l & o] 7}

2159 8(Fig. 35). ©]¥ MRS 459 Ao Thrombine] &4 3} §47} 015}7]}4;}

MRS 4% ZAo] thFst JEEo] E3tEo] Q7] wjiel], o]& <% A FoR cﬂsw

olglgt A3t vt Ao A 5 9lon, FFo= MRS Hi¥ s
A 7

2
MRPs 2& 7l ants 7HAa Ads Adshs Aoz Uils sA4800+

Thrombin Inhibition (%)

(MRPs solution, Casein &1 22 3)
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=
S 80
o=
=
= 60
=
=
40 |
“7 —. .:.
o SN L | ﬁ_ﬁfL__ﬁ-ﬁ_-ﬁ
o — = — = =12
© o =< m -r| ™ —r| :u 3 =
2 = B & & E =B € g = 3
=
Thrombin Inhibition (°/)
{(MRPs medium supernatant, Casein &2 25
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=
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U:l ﬂ'| 'ﬂ o
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Fig.36. G-casein ¥ & &9 Thrombin A3 &A
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« Casein @ MRPsol| tig 2435 LYEhfid . A
nRkel ure Ajgds yEWlon, True] e E A wFE o] HaE
/\1‘: R 7R dFeM s G40l Srteke WA B A wFellA = &

A A5 (Fig. 36). ¥+ MRPs mediumZ1olA = @a A oF 15% A=< Af&dS
Bl gihw, whg S 239 15 R W2 A4S Hole Zow Y. o T
A MRPs medium XEt= MRPs solutiong °©]&3% g Zzlo] Thrombin A3 €43&

e H4 28909 81892 (Fig. 36).

Thrombin inhibition rate (%)
(MRPs solution, WPC Al Bt 4 5F)
100 [
_ 90 |
e g0
2
& 70 H
§ 60
E
:E 50 |
c 40 H
£ 30 H
[=]
£ 20 H
=
o Lpl kR e niin.
. € g R e | EoZ e e 2
) Q L= |
og'rl.n.nn'nm'n.hg'n,gn'nx'n'n
@ B g e S @ 2 oA o N i T —
=3 % e 3 3 ~ R o O
Thrombin Inbition
(MRPs medium, WPC# Bt 7)
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2]
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§ 60 -
3 50 -
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= 30 -
20
0 i
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: FSIEE 338550
= ~ ~ [N ® B o N
=
@

Fig. 37. G-WPC 2 & & ¢ Thrombin A3 A

S A3+ MRPs solution AolAs= 2a A

of Ay HFFo] LaEdAE Aol &

« WPC 2l MPRs® Thrombin A& &4
10% o Asjdd & w2l vl 2a o]

dob

==
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e o, A FFodE Aol FAEAS. MRPs mediumel A+ @& d 40 %
T ‘ﬂ] A =2 A S oy, wg o]% HEE fFFoA A Fao] Yol
Ao 2 Folue(Fig. 37). WA Casein 38 MRPs ¢ WPC @ MRPs =% MRPs

mediumz71°] o}d MRPs solution AolA W& & 8st= H o] thrombin A &S
MAA 7= B 2340 HEAS A%+

o] MRPs solution “JolA Casein A 5 Z thrombin A3 & A9 A +52
LF13, MB50, MF39¢}, WPC A% thrombin Ad] &4 A9 A #5< MF31, MF36,
LF255 74z} dg A7 2dste], thrombin A8 &A4e] =2 detus A5 &1ls3l

o

=

Thrombin Inhibition (%)

(MRPs 3 % + Glucose 2%), Casein M@ F
120

100

80 |

60

% inhibition

40 |

20

, A m _ & [T] -,j . m i,,_,,ﬁ,,'

24 HR‘36 HR‘4B HR|72 HR‘24 HR|36 HR|48 HR| 72 HR‘24 HR|36 HR‘4B HR‘72 HR

POSI | LC LF13 ‘ MB50 MF39

Fig. 38. G-casein & & A]7to] W& Thrombin A3 &4 W3

Casein &8l MRPs (G-casein)ol A& oa AMEZ fFE=2 717 b2 i
Aoz 3l (Fig. 38). LF139] %ol &=
StAIVAE F7ke ¥hAE, MB50¢]Y MF39 22
b vAl aF Asshs 5o AdE Ble(Fig. 38).

—

Thrombin inhibition rate (%)

(MRPs 3 % + Glucose 2%), WPCH &7 =
120

100

80 |

60 |

40 - —

Lkl hatlreth

Z4hr‘36hf|48hr|72hr 24hr‘36hr|48hr‘72hr 24 hr| 36hr‘48hr|72hf

% inhibition

Fasiti\l LW MF36 LF25

Fig.39. G-WPC ¥ & A|7te] wE& Thrombin A3 &4 w3}

MF31
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WPC 2l MPRsoll A= raAlztel] dinjate] Azl o] A F7tshs dFE0] gl
AL MF319] 4 tinlstel As] ggo] st WhH, MF363 LE25
= a At ﬂlﬂ el S vEblon, ME319] A5-el= o 50 %
olde] Hlw A #& thrombin A3 EHE Yeldle Aoz ¥ A(Fig. 39)

Casein fr#l MRPs®t WPC {2 MPRs¢ AdA¥}E el %S wl, WPC 2 MPRs

e
i
N ol
>
o
o

N4 casein F@ MPRsHtF o %& Ad BHL Uehle Aoz Hsm, 59
G-WPCE MF313% MF36°.= ¥a 3l& uf, thrombin A3 &4l t% F7lste= o=
ERERE

ol#|3dl A& A= bioactive peptided Ao <23 Ao=w oAF. = bio-active

compounds’} 54 ##FolA= g Zuto] AAE o]F whlA R FAE] o3 H3
9EA g As adrl gaste Adew B 4 o wavt APDEE Asdgo] ¥
olx = FFEY A= W& bio-active compoundE©] WE o]F o AAEA 7]
ol o]l 3k FtEo] e slow F53E ¢ e, ld Bio-active compound
59 Aol HPLC %+ FPLCeS &&3 A % &g, 7% &4 & S35t 1
25 gofed 4 S AoE uE

HF# o2, thrombin A& 4L G-WPCE MF313 MF36ez wasts Ao HF %
Ade s o, dd #FE o] &3 HaE] MRPs 73 AEs 313y 93
}7] 7148 OPA method& o|&3te] 7] AEE S80S

Degree of Hydrolysis
(WMRPs 3 % + Glucose 2%)
0.7
0.6
0.5 T
E
£ 04 B
o
<
M g3 = S S
o
0.2 _— = — —
01— — — =
o | HE _ - —
Ohr | 24hr | 36 hﬂ 48 hr E’Z hr | 24 hr | 36 hr ﬂs hr | 72 hr
LW LW+MF31 LW + MF36

Fig. 40. 2 & A 7td] @& MRPs 7}5E28 3= &2

G-WPCE MF31¢ MF36°.2
grol F7hshe AL AT 5 Yglon], o]
i |

7]

o 5 & [e) =
AL AT+ AYE. E



2 ¥ A (Fig. 40).
e HE2ow WPC 8 MRPsE MF313 MF36° %2 2ad 79 MRPs¢ 7}
=2

2lojul o] & <ls] A EE MRPs 7FeEis] Zol A thrombin® #3j&Ado] et
Us Aoz AEXS 4 e, w3 thrombin A3 Ao 23 Adx A3le] o =
3} v]ojsk 4= S Aoz 7igd

10. mpolLgks- AAHE wa JleEES HMGR A3 &4 &213n vitro)

7}.

A W

n i

HMG reductase inhibition assay+ cholesterol synthesis 4 & & WHe& Xk
HMG-CoA reductase &4& AIAIA cholesterol §4dS AsA7]= a3zt A=A &
et A<

HMG-CoA + 2NADPH + 2H" — mevalonate + 2NADP+ + CoA-SH

HMG-CoA®} NADPHE 7|2 =2 3lal A|5E FH7Fgt & HMG-CoA reductase €449 o

A AE=E NADP' 9 F3EE 3l A=

. Ad 25
r’ :. i N

Lol

BMFZET

HMGR inhibiine rate {5 fpravastating
¢ s

HMGR inhibsiion rabe (5gprasvastating

\ 10
Fig. 41. MRPs ¥& 7[5=-E3E<9 HMGR Ad a3 &<l

HMGR A8l &t 2l A}, Fig. 23914 ¢k o] WPCet SC 5 mho]e nhgof sl A
algo] AA F718t9S. G-WPCE 9F 17.8 %, G-SCE= oF 20.7 % A& &o] F713I9 S
(Fig. 41)

G-WPCe G-SC =5 2@e] o] Asj&o]l S7rdler, G-WPCx MF36 2@l ofs|
16.2 % As& =7 G-SCE MF27 Z&el 98 16.9 % A& =713t S(Fig. 41)
ol T3l Aol wlo]k wkgS F3 MRPs9 oo WEES HMGR Al 248 +
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Sequence result (Genus, species)

<

Lactobacillus plantarum
=

Lactobacillus fermentum
Lactobacillus gasseri
Lactobacillus gasseri
Lactobacillus gasseri

371,_]. ]

1= 20019

A

Table 11. Sequence results of selected probiotics strains

Strain
MFE27
MB50
MA1
MF31
MF36
7rahe
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=
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7F A W9

(1) # model& °]-&3 AFHYAA LA

2 A A= 3079 A Sprague-Dawelyl 83 H=E dufo] (k=)o Al -8}
o] A}839S. 159U AIN-76 Ao]E 7|2 o= 3 Normal 2ol HSA7l & 50g]

46 TFOR BRC 877 AYHAL ARG 5L AFFA AAFES e

Ad T8 ASAL 1243 A es ks Al EE 23+2C, F5E= 50~60%
& FA8 S sEAES et sEAE &AL o A Fdho] a3
Ay FE2 6aFoR BRHENCH, 7 gl ZEolol AWy FeiHE o
o] =2 AW/ uFHHE 20](20% fat, 0.5% choleatero)E 3Fal 1HFH=E 7H7 o}
w3 ol Aegh ARRRE Aol A ot E¢ 5 (Table 12)

Table 12. Formula of experimental diets used in the present study

Normal diet High fat/
Composition(g/kg) (ND, cholesteroldiet
AIN-76) (HD)
Milk casein 200 200
DL-methionine 3 3
Corn starch 150 150
Sucrose 500 341.46
Cellulose 50 50
Corn oil 50 —
tallow — 200
Mineral mixture 35 35
Vitamin mixture 10 10
Choline chloride 2 2
Sodium cholate 0.5 0.5
cholesterol — 5

I% 12 272 A4 Aol(Normal diet, ND)9F PBS, 1§ 2v AA|W/IZdHE 2
o] IO RAN, A/ AZY~HE 2 o](High fat/high cholesterol diet, HD)9} PBS,
IO 32 YA gRToRA, AW/ aZY2EHE Ao} statinAlDe] 2FA|(simavastatin,
30mg/kg/day), 1 4+ DAH/aFYUHE 2olet d¥E probiotics(L. fermentum
MF27 10°CFU/mD, 1§ 5% ZA/aZx2eE 4ol cMRP(Maillard-reacted
sodium caseinate, 1500mg/kg/day), 1% 6= JIAW/AZFH2HE 2Holjet Awtd
probiotics®] 93] ¥wawH cMRP(Maillard-reacted sodium caseinate fermented by L.
fermentum MR27, 1500mg/kg/day)E 33

A 7R F 8FE ATTE 257 A/ AFH AHE AolE oo AFUAHEES
skl o. o)A WEE] A Ao ot

Sl TARIC RN a77hA €] 7165 dtets]
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(2) Ta7IFREAE A=

- 2xhd=e] Ay® MRPs #jA2AS wgoem Azsda A
MF27)2 10° CFU/ml FZF3sle] 37TColA 48~ 3RS
10,000rpmell A 307F AR E AAISAAL Fede st A0 XE X1 P53l
Hj A 242 ofef o 5(Table 13)

i
jur)
-
o2
O
-/

Table 13. Compositions of MRPs medium

Ingredient ZA4 (g/L)
Dextrose 20
Beef extract 0.0
Proteose peptone No.3 5
Yeast extract 2.5
Sodium acetate 5.0
Ammonium citrate 2.0
Dipotassium phosphate 2.0
Magnesium sulfate 0.1
Manganese sulfate 0.05
Tween 80 1.0
MRPs 30

=
e AT dFY FHAoR dAS At UXAY AFVE ALESH Zﬂé} o, Ao|ge
md AASE A7 S-SR LS. Aolaf(feed efficiency ratio)e ‘8F7+e] FA|=/853t

@ AY 2 37 3% =7
. Afo] FRHT BE APFES A4 AW od) dole AHGRn AAT Ao
3,000 rpme.E 15K AARAGC WAL LT ¥ 200 BE AL, was

Aol AHgg =3 1k AA qEsto]l FAE SAske] Hlasl&

2
=
offt

=4
tlo

X,

6) 83 W NEAEFH 1 Vs AR 24 FF 53

o A X]F xRl FAAXHTG), =Fd2~H=(TC), high density lipoprotein(HDL)-Z4|
/\Eﬂi(HDL—C) low density lipoprotein(LDL)-Z#| ~H|=(LDL-C)9] == g3 A3}t

](Bayer Express 550; Bayer, USA)E Alg3slo] =39S

% AST (aspartate aminotransferase), ALT (alanine aminotransferase)?]

AsA &= el A 71 8] AF&E AL 1= Reitman-Frankel'H ol o] 3|

kitE AF83}e] Magellan software(version 6, TECAN, Austria)® 505nm

b e

N

o hod e
o oy M X

EIO{' i I‘H i,

ofd L e gk
FTor o o
i ofo mlo

||\
ol

3

o I VTS dolHy] 93 %"” % AST(Aspartate aminotransferase)®t ALT(Alanine

aminotransferase)S #4131, ASTS ALTE MM X o EA6t= ahoH 7F &
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jab)
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0a
wn

& A AELE O fFEEH do ol SRR 3 &
7 1]

et al, 2006). ASTe= A%, 7, =4, A%, ¥ 2 AF o Tx34 4, g
o A% ejolm AT, JAPFAFTolGETAAN dsstttar BarEo] Sl&(Forsythe
WA et al, 1980). ALT= €502 #e|57] & 7325 7Hlew A, 31 25 3 2

T 5ol v =AY

(6) 2t =HA XA ojAtet 4k #d G de] mRNA 23

« 70T WHae B#s] At =23 FA A3 ol 0.2g7F 245 GeneJET RNA
Purification Kit(Fermentas,m, Burlington, ON, Canada)& ©]&3l¢] RNAS F= 3% 5.
<% RNA &%+ NanoDrop 2000 spectrophotometer(NanoDrop Technologies Inc.,
Wilmington, USA)S o] &3te] =Hatglom HAe RNA sampleS o887 <3
260nm<e} 280nmell A A 0.D.3k9 ratiosS 7FAa2 RNAQ] purity”7} 1.89 A4 2.1A}Fo] 9
Sl+= sample®dt AF839S. cDNATF cDNA synthesis kit(LeGene Biosciences, San
Diego, DA, USA)el <& &A= a 85TalA 587, 45TCalA 5057 incubation® &

* Reverse Transcriptase PCR(RT-PCR)9| A}&€%+= Primer seti= o}#] %2 Z-S(Table
14.). PCR producti= 1.5% agarose gel¥} ethidium bromide staininge ©]-&3}o]
electrophorosisE %3] 7MA8tE e, Z Wl=9 7= Kodak DC290 zoom digital
camera®} Kodak 1D image analysis software(Eastman Kodak Company, Rochester,
NY, USA)E o]&3slo] E4H o 7 f-4d2F2] mRNA 23 A X+ housekeeping gene
¢l beta—actin®] W3HFOo T WAHIGS

Table 14. Oligonucleotide primer sequences and product sizes

Product | Annealing | Accession
Gene Sequence(5'-3") .
size Temp. number
F | ATTGCCGTCCGATTCTCC 543 | NM_01252
CAT R T CCAGTTACCATCTTCAGTGTAG | PP 56.3 0.2
F | GTCCACCGTGTATGCCTTC 571 | NM_03082
GSH-PX] e T TTCATTCTTGCCATTCTCC | 492PP 563 63
F | GACCTGCCTTACGACTATG 519 | NM_O1705
SODZ R T T ACTTCTCCTCGGTGACG 119bp 543 12
F | CACCATTCCTGCAACCTT 521 | NM_01294
YAl e G TACCGGCAGGTCATTCA 170bp 543 99
F | GCTTGAGCATCCTGACATAC 554 | NM 01313
HAMGR o G AACCATAGTTCCCACGTCT 203bp 575 49
F | ACCGCCATGAGGTACGTAAG 575 | NM_17576
LDLR A21bp
R | GGGTCTGGACCCTTTCTCTC 575 99
| F | AGCCATGTACGTAGCCATCC 575 | NM_03114
Bractin 1L CGAAGGAAGGCTGGAAGAG 411bp 575 43
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(7) 2k =79 B =A% 24

« AE3 7+E 10% formalin &l AR, FA 2 G HHGS HHA paraffin
blocks "= %, #HAste] H&E(haematoxylin—eosin) @2 Oil red O A4S A+
Foh dAvjd oz 100v 9] wiEollA BT =

(8) TAAH
o H o ojiro] Ad Ay SPSS X & 1#3M(Statistical Package for the Social Sciences)S
olgste] 7z AFw HgH FFAE AAEAL ANOVA #4 %, Duncan's
multiple range testol] 98] A+ 72+ +F 7+ zpo]S HEEFAL, agkol 0.05 o]Ed
ool e A= A3

ik

U]o

. 492

(D AFH3} R Holas, F7] TF
o 8F3te] AT Table 150 YeRl s, A Aol el wstel A /azed e E

Aol 79 AT FYHoez SIS, ol vlEl, IAY/AFHEHE Aole
Simvastatin(SV), L. fermentum MF27(MF27), cMRP, F-cMRPE A 2|3l 1Fo = A
A iz fod Aol gldle. 53], F-cMRPE A3t I1F2 AAW/ g HE

Aol tjzatol Hls| sy om Aol g AS ALY ¢ UAE

Table 15. Body weight

Initial weight(g) Final weight(g)
ND 153.145.11° 440.8+12.36°
HD 148.444.12° 495.24+16.68°
SV 153.6+3.78° 483+30.58%
MFE27 155+3.32° 465.6+£31.75%
cMRP 151.846.98° 454.3+42.19%
F-cMRP 151.74+4.27° 442.3+44.36°

Values are means *SD, n=5, Values within the same column
bearing different superscripts are significantly
defferent(P<0.05)

ol mZ

FE9 Aola&e Table 169 YEIR . ZA /2 ZY2HE AR 2olass
Atz Aolg o H|s|A =A YENeH, AW/ AFYLHE AolE SHHA
Simvastatin(SV)¥#} L.fermentum MF27(MF27), cMRPE A gldt 15& AHA Ao 1F

BUsE X9 axW/aZd AHE Ao] 15 HUubs sl—&— eSS Holi Qi F-cMRP
S At 252 A do] xRy §94 #olrt gl olE Fd Aelasoel oA
OF 7 2 F9F Aole gltke AS el shgl xﬂi% 2lo] o} A F Ao = FAIVE

1 o I~ [e)
FusE AE & 5 S



Table 16. Feed efficiency ratio(FER).

FER
ND 0.23+0.01¢
HD 0.29+0.01°
SV 0.26+0.01"
MF27 0.26+0.02"
cMRP 0.27£0.01°
F-cMRP 0.24+0.01¢

Values are means +SD, n=b5, Values
within the same column bearing different
superscripts are significantly
defferent(P<0.05)

rlr N
:\_1‘
o>
o
i)
&

offl
=)
o
°1N
E
rlr
l‘lﬂ

[» M
EﬂJ
E
L

x
2
o,
N

Table 17. Organ weight.

ND HD SV MEFE27 cMRP F-cMRP
Heart | 1.34+0.06° | 1.37+0.05" 1.33£0.09* | 1.33£0.10* | 1.39+0.04* | 1.37+0.10"
Aorta | 0.36+£0.04* | 0.36+0.03" 0.33£0.04* | 0.31£0.10* | 0.34+0.04* | 0.33+0.01*
Liver | 14.46+0.80" | 18.00+0.61" | 15.32+0.58* | 15.09+0.09" | 14.26+1.30* | 14.15+0.81°

Values are means =*SD, n=5, Values within the same column bearing different

superscripts are significantly defferent(P<0.05).

(2) 83 Wl A2IHH 3 7ls AR 2L qF S

o o Y AAYAE Loty Qs ) W F AH, TA4AY, LDL-Fd 28 &, HDL-&
A2EHE FFS BN Fig. 42). T AE9 Frov dx2Td A Aol 159
88.0+6.4 mg/dl, AAY/AZALEE Aol 5ol 107.8£10.2 mg/dle= dFo F A
A wert 453 Sk As & F A5 (Fig. 42)

o whHo| AFFo A UA HF2  Simvastating A &3 15 70. 8+9.3 mg/dl, MF27
OF8 87.541.7 mg/dl, cMRPZLES 70.842.2 mg/dl, F-cMRP1L&-& 71.8+4.1¢ Z3}
£ Holi glom o7 MAW/AFHAHE Ao 1Fol Ml *J%ol i FAE Y
EF 5 (Fig. 42)

o FAAY FroAiE Aol IF 116.3+30.7 mg/dl, LAY/ LFE 2EHZ Ao] 1F
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194.3£26.1 mg/dl, Simvastatin I 57.0£9.4 mg/dl, MF27 1% 149.0£25.2 mg/dl,
cMRP 1% 165.3 mg/dl, F-cMRPZLF 106.0£32.0 mg/dlﬂ A3E Holi ou,
Simvastatin ZL&F°] 7} 92 49 A¥E Yela MF27 153 F-cMRP Z1#2
A Aol w3 794 Aot gl S (Fig. 42)

o HDL-ZXEZE 29 s AA 2o & 97.01£9.7 mg/dl, TA Y/ 2Ze e E 2
o] 1% 60.5%6.5 mg/dl, Simvastatin I35 73.8%7.4 mg/dl, MF27 1% 64.3%6.1
mg/dl, cMRP 1% 59.846.2 mg/dl, F-cMRP 1& 57.3+£3.3 mg/dle] A= YE o
o A Aol aFe FAVF 7MY w9k WAl g F94 Zolrb fll S (Fig.
42)

o LDL-Z#=HE AdolAe A 2ol 1% 8.5+1.9 mg/dl, 2AR/aZe ~EE o] 1
& 46.7£6.1 mg/dl, Simvastatin I35 25.8+£5.3 mg/dl, MF27 & 16.0£2.9 mg/d],
cMRP 1% 15.3+1.9 mg/dl, F-cMRP 1% 14.3+3.8 mg/dle] XE B om x4/

AZY2HE Ao] IFo] 7FY =& whHol Simvastatin LE¥ MF27 L&, cMRP 1%
ANA FaE FXE HEtH o F-cMRP ZLwolA 7H @ol fraste] B4 2o gz
I A Aol 7t gl 5 (Fig. 42)

T-chol
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00 - 40.0
0o - ]
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MF27  cMRP F-cMRP MF27  c¢MRP F-cMRP

me/dl

mg/dl

HDL-c LDL-c

= =

@ 600 - S 30,0

E £
400 -+ 200
00 -+ 100 ' ' i
00 0.0

MF27 cMRP F-cMRP MF27 cMRP F-cMRP

Fig. 42. Serum anaylysis of rats fed by experimental diet

Values are means =£SD, n=5, Values within the same column bearing different
superscripts are significantly defferent(P<0.05).

ND: Normal diet + PBS, HD: High fat/high cholesterol diet + PBS, SV: HD +
simvastatin, MF27: HD +  Lactobacillus fermentum MF27, c¢cMRP: HD +
Maillard-reacted sodium caseinate, F-cMRP: HD + cMRP fermented by L. fermentum
MFE27

o It 7SS dolrry] s g9 F AST(Aspartate aminotransferase)®t ALT(Alanine
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aminotransferase)& A3t & (Fig. 43). dH W ASTe w=v A 2o IF
81.8+12.3 mg/dl, AW /AZH2HZ 2lo] 1E 123.5+11.5 mg/dl, Simvastatin L&
128.0+13.5 mg/dl, MF27 i 135.0£16.0 mg/dl, cMRP I+ 122.3£12.9 mg/dl,
F-cMRP Z13F 100.8+£7.5 mg/dle] A¥E5 Yetla 53] F-cMRPE A3 159
A7 % Aol 2w FolA Aol7t Sl A3E Bl Z(Fig. 43)

o A U ALTY S LoAxE Z+zr AA o] 18 25.3+1.7 mg/dl, TA W/ 1T ~H=
2lo] 1% 34.3+4.0 mg/dl, Simvastatin I35 40.3+11.2 mg/dl, MF27 13 28.8+2.6
mg/dl, cMRP 14 28.3+1.3 mg/dl, F-cMRP 1% 19.8+41.5 mg/dl®] A& HlomH
DAY/ ZFY2HE Aol 153 SimvastatinTli, MF27715, cMRPILE Alel9] f-9%

ztol= . HAINF F-cMRP1F9] A¥ol = A 2ol 153 #94 Aoz} gl

138 7He] E4kel 7 fAdEATE As & & Ao (Fig. 43)

o

ALT
160 70
140 60 -+
120 50
100
40
50 30
&0
40 #
20 10
0 0
MF27 cMRP  F-cMRP MF27 cMRP  F-cMRP

Fig. 43. Serum anaylysis of rats fed by experimental diet

Values are means =£SD, n=5, Values within the same column bearing different
superscripts are significantly defferent(P<0.05).

ND: Normal diet + PBS, HD: High fat/high cholesterol diet + PBS, SV: HD +
simvastatin, MF27: HD +  Lactobacillus fermentum MF27, cMRP: HD +
Maillard-reacted sodium caseinate, F-cMRP: HD + cMRP fermented by L. fermentum
MFE27

(3) 7& ZA M X ZdojAtet F4tst A @ mRNA 23

. 2 A A DAL} kst B e G E o] mRNA S dolE S XV‘WV\} o
%51 F 4122 HMG-CoA reductase, CYP7al, LDL-receptor, 343} ## 3 f- 4=
SOD, GSH-Px, CAT®] ¥d A=E 2t 1&7 AlololA vluleldl

o oA ZYP2HE AIAA A= xHFEA¢  Hydroxy-3-methylglutaryl CoA

reductase (HMG-CoA reductase)™= AA oAl F2dHE9 F4S 2d3=d T4
3 oets 3l &4olw, HMG-CoA reductase®] Aol #3l¥™ LDL-receptor(Low
density lipoprotein receptor)e] EAlo] Z7lsle] dH FHAHE FE7} FAEA @
(Brown MS etal,1973)

e LDL-Receptore= Ao EA5t= @A 2 352 LDL-cholesterolS A¥XWzE S5



91‘, S 3l CYP7A1 (Cholesterol 7a-hydroxylase 1)+ 7oA Z@2vHES

HA7IE A HEAF ahws FU2HES %—’S—LL e Z74A7)

o rlr
o )

|

o fu
2 o Mot
N

AT A HMG-CoA reductase®] &2 44 2o 53 dAY/AZFH=HE 2o
b 94 ZFol7t §1al Simvastatin 152 MF27 Z2FolA 718 w2 A5 el
A, F-cMRP Z&FolA= A Aol 253 F94 Zol7t flle™ cMRP Lol A
DA/ ZFY AU E 2o] 15 FARE 23S B9 CYP7al 2de] 49, A4 4
Tol el nA/aFE2EE o] ol wd ALyl wgkow cMRP 1
F-cMRP 59 A% 2d A=rF AL Aol w3 w4 Ael7h fisl+.
LDL-receptor®] #d ZAy% CYP7al A Ay} & A4S Holu Ql(Fig. 44,
Fig. 46)

At ~Eg A Ao A 43t 3 E A (pro-oxidant) ¥} AFsE A& 2 (anti-oxidant)A}o]
o] 3ol 7oA AtEEH ZHo R V| -= wed AEE AAAR 4ks S-S oA F
R HHE rlet ole AMEe] AWAQ &S Fu Ao®E dHA A (Reed,
o]

i

o & 4ol 18 2 o

JNA?L

F

1990). =3+ AF3}A A~E g 2o o] DNAZF €4S o A7|ujde)] A7 S =
g2 FAARIE Ay EAdWolE FHEA7]a AXE HEA o &S A =

A= (Lovlin et al., 1987)

QA= ASAl = RSk ol 59 o] FASHAIS d @ e o] FaL JAINE AALE F
gk kst JdAEY AR B HAY AelA HAkstE G

ol 7o (el &5, 2002) AHA = SHALETE YA E 222 E&ow] Hd 1oy A
AE 7FA 11 9l+=dl superoxide dismutase(SOD), glutathione peroxide(GSH-Px),
catalse(CAT), glutathione S-transferase(GST), glutathione reductase(GR) 5% &4 4
'6“}ﬂ7419‘r HIERY C, HEY E, selenium 59 vl &A% kst A7E A8t &

D+ ol & Zbe a5 E4EA AEWAAA BAdE superoxide radical>
SODoﬂ ofal] dApAom H202® sl 285 s, ofg] A ZAx}, HWl Abghe]
SOD &/deo] oA oz s yetsl=
Catalase®} GSH-Px+= A% H2025 F =3 H20=2 +3
et Edew BIHFA Ha s= MM I3 Al
(Harris, 1992). GSH-Pxi= 2oldle AMxe] yitslE =A4X5 A
o7 IAastE FE =X3F= free radical?d] #FEo = A7])= A
24
2 Aol A 3AEs st dwdo] mRNA TdS 543
OFY aAY/nFZH2EE 2] 15, MF27 1§ 7o
FAE Holal 9. A7 Simvastatin I cMRP L&
YER S F-cMRP9] SOD @d B=7F fFolH o= 7V =4 =
A Are 6709 BE aFAdA Y4 ApolE& HolA kil CATS®
g 2EHE Aol aFo] FolAor 7P v HEARS YEa UwA aFelA e
o 52 A3E Blon O Y4 AolE HolA #%ka(Fig. 45, Fig. 46.).
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CYP7al

p-actin

Fig. 44. Hepatic mRNA expression by
RT-PCR in different groups
HMGR: hydroxy-3-methylglutaryl CoA
reductase, CYP7AI: cholesterol 7a—hydroxylasel,
LDLR: low density lipoproteins receptor.

SOD

GSH-Px

CAT

p-actin

Fig. 45. Hepatic mRNA expression by
RT-PCR in different groups
SOD: superoxide dismutase, GSH-Px:

glutathione peroxidase, CAT: catalse.
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Fig. 46. Relative mRNA levels of gene expression in liver of rats
HMGR: hydroxy—-3-methylglutaryl CoA reductase, CYP7Al: cholesterol
7a—hydroxylasel, LDLR: low density lipoproteins receptor, SOD: superoxide
dismutase, GSH-Px: glutathione peroxidase, CAT: catalse.
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HE 2o] 5ol Hlate] ZA 2ol a7 fAg FEo R F Ao dE As FT
An) 7 delA #EE e (Fig. 47)
b 22 o] H&E 94 Aol A vepd siek Bgo] FE5o] A FXxZ FAHY JeAE
gelst7] &l Oil red O S AA 8=
2] Oil red O 94 Ay, A/ nF2HE o] IFoA Moz Mg At
FA o] FAstA BAEAI v, Simvastatin?} MF27, ¢cMRP, F-cMRP o] <3|
=7 <

Fig. 47. Histological examination of liver by H&E staining in different
groups(magnification, x100)
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s ok
= g o 2

oy fo o
X 2 koo

TAS e duA des fEe =1, olH @ Ve 2 £ Foirh o 2 AR Sl
A e A, Aol AW Aol HH, O FT 3 A4

o FHT fYuEtME AAleEe] FEo Qlste] ndY, nd 5 D Fe ¥
upeh Ax=a Zo]l AddA Ao Apgsts b AR Srbskal e ey
Abg ARGl ik SAANE B, ofHdad A dS sor YEe
g ded AlER BE, &9 dee] 7HE oM R Ad 1093 FolE 4
T oojds AEEA dge] Fa ApgdE AP E 1S FAs AL U+

o FHATMA dHAge] oy 9 A Bol= FHawAl, A, aEa ov] FA4E d
allste dAd&MA som oA e 53] ddadAe] dEAQ] FEE ARS
A ofad R @il adpe] HdsAwt A Aol S FAee 4o, o
A2 ARgstal = sy ekl &2 YiF aivke] of=olr] wiEel &
ARESE7] o

o WA = e HAES SolUAMRE U3 G55 Hole BES 37 ffste] Hd=
= Ao rRE diaed VA AES st = i g Ay gds] 1Y
A s

7F. Ay Wy

(1) H model& o] &3 AP xS AA
o B AgoAM= 60vtEle] 7 ICRA 3AF w25 gupo] (3ol st A3

& 157U AIN-76 Aol 7oz & A4 Aoz HeA7 F, 1504 47) 1FL
2 oadrste] 154 Adshala Abm el e Aadl AFEsES ddle. Y v
AL 124 o7 Weks G e 234£2C, FRE 50~60%5 A5
.o o= AP aEdsn seddae] sl Al Tkl S

o Y FES F 4OAF0EA Iw 12 dE2TRE A% 2e]l(Normal diet, ND)¢t PBS, 1%
2v G dxTE AY AHolek FAT ARAQ Aspirins A ZLE, I 32

wMRP(Maillard-reacted whey protein concentration, 1500mg/kg/day)E *2]3F 1%&,

54+ AEE probioticsel ol& wa® wMRP(WMRP fermented by L. gasseri

ME3DE Agg 15<
e Sample AFE 2xpdxd] Aye vix ZAS vlEoZ A X FS. =, MRPs solution

(MRPs 3% + glucose 2%) oA 7| Ady #5(L. gasseri MF31)E 10° CFU/ml
HEsle] 37ColA 2447 v gS. wary B9 3 10,000rpmol A 3057 QA E
5 AASI T AedS BEste] FEAAXRE PR

(2) Tail bleeding time 73

o 1§29 tail bleeding timee Hornstra® (Hornstra, G.etal,1981)& A3t =A
L. "2 PBS, Aspirin, Z22]32 wMRP 1500 mg/kg, F-wMRP 1500 mg/kgsS 7Y
7bzy AR sglew wpxt Fof 3 60wo] HAS W ketamin hydrochloride(75
mg/kg) &2 mFFH A 7|2 w20 wg] O RHE 4Amm HE HES surgical blade® A}

21 789 YA BES 37 T Aygrdg "ztoe 2 T3ke. Bleeding times AE]

{(

o O
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(3) Anti-thrombotic assay 57

-] Fd Fi Aol g 2¥E DiMinno9t Silvere] WS FAse] 152
ICR w}§-2=0f] samples PBS 0.3mlol 83|A|A oral zondeE °]-&3}o] s+

b ATEAE 393 AEEES Ad A 1243 227 F sample A5 90%
o] collagen®} epinephrin &3%-& Ml collagen (7.91ug/mouse) + epinephrin
(0.91ug/mouse) / 200ul saline < A g]AwWe] FUAsH LS. FALS & g Ao
2 Q% FAoEl e viejtt S50 2REH HEd HIdsES NEEE AAsglorn of7]A
| = 1581 Slivke] o] mhe] o] A& = s Ve A S

49 s VTo® I3

L R

(1) Tail bleeding time =% A3}

Ay dRIAE a8a @33 A3E hemostatic plugZt FA
913k tail bleeding times Z433%a. wMRPS F-wMRPE 743t 92
tail bleeding time system® ©]-&3}lo] 7§ &3S A|Fs} . PBSE FoJdt =
o] Z-F, 86.85%£11.11%9 ZAA}E How FA thxQl Aspiring A& g LFolA=
50mg/kgS FolslgdS wf, 239.71430.39%22 A, wMRP9 F-wMRPE =28k
259 A3, 1500mg/kg TS W, 2H2F 250+£51.96%, 184.28+24.22%2 A A
3L Aspiring A3 153 F94 zol7t = AFH}E BAS(Table 17).

Table 17. Mouse tail bleeding time

Treatment Doses Bleeding time(sec)
PBS )
10ml/kg/day 86.85+11.11
(control)
Aspirin 50mg/kg/day 239.71£30.39*
wMRP 1500mg/kg/day 250+51.96%
FrwMRP 1500mg/kg/d 184.28+24.22%
(MF31) ey o

Values are means =SD, n=5, Values within the same column bearing different
superscripts are significantly defferent(P<0.05).

(2) Anti-thrombotic assay 2%}

ng-25 ol g3l dAFT JAlTS S A, PBSE Fod dx2we] A5 158 °
Y 3E¥= vEo] 14.2%9 0, Aspiring 7o J . 2
H}Z HAS(Table 18). A&7 wMRPS F-wMRPE 1500mg/kg Fol&t3S o), 7zt
86.6%, 93.3%° 3| HE&S VeI o)A Aspirin® H]=d S 7R Ao
2 3ds
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# Aol ALEH sampleo] Aspirinat 2& oFRo] ofx 3k ofxudlo] b ALS
o ARHN 23 AYF EE A} BAELS AEEHY) olele W 5 uesw
wMRP A&} Z2ulo] Qg 2o o3 ad F-wMRPAIE7 &8 = 4 o
AZA A FsAel U Row Y7ty

Br o ooz

Table 18. Inhibitory effect of samples on collagen/epinephrine thrombotic death in

mouse
No.killed
Sample Doses or paralyzed Protection(%)
/no.tested
i 10ml/kg/day 12/14 14.2
Aspirin 50mg/kg/day 2/15 6.6
wMRP 1500mg/kg/day 2/15 86.6
i 1500mg/kg/day 1/15 93.3
3) 2
o NA/AFYAHE Aol MY IZYAHEITS T sEELS o|&dte =
o] L Y5 F3k wlo|ekikg A E TarteEslE(F-cMRP)9 75dS skl =
o ZEHO|QHAE F3 wlo|dNEg AE YartrEidlES A 15 ([F-cMRP)o] i1A|
W/ aEEHE AolE AP aFdd vletd] AT 47 Tl fHaE As gelstsl
2 8H W T Fd2HER LDL-Fd2HE 223 T4 AW o] FojF oz v
HZE A5
o W3 b AN AAuhAer dEE T A o] mRNAL A AW/ FE AHE 2 o]
a5 ¥ags w, HMG-CoA reductase®] W&ol U7 ZHAHJDL #H=
LDL-receptor®} CYP7al®] WA= Aol 275 Fodo=z zol7 gl 2xE
et A&, 4k ##sk duid o] mRNAR A A E SODS}F Catalseo] & o] o4 o
2 A SAHAAS g+
o ZXAH g ElA Q] 218 B3

T O %
23 AP EAe 9UE. $F pdse EZAe
?;e 7
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=
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o
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A
dot
il

e fFutWA (sodium caseinate (C), whey protein concentrate (WPC))& F3A-7]3#<]
ME-FE2EEH AFdtol Ado AFEEg o, F (Lactose (L)< sigma- aldrichzZ4-
B Fdste] Ao AH8sk =

4]

o T 8R1E RFE Fol HA wE xS Selddds. whE 8wl W& Glycated
Products with Milk Protein-Lactose (GPML)9] A4 A% vlustr] ¢, dbs &u&
distilled water (DW)®} 0.1 M sodium phosphate buffer (SPB, pH 7.4)Z 3}¢f, fctdl
A IS 129 HEE 4oF1 s2AAERE ¢ F 2 1A ”EHQ] AE8E KBre
§otol FEE 79%% S 55T Apulolg el 7UzE wkE-Eksls (Table 1). b5

o]

Hol W& GPMLeO A A= Hlwstr] ¢af, w3 WS 1A% @Mﬂi sto] W33kl
. A B e et §9S 1:29) Bl%i 0.1 M SPB (pH 7.4)°] ol 4o
Fi FAAXE 3 F 42 A AHY A= Br& o|&3te FE8 7992 HE

5T <dtHlolElel A 747 9HE-3F 3 2. ""Zﬂ W3 e Ay f9S 1029 HE
2 Ao+ 55T 9 shaking waterbatholl ¥l 60 rpme.& 7Y 7F WF£3} S (Table 2).
g &2 B & W& GPMLY A4 A= Hlustr] 93, FHdyd fEY HEs 1

= oo

1 :2, 1 : 5% 3t 4oj=a MA A2 55T shaking waterbathell Y3l 60
rpme 2 7Y WkSEAS (Table 3). ©o] ARES W dxdEz ARZ FH

Table 1. Condition of glycation on reaction solvent

L+C or L+C or
C or WPC C or WPC
L+ WPC L+ WPC
Protein : Lactose 1:0 1:2 1:0 1:2
Reaction solvent DW 0.1 M SPB (pH 7.4)
Dry state

Humidity : 79%

Glycation .
Temperature : 55C

Incubation time : 7 days
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Table 2. Condition of glycation on reaction states

L+C or L+C or
C or WPC C or WPC
L+ WPC L+ WPC
Protein : Lactose 1:0 1:2 1:0 1:2
Reaction solvent 0.1 M SPB (pH 7.4)
Dry state Wet state
) Humidity : 79% Temperature : 55C
Glycation .
Temperature : 60T Shake : 60 rpm
Incubation time : 7 days Incubation time : 7 days
Table 3. Condition of glycation on protein-lactose ratios
L+C or L+C or L+C or
C or WPC
L+ WPC L+ WPC L+ WPC
Protein : Lactose 1:0 1:1 1:2 1:3
Reaction solvent 0.1 M SPB (pH 7.4)
Wet state
) Temperature : 55C
Glycation
Shake : 60 rpm
Incubation time : 7 days

e Fluorescence SA > FHMNA-{F vlo]dnky AAHE A oFE &2lstry] 9t Wi
T otu=, Tl olwjiv|o} G Jt2RE V]| vlo|dtE o2 A E wlo] LS

ﬂ*é%L excitation 370 nm®} emission 440 nm9 54 Ao FFS YehH, o=
Victor3 (Perkin Elmer co.) 33 &47]|& o]&3to] 543 & (Reynolds, 1962)

U Ay A3

(1) ¥kg gmjo] w2 GPML A4 A% vw

e DWE WHg &= 3 GPMLY ¥3%=¢ 0.1 M SPB (pH 7.4)E wrs &wj= 3k GPML
o] §FwE Fig. 12 YEUYUJS. DWE ¥% &r& 3 GPMLY 4% (Fig. 1A), CY

ﬂﬂ%‘tﬂ&g AAE (L+0O) CrRT} 37t oF 2.8¥) F71st9l oy, WPCe| wlo] duk-g
AAE (L+ WPC)> WPCeF Hlal o YFrol F7F S HERA 0.1 M
SPB (pH 7.4)& W& &vi= g GPMLe A% (Fig. 1B), L+C& CHRT ¥FFL7) ¢F 8.1
v =718 A, L+ WPCS WPC Xt} oF 158 dF3xrt Z718tg e, e §ujE DW=

(S
AHEEESE WiRTh 0.1 M SPB (pH 7.00F °]83al%l& 4%, L+ WPC7F v 2 FFme
o] o

7l 31L&

oFo)o
/\/\ =2

E 2=

7 FdE Boln wholgukgo]l IHHLE A5 5 gllen, olF Fd GPMLE] HA
g &S 0.1 M SPB (pH 7.2 AAF
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{ex:370 nm/em: 440 nm)
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.
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Fig. 1. Fluorescence (ex 370 nm/em 440 nm) intensities of glycated products with
milk proteins and lactose (GPML) with different reaction solvents during incubation
times

Comparison reaction solvents between DW (A) and 0.1 M sodium phosphate buffer (pH 7.4)

(B). L : lactose, C : sodium caseinate, WPC : whey protein concentrate.

(2) ¥ I E}E GPML A4 AE Hm
o A AJEIE W33 GPMLE &HFgEef of ﬂ] FEl 2 WH33 GPMLY 3 =& Fig. 22 4
B A= zxﬂ el 2 9kg-3 GPMLe 4% (Fig. 2A), L+ Cx CHRUY F33=7t oF 8.14)
S7beta, L+ WPCE WPC R} of 15HH =7t ZHeI . A dEE dks-d
GPML®] 7Z9- (Fig. 2B), L+C2 CEY JF=7F % 91.94) 57}6} i1, L+ WPCE WPC
Hup oF 23] FFEIF SIS WS WS 1A AHE S wWET A FHE
mho] gkRk-g-ol o] & 8}91—% 3%, L+ WPC7}F o & dd=9] S7F ¢ —% Bolr wmjo] kg
ol XPHS A5 F AN2H, o]F T3 GPMLO HH w-g WHL AA FH (55T,
60 rpm)= A A3

A‘ 160000 B‘ 400000
—+—C ——
140000 {| —7— L+C —— L+C
—a WFC —&— WFC
—— L¥WFC —— LHWPC
= 120000 - . 300000 4
3t 3t
== Ea
i
E; 100000 E;
] i
§§i 80000 gg AR
RE gE
) o
60000
=R ER .
& 40000 4 L 100000
20000 -
‘/k—/ 0 A
0 ' T T T

Lt T T T T T
Oday Aday 2day 3day Tday Oday 1day 2day 3day Tday

Fig. 2. Fluorescence (370 nm/em:440 nm) intensities of GPML with different reaction
states (dry state vs. wet state) during incubation times

Comparison reaction matter types between dry condition (A) and wet condition (B). L
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. lactose, C : sodium caseinate, WPC : whey protein concentrate

(3) ¥+g H|&d wE GPML #A A= v
o FEWAN FI HES 77 1 1:2, 1:5% 9$3 GPMLY ¥ =E Fig. 3&
UrEM‘Ri%. FromAalggel ugS 1 12 W83 GPML 49 (Fig. 3A), L+CE C
=7} <k 80. 8HH F7Ved 3L, L+ WPCE WPCHETE ¢F 249 A3 =71 S7H6k3 S
Foru Ay §do] v &S 1:28 W3 GPMLe 4% (Fig. 3B), L+CL CHt} F3wr}
91.94) %7}6}313, L+ WPCE WPCHT} oF 238 ¥Frrt Z71ets. Suwdy) &
1:5%2 Wk$-3 GPMLe 7% (Fig. 30), L+C° CRT} 83w7} oF 830 =
SH9IAL, L+ WPCE WPCH oF .10 $71shelg. ot 9o wge 1 52
PMLell A L+ C9] fﬂJa‘FJ} o2 whe H|§9 GPMLEUT W 22 yeyo
PCe ¥FF= F7H&E2 b kg ¥ &9 GPMLED =of ¢ ®Be mlo]dutgo]
s}

» 500000 B. 500000
—a—cC ——C
——L+C = t'.f
|| —m— wrc —a— WFC
Ao —o LAWRC - 400000 1| s | 4wPC

2E 2E
g = ,“2 =

ST 20000 £3 000
E= =
Y P =g
35 85
SE 3E

S 200000 o 8 00000
S £2
R4 CR
=2 ¥ = ¥

&= 400000 %= 00000

0 a

T T ; T T ; ? T
Ocay 1day 2day Tday Oday 1day 2day Tday
C. 250000
e
S s

200000 —a— WPC
—{= L¥WPC

150000

100000

Fluorescence intensity

{ex: 370 nm/em: 440 nm)

Dd.lay 1dlay Zd:ay Tﬂla\‘
Fig. 3. Fluorescence (370 nm/em:440 nm) intensities of GPML with different ration of
milk protein to lactose (w/w) during incubation times

Comparison milk protein-lactose ratios between 1 : 1 (A), 1 : 2 (B) and 1 : 5 (C). L :

lactose, C : sodium caseinate, WPC : whey protein concentrate
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o HA Whg S o]&ot HET AABE FEWA-F3 GPMLE AxF
1 &S 1: 5% 39 0.1 M SPB (pH 7.4)° ¥o] 4ol = A 4
2 55T9 shaking waterbatholl Al 60 rpme.Z 7U7F wr&slgon w8 dmpHz A
5o dFE FHall 75T HAsAS. AR W REEskA &g @S Al fIsiA
50
s

Jo

(AU
12
N,
&
Ho
ot
lo
=
o

0 MWCO membrane ©] 83} 42 24 A 750 Agslgon, FA8 AJa2S 3

A Axste] 5 A o] &3+

e Fluorescence =743 sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE)Z 8] GPML A% %2 3215}9¢. SDS-PAGEE @il d e &8tz
g3t polyacrylamide gelolA ©d Fapgfo] wah A7|geshs WHoR el
casein (>23 kDa)¥} whey proetin (>14 kDa)°] &% (342.3 Da)¥} HH&3sto] A=W
il E 2] AgRo FAL d9olA A719Es MEEA YERE. SDS-PAGEE Laemmli
(Laemmli 1970)¢] WS wgrom geld 12% acrylamide gelS AF£3F 1 running
gel¥} stacking gel®] /& Table 49 #&&. EE AlRES BCA AFH o8 9
ol 3 (24 pg/lane) &2 loading ¥ 1 2™, coomassie blue stainings A A3+

Table 4. Acrylamide gel component

Reagent 12% running gel (mL) 5% stacking gel (mL)
H>O 8.24 2.753
1.56M Tris-HCI 6.25 (pH 8.8) 0.5 (pH 6.8)
30% Acryl/bis Acryl 10 0.667
10% SDS 0.25 0.04
10% APS 0.25 0.04
TEMED 0.01 0.004
U Ad 23

o FHA Rkg X7 wel Alxd GPMLY F=E 54T A3 (Fig. 4A), L+C= C Bt
oF 25.6¥] S7ketelen, L+ WPCE WPC Rt} oF 2.6v] S718S 82135912 Fig. 4Bl
A B A3 o] wkg 7 AAF GPMLAlA famde] e deid wier) Hasskar, 170
kDa ©o]’delAl upper =7} AAH = AS A% 4 95, WPCol+= a-lactoglobulin
(14 kDa), B-lactoglobulin (18 kDa), immunoglobulin (20~25 kDa, 50~70 kDa),
bovine serum albumin (69 kDa)7} <#|&

o e #H7Igle] WPCHES: 7 U3 WAl Al=9] SDS-PAGE Z¥E ®HW (Fig. 4B),
Fo 9id MeEQlo] upper MET}L Pkt Al EATS &1 = dom, o= Fig. 4A9]
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PAE Aol M FdstA vhE Gt SIS wet FF 0t SRS @kld 9
. ole AgAem ek WPCUlel| AHAA o2 oF 5%9] F9S kil 7] wiol
Whgo] el wel WPC ApAl Wl F33e] whgo] dojd Ao g Holuy, WPCH #3
S FHrystel 7 LzF wESAIZ] L+ WPCollA WPC ®Huh Fo dwld wl=r} 7HA&a

upper WMETH AR FAT F AAE
+ SDS-PAGES| upper M=o 443t BP9 718 Age] AAFS 2 F A, o
% 7449 assay® E3M GPMLE] AZ7t @ Dojdhg Fe1s

A. B. M C L+C WPC L+WPC
250000 kDa
0 170
—— 15T 120
200000 —a— WFC 90
= LHWPC 75

54
42
35

150000 -

100000 -

24

Fluorescence intensity
(ex:370 nm/em:440 nm)

Z
.

-

15

Oday 1day 2day Tday

Fig. 4. Glycation chacteristics of GPML
Time course ex:370 nm/em:440 nm fluorescence intensity (A) and SDS-PAGE (B) of milk
protein and glycated milk protein. Protein (7 days) are loaded 24 ug each lane on 12% gel.

M : marker, L : lactose, C : sodium caseinate, WPC : whey protein concentrate

3. A -FF9 vlo|gukE MAE W T Znlo|QEA FFE o|&3 AFAANEL A
g4 2389 (n vitro)

7. 29

« GPML¥} 1¥FCo2FE 2 Z=Eupo]egx 35 o|§3 GPMLY WadH=
(Fermented (F)-GPML)¢] WY& 7|54dS 238937 & dAAZZ5E A
i+ nitric oxide (NO)¢} tumor necrosis factor-a (TNF-a)9] @&-S Z+Z} NO assay$}
enzyme-linked immunosorbent assay (ELISA)E o]-&3}o] A3 o, o] Haf M=

1>

ZF AQukgSs dov)e AME F st g AlEe] A8 &3t SAHES 9 murine
monocyte/macrophage cell line®l RAW 264.75 o] &3} oH M¥X = 10% A~
(Fetal bovine serum, FBS)Z} 1% dAAES H7F3k Dulbecco’s modified Eagle's
medium (DMEM) ®JX|2 37T, 5% CO, ZAA wlFsd. Aldiel= 100 mm?* cell
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culture dishell M7} A2t vXE A AstaL, Folal& o]&sle] HEE wo] H = 3t
| ®o} 1,000 rpmolA 3&3F AAEEste] 1.0 x 10° cells/mL& 96-well platee]
ZF 200 LA wF=ske] Aol o] §sglE. EE AISE Asy] del FBS7E E017HA
WA 2 6 AlZF starvation st om, ARE AHEdta 24A 70 T vfA] AASN 50 ul
Hstel 96 well plateo] &F38F% . FAAUET 22 Lipopolysaccharide from E.
coli O111:B4 (LPS)E 1 ng/mL9 F&== o] &3 &
NO assays= ®iA] A5 50 pl9t 100 pl9 Griess reagent (1% Sulfanil amide / 5%
phosphoric acid €993 0.1% N-(1-Naphthyl)ethylene diamine dihydrochloride
(NEAD)E #H7Fek 5 540 nmold SHE=E SAHEI LS. FFEZEE sodium nitrite
(NaNOp)& °]&3stem, 0~100 uM9 s%= DMEM HjA|¢] gAlsto] A7 AL&3}3
. NO= W4l dutge] dF<l phagocytosisol|l A ByHow YAPu= 4=
A3 A FZ AFEEHT, NO 54 WHS Fig. 59 #o] AlX7} &H]st= NOZ}F sulfanil
amide ¥ NEAD®} azo compoundE& #A3Fe] 540 nmolA Hd FF=E Yeldl= E4
S A8t Griess method (Schulz et al. 1999)E ©] &3l &

E: = H+
NO, + H2N0254<\ }NHZ e szostN=H+
y

1-Maphthylethylene-
diamine

g

i &2 L >k

rlo

H.NO.,S /_>7N—N NHCH,CH_NH
z ZM z 2 7

el
azo compound, A, 540 nm

Fig. 5. Principles of nitric oxide (NO) assay

G FFEo A TNF-a9 HdzS 543517 98 oA 4edES 3] mouse TNF-a
ELISA kit (KOMA biotech)ell AlH Wi wa} 28-S s}l

R I

(1) GPMLSY] Hez=4d g4 vl

et GPMLY WAz d 45 Blwshy] flste], LPS A2l did] GPML A<
NO @ dald FFEoA9 TNF-a ZdZFS Fig. 625 UEIAS. Fig. 6BE 1
H, s GPML Abelo] TNF-a %S frold o 2ol7t gle Aoz Yee
Y, NO assay 23 (Fig. 6A), L+CE CHTF NO AAlo] #TAasdtes AITS HQl whd,
L+ WPCE WPCHTE NO AAZE T7H71= Aoz Yeldd. NO assay® &3 24l
o] zhg< Qg Al L+ WPCe NO Aol T7let= Ao= Hol, L+ WPC7F
9 SAadE M Aew O4F

r2 R
o\
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Fig. 6. Effect of GPML on NO product1on (A) and TNF-a expression (ELISA) B)

The cell were treated sample 1 mg/ml for 24 h. LPS (1 ng/ml) was used as positive control.
LPS : lipopolysaccharide, L : lactose, C : sodium caseinate, WPC : whey protein concentrate.
Value are shown as mean £ S.D. of three individual experiments. ¢ Mean with different
letters are significantly different (p<0.05)

e Fig. 6914 WIFH a3E 71 AoR A= L+ WPCY v2¥ HdF3 a8 8
Lo}ix} NO assayQ} TNF-a9] @d=S 543 23 (Fig. 7), WPC¢ L+ WPC EF &

ur

=

S Bon L+ WPCoA sE=EE NO A TNF-a
do] 718 AS Hol AdAFH a9E VA= Aow oAag

A. B.
70 500000
b
60 - b
E 400000 -
50 1 J -
2
5
O 40 w
P4 @ 300000
I o
z ! &
2 01 :?
B 7
4 w
20 - 3 100000 -
10 4
: ﬁ : ﬁ H
0 == 0
CON LPS 125 250 500 1000 125 250 500 1000 CON LPS 125 250 500 1000 125 250 500 1000
T OWRCgm) (ng/mi) L+WPC (ug/ml) WPC (ug/mi) O LWRC(gm)

Fig. 7. Effect of GPML with WPC and lactose on NO production (A) and TNF-a
expression (ELISA) (B)

The cell were treated sample 125 pg/ml to 1,000 pg/ml for 24 h. LPS (1 pg/ml) was used as
positive control. Value are shown as mean * S.D. of three individual experiments. *? Mean
with different letters are significantly different (p<0.05).
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(2) TEulo| Q€A HFE 0|43 F-GPMLY WHZd &4 vu

GPMLZ} Z=Zulo]QElx H4F5 b%} F-GPMLe] Hdzx4d A5 Hluwstr] 98 LPS
A hH] F-GPML A2 NO A %S vwetale (Fig. 8, 9). Fig. 8Ax LCOI
TE o] &3ty d2 CeoF L+Co ¥ fq_} 3= NO AAAHES Yed o= CA ukg
Tl ER T L+ Col Wa JhrEslEolAd NO A o] wolds gelstglal, Fig. 8B
= KY210 #FE o] &3] 48 CoF L+Co HarleEialEe NO AAHCZE 625 1
g/mLe] FEA = Co wartridlEnet L+ Co dartras=ols NO B &
7hehs g1 o, 1 mg/mLe] FEoA = NO A Fo] FAass I3 A s

=

=

A = B. ™ =
= b
b T a0 4 b
b
&0 4
50 4
= S a
= =
m A0 m c
= =
3 d 5 209
20 4
20 4
10 4
a a
a T T T T a T T f
CON LPS 625 250 1000 825 250 1000 CoN LPS a25 250 1000 625
C {ug/mi) L+C {ug/miy C {ug/miy L+C {ug/mi)

Fig. 8. Effect of F-GPML with sodium caseinate and lactose on NO production

Sodium caseinate and MRPs were fermentated by LCOI (A) and KYZ2I0(B). The cell were
treated sample 62.5 pg/ml to 1,000 pg/ml for 24 h. LPS(1 ug/ml) was used as positive
control. Value are shown as mean + S.D. of three individual experiments. ' Mean with

different letters are significantly different (p<0.05).

mlo

Fig. 9AE LCO1 #5Z5 o] &3dlo] 4& WPCe L+ WPCY warsielEe NO A=
ekl o)W, Fig. 9BE= NR29 ﬂT% o] g3lo] A& WPCe L+ WPCe| Hartsias
o] NO A4S yebd 24l Fig. 99 A3E HW, WPCHT} L+ WPCY ra 7h23l
ZoA NO AA ko] =713tS solstgd oy, NR29 752 ¥rEa¥ L+ WPC 1 mg/mLe
T A= NO Ado] 7rashs gRlsiglon, L+ WPCe wartridEda w57t
=7+l w}ﬂ TE oEHo R ol AEE Slsk s, LCOIZ NR29 55
o] g3lo] A& L+ WPCY HarlsisEo] vk oEHoRZ NO9 AAHS T/
A= EO]X] FIAINE W FroA WY %
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Fig. 9. Effect of GPML with WPC and lactose on NO production at the variation of

protein levels

WPC and MRPs were fermentated by LC0OI (A) and NR29 (B). The cell were treated sample
62.5 pg/ml to 1,000 pg/ml for 24 h. LPS(1 pg/ml) was used as positive control. Value are
shown as mean = S.D. of three individual experiments. *® Mean with different letters are

significantly different (p<0.05).

L HENA-FFe) vloldns YYE L TRulologr RFE o]§F vholTWS AYE
B3]

[e]
=
wgr7lRNES AL AE (in vitro)

o Fa7E FU AEFE o8 AE YEE S4& Y GPMLY} F-GPMLE in vitro
Tl MY 54 FFE FetlE. Agxd 4 gldd kM AxE =54 gds I8
RAW 264.7 A3, murine fibrosarcoma cell line¢! Sarcoma 180 A3, human breast
cell line?! HelLa A3, human umbilical vein endothelial cell lineQ] HUVEC AXE A}
Q319 om, A 3E A= S4S £ 3H 3-(4,5-dimethylthiazol-2-
yD-2,5-diphenyltetrazolium bromide (MTT) (Mosmann, 1983)9} 5-(3-carboxy
methoxyphenyl)-2H-tetra-zolium inner salt (MTS) SAWS ©] 83} S (Jiang et al.
2010)

o« MTT SAHL doldles AE mEZE=gote] EAsts KA EFiagi oa wg
Aol MTT7}F EE]-*”/] formazans Pt AS FFEG40 nmE SAH = HHolH
MTS S Aol Axe mEZE=gole] EAg=  degydrogenasesel| ]3]
MTS7} formazang ¥FAsh= AL FFEU90 nm=E St Wl 2849
formazan A& Aolde AXE MEZE=ol Yo &4 ARE SAHshe JAo® Alx
=40 s ABY Fasta, dANE FIAZL AT FUteke dHE BRole A 4 A

o

=

e RAW 264.7 A3, Hela A|3¥, HUVEC Al¥oA+= LPS9 GPML, F-GPMLo] Al¥ SA4
S yellE=x Zeldr] Y&l MTT assayE A @392, suspension EF$Ql Sarcoma
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180 Ao A LPSe GPML, F-GPMLo] AM¥ A4S yelll=x gelsdr] s MTS
assaye AlstA S, 7+ AME vtk ZAL Table 59 Zon, o2 E3 3% WHIES

SA4ste] dxzael td Ax AEES WEEE FAE0 S

Table 5. Condition of each cell culture

Cell line RAW 264.7 Sarcoma 180 Hela HUVEC

Media DMEM RPMI-1640 MEM EGM-2

Cell density 6 6 . .
1.0 x 10 1.5 x 10 1.0 x 10 20 x 10°

(cells/mL)
Culture plate 96-well 96-well 48-well 48-well
Cell viability MTT assay MTS assay MTT assay MTT assay
. A3 43

(1) Murine macrophage cell line?l RAW 264.7 cell& o|-&3 AX HEFE =7

LPS¢} GPML % F-GPMLE] <oFdA 915 98] RAW 264.7 Al 3E29} Sarcoma 180 A&,
HeLa A2, HUVEC A2 A Y] AE 548 SAHN . RAW 264.7 AEoAe] WY
2L &7 gRlel A AEHAHS s A7 (Fig. 10), LPS 1 pg/mL¥} GPML 1
mg/mLe] FEA AE AEE] 95%0]d He S I T F AJS. = F-GPML
o] Wz &4 S Fastr] kA RAW 264.7 AEoAe] ME =4S =48 A}
(Fig. 11), -5 F-GPMLOA A¥E Q&Ko
o, C8 L+CE LCOIE o]g3to] ¥4 wtg /]
72.95%%F 76.87%° AX BEES YEIHEES E89 S, ©EbA NO assay9t TNF-a @
& gols 3 jn vitro A&olA GPMLY F-GPMLY »%Z 1 mg/mL ©|3t= A& s}
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Fig. 10. Cell viabilities of RAW 264.7 cells with GPML treatment
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Cell viability were measured by MTT assay on RAW 264.7 cells. The cells were treated with

samples 250 pg/ml to 1,000 pg/ml for 24 h. Sample were compared with control. LPS(1 p

g/ml.) was used as positive control. Value are shown as mean * S.D. of three individual

experiments. The results have no significantly different (p<0.05).
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Fig. 11. Cell viabilities of RAW 264.7 cells with F-GPML treatment

Sodium caseinate and MRPs were fermentated by LCOI (A) and KY210 (B). WPC and MRPs
were fermentated by LCOI (C) and NR29 (D). Cell viability were measured by MTT assay on
RAW 264.7 cells. The cells were treated with samples 62.5 pg/ml to 1,000 pg/ml for 24 h.

Sample were compared with control. LPS(1 pg/mL) was used as positive control. Value are

shown as mean % S.D. of three individual experiments. *¢ Mean with different letters are
significantly different (p<0.05).

(2) Murine fibrosarcoma cell line€l Sarcoma 180 cell °o] &3 AIE AEE =

Sarcoma 180 A|EZo|A 9] MiE=AdS g3 A3} (Fig. 12), LPS 1 pg/mLelA 140%9]
AE AEES YERW o, GPMLE sXolA AlE AEE0] 64~105%%= EFSES. Col
A Fr7b golAe wet AE AEESE A4S FAF £ YA, L+CoAE 625 n

gk

g/mLe] FLEd e AE AEEo] dEx2ad He FEoldot, ATt ok A
Sacroma 180 AJ¥2] AFEEO] 60% ALz A4S FAdd = AL WPCe 4%, &
T3] ME AEEONA FoA Aol vYERUA] ko), L+ WPCellA A2 s%7F &

7 21 & 4 dsls. &3 F-GPML

7}sto Wl ME AEEE TE oEXHoF 7HATH
9] Sarcoma 180 A|EZoA e ME =AL =A3F
114%2] AEZ AE=E&S Yehdgled, AHEs=r})

o
=

} (Fig. 13), F-GPMLAlA & 12~
Feholl wheh Al o] Fads

of\
N



3018t 4= UG, LCOIS o] g5te] AL [+C Barlfia|Zo s C Barlsias
B}t 62.5 pg/mLet 250 pg/mLe] sXolA ME AES] F7le o, KY210 #45&
oj-gsto] P& Co L+Co Wartriales o oA Fo2< Atel7t urEM;q or
%S L+ WPC= LCO]TJr NR29{F5 ol&3dto] & darlsseols WPC Zarls
WAl eI AEX AEFNA Fo]Hl Aol yEbA] gk or, L+ WPCe LCOI Ervz—
HE 7R ES 625 ng/ml sEE AYsAS wW WPC HarisEaEnc Ax A&

UEFE S-S 828 F-GPMLS Sarcoma 180 AlEoA AE 54

A
il
2 aq3d 5 s

Cell viability (% of control)
&
'r‘:
|

con Ips 62.5 250 1000 625 230 1000 625 250 1000 62.5 250 1000

C (ug/ml) L+C ug/ml)  WPC (ug/ml) L+WPC (pg/ml)

Fig. 12. Cell viabilities of Sarcoma 180 cells with GPML treatment

g 4 2Q9m, Sarcoma 180 M|+ H7FSF AZEA o]F F3

{
o~

O

Cell viability were measured by MTT assay on Sarcoma 180 cells. The cells were treated

with samples 62.5 pg/ml to 1,000 pg/ml for 24 h. Sample were compared with control. LPS

(1 pg/mL) was used as positive control. Value are shown as mean = S.D. of three individual

experiments. The results have no significantly different (p<0.05).
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Fig. 13. Cell viability of concentraion of F-GPML in Sarcoma 180 cells

Sodium caseinate and MRPs were fermentated by LC0OI (A) and KY210 (B). WPC and MRPs
were fermentated by LCOI (C) and NR29 (D). Cell viability were measured by MTT assay on
Sarcoma 180 cells. The cells were treated with samples 62.5 ng/ml to 1,000 pg/ml for 24 h.
Sample were compared with control. LPS(1 pg/mL) was used as positive control. Value are

shown as mean * S.D. of three individual experiments. The results have no significantly
different (p<0.05).

(3) Human breast cell line$l HelLa cellE o] &3 A|¥ AEE =3
o HelLa AlFoA ¢ AEE5AS gols 23 (Fig. 14), LPS 1 pg/mLe GPML 250~1,000 n
g/mLe] FZo|A AXE AEEL 96~1292 YEo™, GPML2 Hela AlXEdA 548
BRI A 2SS BIssle. T3 F-GPMLE HelLa A XdAe A4S S43% A3 (Fig.
=] =

15), LPS 1 pg/mLe} -5 F-GPMLAIA AlE AEEo] 80%0] A Hi= AL gl o 4=
NS, LCOIF} KY210 7455 o] &3 L+ C Har/tERaiEoA 1 mg/mLe 5= u, 7}
7} 12.08%%F 20.13%°] Al AEES YEbdS Qs o, L+ WPCE NR29 # 52 ¢
S W 7ERAE Y 6.25 ug/mLe 1 mg/mLe] FEolA Z+7+e] AE BEEE 67.23%%F

38.03%% UERES E2lage
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Fig. 14. Cell viabilities of HeLa cells with GPML treatment

Cell viability were measured by MTT assay on HelLa cells. The cells were treated with
samples 250 pg/ml to 1,000 pg/ml for 24 h. Sample were compared with control. LPS (1
individual

g/mL) was used as positive control. Value are shown as mean * S.D. of three

experiments. ' Mean with different letters are significantly different (p<0.05).
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Fig. 15. Cell viabilities of Sarcoma 180 cells with F-GPML treatment

Sodium caseinate and MRPs were fermentated by LCOI (A) and KY210 (B). WPC and MRPs
were fermentated by LC0OI (C) and NR29 (D). Cell viability were measured by MTT assay on
HeLa cells. The cells were treated with samples 62.5 pg/ml to 1,000 pg/ml for 24 h. Sample
were compared with control. LPS (1 pg/mL) was used as positive control. Value are shown
as mean =+ S.D. Mean with different
significantly different (p<0.05).

a-e

of three individual experiments. letters are
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(4) Human umbilical vein endothelial cell line¢l HUVEC cell& ©]£3% A AEE A

* HUVEC AMEelA e A 545 &2l 23 (Fig. 16), LPS 1 ug/mL}t L+ Coll A 9] AlE
AEEL 95%0)4 o2 el on L+ WPC 100 pg/mLoll A= 100% o]4e] AE AE&
< YWEFS. 500 pg/mLet 1 mg/mLe sXkolx ZZ WPCe 77.68%9 48.45%,
L+ WPC2 69.02%%} 44.52%2] AlX AEES YERYlen, WPCH L+ WPCe| AH¥ &
T} S5k et % o FEA o7 cell viability7b #HA3HS #elat gl e
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Fig. 16. Cell viabilities of HUVEC cells with GPML treatment

Cell viability were measured by MTT assay on HUVEC cells. The cells were treated with
samples 100 pg/ml to 1,000 pg/ml for 24 h. Sample were compared with control. LPS (1
g/mL) was used as positive control. Value are shown as mean * S.D. of three individual

experiments. *° Mean with different letters are significantly different (p<0.05).
5. A -F39 vlo]dutg BAHEY furosine FF 54

o wlo]duk-So FA 37HA(X7], T HF) GAR o]FAA Qo™ furosine (Fig. 17)
S wmlolkutSol 27| WA AAMNES amadori 3}3E9 SR 93] AAAHE EA

o
[€) R4
2A, vty AHES el e=A  furosine FHES SAHY F

3t o
(Renterghem et al. 1996), GPML W9 furosine &S SAHstow X, 5AU3 9

GPMLS Azsh=d A m2A ALEstaat a9

o) NH 2
i

H i

\ O/ \\(CH 2)*‘1/l5\cc7'21'I

Fig. 17. Structure of furosine

- 119 -



Azl AAY @ FARXRE A8 GPMLE pyrex screw cap vialel 30 mgs 4
i, 7.4 N HCIS 4 mL 7l g, 6023 Aaw X, gx2zos diste] 11
0CelA 24A1 7t 7hritaliatale. 7Hrsle AlgsE 25TodA W¥4d ¥ 2,500 rpm
o2 1087 YAEYSA . Methanol 5 mL¥ D.W. 10 mLE Yo vlg] &A1
INOPAK SPE C18 cartrldgeoﬂ 7trEaE Als e 05 mLS ¥a, 3 N HCl 3
mLZ 23, 0.45 um PVDF filterE F3A|Z] A|5E5 HPLC 249 AF&831Sl<
HPLC &4 =7 : HPLC &4¢] A&t 8wl 0.05% Trifluoroacetic acid(TFA) in
D.W.9} Methanole]™ X% HPLCE&o = AFE3F%1S. HPLCYE Diode—array detector®f
autosampler’} FZ% Agilent 1200 seriesE& AF83llon #48 242 YMC-Triart
(C18, 4.6 mm x 250 mm, 5 um)E A&, EAd AFEe &vl= 0.05% TFA
buffer®} methanol & 100:02.% A]Z}ste] F<% 1 mL/mind gradient Z7AS 4o 15
ol 50:50, 16+ 0:100, 20 0:100, 21%°] 100:0C.% HlHFo] F 228 FoF &
Als Ao, g2 280 nmollA EAlS AASA . AAME 4] =712 Table
63 2+

10

Table 6. Analytical conditions of HPLC

Detector : Dicode—array detector
Column IYMC—Triart C18, 250x4.6 mm, 5 gm
Mobile phase Solvent A 2 0.05% TFEA
Solvent B © Methanol
Time (min) % of solvent A % of solvent B
0] 100 0]
2 100 0]
15 50 50
16 0 100
20 0 100
21 100 0
22 100 0]
Flow rate 1.0 mL/min
Wavelength 1280 nm
Injection volume 2 ekl
U A4 23
« GPML F who]girg %7] A 3EAHEQL furosines ©o]&3te] 0.625, 1.25, 2.5, 5, 10 p
g/mLel 5714 FEE 84% F HPLC A4S B3 d%HS 09 43 A%He R2E
0.999= o]io =z AXdS

el o (Fig. 18B), Furosine? retention time< 7.9%
o]9& (Fig. 18A). ©o]& EUl& GPML WY furosine =S =A317] 94 30 mg D.M.
o 4 mLeY 7.4 N HCIE 7}3] 24 A zFEer 110CAA 7Fraals 5§ A3t d&

A=l 0.5 mLE C18 cartridgeE o] €3] 3 mLe 3 N HCIZ F=3 A 85 B439
ow 1 A3} AlFA 9 retention time®o] 7.9%°] Yo AL 23S (Fig. 20). =

3t o] peak? #HAZES Yl ABol 2.5 ng/mLe furosineS spikingsdte] #4138k 23} (Fig.
19), 593 retention timeo] peak’} Yo+ AL & 4 oW, peak? Fo]et WA o
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s7tete A E3 A8 Well furosineo] EAlskE AS &9l & & AU+ GPML Wel
AAE furosined =S 2] 93] Fig. 18BY furosme AeFardo oYy

mgoll 593+ GPMLE furosine &S &R1st3 S (Fig. 21). Z47e] Al 1 mgol &
A+ furosine®] 2 0 pg (C), 0.18 png (L+ C) 0.07 ug (WPC), 0.13 pug (IL+ WPC)
© 3o

4

REEES

A. s

= 15 8 - O 5104

160 ;
il | : 1 B2 = 0o A
] a0 . ;

F o

i
100 1 -

Fook sraa (misl)

54 i 1 5! iy i iy X o

Fig. 18. HPLC-UVD chromatogram of furosine and standard curve

Furossme cont. (upimi)

Representative chromatograms of 10 pg/mL furosine (A), standard curve (B).

=
J 7
117

23
£

Fig. 19. Spiking of HPLC analysis on milk protein and GPML
Furosine (2.5 pg/mL) were spiking on samples (1 mg/mL). A : Furosine + C, B : Furosine +
L+C, C : Furosine + WPC, D : Furosine + L+ WPC
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Fig. 20. HPLC chromatogram of GPML
Representative chromatograms of 1 mg/mL milk protein and glycated milk protein with lactose.
A:C B:L+C, C:WPC, D:L+WPC
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0.20 - 1

0.15

0.10 -

0.05 -

Furosine conc. (pg/mg D.M.)

0.00 . .
c L+C WPC L+WPC

Fig. 21. Furosine concentration of GPML

L : lactose, C : sodium caseinate, WPC : whey protein concentrate

6. FRWA-FF mlolhry AAE AR A2 BF

7} AEHd
o GPML Az A}8% fade <

1
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x84 AL Hol= WPC wlo]dihg A E (L+ WPO)| A= AR

WPCe] GPML®O| Aol Bdd Febidat fo] vl 1@ 5= 3o

A kg 2oz AAE 0.1 M SPB (pH 7.4)°14 55C9 &% =73} shaking 60
Q =]

A7 WS oto] IR A RE FHE -75TCAA EHedls. AlslY v
Al e TS AlASH] $18iA 3,500 MWCO membranes ©]-&3le] £ 24 A7Hs
&3l =

ol sl on, FAE A8 397 54 Axso] 33 Ad o
A3} SDS-PAGEZ o] &3Fe] GPMLe AA HAEES gelslorn, NO
A IS go=y Wy - g8 2t GPMLe FHa Az Azt

% Nzrel wel AAE GPMLS ZEnfo] QX FF5 o]-&38}o]
x‘?{ -

™

WPCW X]'jﬂxq =4 [e] g‘l =
A7 H8l AETH Al 9. AAlEHE 1. AEA

A GPMLS) WMol 23 98 H918b] Hol GPMLS A2/ @ o)) Ad g

AZPE R PF%E (Fig. 22)9F SDS-PAGE (Fig. 23)5 #<18kl$. Fig. 2291 vehd ket
#o], WPCe L+ WPC B4 whg Algbo] F7hghe] whet FFwrt S7hehs «@016}“0‘11,
L+ WPCe| 7 w5 1493744 = WPCeF A9 HIxd sEo 2 S7hettr) vhg 2
E] WPCS] #HF% F7hFo] hastwA L+ WPCeHe] F3 % ghol xfol7t Jepds 3
N FFE} v A2 GPMLE SDS-PAGE 7Ur, WPCS L+ WPC RF HFS A
Z74etel whel upper WME=7F F71ES selstar, £33 L+ WPCO Z-¢ whSA|7to] =7}
ol weh WpCel 8 e st ol HA ads g9 & 4 AE (Fig. 23).
Tk, WPCeF L+ WPC R5F w2 vk vbg- 1Y AEE upper =7 F4E S &<18kS]

Kol
=]

250000

—m— WPC L
—o— L¥WPC o

200000 -

150000 -

100000 -

50000 - //

0

Fluorescence intensity
(Ex : 370 nm/ Em : 440 nm)

o -
~

0 1 2 3 4 5
Reaction Time (day)

Fig. 22. Fluorescence (ex 370 nm/em 440 nm) intensities of GPML according to

reaction times

L:

lactose, WPC : whey protein concentrate.
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Fig. 23. SDS-PAGE of GPML according to reaction times
Time course SDS-PAGE of WPC (A) and L+ WPC (B). Proteins are loaded 32 pg each lane on
12% gel. L : lactose, WPC : whey protein concentrate.

« W9 xd 248 2t HE GPML Alx &5 AIS Al RAW 264.7 AlEeA ik
ARPE AlzE GPMLel @& NO AdZs S5t Fig. 242 Yehlifls. WPCs

L+ WPCE 100 pg/mLe] F%=2 AHZsS u F Al 25 ¥-g 1¥=to|A] WPC only
Bt} =4 JElster LPS o2 N Aol 7S &9 & 4 9o, Wdd
AS Yell= WbS AIZES 24A3to R SRS Fowg HY ¥hE 1Yxfo|A WPCHTE

5 i P e S|

o
>

[e) [e)
o T
A& STkl AA FEEA Be Aem Holw, & AFPA AREH WPCe AHAl Wi
& FHotar e AFLE 24 A Bk WPC AAl W S Fhe] vho]ehbgo] o]
Fojzl Aoz 1l
[ Control
Il LPS
80} 1 WPC only
== wrPC
—_ B L+WPC
o
% 60
=
=
=
L]
T 40 4
)
g
§
20

CON LPS WPC 1 2 3 4 5 6 7
1 pg/ml O day days (100 pg/ml)

Fig. 24. Effect of GPML on NO products of RAW 264.7 cells
The cell were treated sample 100 pg/ml for 24 h. LPS was used as positive control. L :

lactose, WPC : whey protein concentrate.
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o AlRo] AAE GPMLO HA Az 21 AFTS flste] mlo]k wh3S 24 Az <

stlor, F-GPML& Al=st7] ok 39t SDS-PAGEE &3l GPMLE Az of
o135l S (Fig. 25). Fig. 256A¢] 3 %=E5 HW, WPCe L+ WPC 25 24 At &
F 57} 7} st o wke 24 AIZF W) WPCO 3% ke L+ WPCH7E 2F 1.424)
vebskg. @359 npxrbxa SDS-PAGE 232 21 (Fig. 25B), WH&-3bx] &
o] A K] ] %9 upper =7} WPCe L+ WPC B H| 2% =502 AU S
stglom, 2417k Whg o2 GPMLE Alz7F & o] FofH S glsls

Jr

oo i o2

p

O

J'guﬁ =

o

WPC WPC L+WPC
Oday 1day 1day

A. B. -
a
80000 170 —
—— WPC 120 e
—o— L+WPGC 90 Ea
— 75
= 60000
&= o 54—
=5
£
g7 42 .
= |
o E 400 )
= -
@
SE
o
S 20000 4
(THE S
1 24 e
[]_
S 11

0 5 10 15 20 25

Tirme (h) 1 T A B

Fig. 25. Comparison between WPC and L+ WPC

Time course ex:370 nm/em:440 nm fluorescence intensity (A) and SDS-PAGE (B) of WPC and
L+ WPC. Proteins are loaded 24 pg each lane on 12% gel.

o WHE 24A17Fe] GPMLZ ¥ F-GPMLe WY =4 A48 3 =39S 93] NO
S v uEtdS (Fig. 26). A8 =& 6, 13, 25 ug/mLQ] A ==z g s
3}, GPMLel A= WPC7F L+ WPCH.t} NO XA
EHo 7 FrteteE AFES HAFAS. ZREulo]o
S vaws] B LC0I #5FE © T
Bl Ewt WPCe L+ WPC AWt or NO AAZRS Folvdl axxoz e
L+ WPCETH WPColA %<& NO AA#HS vetd Ao o} GPML Az A fde #H
7V7F Femlsitial wasiglon, 3 H7E glo] 24A1 7t WHEAIA 4 WPC who] &
kg AEE (G-WPO)E Alxdtal, LCOI ¥F5 ol&3te] 2adg 7eiale (F-WPOS
AmE dAste] g AF A}%s}ai%

~Z
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WPCO GPML Lco1 NR29

Fig. 26. Effect of GPML and fermented GPML on NO production

WPC and L+ WPC (1 day) were fermentated by LCOI and NR29. The cell were treated sample
6, 13 and 25 pg/mL for 24 h. LPS (1 pg/mL) was used as positive control. Value are shown as

mean * S.D. of three individual experiments. *" Mean with different letters are significantly

different (p<0.05).

« GPMLO| wWhGAIZEe] 7]E 7N 14=
W, ol FHE ARGE FASHA Bl WPCE 2441t ¥H-&-3)

WPCol A = vebst e

Pe W FFES S SDS-PAGES] upper band A4, = NO A% S7tahe=
i 2 Aol AA8" WPC AHAl el 3= ﬂ“ﬁ A7 mWE oz, GPMLe A=
3 T o] vES el 98 WPC Wl e i i g 8 A o
S 5743 A= Table 73 25, WPC Wl 3] 7. 66‘7 FrEolden, & T
73.62%% Z3 @ide] Hl&2 o 1 108 EAES FRlaiS

Table 7. WPC characterization

WPC
Moisture (%) 5.17+0.04
Total protein (%) 73.62+0.16
Total fat (%) 3.41+0.25
Lactose (%) 7.66+0.14
Ash (%) 2.64+0.00
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7154 &<l (in vitro)

7h A

7. SRNA-fRe) vlolgws A4E 2 TvoloHa #FE o8¢ TEANEY WY
3

(1) NO assay 2 T AX9 B AE, NK AX9 A{ F3& T3 "y &4 <l

« WPCe G-WPC, F-WPCe| W9 =4 845 Felspy] fle], Axdwusel gl Ax=
ez A AE T RAW 264.7 AlEoA 9] NO AA=S vlaste] W &4 3 o F
S A1 BT WGAE B, T, NK AE)9] A5 o3 @48 ddtomn uy 44
T3 AR Eistdon, FAE s BAXSY #HAE AXE, TS AE L 9N Ax
& A FolAY BAxEY] EikE FAshs THEZE Iy Fdee dasdd
AES). TAESE BAES o] Sxdrk= A o A Bddel i3 + A= W
ojee] S7hgHE v ®3 A (NK) Al vdd A5 Ao, neld
2 7D AEY FFAES} ko] Fole Ve e AREAM WAAE, FAGAE
PRRTIA R 2] Foll ofu] EAskal Sl A ]l A WY AEZY. NKAZ dd ]

™ NKAM ¥+ human natural killer cell lineQ]l NK-92MI & (ATCC)oA o] o]&3}%
& 7 AE wlk AL Table 83 Zom, AEE 24-welld] EF38ko] wjgsalon,
T B AlEE ANES AYegA e NK AlZE A8 =% T B AlEe Asas F

) AHEd. TY B AlZE= A8 A 24 A7 & NK AX

Az sl F 6Y FSF hemocytometerE ©o]-&3fe] ZF A|FEo] AAMES

ME] AS SHAEE SAHFS (Seo et al. 2011)

Table 8. Condition of each cell culture

A Ael 48 AR FE 1
N

) T cell B cell NK cell
Cell line
(Jurkat) (Sp2/0-Agl4) (NK-92MI)
a-MEM
+ L-glutamine
) RPMI-1640 ) )
Media DMEM + 1nositol
+ HEPES
+ 2-mercaptoethanol
+ folic acid
Cell densit
Y 1.0 x 10 1.0 x 10 1.0 x 10
(cells/mL)
Culture plate 24-well 24-well 24-well
Supernatant
Treatment Samples Samples
of T or B cell
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(2) B Ed HlolontA Rl Ao E7H]] &4 Qr°

HAS XS =A3E A FEA Aol EFFeICl TNF-q, Interleukin (IL)-18, IL-62F NO AJ
Joll o] sli= inducible Nitric Oxide Synthase (INOS)E o]&3li o, . A3 o=

£ o] &3l RAW 264.7 AlXxoA Ao]EFFQIF INOS AAS ayfx oz xds)
= Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR) WHS &3}¢]
Qﬂﬂ?ﬁ%. mRNA FEollA o] dazds SAS7] fal RAW 264.7 A5 12-well
plated] 4.5 x 10° cells/mLZ #F3}e] Ao o]t on, ZE ANFE A sty 2
FBS7} 5974 @2 wlA|2 6 A7t starvation ¥ ]Eé— A eS. AEE HEstal 4
AlZF (TNF-q, IL-1B, iNOS, B-actin)®} 12A]1%F (IL-6) & A7 PBSE Al oj=31 500 n
L9 trizolS AP dle] AEE FHaF . mRNA HHAEE 1.2% agarose geloll A7]95
AlZ1 & Gel-red (Koma Biotech, Seoul, Korea)® 9G3le] A|Z}3}8 7} gene® primer

sequence®} =17], annealing temperaturex= Table 9%} &S

Table 9. Primer sequences for RT-PCR

Primer Sequence Size AT.

Forward | 5-CCTGTAGCCCACGTCGTAGC-3
TNF-a 432 60.5C
Reverse | 5'-AGCAATGACTCCAAAGTAGACC-3

Forward | 5-ATGGCAACTGTTCCTGAACTCAACT-3
IL-1B 563 62.5C
Reverse | 5-CAGGACAGGTATAGATTCTTTCCTTT-3

Forward | 5-GATGCTACCAAACTGGATATAATC-3
IL-6 269 63.3C
Reverse 5-GGTCCTTAGCCACTCCTTCTGTG-3

Forward | 5-CTTCCGAAGTTTCTGGCAGCAGCG-3
INOS 487 64T
Reverse | 5-GAGCCTCGTGGCTTTGGGCTCCTC-3

Forward | 5-TGTGATGGTGGGAATGGGTCAG-3
B-actin 514 60T
Reverse | 5-TTTGATGTCACGCACGATTTCC-3

. A9

(1) NO assay2 53 A98€A 7|54 &9l
o]
=

WPCe} 24 A zF W+ A7) G-WPC, LCOI #5E ©]&3 F-WPCe WY x4 Z4S ¥
walz] 98], RAW 264.7 AZAe] NO BA4%#S LPS A3 v wstglS. 25 pg/mL
o ANFEES AHYsIAS wWe NO AAdZFS wuwst 23 (Fig. 27), WPC, G-WPC,
F-WPC 2.2 NO°| Aol S7tstalon F-WPCe NO A7 LpSe} vldh +%
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RS, G-WPCE LCOI #F= wasts fAoA #5929 84
| #A7bE =, F-WPCe NO B8] F7H7F G-WPC Eartr
a7 we=x HAEd xR Y darvbeEs] 2dod G-WPCE H7FsHA
< A& F-CONCo2 sto] NO A ZES Flsimgts. 1 23 F-CON9 NO 843
-WPC Bt} @A yelgon o= G-WPCe NO AAZy v)=3 +29S gelssl
. F-CON¢] NO Aol F-WPCe NO A= FolAos Ao|7l Y= Jo=
1:10} F-WPC2] NO A S/ LC01 #5<l 23 G-WPCe] &a7}=1 3 a
B e NOE Adwde] oAl Mzl oiaAxe] ofs] A==
WPC7} wlo]dub-S-5la dhg 74+ sn:anm NO<] Aol F7tste= AE T3 A WY
S a7} IS Ao = sk T3k Nitric Oxide Synthase (NOS)E L-arginine©]
L-citruline2.2 W3l = oA AGA A FEdd gt Wojz8&s 3= T3
Ns A EAS NOZ A3 (Nathan et al. 1991). NOSE A¥d g 4 EA4st=
constitutive (eNOS)9} W8tz o 7 WMo & F%%+ inducible form (NOS)7F ¢lo
w, o] T LPS%} Aol Bl o)&] NOS 2} W& o] “IQI‘CE]L AL INOSY (Vane et
al. 1994). RAW 264.7 AlEo|A A 8o 93 INOSY wadS g¢ls A (Fig. 28), Fig.
27¢] NO AA= Aol #fAF8HA WPC, G-WPC, F-WPC <o & wdo] Z7hglal,
F-CONel A 9] &&= F-WPCHT W&& F3 F-WPCe iNOS &d ZF 7l F-CONe]
A FEFE vAA G o IS

40

30 A
o
4
©
4
=
2

20
]
S ab
3
o ab
2
= T
=
=z 10

a
T a
0
CON LPS WPC G-WPC F-WPC F-CON
1 pg/mL 25 pg/mL

Fig. 27. Effect of G-WPC and F-WPC on NO production

F-WPC was G-WPC fermentated by LCOI. F-CON was fermented only LCO0I without G-WPC
as control of F-WPC. The cell were treated sample 25 pg/mL for 24 h. LPS (1 pg/mL) was
used as positive control. Value are shown as mean * S.D. of three individual experiments. *®

Mean with different letters are significantly different (p<0.05).
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Fig. 28. Effects of iNOS expression in mRNA levels by G-WPC and F-WPC on RAW

264.7 cells

The cells were treated sample 25 pg/mL for 4 h. LPS (1 pg/ml) was used as positive control.

=
- WEAQ FH WMz %

21 Aol molx) o, b A

3T Qg Y

sto] T, BAIXES 25 WPC, G-WPC, F-WPC

7 25
A3 FAd3 AHRE A=

3]
AT, AEE o]

F-wpPC

F-CON

) &

Wl =7 Falels

SES-

RS
e
O F HolA g o] A Aol RAW 264.7 HXEE o] &
B EE WPC, G-WPC, F-WPC® Z5 F7lehe 4
2 =il
ug/mLA A skl 24A)7F ¥ 1 A

&3t WPC, G-WPC, F-WPC$}
d A S AEE AN A (Fig. 29), Algbe] Aapgel we TAx}
& FXst WPC, G-WPC, F-WPC, F-CON&

=

A. B.
80
- 140
CON
T [—lee ]
[ JEE] ) I I PS5
5o | N WPC T 120 | = WPC
N G-WPC . G-WEG
. F-WPC . FWPC
B2 F-CON 100 | gzzza F-oon
a0

204

ik
10 ir
-
i
0= a - i -

dayl day? dayd dayd days dayt
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]
Viable cells (x10" cells/mi)

Fig. 29. T and B cells proliferation by G-WPC and F-WPC

T cells proliferation (A) and B cells proliferation (B). The cells were treated sample 25 pg/mL

for 24 h. LPS (1 pg/ml) was used as positive control.
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(B NK Al 4= SA4E T8 49 &4 ¢
H

NK M3&= T, B Az H|sto]
= XA HY AlS

o dAHQl A el AL kAl A Q)
E Gede A, B AX dede AP, T&B
3 e B wEE 2 Ay, T Ax Asds AYd A

o 5 Lo ZREF o WPC, G-WPC, F-WPC 7t
0

4. 9 B AEe TS A3 NK AX (Fig. 30B)= 693k

F-WPCE Aglg 1&FolA ot A nla] fodoz F7ie o] #EHAUL. TS B Al

Lo A5ls o] A3k NK AMEAHE 6dxtel] th2 gl Hs) F-WPCE A 23

agdlA frede® Frtskgl o (Fig. 300), o1& B Alxel el o= stobg. NK
5% B

T B Axe Aol Ass T AR Aste o]F NK Ax A5

A Ne Agstads. WPC, G-WPC, F-WPC® F-CON< 25 p
g/mLe L2 B A Agsta 484t § Aeels NK Aol A3 dat (Fig.
30D), 6¥atell Al F-WPC A 1Fe] WPC A 1gETh 4.24 v, G-WPC A 15H}
4.13 Wl F7bekiar, R F-CON A2 aFirhs 2.96 Wl =& A4S 248 23la AS
T A7t da vhg BAE wEelgte Aol oAl @ W ElslS

B.
35 60
[ Contmi —a I:ilr!lrnl
- L5 - LPS
== wee s | B2 WPe
20 { B G-WPC s C-WPC
. FAPC . FvPeC

Viable cells (10 callw/rmi)
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&
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Fig. 30. Effects of NK cells proliferation
The T, B cells were treated WPC, G-WPC and F-WPC 25 ng/mL for 48 h. LPS (1 pg/ml) was

used as positive control. The NK cells were treated a supernatant of T cells (A), a

supernatant of B cells (B) and a supernatant of T & B cells (C). The B cells were treated

WPC, G-WPC, F-WPC and F-CON 25 pg/mL for 48 h. The NK cells were treated a

supernatant of B cells (D). Columns are significantly different (P<0.001) as determined by

one-way ANOVA followed by Duncan’'s Multiple Range test.
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(4) ¥ #HE npo] 2uAQl Alo|EFFQIF} INOSS] & &<
o TNF-a= FASMEE ASAA T A2 @439 44 & 243ty Az 44 2
&k Holo] oA 28 Fo IS YERY (Strieter et al. 1993, Kikuchi et al.
2003). IL-1B+= TAHEe &A43} B AlXe As 9 NK Axe FA4s F7HA71H, A
Fo] AL gAsE FAS AL L, [L-65 B AlXe B3 =X, A By A=
g 3 = 2 T Kﬂ‘ o] B3} =2l #oJst (Chen et al. 2001, Delgado et al. 2003).
wtebA o] cytokine® g Sl BEde WYutss 24d3le #e IddU|e S
TG & ASRE # NA oA Aol 93k Alo]E7}elE (TNF-q, IL-18,
[L-6)¢ 2&dS sk Ay (Fig. 31), TNF-a, IL-1B, IL-6 =% WPC, G-WPC,
F-WPC o =2 Wgo] 7133 32159 S. House keeping gene® & B-acting ©| &3}
n) A2 ggatd o], TNF-a9] 49 F-WPCE WPC Bt} 1.31W), G-WPC Hr}
1418 & IS HS 1L-1B9 75‘70— F-WPC7}F WPCH.t} 8.354], G-WPC Xt}
2119 =& S Bylow, [L-69 A5 v Alo|EIEC Hla] LPSe| il &ko] v
$ Egomw, F-WPCE WPCHU 30.98H], G-WPC HU} 6.344] ¥ 2dS HIS.
F-CON¢ o3& A Alo]E7}l B5F F-WPC HU} HA w3y Ao =2 Hol F-WPCo
TNF-a, IL-18, IL-6 @& F7}d F-CONeo| ZAl J&S A7 &= Aoz duy

L Fel
ox

8

=
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Fig. 31. Effects of TNF-a, IL-1B3, IL-6 and B-actin expression in mRNA levels by

G-WPC and F-WPC on RAW 264.7 cells
The cells were treated sample 25 pg/mL for 4 h (TNF-a, IL-18, B-actin) or 12 h (IL-6). LPS

(1 pg/ml) was used as positive control.
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8. faud-§ute] vlojgkile AAE U ZzvloloEx FFE o/4F HAAYEY Ga

z2+8 843} &<l (in vitro)

7h. 2@

A A ] o) R el el tig 12 W o] AARA THE o
Zhgolm, A AR A& S FolH S v ALY dAE
of FqLds Fole A webd AL A #go] &3t |
71= 9n| 8t (Aderem et al. 1999)

E. coli Ax2] : fluorescein-5-isothiocyanate (FITC)-labeled E. coli= invitrogen®l A
ThEtF o, ol #FE AlE A el 5 x 10° CFU/welle] ¥ X% PBSO|
0]l ‘5%°| opsonizing reagent®t 4o WHEAIAFE. 1AIXF F PBS® Al dte] 5 A
3 o) A].Alg].Oﬂ.Q

A A ER] RAW 264.7 NIEE 4.5 x 10° cells/mLE 12 welle]l #F3te] Addel] o83}
Fonl, 7 welll ARE Ad F 24§ AAeE FITC-E colf 6 x 10
CFU/welDE 100 pl® F7kskar 2A13F ket 2; welloll 100 pLe] trypan blueE A
stal 1 ¥ PBSE o]&3to] RAW 264.7 Aol HFskA X3 FITC-E. coliz 5¥1 4
oAUl AASAS. RAW 264.7 AMxe]l of2=8 g<2lS 93] confocal laser scanning
E ARESRAaL, oW A A"S 9l
Image J (Research Service Branch, National Institutes of Mental Health, Bethesda,
USA)E AHE&8H3le. tiA Al 2] diaj 28 &4 RAW 264.7 Al A gal] Al 414
H FITC-E.coli®l %S Aoz, Aa7l H7ME A &S FITC-E. colt Z7HE Hx
o Hlaske] Al o] A AE DA SE Bl skl

microscope (LSM 5 Exciter, Carl Zeiss, Germany)E

. A3

FITC-E.coliZ RAW 264.7 Ao Hgle] ME W AFHE FITC-E.colid]l F& A3
24, 7t 1E3re] g AE @438 A E v usksle (Fig. 32). Fig. 32AF RAW 264.7
M 3E2] confocal laser scanning image©]™ ©¢]Z image J& %3] A3 A7 (Fig.
32B), WPCS} G-WPC A}ole] 914 ztol= AR ko, F-WPCe 94 o=
LPS FF o8 S7Hes gRlsials. A48 &gt e NO g Zo|vt Ao EFkl
1 vR7kA 2 F-CON9| 248 FFolg] 7&?%, F-CON9| 2] z}-g @Wﬁr §E =
WPCHY G-WPC “<FolH, F-WPC Hrt} A& R Sk
a3 st St F—CONOI A YFE HAA e ﬁg dedk Ay o g WPCE 24
a 7 adlst F-WPC+ tA Al

A wgEle] A G-WPCE LCOI #5Z o] &3dho] 2

=2 %}*éﬁ}é}@ ﬂ%@‘&%ﬁ S S7HAI71AL, INOSS| #HES T7HAA NOY S
=03, TNF-q, IL-1B, IL-6529] Alo]E7IQle] W& Z7hA17. et T, B AXe A
ARl ASFTX 48 YeEhAE f%ko, B AlxEe] s ds Ak NK Alxe] &3}
7 FRES 1A S oY 2AE EYE 2 AFelA AREH F-WPCe WY F3
of 37 dvkal gt

- 133 -



300
BI

b
250
c

200 J =

150
a

100
50
0

CON LPS WPC C-WPC F-WPC F-CON
1 pgfmL 25 ug/mL

Fluorescence infensity (% of control)

W

Fig. 32. Phagocytosis effect of G-WPC and F-WPC on RAW 264.7 cells

A conforcal laser scanning microscope image (A) and image analysis using image J (B). The
cells were treated with samples 25 pg/ml for 24 h. FITC-labed E. coli was added each well
and incubated for 24 h. Sample were compared with control. LPS (1 pg/mL) was used as
positive control. Value are shown as mean = S.D. of three individual experiments. The results

have no significantly different (p<0.05).
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WA vloldurs AHE B Trlologx RFE o4 WANYEY wWE
o]

EXAA (in vivo)

To] EHAHES e 73FH 9 Sprague-Dawley rat (SD rat, &7 : 230 g, &
S & ZH2E 20mb Y EHlske] dFY 2he] #3E SFlS. Rat Alo] A4
Rom Af S AF B FEF AEE AFEar a5 EFE Table 103

2e. 149 59+ Control group (CON)< Distilled water (D.W)E, YHA IFES
WPC, G-WPC, F-WPCZ 1000 mg/kg body weight?] == A5 FoJsta, sjd 24
Aol SFEFI AR AFHFS Gt 71Fe%a 1, 4, 8, 11, 144 55AE 7]
=5t o ML o] % Tk FRlg AY FTE ¥ 24 &b A 5 s Aetn
EDTA-3K7} ¥&3¥ FH H¥S A3 3] white blood cell count (WBC), red blood
cell count (RBC), hemoglobin (Hb), hematocrit (HCt), mean corpuscular volume
(MCV), mean corpuscular hemoglobin concentration (MCHC), platelet (PLT)S =4S},
T AHS A UEE serum sep clot activator FE.O| 2L oA 304 14]
ZF = 5, 2,000 rpmel A 1087 94 Easte] S A8 o] HO = total protein
(T.P), albumin (ALB), glucose (GLU), total cholesterol (CHOL), total bilirubin
(T.BIL), glutamate pyruvate transaminase (GPT), glutamate oxaloacetate
transaminate (GOT), alkaline phosphate (ALP)E 743 Z7(FA4, 4%, #, 214, 11,

v, Aa/da)E AEste] FAE S48

Table 10. Grouping of animals

Group Sample (dose) Number (male + female)
1 CON Distilled Water (DW) 10
2 WPC WPC (1,000 mg/kg-bw) 10
3 G-WPC G-WPC (1.000 mg/kg-bw) 10
4 F-WPC F-WPC (1,000 mg/kg-bw) 10
U A4

=
] ZEaol A A7I(EA, F9, A, A, 7 v el AL/ G FA= CON IE
Z = A

&
¥} vlarste] {914 zpolE HolA &5 (Table 13). 54 &d& AFsA 5485 3
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5ol A
g/day,

7 30.59+3.14 g/day, ¥HA

1
24.07£3.12 g/day; G-WPC &+ 35.84%4.49 g/day,

= o] =4 2Ad A/ AFS WA Hn, Table 129 A3 W
ol 2pol2 HolA] k= Ao® Hol MEo HAL gl Aow A7t
T A3s 1<

e e 2. FA9 gAY AR AT 47 CON 2
26.12£3.05 g/day; WPC I3 35.51%£3.10
26.82+£4.09 g/day;

F-WPC 18¢ 32.3743.89 g/day, 24.50+4.39 g/dayo|Q-&. AT} dARe &4 7+

2} CON 155l A

41.07£6.67 ml/day, 40.75%7.38 ml/day; G-WPC I1&<

TR 34.43+6.58 mlL/day, &% 34.14+£10.92 ml/day; WPC L&
41.14+7.43 ml/day,

40.57+7.16 mL/day; F-WPC 1< 39.43+7.14 ml/day, 42.33+4.27 mL/day©°]|3 <

o AMZol AHAFFH T FHeAd A=
biochemical value (Table 15)& A% A3}, EE 1FTolA

+ Holx] ggkom WPC, G-WPC, F-WPC+= A3 A w2 54

o=

A # 3Fe]  hematological

value (Table
7 A1) felHel Aol

LB A o2 9k

14)<}

Table 11. Mortality of SD rats orally administered with WPC, G-WPC and F-WPC for

14-day repeated toxicity test

Group summary of mortality

Days on test

Groups 1 2 3 4 5 6 7 8 9 10 11 12 13

a 10 | 10 | 10 10 10 | 10 10 10 10 10 | 10 10 10
CON

10

b 0 0 0 0 0 0 0 0 0 0 0 0 0

a 10 )10 |10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10

10

WPC
b 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 ) 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10
G-WPC
0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 ) 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10
F-WPC

0 0 0 0 0 0 0 0 0 0 0 0 0

Number of animals alive at the start of each study day

Number of mortalities during each study day

Table 12. Body weight in SD rats orally administered with WPC, G-WPC and F-WPC

for 14-day repeated toxicity test

Summary of body weight (g)
Samples (1,000 mg/kg -bw)

Period Group CON WPC G-WPC F-WPC

Male 209.2 +26.8 234.6 £ 6.8 236.4 £ 14.2 231.60 £ 11.5
Dyl Female 17742 7.0 168.8 £ 1.9 160.2 + 14.7 I72:8 =110

Male 2428 + 28.4 268.2 £ 13.0 271.6 £ 143 265.6 £ 7.1
Day4 Female 190.0 £ 3.5 183.8 £ 11.8 180.6 + 19.5 185.8 £ 13.8

Male 263.2 £ 27.6 295.5 £ 5.9 29525 +159 282.4 £ 14.4
e Female 201.6 = 5.0 189.4 + 12.6 185.0 = 25.5 198.0 £ 13.6

Male 261.6 £ 355 3065.2 +11.3 3004 +23.1 2026 224
- Female 2034 £10.3 197.0 £ 11.0 187.4 £ 31.2 201.2 £15.3

NMale 266.0 £33.9 321.7 £ 9.8 307.0 £ 25.0 2942 +£40.2
Day 14 Female 214.8 £ 8.3 203.6 £ 10.7 205.2 £+ 30.9 200.8 +£20.3
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Table 13. Oran weight in SD rats orally administered with WPC, G-WPC and F-WPC
for 14-day repeated toxicity test
Male Female
Organ (g)
CON WPC G-WPC F-WPC CON WPC G-WPC F-WPC
Thymus | 063+018 103+087 069+016 063+023 | 047£004 051:017 041£004 047+0.13
Lung 150018 1.65+009 1524016 148+0.16 | 131+0.10 129+009 121+0.14 122+0.09
Heart | 108+012 1244008 126+0.11 1.12+0.15 | 097+0.04 089+007 086+0.19 0.85+0.10
Kidney | 228+062 274+020 269+027 254021 | 1.78+007 176+006 180+033 185+021
Liver |1028+175 1198+090 11444215 1077+237 | 7.66+082 7444044 7924139 72340092
Spleen | 073009 082+005 0784007 075018 | 0.67+008 059+008 0624009 060+007
Testis/
3424022 3354046 3.162009 3.29+0.12 | 0.17+0.04 0144002 0.16+0.04 0.17+0.02
Ovary

Table 14. Hematological values in SD rats orally administered with WPC, G-WPC and
F-WPC for 14-day repeated toxicity test
Male (dose : 1,000 mg/kg-bw) Female (dose : 1,000 mg/kg-bw)
Parameter
CON WPC G-WPC F-WPC CON WEC G-WPC F-WPC
WBC (1[}3 /nL) 788040 725005 7.83+0.87 7791045 7.55+0.38 7.38+£0.36 7.56+0.38 T63+£0.73
RBEC {ll]ﬁ;" nL) 5.59+1.13 4.75+0.22 5.86x£0.66 463+1.32 430045 3.66£1.04 3.53+1.25 2.62+0.80
HCt (%) 4760220 45642079 48.12+428 47602 41 45821216 4480x1.71 46.84+£3.11 46,4414 37
Hb (g/dL) 15.02£0.25 13.96+0.89 1540+£1.09 15.08+1.03 15021048 14781025 15.76+1.46 15.28+0.28
MCV (“3) 60.46£2.40 62961134 6162148 61.18+1.40 60.74x1.13 60.76+£1.41 62.04+4 .45 60.86x2.39
MCHC (g/dL) 31.56+1.35 30.62+2.31 12.06+1.13 31.68+1.47 32762091 33.04+£1.15 33.62+2.41 33.16+394
+ 54 + 20 + + . + + 2 + +
et | 000" Ties im0 sin | mm ke s o

Table 15. Serum biochemical values in SD rats

orally administered with WPC, G-WPC

and F-WPC for 14-day repeated toxicity test
Male (dose : 1,000 mg/kg-bw) Female (dose : 1,000 mg/kg-bw)
Parameter
CON WPC G-WPC F-WPC CON WPC G-WPC F-WPC
ALB (g/dL) 3802 39+0.1 3.9+0.1 3.8+02 39+02 3.8+0.1 41401 39402
T.BIL (mg/dL) =01 <01 0.1 <01 <0.1 =01 <01 <01
ALP (U/L) 167.4+305 21204181 1694+253 1936+285 | 161.8+449 1422+301 1962+958 1286%165
AST (U/L) 1522419 16002346 156.0x33.1 139.0+20.6 | 1340162 1224411 1190294 1446+17.1
ALT (U/L) 45.6+9.1 47.0£10.7 482+85 51.4£17.9 358+80 30.6x4.4 35.0+93 33.8+75
GLU (mg/dL) 155.8+4293 14164190 1470+175 15024199 | 169.6+30.1 163.2+166 154.8+484 110.0+18.5
CHOL (mg/dL) 66.8+8.0 742147 63.0+83 69.4+9.1 71074 820157 81.6+12.0 81.6+11.7
T.P (g/dL) 54+03 56+0.1 56101 54+03 55401 5.6+0.1 572032 55202
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10. FEHA-FF vlo]gits APE 9 Z2ulo|oEx FFE o] & LAALEY FF
F H HY 84 7Isd &Y (n vivo)

7k A

(D Ade= A 33 R T 72

« 85%e] 47 BALB/c mice (20-22 g)& 567te] FH|gto] A5 o] &35 dlen,
P22 AelAA AR ESI o A w7 A R ET AFRE AlEEdla aEE 2

F+= Table 169 <.

Sarcoma 180 M¥E+= 3t AEFT 238 (KNCO)olA TY3ste] o]&
9] heat-inactivated fetal bovine serum (FBS)®} 1%<¢] 3AAE 713k Roswell

st om, AlxE

10%
Park

Memorial Institute with L-glutamine (RPMI)-1640 ®jX|= 37T, 5% CO, Z7o| A nj

WA S wop

FRE Amol

A4 ®

detan e, TE
1,000 rpmolA 3E7+ TAqE

glete], &

x 107 cells/mLe %2 0.3 mLA rate] 92 AL}ty o) 938t FALEe] 2=

A X7 ZA#HE T-75 flaskol

AR

0] =

T

[e]

[e)
-

A Asal PBSZ 8|4 ste] st migld 1.0

oFO
]:E

foi3

.

AAE F9 dFd FHE 257 CONI Negative control (NC) LH2 D.W.E F3}
I YA 25 47 AES aFE (1,000 mg/kgbw)et AFEE (100 mg/kgbw)Z
AT w2 aFe Tvheld gl F 8a§OoR WElon, CON aES G
E FYsA &a DWW ¥ aFola, NC Z2FS GAE Fdste] T4 723 F
DW.E =¢l Aolv wix AE Ao IFEL PAZ FY F 2249 4FL B
(1000 mg/kg-bw)e} A&% (100 mg/kg-bw)= 4TF 3135
Table 16. Grouping of animals
Seaee Satcoms el Sempl: (due) otmee
1 Control (CON) X Distilled Water (DW) 7
2 Negative control (NC) O Distilled Water (DW) 7
3 High dose of WPC (WH) O WPC (1,000 mg/kg-bw) 7
<+ Low dose of WPC (WL) O WPC (100 mg/kg-bw) 7
5 High dose of G-WPC (GH) o G-WPC (1,000 mg/kg-bw) 7
6 Low dose of G-WPC (GL) O G-WPC (100 mg/kg-bw) 7
7 High dose of F-WPC (FH) O F-WPC (1,000 mg/kg-bw) 7
8 Low dose of F-WPC (FL) O F-WPC (100 mg/kg-bw) 7
(2) @A NO assayE &% ¥ &4 <2l
o g &o] Nitric oxide (NO)= WA N et q&s s, 43te A2 A
THEo] A= NOv EAMxe A Aot AHES F5F. 3 INOSe fFas HEZToflA
tumor necrosis factor (TNF)¢} interferon (IFN)-y& WEAIA SAE] AME S o &
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(3) A9 Lysozyme activity® Z3+

W g8 ] SRk NO9| SAE Alx ul NO AAEF SAUIA 5dtA Griess
methodZ o] &3}l9S. NO assay? SAHERTLO R oA £ sarcoma 180 celle ¢
sto] TS e F DW.RF 9l NC 1< ol&stleon, AFT HANE ep tubed
o} ofolxe] Wi 10% AE F F, 12,000 RPMelA 1083F 94 #ste] 1 459
°ol A& 9L, g4 80 ulLE FH3te 96 well plateo] ®F3al, 80 plLe] Griess
reagent (1% Sulfanilamide / 5% phosphoric acid &< 40 pL¢} 0.1% NEAD 40 plL)&
A7Fe H 540 nmolA FFEE 5430 S. ¥ EZE sodium nitrate (NaNOp)E o] &

stiom, 0~100 uMe] == DMEM #jA| ¢ s]A3ste] g AH&-313 5

Lysozyme Az WA A Fag W

5 42 vAE HYel Agets 9Es g &

T ZHE Qo% A M} WMy FE dAgstogn APHoR AEES TRt 9
S ALY HHA o R SAd Z8ES §7]% 3 (Saurabh et al. 2008). lysozyme< &
et dAMEAA WEEHE a4a2 AL g 58 U (Nudo et al. 2011). ©]
- =
o

g ARAoZ HY MEIE AN AY dAEe HIYA (immunogenicity) S
7HA 7= 98-S st Aoz e a5 YERY (Sava et al. 1988)

Lysozyme activity =4S Micrococcus lysodeikticus BENE A £ lysozyme©|
_]

43 ep tubeol] ol ofojzo] Wi 10% AXE & F, 12,000 RPMolA 10&3F A4 &
gl 1 sl dAHS dS. 75 mg9 Micrococcus lysodeikticus (sigma-aldirich,
M-3770)% 100 mL¢ 0.1 M phosphate/citrate buffer with 0.09% NaCl (pH 5.6)°l] ¥
o] =9l 96 well plateo] oA W=  FEN 175 pLE 53 5, 93 B XFE
29l hen egg white lysozyme standard (sigma-aldrich, L-6876)5 25 pl. #7}st¢] 30
AL AR w5 29 oy lysis® AEE 450 nmol A FFEE SHEN S, AvEd
2 A8 hen egg white lysozyme standard= 0~50 pg/mLe %2 0.1 M
phosphate/citrate buffer with 0.09% NaCl (pH 6.8)°l ¢ F=H]slo] A g AL&31%

oA Aol EFHY B
_]
[e]

WAL S S ARXRA Aol EFRRIRI Interferon-y (IFN-y), TNF-a, IL-18& ©]
gatien, & Ao 4 ARE olEste] w2 v A oA AfelETke A
gy or 2Hsk= A& RT-PCR WS Sstol #1835, mRNA FEollA Ate] E7F
A FAdFS SAs] A vk mlAel trizol reagent (Invitrogen)& @il o}

RNAE FE319l5. ¢cDNA synthesis kit (Legene Bioscience Inc.)& ©]&3}le] cDNAE
443 H, thermal cycler (BioRad)® 343t cDNAE FEA]Z. mRNA HAA==
1.2% agarose geldll #7195 A7l & Gel-red (Koma Biotech, Seoul, Korea)® %43}
o] AZ}s}st 7} gene? primer sequence®} =7], annealing temperatures= Table 173}

[e)
Fd g

- 139 -



Table 17. Primer sequences for RT-PCR
Primer sequence size | A.T.
Forward | 5-CCTGTAGCCCACGTCGTAGC-3
TNF-a 432 | 60T
Reverse | 5-AGCAATGACTCCAAAGTAGACC-3
Forward | 5-CTACCTCAGACTCTTTGAAGTCT-3
IFN-a 246 | 59.3C
Reverse | 5-CAGCGACTCCTTTTCCGCTT-3
Forward | 5-ATGGCAACTGTTCCTGAACTCAACT-3
IL-1B 555 | 61.47C
Reverse | 5-CAGGACAGGTATAGATTCTTTCCTTT-3
Forward | 5-TGTGATGGTGGGAATGGGTCAG-3
B-actin 514 | 60T
Reverse | 5-TTTGATGTCACGCACGATTTCC-3
5) 18 Fy #4AE T3 S5 5279 g2
N RIEA- LR e of el g olgalel AbE 1 olg A% e 2

olg #. 19

U Ad3d4ds

(1) €49 NO assays £3%
NN E ] A} APEHS

Aol & WAE

O

X

f

ox 2 o2 et oo 4o
e

;z | ML)

4y o2 0% o

T :‘o
fl

7

% (ool

@

0z g i
z ok

ulfes

@)
o

o

N

N

_I_z

E
E

.|_4

Ll

[e]

ye 782 Mz FoAez A B o
3

2 g
B3e gge] e ol g3l T

- 1
ngeo] B3 = —xlargest length < (smallest length)?

2

22 o 12

W (Bogdan, 2001)
E79A4 NO9 AL NC Z2ERT 4894 104)

Z(100 mg/kg body weight)?] F-WPC (FL)=

yf

et HAAOl FFS VAL, FFF 52

m{m
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A

mlo

Jol A NO9 3 7]%5<. iINOSe] 93 NO9 A& <
o] in vivo AgAA HFHE v A& NOE IAxE A

MZ7} TNF-induced cytotoxicity®o] W7stA W&o

B o3t

(o3

AR

R

o o v
oo ot oL

d

agle W 2
Atz 850 mo}
golgt <=

o]
v = AR

_[



120

e
100 d
8[] -

[l

B

] cd

Z B0+

= T cd cd

=E

— ab
ﬁ .
0 [

CON NC ‘u"u:'H ‘u"n:'L GIH GIL FH FL

Fig. 33. Effect of WPC, G-WPC and F-WPC on NO production in serum

CON; control group, NC; negative control group that transplanted sarcoma cells, WH; group
administrated high dose of WPC, WL; group administrated low dose of WPC, GH; group
administrated high dose of G-WPC, GL; group administrated low dose of G-WPC, FH; group
administrated high dose of F-WPC, FL; group administrated low dose of F-WPC. High dose
was 1,000 mg/kg body weight and low dose was 100 mg/kg body weight. Values are mean *
S.D. of three independent experiments performed in triplicate. ¢ Means are significantly
different at the p<0.05 by Duncan’s Multiple Range test for value.

(2) A9 Lysozyme activity® £3F H9 &4 &<l
« Fig. 34° 9atd, NC 2559 Hd4< < CON IZwut 42 s &
AU+, sarcoma 180 cell®] FoA=E 13 T4 fdo] A & lysozymeo] & A
e 2 Ay BEe] FHdl BlE] o] Tl HAad Aoleka AzE. WPCe G-
7F 43 & lysozyme® & CON 13 5oz T/ AL AT 5 Aot 7+
o] AEAAM AFEst As=: Fo 2u Aleldl & FoA Ao]lE HolX &4, F-WPC
o] Fo= g3 W lysozymed] &S CON I1F FTo® EE 1 ooz F7IAAS.
53] A¥xe F-WPC Fo& lysozyme® & (16.62 ng/mL)S 4oz F7HA7H
Eﬂﬂ*ﬂ_l_i stola A AHES fFedtal, Go=NEH 559 Wol A2ds we 98-S 3
] 5

“

’

o S maHERt oy o a e WY
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Fig. 34. Effect of WPC, G-WPC and F-WPC on serum lysozyme activity

Values are mean * S.D. of three independent experiments performed in triplicate. *¢ Means

are significantly different at the p<0.05 by Duncan’s Multiple Range test for value.

(3) B HAH nlo]2vlAQ] Alo]EFRQ &g <l
o IFN-y= 438 g A 27 dAMxEE AdetAl sk 7154 (priming agent) 249 <
S &k [FN-y+= nitric oxide synthase (NOS)o| gl Fdxe] Wa S F7FA1 7] NOS
(

oA AAdHE NO+ cytotoxic mediatore] S-S 3k (Lorsbach et al. 1993). IFN-y&
LPSell & A= et A TNF-a9}t IL-1B2] mRNAS ZX A7 (Burchett et al.
1988). TNF-at HAAHE7 GAEE dyss 9ES e
(Urban et al. 1986). gk tiA A2 2285 HXIA7]|+=
olo g 4y A e (Balkwill, 2009). IL-1B+ TA|E B AlZe A<= 9 NK A
xo g4S TUMAIIY, GMEY FAS AAlstE &S 7R 90 (Dinarello et al.
1993). WebA o] APl EFRIES S FXlole 42 WqvsE dste 483 &
WHes 7ML S FoR F3H
mRNA FFo A A&l &3k Aol E7EIE (IFN-y, TNF-a, IL-18)¢] 23S =153
™ (Fig. 35), house keeping gene®Z [-actine ©]-&3sle] AZFs}3la. Fig. 338 H
ME Fol 74 NO°O Aol NC 2ol Hl3l 4wjel A 10ui7-A4] S7Hsk A&
A, IFN-y= NO9 A4 F7her A=} 9lom o Holo Fhiel 3
AoR F5%. IFN-y9] mRNA #do] F-WPC Fo ZFoA F7eda 53 A
s F-WPC %o Z1FdA CON 15l w3 fodoz F71s (Fig. 35B). TNF-a
(Fig. 35C0)¢} IL-1B (Fig. 35D)2] mRNA o&d LS A5xo] F-WPC Fo Z1goA o4
o8 FUteGle. Y Ak Fo IAFES Awk Fol 2F5d HlE| Alo]ETIRle]l &
B S S, AHoR AeEe F-WPCe F4& IFN-y, TNF-a, IL-1B¢] %
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= 973 mediatory
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Fig. 35. Expression of IFN-y, TNF-a and IL-18 mRNA in mouse spleen

The mRNA expressions of [FN-y (B), TNF-a (C), IL-1B (D) and B-actin were measured by
RT-PCR. These levels are normalized by expression of B-actin mRNA and quantified with
Image J software. Values are mean * S.D. of three independent experiments performed in
triplicate. *® Means are significantly different at the p<0.05 by Duncan’s Multiple Range test

and Tukey’s studentized range test for value.

4) 1LY Hy #AAE T 2 29 <

o AR sarcoma 180 cell& ©]A gt HollA nFLS HEst TF D Fy&E A 2y
= Table 189} #&. Table 1852 W RE AMZ Fo] TFo|A NC ZFRT oFo) fat
o] 743 Aoz yehd. 1FEe F-WPC (FH) Fo ZIFdlA o9 A7+ NC 15
o] oteo] AVIHTE AT, o] FE FHiE o 3 wig] ® oo, AEko AE A
7l 25§ waskd, WPC, G-WPC, F-WPC= #45 oko] Wit F37} fdastes s
< B7F Adas AT F UL

slghomy AwrEe F-WPC (FL) Foliz W93zl &
w sk gytE WIS thA] s WH el 4 e
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Table 18. Effect of WPC, G-WPC and F-WPC on the solid tumor weight and volume
of BALB/c mice transplanted sarcoma 180 cells

Number of tumor

Groups Tumor weight (g) Tumor volume (mm?*) SR

CON - T -

NC 0.33610.267 301.18+244.51 5/7

WH 0.053+0.015 49.35+21.15 3/7

WL 0.080 138.4616.37 2/7

GH 0.050+0.032 57.28+39.57 4/7

GL 0.180+0.147 118.57+82.83 3/7

FH 0.72 554.37 1/7

FL 0.108+0.125 95.0£103.96 4/7

Mice were treated with samples for 14 days. Values are mean=®S.D.
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g Long-term curcumin administration protects against atherosclerosis via
hepatic regulation of lipoprotein cholesterol metabolism
AAA molecular nutrition & food research,
2011, volume 55, issue 12 pages 1829-1840
LDLR -/- miceE U= 1855 AIN-76 ZHHE 2ol& A5
g gep ITES BAAHE Ase AR dwUel EArdE A9 Sl
T | ovastating AlES 23 w)2En, 7F ZesiHE X andg g g
Ao = e
e Protective effect of Sam-Hwang-Sa-Sim-Tang against hepatic steatosis
in mice fed a high—-cholesterol diet
AAA BMC Complementary and Alternative Medicine
2013, volume 13
AR U 2EE Aols AAIRE FHdl e A BogvE A3
U8 2°F | =9, SREBP-2, LXR, LDLR, HMG-CoA®] A 2&& AAst= s
e o] AHE Al a7t okl B
=it Antithrombotic activity of methanolic extract of Umbilicaria esculenta
AAA journal of ethnopharmacology,
2006, volume 105, issue 3, pages 342-345
Umbilicaria esculentaf|¥ts FE=° Fddayds AP =i, tail
W& 8°F |bleeding Aol slada, ATl ek a3= of2~v ) H S
o1, 100mg/kgel’d AFE of vlugh kFE3) AR B3-S vERd.
e Antithrombotic Activities of Green Tea Catechins and
(—)-Epigallocatechin Gallate
AAA Thrombosis Research
1999, volume 96, issue 3, pages 229-237
=2}74e 713} epigallocathechin gallate®] 38 d2HgS 233 =59
HHHdZ AFEE tail bleeding time, 4T SHA(ADP, odu=a, Z}
8 acoF | 71,A23187)¢] IC50& AT v BT okxvdd vust. dHFT AESE
¥} bleeding time> of~¥ I} Hl=gt o ANE YeEhglen, 3 ¢
AEe ofssert) Holuk o ey,
= Antithrombotic activity of argan oil: An in vivo experimental study
AAA Nutrition
2012, volume 28, issue 9, pages 937-941
W& 8°F |argan oil& AF st of=vRlely} heparindt FAFE Ed &aladts do

- 154 -




Shengmai San reduces hepatic lipids and lipid peroxidation

=5
in rats fed on a high-cholesterol diet

AAA Journal of Ethnopharmacology
2008, volume 116, issue 1, pages 49-57

e go LZY2HE AolZ AAF ratoll Al 2%.4%2] shengmai sans A FHAIA 73t
i FHUzdHES AR

e Blockade of glycoprotein IIb/Illa mediates the antithrombotic activity of
butanol fraction of Actinostemma lobatum Maxim

AAA Journal of Ethnopharmacology
2008, volume 116, issue 3, pages 431-438

qe gt butanol fraction of Actinostemma lobatum Maxim®] 271, ADP, thrombin

° T o® fxd FAS oAty Fneede] Ao SR AL AT

e Effect of dietary inclusion of /lactobacillus acidophilus ATCC 43121 on
cholesterol metabolism in rats

AAA microbial biotechnology,
2007, volume 17, pages 655-662
i ZYU2HE AolE AASHE ratdll Al SFERRE Y A 4312142 AFAIZD 7

W 9o | A% FelsHBo] AWHZ HARE rate] FeUsHE FER dhdt
o LDLAESl 2 s,
In Vitro Investigation of the Potential Immunomodulatory and

=5 Anti-Cancer Activities of Black Pepper (Piper nigrum) and Cardamom
(Elettaria cardamomum)

Al A A] JOURNAL OF MEDICINAL FOOD, 2010, 13, 2, 371-381
Black pepper®t cardamom® WA ZHd aiye ddays ##E3 =Fow,
BALB/c$} C57/BL6 mice®Z%-E splenocytes®} macrophages #2|dto] 23]
o] A3} tE splenocytes® S 57 2 macrophageo] A9 NO A o]

He g S7He #laklon, NK Alxe] &4 S7F 3 Alo|E7kele] & S7HE

U B Wy 24 a9s sl Ea G EE o835t in vitrodl

A Fass Fdskdty. webA, black pepperét cardamome] Abe]E7FQI
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wry Demonstration of Antioxidant and Anti-inflammatory Bioactivities from
Sugar—Amino Acid Maillard Reaction Products

Al A A] Journal of Agricultural and Food Chemistry, 2012, 60, 27, 6718-6727
omuw Fo) vholohuke MYE G ¥ FYF AN HAF wEO
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Immunostimulatory properties of glycated chitosan
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