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(2) 5= ¥ NzoHoN Begitd 252
e In vitroQ} Az a3

@ a-glucosidase activity

D AaZgoM faEligh a-glucosidase A E/do] =

O
a-glucoamylaseE sodium acetate &< (pH5.0)2.& 3] A%

10
ol
ofl
~
2
ol
12
)
~N
-
%
e
(@]

- 7142 maltoseE SHT 5% & F &4 =4

- A EES DMSO| =o]al o1& PBSE 4t AEE

- o] ¥hg &9 % 37ColA TAIRE &<k wl A,

- 1A% Fo] NaOHZ WHg-& F2A17]2, NaOH9} 532] acetic acid §4-& 2ol S3A7
- F AREE Y 22T FE X5 A kitE SA3EY a-glucoamylased| &

@ Caco-2 N5 o]-§ 2N F 54 Al &4 =

- AlZ+= 1 mg/ml glucose, 10% FBS, 100 U/ml penicillin, streptomycin®] 23 DME
M BIA & ©]&3}e] T75 platedll Al 3 ¥ 6-well plateo] 4x10°cells/mlZ HF3
T 24N FS AE gl A ik

- 24A47F Bl%F ¥ 10% FBS, 1% sodium pyruvate, antibiotics7} 3 glucose-free DM
EM A & v} & $ samples A E|5tA] &+ A Eoll= glucose 0 =+ 1 mg/ml, sa
mpleg A g3t= MEA = glucose 1 mg/mlF A 48417 vl &

- A8AIF MEE R v RS S A7EA] -80T ol B ¥ glucose =4 kit ©]-&

@ 3T3-L1 AlZA e =3 F S7He &<l

- 3T3-L1 fibroblast H] ZE10% bovine serum< Z3%3H= DMEM HIA| (5248 vl A)E

ARt Bl st 3 6well platel 3 x 10° cells/well seeding ¥+% 3~5Y wj| %

- AZE 3 = 242U MDD insulin (10 ug/mL), dexamethasone (1 uM), 3-Isob
utyl-1-methylxanthine (0.5 mM)< 333t 10% FBS DMEMHE| A 2 w8Hgt & 2447
Hl| F

- Aﬂ&% insulin (10 pg/mL)%+ £33+ 10% FBS DMEMHIA 2 w3k3le] 27 vl A

= 0}"433}5‘ ANZ171 $18 10% FBS DMEM ®i A= wkste] 2 F O #jj<f

- HH % % 10% FBS, 1% sodium pyruvate, antibiotics”} Z%¥ glucose-free DMEM Hj|

A2 v E § samples A E3tA] ¥+ AlZd&= glucose 0 =& 1 mg/ml, samples
A8k AlZol& glucose 1 mg/mla 37 48A1%F vl &
- 48AIE A EZE A ST A S A7EA -80Tol B F glucose 54 kitE ©|

&

* In vivo

(D A =g oA dF glucose S5 A a3 gl

- & F oA glucose, maltose, sucroses 242t Foist & FA|0] A= a a3 AF A
- 2AIRE o AP oA AF S EH-S o] &3t] EF glucose, insulin®] =5 54
- Aedas FoiTolA glucose ¥ insulin®] FAI5IHA 5 H| W Q24 glucose?]
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27 =0} high fat diet(HFD)Z A2]A]71 & 27} U] streptozotocin(STZ)

B 126 mg/dL. o 49] HSS P2 MY Fo2 he
]_
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(

(3) vtol @nt5} A
= Qral glucose tolerance test(OGTT)
kAT Fo) glucoseS FR40] §alste] AT 02 PO 2N FAS A F
plasmaS o|&5to] dZ% glucose =& &
» &= insulin ¥ free fatty acid(FFA)
: Enzyme-linked immunosorbent assay(ELISA) kitE ©]8&5}t9 plasma W9 insulin
=29} FFA 322 afelgt
- B2 AJoF B4 Al # blank, standardE ]

- Microplate®] 7} well washing %

ﬂ‘#"

<l

K—l

le JEL

- Washing &

- Substrate chromogen reagentE 713k &, 204 30&3F §FSAIZ
- Stop solutiong #H7}ste] BEg< ]

- 450nmolA FFE=E A

_"
(o]

m°l'
_||>l'
oX

= P} F501A9 glycogen
I 2AlF 28-S lysis buffero]] 21 homogenizer2 B4t & QAR a]5t0] 7j2LsH

1
N

iy
=<O0HO. X]s
FE5ARE FY

- Bovine liver glycogeng standard® 5} glycogen H/d

» 7HoX 9] ASEAEY A biomarker 20l

:Enzyme-linked immunosorbent assay(ELISA) kitS o] &35t} 7F 2%19] mlondialdeh
yde (MDA)?Q} superoxide dismutase(SOD)S &HQIstH

- 7t £A1Z lysis buffero] 21 homogenizer= 25t & HAl2a]sto] 7j2tgt A5

v =
= 7
- A AleF, A A&, blank, standardE +H]



- 7} well°l| Biotin conjugated anti-Insulins % 7}3F
- HRP-conjugated streptavidin solutions H7}g &, =204 3043t Ht
- Washing %
- Substrate chromogen reagents 7]-?‘?} 3, &2l A 30&3F vEAIZ
- Stop solutiong FH7}ste] ®¥H-&& AA A
- 450nmol A FFEE A
3. FAAA
= A 2S YT 71EE A E et 2
A7 A $7| 2B LHALER A
£5Ra HTHEUM 7158 RUE R LA ) g suy
HH'E = -
YL YES FEAGYY
THE HoiEs
ey F77IE e
SR 1 :
=t 1 3
FoE DY - gama g
BT sgEIg I T MEDEE 7| g tie i et E et
G443 43
HEYEEEY AL U 2% ESEES 2T EEYESEY 4N
SEuE 2ig Y ySyseH 25 23
a7 AuNS AP HYK S
et 2 ()8 #Xa 2 (2)8
HE/eigus HEiaTus
EEEEESY A0 e *EEHHE BT EriE=EY
iR A7) B8 Y4EH 27 gEdeUd 2= dF
7 HANERE(FRA T AP sEA R T FAIE
O0%Fs ol&ste] BEdassd &4 9 S8AF 453
- A 5 AEd A dAM s, AEIse e Aedaesd &4 A
- AETEESAL o837 Ve AUl 2E AF NLEF)
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BEREFEE AL FHUBe] BEANTHANA ANHE e A8 AW

o F2o AR B2 1A 9 LS Aekele A2 O FAdA AAEE 3TRS
T ALES AFRSEATTE FE AFSSE A Foe oed 2o AE2 ds5Q 1A
Au=E™E 1AZ ¥FH A7)0 & AEE dstH, olw HlFo] 7t &A% HlFo] FA
< AE)d, Rogee] Ao Wxg Rewo] Azt FFwmor WojAw, A 279
HES 717 AEdgolnt AdEoe] g FAHOE olsdth o$H AES oy A
B71E A3t Mol &l AFEFSet]o FAEd AES Aol AAdE =, A9 AF
o st MAE F4E 2] 98] 80T oA 3083t JtAAFE AHEE o Ay =3
sto] gAlFo R Mg
zen | m M B | MIME = e 53 =%

Ao YA >

dEE 9 WAUHE AzxdE BAES AMEsSIRoH, WaFFE KCTCA e
Lactobacillus plantarum KACC 15357, Lactobacillus acidophilus KCTC 3145, KCTCellA
Lactobacillus casei KCTC 31098 AR&3l9a, odE =1L 500ml wjZet~=4 100ml
1XMRS Brothuj Ao 2= 10%, starter 3%E F7}skal 37C incubatorol A vl Fstlth. 1241k

AA0E AEL AANC] 4 AP A4S APk



v
( mL FRAP Saoln
v
b A4
T8 WY H2E A3 g3 22 A94E & A AT
% 1. Lplantarum 2+ Za&E A% 4kels, #+(CFU/mL), pH
DPPH value FRAP value
] (mg AAE/g) (mg AAEfg) T T 0XCFU/ML) pH
0 1.173 3.005 0.56 6.1
12 1.157 2.411 14 6.0
24 0.970 2.355 4.8 5.9
48 1.064 2.383 20 5.9
72 1.033 2.292 10 o]s} 5.9
¥ 2. L.acidophilus 2+ $EE 4% F4ksts, ++(CFU/mL), pH
A7 DPPH value FRAP value  #3(10’xCFU/mL .
- (mg AAE/g) (mg AAE/Q) ) b
0 1.173 3.005 3.3 6.1
12 1.001 2.390 12 5.9
24 1.017 2.265 10 5.7
48 0.908 2.279 170 5.55
72 0.947 2.286 - 5.46




¥ 3. Lcasel B HagE A5

o] gstsls, #4(CFU/MmL), pH

A7 DPPH value FRAP value : TT PH
(mg AAE/g) (mg AAE/Q) (10’xCFU/mL)
0 1.168 3.208 1.6 6.41
12 1.120 2.330 13 5.13
24 1.103 2.283 23 4.24
48 1.034 2.285 150 3.46
72 1.022 2.289 94 3.22
a9 1 2w HaE 4o d4ksls(DPPH Value)

DPPH value (mg AAE/g)

= plantarum

[

=L acidophilus Lcase

a8 2. A A8 E dedel &4EsE(FRAP Value)

FRAP value (mg AAE/g)

L

a

3
(=) ]

ra

s | l@ntarum

= acidophiius L.case



71 AQAI Lplantarum ©] T2 FFo vl TdaEe &4ks) 7lFo] ¢k ¥ 42 A
o= HAT Adtgoz Wy FJEde gikslr]sol W Aol FA X Sk, Lplantarum
o] Aty oz AEoA & A= fAkdelr]el Lplantarums AR83ste] Bwe] HEE 73
S22 AAsI

(th A% e 2P
MR FFE AESe] W A/F BE UAL WSl HH B HFENFS FY
o,

¥ 4. Lplantarum 2+ TaE 4sd9 d4ksks, +5(CFU/mL), pH

DPPH value

e (107
2 7} (ng AAE/Q) “~(10"xCFU/mL) pH

0 1.77 4.8 =+ 0.6 6.49

5 1.66 15 £ 20.2 6.6

10 1.80 39 £ 15.2 6.37

15 2.38 40.0 £ 28.2 6.21

20 2.55 40.0 £ 12.7 6.14

A7 AAE FH6HH, BedaE A kst 588 DPPHE S & u 18] &4 &%k

ot 22 Ak JHE SEAE @ ao) 23k bioconversion A4S 74%‘2i’>‘1 A0 2 EE
FstEZ FEFo] F dojd F JYEE = Aolornzg, FFE AdS o|Fo = Are
HaA7l AsdHtsE AER7]S £33 Ardad AAS FEFoZHN JF5AH B 4
AE Mists Aoz £43A T
2. A8 miAE AFRS AR EFEESY Alx

71¥ MRSHiA 7} Abgd AewduiAs 7HAd sEEAE A AlFE M=
starterdf Fo] HH o =Rt AAGE = ol wEkM HA AF e AAs] fleted AdE
At WA E Atg o Aedtad S AAgon, of B TaNS AT Sujet =AM F

SEToEA AEdaFEdes Ut

7h A

(D) A=dasE g4t

AHFE WA= A wEE F2008)°] Ak A¢E wiAE HiEoE AR #AEE
15%wiv), L=F AA] 15%Ww/v)e] 2402 AZeA ). f4ket starter culture= A AA =



Lactobacillus plantarum KACC 153575 MRS wj Aol 24A17F HF3sh] AY4bstFar, wrado] w
HE7] = 5000rpmell A 1023F 7 &d th, 95T oA 15%3F A+tst ATt Ol T 40C 2 s
o, 7le MRS brothel| A &A43te f4td o WlFAES 3%(w/v)e] Hl&EE HFste 37C
g2 F7) o A 24N 3 ERF FUIREANA BT EES A ATH

0]%6‘}04 %%aam. ol A48 WTEEFE]
shd.on, A}%z@ ZAe Hagst zes
A7 1:1,1: 2 1: 39 g E@ste] F280F 2vlsanh

A= A= B A= C
T4 100 100 100
gl I 300 200 100

g BEREFEFEY AR E%E WA/ Astel,  EUdE % 2 DPPH A
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1 .
N Folin reagent 1 mLE &3g3to] A L0of A 30:_-—71} AA T g
At = ZYHETHFS catechinesd TFEZZ 3to] Ag9 FII
o

o
Hoz Agsta 42 EFHFIALERTY Sty el st A7k

AYAT, FR OE BEBAFEEEY & ¥
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o Z9E aFo] T2 Aol Hld folgow

i

ATt

polyphenol && (mg%)

A 25.3 +0.70°
B 25.7 +0.19°
C 30.7 +1.34°
40 -
g a
- J — —=
§30 b b
[
o
220 -
2
Q
L
£10 -
&
0 ) )
A B C
Group
9 4. At aFEessdYy 3 2gds gF

(2) DPPH(1,1-diphenyl-2-picrylhydrazyl) &4 4ta 245

7

A\

THEFEFESHY DPPH #dZdd Wi &AZAHLS Biose WHES WYt
1,1-diphenyl-2-picrylhydrazyl (DPPH)el tig Hzgo ax=2 O &4& 5435}
DPPH( ¢, a -diphenyl- g -picrylhydrazyl) &S #|%3le] DPPH &< 4mlol
1023 &tstar, bAoA 303t WAsted ¥3AIZl b 525nmel A 3 =5 SA A
AzE EAde ARHZITFS ARE AR & HxTY FRFEE Hlusty F4aAAF
o] ‘&(Electron donating ability)& Al4tste] W EE&=2 YeERY AT

>
knl
—
=)
TR
N
L
ol
ol
£

_ . o sampled 7} 3%
DPPH radical scavenging activity(%) = (1 - - ) X 100
sample®] & 7Hcontrol) &3 %=

TR7E OE Arwairzsioe DPPH gz 2A4%2 24% 2% 74 A

b
i
flo



+0.67°
+1.69°

+0.52%
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55.0
68.4

DPPH radical scavenging activity (%)
28.9

©] DPPH radical &7
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al

28.9~68.4%°] DPPH ZtHZ &£As<s UYEUAH. T 5 Alx C(&EE
&

&

= Ak T oM omp oW N TR
0 )| )
By  EETREEE
k) —_—
N = Ey BE oo -
— ™ 30 T N
% T -
Ho W Comon o N W 2
By Do B O R
O o W = N
.WM HT =0 3 _E
N my - Noop o W M on
No I TR
7 M ) M S, ° o °
0 : S ‘_J.U —
woE Falded o
do W oz o W o R
ooy B m.%wﬂ%&ﬂ%
N X = S ~ X
o~
o _ﬂ_ o w mﬁ o m ME © W o
g z ™ N = O
O I !
4 wEg g pLk®w
T wpox E A R b
© Lo = N e 2 of Mo NI
e I T I
o T AR 7 B WM g
A T oF Mo T ﬁ_ T M;_ " T
sl Fe® T R v
o] - S — o — )
Bm m% o_afrmﬁ W@ﬂ%%w_ﬂ
1_._0 ‘OI _MT| HT E._ " ) —_—
w o Eow Y om T R oo °
N Zo N < I 0 Mo Mo
o - < Nk N =0 0| Iy i I~
4 B i N o e X
Foooow e ow TR MR o, 0T
— oo R T o od LR
e 8 8 g g ° S fou EL BT X B =
2 to o W BT
(%) Buisuaaeas |edipes Hddd mF o o o ol T OB
N T A T M PT N

=
ok
2

(2010)0] E3F 2o uw}

A = ¥ E2Hferulic acid)7} 7HE @gor,

=
[}

(20003 4 &3]

=

o
— 929 —

J &

3

]

%

St



¥ EAFSe EEL g, S¢53y 59
A fEE type 28 3
al., 2005, Bao. L,

450 ~ 520 mg/100g A= ZgEo] Ut HIiHH
A g EAstE dstEAEA HEAS TANH 1L
LA B3 A7 I3 a3y oty 2wd® v ol (Akilavalli
et al., 2019) © =
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- WE . 2ZE0 PEE ATAGOYR)AA ujsts tALDEA PAL-1S Agdte] =
Aaglt.

- pH &% : pH¥ pH meterg o] &3t ZA3ATH

2425 AANBRAN ANAsA £ sAT

2. BT aFEFEAL o] 83 VTA AE FES)
7} 7154 Aol ~E At

7] e BERaFEEEdL ol g
Azt ch @A eSSt AgE o
(CIA YA, Korea), AAAF(FAL Korea), BAFZELH(HA SN2, F5 1), I
AIAXE, A Aleh), AFAHESAEYE, Korea), Ay dAFEZA(ZEY4
Korea), Attt a4 &=, Korea)e A3t o, ol9lo YgEs AlFolA T3t
AR5 AT

2
)
ot
e
oX
ojf
o
k]
)
ot
w
ofN

o] A I E ATt =d, FAAR] WES v 2Tk

27) St} Yl WrIfE FURE Spo] AT 7154 e
= g 2ol S4olth ¥RFHESE 2

rr

7154 AES BEXE st
A= vl 1% | 2 k)
oo} & 9.00 40.50
v 3.30 14.85
AASFZEL 1.10 4.95
ArdaFEsSdy 6.00 27.00
A7 1.50 6.75
< 0.08 0.36
FGA &H 6.00 27.00
A 73.02 328.59
A 100.00 450.00




* kA &

989 w0 | 2 FHkg)
27 2ENH 0.10 0.45
7heb7 e A 0.20 0.90
ol ATESHIT 5.70 25.65
A 6.00 27.00
3tE 97 B FHol=E - 4

A=1 W) | 3 Fke)
& & 9.00 40.50
Aul 3.30 14.85
BAFEEY 1.10 195
AETEF S5 5.00 22.50
AR 2.50 11.25
HId4 0.08 0.36
A & 6.00 27.00
S4E=H(T0  bx) 0.25 1.13
24t 0.24 1.08
AA T 72.53 326.39
gl 100.00 450.00
O olhol g i Ho|2E « Abstut
e FAE Y3, ME, Ug 5 B GPaTt TR 4737
8% 7154 AEol B 4 Atk ol BEEsI A% 5 FHUuko] shv)s o)
AdololA 714 w BIHE WE S AE A ALSAL LA FAe

el
rok

CREER L



A48 Hl g (%) | 2Hd FHkg)

&y & 8.30 37.35
ol f 3.10 13.95
AAFEED 1.00 4.50
Arda TS5 5.00 22.50
24 3 2.50 11.25
AL 0.08 0.36
FgA & 6.00 27.00
AbE = H(72 bx) 5.00 22.50
Abpk 0.09 0.41
AbHF 0.60 2.70
A 68.33 307.49

Ll 100.00 450.00

L AAE B e Alxsd i

NAFL vl A(FH Ik Aol st Aal AlF AUAES o] &kl AlzFeA T
gAY 2 A5E A A7 EFF 60CoA 1A avtete] @3] gajAIz T olm *A
A A2 dRE v AFs AF HAE claTESYILT Yal g5 SeHES
3023 wRtsk Ty &3lE 42 39k 7](APV 1000-TS, Denmark)® 200 baroll A 23] =&
sto] fdsE AR § 500L wRb’ o] £l 85T oA 30&3t A3t & AR S8
of A8kt

Bhube AAA} AgSE FRAA FAE 2 Polg® %ol FF, AW, tol, A%



# Sol o3 thEsl A 4 Utk AEFAFLEF ATl thal 30-494 dd 359 iy
o2 Z4utE AT, B A% A HEBA, GE, AR ol s v

& 5 7zx FUHE AT

BE ANEE WA B 1A, 18g A £4H 74 AFS ATt dedAE AP
om, F7} A 257t 4 CTE FAES stk Jried=e 9 Jow AR, &, 9, =33,
AAH 7155 & H/HACA ZARIATA = AE nkgo] EA @eth 9 = WS kg £
. AAHEE ote s B2 Bte HEo| ntiEd vAilAe] vz s He| el &
ANAAY e glo g AXE vZe] WxAge]l vehd & A ol#d m#e E£3E
AAE7] H8l A B A RS A AT AR Aol FRI] d¢S ATEF St
ZF B4l gk |7t Abolo] AAT AR kA S T A4Zte] BEAS WrletEE st

2) BAAE

7 A &e] GABA kol e ZA¥e BA 4 SPSS 1.0 o] &3te] #AHEAS A A8
om 7 # 7+e] =AX HlaE one-way analysis of variance (ANOVA)E Aldstgom £
A& AF T3 p0.0500 4 oJH & FoEtH T,

3 A4
AEftd i aFe] ARG Zdd AFdd e 7= 7P =4 vEwt
At 50 &3 glo] W 7S s AlFul AEo] 2 A E HE B VRS
YR AR 7125 JA AEE AlFo]l froldez 7 w2 Aoz 2AENY. &
g et At AFS & AAA ZIsEdA FFA A7t gle Aoz FUEHAL

A A A

Axok Sk o} =z A 7}
712 E

N 2—"1"a

Z2AP) 7.00+1.242V 5.39+1.42° 4.17+2.12° 4.94+1.59™?  4,94+1.83°
AFHEH(A) 6.06+1.16 7.00+1.46° 6.33+2.222 5.83+1.89 6.50+1.58?

Z4EHG) 4.89+1.32° 4.72+1.90° 4.67+1.94®  461+1.75 4.72+1.78°

UMeans with different letters within the same column are significantly different from each



test.

other at p<0.05 by Duncan’ s multiple range

?n.s: not significant
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24, 3 dsdAldd 237t A= BesitaddarEssS A

S AE U 25 oo 7|dEel

- =X -

(BH71% : A=Ast7lesista qhst

dt
B
=z

S|
~

W)

&

Al

7}, ARt R g =559 A EE 2 (Ferulic acid) HPLCS o] &3fe] HA] 2 %

[e:

AEole gddd #3Y Hles SFE] AT Zrdd EAce A sgE2 AR NA
olEd AAE XSt 89 FRE AAseEH =] HE 24Y. o] F ferulic
acid(FA)«= Zeoluv kst 3, AacA YAEE F2 s gES. A2 FAE
|3 G 25 tAbe] wA = & g 77 P T

N4 WEZ B QAT 15 dEd S RS FAsE vhAT ZAsk T ol
B AR SHENAE SR B2 ASYRoIRD A0, AF EEZIE AL W
A AR AmARel dae WAsel Wl A U7 WEEE /8

o
FZ3% RG2 sample
J&2A F

&< 112 F=3 RGl sample?} 12= Hi
EA4 AS B 2 AT Trt_]—}‘q@.

chromatography(HPLC)& ©]-8-3}o] A

Li et al. (2008) # H. Y. Shin et al. (2019) ¢] A@HE o] &3t FATZFS HPLCE &4
3t RG13} RG2E 8:2 ethanol/water® F=3} A5HES AAst 1IM2] NaOHZE 447
53 Jhg RSl s HCE ©]83ty pH2E A3}, ©]E ethyl acetateZ FE3} —Z“Q/\]
7. ZF5FES 50% methanol®l] &3]3le] HPLCEA o ©]&3%F 250x4.6mm, 5um, C18Z3

o] g3l FFE 280nmolA FAE A#F3E. o]F4S water/acetic acid (100:1) (A),
methanol/acetonitrile/acetic acid (95:5:1, v/v) (B)E& Tha gradient Zste] 4%
0-2min, 5% B; 2-10min, 5-25% B; 10-20min, 25-55% B; 20-30min, 55-50% B; 30-35min,
50-95% B; 35-40min, 95-95% B

RG12 457.38mg/100g, RG2E 381.35mg/100g2 AEfHAd LT ES F4H/E 119 wez
%3 RG1o] RG2E T FAFo] o 1.2 T &-&(Table 1).

3% 9. Ferulic acid content of rice germ °

sample

Group RG1 RG2

Ferulic acid (mg/100g) 457.38 +4.29 381.35 + 70.60

a

mg per 100g. The value is mean * SE.

o AZRA A AR RFEE) GYYSA 7154 Felln vitro AF)



(1) a-glucosidase activity %

-glucosidase™ 42%°] brush-border membrane®] EA3te= 438 F 49 o] tdd{FU °]
FRE P BRRR AR, 2FA BrsiEol SR s A%

. mEtAl a-glucosidase act1v1tya AA o =M maltose?} sucrose & °|F

sto] BrdtEo] &3 F4E ADAA A5 do] gdagel wEt 4%

¥ = e

Brodn a% oft

ot 40
rE 2

Acarboset= a-glucosidase activity A &A=, AR ZHF
7] BHE&E A dF SANAMNE AN, FE 52
Al 2= 3 9)\3 oj#d FAg& E°la A7|EEo] The =
-glucosidase activity AsfAl A ATTE s 7333%%]. kA in vitro A3EE F3
acarbose®} BEfFitdt FE=9 a-glucosidase activityE 4 =
= A3

Laoufi et al. (2017) & AW S 7|V e g At A4S W3 a-glucosidase(0.2U/mL),
RG1¥ RG2 X+ acarbose, p-nitrophenyl-a-D-glucopyranoside(5 mM, PNPG)% 25 01M
Phosphate bufferol] &) AREdS. HA AN RG1FH RG2 F+ acarboseE 37 °Coll
1087F ¥-A1Z1 T2, PNPGGmM)S ¥al 37 °CollA 30837F o w-3-A17. 0.1M NaCO3Z
71 4-E4Ng FA3EL 400nmelA FFE=E AT a-glucosidasedl] 23 substrate

p-nitrophenol W45 <& &3l a-glucosidase activity A3l 5 <<2Ugh

RG1% RG2 (100mg/mL)9] a-glucosidase activity A3l 18.39%%t 18.13% =, Acarbose
(8mg/mL)¢t Bl 3§l w, a-glucosidase activity A3 37} W5 (Table 2-1).

a

3 10. The effect of rice germ on a-glucosidase activity inhibition.

sample
Group RG1 RG2 Acarbose
Concentration  (mg/mL) 100 100 8
a-glucosidase activity inhibition (%) 18.39 + 1.55 1813 + 1.62 5393 + 045

% %. The value is mean * SE.



B8l 8o Thekgt G4 o Trwow R, 2o AN EAA FFEHo AL
Sl FEE. mEtH 2EBo] aFddA Yo g olFdt= FEE Adstd HF d¥ AT
dw E3E U F AF. A 2B EF Caco2 cell lines ©] 83t T FF
AL st P axE Flstaa &

Caco-2 cell& 24 well plateoﬂ 2X105CFU/wellE H%—o}a} 48413 E < v . 250pg/mLek

RG2_500), 10mg/mL«] glucose(GlO)% Zgshal 48417 FF HH &3 Glucose(GO) assay klt
S}

(Sigma)E ©]&3te] &S Hol ”OP%‘G‘E glucose®] & (mg)s =49 SNl glucose U]
(e]

BSFE, Caco-2 celldl 93] =0l FFHA &3 Folls L9 o] gt AL 9
3 = ARE A3 A= EAsE 5T ko] BESFE ATI} &AM ZAA
R TEW FFE At A3 g Al =S Foiu AT F A

RG1_250<= Al ¥3kal RG1_500- 0.043353mg, RG2_250-2 0.044412mg, RG2_500- 0.048823mg
S =, ol EETF T 0.04053mgel glucose 10mg/mL% A 2d THF(G10)oll Hlal <93
o7 Wo ko] ¥rgdo] EASE AL Felg E3], RG2 500 7H we k9] glucose7]-
EAT S E Caco-2 cell& ©]&3 glucose uptake A3l 7} & 32 9d(Table 2-1).

N

0.06 -

0.05 -+ o

0.04 = ="

0.03 +

Glucose (mg)

0.02 -

0.01 -

0.00 ——— T T T . |

GO G10 RGI1_250 RG1_500 RG2_250 RG2_500




19 7. Glucose uptake on Caco-2 cell. GO, glucose Omg/mL; G10, glucose 10mg/mL;
RG1_250, Treated RG1(250pg/mL) sample with Glucose 10mg/mL; RG1_500, Treated
RG1(500ng/mL) sample with Glucose 10mg/mL; RG2_ 250, Treated RG2(250ng/mL) sample
with Glucose 10mg/mL; RG2_500, Treated RG2(500ng/mL) sample with Glucose 10mg/mL.
The values with different alphabets are significantly different at /7<0.05, as determined by

Duncan’s multiple range test.

(3) 3T3-L1& ©] &3 glucose consumption <l

o

o
P,L
2
D
o
—_>':,
b
1o
e
bt
oft
o
ofo
it

3T3-L1 cell& 6 well platee] 1x10°CFU/well& #5332 cello] 100% confluencedt el 7} 2
7bA] W gst. Ax BSE 5317 98l insulin(l0ug/mL), dexamethasone(1uM),
3-Isobutyl-1-methylxanthine(0.5mM) & *%3 10% FBS DMEM X2 w33t & 652t A
WAZZ 238 APHNEE insulin(l0ug/mL)T+ E3H3F 10% FBS DMEM HiX| 2 w1 3H3}e] 4
dEt A3t 71E AR 10% FBS, 1% sodium pyruvate, antibiotics”} Z3¥ glucose-free
DMEM HiA|2 " E § Aefitd T EFSE(RG1250, RG1.500, RG2_250, RG2_500)3
10mg/mL®] glucose(G10)E A& 3dtaL 48A1ZF B 3. &3F 4 & Glucose(GO) assay kit (Sigma)
£ o] &3ty 259 FH(mg)= SA3FY glucose consumptions &A% A5 A glucose”t
AA FordeFF 3T3-L1°IA glucose?] ©]-&E©C] F7tete] AFAZo el T thAtel &3}

S
=
Holgh= e AT =+ U=

RG1¥# RG2 EF 3T3-L1 cellol A glucose °©]-8&E&E°] F7Fg. 53] RG2.500> G10°] ®lsf
glucose”} 15% ZrAste] 7F4 =2 glucose consumptions R %, RG1¥H RG2 EF A WA
SEFRD 3T3-L1 cellol A glucose ©]-&&°] F7tste] ded A 37 lve AT



0.07 -

0.06

0.05 +

0.04

0.03

Glucose (mg)

0.02 -

0.01 -
a

0.00

GO G10 RGI1_250 RG1_500 RG2_250 RG2_500

19 8. Glucose uptake on 3T3-L1 cell. GO, glucose Omg/mL; G10, glucose 10mg/mL;
RG1_250, Treated RG1(250ug/mL) sample with Glucose 10mg/mL; RG1_.500, Treated
RG1(500ng/mL) sample with Glucose 10mg/mL; RG2 250, Treated RG2(250ng/mL) sample
with Glucose 10mg/mL; RG2_500, Treated RG2(500ug/mL) sample with Glucose 10mg/mL.
The values with different alphabets are significantly different at 2<0.05, as determined by

Duncan’s multiple range test.



0 5EREA AEgiaREisn 345 7154 F2(in vivo AF)

= & WAR 5 U sl AstHUA UEhd,
F AZEE d9e 243t g9 W £XE 29z eyl

ATE glucoses FHgH

3o WHslES &2 AUC(area under curve)E Al4bste] AZPEE glucosedl 93] €wol
7T Aadtes HlES T8l Wdss S8E T+ Uw

A% Fut sERdoA ArfitdFEEe] Fdedx BHE Ayl e, 22 strain?d
C57BL/6 miceE ©]&3t] TR A ©He P& JPF o= AE7}F glucose,
sucrose, maltose & ©JH A|E7} oW FE| T FFo AEste] o Aot ES T

A BRlskr] ffsl Ak

C57BL/6 mices 7t +% 7ve]d ddte] dFLdsd 31344 S AF. RG1H RG2E
200mg/kg BW.9] 352 FoI3til 2g/kg BW. ¥ =

s} Group% glucose, glucose+RG1, glucose+RG2, sucrose, sucrose+RG1, sucrose+RG2,
maltose, maltose+RG1, maltose+tRG2o. 2 EFIS. AIEE HA AT BA3la 7 F9

F E4o 3 15min, 30min, 45min, 60min, 90min, 120min &<+ 28] AWM sl dFS
g

=
9] glucose, sucrose, maltoseE Z72F Fof

Y
o
o

group< 15minol A 9] 7 =35, 15min o]F d3F2 Algto] Aol wet A
Aes &2 Glucose T (Figure 3-1)= Hlul3}H, glucose+RG2:rL°ﬂ/H O£ glucose
o3k & Bt Aol Al wiel Ee] F43%H HolAls Ae FAdT F s AUC
1% glucoseoll HI3l glucosetRG2T2 AUC #eol Fol&H o= 6.68% 7+4F. Sucrose F
Figure 3-2)2 sucrosetRGl, sucrose+tRG27 EF sucroseT Rt AUCH©] ZrAsh= 7

HAO Y sucrosetRG2i5Fo] sucrosew ol B3] FoA o2 AUCH®] 7.53% ZHA3Sh
Maltose T (Figure 3-3)2 (A)lA % maltoseE T3 ThE o B3] maltose+RG2©]
wol gA wE I 47t HASS T F AS AUCHAE maltosedol] HI 3]
maltose+RG1 2 AUCH ol F7FAIRE, maltose+tRG2w2 ZAPA T Fox7F gl A
mouse?! C57BL/6 mouse ERA RG2 Alg Fo=Z Q3] AUCHS T4, ol T
(glucose) & F(sucrose, maltose) =3l & Alste] I Zst ax5 &2l

i
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oo & = M o
10 M2 rir
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19 9. Blood glucose level(A) and glucose AUC(B) after the oral glucose test(OGTT).
Glucose, glucose 2g/kg B.W.; Glucose+RG1, Treated RG1(200mg/kg B.W.) sample with
glucose 2g/kg B.W.; Glucose+RG2, Treated RG2(200mg/kg B.W.) sample with glucose
2g/kg B.W.

The values with different alphabets are significantly different at /7<0.05, as determined by

Duncan’s multiple range test.

(A)

280 - —&— Sucrose
- SucrosetB.Gl
Q. —-v— Sucrose+BG2

Blood sucrose level (mg/dL)
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1% 10. Blood sucrose level(A) and sucrose AUC(B) after the oral sucrose test(OSTT).
Sucrose, sucrose 2g/kg B.W. Sucrose+RGl, Treated RGI1(200mg/kg B.W.) sample with
sucrose 2g/kg B.W.; Sucrose+RG2, Treated RG2(200mg/kg B.W.) sample with sucrose 2g/kg
B.W.

The values with different alphabets are significantly different at /<0.05, as determined by

Duncan’s multiple range test.
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1% 11. Blood maltose level(A) and maltose AUC(B) after the oral maltose test(OMTT).
Maltose, maltose 2g/kg B.W.; Maltose,+RG1, Treated RG1(200mg/kg B.W.) sample with
maltose 2g/kg B.W., Maltose,+RG2, Treated RG2(200mg/kg B.W.) sample with maltose
2g/kg B.W.

The values with different alphabets are significantly different at /7<0.05, as determined by

Duncan’s multiple range test.

2) A2y Y= s=E2L(db/db mouse)= ©|8&3t in vivo &5 H7}

5 g2 AAY Adsde & 93 thabg. 2Eu 3 FEA AAEQ At
BESE gey oA Y HjE o] SUHEL BEREA A Y AH|7F HASEA WA A
02 ¥F X5 F57F 5ol F U €F TEY w57 SeUbA A vl ol A
dedo] BHEI e ER0E ZTEYL 5 o 074 259 JduyAdeE 2
olAY =2 FEE AASA H. B xxdo] 1o Syt 24, A, o
2 dAFHEY d&Ede 2Eo7 I8 oy TEYo] o]FIHA F TxY Fre ¥
AAA Ha s FHl= 4 H

NS AGAZA EREHE T2F08 AHo|dHxd, AF, duALH e AAWER 7
e 243 }q"e 894 JEE wolsole Y F8AVF 2HEE Y FX7F S
o= EFsta JqE-S WolEolx] Xl A8xHo] A o} viRte] fEEHIL FER7FA A
24, 8l 84 FHdAE FFHEH db/db mouse 3= U= AIAHE Yl FA)
A2 G SERYE g ARHT AL

.I{N'
ol
ol

bod 3
2 l+«1 AIN-932] o] RG1, RG2E 250mg/kg, FAE 8.175mg/kgs
S5 Y AFASA & Group F4T<] db/+(db/+), W ’\Q-Zﬂ A=

3= SE =PQl db/db controli¥l(db/db), db/db+FAF(FA), db/db+RG1T(RG1),
db/db+RG2T(RG2) .2 &7

Adaptation RG1 or RG2 or Ferulic
Normal diet

853t FA, RG1# RG2E AHHAAZIHA 25 I <&
°ol=

i o K

ofh
L
p
it

-1 week 0 week 8 week



(h AFdste] g J3F
- 050l db/+TF A2d W FERDQ db/db, FA, RG1, RG277He] #o)A7t BlS
85l db/dbtoll HlE) FATolA T 482%2] #|Fo] 743 RG1, RG27ol A+ db/dba
Hlwste] @38 5] 2.35%, 3.58% Zﬂﬂ mehA Az 9% AFHA B S

3t 11. Change of body weight

Body weight(g)

Group 0 week 8 week
db/+ 2249 + 0.76° 27.66 + 0.49°
db/db 37.30 + 0.33° 50.78 + 1.04%
FA 37.20 + 0.70° 4834 + 3.82°
RG1 36.34 + 1.77° 51.98 + 1.15°
RG2 38.28 + 1.15° 52,60 + 1.53

The values with different alphabets are significantly different at /7<0.05, as determined by

Duncan’s multiple range test.

mouse®| liver, Epidydimal fat, kidneyS #&3sto] FAS S8 db/dbito] liver FAI=
28950 2 db/+ol Hla) ok 67.97% 7V FATT RG2EL 747t 2.58g, 2.6950 2 db/dbi
of ¥} liver FA7F ZFag ot o2k I+, RGIT 2 24gC2 db/dbrol Hls| #2]%
S 2 liver FAI7} 4% Epididymal fat2 db/+3o] 413l db/dbi2 80.89% %7+ FA
T, RG1w, RG2o& db/dbroll Bls| ZAFAIRE FoZ2Q0 Zol7t gll+. kidneys E& o
AN FoHA Zol7F YA &=

3t 12. Organ weight

Group liver (g) Epididymal fat (g) Kidney (g)
db/+ 0.93 + 0.03° 054 + 0.05° 0.30 + 0.00°
db/db 2.89 + 0.13° 2.81 + 0.09° 0.35 + 0.02°
FA 258 + 0.11%° 270 + 0.11° 0.35 £ 0.02°
RG1 240 + 0.12° 2.61 £ 0.23° 0.30 + 0.00°
RG2 2.69 + 016 244 + 0.07° 0.33 + 0.03°

The values with different alphabets are significantly different at /7<0.05, as determined by
Duncan’s multiple range test.



BefAEREFER WY o BE HAY] A3 250 B TN mouse®
m Ao APsle] S AT 1730l ZE o] foFel 2ol7) AL, 353}
o= db/dbiol H3] FAT, RGIZ ¥ RG2ZoIA =5 1544%, 25.71%, 29.68% Z4% &

3] RG1¥# RG2v2 db/dbwell tiall & e g 2hash 552+ FAT, RGlw, RG2©|
388.5mg/dl, 340mg/dl, 372mg/dl®.2 =% db/dbel HlEle] fFolHog zFaF whx|ut

)
8% At db/dbE3 Wlmste] Yo BF ZAWATW, RGIFTe] Fo202 Pad A
S A 8FAbol= AP EQ FAT R RGL RG2ToIA U & T Z43st &x7t 9l
oa Agd ¢ s
3t 13. Blood glucose level of mice
Blood Glucose (mg/dL)
Group
1 week 3 week 5 week 8 week

db/+ 131.25 + 10.65° 132.25 + 6.23° 116.38 + 7.23° 158.75 + 4.57¢

db/db 165.13 + 13.26° 371.50 + 28.39° 427.00 + 35.04° 547.63 + 18.95°

FA 169.63 £ 19.49° 314.13 + 28.72% 388.50 + 33.59° 535.25 + 24.32%

RG1 165.88 + 12.61° 276.00 + 29.74° 340.00 + 37.84° 479.88 + 29.51°

RG2 168.00 = 13.30° 26125 + 25.64° 372.00 + 41.83° 519.88 + 20.71*

The values with different alphabets are significantly different at 2<0.05, as determined by

Duncan’s multiple range test.



—a—  db+
600 1 Qe db'db
———%—— FA
oA e R #52
5001 | — - — RG2 fﬁ:ﬁ‘ X
— i -
S e
400 A gy o
s 2
E x-" A
E ’,f //,-*
P 300 - " -
@ 'f/i'%
o
- 200 - 2
2 'd
m .—’.\./_,_/.\._’f//—.
100 -
I:I T T T T T T 1
0 1 3 5 6 7 8

1% 12. Blood glucose level for 8 weeks.

(2h) A7 ZH-sk (OGTT) =74

TEEES SAsH] f8 144%F A28k, mousedl Al BT E 2g/kg BW.9 glucoseE F

% 5, AZPEE @9 WeSe FAFOGTT). db/dbt ¥ad o, FATIH AUCHO]
3.64% TaPAT, FoAHA Aole e ¥HHO| RGlITS AUCHOl Aoz ZHadh
RG22 db/dbwell Hl&| OGITolA= AUCHC] F71ete 23S BY. A% YW 58X
A2l db/db mouse®l Al RG19l &3] AUCHe] Feld oz ZHAadal, o= RGlo| G&EFE A

sfste] dd Astol a7 A=e ord
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1% 13. Blood glucose level(A) and glucose AUC(B) after the oral glucose test(OGTT).
Glucose, glucose 2g/kg B.W.; Glucose+RG1, Treated RG1(200mg/kg B.W.) sample with
glucose 2g/kg B.W.; Glucose+RG2, Treated RG2(200mg/kg B.W.) sample with glucose
2g/kg B.W.

The values with different alphabets are significantly different at /7<0.05, as determined by

Duncan’s multiple range test.

("H Plasma insulin level &%

Jede & tAE 2dete 32808, dF5 59 57 FokAH Ao WEA 29
A dedo] ZHHA JIed EFoR EEYL THOE SOUUMAY BolA == ¥
B AddE. 2 243 45 259 5c BoAA Ha ded ¥l ZastA 2 mEkA
HARA A daed EH7F dojuA XAl He Aol €9e =dskA XshAl H.
TS HAFNA ded EHle AAH R o] FofAY, T2 oA AdadAFA ol Lot
Fo tAEEA el HE d5 led wE7F 2olAe adleddso] BT

Mouse 3] A], NS EDTA tubed] +F %, Plasmas £8/3}a] LBIS mouse insulin ELISA
Kit(FUJIFILM Wako Shibayagi)E ©]83l insuling =& 483 Ad€d AFAHS gRlstr] K3l
dF ded w25 AN oY, db/dbT(0.86ng/dL)ol HIS| FA, RGl, RG272 % <d&d

= 1.07ng/dL, 3.04ng/dL, 3.79ng/dLO.E 1 %A ZHF.
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b
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19 14. Plasma insulin level.
The values with different alphabets are significantly different at 2<0.05, as determined by

Duncan’s multiple range test.

(1h #FZ=ANA insulin level 578

AR A4 Qe Bulrh Dojubx 2w, AW WP zdshA 2l 9. wet
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1% 15. Insulin level in pancreas.
The values with different alphabets are significantly different at /<0.05, as determined by

Duncan’s multiple range test.
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19 16. Hepatic glycogen content.
The values with different alphabets are significantly different at 2<0.05, as determined by

Duncan’s multiple range test.
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1% 17. The mRNA expression levels of (A)GK, (B)G6Pase and (C)PEPCK genes in liver
tissue of the mice. The fold changes value was calculated by GAPDH gene expression.
The values with different alphabets are significantly different at /<0.05, as determined by

Duncan’s multiple range test.
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