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SUMMARY

I. Title

Evaluation of pharmacological action and toxicity of insect resources for
development as food and medicinal material

0. Summary

In this study, we established optimal powder manufacturing process for Frotaetia
brevitarsis and Tenebrio molitor larva for using as a novel food. For this purpose, it
should be feed with the oak sawdust sterilized by water vapor for 3-5 days, starved
without water or food for 3 days, and then the larvae were sterilized before
freeze—drying. The sterilized P. brevitarsis and 7. molitor was lyophilzed and grinded by
a blender. A safety of the powder as a food was validated by evaluation of Raw 264.7
macrophage cytotoxicity using MTS assay. As above results, we propose that optimal
powder manufacturing process established in this study can be used in industrial
production of P. brevitarsis and 7. molitor as a novel food.

To evaluate PF. brevitarsis and 7. molitor as food materials, we investigated their
composition of nutritional and harmful components. Analysis of nutritional composition
(moisture, crude protein, crude fat, crude ash, crude fiber and carbohydrates) showed
that the content of crude protein, fat, carbohydrate were by 58%, 18%, 8% in FProtaetia
brevitarsis powder, and 53%, 31%, 9% in 7. molitor powder, respectively. We also
confirmed that all bacteria as well as all heavy metals analyzed in this study were not
detected in lyophilized 7. molitor. In P. brevitarsis, all bacteria were not detected, but
small amount of Hg (0.1£0.042 mg/kg) and Pb (0.70£0.49 mg/kg) were detected. And,
we also investigated whether their extract have anti—inflammatory, anti-obesity, or
anti—diabetic effect on various cell lines and mice.

Alzheimer’s disease (AD) is an progressive neurodegenerative disorder
characterized by neuronal loss and extracellular senile plaques containing B-amyloid
peptide (AB). AB is proteolytically produced by B- and y-secretase from a single
transmembrane amyloid precursor protein (APP). The progressive accumulation of
insoluble AP peptide is considered to initiate a pathogenic cascade of AD. Considerable
evidence has been suggesting that the reactive oxygen species (ROS) are involved in
the apoptotic mechanism and inflammatory response of A-mediated neurotoxicity. The
present study was designed to demonstrate the anti—AD effect of both 7. molitor and F.
brevitarsis larvae extracts and their major compounds through the regulation of in vitro
BACE1, AB-induced neurotoxicity and APB-induced inflammatory response. The isolated
major compounds showed novel neuroprotective properties not only vza the selective and

specific inhibition of BACE activity but also through the alleviation of APsos-35—induced



toxicity. Moreover, the results implied that extracts and their isolated compounds
attenuated neuroinflammatory responses through the inactivation of NF-xB by NF-kB
dependent inflammatory pathways and phosphorylation of MAPK in ABss-ss5—induced PC12
cells.

In vitro and in vivo hepatocellular carcinoma and hepatotoxic mouse models have
been analyzed to examine anti—neoplastic and hepato—protective activities of 7. molitor
and P. brevitarsis larval extracts. The effects of 7. molitor and P. brevitarsis larval
extracts on cellular signaling of metabolism, growth, and death of hepatocellular
carcinoma cells were analyzed by high—-throughput screening and high resolution
molecular imaging. /n vivo hepatocellular carcinoma and hepatotoxic model systems were
established and anticancer and hepato-protective activities of the extracts were
examined. The extracts showed strong cytotoxicity against hepatocellular carcinoma cells
in vitro through the mechanism of apoptosis and autophagy and the antitumor activity
was confirmed in vivo mouse xenograft model. Toxic chemical induced hepatotoxic
mouse model system was established, where the extract showed strong hepatoprotective
activities.

To Evaluate pharmacological action and toxicity of insect resources for
development as food and medicinal material, we assess the safety of the edible insects
under the GLP condition followed by the registration of the edible insects as a food
source. The safety and toxicity assessment for edible insects will contribute to secure
the food source in the future. This research 1is significant to secure the initiating
technology in the relevant filed. We carried out the establishment of validation method
for 7. molitor and P. brevitarsis, the general toxicity studies for 7. molitor and PF.
brevitarsis, and the genotoxicity studies for 7. molitor and P. brevitarsis. As a result,
the validation method for the homogeneity, contents and stability analysis of 7. molitor
and £F. brevitarsis was established. In the results of acute, 4 weeks and 13 weeks
toxicity studies of 7. molitor and P. brevitarsis, there were no toxicity findings in any
studies. In the results of Ames, chromosomal aberration, micronucleus and comet assay,
there were negative findings or no toxicity finding in any studies. The safety of 7.
molitor and P. brevitarsis was established and these insects will be available for the
food sources.

Freeze—dry condition (time, temperature, vacuum level) and sterilization condition
(time, temperature) setting in insect resource (FP. brevitarsis, 1. molitor) for
standardization of production process. Also, setting self standard test (appearance,
moisture, foreign substance, crude protein content etc.) with standardization of
production process based on the Korea Food Standards Codex. Check self standard test
and material change on the acceleration test with regard to insect resource. And
expiration date set at by the Arrhenius equation. Also, finished producing a prototype of
powder form with package design considering product characteristic and check self

standard test and material change on the acceleration test with regard to prototype.

_7_



Based on the result above, freeze—dring 7. molitor and P brevitarsis registered as a
temporary food on Ministry of Food and Drug Safety and reported their manufacturing

on city hall.
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- Hol] 7 FUFFHMAELD), Hx(=0), 3R g)
I x L AT AT AFEEN A, ERES o8 HEE AT ER xRS 28 2
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ok 1 3% 7%

- el oeF 2090 / kg

(2) &AW AA 2 (Tenebrio molitor, mealworm)
- ol FF USSRV E, ok, 93 4E 5 7
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- A4 ofE
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o mgeEEE A48 23 89
(1) Aol RAe] AH3 271 49 (5859 2 5=, 2012/2014)
b APRRE G, 52, 513 54 A
O e AuHel 54 2
FITET X CE
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& e vE AQLE
H]_}i/\_g_/\] 7‘|_ 37H o) %ﬁ%}\—lol %T?T:ﬂ]' 3,\,4],:]
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= - 2 o
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Sample High .temperature and Fasting Food
high pressure e
No. . day sterilization
sterilization
1 X 0 O
2 1157C, 0.9 kgf/cw', 5min 1 @)
3 115C, 0.9 kgf/cm, 5min 2 O
4 1157, 0.9 kgf/cw', 5min 3 O
5 115C, 0.9 kgf/cr, bmin 4 O
6 1157, 0.9 kgf/cw', 5min 5 O
(A) Color evaluation (brightness) (B) Odor evaluation
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Larva Post-pupa Pupa

AAAA Y= LT ANA(AE AN 28~35 mm Zolef H
Ko, AL 25TE AN S FED g L FAAA F59 T
AbEshE golldl AMAA e Afeds HdHo] 1580 wWE £

st of 3~8F7HA = A7 Aot FElskAIRE 88 o] FHHE AlRTH S

= HXA g AT|Abe] g R ¢ gYlenE 2 ATdAe A

547 Xé‘ PRGNS & F § of Zel7} 28~35mm7t ¥ i1, HAe] 5~
= Ael dH = Fo5s AEsiar, aaAA e Hol== oE 47]E
I 53 1o TR KA dHed gy Y st AA 270 Lo vol AY
S YRS, AAMAAE ] A M EQ Raw 26470 W3k 54 35 ZAH3 7] & AE
of ZAMAAT el HeEHS AHglstal 24A1F AIA] MTS{3-(4,5-dimethylthiazol-2-yl)-
5(3-carboxymethonyphenol)-2-(4-sulfophenyl)-2H- tetrazolium} A]9FS i 36ColA 44
b o] ®j%kst & microplate reader(Beckman, USA)E ©]&3lo] 450 nmolA SHE=E =4
s A S-S A7E AMAA ] MESLS Glg A3 HAdY 5, 345 2 WY

o
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7o) BE Aol AEEHe] Gge FAW  ANs. webd Aol AEH BE A
719 BAAALYN HECE AGEII] AL 912 Ao BHHY FAAALYY B 5
9 A 159 S SR S @) oS We) i A% 3
£ $AF 5 Wdy] dee 2aAAe nrke 7}7%1 Agsta Fa7] Gold Aoy
¥ 30 Aoz AEH Aow AYANL

) oA Pa 27 s
O 47e Avxd AAHS g vAE AL
Sample Steaming hours Bacteria Fungi
No. (min) (cfu/g) (cfu/g)
1 X 210’ 3x10’
2 5 - -
3 10 - -
4 20 - -
5 30 - -
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5 days

@ % A FREF R AL 9l FARATTT o) U] BEW AE Tl

© 90 O 1day
z 80 O 2day
£ 70 @ 3day
i

o 60 @ 4day
S m 5day
S w0

@ 2AAA ] F2 Aol whE WEAZEE A D wA] B5H7Hn=20)

Sample High temperature and high pressure Fasting Food
No. sterilization day sterilization
1 X 0 @)
2 1157, 0.9 kgf/cn, 5min 1 @)
3 115C, 0.9 kgf/ew, bmin 2 @)
4 1157, 0.9 kgf/cn, 5min 3 @)
5 1157, 0.9 kgf/cn, 5min 4 @)
6 1157C, 0.9 kgf/cn, 5min 5 @)

Odol evaluation Color evaluation{Brightness} Preference survey

mNo.3
ENo.6
DNo.1
ONo.4
ONo. §

mNo.3
ENo.5
ONo.4
ONe.2
ONe.6&

HNo.3
HNo.6
ONe.2
ONe.5

« = 115%, 5 min
(autoclave)

Sterilized ¥
diet |
Feeding

* =657, 5 min {steam) <2 day
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Je] =02 5

A

AAY o2 ¥

1

]
yul

b1 9

I3

w3t

Al
A

S
=

2AAAE %
A A
5C, 0.9 kgf/cni®]

ojp

el

4 3
442.59
16.85
97.85
17.85
2.13
5.31
8.43

d(g/100g)
(g/100g)
21 o] - (g/100g)

ul %
|l
i

)=

]

Z A" (g/100g)
3

= (g/100g)

o #(kcal/100g)
E=315(g/100g)

Zut

~
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S
i
SIZ8IEE 28|13 |B IS IEIRE|28|23|]
= R R I N I N R A RN R = Ea W el RS U Kol HTo N KR RSN RYS N ISR by
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oy
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23l 1ol ®l=lel gl | BlelElEE5l8la 8
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S|BlE|E|E|IZ|S S E n Rl ElEE B R
525 S8 5 8|55 Z| 2|5 8|EE| 8k
SI813|Z2 5|2 |2|22 SIS 5 EIE L E|SE
ST R 2 2 TP R LT SR P 55
| et P G vl ool i PO ol QAR |
iﬂwﬂﬂ?nﬁoqo,ﬂme7ﬂ7m%flo.ﬂﬂ%§egléci
~ It = B | A —
o] o mﬁ k| o M% TG | 4 ﬂ% < |
A & Q| [ Y W]
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(Bh) A Ak

R

“

(IR

3= 2 7(%)
v g A~ E g Qo Al =(C14:1) 0.14
Zu] Z 9 2 A A =(C16:1) 10.81
o g}o] 9 of] A] =(C18:1n9t) 0.18
2] = 7 gho] 9 ol A =(C18:2n6t) 0.12
o2} 7] 9 o] A] =(C20:0) 0.53
Al 22=11-of| o] L A| &= ¢ of] A] =(C20:1) 0.33
of| FZ] of] A] =(C22:1n9) 0.27
olg}7] =Y ol A =(C20:4n6) 0.26
Al 22-13,16- = ZAH E] 1= ] o]l A] =(C20:5n3) 0.14
Tl A =(C12:0) 0.04
0] 2] 2~ g o] A] =(C14:0) 0.79
e 7} = ¢ o] A] =(C15:0) 0.20
] gl of| A =(C16:0) 17.89
FELY| 7} = Q) ol A =(C17:0) 0.13
22| o} 8 o A] =(C18:0) 2.54
=@ o] A =(C18:1n9¢) 57.89
2] &= d| 9] o] A] =(C18:2n6¢) 6.43
k-2 =YY ol A] =(C18:3n6) 0.11
2] =2 Y o A =(C18:3n3) 0.97
Al 211,149l o] I A} o] 1= @] of] A] =(C20:2) 0.05
Al 22=811,14-9l o] F A} of] 1= 2] of] A] =(C20:3n6) 0.04
Al 22-11,14,17-9l] o] Z A} of] 1= 2] o] A] =(C20:3n3) 0.11
E g FAF = 2] o A = (C23:0) 0.04
A F Add NAEHTE e BRIl dA AR T T7%E AFAskAL IS
53] dgutolE A 735 B8 100 g 5 =dito] oF 14 g EAlsts 540] AT
(2}) vlEtyl 2 718 g
O HetY &=
Gl 43}
H e A =dE
Hl e C BEHE
HIEFYl D 4=
HIEMY E BEHE
HIEFY] B6 BEHE
HIEFY B3(4o]o}4l) 8.81 mg/100 g
HIE}Y B5 4.26 mg/ 100 g
H]EFRL BO(94H) 139.13 ug/100 g
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&5 Z2 3
T 30.62 mg/kg
nl 1] & 3663.00 mg/kg
4y 38.37 mg/kg
Q1 724.10 mg/100 g
ot 144.20 mg/kg
A 5.83 mg/100 g
i 174.6 mg/100 g
ZE 1597.00 mg/100 g

NEZE 23
A 544.67 keal/100 g
N 10.26%
o 48.26%
=4 35.81%
T 2.47%
3 3.17%
2} o] 5.89%

(L) ofpm=at 4 R OFEF

A =i 9

23 (mg/100 g)

E] 2 21 (Tyrosine) 314.011
= 2] 21 (Glycine) 2356.35
Al & (Serine) 2187.03
22} (Alanine) 3259.14
= FE4HGlutamic acid) 5961.14
2} o] 21 (Lysine) 2561.48
o] 2l (Leucine) 3231.82

] E] 2. (Methionine) 593.01
2] (Valine) 2490.85
o} 2 7] (Arginine) 2402.51
o}~ 32} 71 Ak (Aspartic acic) 3706.87
o] A~ o] 2l (Isoleucine) 1759.30
E ¢ 2 I (Threonine) 1835.70
¥ d &2} (Phenylalanine) 1680.61
3z = (Proline) 3689.18
3] 2~ ¥] d (Histidine) 1440.29

Al 2~ ¥l (Cysteine) 49.49

E 9 ¥ I (Tryptophan) 469.19
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(th Awat 74 2 &%

o,

35 2 7(%)
Eg Y72 o A =(C13:0) 0.07
g 2 E g Qo A =(C14:1) 0.21
1| =8 & o A =(C16:1) 2.34
2] =8 gho] 9 o] A =(C18:2n6t) 0.28
o2} 719 o A =(C20:0) 0.12
Al 22—-11-9f o] I A| 1= 2] o] A] =(C20:1) 0.10
] 3] 4 of] A] =(C22:0) 0.05
2}-9-8 o] A] =(C12:0) 0.39
v] 2] 2~ o] A] = (C14:0) 3.93
F L] 7} 5= ¢ of] A =(C15:0) 0.10
o) g o A =(C16:0) 16.65
e} 7} = 9] of] A =(C17:0) 0.10
Z~H| o} o A =(C18:0) 2.67
<7 ¢l o] A =(C18:1n9c¢) 48.36
2] = ¢ ¢ o] A =(C18:2n6¢) 23.76
2] &= 8y o] A =(C18:3n3) 0.82
Al 221114~ d] o] Z A}t of] := 9] of] A] =(C20:2) 0.06
A 5 A AAdERTE e BRIl WA A WA F T7%E AHAIsEaL %)
53] AdAMAAE 5 2% 100 g & Z#ite] oF 17 g, #=@ite]l oF 85 g EAlstE 54
o] Atk
(2h) vl 2 R ghe
O vlErql gh=F
35 43
HIEFY A 24
HIElY C 1=
HIEFY D 2H1=
HlElYl E 2H=
HI e B6 21
H)EFYl B3(4e]oal) 7.83 mg/100 g
H]EFY] B5 256 g/ 100 g
@ 714 &=
g5 23
T2 7.83 mg/kg
IR AE| 2388.00 mg/kg
!4 9.16 mg/kg
2l 680.80 mg/100 g
ofA 106.70 mg/kg
! 4.65 mg/100 g
g 37.02 mg/100 g
& 656.90 mg/100 g
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(2h 255k AA)

a—BHC,B—BHC.¥y—BHC(Lindane)}.5—BHC.Bifenthrin. Carbofuran. Chiorfenapyr. Chicrothalonil, Chiorpyrifos
Chiorpyriphos—methyl. Cyhatothrin{lafmbdal .Cypermethrin.Cyprodinil.4,4'-DDD,4.4'—DDE, 4,4'—-DDT.2,4'-DDT.
cofol,Dimethoate,. a—Endosulfan.B—Endosulfan.End
.Fenpropathrin, Fenthion. Fenvalerate. Fludioxonil. Fl

ulfan—sulfate,EPMN,Ethoprophos,
uinconazole.lmazalil.Iprodions. Isoprothiclane.
I,Pendgimeathalin, Permethrin, Phenthoate,
uvintozene, hMethyl pentachlorophenyl sulfide,
Pentachioroaniline, Terbufos, Tetradifon,. Triadimefon, Triazophos . Triflumizole. . Vinclozolin

Aol A 5 ERolA Aok 50F Bl A HEEA skth

(vh) B3HE A

a5 N T= EE
1 EEE e
2 REE) 2%
5 EERR 4%

, BEol, BukE, SA 1), A, WY, 9, 9z 1%

(2) 28 AAY e fFrallEd 4
(7hH) M+ AAF

A d 35 43
o) gt 5 =73
Al 7<= (cfu/g(ml)) 490

gt EAsHAl gkom ARkAETE 490 cfu/gel HEHJOY ol At AFole= A

& AEHA ey 24 S 2 B A fdd Zew ddd

¢

HE A& 43
1 ZolZg}=21(B1, B2, G1, G2)
2 eAZHEA A

3 o S A Y =
4

5

A =
FRUAI(BIL, B2)

e | e | e | e |
O | | |
re e e e e

2AAAE FF BT FFIHA WA A% AFFE BE AEHA 2o

Hs ANERE 23
1 =l =HE
2 H] 4 =4E
3 7FEE =HE
4 T4 =H1E
5 T =HE




(2h 255k AA)

a—BHC,p-BHC.y—BHG(Lindane),6—BHG, Bifenthrin, Carbofuran, Ghiorfenapyr, Chiorothalonil, Ghiorpyrifos
Chiorpyriphos—methyl, Cyhatothrin{lafmbda),Cypermethrin,Cyprodinil, 4,4'-DDD, 4.4 -DDE, 4,4'-D0DT,2,4'-DDT,
Diazinon,Dichlorves, Dicofol, Dimethoate.a—Endosulfan, B—Endosulfan,Endosulfan—sulfate, EPN,Ethoprophos,

Malathion,Methidathion,Mathomyl,Paclobutrazol, Parathion,Parathion—methyl, Pendimethalin, Permethrin, Phenthoate,
Phosmet,Phosphamidon,Pirimicarb, Procloraz, Procymidone, Pyrazophos, Quintozene, Methyl pentachlorophenyl sulfide,
Pentachloroaniline, Terbufos, Tetradifon, Triadimefon, Triazophos, Triflumizole, Vinclozolin

Fenarimol, Fenitrothion, Fenpropathrin, Fenthion. Fenvalerate, Fludioxonil, Fluguinconazole Imazalil, Iprodions, |soprothiolane,

AAAA T 5 EZolA FEekS 50F RFolA de HAEHA Furh

Cell viabllity (%)

100
80
60
40
20

0 |

<A A Z(RAW2647)0] td PBE %4 74 : MTS assay>

"500 1000 2000 3000 4000 5000
(wg/ml)
PBE

3ol A F+=E(PBE)S 4000 pug/mle] & %=7b< RAW264.7 Aol gt
Al g 3kar, 5000 pg/mle] FelA 21% Bx AMEAGS Al
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B3 A= EEn

1 EEL wh=

2 ol 4t} 24%

5 EERES 24%
DAAAY % B T WA A% NEYE BF AEHA o)
(b Fel=s] FEL A
FA) FREA AR SF B R B A4, A, WL Y, 9
9 w9 1159 Y=g PCRE $A¢ A% w5 4E94) 2ot

o

K

KeR
=
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A&
-

INOS: INOS primers

Az DW.E AHES )

@ YAUET FE AYA HAx AFE 2 54 24
¢. longa o Curcumin
120 | |
?100 | ;\?mo |
§ 80 | 5 = |
E 60 | E 80 |
% 40 | § 40 |
(5] 20 | 20 |
| 0
0 500 (Ha/ml)
1000 2000 3000 (Uqul)
<RAW264.7 Al¥o W3t Z3dF+=5 2 curcumin® 54 A4 : MTS assay>
gAF 852 2t e Aoew Bud HAEZS 3 (Curcuma longa)¥ ]9 95 =
55 YEYE FaAER curcuming FANERTOE AFEEY] 98] RAW 264.7 Al 24
A7 Aelet & AEEAAS Edsk A3 73S 1000 ug/ml, curcumine 50 ug/mle] FX=7}
A AEZABGES At EFgonz F¢ A A o] R AFHS TS
@ Aol EFA FEFE AP A Alo]E7I E AFuiE HAAMA Ed oA &l
Name Sequence
GAPDH Forward 5'-GCCTCACCCCATTTGATGTT-3'
Reverse 5'-GGGAAGCCCATCACCATCT-3'
-6 Forward 5'-TTGGGAGTGGTATCCTCTGT-3'
Reverse 5'-CCACGGCCTTCCCTACTTC-3"
NOS Forward 5'-TGAAGCGTTTCGGGATCTG-3'
Reverse 5'-CCACGGCCTTCCCTACTTC-3"
TNF-a Forward 5'-ACAGCACCGCAGTACCTGAG-3'
Reverse 5'-CCACGGCCTTCCCTACTTC-3"
<Real-time PCR primers®] 7144 >
hi **** T, - Ui,
<§d HAabo] 2 H-A] {5 FE==of 93t 454 v/ 2d #E>
Real-time PCRol 93} Raw 264.7 A|3E Ao A sl Hulo] 2% FEEo dd=Fy =4
Ayt #3 AJ(TNF-a: TNF-a pnmer% /‘P%??} , IL-6: IL-6 primers AF&3F

_36_



®
o
futod
_111

Lo]

pla

A s FEE AYA Aol B whuld whel oA gl

TNF-a ELISA IL;:6 ELISA

Con LPS Cur 100 1000 2000 3000 G/

THF-a production (po/ml)
IL6 production (pg/mi)

15

10

: i

. H =

500 1000 2000 3000 (ug/mi)

”I
T
ER

%g

<HSHEE RAW264.7 MlEo] PBE A g5 Ato]E7FQl = &2l + ELISA>
LPSel 9l&] A5 =¥ RAW264.7 Ao gxvteo]xFx %Z(PBE) Ag & dsdd
Aol EAGlS) MEHE ELISA B4el o8] S8 A, $E &Yoo Bdol AL

39l

© dxutolx T+ FZE(PBE) AZA dSvi7iEd <l COX-29F iNOS ©@¥jd od o

=L
3l o
Al &)
PBE
Con LPS C.I. 100 500 1000 2000 3000 (wg/ml)
LPS (100 ng/ml) - + + + + + + +
PBE - - - + + + + +
D a— — — COX-2
— e G — <«— iNOs
- D e GED G T G @ < Tubulin
Cox-2 .
120 140 iNOS

~ 100 & 120
= <
g w0 § 100
D g 80
8 0 g
2 § 60
¢ 4 =
2 20 2 ®
o (-9
[ 20

0 - 0

Con LPS C.longa 100 300 1000 2000 3000 (ug/mi)
PBE

<HSTE® RAW264.7 Al PBE A& % d5ui/lEd &d &2 Western blot>
THEE RAW264.7 Azl f3utelxy-A] +E=(PBE) Ad F 2¢d 2 255 YA
S S % 3= prostaglandin E2E AAdstE @49 COX-29] #3HE dRls) 2 4
29 C. longa(1000 pg/ml) &4 COX-2 @rale] 195% < A1¥ e Hls) PBE 500 ug/ml
gl Al 37%, 1000 ug/ml AHElAlol= 100% H&o] AsES At 4 AU

Con LPS C.longa _100 500 1000 2000 3000 (kg/mi)
PBE

_{

[e=]

=
[e)

K

o

E 29l prostacyclin 129] A= =
ool St FAgo] A7IH Sy
2 HdS w4 A9 500 ug/ml 7HA =
o] Ao BAd FdtER o] w7 E&4d Aot Ay, o] wf tfxel
(1000 pg/ml) Al INOS7} 80%H L #HAHEZ d5S Foludts A48 ¥

et O e
s}

=]

o]

Q

=
2 /|85 9L Ao wuw, AA ARE T Nt PBEF 4FS Fol:
o Fowd Rag Ed gadd F A glole #49
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® dTr=d RAW2647 Alxo dAutol-# F=5=(PBE) A7 § dSAad234A

=
o
T
1E+03
1E+02 |
. 1E+01 4
w
o
=
o o 1E+00 4
o o
& = 1E01 -
] 2
s § 1E02
N 7]
S o
£ = 1E-03 4
a
z
2 1.E-04
1E-05 < ‘ ‘ : ‘ ‘ ‘ ‘
B T B ¥ B R L I A
a = @ R = 8 g2 S 2
LPS
D E 3 G " s [ 8 [ ¢ D E E = H
Cxcll? 1 mr Lta Gush 1 -1.19 -1.74 1.7 -1 -1.40 1.25 -1.38 -1.03
Cxclld | 03 mo Lib Hprt 2 1.36 1.6 1.98 -1.35 197 1.82 -1.08
Cxcll5 | Ml3ral | I2rb Mif | HspdDabl 3 1.90 1.27 1.93 2.16 214 1.66 1.85 -1.06
Pi4 ms JUITR Aimpl ‘ Gapdh 4 1.30 6 1.8 1.06 1.91 AL -11.04 | 1.08
Cxcls il m Sppl Acth 4 -1.26 I 174 1.48 .2 111 1.37 -1.82 1.08
Cxcld | IL7h )it} Tefbl | MGDC 6 1.47 | 1.36 1.12 112 1.58 210 -
Cxerd ms T5ra Tof RIC 7 1.74 20 1.65 260 181 1.05
Cel? g Cerl Ila l6ra | Tnfrsfla | RIC £ 197 149 1.59 1.79 1.36 1.85
Cell? [ShI Cx3cll [T | Tufrsflb | RIC 9 147 1.52
10 Celld Ccld Cxcll il Cxer2  Cddllg ‘ PRC 10 4.40 1.56 207
11 Cel2 | Corl | Cxell0 | mora | mMB | Ttgam PPC 1 192 | 151 20
u Cer2 | el | mioes | mil | 12 OGN PPC . ET o | s

>2-fold upregulation [l =2-fold down regulation
<HASr=" RAW264.7 A|3£ol PBE #2] § dSAladd v #dz 29 4 1 PCR array>

PCR arrayEs °|83t9 dTHEE RAW 2647 Aol #Hute]2i4 FZE(PBE)S 3000
pg/mle] TEE A3 Agaby A4 fd2 8o I Wt &4 23 PBE
Aol wlal 2uf o] % st7b e wAAE 2400 e ol& % PBE A& $ %
kol Z7he AL 127 e chemokine(C-C motif) ligand 1, 9, 15, chemokine (C-C

motif) receptor 2, 9, interleukin 10 receptor, beta, interleukin 13 receptor, alpha 1,

s
3

interleukin 18, interleukin 1 receptor, type I, ilnterleukin 6 signal transducer, transforming
growth factor, beta 1, toll interacting protein®] A3, PBE A7 ¥ @dZo] 74hd AL
1270 2 2™ chemokine (C-C motif) ligand 3, 6, 8 12, 20, 24, chemokine (C-X3-C motif)
ligand 1, chemokine (C motif) receptor 1, chemokine (C-X-C motif) receptor 2, interleukin 1
beta, aminoacyl tRNA synthetase complex-interacting multifunctional protein 1, CD40
ligand7} AN oH, =5 AHAD A4

@ 3l duelo) %] B X2l A] NF-xB & 2 & translocation & #| 2kl
DW DMSO

LPS (100ng/ml) = + o + + +
P. brevitarsis - 1 10 100 100 (pg/ml)

DAPI
— 38 —




=)
18
ot
[ o
2
=
o
of
<k
>
b
=
lo
3
=N
oy
1o
Ho
B
dob
r o
i)
&
3
r
rot
po
o
o
=
0
o
o
e
(e
2
BN
=2

g utol A % A elA] NF-xB oA 23 oA =2l
DMSO
LPS (100ng/mi) + +
P. brevitarsis 10 100 (ug/ml)
75kD — EEMTE
3 g, : < NF-kB
S50 KD = . s

Aol A g o 42l NF-kB 2@ %3 western bloto® <13 2 A<l

(b 2AAA

4 4% F2R(IME)Y 39% &% A4
© BAAA 48 ©

o
F==(TME) A A Ax AFE 2 54 4

100 -
30 -
60 -
40
20 -
0o i Mo h—j— s S o i ey S L

Con 10 50 100 500 1000 2000 3000 4000 35000 (ug/ml)
TME

<A A E(RAW264.7)0 3k TME A4 #AA : MTS assay>

2]
2]

Cell viability (%)

BAAAY 2 BB Az 0% Aol AN F 23IE o §3te] 22 Ax

= T 2=
3 AzxFY FEE Qg 3 olE wEHE RAW 2647 AM¥o] AHElgk F CellTiter
96®AQueousONE Solution Cell Proliferation Assay Kit(MTS assay kit, Promega)E ©]-&3}

o AL AYE B

o

A3} 5000 pg/mle] TEEANNE S48 wolA e Hled e

@ Free radical 21% #A

DPPH assay DPPH assay

%0 90

80 50
£ s %
2o g 0
g 50 ® s0
F40 g 40
2 & 30
B30 — e
3 2 20
82 ——
& 10 I
10 — 0 N == == |
04— S S —

l Blank Toco 10 100 500 1000  (eeimh)
Blank Toco 10 100 500 1000 (i)

(%)

Free radical reductis

s

Sterilization

Non sterilization

AUAA Y FF=E DPPH (Sigma) AoFs ol&ste] 27sS 2ARRE d¥, "Etdt 153
AR T B 500 pg/mle] §EF-E 0] s &AS Bol] At LAz A
nAE AAE A% a2t Eyte] Gl free radical®] ATl YEFE FA deve o
A = AU
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%

@ Nitric Oxided] 2A%

g

NO assay

oD 595

500

1000

(sgimi)

Non sterilization

NO assay

A A A B FE55S Nitric Oxide detection kit (Intron biotechnology)E ©]-&3t] AA5S %
Abst Ay dHetst O vEdst 25 25 500 ug/mle) %‘E—‘?‘H F9 AE 2ATE Ho
7] AZFste] Eate]l g gko] Nitric Oxided] A~A 5o d&FS 4 FS IAsA S
@ AAAAY FZ2E(TME) A 954 AtelE7F] 23 A &<l
IL-6 ELISA _ 40 TNF-a ELISA

s B ‘ E 35

E 3 S

2|

5 \ P

Ol E o,

2 2 10

Sl 11 i

j . e Em BN e e o ] ) W pym)

- Con LPS Cur 100 500 1000 2000 3000 (ug/ml) Con LPS Cur 100 suu 1000 2000 3000

LPS (100 ng/ml) - LPS (100 ng/mi)
TME * + + + + TME
<AAMAAE EZAHE 3 real-time PCRoll 2]k Alo]E 7Ol ZALA wh&d FA) &l >
IL-1B ELISA
TNF- o ELISA
y | |. II- |I

<AAMAAE BExe] & Western blotol]l 23k Alo]E7}¢l whald bb& okl 3kl >
LPSE 53 d59SS 53 Raw 2647 Al Xo] ZAMAAY FEES #8)ste] cytokined
FAX ddHZ AL R BEHEHE cytokine %S Real-time PCRE E3l &2 425004
ZAFeFS AL, ELISA 71¥HE o] &3a) vz =504 cytokine? %S &<eldl Azl F 714
E5o] "y #Agle] Fxo JEH SR cytokinel] ¥S AAATE AIES Ho 9
T 2ATO dE & F A He dFgo] FdF asol JFel gl AAE AA &
el
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Fold Difference (LPS+TME/LPS)

© AAAA Y FE=(TME) A2A] d5u7l=4d< COX-2¢ INOS T kg

Cox-2 iNOS

2
2
ot
(o

=y

N

=1
\
-
I~}
S

iy
1=}
e

®
o

Protein expression (%)
=
(=]
Proteln expresslon (%)
o a
(=] (=]

[
=3

o

Con LPS C.longa 100 500 1000 2000 3000 (ug/mi) Con

LPS C.longa 100 500 1000 2000 3000 (wg/mi)
TME

TME

¥ RAW264.7 Mo TME A2l$ dsuiZled 23 &2l : Western blot>

<d<

ON

AT =¥ RAW264.7 Axe] TME Ag F 2d 3 RES =
prostaglandin E25 AAlslE &4 COX-29 Ha=s ol 2 Az gizxed C
longa(1000 ug/ml) H Al COX-2 Wdo] 14% A d H]s] TME 500 ug/ml A z]All
32%, 1000 ug/ml A 2lAlol= 100% & o] AslES 2

529l prostacyclin 129] A= A 3=
dgto]l &bt FAgo] A7|H Sty =

o =
2 das g7 NOE *g"éé‘*‘i iNOS7} HdS A% A3, 500 pg/ml 7HA = INOS
o]l oF 11% Z.}i B2 o ¥uyl F&AA Aolzgt HAvEuw, o u hz

e O

Zo|H et fﬂﬂﬁé =

= 39 ¢ oA BFE wa A

® 9" RAW264.7 Mol ZMAAZ FEE(TME) A2 & 951G R/
=]

1.E+03
1.E+02 |
1 10.00
1.E+01 |
oy TE#00 1 o,
100 2 &
+
@
o
-
-+ 0.10
! T 001
12 11 o / T T
\ s F P E E P o3o@od
Column /g Row @ = @ ] = 8 = 53 8

LPs
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A [ 8 ] ¢ [ » T ] [ & [ =

Abefl Cer3 Cxcll2 111 Tir2 Lita Gush 1.05 -113 147 -1.50 1.00

Belé Ccl24 Cerd Cxcll3 113 10 Lth Hprt 1.36 1.09 1.47 1.15 -1.11

Cxers CorS | Cxclls | M3ral | Tarb | I | Hspdbabl 138 | 142 | 123 | 144 | .03

3 Cec3 Cerb P4 115 I2rg EVIGIEN Gapdh 1.50 1.35 1.31 140 |
Cxcls 1116 m Sppl Acib 1.15 1.05 1.47 1.04

wlo|a|len|m|e|w|m]=

1.03 -1.81 1.35 1.38
1.44 1.54 1.62 -1.01
1.28 1.31 1.20 1.35

Caspl Ccld
Cals Cxcld | m7b | T4 | Tgll | MGDC

Celll Celf Cxerd ms Tisra Tnf RIC

Cell2 Cel7 Cerl 1ila N6ra | Tnfrsfla | RIC
Cell7 Ccl8 Cx3cll Ifng Tafrsflb | RIC 1.63
10 Cclly Ccl9 Cxcll n1o (ot PPC 148

PPC T 4 n ama | aan | aam | aan ama

Corl | Cxell0 | Tiora | TS | Tteam

prc | | z2-fold upregulation [ =2-fold down regulation

Cor2 | Cxelll | Iorh | Tirl | Itgh?

Xerl

Cel2
<HFTHEE RAW264.7 Al3xo] TME e $ d5Aaded #d 4% 24 4 © PCR array>

PCR arrayE ©]&3dle] dZFEd RAW 2647 A Eo] ZAMAAY FEEZ(TME)E 3000
ug/mle] w2 A3 T I

Aoddad A2 84 2y wst £4 2
TME A 2ldel mlaf 2uf o] T&Fe] a7t = fdx= 167 ler ol& & TME

A F g ko] =71¥ AL chemokine (C-C motif) ligand 19, chemokine (C-C motif)
receptor 7= 27} 4oew, TME A7 F wagdo] ZHAE AL 14702 caspase 1,
chemokine (C-C motif) ligand 3, 6, 8, 12, 20, 24, chemokine (C-X3-C motif) ligand 1,
chemokine (C motif) receptor lchemokine (C-X-C motif) receptor 2, interleukin 1 beta,
Aminoacyl tRNA synthetase complex-interacting multifunctional protein 1, secreted
phosphoprotein 1, CD40 ligand’} o™, =5 AT A<

@ NF-kBe] AlZd 91 &<l

B
Non sterilization
Non sterilization LPS (100ng/ml) - + + + ¥ ¥
LPS (100ng/mi) - + + + + + . molitor = - 10 100 500 1000 (ug/ml)
T. molitor - - 10 100 500 1000 (g/ml) 75 kD— _ =
7S kD— e . < NF-kB
———— < nFxB 50 ko—
50 kbD— 5
sterilization sterilization
LPS (100ng/mi) - + - - + + LPS (100ng/ml) - + + + + +
T motitor = = 10 100 500 1000 (rg/ml) T. molitor = = 10 100 500 1000  (ug/ml)
75 kD— 75 kD— . == ]
A <NFin " v TR S < NF 1R
50 kD— :

50 kD— =

(A Nucleus fraction, B: Cytosol fraction)
91t 2ol AE]d Raw 2647 AXE HA} Alxd= Fste] Western blots &3 NF-kB
o Al f1AE &Ad 2o, LPSE 9ol =% A= ol FslskA NF-kB7F &

< st Raw 264.7 cellol 70% o gh&e) <l ZAAX ] FEES 500
pg/mlel T2 At gzt AEFdd NF-kB7F EA1ES 1o 24 NF-xB o=z

B Awee HAE 9l sgom, o2 Fite] BAAee Fad FAF B2 ol
= e Fg

N
X
~ T
(ot ofy
jui)
)
o,
N
-
N
o
e
i
g
oy
)
o
o%
e
o
-,
fol
ofr
)
o

@ HIRHFE$F FAl PBE A& Al &H|vF &5 A4
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Cell viability (% of control)
[ £ [=)) 0 g
o o o o o

o

PBE

3T3-L1

cells/well2 8 A ¥4 2| PBEE
% MTS assay <3 23}, 5000 pxg/mle]

S 24,

ot Aol =

@ 3T3-L1 AW AFAEE X HHA|

24h

% 100
E
=
© s0
s
£ 60
2
= 40
=1
.8
2 g
3
w
0
e° & cP o° o°ﬂ/mi PBE
's-° A S P

<3T3-L1 Al PBE®] Az

pSe)
T

A A S (F = A

48, T2 ZF &<k w ek

A E5A

140 7zh
1 = 120 5
2
. ‘g 100 -
. “; 80 -
=
; 60
:-?, 40
4 s
T 20
o
| EEENE 0 ‘ ‘ ‘
[ &@Q@e Q“ @0 wg/ml PBE o '&Os&o'\?@é@ S &£ pg/ml
AR R EEE AEEA SHel>
g)e ol&3st9 PBE9 AxEAH SHE S 1x106

& 5=1(100, 500, 1000, 3000, 5000 pg/mh= A 2
ALl A T2A)3F

Fg ZF3A7]= A0 PB Ag § £3k& &4

pre—adipocyte(3T3-L1) cell culture 5 differentiation inducer’ 2 PBE &A% ¢

*Differentiation inducer :

A)

Meon

DM+PB 100 ug/ml

DM+PB1000 ug'ml  DA+PBZ000 ugiml

10% FBS/DMEM+IBMX(3-isobutyl—1—methylxanthine)+Insulin+Dexamethasone

B)

.9
0.8
0.7
0.6

Lipid accumulation (0.0, 515 nm)|

(*) PE100 PB1000 PB2000

<AHA . B3 A] PB A 8]$ oil-red O staining3F A3 o] 1] %](A) 2 EAXW=4 % EAB)>
B A3 AL 2013d% HuAle] AWAEZ B3 G5 A PB 5AHE s & 8UA oil-red
O stainingoll ]3] AWAEZ F3}9A 55 &21s A3 PB 2000 pg/ml %52 a0l
Aok 23% w37 JAlES el 4 vt Bagk bf glon A &EHQl HITE 3 &
WA ow Heks uf #3olA7E #EE A & vl PBoll o)k MEFFEoAY AWAE
3} A& HRHA] B om HAA B 3
% 60 -
& ¢ Q;s o »\“° & qu“
<AWAE 38 5EA PBE A% SAAYEF 24>

AWAE E3 A PBE 5AAE S $ 894 /A W (triglyceride) Sl o] A wA
¥ 3o g5S FAsgoen, 1 Ay PBE 2000 pg/ml A @Al SAA o] oF 18% A

_43_



s A&

€ APFAE 82 PBE $A1A 2] & AAEEst 2 AR A2 2 oA 221

500 350 160

250 300 A14o—
= g 0 g1
E 200 E 8100
5 5 200 5
£ 150 8 8 80
gmo 5150 g o
& 3G 100 - Y o401

50 50 - I i ’ 20 - I l

0 III il an A HENR

(#)  PB100 PB1000 PB2000 ug/ml *) " PB100 PB1000 PB2000Ug/MI () () PB100 PB1000 PB2000 ug/ml

2500 350
A2000 300
g EZSO
3 1500 | ]
= 5 200
31000 1 ig 150
@ 100

500 I

50
o,,-,, ,,,-,,[, o M j N mm
(+) PB100 PB1000 PBZOOOUQ/ITII -) +) PB100 PB1000 PB2000 ug/ml

<ALAE B3 EA] PBE A &F AWAEREsE 9 Adeid dd fda 2l 2A>
X]‘%”d?/ﬂlE% AYA R 73t A PBE TAAE e 8Y Al AWML o] #

&= AARRIAF PPAR-y ¢ C/EBPa frdzt 51 A|deiAfol +olst= SREBP, FAS, LPL
2 SCD FA=te] AAbA @E SAS real-time PCRES Eaf <13 23 Al& 1000 wg/ml
ool FrolA AAE st B AWFAFol HAsk= AAE FHA AARA T ol
B 80% ol HATS gl & F UUE. oo ZA¥E F3) PBEY adipogenesis A
E37b 99% 89O NE PBEE v gl MO AT AYS 2T &
o] o

AT

@ DIO (diet induced obese) ICRA w25 o] &3+ B Hdulo]EFx N A|FHAa

3} 8l
© High fat diet (HFD 45% fat contain; Rodent diet D12492, Research diet, New Brunswick,
NJ, USA)F%= 5A] 3l@dto) 2% dgdS 6577F 100, 3000 mg/kg/day= A7 Fo]slke] A

= = = = s> =
FhrEE 2gstgon, PddEToR e FEES AL
Body weight (g)
Group Weight gain (g)
5 Initial Final
% ND 32.95:1.33 46.07:3.28 0.40:0.13
§ HFD 32.011:1.37 | 56.53:7.64 0.76:0.29
>
E HFD+PB 100 32.03:1.86 53.31:6.14 0.66:0.24
HFD+PB 3000 31.67+1.22 48.27:7.21 0.52:0.27
HFD+MT3000 32.1+1.33 45.72+4.74 0.42+0.18
0 1 2 3 4 5 6 weeks
100
——HFD+PB3000 ——HFD+MT3000
77 a1 = > = | =3 = _
<aAgA o] Bl S ubol X e Al Aol o3 AT 2 n=9>



<A Aol L Ao ETA

aA Aol E Gl HTS fFEsE FAlC A Fulo] E A A EHS 100, 3000 mg/kgPJ 3
T2 AT Fo 3 Ay s Huto]lE X dgd 3000 mg/kg/dayE AT FAS A A
2 oF 315% AE #HASHS S

@ DIO (diet induced obese) ICRA|l w}-$-2~Z o] &3+ g3 ulo] %] HEgY A Fo &
A7 T 54
. High fat diet (HFD 45% fat contain, Rodent diet D12492, Research diet, New Brunswick,

=
5] x]mzx] g; =R N ;qm %2 9] %L\;H%.%]:.Q‘ ,/;523—5-].04 A|Hpo] A ;gro]

1=

Diet groups Peripheral fat Epididymal fat
ND 3.55+ 1.5 0.177 + 0.01
HFD 7.52 + 1.5 0.178 + 0.03
HFD+PB 100 6.97 + 2.5 0.161 + 0.02
HFD+PB 3000 5.76 + 3.5 0.195 + 0.03
HFD+MT 3000 4.29+ 0.9 0.185+ 0.02

Actel 54 Aol o Az FUFEF 54, n=3>

=

ax Aol s Fal BNk FEsh= FAll dAAute]lx A #E S 100, 3000 mg/kg2l
TER AT Fol @ Ay Az Ag A4 73%, 234%9 Az A A
s g9 F A=

(@) DIO (diet induced obese) ICRAl w}-9-2~& o] &3 2 dnuto]2F2 e H4 Fo
T Fagk e A7) Wsk el
High fat diet (HFD 45% fat contain; Rodent diet D12492, Research diet, New
Brunswick, NJ, USA)fr%= &4 f5rto] 52 dgrel3 651 100, 3000 mg/kg/day =
AT Folstel W AMFEL FQA & 5 ode AN Awel A7) FAL 98 F

Aol 2718 SA}AH

o

A

4
o

(A) (B)

ND HFD 8000

5000
3000
2000
1000

o

HFD+PB 100 HFD+PB 3000 HFD+PB100 HFD+PB3000 HFD+MT3000

caAgAel 0 el TA Aol TA Ag F Fud Awel 27 ws 24>

200 X

Epididymal adipose tissue
Epididymal adipose tissue area (im)
I
3
3
S

N
=L O A= [e]
2%S gAE 4 A
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@ DIO (diet induced obese) ICRAl v}-$-2% o]83F 3|7 ulo]Lix|

F 2k A%AR A #e)

High fat diet (HFD 45% fat contain; Rodent diet D12492, Research diet, New
Brunswick, NJ, USA)fr= &4 g#F gl dgade 677 100, 3000 mg/kg/day s %
T Fd3ste] 7ro] HzE xHle] AL E Folsty S

=1 =

e

Aol 7T Fol

ND HFD

200X

Liver

HFD+PB 100 HFD+PB 3000

<aA WA o] B 3 ko] 4% 4w 24>

A dee) $A A F 7k A
>
[

FAGA ol S Fok Hvt {2 FA] ddHbolERA] dE 100, 3000 mg/kg/day= 673t
Aglst & 3 AW J2 ALE FAS Ay XU o2 FE=3 HTF mouse] FHY H]
WA Sl Hulo) &z HEtRS AL Eol3t mouse oA TE EAOR AW A A
7 2= AE AT F A

DIO (diet induced obese) ICRA] v}-$-2E& o]&3F 3l xulo]ZEX g A Fof

F gojoty B4

High fat diet (HFD 45% fat contain; Rodent diet D12492, Research diet, New
Brunswick, NJ, USA)fF% A ddutol 7= dgAE 657F 100, 3000 mg/kg/day =

AT ol F Ao W FYAVLY

Trigly ceride in serum (mgidL)

) -
o
HFD+PB 100 HFD+PB 3000 HFD+MT 3000

<A Ao " %@‘#‘O]L%X & *°“ Al Ae § dists 4 SR>

Uel

High fat diet (HFD 45% fat contain, Rodent diet D12492, Research diet, New
Brunswick, NJ, USA)fF%= &4 3 Hulo]2H = dgNS 6577F 100, 3000 mg/kg/day =
AT T F dd ] SAARFEFS AT 243 3000 meg/keg/day A el A oF
13% Fol) FHAY Gl FAFS AARAS

i
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@ HIRb+= 5 PBE g A vt &5 A4

b PBE®] A3 AgAlE AbEE )

3}o
=

A) B) C)
120 - 120 120
| 3%, 2% = | o

?100 §'mo ——— 100 11% 11% 27%

§ 80 - .E 80 " 80 -

S 60 E 60 S 60 |

= g H

8 a0 3 40 © 40

S
20 2 20 20 -
et
0 L e R 0 - . ~ :
100 1000 uglml (+) 10 100 1000 ug/ml (+) 10 100 1000 ug/ml
PBE PBE PBE
<Ak Aol PBE HEl$ AMZAEEA), TAESHEDB) 2 TAALIFLEC) 24>
ABATHEE A5 ARAER 23417 & PBE 2447F A& v MTSE AlX A5
15 F3l PB EA AGAZANE RS gRlstion, o] W FAWSAE 2 FAATEA
g Aads gl ®=A PBEw MRkl i A2t des FEE 7 US
@ A A 2 F AR ERA 2EE PR vA= 9T
A) B)

(+) PB100 PB2000 MT10 MT100

-

L
>

Cell viability (0.D. 515nm, MTS)
e ®
(9] L)

5000

4000

3000

Adipocyte size

2000

1000

(+) PB100 PB2000 MT10 MT100

AYAL Apdaste] dolEE A v
T HAT 5 A ol HET A

AR Estel gt dolHE 44 Bad

'iiii

+) PB100 PB2000 MT10 MT100

APYAE 23} e 5 ARl A FE= Aol tidt glycerol WESF (A AAIE 271 54 B>
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ARAFNEE AFAEZ 23} G52 & Aol FA] FEE 72412 A & A A
FoA FAA ] EajEEA WEEE glyceorl WEYS SAHNE A} sxulo] XA
FZE 2000 ug/ml A oA <F 21% 7HE glycerol W&ol FrtetE AL e 4
Ao, L3k ol AWAHE AV|E FAsE A °F 2000 ug/ml Al FAA F 60%
ol AWML AV} FAEE AS AT F AN

A)

4 SREBP1c

Ilm

PE100  PB2000 MT10  MT100

AT B HE T Aol

5'3
e

-
n
L3

ol
m
-
°
@

w

o
i
©
FS

-

e
@

s 1
mRNA expression level (fold of cantrol)
®

mRNA expression level (fold of control)
mRNA exprossion level (fold of control)
"

) PB100 PB2000 MT10 MT100

A ¥rskAd e B =}

4
2 1
> -

0 l
(] PB100 PB2000 MT10 MTi00

F=E(AD) 72 h Ad
BL@] H}H

ko3

<
T

T

@ DIO (diet induced obese) ICRA w}-$-2~5 o] &3k 3|7 ulo]Z
gy gl

: High fat diet (HFD 60% fat contain; Rodent diet D12492, Research diet, New Brunswick,
NJ, USA)FE § Sguto]FA F3 dgHS 657F 100, 3000 mg/kg/day= 74+ FoI3f

e

B2 5% @) A%

of ATHraINE FAHGIOH, FHETLORE vHH FE=S ARSI
Body weight
Group 2 gitial Weight gain (g)
Initial Final
ND 30.04:1.58 50.06:4.26 0.67+0.19
HFD 30.4+0.75 72.131:2.43 1.37+0.11
HFD+PB100 29.3211.21 67.6413.36 1.31+£0.17
HFD+PB3000 30.6:1.91 66.061:2.21 1.1610.17
HFD+MT3000 30.4+1.62 66.6811.77 1.20+0.15
<A Aol H|WE i & S ARt A FF AT AP 9% AFTHAL & n=7>
Aol S Tl HRts = § AR FA f5 FEHAS 3000 mg/kgel TEE
653 AT Fol 3 Ay uAAolm MY F& FRg ool Bls| AT F7Fso] of
15% #adte Ag 39T = UM+

@ DIO (diet induced obese) ICRA w}-$-225 o]8-3F 3] ulo]EH ]
o & Z7] Ad =% =4
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Relative organ weight (%)
Diet groups
Liver Peripheral Epididymal
ND 4.7253296 3.16819816 0.18298042
HFD 5.4551756 4.90508318 0.1577634
HFD+PB100 5.41336487 5.74992608 0.17482259
HFD+PB3000 4.64214351 5.22656171 0.19224947
HFD+MT3000 4.27930622 3.08462919 0.16297847
<TAMAo] R T fIE F ARl A 55 deeol Ho] )& AxAe] AFE 24, n=5>
AAYA ol S Tl HS FEF F Aol RTA fF S 100, 3000 mgkgel
T2 AF5FA 3 & Z7]e Aule®S ¥laA] HED groupdl 43 3000 mg/kg/day= 73
TEAG TollA, 1rxH AL A oF oF 14% F-A vt #RIAS

2

—

Al LR §F A AT

DIO (diet induced obese) ICRA w}-$-2~%5 o] &3+

Fol F @ojshy 4

Groups ALP AST ALT T.Chol TG LDL HDL

ND 47+28.9 |663.6x104.1| 78.8x15.8 171.6218.7 | 71.7111.7 | 23.11£6.1 =120

HFD 41.8+14.8 |541.6:x144.2| 132.Tz17.2 204.8:20.5 |79.4:15.1 |27.8:10.8 =120

HFD+PB100 39.8£6.9 |663.4:128.7| 119.5z13.7 214.2:x15.3 93122.7 | 23.719.4 =120

HFD+PB3000 34.2+8.8 | 493191.7 89.6:£30.8 203.3x27.2 1109.7£16.1| 18.817.3 =120

HFD+MT3000 | 33.7t4.2 | 599.5x71.4 141x41.6 183:19.5 85.6+14.8 | 16.6+2.8 =120
<Al Z MHGE F AR RTA §3 ALl Ao] e PoskH BH, n-6>

High fat diet (HFD 60% fat contain, Rodent diet DI12492, Research diet, New

Brunswick, NJ, USA) #5 ¥ #%e]27A f5 A 657 100, 3000 mg/kg/day
2 AT FI% F Ao ) EH AE L ALY ARS F4 A} AP FEA
ALTS] @3o] 37482 Hstga, olo] sl @xve] TRA §5 252 AT 7

B2 & B oEror A7t 9%, 12% LA oH, AdAtol

GAl BEE = LDLE A9 Aol we oo ZH7h of 14%, 32% #Aads o<l
Skl &
=

() Z2AAAY FEE(TME)Y dHuk g5 874
D v RFE9} EAd TME A8 Al 3H|% 8% A4
ep A HAFLAE] TME A& & AX AEE &9l
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24h

120 - 48h 160
= =120 = 140
£ 100 g =
- g w0 £ 120
o % w0 % 100
& 60 - s £ 80
Z Z 50 2
3 40- Z E eo
= = = 40
! S 2 S 20
O-Q‘Q S O S S 0 S e S 9 LD
NICH ¢§ “’@ R N pg/ml ° & -.9&»‘9““5@0 “QQQ "&“ pg/ml "QB»@Q'@@"?QQ@@ & pg/ml
IME TME TME
<3T3-L1 AEell TME®| 2] AlZF 8 = AZx54 2>
3T3-L1 AWHATAEF A ZF2Y)S o]&ste] TMES Alx=4d FAHS f@l 1x106
cells/well2 FFH AWAFAE TMEE % 5%=H(100, 500, 1000, 3000, 5000 pg/mh= # ]
SFaL 24, 48, T2A17F Fot wiF & MTS assay 3 ZA3F 5000 pg/mle] ixEoA] 7241 7F
b Aol = AlE FAe] gle ¥ ofygt TME A EA] AEZBEE] of 50% A% 5

% CEEDCT

W AgME F3F FEA TME A A8 —ff— A WA 2 E3F o5 &2l
pre—adipocyte(3T3-11) cell culture ¥ differentiation inducer’ @ TME %A g

A) "° B) E 0.7
i

P
; 0.3
DM+TM100 ug/ml D'I-Tlll‘l[muiml DM+TM2000 ug/mi §°:'
E L]

%] (#)  TM100 TM1000TM2000 (ugmi)

<AAME B3 EA] TM A2l oil-red O stainingdt A|3E o]0 X|(A) 2 FAW=4 5 E24(B)>

BoAdel A9 20139 % HuAMo AWHAE B3 % Al TM SAAZ3E & A4
oil-red O staining®l 2J&] A A E E3}o4 T%5S 23 A3 TM 2000 pg/ml HE°
Aol A oF 19% w37 dAES el 4 vk Bagk bf glov X &HQ A5
= 3 & HaHor RS u B A7F BEE R &= vp TMO o] sk M Ao A9
A A E 28 dAlES AFEHA] g AR A Ra F

100

16% 15% 33%
§4o | i
+) 10710071000 ug/ml
<A E B3 A] TME A8 5 AR W= 54>

AWMAE B3 24 TME A28 3 3 8L F4 AW (triglyceride) Sl o8] =4
AEZ F39A4 255 st on, 7 243 TME 1000 pg/ml A=Al T4 %] ¢F 33%
Aasrs gl
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2
et
19

200 -

100 100
200 -
E 50
i J ' i -
0 T 0 —— - .__ 0 - - -

PPAY (% of control)
o
o
=)
FAS (% of control)

) (¥)  TM100 TM1000 TM2000ug/ml (+) TM100 TM1000 TM2000ug/ml ) (+) TM100 TM1000 TM2000ug/ml
160 180
= 140 160
e
‘E 120 s 140
_g 100 - £ 120
3
£ 80 5 100
2 £ 80
& 60 p
i = &
% 40
20 20
0 L . —1 0+ .
) " TIM100 TM1000 TM2000 ug/m! () (#)  TM100 TM1000 TM2000 ug/ml

4

<AGAE Z3HFEA TME A 25 A Al 223HA) 3 AEB) #d fa2 2d 249>

Body weight (g)

AWAFAEE AHAER B3l F2A TME A48 5 8Y A3pA] A WA E E3lo]
olst= HARRIAL PPAR-y ©F C/EBPa 32k % A%g/del #est= SREBP, FAS, LPL
2 SCD {fAd#ke] AAA] @d A4S real-time PCRE %—5‘“ stolsl A3y PPARy %
C/EBPas} 22 AWAEZ sl F-3d2 dAAS] #d-2 1000 pg/mle] sXolAl <F 27%
A3FA L, F35Fe} FAlO AW Aol B ;}—”— 21 2k2] SREBP 2 A HHgHA

A2 1000 pg/mb o)7e] FEolA 90% ol FaEE AT F AU ol
= %3 TME® adipogenesis 9# &37} 9SS gelslgornsg TMES B9 ot
A OE AT A=

@ DIO (diet induced obese) ICRA| v}-9-25 o]&3F Z4AAAZ Ao AFaray) 2l

: High fat diet (HFD 45% fat contain; Rodent diet D12492, Research diet, New Brunswick, NJ,
USAVE SAZAAR R Aol S 657:7F 100, 3000 me/kg/day AT Felato] AF7Ham)
g zAagom, PYY2TOR e FERL AETAS

70
65

60
55 Body weight (g) : .
50 Group Initial Final Weight gain (g)
45 ND 32.95:1.33 | 46.07:3.28 0.40:0.13
a0 HFD 32.01:1.37 | 56.53:7.64 0.76:0.29
35 HFD+TM 100 | 31.27-1.97 | 52.23:7.62 0.67:0.30
30 HFD+TM 3000 | 32.75:1.01 | 52.98:7.99 0.61:0.28
25 HFD+MT3000 | 32.10:1.33 | 45.72:4.74 0.42:0.18

o 1 2 3 4 5 6 weeks

TM 100
—o—HFD+TM 3000 ——HFD+MT 3000

<aAPHol L ZAAAY @YY FA A % AFFL &I, n=9>
SARA R Ba) v fEaE B ZAAAYAGNS 3000 me/kgdl FEE 4

T Fol 3 Ay ZAAAAE dEgY 3000 mg/kg/dayE AT Fod A AT o 8% A
= 74
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@ DIO (diet induced obese) ICRAl wl9-2=E5 o] &3 ZMAAE dg AFFo & %
7] A T 34

: High fat diet (HFD 45% fat contain; Rodent diet D12492, Research diet, New Brunswick, NJ,
USA)FE SA Z2MAAY dgdS 657 100, 3000 mg/kg/day= 747 Fofste] FH Az

I

Diet groups Peripheralfat Epididymal fat
ND 3.55+1.5 0477 = 0.01
HFD 7.52+15 0.178 + 0.03
HFD+TM 100 744+ 418 0.1641 + 0.03
HFD+TM 3000 8.53+ 25 0.146 + 0.02
HFD+MT 3000 4.29+ 0.9 0.185+ 0.02

<mAWAel L gAY Aol FA Aele] o7 AWEA FUFF 54, n=3>

TAYA o) S Ff HvHS FEste Al AAAAE dErS 100, 3000 mg/kge] FEE AT
Fo 3 Ay} Fadkx|ake] AdosaFe] 24 10%, 17.9%2] A AAE g2l 5 A=
@ DIO (diet induced obese) ICRA w}$-2~E o] 83 A A dAgd HAF Fof T H

3 Aol 27] Wa 8l
High fat diet (HFD 45% fat contain; Rodent diet D12492, Research diet, New
Brunswick, NJ, USA)F% A ZMAAE dgHES 6577F 100, 3000 mg/kg/day= 73
FoRoistel U AWFE A W A AV AP A0 AL A ¥R A
el 2718 24U

\
(A' ND HFD (B)
Ty X! . 3 S 8000
: £ 7000
2 \ A 8
= = i : & 6000 -
.g v B 1 E 5000
BlE — 200x .
T = - o . 2
:g. '_ ) a ) o 3 :n: 3000
5 ] y B E 2000 -
-3 a1 . =
w [ % 3
— s 5 & 1000
- i : i |
HFD+TM 100 HFD+TM 3000 ND HFD  HFD+TM00 HFD+TM3000 HFD+MT3000
ol ¥ S > =) 3 =
<zAGAe] g AMAA Y dge A A § Fadk Age] =] Wt SA4>

15 &% Hv f 2 A Z2AARY dEd 3000 mg/kg/day= 6577F A3
1% Are] AVIWMEE S A3 oF 16% FATS AT 7 A=
@) DIO (diet induced obese) ICRA] v}-$-25 o] &3 ZAMAAZ dgd A4 Fof & X
WA Qe 3l
High fat diet (HFD 45% fat contain; Rodent diet D12492, Research diet, New
Brunswick, NJ, USA)fF% A ZAAAE dgHS 6577F 100, 3000 mg/kg/day= 73
T Folste] zrol HAE A ARE IS
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<A

ND HFD

Liver

= 200X

5
<A A o] g AMAAY dEgd FA AY F P AR Ax SA>
aA Aol Fok HvE f 2 sA ZAAAA dEg A 100, 3000 mg/kg/day= 653 A
ot & ZF AW HF ALE FAS Ay AP olZ {FX3 HlTE mouse] FHY H] 1A
A dEgAS A T3 mouse oA TR JEFHOT AW AR ALl =
e RS AT F AYS
DIO (diet induced obese) ICRA v}-$-25 o] &3t ZAMAAZ dEY A Fof & &

o e} 34
High fat diet (HFD 45% fat contain; Rodent diet D12492, Research diet, New

Brunswick, NJ, USA)f-%= &A ZAAAE NS 6573F 100, 3000 mg/kg/day= 7
- lfroqzﬂ- o3 6:1011 8 z/\%x] }3)ek B A

o L

150
100

i -
o

HFD+TM 100 HFD+TM 3000 HFD+MT 3000

<Al L gAAA A T4 AP F DA BA: FHAGGL>

=

Triglyceride in serum (mg/dL)

High fat diet (HFD 45% fat contain, Rodent diet D12492, Research diet, New
Brunswick, NJ, USA) % &4 ZAAAZ dAEgNS 653 100, 3000 mg/kg/day= 747+
Fols & dd O FAANLEHES A4S A4 FolAQd Hole AT F S

@ DIO (diet induced obese) ICRA wt-9-2F o] &3 A AAZ dgd A Fof & F
8 AR A AWAE F3F 2 AN #E AR dd A g

- f 5

(A) (B) (®))
5 o003 SRERP-{ 5 0012 LEL _ o008 sco1
'E & % 0.07
S 0.2 -‘-: 0:010 8
2 = 5 0.06
z 3 0.008 =
S o002 3 g oos
3 E 0.006 % 0.04
8 T &
g 0.01 '% N § 0.03
H g 8 ooz
3 001 9 g.002 g .
% % 0.000 [ . — . % o

e N HFD  TM100 TM3000 MT3000 E 9

N HFD  TM100 TM3000 MT3000 HFD TM100 TM3000 MT3000
VA = I [e) = > S S [e) = =
WA 3t Al 2AAA R dErey A § Fargh Aol Aehd 7&5’4 AR S4>
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High fat diet (HFD 45% fat contain; Rodent diet D12492, Research diet, New Brunswick, NJ,

o

67+ 100, 3000 mg/kg/day= 73 F

ol &
N5

A AAAAT et

&

o
T

USA)
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ey
X
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o
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o M,_
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o i_
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ofF o
ok
e =
fl
b
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ol
P B
o
N —_
ay X
s e
W °F
o] o
CONNg
N ORT
™

]

TME A 2] 4]

ke
T

@%E

@ H

el m A

--- B)

TM2000

mMT100

mMT10

TM100

+)

O T I I T
- " = e & e e

(sam 'wugLs g

o) Aunqeia 12s

Oilred O staining(A)3} MTS¢d]

Els
(B)>

AAE (TM) A 2ol

24

N
ol
.

2|

A

A

ol
o

20131 H.arAlof AA|

MT10 MT100

TM100 TM2000

Lijji

6000 -

B)

2000
1000
0

E 3000
T
=

5000
8
“ 4000

MT100

TM100 TM2000

MT10

*)

<

o i 7]
-
R

-]

0.05 -

asesjal [cuadfjn

A(D)>

=
=

X 7]

(O3} AEA

%

glycerol %<

ki3

el o

F2E

A

2

e
T

= T2A1%F

FEE

AR F

24

ke
T

@ﬂ-%ﬁﬂﬂﬂ

B
L.

E3
0

Al
el

Dl

=0

H

¥+ glyceorl

2000 ug/ml A& Tl A ok 71% 7} glycerol WE<%ko] Z7}s}f

A

|

F oF 2000 ug/ml A el A 9F 60% ©]%

o A77}

A A
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7 ATFE] 3 Ay A
23t AS AT F AAE
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B

=3 o

A) B) C)
-gl.l ;.- 5 280 scoi
E :: ; - g 200
P § 1.5 3 10
iu 5 i
g4 $ o g i
§ o2 I % 3 I
% 2 ' TM100 TM2000 E ° —— *
TM100 TMZ000 [E] {*) TM100 TM2000
D) E)
FAS = E] LPL
37 &
; T
i :
T 4 E
: 2 15
i |' :
a1 g os
., I m
o] i+ T™M100 Trmzo00 2 i
<ALAE 73 F= T ZAAAY FEE(TM) 72 h A & Aitst 2 sy 34
‘l‘l‘%ﬂz]’ %zﬂ —1>
AFAE 23 & FeFdo] 55 72 h A8 * AUFd dd Fdx 2d 248 o
A3 C/EBPa, SREBPlc, SCD1, FAS ¥ LPL F#x @&dEo] aA #ATS s &
AN, #1¢ AFel 2w Z2AAAY FE29 AUAE AAdEdE AT F glie
L, st ARAZY SAAY S JATFoEM AAEe] AV]E AASA FolH
Al #odste FAAY EAS AT oA AAAAY FEES AT 24
ey @ 5 U
@ DIO (diet induced obese) ICRA|l wl$-25 o] &3 AMAAD F5 dgde AFdA
Rk
Bod ight
Group — ey (g)- Weight gain (g)
Initial Final
ND 30.04+1.58 50.06+4.26 0.67+0.19
HFD 30.4+0.75 72.1312.43 1.37+0.11
HFD+TM100 29.31+£0.87 66.06+3.68 1.25+0.16
HFD+TM3000 29.6x1.10 60.814.56 1.05+0.19
HFD+MT3000 30.4+1.62 66.68+1.77 1.20+0.15
<aLA Aol 2 HRE f e & ZAAAANY FF A Al o AFA & n=6>

| (HFD 60% fat contain; Rodent diet D12492 Research diet, New Brunswick,

T2 65

Hlsl AF S7hecl ‘?nk 23%



@ DIO (diet induced obese) ICRAl wl$-2=F o] &% ZMAAY F5 dgd AFFo
F AN Y 2
Relative organ weight (%)
Diet groups . = T
Liver Peripheral Epididymal
ND 4. T253296 3.16819816 0.18298042
HFD 5.4551756 4.90508318 0.1577634
HFD+TM100 4.66226034 6.51372351 0.19677094
HFD+TM3000 4.65888158 4.68366228 0.16899671
HFD+MT3000 4.27930622 3.08462919 0.16297847
<Al wu FE F AMAAEY 5 dete} Aol o3k AMEA ] PiEY 54, n5>
A Aol F HRbS FRg F ANAAY FF dEAS 100, 3000 mg/kege] &
2 A5 g & A7) AdlsES valA] HFD groupell H|3l 3000 mg/kg/day= 747
Fof gt ol M, kA FA] AS oF oF 14% WA 7Havt BHEHAS
@ DIO (diet induced obese) ICRA #t--2E o] &3 ZAMAAY 5 g A Fo
F dolsty 2
Groups ALP AST ALT T.Chol TG LDL HDL
ND 47+28.9 (663.6x104.1 78.8x15.8 171.6x18.7 | 71.7x11.7 | 23.11£6.1 =120
HFD 41.8+14.8 |541.6+144.2| 132.7+17.2 204.8+20.5 | 79.4+15.1 (27.8+10.8 =120
HFD+TM100 38.216.6 539+97.5 122.7+13.1 197.2+25.3 | 85.4+15.3 | 24.319.7 =120
HFD+TM3000 38.7x4.2 | 477.2183.8 101.7£19.5 1881+24.8 91.7x14.4 | 19.6x7.4 =120
HFD+MT3000 33.7+4.2 | 599.5x71.4 141+41.6 183+19.5 85.6+14.8 | 16.6+2.8 =120
<HA Aol 2 M § AAAA Y FF g Al tig HHsHA A n=5>
High fat diet %= & ZMAAY FF dgHLE 657F 100, 3000 mg/kg/day= 47 F
5 d o U ey AE R A2BE QRS 4T 49 AU FEA ALT §a
of F7HEg Belala, oot BAAAY HF FEE Aewe A¢ APRAES
ALTe #%& sk &=z 747} 7%, 23% oA o, AAgAL o] 3] #Ey =
LDLe] 3¢ A$ol® 5% elE&qor 747 of 12%, 20% Hagg Aelskgon, 21
2EHE FA QA A7 T JEHOR 3%, 8% Hade HASE
Q) =% F==9 d9¢= 25 A4
(7} AFAHAE HIT-T1500A4 B 3 271 39
O #AGAEZ alloxan A2 T AX AEZE &2 0 WA AFE = (LDs) &2

£
g‘l.f)-
a
e
g 7
T
'Eo.s I
0
1
Q
0 ‘
0 1 2 3 4 5 10 15 mM
Alloxan
<Alloxan A& =¥ FHAAEL AEE 54>
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HIT-T15 cell(3+= A EF23)ol alloxano 2 FxsS a7 98] alloxan *2] 5 Al db
FAANEFEEE SA439 S, 2x10%cells/wellZ2 59 H A ¥E alloxans =2, 1, 2, 3
4,5, 10, 15 mM)= 1A|ZF A 2lstar vjA ﬂiﬂ < 23A17F EoF wst th3 MTS assay
& A3 10 mMe] FEelA oF 50%°] Ax5AdS gs

o 10 mM allloxant—_z A&

—_

AaL, F5 AFAELE o] &3 2

’

@ WFAAEEZ alloxan A e FAGM A A AE AEAAEEZ glucose

=

A) C)

120 4
120

100
100 .
N 80
80 $

Ocontrol i Icontrol 60 O control
malloxan malloxan malloxan

40 i 40

20 20

0 0 “ i

72 96 hours 0 24 48 72 96 hours 0 24 48 72 96 hours

<Alloxan X}E]—?.Z Azt 3 A EAAEE(A), glucose(B) E insulin(C) 4>

Glucose (%)
=
Insulin (%)

Cell survival rate (%)
o
=
3

Alloxan®.2 | AAZMT-TI5 cel)o]l w2 FoAoz Gual=x2 stolsls] <3l
2x10° cells/well2 #F%¥ A FAEd alloxane 10 mM=Z A2l 0, 24, 48, 72, 96A|F 7
I} > AT tiH] alloxan A 79] AZFE3E AEE I glucose % insulin & &Q1%H 4
I AFEAEES AR dH] ok 40% A3, 9647 HAIA] media W glucoseF-S A Ao
= AP U oF 70%A-HE A" {9 alloxan A atell A= oF 20% 4 EREo]l HAE S
22 alloxan A #A] media Wl U= glucose’} AIXWE E&8H0F FYUHA &S &9l
st 4= A3 insulin® alloxan A 2A] ThA AU EZE insulin 4] A AsfES

1 o~ o
skelg = Sl

Q FAHz=E A& -Lroﬂ—ir%U(Bombe mori extract, BME) % 235 (Morus

1)
alba extract, MAE)®] 3|58 &<l
140
A) B) 10
120
= 120 -
< 100 =
2 = 100 -
S g0 2
E O24hr © 80 - 0O 24hr
£ eo o48hr E &) o 48hr
2 m72hr g m72hr
T 40 % 40 -
© 3
20 © 20 -
o (LI M | m |1 = | - o - = | y Cl L " _
BME 0 10 100 500 800 1000 ug/mi MAE 0 10 100 500 800 1000 ug/ml

<FHAAME BMEA) 2 MAEB) Az & AZAEE B>
%] ZA EHIT-T15 celDol BME ¥ MAEE Z+Z} 0, 10, 100, 500, 800, 1000 pg/mé= =23}k
I 24, 48, T2A17F A & MEAAEE E2 A3 BMES 4$ 500 pg/mlolA tha HA 9]
‘%i%‘iJ— MAE+ 800 ug/ml ©o]/dellA Aol qlglorn=z tozo] Agor txz AREA|
BME % MAE A}&35%=%5 500 pg/ml= 2743195
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@ free-glucose media®l 4] A EQ] HIT-T15A G F =240 &9
D F A X alloxan A B FEWE AME AEE Q0 WA EE(LDs) 9

“l“lh

o =m Em BN BN B N

Alloxan - 0.2 04 05 0.7 09
<Alloxan A& x4 3 XoUﬂJ_ *3%—% A>

w2
e N
o ©

®
o

~
(=]

cell proliferation (% of control)
» ]
° =]

2x10%cells/well2 FF% welloll free-glucose media® A3+ 5 FFA E alloxanS &
=0, 0.2, 04, 05, 0.7, 09, 1, 2 mM)= 1A|ZF A star x| uA] F 23A|7F &< H
3k 8 MTS assay 3 23, 1 mM9 sZolA oF 50%9 ME=ZAS gelsddal, F%5
AGAMEE o] &g Aol 1 mM allloxang AR &

(b Aol ETA FFH(PBEY FFw T R4
@O A% AFAE] PBE M2l & Ax AEEH glucose R insulin & &<l
@) Normal media A}-&3+ 4%
A) B) C)
160 120 150 -
140
o 120 100
5 100 z 80 g1
é 80 D24 g o2 F 024hr
s oashr 3 60 Dashr 5 m48hr
E 60 m72hr O 49 '72'"2 50 m72hr
3 40
o 20
20
fpiEE HEN HEE HES HER HED B 0 . . . . 0 -
PBE cont 1000 2000 3000 4000 5000 ug/ml FBE{ i .f000 2000 3000 4000 Spod Hghn PBE 0 1000 2000 3000 4000 5000 ug/mi

<A A E PBE HE$ T% 2 AP MEAAEE(A), glucose(B) % insulin(C) 4>

<

A2+ HIT-T15 cellelA 9] PBES] AlEZ543 glucose ¥ insulin EA S Z43817] ¢ 2x10°
cells/well2 3t F|FA X PBEE FX=% (1000, 2000, 3000, 4000, 5000 pg/ml)= 2|3}
24, 48, T2A17F Aol w2 AEZAEE 0 A3 3000 pg/mle] FEAAE AR FAd 0]

Aoy 4000 pg/mioll A= 72A17HEE, 5000 pg/mle] FEANAE 48AIIHEE M EAEE ]
Oa 743hs #dd 4 dAaL, glucose 2 insulin®] 4 PBE A gA] 2 Aol7F gllonvt
A EZ 5402214 insulin $Hd &2 PBE 5000 pg/mb A1 2] A] oA AW

@ Alloxan®l] 9J3l] /3% G PBE A2 * M3 AE=EY glucose X insulin & EH%

-
140 150
120
120 -
100
X 100 -
£ 100 -
% 80 - 024hr _ o24hr o J—
i = oy
3 n4ghr S oashr T 6o o ashr
s 80~ g l72hr§ w72hr 3 m72hr
] L 3 50 £ 40
z 40 &
O 20 20
o [ |
- 0 - BME MAE
+

PBE - BME MAE - 10 100 1000 5000 ug/ml PBE - BME MAE - 10 100 1000 5000 ugimi . PBE - BM =~ 10 100110001 15000 Niphm
Alloxan - + & + + + * # Alloxan - + + + + + + +

&3 AGAIE] PBE HEF w5 R AP AZAYEE(A), glucose(B) B insulin(C) 41>
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ol

o]

A+E HIT-T15 cellel] ™3+ PBE
Mo alloxan 1A1%F A& 3

Alloxan A&l 9&] AWEE, glucosed] AEW F
o] g 23y fa 2x10° cells/wellZ EF%
alloxan®] 93+ ¥WIAE AASL A2 wjX|o] PBEE X% (1000, 2000, 3000, 4000,
5000 pg/ml)= A E|ste] 24, 48, 724 AAA AMEYEE Q1 A} 4000 pg/mle] EFETIA
= PBE Ag % 9 gAzlel] gEHoRT AFAYEFC] F/1ES st F g,

insulin®] Y= v F7HES FAL F UAE

o, FH'

=

Job it

@ PBE A ¥ % insulin pathway &% F722F @& W3t &9l

Insulin receptor PI3K
QL0008 1 0.0008 -

0.00004
I o
= 0.0004 -
0.00002 I
0.0002 I I
0 l ‘ 0 .

Con AXN BMS500 PB500 PB1000 Con AXN BMS300 PB500 PB1000

RQ

0.00006 - IRS-1 0.0002 - GLUTA
0.00015 -
0.00004 -
g ¢}
g & 0.0001 -
0.00002
0.00005 I
0 ||  mm l .
Con AXN BM500 PB500 PB1000 Con AXN BM500 PB500 PB1000

<£A9 FHAAEY PBE AHE & 42 238 F £4>

E4E AFAEZ PBEE A st @9 Faol #d e ded &A= Fdx &
S g3dtr] 93] insulin receptor(IR), phosphatidylinositol 3-kinase(PI3K), insulin
receptor substrate-1 (IRS-1), Glucose transporter type 4(GLUT4)e] & AS real-time
PCRE &3 &<lst A3 IR¥ IRS-1, PI3K, GLUT49] @& Ygo] F=2&5 AHIA G
Az vls] A F7kste] Az U dEd Aol 7ASHa glucosed] MEY F¢ T
ol MMAEE IAT F UAS

AR AN T

@ Free-glucose media WAl A7d FHAdAxel PBE A&l & Ax AEE 9l

0 I I I I I I

PBE 1000 2000 3000 4000 5000

<Free—-glucose media WolA A3 A X PBE A& & T2 AXE

-t - N N
Q o (=] o
o o (=] (=]

cell proliferation (% of control)
o
e

o
i
it
M
4%
\V;
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Free—glucose media WolA A4 HIT-TI5 celll ¢ PBES AE=AHS =As7] ¢
2x10° cells/well2 #F9 welld] free-glucose media® A3 5 3 %“ﬂjj_oﬂ PBEE &%
(1000, 2000, 3000, 4000, 5000 pg/mé)= A 8lste] 24A17F 5 MEABEES 3 A3 AXE

Aol A S+

® Free-glucose media®ll A Alloxan®] 23] <=Ad

insulin % 3¢l
P P & &

ExVN
| BN

AGAxE PBE A2 & Ax 4EE 2

500 500 1000 ug/mi

+ o+

BM  PB

AEE | insulin 4>

120

-
o
[=]

-]
o

o
3

@
o

<
o

-
(=]

o
b.

cell proliferation (% of control)

1nsu||n (O.D 450nm)

N
o

0

. - (% (nY
2O q,Q @ ) B

)
+ + +
BM

<Alloxan A 2] A >l PBE A&l & =

Alloxan #glo] 98 WEE, glucosed AlFEU
PBES &%5& &<lslr] 93 2x10° Cells/Welli
Sk M E] alloxan 1A17F A2l & alloxanol
WA ] 24X 7F 7 2 A] xﬂJ.ng%
S7Feka 4000 pg/mé A 2] %k
%= 500, 1000 pg/méoll Al =LA

O O
O &
S

] w

* o+ + +

PB

Alloxan - + +

s

A" HIT-T15 cello] of g+
ree—glucose media® 1A
AASL AEE A =
olEH o7 ANEZAES

3| E-F R oM insuling

&)
ot
o
)
o
W
-
>

At

i I I I
0 —

diabets

(A)

@
P=]
E=)

N
=)
S

Blood glucose level (mg/dL)
ALT (UL)

diabets
+

BM PB

cont cont  diabets
cont

Alloxan Alloxan

(D) (E)

2000 -
300 -

diabets

a
=3
(=]

[
o
=]

Freefatty acid (WEqL)
2
=]
=]

Il jl

cont dlabets

0 -
cont

cont diabets

Alloxan u Alloxan

Ldo A PBE 553t @?Toi % A (A) R AT ﬂl(B)9Jr

A

(C, D, E, F) cont, diabetes, BM(n=5), PB(n=5)>
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AAF HIT-T15 celldl A9 TME®S AE5A 3 glucose ¥ insulin %S =A317] 98]
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g sxd oEHoR MEAEEC] F7FENL 5000 pug/ml ABAl AL Gy FARSE

2 3B o glucose %= alloxan #8] A Bt} TME 5000 pg/ml 2] 3 72A1%F 7 944
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insulin receptor(IR), phosphatidylinositol 3-kinase(PI3K), insulin receptor  substrate-1
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4SS Az EC] Trteke S UEHA S

® Free-glucose media Woll A4 Alloxan®] 23] <=4 FGAEN TME A2l & AXE A
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2. 599 AEEL =2 2 A
7h AAAAY Y] AREH =E
O dAAAY ELe F5 9 £
- ZAAAY EE 1.2 kgl EtOHS H7bete] 355 380 g5 d& F,
gl e#AFor gmjEs 3 Ay hexanedE S 31390 g (82.61%),
dichloromethane® & -2 042 g (0.11%), ethyl acetate +&8-2 0.78 g (0.21%), butanol #
212 2480 g (6.53%), water &2 39.03 g (10.27%)= el (Fig. 1)

gle) S92 @

B

Tenebrio molitor (1.2 kg)
| freeze duryving and stirred (7 days, RT, 250 1pm) x 2

EtOH extract (379.66 g)

digsolved in H,O

Hexane (313.90 ) CH,ClL, (0.42g)  EtOAc (1.78g)  BuOH (24.80g) H,0 (39.03 g)

:1(3.68g) 2 (0.92g) fr.3 (2.95g 42092 IS52.40g)

Fig. 1. Extraction and fractionation of 7enebrio molitor

Al
- AAZAR S AR EA S AOACH Al ofd FEFFS 15T FArtddxzyer
3|2 FS 600C 3oy, =M ATFS Kjeldahld, =AW &S SoxhletH &2 4
sk zudd ek 50.01+0.34%, =AW e 39.67+042%, F3dW e
3.23+0.01%, T% T2 2.28+0.01%, &35 584+0.77% = YERE (Table 1). &4
A3g B 2 xS AU 4% e 2AAAY BadAs zuud gduw
2AY Fel ¥ AL FAT 5 AN
Table 1. Composition of 7enebrio molitor
Ineredient Content (%)
neredients Tenebrio molitor
Moisture” 2.28+0.01
Crude protein’” 50.01+0.34
Crude fat” 39.67+0.42
Crude ash” 3.2340.01
Carbohydrate(’) 5.84+0.77
@ Gas chromatography (GC)Z o] 83 x4t A=k B
- AAAAZ Y] AW B AOACHA 98] FEeae 105C Ad7tddzye=s
Ak A EAE 8l 2AAAYe] tx EES eyl ety GC +4& st
AL, 37709] standard fatty acid ester®] retention time¥} H|nl #2413 Azl vhL-3)
25 AAaAAAY EAstE F AL S 34.89% = YErEEom ) 16719 A HAE A
o] &4, AA AWAE koA 2@ 2Holeic acid)©] 46.3%°. = 71 =& S
A S oS gelEd = . S oleic acid) €] 2= dl4H(inoleic acid) 27.8%,
Zu) E A (palmitic acid) 14.99%, W& ~EAH(myristic acid) 4.41%, Z2~®|o}2 Ak (stearic
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acid) 2.29% % 5712
2, Table 2). o]&f3t Ay= AN AAE 2 100 g
St Ao UEd. oo & A9 A3E TR,
=gk O &

2H(oleic acid) .2 A A g+

A% graol v

O
T =
o EEHS 21

(a)

T
e
s

~ 00l
= O

- 0l
= gl

eake] el &

A kel ghakol AA AW

|
i ol |
10 131
Ll N I14.S'5”

* Mg

°] 96.6% 5 A8+ (Fig.
<74 (oleic acid)o] 16.15 g &4
Z A 7 2 o
of YA womz ZAAAY

Sojqow

n -

Fig. 2. GC chromatogram of standard fatty acid ester (a) and 7enebrio molitor (b)

Table 2. Profile of fatty acids from 7enebrio molitor

};Ie?)l.( Components RT* Pezzl(;))elrea mg/kg’ 1;?21.( Components RT* Peazl(;))a;rea mg/kg®
14.204 26.0873 33.444 0.01926
14.59 58.6353 10 Stearic acid 34.038 0.33798 8,003.96
1 Capric acid 19.07 0.00274 64.88 11 Oleic acid 35.539 6.82067 161,527
2 Lauric acid 22.124 0.06498 1,538.96 35.883 0.02998
3 | Tridecanoic acid | 23.948 | 0.01383 327.57 36.846 | 0.03155
25.775 0.01477 12 Linoleic acid 37.411 4.09515 96,981.46
4 Myristic acid 25911 0.6503 15,400.46 37.707 0.01273
26.527 0.00384 13 Arachidic acid 37.819 0.0129 305.46
26.956 0.04143 14 cis-11-Eicosenoic acid 39.088 0.02347 555.72
27.411 0.03804 15 Linolenic acid 39.51 0.13191 3,123.78
5 Myristoleic acid | 27.728 0.00404 95.57 16 | Heneicosanoic acid | 39.696 0.00371 87.84
Pentadecanoic acid | 27.918 0.01799 426.1 39.991 0.00328
28.935 0.00782 40.482 0.01189
7 Palmitic acid 30.051 2.20894 52,312.09 17 as-11,14-Ficosadienoic acid 41.009 0.00933 220.94
30.628 0.0063 41.362 0.00832
31.338 0.20673 44.451 0.01451
8 Palmitoleic acid | 31.547 0.31686 7,503.95 45.185 0.01374
Heptadecanoic acid | 31.993 0.01747 413.63 38 47.032 0.0046
323 0.00663 39 47.173 0.00447
33.349 0.06527 40
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@

A4 AA Y #E° BACEl &4 A S

AR ditAdRE B4 AOACH o3 &= 105T ”’%7}% EHO=E
A E ] 8 & recombinant B-secretae (BACEl) &4 Ad 5 S AN A=
023 o o]wl BACEL inhibitor® <27 resveratrolS positive control® A}-&-3}

Ao (Fig. 3)
HEAdA dgk (21%) =l AR T 1992 ¢
24 3E 58] Al =107 Skl wheb iy
T vhel A wjdka} = oF 43Rbe A SeREH o= —%7‘33}1 nom o] F dzxslolmA
Al (AD)7F oF 50%8 % 2Ag AD] 7Hg fEe doR AEwa 9l
Wgol= thwlA(AB)S APP(amyloid protein precursor)gtE A7eWAZHE o B, y
-secretase®] ZF-8&S Wol FalH. XvjEate] A §, B-secretase (BACED] 93l 7}-&
A APPYH (sAPPR)S #8lAl 7] 1L, y-secretase’} C-terminal ©# C99°l 2F&3Fo] A
B42-43€ A3 (2001, Cheeler)
ABE AFAR ZA4ow 3] AAAMEAE S =T )
astrocytes 9 FTHHAMEE SN OZN 4HsA ~E A 2 AF
74 /ﬂ]ﬁ/‘P% Z7218H1995, Andersons; 1993 Pikes; 2000, Yuans). AR
29l B-, y-secretase’} AD 9] F targeto® F-Z % 1O y-secretase?] A 3
Notch pathwayell 285 YWERHAIL o] Ao A= s BAdE= C9 il
gk A5 o] #59(2002, Wolfe 5).
BACEL! deficient mice®] 74-- AB7} /4= A ¢49kom BACEL AsiA] H-4-& %io] AB %
C99 o] S AAE 71 BACELCl ik AsiAl 712 7o) titol 4 3kt
o 7]1%3Fa 132001 Luos). ©l7 OM 99-1, OM 99-2, MG 123 59| B-secretase &
g AsAZE BaESla, AA7HA HdAdE FEl BACEL AsfiAls doid o= mngk 244

i

(27%) o= =2 AYES

=

M
)

(03
i)
v
)
e
ox

>

>,

2

AgrlH

o)

Tk ol A AIMAEL dFEo] wAHe] & oligo peptide’d F5EZ blood
brain barrier (BBB)E & #3al#| X3te @do] loev=m |42 AD A5A=E 7| EE
710l = SAIZF A& (2001, Gaos). W, HAAdE o SAgFES 23 trLbEZ A O
i Al A4 sghEoln® BBBE Tately] v e Agd | dd=E o
dom ABFEA Eh AdA 2 ABEFH HAE ReEds @M= Zlolopd g 3

9
A AEEd s FEE Aow A
dMAAE #E8ES] BACEl A3l vlal Al 50 pg/mL G4 hexane fraction
(35.9+5.6%), EA fraction (37.2+3.7%), BuOH fraction (36.8+4.0%), H20 fraction (26.07+2.9%)
o folAdl AolE Holx] gktort 100 pg/ml sEAAE EA fraction (68.1+4.6%)°]
hexane fraction (54.244.7%6), BuOH fraction (42.4+3.4%), H20 fraction (48.8+2.3%)°] H]3]]
AgH o R =2 Asjads JYepd. 28y 85 F hexane fraction®] &°] 74 =%ko

o

2 hexane fraction®] ZHS wW3o] v} 23S st

L A=
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Hex BuOH Resveratrol
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(=]
I

p-secretase inhibition (%)

Conc. (Hg/imL)

Fig. 3. B-Secretase inhibitory activity of solvent fractions from 7enebrio molitor

©® A AA 22 hexane fraction A& 8] BACElL &4 A 3lF

- A A2 hexane fraction® ZH-E] ThA] A5 %Qﬂ 235 Fr. 1-52] BACE1l &4
Al es A Ay e 2o (Fig. 4). A¥rd o =2 Fr.3(18.7+0.6%, 38.86+3.3%)
O]Fr.1(17.831£0.1%, 34.8+0.6%), Fr2(148+1 1%, 20.0 %), Fr.4(20.9+1.7%, 31.8+2.9%),
fr5(4.7£0.6%, 16.1£1.2%)°l Hld| AjHde=z =& Z{ '3H§_J/]‘E L ERY

oh

20

60

a
ab
I g b
) | ﬂ ak
Q

50 100 50 100 50 100 50 100 50 100 15 (pM)
fr.1 fr.2 fr.3 fr.4 fr.5  Resveratrol

B-Secretase inhibition activity (%)
I~
&

Conc. (pg/mL)

Fig. 4. 3-Secretase inhibitory activity of solvent fractions from hexane fraction of 7enebrio molitor

©® @A AA thx A4Ee] BACE1L &4 A 8l 5

- A A 2] major AW oleic acid, linolenic acid, myristic acid, palmitic acid 2
linoleic acid BACEl €4 Asl|ls& XASH A3+ Fig. 59 25, oA 714 &4 25
s gEAY Aes deriglen, 4 TR EE {FYHQd AolE THE
(+xxp<0.001,%* p<0.01, *p<0.05). 10, 100 pM F oA = oleic acid (24.0+1.6%,
76.7£1.6%)7} linoleic acid (13.9%+1.3%, 33.841.1%), linolenic acid (40.5+2.3%,
49.8+0.1%6), myristic acid (32.9£3.1%, 43.4+0.2%), palmitic acid (14.3+1.3%, 36.1£4.9%)
79 Adlees BIow 53 AAMAAGNA 7 Eol iU oleic acide] 7
4 9493 BACEl A8 &35 S & F A+
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Qleic Linoleic  Linolenic  Myristic Palmitic Resveratrol
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p-Secretase inhibition (%)
.
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Fig. 5. B-Secretase Conc. (M) Tenebrio molitor

@

- BACEl°]l W3 &4 EoAS

ZAAAE dEEZe BACEl &4 5ol A+
3 AES 7] $¢3}e] amyloidogenic processel] o] sh=

TACE (a-secretase) % chymotrypsin, trypsin 52| serine proteases®] W3 oleic acid,

linolenic acid, myristic acid, palmitic acid % linoleic acid®] <A &= AR 23
Table 33 Zg. Al 71A] =454 2% chymotrypsin % trypsind] tha+ 24 A
ayts HolA gtom o tAl 7hx] EZ o] BACEL dlgh AEl4Ql Eolds Ay

= A3A (specific inhibitor of BACE1)® #tdtsh &= S

Table 3. Inbibitory activity of oleic acid, linolenic acid, myristic acid, palmitic acid and

linoleic acid against a—Secretase and other serine proteases

Conc.(uM) Trypsin Chymotrypsin a-Secretase(TACE)

T 50 5.50+1.97 5.00+0.19 5.81£1.00
Oleic acid 100 3.74£1.97 9.45£0.39 11.2242.27
_ " 50 4.77+0.31 2.88+1.94 6.34+1.72
Linolenic acid 100 7.62+1.04 4.180.10 13.62+1.95
. 50 8.28<1.41 2.16+0.69 4.68+2.08
Myristic acid 100 10.71:£0.00 2.58+0.30 18.72+3.12
T 50 5.36=0.11 7.17+0.49 3.83+0.22
Palmitic acid 100 11.18£1.32 3.25+0.99 9.34+3.51
— 50 8.62+1.21 3.41£0.30 2.48+0.64
Linoleic acid 100 8.54+0.44 1.62£0.35 14.50+3.16

AT HEEZQ oleic acid®] BACE1 A3 &4+

ZAA A % major AWAF T FE 3 BACEL 84 9Al5S YERA oleic acid

o] &4 A3 F;ES Dixon plotg o]&3dte] A 2 Ax Z+7 1C50, 6.1x10-5 M,

Ki, 3.43x10-5 M (Fig. 6)2 Yeldon Kigtel xd#He Aoz wFo] & o oleic
o

acid= Rl A4 o= BACElS Adlstes e AHdS & 5+ A
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Fig. 6. Concentration dependent inhibition of BACE1 activity by oleic acid (A), Dixon plot of
oleic acid (B). Substrate concentration: ~¥—; 750 nM, -O-; 500 nM, -@-; 250 nM

© wAAA BB P 27
- AR E9ed dAste s AT A3 d23 25 (Table 4, Fig. 7). 10, 50

pg/mL g0l A4l ABTS (p<0.001), DPPH (*#p<0.01, *p<0.05)2] % EA fraction®] Tt
& fraction®l 3] HoiAo® Fistso]l A YEhd. FRAP A% mpz7bA =
EA fraction (27.81+0.25 uM/Trolox equivalent)o] #12o] 714 =4 YelA ot
LOX A& oA EtOH fractionol Al A& 714 A YErd

Table 4. ABTS and FRAP of 7enebrio molitor extraction

content (%)

Conc.
Sample (pg/mL) ABTS assay FRAP assay
d d)
EOH 10 0.51 + 0.153 1.70 + o.44d)
50 0.87 + 0.29 3.25 + 0.06
d) e)
Hexane 10 032 + 0.49d) 2.06 + 0.310
50 035 + 0.10 217 + 0.07
10 1.69 + 0.37° 0.53 + 0.26%
MC ) )
50 4.95 + 0.58° 873 + 0.27°
EA 10 4.86 £ 0.30” 6.59 + 0.30”
50 20.10 = 1.16" 27.81 + 0.25Y
b) c)
BuOH 10 3.49 + 0.29 i’ 334 + 0.350)
50 12.02 + 0.57 1134 + 0.19
10 1.93 + 0.129 5.10 + 0.60"
H;0 <) b)
50 448 + 0.14 496 + 021
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(A) (B)
Fig. 7. Effect of Tenebrio molitor extraction on DPPH radical scavenging activities (A)
and lipoxygenase inhibition (B) BHT and NDGA as positive control were used at the
concentration of 5 mM. Same concentrations of EtOH extraction and each fractions are
significantly different at *p < 0.05, **p< 0.01.
0 FAAA ] AR 24
- SDE(simulataneous distillation extraction)& ©]-&3le] FE3 A A Ege Y
A AR (essential oi)S GC/MS #2413 ZA¥} Tetradecanoic acid’} 23.684%,
Butylated Hydroxytoluene 14.357%, n—Hexadecanoic acid 11.876%
2,4-Bis(dimethylbenzyl)-6-t-butylphenol 5.359% <=2 = WEY 2™ Hydrocarbons< Ej
7F Beol EAsk= Ao g2 YEtl S (Table 5)
Table 5. Distribution of Identified Volatile Components in 7enebrio molitor
NO ‘ RT ‘ Volatile components NO | RT Volatile components
Acids 21 |16.318 | Docosane
1 5.405 | Dodecanoic acid 22 | 17.983|Eicosane
2 | 8.714 |Tetradecanoic acid 23 | 19.595| Tetracosane
3 | 12.238 |n-Hexadecanoic acid 24 | 20.971|2,4-Diphenyl-4-methyl-1-pentene
4 115.617|1,4,7,10,13,16-Hexaoxacyclooctadecane 25 | 21.153 | Octadecane
Aldehydes 26 | 22.65 |Hexacosane
5 \13.231 ‘Octadecanal 27 | 24.101 | Heptacosane
Alcohols 28 | 25.499 | Heneicosane
Phenol,2-(1,1-dimethylethyl)-4-(1 -methyl-1
6 | 13.494 29 | 26.858 | Nonacosane
-phenylethyl)-
Phenol, 2,6-bis(1,1-dimethylethyl)-4-(1-methyl .
7 | 14.333 30 | 28.165 | Triacontane
-1-phenylethyl)-
8 | 21.291 |Phenol, 2,4-bis(1-methyl-1-phenylethyl)- 31 |29.436 |Heptadecane, 8-methyl-
9 |[21.651 |2,4-Bis(dimethylbenzyl)-6-t-butylphenol Ketones
. Cyclohexanone, 2-methyl-5-(1-methylethyl)-,
10 | 28.472 |Phenol, 2.,4,6-tris(1-methyl-1-phenylethyl)- 32 | 5.637 .
rans-
Esters Others
11 | 9.192 |Tetradecanoic acid, ethyl ester 33 | 4.921 |Butylated Hydroxytoluene
12 [12.391 | Ethyl 9-hexadecenoate 34 | 11.096 |Hexasiloxane, tetradecamethyl-
. . 1,2-Benzenedicarboxylic acid,
13 | 12.76 |Hexadecanoic acid, ethyl ester 35 |1 13.91 Lo .
bis(trimethylsilyl) ester
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14 | 14.636 | 7-Octadecenoic acid, methyl ester

36 | 14.504 | Pyrrolidine, 1-(1H-inden-3-yl)-

15 | 15.7 |Linoleic acid ethyl ester

Borinic acid, diethyl-, 1-phenyl-1-propenyl
37 | 14.891 . Y Phenyi=-propeny
ester

16 | 15.798 | Ethyl Oleate

1,2-Benzisothiazole,
38 | 15.289
3-(hexahydro-1H-azepin-1-yl)-, 1.1-dioxide

17 | 21.92 |Di-n-octyl phthalate

39 115.617|1,4,7,10,13,16-Hexaoxacyclooctadecane

Hydrocarbons

40 | 16.106 | Bicyclo[11.3.0]hexadecane-2,14-dione

18 | 9.296 |2,4-Diphenyl-4-methyl-1-pentene

Piperidine-3-carboxylic acid,
41 |28.975 . .
1-ethylthiocarbamoyl-, amide

19 ]10.038 |2,4-Diphenyl-4-methyl-2(E)-pentene

42 129.316 |1-Allyl-5-bromo-6-hydroxypyridazin-6-one

20 | 13.739 | 10,18-Bisnorabieta-8,11,13-triene

@ ZMAAE ] hexane fraction Al

e BACEl &4 A 3ls

Hexane AlF-#8% fr. 1-5¢] BACEl 84 A4s5S A 23+ &3 25 (Fig.
13). Fr.39] 749 90.40£1.32%°] =2 Adlss 2 (100 ppm, p<0.001). Fr.3¢]
TLCZ 3} free fatty acids®] Ho = W, Prep-TLCE E3l oleic acid ¥ linoleic acid

=] E] o)
Sy
100 |
f
é;_' ag
£
&
E 80
&
3 | ]
E )
= 20
o L _I:l
55 O‘J 50 'IGE‘ Dﬂ 'IEU .ﬂ !Dﬂ 50 k'lE 15 M
Riesveratrod
Cont. (pgimLy

H ! EE:a4 = 80:20:1

‘ . .
O Hwame Pl FraF3FA FeS NE TG FADGIMG |
H oleicacid —

Fig. 13. B-Secretase inhibitory activity of sub-fractions from hexane fraction of

Tenebrio molitor

1H of TM-1 in DMSQ
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Fig. 13-1. (A) 'H- and BC-NMR spectra of oleic acid and linoleic acid isolated from 7énebrio

molitor
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Fig. 14. Protective effects of solvent fractions

from Tenebrio molitor on AP

(25-35)-induced cell death. PC12 cells were pretreated with solvent fractions for 1 hr
and further treated with 50 uM of AB(25-35) for 24 hr. Cell viabillity was assessed by

measuring MTT reduction. “"P<0.001 vs control group.

‘P<0.01 and "P<0.05 vs the

group treated with AB(25-35) alone. Data represent the mean*SD of three independent

experiments.
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@ AB(25-35) FEsdozy
- AAAAT BB A

°] ROS formation # 3 &3}
T FA2R(ROS) dATS 2ARE A e 2e

Jo T

EE &9=0] #94< ROS Aslz+E vehd

120

00

% of AR
%
]

DCF fluorescence

]
Control Ap 10 50 10 50 10 50 10 30 10 50 (ugml)
EtOH Hexane EtOAc BuOH H,0

SOUMAB(25-35)
Fig. 15. Inhibitory effects of solvent fractions from 7enebrio molitor on A

(25-35)-induced intracellular ROS accumulation. PC12 cells were pretreated with solvent
fractions for lhr and further treated with 50 uM of AP(25-35) for 24 hr. ROS
production was measured using the CM-H2DCFDA fluorescent dye. “P<0.001 vs
control group. “P<0.01 and ‘P<0.05 vs the group treated with AB(25-35) alone. Data

represent the mean+SD of three independent experiments.

Fig. 16. Levels of ROS damaged by AB(25-35) and protective effect of 7enebrio
molitor fractions in PC12 cells. (a) Control, (b) 50 uM AB(25-35), (c) 50 pM AR
(25-35) + 10 pg/ml EtOH, (d) 50 uM AB(25-35) + 50 wg/ml EtOH, (e) 50 uM AB(25-35)
+ 10 pg/ml Hexane, (f) 50 uM AB(25-35) + 50 pg/ml Hexane, (g) 50 pM AB(25-35) +
10 wg/ml EA, (h) 50 pM AB(25-35) + 50 pg/ml EA, (i) 50 uM AB(25-35) + 10 pg/ml
BuOH, (j) 50 pM AB(25-35) + 50 ug/ml BuOH, (k) 50 uM AB(25-35) + 10 pg/ml H-0,
(1) 50 pM AB(25-35) + 50 pug/ml H-O.



@ Apoptosis A3l gt 3k

- AB((25-35)° gk ZAAA Y TAA] AEZAE Al sS A A3 £9=9 AR
(25-35) 1= apotosis A& LS #H&AT 5 A2 53] hexane/EtOAc +FE <] Al
ZAE A so] =28 & F 9S (Flg 19). Hexane 50 yM A 2]g+ -9 AB A glst

o o 2= ) .
A g dxed A s e FATe #1225 A (Fig. 17)
33
30
E: 25
:. b1
é
:; 135
% 10
2
5
! Comro\ 10 50 m 50 10 50 10 50 10 50 (ugml)
EtOH Hexane EtOAc BuOH H.0

SOpM AB(25-35)

Fig. 17. Inhibitory effects of solvent fractions from 7enebrio molitor on A

(25-35)-induced apoptosis. PC12 cells were pretreated with solvent fractions for lhr and
further treated with 50 pM of AB(25-35) for 24 hr. Morphological apoptosis was
determined by Hoechst 33342 staining under fluorescence microscopy (magnification
x400). *P <0.05 versus control group. “P <00l and ‘P<0.05 vs the group treated with
AB(25-35) alone. Data represent the mean+SD of three independent experiments.

Fig. 18. Microscopic analysis of solvent fractions from Z7enebrio molitor on AB(25-35)—
induced apotosis. Representative images of PC12 cells with AB(25-35) treatment in the
presence or absence of solvent fractions from 7enebrio molitor. (a) Control, (b) 50 uM
AB(25-35), (¢) B0 pM AB(25-35) + 10 pg/ml EtOH, (d) 50 uM AB(25-35) + 50 wg/ml
EtOH, (e) 50 uM AB(25-35) + 10 pg/ml Hexane, (f) 50 uM APB(25-35) + 50 pug/ml
Hexane, (g) 50 uM AB(25-35) + 10 pg/ml EA, (h) 50 uM AB(25-35) + 50 pg/ml EA, (i)
50 uM AB(25-35) + 10 xg/ml BuOH, (j) 50 uM AB(25-35) + 50 wxg/ml BuOH, (k) 50 n
M AB(25-35) + 10 pg/ml H:0, (1) 50 uM AB(25-35) + 50 pg/ml H-O.
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@ Caspase-3 A3zl st J3F
- AB(25-35)°l Wit AAMAAE EYE FA A caspase-3 AIMEHE A A
R gujE 3o AB(25-35) % caspase-3 AéelsS Felsigon, &

fractiol

activity (Fold industion)

0
Control AB 1050 1050 1050 1050 10 so  (weml)
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Fig. 19. Protective effects of 7Tenebrio molitor on AB(25-35)-induced caspase-3
activation. Protective effects of Tenebrio molitor fractions on APB(25-35)-induced
caspase—3 activation, PC12 cells were pretreated with 7enebrio molitor fractions for lhr
and further treated with 50 uM of AB(25-35) for 24hr. ™ P <0.001 vs control group. ™ P
<0.001 vs the group treated with AB(25-35) alone. Data represent the meanzSD of

three independent experiments.

tOHS #H7tsle] 55 23925 g& 42 5, & F4

2o g SujE F33 A3 hexaned® 2 16357 g (64.19%),
dichloromethane® & -2 058 g (0.24%), ethyl acetate +382 1.81 g (0.76%), butanol &
318 2515 g (10.51%), water 22 4649 g (19.43%)% e} (Fig. 8).

Protaetia brevitarsis (1.0 kg)
‘ stirred (3 days, RT, 250 rpm) x 2
EtOH extract(239.25 g)

‘ dissolved in H,0

Hexane CH,CI, EtOAc BuOH H,0
(153.57 g) (0.58 g) (1.819) (25.159) (46.49 g)

Fig. 8. Extraction and fractionation of Protaetia brevitarsis
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BAG zowld @k 542541.22%, =AM RS 2670:1.77%, XIE FFe
445+0.03%, S8 FFL 399+0.16%, BFEEE 1061£1.22% = ek (Table 6).
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Table 6. Composition of Protaetia brevitarsis

Ingredients Content (%)
Protaetia brevitarsis
Moisture” 3.99+0.16
Crude protein3) 54.25+1.22
Crude fat” 26.70+1.77
Crude ash” 4.45+0.03
Carbohydrate” 10.61+1.22

O

Gas chromatography (GC)E o]&3%t 3 duto]lEF-x]o] A Wil A ekt

it AR B4 Fel SdtolE R g EES U7l fske] GC #A4E
a1, 3771¢] standard fatty acid ester®] retention time¥} W] #2413t Ayl= the-
(Fig. 9). duto] ZFH|ol EAlstes F AHAt e 1470%= WEhRow, 16719 A
b Aol HEFATE AA) AL gaollA 22 4Holeic acid)©] 64.23% 0.2 7HE =
2o AL PSS g £ AUS. SdAHoleic acid) € Zv] EAMpalmitic acid)
15.89%, &v|&=d4H(palmitoleic acid) 10.43%, #=#|4Hlinoleic acid) 4.69%, Z~Ho}=4t
(stearic acid) 1.81%% 5719] F A|wpite] gako] AA| AWl kel 97.06%5 A 8FA &
(Fig. 10, Table 7). o]#gr A¥= dxduto] EFX| 22 100 g =@ Holeic acid)©] 9.44
g A= Ao ® Y old & Ao AE FelEW, SHute] A g FolF
o2 FAE o] wlg E=der I F ZdliHoleic acid)®] $HEFol iwoll HA =%

ujimoll Slfuto] Ao =4S Sl oleic acid) o2 AT
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<
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9. GC chromatogram of standard fatty acid ester (a) and Protaetia brevitarsis (b)
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Table 7. Profile of fatty acids from Protaetia brevitarsis

Peak . |Peak area . | Peak . |Peak area .

No. Components RT (%)b mg/kg No. Components RT (%)b mg/kg
14.22 | 14.50699 6 Heptadecanoic acid | 31.992 | 0.00878 | 138.92
14.614| 75.73706 32.173 | 0.00762
25.785| 0.02805 32.400 | 0.01133

1 Myristic acid [25.904| 0.06542 | 1,035.61 33.286 | 0.03789

Cis-10-heptadecanoic

26.886| 0.08907 . 33.450 | 0.02752 | 435.6
27.323| 0.03045 8 Stearic acid 33.998 | 0.16823 |2,663.14

2 | Myristoleic acid |27.733| 0.01429 | 226.15 9 Oleic acid 35.482 | 5.96388 [94,411.62

IPentadecanoic
3 27.926| 0.01001 158.5 35.855 | 0.01747
acid

28.926| 0.04315 37.181 | 0.02063

4 Palmitic acid [30.013| 1.47488 |23,348.21| 10 Linoleic Acid 37.301 | 0.43585 |6,899.68
30.488| 0.01509 11 Arachidic Acid 37.819 | 0.04980 | 788.32
30.594| 0.00608 12 y-linolenic acid | 38.749 | 0.00462 | 73.13
30.978 | 0.03246 13 [cis-11-eicosenoic acid| 39.086 | 0.04134 | 654.48
31.340| 0.05357 14 Linolenic Acid 39.509 | 0.02179 | 34491
31.418| 0.02320 15 | Heneicosanoic Acid | 39.697 | 0.00860 | 136.21

5 | Palmitoleic acid |31.565| 0.96809 |15,325.38| 16 Tricosanoic Acid |43.642 | 0.02143 | 339.29
31.821| 0.05538

35 BACE1 &4 A 8F

ol Al £8E9 BACEL &4 Aslss XA 23+ Fig. 100 Yebl A5
50 pg/mL, 100 pg/mL <A+ hexane fraction (23.86+0.8%, 49.63+0.5%), EA
fraction (45.5%0.23%, 66.3£2.83%), BuOH fraction (13.12+1.14%, 35.02+1.1%), H20
fraction (23.55+0.12%, 45.87+1.24%)°l = 214l 2FolE 7FA & (+#xp<0.001)
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=
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Q
x b - L
3 a be
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2 40 c
=
i B b
o s
=
] 20 é
o
@
A
=
50 100 50 100 50 100 50 100 15 (M)
Hex EA BuOH H,0 Resveratrol
Conc. (pg/mL)

Fig. 10. B-Secretase inhibitory activity of solvent fractions from Protaetia brevitarsis

© Mol FA i A4kl BACEL €4 A&l s

- dgntol Ao AR oleic acidet EAAA Y HEAEAR Bl LA] X} 5} 5
= gamma linolenic aicd BACE1 &4 A<
BACEI]1 inhibitor= & % resveratrol= positive control= A}-8-3}31

99 5% 5w gEqel Asss tegon 4 sEdz fo4e Aol HAS
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(3xxp<0.001, *p<0.05)

- S Huto) itz o] EA WAl oleic acid (24.0+1.6%, 76.7+1.6%)7} linolenic acid
(36.16+1.49%, 42.86+0.19%)<} linolenic aicd (14.1+0.11%, 50.70£0.52%)°ll H] s Zo) 4] o
2 =& A S Uedde. Gamma-linolenic acid®] 7%, linolenic acid
(alpha-linolenic)ell H]3] Athzl o & =& BACELIA 350 #=5I&

J-Searetase inliibition aciviry (%)

10 100 o LLU 11 5
Hele sl Lisnlenle aid Chaiininia Resveratiol
limolenieachd

Come. (v

Fig. 11. B-Secretase inhibitory property of major compounds from Protaetia brevitarsis.

©® d3utolxFA o o] B SolA A

- BACEle] W3 &4 EoAS HAESHZ] 93t amyloidogenic processol ol sl
TACE (a-secretase) ¥ chymotrypsin, trypsin 52| serine proteases®] W3 oleic acid,
linolenic acid, gamma linoleic acid®] < Als<S ZASH A3} Table 89F 2. A|7HA
TE4d E% TACEE v %39 chymotrypsin 2 trypsino] w3t %ol Asjaats=
Holx] ¢kton o] A7}A] E#do] BACElCl thdl Melz ol Eoj4dS AU AdA
(specific inhibitor of BACE1)® #¢+& 4= 312

kA
2
%
~
el

Table 8. Inbibitory activity of oleic acid, linolenic acid, gamma linolenic acid against a
-Secretase and other serine proteases

Conc.(uM) Trypsin Chymotrypsin a-Secretase(TACE)
Oleic acid 50 5.50+1.97 5.00+0.19 5.81+1.00
100 3.74+1.97 9.45+0.39 11.22+2.27
Linolenic acid 50 4.77+0.31 2.88+1.94 6.34£1.72
100 7.62+1.04 4.18+0.10 13.62+1.95
Gamma linolenic acid 50 1.62+0.18 3.34+1.18 2.36+0.19
100 1.30+0.37 0.21+0.10 4.83+0.84

@ 3ol FA gE=ARI oleic acid®] BACEL &4 A& 44

- AaAAE e} AR R EAZ A3 oleic acide] &4 A3 #E S Dixon plot
S o] gate] AT 2 A} 27 ICx, 6.1x10° M, Ki, 343x10° M (Fig. 12)< YER
Rom Kigtel xd9d Aoz uFo] B u oleic acide ¥4 o2 BACELS A3
e e AdE ¢ F AS
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Fig 12. Concentration dependent inhibition of BACEL activity by oleic acid (A), Dixon plot of
oleic acid (B). Substrate concentration: ~W-; 750 nM, —-O—-; 500 nM, -@—; 250 nM

3l uto] 52| hexane fraction A& i3 3}

- 1A= 3 Ao A Sdute] 25-A] #8E° BACEL A& &34E Hl 5t o,
50 pg/mL, 100 pg/mL s=l4 EtOAc #3 (455+0.2%, 66.3+2.8%)3 hexane
(23.9£0.8%, 49.6+0.5%) +&o] BuOH (13.1+1.1%, 35.0£1.1%), H20 (23.6+0.1%,

459+1.2%) ==l vla didem =& AMadE HEHAS (p<0.001) (Fig. 20).
a8y slEeEle)| 2R B &5 F hexane fraction®] F&9°] 7FE =9k7] wjiEol] hexane
fraction®l] 2 S 23Fo] open column chromatographyS 33t S. 2 A A AR
5 frArstel FAAYA @
H:DE:AE=80:20:1

- P i

g

Q 60

z . |

= be

5

g 10 b

=

£

2 b has

= b o

§ 20 s

& N Hexane fraction (10 g)

Z B

S
? 50 100 50 100 30 100 50 100 IS(uM ‘
Hexane EtOAc BuOH Water  Resveratrol Fr.1 Fr.2 Fr.3 Fr.4 Fr.5
sy (0929 (4669 (034g) g
Conc. (ug/mL)

Fig. 20. B-Secretase inhibitory activity of solvent fractions from Protaetia brevitrsis.
The activities (%) are expressed as meantSE of independent experiments. Same

concentrations of each compound are significantly different at p<0.00l.

© Rl £HA 8 & AB(25-35) FEFAHCRNH O AlFEAE A a
- SFdbo] 2HA FEES o]&ste] PCI2 Alxe] B3 FdE A 23, £3= BT

=]
AR FESAOEHRE AHXEXHTFol I=H E3] EtOH fraction®} EtOAc fraction ©]
e 23 Eo) vls] ZFE3 HAE BHETe I Aow Ady (Fig. 21)
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Flg 21. Prowcuve cuciws ur suivend utacuuns  uuwn 1 swacdd  brevitarsis on AB
(25-35)-induced cell death. PC12 cells were pretreated with solvent fractions for 1hr and
further treated with 50uM of AB(25-35) for 24 hr. Cell viahillity was assessed by
measuring MTT reduction. ™ P <0001 vs control group. P <00l versus the group
treated with AB(25-35) alone. Data represent the meantSD of three independent
experiments.

0 dRdol =4 =4 AB(25-35) = ROS A A&t
- ABell olste] s = 24 44 (ROS) Adl &3 A Fsto] diddto] =54 &
gEo NAAE nsads FQstds (Fig. 22, 23). SFldto] 54 £9= 25 A

B FrESAdozRE ROS As) 5o #35%

esoence (Yo of A

DCF Muorese
= b=} 5
e
I
‘.
‘.
——
:

Contrel Ap 10 30 10 50 10 30 10 50 (ugml)

EtOH Hexane EtOAc BuOH H,0

SOuMAB(25-35)

Fig. 22. Inhibitory effects of solvent fractions from Protaetia brevitarsis on
AB(25-35)-induced intracellular ROS accumulation. PC12 cells were pretreated with
solvent fractions for lhr and further treated with 50 uM of AB(25-35) for 24 hr. ROS
production was measured using the CM-H:DCFDA fluorescent dye. P <000l vs
control group. P <005 vs the group treated with AB(25-35) alone. Data represent the

meantSD of three independent experiments.
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Fig. 23. Levels of ROS damaged by AB(25-35) and protective effect of Protaetia
brevitarsis fractions in PC12 cells. (a) Control, (b) 50 uM AB(25-35), (c) 50 uM AR
(25-35) + 10 pg/ml EtOH, (d) 50 uM AB(25-35) + 50 uxg/ml EtOH, (e) 50 uM AB(25-35) +
10 pg/ml Hexane, (f) 50 uM AB(25-35) + 50 pg/ml Hexane, (g) 50 uM ABR(25-35) + 10 ug
/ml EA, (h) 50 uM AB(25-35) + 50 pg/ml EA, (i) 50 uM AB(25-35) + 10 pg/ml BuOH, (j)
50 uM AB(25-35) + 50 pg/ml BuOH, (k) 50 uM AB(25-35) + 10 pg/ml H:0, (1) 50 uM AP
(25-35) + 50 pg/ml H.O. (a) Control, (b) 50 uM AB(25-35), (c) 50 uM AR(25-35) + 10 ug
/ml EtOH, (d) 50 pM AB(25-35) + 50 ug/ml EtOH, (e) 50 uM AB(25-35) + 10 xg/ml
Hexane, (f) 50 utM ABR(25-35) + 50 pg/ml Hexane, (g) 50 uM AB(25-35) + 10 pg/ml EA,
(h) 50 uM AB(25-35) + 50 pg/ml EA, (i) 50 uM AB(25-35) + 10 pg/ml BuOH, (j) 50 uM
AB(25-35) + 50 pug/ml BuOH, (k) 50 uM AB(25-35) + 10 pg/ml H-0, (1) 50 uM AB(25-35)
+ 50 pg/ml HO.

@ 3HulolEHA F8&F9 ABR25-35) % Apoptosis Adlsol s 3k

- AB(25-35) o tigk g xduto] HHFAS AMEAME AdlsE AN Ad 8 E Aﬁ
(25-35) % apotosis A a5 #&AE F Ao 53] hexane E‘Q o] th&
ol vla| AEZAME Aol =55 & T Ao (Fig. 24). AB fFfEs5d0= Qg A2
°] morphology W 3}E #z3d A3} hexane 50 pM # 2] gt 7§T AB A stA &
Zad A9 FAg dHE wAEE #2E ¢ d+5 (Fig. 25

i

=

5 r

otic cells (% of to total)

Apoptot
= o =1

Control AP 10 50 10 50 10 50 1050 10 50 (ughl)
EtOH Hexane EtDAC BuOH H,0

SOUMAP(25-35)

Fig. 24. Inhibitory effects of solvent fractions from Protaetia brevitarsis on
(25-35)-induced apoptosis. PC12 cells were pretreated with solvent fractions for lhr and
further treated with 50 pM of AB(25-35) for 24 hr. Morphological apoptosis was
determined by Heochst 33342 staining under fluorescence microscopy (magnification
x400). "P <0.001 vs control group. “P <001 and *P <005 vs the group treated with A
B(25-35) alone. Data represent the meantSD of three independent experiments.
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Fig. 25. Microscopic analysis of solvent fractions from Protaetia brevitarsis on AR
(25-35)- induced apotosis. Representative images of PC12 cells with ARB(25-35)
treatment in the presence or absence of solvent fractions from Protaetia brevitarsis (a)
Control, (b) 50 uM AB(25-35), (c) 50 uM AB(25-35) + 10 pg/ml EtOH, (d) 50 uM AR
(25-35) + 50 pg/ml EtOH, (e) 50 uM AB(25-35) + 10 pg/ml Hexane, (f) 50 uM AR
(25-35) + 50 pg/ml Hexane, (g) 50 uM AB(25-35) + 10 ug/ml EA, (h) 50 uM AB(25-35)
+ 50 pg/ml EA, (i) 50 uM AB(25-35) + 10 pg/ml BuOH, (j) 50 uM AB(25-35) + 50 pug
/ml BuOH, (k) 50 M AB(25-35) + 10 pg/ml H0, () 50 uM AB(25-35) + 50 ug/ml H2O.

@ o] HA 8 «1 Caspase~-3 A sl & ¥}

- AB(25-35)9 93t 3l Huto] FHA| B E] caspase-3 A TS ZASA S 29
B3 5o ABR(25-35) % caspase-3 A3 &HE g ow, EtOHI} hexane
fraction®] 7d%- ThE fractionel H|&| ZH3 A axs HA9S (Fig. 26)

08 -
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Caspase-3 activity (Fold induction)
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EtOH Hexane EiQAc BuOH H.0

SOUMAB(25-35)

Fig. 26. Protective effects of Protaetia brevitarsis on AR(25-35)-induced caspase—3
activation. PC12 cells were pretreated with Pretaetia brebitarsis fractions for lhr and
further treated with 50 uM of AB(25-35) for 24hr. ™ P <0001 vs control group. P
<0001 and "P<005 vs the group treated with AR(25-35) alone. Data represent the

mean+SD of three independent experiments.
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Fig. 27. Protective effects of Oleic

@ Oleic acid: cell cycle assay

- AB(25-35)& 2] g PC 12 Aol o3k oleic acid®] cell Cyc]eoﬂ H] =]
A3 AR A3 A= GO/Gl7] F7F S7)

CELL SIZE INDEX

Count

G0/G17] 72, S7] Z=71%kS &

4 POPULATION PROFILE

s POPULATION PROFILE

acid on AB(25-35)-induced cell death. viability profile
of PC12 cells were pretreated with Oleic acid for lhr and further treated with 50 pM of
AB(25-35) for 24 hr with Muse™ cell analyzer (Millipore).

4 POPULATION PROFILE

3 POPULATION PROFILE

= 9IS #E3
= ZF238F ubHo] samplex ] o A¢
= A2 (Fig. 28)
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Fig. 28. Effect of Oleic acid on PC12 cell cycle. Cell cycle profile of PC12 cells were
pretreated with solvent fractions for 1 hr and further treated with 50 uM of AB(25-35)
for 24 hr with Muse™ cell analyzer(Millipore).
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@ Oleic acid®] apoptosis A 3] & 3}
- AB(25-35)°ll thdt oleic acide] Al
AAog i Al live cell& v& o&F

#ask (Fig. 29)
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Fig. 29. Inhibitory effects of Oleic acid on AB(25-35)-induced apoptosis. Apoptosis
profile of PC12 cells were pretreated with oleic acid for 1 hr and further treated with
50 uM of AB(25-35) for 24 hr with Muse™ cell analyzer (Millipore).

@ oleic acid®] apoptosis A& &3 (MANUAL-Hoechst staining)
- AB(25-35)9 FExA Wt oleic acid MEAE AT AN AdeE S 2

. oleic acid A FE FIlolA T oEZHQ AL TS HIAow E3F] 25 pMelA
A
e}

Vg £ a3 yebd. (Fig. 30). AB(25-35) o Y& £4S J& AlEE oleic acidE
At A3 AB25-35)5 AHElshA] &2 xR Ao fAsk dEHE #4188 (Fig. 31)
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Fig. 30. Inhibitory effects of oleic acid on AB(25-35)-induced apoptosis. PC12 cells were
pretreated with oleic acid for lhr and further treated with 50 pM of AB(25-35) for 24
hr. Morphological apoptosis was determined by Heochst 33342 staining under
fluorescence microscopy (magnification x400).
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Fig. 31. Microscopic analysis of oleic acid on AR(25-35)-induced apotosis.
Representative images of PCI12 cells with AB(25-35) treatment in the presence or
absence of oleic acid. (a) Control, (b) 50 uM AR(25-35), (¢) 50 uM ARB(25-35) + 1pM
oleic acid, (d) 50 pM AB(25-35) + 10 uM oleic acid, (e) 50 uM AB(25-35) + 25 uM
oleic acid

® oleic acid®] caspase-3 # 3} &3}

- Oleic acid®] AB(25-35)°] 2]3F caspase-3 &4 Aale ofdfol 25, AA =77t
A AEE FE ofEAQ AIME HYon 53] ABR5-35)E AHEshA &2 dlEz2vHT

= e caspase-3 A4S EMY (Fig. 32)
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Fig. 32. Protective effects of oleic acid on AB(25-35)-induced caspase—-3 activation.
PC12 cells were pretreated with Oleic acid for lhr and further treated with 50 uM of A
B(25-35) for 24hr. P <0.001 vs control group. ““P<0.001 vs the group treated with A
B(25-35) alone. Data represent the mean+SD of three independent experiments.

® TZx, &4 A In silico docking simulation study of oleic acid, linoleic acid and y
-linolenic acid
- Alzhemer'’s disease X BAZ FEw1 9l BACEL A7} s AaloF s yA|i= ¥ o]
W A&ls ¥9 oYz} blood brain barrier (BBB) £33 o]%¢]. In vitro BACEl &4
A HI oA = A TEHS AWY =% F oleic acid, linoleic acid % y
-linolenic acid= °©]7] BBBE %3 + Advke A E3 o8 AFE Tl HelA.
o

A
- In vitro BACE1 &4 A3 HrleA =& Al 895 Ad o= 883l oleic



acid, linoleic acid % y-linolenic acid®] 2% 22 (binding modeling) &olR 7] £ 3|
docking simulationS 2! A] &

- A AWAre 71 A3 AgEF= catalytic center (Asp32, Asp228, marked in red color)$}
t}E  allosteric sites (marked in blue and green color)o] ZA¥3S =2  biological
evaluation A9} FAaAl RIAAZ AfAde] ¥sH [Fig. 35 (A), (C), (E)]. Oleic
acid, linoleic acid ¥ y-linolenic acid®] A3 YA = 27 -6.0, -59, -6.2 kcal/mol
2 UEd

- BACE1#¢] A3 #g+= oleic acid®] 7%, SERIO, ALA157, GLN303, ARG307,
PRO308, CYS319, TYR320, VAL336, linoleic acid+= TYRI14, ALA157, VALI170,
THR232, GLN304, ALA323, ALA335, GLU339, HIS360, VAL361¢]1. y-linolenic acid&
LYS9, SERI10, TYRI14, LEU154, CYS155, GLN304, TYR305 ARG307, GLU339,
CYS359, HIS360, VAL361%! [Fig. 33, (B), (D), (F)].

- A% Wl 49 oleic acidi= BACEL9] CYS319 (-OH), TYR320 (-NH3)5 3 4 4
s+S o]F 11, linoleic acid® BACE19] GLN304 (-C=0), y-linolenic acid® CYS359
(-OH)¢} FA2Z2 = ol F& A& Yed.

- 9o A3= T8 2% 2 AWrrE3 BACE1IHS] 24 (binding mode) S & g
o= Hulzxe] (pharmacophore) T I A& 72 ¥ v oty A2
BACE1 AalAl /M3 93 0aFs A

A (B)

© (D)
1/" .“ =)
(E) & g ®
: e
A
- ‘&'}'\}k’_’:' ',3
I )FL, :f’}* \( '
A $ \™ N= /
< i A ,{ - j" 2,: d/J
Y MmN T
)( - O L J
B )

Fig. 33. In silico molecular docking poses for oleic acid, linoleic acid and y-linolenic
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acid with human BACEIL. (A),(C),(E): The complete view of the docking poses of oleic
acid, linoleic acid and y-linolenic acid, respectively. Human BACEl is expressed as a
solid ribbon diagram and oleic, linoleic and y-linolenic acid as a branch depiction.
Asp32 and Asp228 are the active catalytic center residues marked in red color.
(B),(D),(F): The close up figures of oleic acid~-BACE], linoleic acid-BACEl and gamma
linolenic acid-BACE1 docking modes, spectively. Hydrogen bond interactions between
fatty acids and the human BACEl residues are displayed as vyellow lines. The
structural ligands were performed by AutoDock Vina.

@ 7L/\ﬂ7{xﬂg] :o:l—og;g Bl wl TZ %Xé

= 1 X

- BACEl ¥ abeta FEZAORREY AETHT AdoA 714 Hold 32 A4
EtOAcES WA 2= open column chromatographyE AAg &4 2 2d] (EtOAc

fr. 0.78¢ /1.2 kg freeze dried T. molitor powder)® 213 5 kg ZMAA 7 EZS ol &
skl thAl i F=3

- 2] Bk 5 kgo 2 RE) Fig, 363 & WHoR BOAc 28 1002 g 08120S A% 553

- BtOAc R32< #olguz (MCEOACMeOH=20:1:05)% A7 Az 671¢ major
compound’} = Aoz YeEd. dAA] o]E compoundsE 3 3d7] $ls5te] EtOAc +38
& 9] open column (MC:EtOAc= 5:1/3:1/1:1/EtOAc)S 3] Fol A&

Tenebrio molitor (5 kg)

| stirred (3days RT, 150rpm)x 4
EtOH extract (1194.16g)
dissolbved in H,0

Haxane (905,72 g) EtOAc(10.02 g) BuOH(1T3.60g) H,O (8629g)

| Silicagel 77734 (MCELOAC)

Fr.1 Fr2 Fr3 Frd Frs

Fig. 34. Activity—guided isolation scheme of 7enebrio molitor

- EtOAc fraction®} hexane fraction®] HXE HFEo] =% &<lsl7] 938t hexane:
ethyl ether: acetic acid=80:20:1% thin layer chromatographyS 2 A]d (Fig. 35).
EtOAc fractione hexane fraction % A W4ke] nHla] A ol g & EA|sl= FHOZE H

3 WO 7 hexane 8 &3+ thE active compound’} =41 Aoz 7|y
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H E0Ac BlE o - } res H EOAc 25 a-2iE y-2s S
B e s

Fig. 35. Thin layer chromatography (TLC) of hexane fraction and ethyl acetate fraction

from 7Tenebrio molitor

ZAAA /G o] LA o] hFAES LHlate] ABS-3565% TNF-a B4 A&7}
- AB25-3590 98 @AE Z7ke TNF-ao 28S 284 A A = gxzdoz A
et on AA LRI FolHe B4 BY (p<0.01, Fig. 36).

con AR 50 pyM AP + oleic acid
50 10 25 50 100 (pM)
TNF-a N — —

B-actin wm— S — —  —

400 -
W

**
ok

*E

Relative density (%)
(TNF -affs-actin)
[0
o
o

con AR 10 25 50 100

50 uM AR + oleic acid

Fig. 36. Effects of oleic acid on Af2-35-induced TNF-a expression in PC12 cells

@ @Akl AB25-35 r= NOAA % INOS 2d A &l &2

- AB25-35 A A F7FE NOAd o] &dlttel s v oE4Q Asjdds Bl
3] B skollA el oA a3E B [Fig. 37(A)l. NO A4 A&7 iNOS9]
vk Aol A=AE Elstr] s INOS ©huld aS AReE Aak AR25-359 93 3
I ol’d S7FE INOS+= S#lAk A A dAlg 745 Hel [Fig. 37(B)].

Lo

m,

jus)

(A)

NO Production (%)

control AR 10 25 50 100 50 (uM)
Oleic acid resveratrol
50pM ABos.s
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con AR 50 M AR + oleic acid
50 10 25 50 100 (M)
(B) iNOS SR . - > -

400

300 |

200

Relative density (%)
(INOS/p-actin)

100

con Ag 10 25 50 100
50 uM AB + oleic acid

Fig. 37. Effects of oleic acid on ABs 3s—induced NO production and iNOS protein
expression in PC12 cells

0 =49 AB25-35 f%= COX-2 Wd Asax
- PGE2 A6l Blsls 5% 2l COX-2¢ Wl wEeke £ad 25 MelA o4
Q= ASEIE HPor] 53] 100 M FEelA 7Hg Holdh B4 1S (Fig. 3)

400 - i
s
£ 300 |
TS 200 ¢on Ap 50 uM Ap + oleic acid
-§§ e 50 10 25 50 100 (uM)
<2 100 -
& Cox.2 L Ee— —— -
0

50 pM AR + oleic acid

Fig. 38. Effects of oleic acid on AP ss—induced COX-2 protein expression in PC12 cells

@ =#4ke] ABR25-35 %= NF-xB B4 A3 &%

- TNF-q, iNOS % COX-2 el #ojst= AAFRIAS] NF-kB p6o= ABR25-35 = =
gell o3l 2w o] FFstA o (p<0.0D) Ak HE] Al TR EAHRI A FEE
[e]

2ol I-xBe A% &9+t 10 pME ALt YR FZo A {242 &4 A& S
B9l (Fig. 39)

300 -

con i 50 uM Ap + oleic acid g;:' z:: g?
50 10 25 50 100 (uM) g% - E g 200

P-pe5 -y wy S %2 100 %%
. — 2= 2% 100

e B8 SR SF 2 o2 ¢ :
Pttin e — - — o— c— o ~con Ap 10 25 50 100 0

B0pM Ap + oleic acid con AR 10 25 50 100
S0pUM AR + oleic acid

Fig. 39. Effects of oleic acid against APss-35—induced NF-kB expression in PC 12 cells
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@ =dike] AB25-35 %= MAPKs <14tkst A&l g3}

- AB25-35 fr%= %42 MAPK family?l p-38, ERK % JNK& L7
(Fig. 40). ¢4t Al A p-382 sk & oz &do] H1d3

RE FxolA %947‘4 il Xiﬁﬁj“*—‘l el p- ERK1/2 e

o]

ut

Relative density (%)

con AR 50 uM AR + oleic acid

50 10 25 50 100 (M)
p-38

pERK‘”Z _—-—-q—-—. —_—

Sl ':'-'

p-actin
500
__ 400 i
£
=
S 300 | ¥
a
3 200 - A
-& LRl
I B
0
con AR 100
50 UM AP + oleic acid
500
ST Bt
TEa00 |
= L i
b=
£9300
% E e
s Ul 200
[T *kd
II & ok k
100
0
con AR 10 25 50 100
50 uM AR + oleic acid
400
— i
Lo
£ 300 s
Bl
e
g % 200 =
3L
o
100

con Ap 10 25 50 100

50 pM AR + oleic acid

Fig. 40. Effects of oleic acid against AP 35—induced phosphorylation of MAPKs in PC12 cells
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T332 DYEDAAY FBY FF(A2HF)
AR e FEE FLBA
© BAAA Bl Wt of FLBHES BAAHA AGAEF

SK-HEP-1, Hep3Bell tigt A EZ =54 A
plate©l] HkE Al 24 AZFEor oFES AHEska, 3 (
thiazol-2-y1)-2,5—-diphenyltetrazolium bromides 4417t F712 A gl slo] ®j <
sk 5 DMSOZ 9] 4 plate reader’] & AF&34] 600 nmolA SHF=E =74

@ A digt ZMARAY F2EY AESAHES ZAE7] A& G g Ao

ZRE 273 hepatocyte @ cardiomyocyteS A2 MTTREA ko] v w g

A
B .
120 SK-HEP-1 Hep3B 120 Hepatocyte Cardiomyocyte
£ 100 £ 100
| 80 & 80
2 60 Z 60
C C
g 40 g 40
S 20 $ 20
0 0
04 0.08 O 2 04 008 O 2 04 008 O 2 04 008 O
EtOH extract (mg/ml) EtOH extract (mg/ml)
[28] 2S84 (A) FAETF gigh Alxsd MTT 4. Z2A4AA ] degsFEE
S Fozl FERACAA 24A7F A MTT 2435 (B) 47 18 2 AGAxe] g A2
=4 4. BALB/c A8F 9 1} AFezRYH #F2d 44 IHprimary hepatocyte) 2 4
=z [e]

il

G A3 (primary cardiomyocyte)ell et AL EAS MTTE 238 Fojz FEzdoA 24

A7 A2 A

L AR FrEEEe e
O Fotdigtn dulgtu gl AR deE FFEA U3 F7HEgS AAEHY
hexane, ethylacetate, butanol, water fractionS A|-& 3t
@ ol F7HEYE g IS e FAEZFA digh AE7INE DA EA A ~E
S &8st g4 E A5F

= e} = =

Freeze dried Tenebrio molitor
(1.2 Kg)

freeze drying
stirred in EtOH

EtOH extract
(379.66 g)

freeze drying
dissolved in water

R

Hexane EtOAC BuOH Water
(313.90 g) (0.78 9) (24.80 g) (24.80 g)

(2] ZAAAE Bge] B3 Jde2 FEEZ5FE hexane, ethyl acetate (EA), butanol,
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@ 4F° FE=E UEiA 2T SHNEFTE HFoZ Axsd3A4S g oo 11
7 o] hexane FEEC] UAHEF EFoA A MESAFol USS AT wHH,
butanol®} water FEEES Aoz oFst FAS JHA I A, EAY Ao
hexane H.th&= oFalx| vk M54 &A4do] US5S U

100 SK-HEP-1 140 Hep3B
= - - i ep
1401 1201 1
g 120 1001 I 2 mg/ml
2 100 80- B 1.5 mg/ml
E 80 = 1 mg/ml
& 60 607 0.5 mg/ml
E 404 401 DMSO
20 20
0' T T O' T T T
< > & & © o & &
_\_’b AN > 2 .\_‘b P @ >
N *\,bc?' <b\>\ N @ Q'bo ~ N
& &

BEAE FEZANA 24AZ AHEF MTT= 43

@ A LT tsir] €4S Hol= hexane?t EA FE5ES
Aol AMEEAHES BAZ Ao AHEE dHEFE dSsH 2 AHAGPCS,
22Rv1), A&7 (Hela), 7+ (PLC, HepG2, Hep3B, SK-HEP-1), #4< (HCT116),
#H < (NCI-H460), 9 (MDA-MB-231), @4 ¢ (SK-OV3)

® Hexane FZ=&E2 40 Algd BE GAEFA F3t AEZAHS HoF0aL, EAF
ZE52 ME5A0o] oL} hexane FEEH U= oFst FAS 7bF. L3k dRAGAEF
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Hepatocyte Cardiomyocyte
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o+
o
|

Percent viability
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o
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o
I
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[Z2¥] Hexane, ethyl acetate (EA), butanol, water =252 AAAM X 3 AX5A. F

o] 7t} Ao 2RE F=% primary hepatocyte  primay cardiomyocyteo] T3 FEF

Ao FE=S 4N Fe AYT F AEEAHS MTT=E £4%

[A&] 29 AAY deasFE=ES
=

ol WA GHAEol ek AEE o

. = %l

O AE=EE Fieshs k=71 B4s Slal, oAl Al2s57 139 apoptosis”t 2733} Bl=A] SIS

@ AFEo =S 2417F A3 T trypsine 2 AEE harveststil, PBSE 4123 3 AnnexinVe}
Sytox® GM-E ] flow cytometry = #4130 2 M apoptosis % necrosis e F-E &old}

@ Y& FE=E3 vudAS uwl, hexane FEE0|A Sytox? AAEHE A EH S
AnnexinV$}  Sytoxoll FAldl @ME= ME HlE&o] Hep3BollA &d3d] S7Hds &
g vset AnE, g2 g 2SS SK-HEP-191A4 FITC-DEVD-fmkE 1A%+ A2
3t propidium iodide (PD)E EAlo] dA3te] DEVDase @47 AMIZUHEAAS flow
cytometry® #4138t DEVDase % PI double positive A3 H]&©°] hexane F=& A
g2 S7hEs S

"o, yg,
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e o
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Annexin V staining
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DEVDase activity

[729]] Hexane, ethyl acetate (EA), butanol, water FEEE52 A XS 5=7]4. Hep3B($)
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% SK-HEP-1(o}) AMEFe] thalr #AIE sZ=2ddAAM F ]
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[2¥] Hexane F=&¥ &4A =&Ee] W89, Hep3B, HepG2 AlXFo] oA 0.2
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10° 10" 102 10° 10' 10% 10° 10" 102 10° 10" 102 10° 10' 102 10° 10" 102 10°

Annexin V staining
[Z€] Fr1-5 F=EE59 AXSS F271%. SK-HEP-1A X 50 HAE 559 Fr&
AN

2] 3k & Sytox, AnnexinV@ A % flow cytometry® 43t

@ AHRHo=Z Frle] 49 hexane FEE U3l apoptosis®t necrosisE &3dte] Al
24E st o® AR

AafEsEs Baa Fres Aeshal Mito-SOX |4 3 245 4

T3 FASHA Friel Al EFol Ao SAxA A S

A, o, Fr2, Fr3, Frdodl M= g oz ofslr|= sAnt Faid &

3}

(o

>

>,

o

>

K

o JH

Fr2 Fr3 Frd
- . 100 00 )y 000 | 0.0
a ® 804 \ 04 008 [l {} 04 W
o= e 5 20 | 0.40 20 |
v o 40 \ \ / I
w X 2 \ N

IANN

\ AN A ) AN
107102 10% 104

0 Koo S P S
109 10" 102 10% 104 10" 102 102 104 10" 102 102 104 10" 102 103 104
Mito-SOX staining

[29]] Fr1-59] A4 5%, SK-HEP-1A:Fo A TAE % (mg/mDe FrEeg 24
y A

A zHEer A3k & Mito-SOXE 94 9 flow cytometr ]

)=
U

® ZAAAAT FEE ANANETF 3 GFS BI)YalA o8 =Ex719 Frl-Fr5&
HOC2 A X g3 & Sytox, Annexin VZ @G A3te] #2A]3s}
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@ SK-HEP-1 Alxol tjgt gk vustels w, Frl, Frdv~ A3 og A& AXsss
FrsteE Aoz Fgolst 4= Aoy Fr2, Fr3, Froe B & A¥XFHSS FE3s
BEAE HAFAS

uhebA, Frl, Frd7b SHAlE Ae A<l Axs5eS et 2E3UE

10 DMSO 0.4 mg/ml Fr1 2 mg/ml Fr2
> Jue 11.4]8.0 g 411 67.0 yhw 243
wE T
8% 102
T x T
= 10" E
2 4100178 6.1|110.5 40.4[|4.9 3.9
10° 10" 102 10°® 10" 102 10® 10' 102 10°
104 0.4 mg/ml Fr3 2 mg/ml Fr4 2 mg/ml Fr5
o 399 20.4|]50.6 a% 400385 ... 125
£ 0
8 3 102
%é 101 e {:?'
@ 1001256 5.1]]40.8 4.6/]47.5 1.5
100 10' 102 10% 10' 102 10° 10' 102 10°
Annexin V staining

[29] FrE9 ASATAEMHIC2) A e a3 ZdMAAY FE2ES T sExdo=

HOC2 AlXE=0 AHelsk & 2427 A YA Sytox, Annexin V2 A3}l flow cytometry =

ALE £

@ ZAAAY PEEZES Oleic acid® HIC2 ¥ SK-HEP-1 AlX=0] A gdte] AlE5S
= 9 A5 s BAHAEE SAHSY, A F2EES] ZAF7) fatty acidol 2k H| 5
o] A1l A A] &lgh

0 L4 =doA HIC2e thd MEFE Fi&de 2 v SK-HEP-1o] tigh A=
FEe EEeAA 25S FUAF

@ olxel A= ntgro g Hojx Frl % Fr4ol dAxe] e Axsg §5 L Al2A
¥o tidt v HA2 AW olg|HuE 543 dHEA o5 fFREHE 5
o]Hel W9l Aow AEs U

DMSO Oleic Acid 0.2mg/ml Oleic Acid 1mg/m|
9]
o = 3
I &% @
DMSO Oleic Acid 0.2mg/ml Oleic Acid 1mg/m!
d
1]
T :
g -
7

100 1000

[Z2E] hexane FE=2 F7HEg22 A2 FredA] 54l
St AoR FRlgl ol FEE X3qH FAHEH

- 108 -



=K

X
o

el

ok

¢

=
;Q‘.._

2 o074 DENOZ

T
—a-

gl

B

=4

[e)

R

7F, fibrosis, cirrhosis&

@ Diethylnitrosamine (DEN)

Ton
T
i)

)

=%

¥ ¥ = @77k (DEN 13758 AE)S A 4

o
T

o]
=

C3H/HeN +#

-

.

A

5]

“

o

[ 5 weeks
M 10 weeks

[ 5 weeks
B 10 weeks

PBS DEN DEN
Saline Saline PBL

PBS DEN DEN
Saline Saline PBL

100

o
[=]
<

300
200

-
=
<

80
[ 5 weeks
B 10 weeks

60

DEN + PBL
40
Days after treatment
n.s.

© PBS
20

- DEN

@

PBS DEN DEN
Saline Saline PBL

400
300
200
100

(o]

(%) aBueyo Jybiap

)
=
=

i)

7|
0

@__
=K

[Z1¥] DEN¥} PBSE E5745A4)

A

DEN

[e)

=

_‘|

3

)

=N

(B) ALP, (C) ALT, (D) AST

g

112, saline¥} PLB

Aol BRAE

2|

T
=

Az (A) 4
12l FA

A
%

!

ﬂmo
_Z:l
i
o
‘;Aﬂ
X

el
K

=~

a

% 13

[e)

=

A e E2(PBL)

=
~TT

=

|

ol
.iﬁ

iy
file)

=

PBL A g]el A &

=

- 109 -



PBS (i.p.) DEN (i.p.) DEN (i.p.) n.s.
+ saline (gavage) + saline (gavage) + PBL (gavage)

100 £
80
60
40

20

# of bile ducts per field

PBS DEN DEN
Saline Saline PBL

1 bigger than 50 pm
B smaller than 50 pm

(28] 2+xA o 3t H&E #AAF 2 liver duct /1. a9 AL A zmjMZ
A al

4

@ M= RS gaiE FIE B
NAT liver duct NEAlA Atkgr xol&

>

= AR e] SE ductural reactionol2t B g, ol ThEate] AER 2% 9
on] duct FAol Z7bHe} Gtk AL (o] Aths Ao® H4 s
A4 A duw, 58 4740 2 ducte] AFAE Dute] BHA BB ATRCH
AN felmapl Haslel Y AL B9IF ol PBLY HE Fo] e o

A

DEN DEN + PBL

p<0.0005

Positive cells (%)

8
6
4
2
0

P Y DEN DEN

- +PBL
(28] AdFHE9 7FxZo| gk histology =41. (A) hepatocyte hypertropism. (B) fat
accumulation (9%), &

b
o
o
3
X
i)
rir
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=
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d ko] 9)g. °]= hypertropisme®] 2
, o' #Aeol DEN AHg® FHe oM gl
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g F AAE. ol Aol EFA 9 RS TS HoFE & HE FAY
@ DENe] 9&aljx] £Are 718 fat accumulation©] 715 steatosis (XHzh) A4S e}
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. PBS + Saline |- DEN + Saline DEN +PBL . ]

p<0.01

PBS DEN DEN

+
100 um Saline PBL
—

PBS + Saline DEN + Saline DEN + PBL

20

p<0.01_n.s.

PBS DEN DEN
—_—— +
Saline PBL

(28] AIHE 1+x2ZF ] 3 histology F+41. ($]) TUNEL 94 (o}z})) Ki67 <A

TUNEL &4& AA]E. DEN A ® 9 & 433 B2 TUNEL positive Al
5o glEon, o]l ERA] AFFoE FH oA o]d positive cellE9] s=A}7}F
o

919, ol DENel o8] fmsli AXEgo] Aol 27

W s Fsol tid Yt 2AE AV in sitwoll A oFEEA2E ALY 5

o

A= AJAA FAstr] flal Kib7 cell
proliferation marker 9™ a3 Ki67 922 DENYF Hald 71223 3] 7 ulo] 25
AEds AAS ARF aFoA 2 Aol7t gle. old AdE ¥ e E PBLo| (HAXE

o Rl 27 GFL FAE

[4 2] Histologye 23 5S FFAEY, diddto|xFA4 FF5FE=2 4317F DENe| 9
3 FEHE FELS JAE F s dEs WE U=

A AQute| 2R 2550 FAEEA oA ik

O sl @utol 2% FEHEZHE hexane, ethyl acetate (EA), butanol, water #&&2 A1
HeAdT7I# soludFHe R Fy gHg

l

MEZF2A AAS MTT assaysS E3to] #2413 hexane

2l A e A4S 9% Butanol FEEAE AT
= 5 3 = = = 0o = =
Hol7l kAR F2oA] AL el EAE Ao o3 F4res By (53],
HelLa A|3ZFolA)
HepG2 HelLa
120
100
> 100
g% 80 m 2 mg/ml
2 60 " =1 0.4 mg/ml
- w© = 0.08 mg/ml
s o = DMSO
o 2 20
0 0
& 3 & ol & 3 & &
Q~°+b 4}&@& g s&é‘ & Q&"? *\’#@ Q’&é‘ &
& &
& <

[Z"] AEF gt AxSA oA &4 4. Y HepG2)ek AwdF-dA x5
=
[¢}

a1 b = ™ ol T
(HeLa)ol Al oA FE=FHo 2 2477 A &% MTT assay® #4138
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@ Hexane F==°lA % PI®} DEVDase”} & A9l positive?]l A3 population®] 578t A<
gkol gl Hb o Aoﬂ e oksl 4259 double positive populatlorIJ =7} (SK-HEP-14 £

-
FoA)E HoFR A butanol FEE A= olet e FUHEHS Fold £ gL
104 DMSO Hexane Ethyl acetate Butanol
3.0 L -12.5/10.6 74.4113.1 45.7/19.7 21.2
o 10% j;\‘&; S kil
=
£ 102 ‘ SK-HEP-1
»
— 10! :
a " legs 6488l 14681 1.1

100 ‘
100 10" 102 10° 101 102 108 10" 102 10° 10" 102 108
DEVDase activity

104

103

1021

4.4 Al

00918 | 11132 19.8/87. 88.2 | 24

100 10" 102 10° 10" 102 103 10' 102 103 10" 102 103
DEVDase activity

4.0

HepG2

P1 staining
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[19] FEFEEY J=71d 4. 254 F=2295 47 2 mg/ml¥ SK-HEP-1
HepG2A| 50 2411 7FHs<F A28k & propidium iodide (PI), DEVDase &4 92 5,
flow cytometry = 2]3&}

@ AEXLFSHAL vEZ=golo digh A/ HAQ d&FS FA Hed, AAXEsSS F538)

. =
= J)del mEZE ol oEHA sk, B
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o
Ab&3Fe] 18] = confocal imaging & P]EZ=glole)] 3k giE A
2L grolsl Sl

@ EA, butanol F=% ﬂaoﬂﬁ = nEFZcego} ULXJ_WP 3] Hojx= A
u -




100
Zs 80
T2 = [ Ethyl acetate
';_é* 60+ B Hexane
ZE 40 m Butanol
© 2
EE 20 1
0.
1hr 2 hr 3 hr
Time after treatment
[29] FEFEE9] MEZ=gol el gt 93 2 mg/ml FE=S ZAE Aits
oF 2ggk & TMRMO 2 AA3}e] confocal microscopel. @ #2413k 9= A A o]n] x|

©® AE=ZF 714 FolA, autophagy frEss &tz LC3-GFP constructs W& st
HepG2 Al E50 A4 autophagosome 4S5 =743t
©® EAS] 7ol 7Fd 73k autophagy Fr=24de] oS A3 WA hexane®} butanol 5
59 9ot autophagy FESHAAE gJot Aoz e Ao oy HAd3 4
#}= autophagy =4 FAEE LC3-2 forme western blot A& 2% 3Helsh
B c
DMSO Ethyl acetate Hexane Butanol

6 hours 24 hours

(18] 2FF=E 93 autophagy F%. (A) EA°l 93} autophagosome HA. GFP-LC3
HASHE HepG2 ME2FoA 1 mg/ml 559 EAFEES AHEld $, confocal
microscopel. %2 #2418 (B) Hexane¥} butanol F=w=o°l 2|3t autophagosome&Ad. (A)<}
Tt MEFo]A 1 mg/ml hexane % butanol F==2 2443 #E8]% confocal imaging.

(C) LC3-2 form ¥4. SK-HEP-1 A= 1 mg/ml

i

e

[A2] sldulo]2HA] FEETA hexanes 7HE 7433 apoptosis & necrosisf=
shfrelal 2. Hexane, EA, butanol %+ X 57} autophagys 2% I 3l

Ao, EAZF 7H8 34 & autophagy s =3 F7HAR] 28 &
] o

al SR
1A BHOE §8% FBYS AL BAS BUY F U HoR )

W2l e
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A SA4F7HAZHEF)
o] FFA AW &

Gas Chromatograph

GC-2010 Plus, SHIMADZU, JAPAN

Column

Supelco TM SP-2560 capillary column
(100 mx0.25 mm x0.20 um)

Oven program

Initial temperature 140 C (Hold time 5 min)
Final temperature 240 C (Rate 3 C/min, Hold time 10 min)

Dete.ctor(FlD) temperature 260°C Carrier gas Nitrogen
& Injector temperature
| Split ratio |[ 50:1 [ Injection volume [ 1
B4 Az
Acceptance
Items Results Criteria
Specificity No interference No interference

N =589266.352 ~ 806619.832

CV (%)= 10%

System suitability CV (%) =0.76, 1.45, 1.89,0.41 0.7<tailing<2
Tailing factor=0.742,0.731, 0.765,0.731 N = 2000
Calibration points = 22.5, 45, 90, 180, 360 mg/mL diff.to mean = *+
Linearity R? = 0.9999, 0.9999 10%
RF deviation:-3.79 ~ 1.94 % RZ2Z= 0.99
o 30 mg/mL:0.80 and 0.81 %
Reproducibility of
) ) 100.8 mg/mL : 0.94 % and 0.94 % CV=20%
calibration curves
300 mg/mL: 0.60 % and 0.60 %
Intra-day Inter-day
30 mg/mL: 1.56 % 30 mg/mL: 2.95 %
Precision o/ ? c4 ’ CV=15%
100.5mg/mL:0.71 % 100.5mg/mL :0.74 %
300mg/mL:0.72 % 300 mg/mL :0.89 %
Intra-day Inter-day
30 mg/mL:-9.63 % 30 mg/mL:-7.23 % Accuracy
Accuracy
100.5mg/mL:-1.11 % 100.5mg/mL:-2.15% =+20%

300 mg/mL: 6.85 %

300mg/mL:7.11 %

Homogeneity

position)

(When sampling from top, middie and bottom

30 mg/mL: CV =0.99 % (% Recovery=91.7)
300mg/mL:CV =1.11 % (% Recovery = 105.4)

Variation(Initial)
=+ 10%

Recovery =+ 20%

Stability

Room temperature (6 and 24 hrs)

300 mg/mL: CV

30 mg/mL: CV =-0.03 % and -0.27 %
=-0.02 % and-0.23 %

Refrigerator (3 days)

30 mg/mL: CV=-2.20%
300mg/mL:CV=0.31%

Deep freezer (14 and 28 days)

300 mg/mL: CV

30 mg/mL: CV =-1.75% and 0.99 %
=-0.56 % and 0.57 %

Variation(Initial)
=+ 15%
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260

—0-TVC D meke)
—W-T1300 meke)
240
—&T2{1000 meks)
= T3 3000 meks
; 220 4
:;' 200
= 120 4
160 4
140
o 1 B 5 22 28
DOSING
Days
Figure Z Mean Bady Height of Female
W sd41x dHuo|2FAE o] &3 SAAE
FAAZ sFo|EHAE SD d=9 0, 300, 1000 2 3000 mg/kg/day®] &HFo = 4
T 1Y 13 w5 A FoJste] AVGE, AnSA AT 4, AARAAFHE, oA =7
Ab, A AR dAASLE A HAL LA AU e 2 2 A AR QlojA] A
=4 Folot Add Wsh A BEE A Gtk b 135 WS Fo] XY
|50 == 0, 300, 1000, 3000 mg/kg/day 7} Ads Aoz Attt 3 2 A|F A
FAAZ Aol R Fa]8&a (No Observed Adverse Effect Level, NOAEL)-2-
4 BFolA 3000 mg/kg/dayS! Ao = dekE v

460

—0O—V.C (0.0 mg/ke)

—8—T1(300.0 mg/kg)
410 -
—&—T2 (1000.0 ma/kg)

—8—T3 (3000.0 mg/kg)

Mean Body Weight (g)
w w
[ (-]
o o

N
@
o

160

Days

Dosing

Figure-1l-Mean-Body-Weight: of -Males
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—O—V.C (0.0 mg/kg)
——T1(300.0 mg/kg)

280

28
|
o]
F
8- 2F(NOAEL, No Observed
e

Recovery

Days
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Figure 1 Mean Body Weight of Male
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—O—V.C (0 mg/kg)
350 4 ——T1(300 mg/kg)
——T2 (1000 mg/kg)
—8—T3 (3000 mg/kg)
= 300 A
.g
Z 250
H
g
200
150 A
100 T T T T T T T T T T T T T T T T T T d
0 1 8 15 22 29 36 43 50 57 64 71 78 8 91 1 8 15 22 29
Days
Dosing ” Recovery
Figure 2 Mean Body Weight of Female
sAAx dAute] XFAE o] &3 13F MR Fo 54
sAAX SFvte] RHAE 3000 g/kg/day Z7k4] Crl:CD(SD) A
8 1373 W AT Fold A, RE APFEo)x
< BEEA Fokvh wEbd 2 /\l%ﬂw Z=kal ES

700
—0—V.C (0 mg/kg)
—B-T1 (300 mg/kg)
600 —/—T2 (1000 mg/kg)
—8—T3 (3000 mg/kg)

500

400

Mean Body Weight (g)

300

200 T T T T T T T T T T T T T T
0 1 8 15 22 29 36 43 50 57 64 71 78 85 91
Days

1 8 15 22 28

Dosing ”

Recovery
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@ ZA AR 2 sHuto] £REA] FA5AH AlY
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O &8l= Ag

O TAAZ ZAAAY

- AAx ZAAAAY dE FPAE dYet7] 98kl dimethyl sulfoxide (DMSO),
distilled water (DW), 5% ethanol % 05% CMC$%} Z2 HEAZ o] g3sle] &&=
S AAFEY AlFEES RE 33 A (DMSO, 500 mg/mL; DW, 50 mg/mL % 200
mg/mL; 5% ethanol, 50 mg/mL; 0.5% CMC-Na &< 200 mg/mL; 1.5% CMC-Na &,
200 mg/mL)ell &= A &1 FEFEHE A HAH A, DWE F3A=E d8e3
ow, AlPAEAG N 3] A5 T

O T2z FAutox A
- FAAZ sl ZREA & FIAE AEstr] 95Fe] dimethyl sulfoxide (DMSO),

distilled water (DW), 5% ethanol % 05% CMC$%} #2 FA|E o] &sle] & =Ad
S A5 AlgdEZdS 25 A (DMSO, 500 mg/mL; DW, 50 mg/mL % 200
mg/mL; 5% ethanol, 50 mg/mL; 05% CMC-Na &9 200 mg/mL; 15% CMC-Na &<},
200 mg/mL)el &a5#] 2 FEPAEHE ZAHYT A, DWE 23 A2 A8849

om, AdEdEHe] Mo ALE3}3

O TAxZx AN AAZ L EAEAHAE

- S FHAAAN G A= OECD guideline®] <73te] 5000 pg/plates Hils== 3Fo] 3000,
1000, 200, 40, 8 pg/plate®] 694 v g 7z} HTxad 1w ZHolEES A3l 0
W, AT 2 IS Edhete] EARl Fste] AAlskth

- SFAIAN DA, A Al A8 o Foll BAGle] A AR BEE wFelA EAEA
ol ekl F7h= AR A ¢kodth B3 background lawn©] o] A AU wAH gk
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©)

| 4= OECD guidelinel] e} 5000 pg/mLE HisE2 dho] 7}

ek AREA A2 F AUHERRCOE el A 54 oAle] Auz a9l
$2ARAY Ak, Aol AEE RE BE B0 AR AN 2 A SR
% )

j
. I
i EEde] BAHon, e £¥3 Fdo] BT HEWY

=

AEZE%E AFHAT w3 AFEA] Agr] 2 A2l F=A] pH meter R
9 HaEEd (5000 pg/mL)ol thalke] kel pH 2
3, RAAvEe] e 242 1 unit 2 50 mOsm/kg ©)de] W

(@)
wn
3
(@)
3
D
T
M
ft
o,
o
_O‘L
2
N
2
o

[e)
osmolality S =74 3t
st AEEA ot

Az A AAE Y] LAY

o ©O
19 13] 297 A58t Fo] el Path/Tox system (version 4.2.2)& ©]-&3}¢]
P e

A g A o] =t K B T e WS A T 2 D R e e ST B S = i o ] B

SFAAAY A, G5 EFoA HigEdte] o277t AdELAY ddE AdE

A Ee AMgEEo] I AEA Ut ey, A 2000 meg/kg & F Tl (T3)oll A

NFED Fo] A5 AEHF (perforation) &2 23] 2mte] o] AlgESo] wWAstolth

olE AAEH 5 NE=H dAe 7)) AdEddA7E Ed(sonde) 78S 2
S AFILALR ALE T

gxdto]l HA e HFEdAHlAE

SHAAAN G| = OECD guidelined] <#3Fe] 5000 pg/plates His=z 3o
3000, 1000, 200, 40, 8 pg/plate®] 697 FEFOR 7t FEwE 1ujo] TeolEE A
&t om, FPAd T 9@ ANz TS st EAIFA Fke] AA A
SFAANG A, HALRAA v A4 S, typhimurium TA100, TA1535, TA1537 w5 2
AR Al A8 S, typhimurium TA100, TA1535, TA1537, E.coli WP2uvrA 5ol A <F
7ke] B =dAWol e S/ Bl oW background lawne] oI AW v A2

U 5 50% ool BEAel Peti Past pe ALY wAHA ek

=

o

2
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SHFAAAG A FA = OECD guidelined] Wz} 5000 pg/mLE HisgE=Z oo 7 =9
1 Fg235 AH&ste RS AQdsta EAIFo Fate] A A A&(+S) B 1A
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- SFAGA A, A A AE(+S) 6117 ATt B

|4, AR A m A& (-S) 6417F D 2417 AEldte] G- A AFEE RE
HAANA AdEd AYA 2 A2 FEAld AldEd] A == &Y/
ow A3 ey HAo] BEE = FEHANAME AXEAAE dEE
Aol A E A 28 A pH meter © osmometerE ©|-83to] Z
= (5000 pg/mL)oll thate] mjkele] pH % osmolalityS =43 2y FIAdE
vl &l Z+zF 1 unit ¥ 50 mOsm/kg ©]7d2] Wshi= B2= 2] ekodeh

2

e

o,

o

DI
MR o oo
2 of mo ¥ MR

o 1¢ 13] 2d7F AFFoJsAt). Fo] o] Path/Tox system (version 4.2.2)& ©|&3}
o 7} ' 4rkE]y TEElstd o, ARV B9t Y dSdS dEsk

- SHAAANE A A5 BFAA HuFEd o2V 7R AFEAY ddE dNS
A EE A EEo] WA 2T

(] A2 AAZE o] &3 Fd=d Al
O HHA=AWAF
- BAAZ ZAMAMAAE = 5000 pg/plate FE=TVA Salmonella typhimurium 4% A @9}
Escherichia coli 1°& A @t d3l HEF=d¥olE fdslA &+ o= AtRHrh
Table 1. Results of the Bacterial Reverse Mutation Assay with Freeze-dried Tenebrio

moliter - 1s¢ Experiment

Srdy Moo G1I07E

Testar Themical Diose Fevertant colomes plate (MWean) [Facros] '
Serain Treatad {p2plaie) Withouwt 52 mixmms Wirh 5-% mixrare
TARDD Wehicle o Iy = .5 1I& == F
Test Armicls 156.3 0 = 4 .o (1 g [E.23
312.5% 14 = 6 [11] 132 2 B [113
625 # 14 = 3 1.2] 139 = I3 [L33
1250% 179 = © [12] 4 = e [L31
1500%= 133 = 6 =i 135 4 12 [
S0a0 = 7l =53 .51 58 = 6 [L43
TAESSS Wehicle 0 B o= I 19 =%
Test Amicie 3 1w o= 1 1.3 I¥2 3 [E3]
M = 3 1.31 1. L 32 [L11
o= 2 <] 12 = 3 [eag
1w = 3 11.3] - EE e [E.33
o3 [1:2] | [o.s]
3 o.= 1 .51 14 = 3 [543
TAOE Wehicle 0 12 = L . |
Test Armicle L56.3 B o= 3 [0.8] 142 = 1 [0.2F
If = 1091 29 = 3 [1.01
17 = 2 10.9] 28 = 1 [os]
16 = 1 [0.8] 23 a2 [0.81
e QP mii ey U [rog
18 = 4 [1o] 1w o= 2 [8.0]
TAL3ET Wehicle o - Ho=n R
Tast Arricie 156.3 5 o= [1.01 B a2 [E:01
312.5% 6 = 2 (.01 1 = 1 [:31
6235 % 5 = 1 [1.o] B =+ 3 [ro]
1250= 3 maim 21 Ve [0.83
2500% # =1 .01 g = 3 [1.01
S000 % 5 = 2 1n.a] g o+ 2 [Eo]
TPl Wehicle o 3x == b |
Test Amicle 156.3 I =4 na 4 x5 [0.57
312.5% 36 = 2 .11 314 g [0.83
625 i o= 3 n.aj 35 = 2 [o.ey
pasn= 34 = 4 .1 35 4 % [os1
1500% 41 = o I1.3] 3k L5061
S000 = 4z = 4 [1.3] 43 = 5 [51]

* Wo. of Bevertant colonies of meated place 200, of Revermnt colonzes of vehicle control plare

#: Wisible precipitation of test amicle was observed when the t2sr armicle selutfons were miked with fop agar and
Encabated for 48 hours

Test Arricle: Freeze-dried Tenshno nualitor, Wehicle: Distifled Water (O
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Table 1.

(Conrmmued) Results of the
Freeze-dried Tenebrio molitor - 1st Experiment

Bacrerial Reverse MAutaton Assay

with

Stdy Mo.- G12078

Tezrer Chemsical Ciose Revertant colenies/plate {Mean) [Faccer] *
Seain Treated (ugplae) TAhithoirt S-9 nixnare Wirh S-8 mmixrure
Posidve Conoels

TALDD SA 0.3 470 = 18 [=4]

TAI53S = 0.3 30 = I8 [2=.4]

TA9S 2-NF 2 374 = 27 [1e.73

TAL337 asa 50 o8 = [£0.3]

WDhlanwrd  AMNGOD 0.5 152 = [2.8]

WENnTA  SNQO 1 F14 = [16.43

TALDD BF 2 483 = 35 [+.21
TALS3S 2-aa 2 6 = 1 [D.B] 25 = 12 [2.6F
TA9s BP = o= 4 [1.1] TP o= 13 [roa]
TALF5T BF 2 TP &= o5 [s.6]
WPIuwrA  2-aAa 4 28 = 3 [23]

* Mo of Fevertant colonias of reated plate e, of Fevermant celontes of vekicle control plats
F-AA C-Amiroacridins,

SA, Sodiom azsde;
A0, 4-Iimguinaline Meoxide:

2-MF. I-Nrroflnorens;

2-44 J-Amineanthraceme. BP. Benrofapyisos

Tahle 1. Results of the Bacterial Reverse Mutation Assav with Freeze-dried Tenebrio

muolitor - 2nd Experiment

Srudy Mo.: 12078

Teszar Chermical Diose Bevertant colemies plate (Mean) [Facter] '
Serain Treared (pzplate) Wirhout 50 mithire Wirh -0 mixrare
TAIF3S Vehicle [ 0 o= 1 a9 = 2
Test Article 1563 1w = 2 [1.1] 9 = 3 [L.6]
J125% 11 1 [13] B o= 2 [0.£]
625 & g, = 1 1.4} 19 = 2 [i1]
1150% 12 = 1 113] a = 1 [1.07
1300 12 = 4 [13] 2 = 1 [13)
3000 % 1w = 12 11 10 = 2 [L1]
TADE Vehicle 0 0 = 4 il = 4
Tast Armicle 1563 10 = 3 [1.0] 31 = 4 [1.01
3l1rs= 7 o= 3 [0.9] 34 = 4 [1.13
62158 1 = 4 [09] 15 0= 1 o8]
1150% 15 = 4 [0.9] 5 = 1 [0.8]
1500 % 17 = 1 [0.9] EE T .1
000 = 18 = 3 [29] 0 o= 2 [0
TAIS37 Vehicle 0 Bo= 3 1 o= 1
Test Amicle 156.3 6 = 0 [1.9] 11 2 [107
31x5=E 6 o= 1 [1.0] W = 12 [0.83
625 % 6 o= 1 [1.0] 0 = 1 [0.£3
1250= I = 0 113] I2 3 [1.13
1500 % 6 = 1 [1.:0] 10 = [0.87
5000 # 6 = 1 {141 B o= 1 [0.71
WPlnrA  Wehicle ] nm = 2 13 & 3 ]
Test Article 1563 W= 4 [1.3] & o= 0 [1.0]
Jz5% N = 3 1.1] 0 = 2 [0.£]
625 # n = 1 [1.0} a1 o= 1 [0.8]
1150% B = 3 113] 17 = 1 [1.13
1500% I o= 3 [1.3] 4 o= 3 .13
F000 = % o= 4 [13] 0 o= 1 [1.3]

¥ o of Fevertant colonies of meared place Mo, of Revertant colomies of vahicls control plate
#: Visible precipitation of ezt article was observed when the r2sr amicle solutzens were mikad with top agar and

tncubated for 48 hours.
Test Article: Freeze-dred Tensbrio molitor;

TWehs

cle: Distillad Water (DWW
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Table 2. (Connnnued) Results of the Bacterial Reverse Mutation Assay with
Freeze-dried Tenebrio molitor - 2nd Experiment

Stdy No.- G1I078

Tastar Themical Tipse Fevarrant colomi=s plare (Mean) [Factor] '
Seram Treated (pugplae) Without 58 mixnare Wirh $-& mixrure
Pozidve Controls

TAL33F SA 05 214 = b {23:3]

TA%E 2-NF 2 300 18 {15.8]

TALSST 2.8 A 50 182 13 [30.3]

WPnrd  ENgO b5 38 = 4 [7]

WPhinrA NGO 1 50 = If [25.0F

TALFEF I-A4 2 6 = 2 e | [ 1 | [8:3]
TASE BP 3 16 = 3 [0.8] T = 7 [28]
TAlSST BP 1 133 = 3

WEInrA  2-34 4 0} = 6 [40]

Mo of Fevernant coloris: of treared plare ™o of Feverant colonizs of vekicis control plats

54, Sodinm aride; 2-NF. I2-Mimofluorens; 9-A4 S-Aminoacridins;
A0, 4-MNitroquinoline MN-omide;  2-A4 I-Aminganthracene. BP, Benzo(ajpyTens

Table 3. Results of the Bacterial Reverse Mutation Assayv with Freeze-dried Temebrio

melitor - 3rd Experiment

Stady Moo G12073

Testar Chemical Diose Fevertant colomues plate (Mean) [Faceos] *
Sualn Treated (Hg plaz) Withowt 5-9 mixnare With %-8 mixture
TAIR Vehicla 5] 2 = & 0B = 6
Test Amicle 1563 112 = @ [1.1] I o= 4 [1.03
312.5%# 111 = 6 [1.11 115 = 7 [1.11
B3 # 114 = & [1.1] 131 = 7 [1.13
1250# 114 = 14 [1.1] 134 = 4 121
23500 # 159 = 5 [1.4] 130 = o [1.31
S000 # 1531 = &8 [1.51 135 = 8§ [1.31
Pozidie Controls
TAICD A 0.5 465 = 11 [=.5]
TALDD BD e 118 = & 121 1186 = 14T  [1L.0]

* M. of Fleverant coloniss of meared place 2o, of Eevermant colonzes of vehicle conirol plars

#: Vizsible precipiration of test article was observed when the = amicls solunens were mixed wirh top agar and
encabarsd fior 48 hotrs

Ta:zr Articke: Fresze-dried Tensboio molitor, Tehicks: Distilled Water (W)
5S4, Sodium azide; BEP. Berzofalpyrene
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Table 1. Chromosome Aberrvation Assay and Relative Cell Count ™

Sty No. GI2078

FNonmunal Conc. of cg Timma Miean Miean Nisan Felative
Test Article i Aberrant Total ey Call Counts
(ug'ml) Edgaiure thamez) Metaphases Abetratlons PR EH %)
G-hour restment (+5-4)
] + g-18 1.0/0.0% 10700 0.0+ 0.0 100
25 -+ G-18 Mot Counted 103
5 =~ 6-18 1.51.5 L5715 0.0+ 0.0 1040
1o -+ 4-18 10705 T.0v3.5 0.5+ 00 {=i]
30 =3 -+ 4-18 1.W0.0 100000 0.5+ 0.0 10X
CPA & + 6-18 3¥5325" 48,5480 0.5+00 71

i = 6-18 1.501.5 I51S 0.0+ 0.0 100

25 #§ - 618 Trot Connred o7

5 #5 = 6-18 1.5:1.0 2015 1.0+ 0.0 o5

0 45 = 6-18 20015 2520 1G+00 105

0 2§ = 6-18 2520 EX D 1.0+ 0.0 a3

EMS  EDO = 6-18 28002757 42.5/41.0 0.5+ 0.0 &7
22-howur reatment (-5-57

] = 23:2 1.0¢1.0 1.0¢1.0 1.5+ 0.0 100

2.5 #§ - 22-2 Mot Counted 104

5 23 = 222 0.5/0.5 0.50.5 0.5+ 0.0 106

0 =3 - 23-2 1.5/1.0 20615 1.0+ 0.0 110

0 #5 = 22-3 2.0¢1.0 2010 1.5+ 0.0 100

EMS 600 = 22-2 4454457 85.5:82.0 0.5+ 0.0 53

# Visible precipitation of tesr article was obsernved a3t the beginning of the weatmeanr.
5 Visible precipitation of test article was observed at the end of the treatment.
** Sismificantly different from the conirol at =001
Velncle versas test article-treated moups: ASer camying out X -test pesformed Fisher's exact test, £ P=0.05,
Wehicle versms positive control sroups: Fisher's exact test
Tast Artcie. Freeze-driad Tenebrio molior
Wehicle: Warter, stertle-filtered, BioReagenr suitable for cell culmze (D)
" See Appendix 1, 2. 3 & 4 for individual data
" Treatment time-Tecovery mme
® Gaps included excclnded, means of duplicate culmures: 104 messphases were examined per culrure.
Abbreviation:
EP, Polyploid;: ER, Endoreduplicstion;
CPA, Cyclophosphamide monohydrame; EMS, Ethyl methanesl fonate

- 125 -



) A &

ARz ZAAAGE B AF A}% 3 Folg& W oAM= w929

HS sl gt aweE FAAZ 44 WFA -2 AHAF A 5
Ao 2 At

. Mhcronucleus Test of Freeze—dried Tenebrio molitor in MNale Alice

HMELW 1_5& 0. &7 1 _&7F O. 50 S6.583
BT 1. 4 I o3 103 .84 e B85
PCEs/ {PCEs+HCESs)

MEDM o _Ea 0261 3 .55 0_ 62 3_50C
5_D. =R 2 RES s s b OO 0.0
M = 1= () (=3 1

** Significant differences from control growp (P<0.01).

MNo. of MINPCEs between vehicle and treated smroop: Kmiskal - Wallis H-test and Dunn's Fanlk Sum
test

MNo. of MINPCEs between vehicle and positive control group: Mann- Whitney Tl-test
PCEs/{PCEs+INCEs) ratio between vehicle and treated mroup: ANOWVA test and Dunnett's test
PCEs/{(PCEs+IMNCEs) ratio between vehicle and positive control group: Student's t-iest

Test Arficle: Freeze-dnied Tensebmo molitor
WCOCONTROL: Daihan Water for injection. sterile (DWW
P.OONTROL: Cyclophosphamude monohywdrate (CPA)
Abbreviations

MNPCE: PCE with one or more nucronucled

PCE: Polychromatic ervthrocyte

MNCE: Nomochromatic erythrocyte

CPA: Cyclophosphamide mﬂnoh wdrate (Positive control article)

Table 2. Micronucleus Test of Freeze-dried Tenebrio molitor in Female Mice

MNPCEs/2000 PCEs

STUDY NO.: 12080
GROUP: V.CONTROL ez 3 i FP.CONTRCL
COSE: (mg/kg) o 500 1000 20 70

MERN 1 .00 117 1.17 1.00 €4.00
5.D 0.89 0.98 0.75 D.89 13.37
ECEs/ (PCEsS+NCES)

MEAN 0.84 0.65 0.5%9 0.60 0.45
5.D. 0.06 0.08 o.06 0.09 G.07
N & € £ & &

#* Significant differences from control group (P<0.01).

No. of MINPCESs between vehicle and treated group: Kruskal-Wallis H-test and Dunn's Rank Sum
test

No. of MINPCEs between vehicle and positive control group: Mann-Whitney U-test
PCEs/(PCEs+NCESs) ratio between vehicle and treated group: ANOVA test and Dunnett's test
PCEs/(PCEs+NCESs) ratio between vehicle and positive control group: Student's t-test

Test Article: Freeze-dried Tenebrio molitor
V.CONTROL: Daihan Water for injection. sterile (DW)
P.CONTROL: Cyclophosphamide monohydrate (CPA)

Abbreviations
MNPCE: PCE with one or more mucronuclel
PCE: Polychromatic erythrocyte
NCE: Normochromatic erythrocyte
CPA: Cyclophosphamide monohydrate (Positive control article)
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- B A xS A sAAER el EFA = 5000 pg/plate E

)
typhimurium 4% AN @ 3F9¢ Escherichia coli 1% A @3 Fo] EA=

2 9= Aoz Alz®Enh. iy, UAIEAA wHe o9 Q%A]

Salmonella

wlol2 fual

typhimurium

TA1535 5ol A %“é#ﬂrxéﬂ%oﬂb A A Sk AR, S REEAd e BFEdRe]

Qe F717h BaEE o,

Table 1. Results of the Bacterial Reverse Mutation Assay with Freeze-dried Protaetia

brevitarsis - 1st Experiment

Smdy Mo.: G12083

Testar Chamical Diose Fevermant coloniesplate (MMaan) [Facior] *
Straia Treated (uz/plave) Without 5-% mixmre With 5-% mixmre
TAl00 ehicle o 125 S 131 = 10
Tast Article 0.6 131 = & 136 = 10 r.oj
617 = 130 = 3 136 = & [1.0]
1852 = 12B = 11 143 = 4 [1.11
555.6% 142 = 10 148 = 14 [1.11
16667 = 153 = 15 164 = 7T [1.3]
000 = 153 = 14 182 = 10 [1.4]
TTA1535  Vehicte 0 1z = 2 - 1w =
Tast Article 0.6 15 = 1 11 = 3 [r.1]
1 17 = 2 14 = I 14
16 = 1 TS: a2 [rs
20 = 1 TS: a2 [rs
2F = F 17 a2 .7
23 = 3 1o 2 [1.%]
TASE  Venicle T T B
Tast Article 21 = 4 33 = 3 o]
617 = 23 = 3 33 = 2 [.o]
1852 = 23 = 2 34 = 2 [1.11
s55.6= 25 = 1 33 = 3 .09
156667 = 25 = 1 IF = I .23
5000 = 23 = 2 32 3 [1.0]
TA1537 “ehicle B T oam = 1 BT 3 bl
Tast Article 12 = 2 15 = 2 [1.0]
1 = 1 14 = 2 [0.9]
1853 = 12 = 3 15 =+ 3 .09
5556 1z = 1 18 = 2 =
16667 = 11 = 2 14 = 1 0.9]
000 = 17 o+ 1 20 + 3 [1.3]
WP2uvrA  Vehicle o 34 = 1 37 = 2
Tast Article 0.6 35 = 3 38 = 1 0]
61.7= 31 =3 FF. & 3 o]
1852 = 36 = 4 40 = 2 .13
555.6= 38 = 4 30 2 [1.11
16667 = 3@ = 3 39 = 3 [1.11
000 = 43 = 2 38 = 2 .09

"' Mo. of Bevertant colonies of treated plate e, of Revertant colonies of wehicle contrel plate

#2 Wisible precipitation of mest article was observed when the test article solations were mixed with top agar and

incubated for 48 hours.
Test Amicle: Freeze-dried Protaeta brevitarsis; Vehicle: Distilled Water (D7)

Table 1. (Conrinned) Results of the Bacterial Reverse MAutation Assayv
Freeze-dried Protaetia brevirarsis - 1st Experiment

with

Smdy MNo.. G12083

Testar Chermical Diose Revertant colonies plate (Miean) [Factor] *

Strain Treated (mg/plata) Without 5-& mixmre With 5-& mixmre
Peositive Controls

TALDD SA 0.5 418 = 12 [3.4]

TAL1535 sA .5 361 = 14 [30.1]

TADE 2-MF 2 320 = 27 [17 8]

TAL537 9-A8 30 877 = 50 [E7.7]

WERImnra QO 0.5 181 =+ 10 [5.3]

WP2inrA  4NQO 1 300 = 23 [e.1]

TAIDOD EP = e 155 fen
TAIS35 2-A5 = 15 = 5 [1.3] 211 = 1 [21.1]
TASE BP 2 18 = 6 [1.0] 357 = 13 [11.2]
TAL537 EP 2 186 = 44 [1z4]
WPIuinrs 2-A5 4 151 = 1o +.1]1

*'rlo. of Bevertant colonies of treated plate e, of Fevertant colomies of wehicle conmrel plate

SA, Sodiam azide; 2-NF. 2-Nimofluorene; 0-A4 S-Amincacridine;
4O, - rimoquinoline Nooxide: 2-A4 2-Amincanthracene; BP, Benzo(z)jpyvTens
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Table 2. Results of the Bacterial Reverse Mutation Assay with Freeze—dried Protaetia

brevitarsis - 2nd Experiment

Smdy Mo.; G12083

Tester Chanxical Dose Fevermnt colonies plate (Mean) [Facior] *
Strain Treated (rg'plare) Withour 58 mixmre With 5-% mixpare
TAIDD Nebicie 0 134 = T 147 = 19
Test Article 0.6 188 = 3 [1.4] 155 = 1 [i.1]
BLT# 183 = 2 [1.4] 178 = 1% [r.21
187 = 14 [1.4] 158 = 13 [t.11
184 = 10 [1.4] 174 = 15 [
210 = 22 [1.6] 196 = 10 [1.31
247 = 14 [1.8] 08 = 18 [r.43
‘TA®E  Vehicle 0 = 1 - T 3 o= 6 -
Test Article 0.8 23 = G [1.2] 33 = 4 [i.13
617 % = [z 31 = 2 o1
1852 = 23 = 1 i o= 2 o1
5556 = 26 = 1 34 = 2 [13
1866 7 = 2% £ 32 34 = 1 [1.1]
5000 = 24 = 4 3 o= 2 [1.1]
TTA1537  wvehicte 0 11 = 2 T3 o= 1
Test Article = 1 [0.8] 12 = 2 [o.e]
= 71 [1.0] 1 .=°1 [0.87
= 2 [1.0] 15 = 2 L2
= 1 [1.0] 13 = 1 [1.01
= 1 [1.0] 13 = 1 [L.01
1 [1.1] 14 = 3 [1:11
“WPZwrA Vehicle 3 T a5 = 4 e o
Test Article = 1 [1.o] 43 = 3 [ro]
+ 1 [1.1] 44 = 4 .01
£ 3 [1.0] 47 = 4 [1.03
£ -2 [1.1] 43 = 4 [1.03
£ 3 [1.1] 44 = 3 [1.03
5 [1.1] 47 % 4 [1.01

*'Mo. of Bevertant colonies of weated plate’ e, of Revertant colenies of vehicle controel plata

#. Wisible precipetation of mesr arricle was observed when the test ardcle solnnons were mixed with top azar and
incubated for 48 hours

Test Articla. Freeze-dried Protzeta brevitarsis; Wehicle: Dhstilled Water (VA7)

Table 2. (Contnned) Results of the Bacterial Reverse Mutatdon Assayv with
Freeze-dried Protaetia brevitarsis - 2nd Experiment

Smdy Ne.. G12083

Testar Chamical Dinzs Beverant colondes plate (Mean) [Factor] ™

Strain Treated (uz'plate) Without 5-8 mivmre With 5-0 mixmrs
Positve Conools

TALIDO SA 0.5 439 = 11 3.3

TACE 2-MF ] 328 = 13 [16.4]

TALS37 =N 50 04 = 11 [26.7]

WDh2mrA  4MQO 0.5 350 = 19 [£.8]

WPwnnrd  4NQO 1 B52 = 16 [20.8]

TAlQO BP 3 1056 = 80 721
TASE BP 3 17 = 12 [2.9] 51F = 42 [17.e]
TAL537 BP 2 133 = 12 [10.2]
WP2inra  2-A4 £ 141 = 13 3:1]

*'Mo. of Bevertzot colonies of treated plate 2o, of Bevertant colonies of vehicle control plate

54 Sodivm azide; 2-NF, 2-Nimofluorena; ©0-AA L Amineacridine;
AMQC, 4-Mimoguineline NM-oxide; 2-44 2-Awminoanthracene; BP. Benzo(a)pyrens
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Table 3. Results of the Bacterial Reverse Mutation Assay with Freeze-dried Protaetia

brevitarsis - 3rd Experiment

Smady Mo 2 G120E3

Testar Chamical Diose Fevernant coloniesplate (hiesn) [Facior] *
Strain Trested egplaral Witheaat 5-2 mizmre With S-2 mixmare
TALOD ehicle o 110 = =8 141 = 8
Test Articte 206 113 = & [1.0] 137 = &
1.7 132 &= B [z 144 = 11
1852 = 120 == iz [X2] 140 = 2
55546 = 12% = 1s [E.1] 14+ = 3
18667 = 141 == 10 [E3] 15@ 14
ST00 = 142 T [1.3] 185 == 13
"TA1535  Wemicle 0 13 o 1w = 1 -
Test Article I3 = 1 [1.01 12 = 1
18 = o [1.4] 14 = 2
1 = 1 [1.4] 15 = 2
am o= 3 [E.5] 16 1
31 = 1 [1.6] 17 <+ 2
as = X [1.9] 20 = 3
“Pesitve Cowrods
TAL1DD SA .5 585 = 35 [5.3]
TAIS3IS SA 0.3 344 = 2z [25.5]
TATOO BF 2 48 = &0 [6.71
TALIS3IS Z-AA 2 1} == 3 [0_8] E-1n boi) ek 40.0]

Mo, of Blevertant colonies of treated plate™o. of Fevertant colonies of vehicle control plane

#. Wsible precipitation of test article was observed when the tes: article solutions were muixad with top agsr and
imcubated for 48 hours.

Test Amicle. Freeze-dried Protzetiz brevitarsis; Tehicle: Distilled Water (DWW
54 Sodinm azide;: 2-AA 2-Aminoanshracens: BP. Bensolajpyrens

= ¢} 1=
AFEA Al A gol ol dAGle] FAANZ S uto] 72 = CHL Ao dAA o
& FEA g Bde Aoz Algddh

Table 1. Chromosome Aberration Assay and Relative Cell Count *

Study Mo. G12084

e _ms  mumw SR oy Mo ReltEe
l:__l;g_-':nl.} Pyl ot (hours) Itie‘tz.ph,a:e:-. Abemrations b PR+ ER %0 N
G-honr treatment {(+5-97)
a - 5-18 0.5/0.0% 0.5/0.0 0.5 + 00 100
10 - 5-18 Mot Countad 95
els] - 5-18 1.041.0 1.0/1.0 0.0 + 0.0 95
40 &% - 6-18 0.5/0.5 2.02.0 0.5+ 040 101
BO &% - 6-18 0.5/0.5 0.5/0.5 0.0+040 102
CcPA & = 5-18 25.0/24.07 31.0/29.5 1.0+00 79
6-hour weatment {-5-9
a = 6-18 0.5/0.5 0.5/0.5 0.0+ 00 100
2.5 &% - 6-18 Mot Countad 99
5 =% - 6-18 0.0:0.0 0.0/0.0 0.0+ 0.0 99
10 &% = 6-18 0.5/0.0 0.5/0.0 0.0+ 0.0 99
20 &% = 6-18 1.041.0 1.0/1.0 0.5+ 040 95
EMS 800 = 5-18 25.0/25.07 36.0/35.5 0.5 + 0.0 63
22 -hour treatmment (-5-97
o - 222 0.5/0.5 0.5/0.5 0.5+ 00 100
2.5 &% = 22-2 Mot Counted 100
5 &8 = 22.3 0.5/0.0 0.5/0.0 0.5+ 040 103
10 &% - 223 0.540.5 0.5/0.5 1.0+ 0.0 100
20 &% = 22:2 1.040.0 1.040.0 0.5+ 0.0 100
EMS 600 = 222 42.5:42.5 F0.0/68.5 1.0+040 57

ible preciprtation of test article was observed at the beginming of the trearment.
Fisible precipitatnon of test article was observed at the end of the treatment.
=¥ Sismificantly different from the control at P=-0.01
Sehicle wersuas test article-treated groups: After canying out x -test. perfermad Fizher's exact test, of P-0.05.
Wehicle versus positive control mroups: Fizher's axact test
Test Artcle: Freeze-dnied Protaeha brevitarzaz
WWehicle: Water, sterile-filtered, BioFeagent, suitable for cell culture (DA}
M Sea Appendix 1, 2, 3 & 4 for mdividual data
* Treaatment ime-recovery time
“izaps includedl/exciuded. means of duplicate cultares; 1) metaphases were examined per culture.
Abbreviation:
FPP. Polypload: EFR. Endoreduplication:
CPA, Cyclophosphamide monchydrate; EMS, Ethyv]l methanesulfonate
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DOSE: (mg/Skg) O SO0 1000

MNPCEs/Z2000 PCEs

MEZIN 1.00 0.83  ENS- B ) .5 63.50
S.D. g.859 0.75 B. 75 G52 S.73
PCEs/ (PCEsS+NOES)

MEZIN 0.539 .61 0.65 .67 L =34)
S.D. (T ) 0.02 B0 Q.05 2. 05
o g 5 g & =

# Sipnificant differences from control group (P<0.05)

#* Sipmificant differences from control group (P<0.01).

No. of MINPCEs between vehicle and treated group: Kruskal-Wallis H-test and Dunn's Rank Sum
test

No. of MINPCEs between vehicle and positive control group: Mann-Whitney U-test
PCEs/(PCEs+INCEs) ratio between vehicle and treated group: ANOWVA test and Dunnett's test
PCEs/(PCEs+INCEs) ratio between wvehicle and positive control group: Student's t-test

Test Article: Freeze-dried Propaetia brevitarsis
V.CONTROL: Daihan Water for injection, sterile (D'W)
P.CONTROL: Cyclophosphamide monohydrate (CPA)

Abbreviations
MINPCE: PCE with one or more mucronuclel
PCE: Polychromatic erythrocyte
WCE: Normochromatic erythrocyte
CPA: Cyclophosphamide monohydrate (Positive control article)

Table 2. Micronucleus Test of Freeze-dried Propaetia brevitarsis in Female Nice

STUDY NC.: GLZO085

--G_]?-la?:_ET: T T\.’.TZ_(J_L\-TTROL-__- 'I‘L-__- - T3 . P -Z_JNTROL-
DOSE: (mgikg) o 500 2000 70
MNPCEs,/Z000 PCEs
MEZN 0.83 1.17 1. 00 1.23 57.50
s.D. 0.41 0.75 0.00 o.g2 12.53
PCEs/ (PECE=+MNCEs)
MELN 0. €0 0.€3 0.5% 0.64 0.52
s.D. .04 0.06 0.03 a.05 0.04
N 3 3 3 3 3

#=* Sigmificant differences from control group (P<0.01).

No. of MINPCEs between vehicle and treated group: Kruskal-Wallis H-test and Dunn's Rank Sum
test

No. of MINPCEs between vehicle and positive control group: Mann-Whitney U-test
PCEs/(PCEs+INCEs) ratio between vehicle and treated group: ANOVA test and Dunnett's test
PCEs/(PCEs+INCEs) ratio between vehicle and positive control group: Student's t-test

Test Article: Freeze-dried Propaetia brevitarsis
V.CONTROL: Daihan Water for injection, sterile (DW)
P.CONTROL: Cyclophosphamide monohydrate (CPA)

Abbreviations
MNPCE: PCE with one or more mucronuclei
PCE: Polychromatic erythrocyte
MNCE: Normochromatic eryvthrocyte
CPA: Cyclophosphamide monohydrate (Positive control article)

- 130 -



O Comet Assay

- TAAZx Aol RAE 2 A ARESE Fo &5 HAAAME F
9] liver$} stomach E5olA] DNA £4S FukshA] okt

Mean of % Tail DNA in Stomach

w ' ar
o o o
o o

o

N
o

% Tail DNA
o

=
o
=)

o
o

G3 G4 G5(PC)

Groups

A= (SD)

% Tail DNA

Mean of % Tail DNA in Liver

Groups

G5(PC)

Figure 1. Mean of 2 tail DNA in Liver and Stomach

** Significant differences from control group (P<0.01).

Test Article: Freeze—dried Protaetia brevitarsis
G1:
G2:
G3:
G4:
Gb:

500 mg/kg
1000 mg/kg
2000 mg/kg

Vehicle Control, Daihan Water for injection, sterile (DW)

Positive Control, Ethyl methanesulfonate (EMS), 200 mg/kg

Mean of Tail Length in Liver

Tail Length
N w & w a
o o o o o
o o o =] o

-
3
o

o
°

63
Groups

Ga G5(PC)

Tail Length

Mean of Tail Length in Stomach

Groups

G5(PC)

Figure 2. Mean of Tail Length in Liver and Stomach

Test Article: Freeze—dried Protaetia brevitarsis
G1:
G2:
G3:
G4:
G5:

500 mg/kg
1000 mg/kg
2000 mg/kg
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Vehicle Control, Daihan Water for injection, sterile (DW)

Positive Control, Ethyl methanesulfonate (EMS), 200 mg/kg



Mean of Olive Tail Moment in Liver

Olive Tail Moment

S G2 G3
Groups

8.0

6.0

Olive Tail Moment

4.0

2.0

0.0
G5(PC)

Mean of Olive Tail Moment in Stomach

61 G2 63 Ga
Groups

G5(PC)

Figure 3. Mean of Olive Tail Moment in Liver and Stomach

Test Article: Freeze—dried Protaetia brevitarsis

G1:
G2:
G3:
G4:
Gb5:

500 ma/kg
1000 mg/kg
2000 mg/kg

Vehicle Control, Daihan Water for injection, sterile (DW)

Positive Control, Ethyl methanesulfonate (EMS), 200 mg/kg

% Hedgehogs

10.0

8.0

6.0

4.0

20

0.0

Mean of % Hedgehogs in Liver & Stomach

— Liver

N Stomach

Figure 4. Mean of Hedgehogs in Liver and Stomach

Test Article: Freeze—dried Protaetia brevitarsis

G1:
Ge:
G3:
G4:
G5:

500 ma/kg
1000 mg/kg
2000 mg/kg
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Vehicle Control, Daihan Water for injection, sterile (DW)

Positive Control, Ethyl methanesulfonate (EMS), 200 mg/kg
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Autocclave
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N5, WME

Autoclzve

1150, 208
Autoclave
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i
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Melting Point
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60~65%

18~22% 11~13% a-Linoleic acid -12T

79~84%

10~12% 2.3~3.5% o-Linoleic acid -12C
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wHAA D AH A& o] &35t ERWEE T R/O AF
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3kg(7.5cm) TNTC =) 3kg(7.5cm) TNTC =)
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O "aZ71e4571 5848 dA4d #3td, (ALA1212009-1765) el whel A Fell o s}
71 2 oatds 24
O &wd 3 Ao

@ 71+ %2 4 A2A
(O Z2A4% 28 AAY
. 2t E.RA
NEEs e =0 Ax | (®Eawn) i
N N B ~ NG
= = a2 XU 2=
& 2(%) 2.20 3.90 1.87 5.0 0lat
& JHmal/g) 2.45 2.66 1.80 3.0 0lat Al2BH Dl 5.0 0I5t
_ _ Al H Dl 60 0|5t

WASE . ) . ) _
A2 IHmea/g) 8.07 24.63 0.03 30 0|5t EPA/DHA 15 013}
X CHEHEI (%) 54.57 57.20 48.17 45.0 %0| At A 80%S=E
= X (%) 31.36 31.94 31.08 25.0 0] & 3 80%=
Oleic acid(%) 13.61 14.07 12.73 11.0~16.0 A + 20%
2 BHAI 2 (cfu/g) 108 373.33 0.00 1,000 0I5t AZAZ I8 S
W&z 2 4 0.00 0.00 2 4

[ZAAE]

# I 056122 3,000ma/ka(Rat) = AFREEHAF 1.80g/AFEH(B0kg) (OHE A HIIR HIZ)

# 372 AD|g 2HAX2
Lot No T1203001 71204002 T1208003 T1304001
M= 2012-03-22 2012-04-16 2012-08-17 2013-04-09
T EAYLS U E ol A CBRIRRERE KA FEIRRERE HA
2= 2(%) 2.41 2.49 1.87 2.04
A JHmg/g) 2.62 2.66 2.66 1.86
HAHEL2IHmea/g) 2.98 4.64 24.63 0.03
T A (%) 53.21 52.41 55.48 57.20
= X 2H(%) 31.08 31.12 31.94 31.29
Oleic acid(%) 13.25 13.39 13.73 14.07
2 BrHI 2 (cfu/g) 30 20 373 7
HEZ2 s A 2 A 2 4 2 A
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(1 5 278% gd3duto|EHA
Z1 = 3=
NEEE mam o
Bz % =SPN (B323)
N a nEEIEE ~ ~ nEREG!
< = a2 AU 2= a2 XL 2=
2 =(%) 2.09 2.69 1.66 5.0 0lat
A JHmal/g) 1.39 1.82 1.09 5 0|5t Al2BH Dl 5.0 0I5t
_ _ Al HH D] 60 0|5t
TAISIE2 =
IHASIEIHmeg/o) 1.02 1.55 0.55 5 0|5t EPA/DHA 15 0131
T A (%) 60.52 64.70 57.70 50.0 O] &t HA 80%4=
Z Xl 2H(%) 14.72 16.97 13.49 13.0 Ol & A 80%=E
Oleic acid(%) 7.96 8.76 6.93 6.4~9.5 TR + 20%
2 BEAI 2 (cfu/g) 1314 5500 8 1000 0|5t AZAZ OI&H
HEZ2 2 o 2 4 = 2 4
[ ZAARE ]
# E & 3522 3,000mg/kg(Rat) = AFRIEHAH 1.80g/AFREH(B0Kg) (OHAIA HIIA RIZ)
# 22 AJY 2ERR
Lot No P1203001 P1204002 P1210001 P1210002 P1210003
M= 2012-03-30 | 2012-04-26 | 2012-10-17 | 2012-10-17 | 2012-10-17
FH AHIZREU R [ AHIZ2EUR [ AHIZ2EU2 [ AHZ2EU 2 | AHEZ2EL 2}
% 2(%) 2.69 2.34 1.66 2.05 1.72
At JHma/g) 1.82 1.44 1.09 1.22 1.42
DHSH2IHmea/q) 1.55 1.43 0.55 0.97 0.60
X CHEH &I (%) 64.70 57.70 59.45 61.62 59.14
= Xl 2H(%) 14.14 16.97 13.49 13.77 15.23
Oleic acid(%) 6.93 8.32 7.85 7.92 8.76
2 BLHI 2 (cfu/g) 5500 8 15 65 980
HEz2 2 A 2 4 2 4 2 4 2 A
# NHESEE Oleic acid2 AFF A4S Y 42 = 20| IE S22 L4202 MA U HRYH Oet &
OIS U= H420R HZTESX U 240 HEOZ AIRH0 0|2 4%
# FASTY HoIWAX LS SR XU BAZHER)O 80%4+Z=S 68t AA0Z Ng
# FASE HOIWKK L2 AJt= JISAEUA ZSTI/MN F 580 TL2E= AFNAY MIIE &3,
2 FANZE 25 H5EE)Y FE7IS AA
(1) 5718 274 7I&E5AdE A8
hH Agea
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STEP 1. AgE=d Ag7Izel ure 7 FaAEe gaast 24
Bla E
7F o A 05
Cut off 5% 50 Yl\
o o o 8.5
47171 25C 35C 40°C
o -] (d) 5.0 \'\Q\‘
=7 9.00 9.00 9.00 : \,
75 {420 ——
19 9.00 9.00 8.93 10 o
29 9.00 9.00 8.73 s 40c
34 8.93 8.62 7.93 6.0
49 8.33 753 7.47 5.5
59 8.20 7.40 7.00 5.0 P —
x) 12 Ve RE= 42 E E
64 8.07 7.20 6.93
STEP 2. 7} A9 AF2rd AF7|zte] w& 7zt F4X 319 dust Wygas A=
S},
HE-S- 2= 0=} Hk-S- 12} ¥hg
ELE Ae = Ao - Kt Ln(Ae) = Ln A -Kt
& = 25°C 35C 40°C 25°C 35C 40°C
Slope ~0.18095 | -0.35952 | -0.40476 | -0.02113 | -0.04424 | -0.05097
Intercep 9.19048 9.32937 9.21429 2.21961 2.23857 2.22690
corr (R ~0.9168 ~09322 | -097399 | -0.9169 ~0.9317 | -0.97400
Fawstel o
. 40C2 02 2 12 wkg-2ol A Rzt 097400 713 Zo2 13 HkS
STEP 3. 2@A1o A A&=3F &5 Kgs o] 83t A3t AE 4H&E3h
Arrhenius equation : LnK = -(Ea/R)(1/T) + Ln A
~11280.09
25(TC) 2= (K) 1/T K InK Ea 5
25 298 0.0034 0.02113 ~3.8571 Slope ~5676.948
35 308 0.0032 0.04424 -3.1181 Intercep 15.222
40 313 0.0032 0.05097 -2.9766 corr -0.985
10 283 0.0035 0.0079 ~4.8375
15 288 0.0035 0.0112 ~4.4892
20 293 0.0034 0.0157 ~4.1528
25 298 0.0034 0.0218 ~3.8277
30 303 0.0033 0.0298 ~35134
35 308 0.0032 0.0404 -3.2092
40 313 0.0032 0.0542 -2.9148
STEP 4. AF=2% 9 f55 5713 ALl
E 3] A4Sl 75T 9 W
FTE2E(T) &ML A) HE-S-2= 5 (B) AZFA S FA x B)
10 5 0.0079 0.03964
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15 1 0.0112 0.01123
20 2 0.0157 0.03144
25 2 0.0218 0.04352
30 2 0.0298 0.05959
Sum 12 - 0.18542
HE=FF(Ao) |FASHE Fh(Ae) Ao-Ae A7k 8t 57 2H(4)
2197 1.609 0.59 0185 38.0
STEP 5 ; H¥ #8713 HAIAAF0.DE dAsto] AL,
& 719 380 /Hg =07 = 266 /N4
BOF SOIA &, 9 JISE BOIIA 2012000 B0 842 UXTE0 D48 &, A2 SHUO2N |
Jlgt 4BAE NER SHHE0 2SII8 SENENAH HAGAS
@ 27}
O =234 474
O Fs AR ek Ab7E 2o} A s I
O oAl HoHAte] A AR 5d& WY
O A& #hs a9 FAAES] AR @
3 Akl A 7t
A71(E)| 257 35°C 40°C 25°C 35°C 40°C
27| 9.00 9.00 9.00 2.65 2.65 2.65
14 9.00 9.00 893 2.65 2.65 2.66
24 9.00 9.00 8.73 2.66 2.67 2.68
34 893 8.62 793 2.67 2.70 2.1
44 8.33 753 747 2.69 2.73 2.75
54 8.20 7.40 7.00 2.1 2.78 2.80
64 8.07 7.20 6.93 2.72 2.81 2.86
o 3171874 A At A
13 A 22+ 42
y = 0.0607x2 - 1.1109x +
. y = -0.0692x + 32753
25C 77313 3.69
R2 = 0.9064
R2 = 0.9204
y = 0.0607x2 - 1.1109x +
. y = -0.0752x + 33328
35T 77313 3.69
R2 = 0.9098
R2 = 0.9204
y = 0.0428x2 - 0.7675x +
. y = -0.0847x + 34071
40C 6.103 3.34
R2 = 0.9069
R2=0.9586
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0 #5718 44
STEP 1. A¥2%=¥ AA7|3bel] & 7 F24 %9 st &4
Pl 2E7F
Cut off 3.34 2 o
A7) 7HE) | 25T 35°C 40C i,
= 7] 2.65 2.65 2.65 y
9] ’
13 2.65 2.65 2.66 - /L/_/j
29 2.66 2.67 2.68 e e
34 2.67 2.70 271 2.6 —=—35T
40°C
49 2.69 2.73 275 2.5
59 271 2.78 2.80 2.4 = —
Expl| 12 2g 32 = 52 6
642 272 2.81 2.86
STEP 2. 2 A+ A2 A&7 7k & 2z AR Fo] g=dst WAgAs A=
ot
S AT 0%t W 13} Wk
HE-Q-2] Ae = Ao - Kt Ln(Ae) = Ln A -Kt
R 25C 35C 40°C 25°C 35C 40°C
Slope 0.01393 0.02960 0.03587 0.00519 0.01087 0.01307
Intercep 2.63552 262341 2.62206 0.96917 0.96489 0.96460
corr (R%) 0.9732 0.9730 0.9701 0.9738 0.9743 0.9724
F4Wsle] g
B 40Ce] 0% ¥ 17 WSAelA Rk 097430] 71 Fo 17 W
STEP 3. 2@AI A A&t 258 Kags o] &3t EA g RE =3
Arrhenius equation : LnK = -(Ea/R)(1/T) + Ln A
~11280.09
2%(T) 2= (K) 1/T K InK Ea 5
25 298 0.0034 0.00519 ~5.2603 Slope ~5900.640
35 308 0.0032 0.01087 ~45213 Intercep 14.564
40 313 0.0032 0.01307 ~4.3372 corr -0.991
10 283 0.0035 0.0019 ~6.2864
15 288 0.0035 0.0027 ~5.9244
20 293 0.0034 0.0038 ~5.5748
25 298 0.0034 0.0053 ~5.2369
30 303 0.0033 0.0074 ~4.9102
35 308 0.0032 0.0101 ~4.5940
40 313 0.0032 0.0137 ~4.2880
STEP 4. AF2%= 2 fF%559 573 ALk
] AR wEdS 9 W
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Fre=%(TC) e/l g (A) HHE- 5 = (B) Azt st (A x B)
10 5 0.0019 0.00931
15 1 0.0027 0.00267
20 2 0.0038 0.00758
25 2 0.0053 0.01063
30 2 0.0074 0.01474
Sum 12 - 0.04494
HzdHE(Ao)  |FAES Fh(Ae) Ao-Ae A7 8l F5 713 ()
0.973 1.206 0.23 0.045 62.1
STEP 5 ; HF Fr&7138 AARIEAFT0.E A5t ALE).
FE7Ie 621 N9 = 07 = 435 7H¥Y
® FHitatE7}
STEP 1. A2 A7)zt e 77 FAX g st 4
Rl “akskE 7t
Cut off - DAEE 20t
A 271 7HE) 25T 35C 40C 12.0
4
%7) 10.7 10.7 107 ||10.0 g\‘\‘\‘\
14 105 8.3 7.1 8.0 \ ~—
2] 6.0 ——25C L
24 9.7 4.7 2.7 Y e
34 9.2 3.0 2.1 4.0 sc
44 8.6 2.2 15 2.0 i‘ﬁ
o] 0.0 : : : : !
o% 76 15 12 27 18 28 3" 48 52 63
64 7.0 1.1 0.8
# DSOS JIEHEIIZ0| BIIEIY B4= 2AGE HE0| Y0 KSIIS 48 NEH202 SEE &
@ A4k
STEP 1. AFLEd A7zt & 7 F2x %9 F5st 4
Bl R R
Cut off 11.0 .
AZ712HE) | 25T 35C 40°C A Ay
%7 13.39 13.39 1339 || > LN
o ’ \! —
14 13.39 13.35 13.37 13.3 >
13.3 o
29 13.35 13.32 13.36 13.3 ———— W e
) 13.3 w1359 _—
34 13.34 13.28 13.28 i P
44 13.34 13.30 13.28 182
54 13.32 13.29 13.28 =0 1®m e® s® 48 58 6B
64 13.33 13.30 13.26
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STEP 2. 7} A9 AF2rd AF7|zte] w& 7t F4X 319 st wAygas A=
ot
Hk-3-2} 4= 0A}F HHg- 12} Wk-S-
HE-3-2) Ae = Ao - Kt Ln(Ae) = Ln A -Kt
& = 25C 35T 40T 25C 35T 40C
Slope -0.01187 -0.01479 -0.02294 -0.00089 -0.00111 -0.00172
Intercep 13.38607 13.36489 13.38563 2.59422 2.59263 2.59419
corr (R) 09338 08268 09192 09339 08267 09192
EAW3le] 3
- ST once) 0 @ 14 M aelA Rz 093300) 4 Hom 14 ws
STEP 3. 29Al0lA 2F&3F 2528 KS o]&3te] &Al st yvA S AF=3)
Arrhenius equation : LnK = -(Ea/R)(1/T) + Ln A
25=(T) 2% (K) 1/T K InK Ea -7536.930
25 298 0.0034 0.00089 -7.0261 Slope -3793.120
35 308 0.0032 0.00111 -6.8043 Intercep 5.656
40 313 0.0032 0.00172 -6.3647 corr -0.925
10 283 0.0035 0.0004 =7.74774
15 288 0.0035 0.0005 -75147
20 293 0.0034 0.0007 =7.2900
25 298 0.0034 0.0008 -7.0728
30 303 0.0033 0.0010 -6.8627
35 308 0.0032 0.0013 -6.6595
40 313 0.0032 0.0016 -6.4628
STEP 4. A% 2 F&F9 F&713 At
% 97 AFe FEUS 9 ung
FE2%(T) FEML (A Hk-S- 4= (B) A7 st EH(A x B)
10 5 0.0019 0.00216
15 1 0.0027 0.00054
20 2 0.0038 0.00136
25 2 0.0053 0.00170
30 2 0.0074 0.00209
Sum 12 - 0.00786
# %32 (Ao) A3 Zh(Ae) Ao-Ae o 74 3} 7 5713 (4)
2.595 2.398 0.20 0.008 300.3
STEP 5 ; #HZE #F38713 AHQREAAT(0.7)E Aol A,
NI s 3003 MY « 07 = 2102 /H¥
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® A
DE DE
ex [ 25C | 35C | 40C 64.00 .
=7] | 6229 | 62.29 | 62.29 63.00 —
19 | 6209 | 62.09 | 63.14 62 00 '\Aﬁ/\‘:{\v
29 | 62.12 | 6278 | 63.16 o 00 R
39 | 6193 | 63.08 | 62.16 ' —= 35T
49 | 6236 | 6259 | 63.32 60.00 40C
59 | 6233 | 6263 | 6351 59 00 .
64 62.23 | 6345 | 62.35 X7 18 28 3" 48 5% 62
Ao 23
AR 3] 7] g 2] A3}
A2k
y = -0.2192x + 64.083 i ]
25C R2 = 0.8 o|al= Ald 2o} AaAdo] e
R2 = 0.3587 ° NGRS
y = -0.2899x + 65.094 } )
35C R2 = 0.8 o]3l2 AtdjZ o} A#AAgdo] e
R2 = 0278 ]0} ‘1494' S o ] =~
y = -0.0794x + 63.484 )
40°C R2 = 0.8 o3tz AtujF o} FaAdo] v
R2 = 0.0163 I3 Aol W
® %
STEP 1. AF25d A7)zt w& 7} FZA %9 st 4]
O 8
Cut off 5.0 3.2
AN L) | 2.26 2.26 2.26 10 —
=] 2.45 2.46 251 ||, e
14 2.69 273 279 o
o) 2.6
24 2.79 2.86 2.95 / e
3¢ 2.83 2.92 3.04 24 /- ST
49 2.96 3.01 3.08 2.2 0
54 3.00 3.09 3.11 2.0
6‘?:-3 279 28] 26 V)] 18 23 33 43 58 63
STEP 2. 7} A& A= AA7|td mE 7 FAAx9 FgEFust IS A&
3k,
WA 5 07 wh& 13 g
HE-S-2] Ae = Ao - Kt Ln(Ae) = Ln A -Kt
e = 25C 35C 40°C 25C 35C 40°C
Slope 0.12067 0.13520 0.13643 0.04568 0.05039 0.05019
Intercep 2.34766 2.35694 2.41944 0.85534 0.85956 0.88355
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corr (R 09654 | 09647 | 09372 | 09558 | 09540 | 09237
%éﬂﬂq éﬂ i=i] O Al 1 } = > [e)
i 25T 0xF 2 12 wrS2lel A Rz 096540 7H4 Zo = 03 WS-
STEP 3. 29Alol A &3 259 KEe o]&3lo] A3t yx|= 2=3)
Arrhenius equation : LnK = —(Ea/R)(1/T) + Ln A
2 (0) 25 (K) /T K InK Ea ~1601.718
%5 298 0.0034 0.12067 —2.1147 Slope ~806.098
35 308 0.0032 0.13520 ~2.0010 Intercep 0597
40 313 0.0032 0.13643 ~1.9920 corr ~0.968
10 283 0.0035 0.1052 —2.2517
15 288 0.0035 0.1106 ~2.2023
20 293 0.0034 0.1160 —2.1545
%5 293 0.0034 0.1214 —2.1084
30 303 0.0033 0.1270 ~2.0637
35 308 0.0032 0.1326 ~2.0205
40 313 0.0032 0.1382 ~1.9787
STEP 4. A¥<% ¥ {5529 #5713 ALk
37 4R fEdsr 9 wety
FE2E(T) FE ML (A) HE-S-2= % (B) AZFA S (A x B)
10 5 0.1052 0.52608
15 1 0.1106 0.11055
20 2 0.1160 0.23192
% 2 0.1214 0.24287
30 2 0.1270 0.25396
Sum 12 - 1.36538
=z (Ao) |TFASSE FH(Ae) Ao-Ae oI 7+ 3} = & 7]13H4)
2.260 5.000 274 1.365 24.1
STEP 5 ; H= 5713 AAQFAATF0.7)E 248kl Aaka.
%713k 24.1 709 = 0.7 169 MY
@ LubA T
] " 4% A9 Datac] o g 54%0] vt
g5 WA 1 (cfu/g)
7= 1000 ©] 3} G W A E A e e Ao A
oL L 5? H E‘j’ A B — = é1:
o 25C | 35C | 40C i o o L 41_ ]O]; - Ji 4
3 7h=ol 1t = =7]38F A% H| X
=71 4L | 14111 | 4L | :L“’ B qT E“jj iad gl A
o 5FO. AN o M
09| 13444 | 14333 | 13889 | © ¥ W& o= sdd
oMY | 13444 | 140.00 | 14556
) S ExAdog = o}
309 | 13889 | 14333 | 142922 | © @M SdHo 10%cfu/g olstelrt @At
- aL Kol =] =) J
a7 | 13333 | 15000 | 15222 | VT A=A mekste} 1000ciu/g ofshE 2
5704 14778 | 140.00 | 141.11 stRon, 27|dy mAE FAANS AR &
6714 13889 | 15333 | 16222 | +
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4% HEN0 WE
1YY FA9 w344 S FEew e
5 7H AL o) 5% 12k 26.6 7€
A7} 3.34 13 345 N9
Sk} 7) - - -
S8 914t 11.0% 12 210.2 71 <
A - . -
TE 5 % 0 16.9 /14
o] uk A 3 1000cfu/g - -
AAAAE fre sAAZES PETHXEY AHAN 7MEAIEo2RY AEd fFE7]8
169092 Qo] selgel met HF FE/FE AxAZYY 12492 47
(h) fgure] 2y
© #5H7Hn =15) : Akg)
STEP 1. A5 #7477l we 7 FHA xS FFest 4
B Akl A
71 gk WAl 0.0
Cut off 5%
A4Nz0Q)| 25C | sC | 40C || [ e,
7] 9.00 9.00 9.00 8.0 —
1€ 9.00 9.00 893 250 \
o 7.0 [ |-=—35¢
29 900 | 893 860 o \‘\
34 8.80 8.27 8.00 6.0
49 851 7.80 7.27 50
59 8.27 7.20 6.80 y T
64 8.13 6.73 6.07 B 18 8 @ 48 52 63 78
74 7.80 6.07 5.20
STEP 2. 7t A¥-¢] 44w 4477k b 2t EAA L] Gepusl 4442 453,
IR 0x g 13 whg
18- 2] Ae = Ao - Kt Ln(Ae) = Ln A -Kt
EX 25C 35C 40C 25 35C 40C
Slope 12667 04468 05603  -0.0214]  -0.0585  -0.0783
Intercep -3.2144 9.4389 9.4444 2.2211 2.2592 2.2702
corr (RY) 09382  -09740] 09828 09609 09669,  -0.9693
FAwske] afjd] | 0xF 1k WES-2]o A 40T 2] Rat 0.98280] 714 Fo2 0xF Hkg-
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STEP 3. 2@A4lol A AF=3 22 Kiks ol 831 A3t A S A=
Arrhenius equation : LnK = -(Ea/R)(1/T) + Ln A
25(TC) 2% (K) 1/T K InK Ea -14333.671
25 298 0.0034 0.18122 -1.7081 Slope =7213.725
35 308 0.0032 0.44683 -0.8056 Intercep 22527
40 313 0.0032 0.56032 -0.5793 CoIT -0.9915
10 283 0.0035 0.0517 -2.9627
15 288 0.0035 0.0804 -2.5202
20 293 0.0034 0.1233 -2.0927
25 298 0.0034 0.1864 -1.6796
30 303 0.0033 0.2780 -1.2802
35 308 0.0032 0.4091 -0.8937
40 313 0.0032 0.5948 -0.5196
STEP 4. AF2% 2 {859 &7 ALk
I 7] AEY reds 2 W
522 (T) &5 71ET(A) 13-4 5= (B) A (A x B)
10 5 0.0517 0.25839
15 1 0.0804 0.08045
20 2 0.1233 0.24670
25 2 0.1864 0.37288
30 2 0.2780 0.55597
Sum 12 - 1.51439
Hz3=F(Ao)  |7FASESE FhH(Ae) Ao-Ae A7 82 571 3HH)
9.000 5.000 4.00 1514 31.7
STEP 5 ; #& F87]3 AAHRIAAT(0.7)E AAsto] AL,
5718 | 317 MY 07 = 22 AY
ZsEI S0HAM &, S, JIST EBINA 220(2101 St €458 X7 20 048 &, G2 SIIEe=Z A
FSI|8 EHAE NEZ 2AHECEIH RSII8 S&HXNENA MHASIHS
@ AF7F
(1 F4dsA 44
O s HAAHAE FH)eoF A7y 7He] 3| AWA A S Skt
O o]2d #FHALY A A 58S Ul stk
O At=3 @& e FEARY FE7 o= s
I Ahsf A 7}
AF717H(E) 25C 35C 40°C 25C 35C 40°C
=7] 9.00 9.00 9.00 1.25 1.25 1.25
14 9.00 9.00 8.93 1.30 1.32 1.37
24 9.00 8.93 8.60 1.35 148 1.53
34 8.80 8.27 8.00 1.37 161 1.94
49 851 7.80 7.27 141 1.89 2.18
5¥ 8.27 7.20 6.80 1.54 2.08 2.54
64 8.13 6.73 6.07 1.59 2.57 2.93
74 7.80 6.07 5.20 1.64 2.93 3.37
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5 F2] A
e _ aEEA wrtel it
17} 4 27 WA
) y = -0.0325x" + 0.2469x +
. y = -0.303x + 4.0269(R’ =
25°C 1.7057 2.13
0.9367) )
R® = 0.9378
) y = 0.0714x" - 1.628x +
. y = -0532x + 6.0821(R” =
35C 10.204 3.85
0.9708) )
R’ = 0.9823
) y = -0.0074x” - 0.4397x +
. y = -0546x + 6.223(R* =
40°C 5.852 7.87
0.9955) )
R”=0.9957
O #F&71s 44
STEP 1. AFx® AA7|7kd wE 2z} TAxe] staFdst 24
G5 27t
Cut off 7.87 4.0
27172 4) | 25T 35C 40°C 3.5
%7 1.25 1.25 1.25 3.0 Iiig
14 1.30 1.32 1.37 2.5 40c
29 1.35 1.48 153 2.0
3¢ 1.37 1.61 1.94 1o = — "
44 1.41 1.89 2.18 10
59 154 2.08 2.54 0.5
6% 159 2.57 2.93 S —
7% 164 293 337 =] 12 28 3g 48 58 62 78
STEP 2. 7} 3] A A7)t mbg zh F2dA %] d3wst B4 4E A4E
gt
WEgAH 07 g 14 e
HE-5-2] Ae = Ao - Kt Ln(Ae) = Ln A -Kt
& & 25°C 35C 40°C 25C 35C 40°C
Slope 0.0579 0.2398 0.3080 0.0403 0.1250 0.1474
Intercep 1.2298 1.0531 1.0586 0.2141 0.1575 0.1867
corr (R?) 0.9831 0.9685 0.9880 0.9863 0.9897 0.9969
4wt & o o o
“ 0xF 2 12k Hk3-2el A 40T 2 RE 0.99690] 7bg Fo= 13 Wk
STEP 3. 2@tAlol A 2&3 22l Kks ol &3le EAsfdUAE 2&E3
Arrhenius equation : LnK = -(Ea/R)(1/T) + Ln A
~16738.94
=5(TC) 2= (K) 1/T K InK Ea 9
25 298 0.0034 0.04028 -3.2120 Slope -8424.232
35 308 0.0032 0.12500 -2.0794 Intercep 25.110
40 313 0.0032 0.14737 -1.9148 corr -0.979
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10 283 0.0035 0.0095 ~4.6580
15 2883 0.0035 0.0159 ~4.1412
20 293 0.0034 0.0262 -3.6420
2% 298 0.0034 0.0424 -3.1596
30 303 0.0033 0.0677 -2.6931
35 308 0.0032 0.1063 ~2.2418
40 313 0.0032 0.1645 ~1.8049
STEP 4. A== 9 {559 571 ALk
¥, 7] i fFeds 9 Wl
FE2E(T) FE /ML (A) HE-S-2- % (B) AZFA S F(A x B)
10 5 0.0095 0.04743
15 1 0.0159 0.01590
20 2 0.0262 0.05240
%5 2 0.0424 0.08488
30 2 0.0677 0.13534
Sum 12 - 0.33595
FHzxdF(Ao) |TFASSE FH(Ae) Ao-Ae A7 3} T+E713H(4)
0.220 2.062 1.84 0.336 65.8
STEP 5 ; ¥ &7t A QEAAT0.DE AA3ste] ALsh.
27 658 /MY * 07 = 461 ML
® FatstEt
STEP 1. AF-25d Aq37|7be] w& 7zt Fd4x] %9 st &4
o 72k 8} 5 7}
Cut off -
0.9
AA717HE) | 25T 35C 40°C 0.8
%27 0.67 0.67 0.67 0.7 =
o 0.6 AN
14 0.56 0.53 0.68 e \
24 0.67 0.60 083 || 44 \\ [—+—250
: \ —=—35C
3¢ 0.20 0.17 0.11 0.3 \ 100
44 0.01 0.05 0.05 gf
59 0.00 0.00 000 || 40 I
6‘%}_ 001 OOO OOO 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
74 0.00 0.00 0.00
# WASIES Il JIEMED|2H0] SII6IH 848 246l &0 A0 SEVIE 88 NEsgs50oz 2HEE
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@ =9k

STEP 1. A5 A7kl wp& 7} FhX %9 shdst &
KNl = Q14
Cut off 6.4% 5.0
AFN(E) | 25T 35T 40C YT
_ 8.1
%7 8.18 8.18 818 || ., \Ti.\‘
19 8.10 8.02 8.03 79 e —
29 8.03 7.94 795 78 0 —a
39 8.02 7.92 790 i e
7.6 40C
49 7.94 785 7.80 s
59 7.88 781 776 7.4
- 73 1 1 1 1 1 ]
6E] 789 775 771 Ep) 12 3 48 58 6 I
74 783 768 7.64
STEP 2. 7 429 AZewd A el he 7 FaAxe Faus 334 e
S},
AT 0 whg 1A Wk
HE-g-2) Ae = Ao - Kt Ln(Ae) = Ln A -Kt
e & 25C 35C 40C 25C 35C 40°C
Slope ~0.0482 ~0.0632 -0.0719 ~0.0060 ~0.0080 ~0.0091
Intercep 8.1531 8.1143 8.1210 2.0985 2.0938 2.0946
corr (R%) ~0.9840 -0.9768 -0.9846 -0.9846 09785 | -0.9862
FAuste]
. 0=} 2 12} dE-g2o A 40T 2] Rk 0.9862¢] 7H4 Fo2 1xF v
STEP 3. 2&tAlo A At=3% 25 KitS o] &35te A3t yA & A=3
Arrhenius equation : LnK = —(Ea/R)(1/T) + Ln A
2%(T) 2% (K) /T K InK Ea -5121.146
2% 298 0.0034 0.00603 51117 Slope ~9577.325
35 308 0.0032 0.00799 ~4.8290 Intercep 3537
40 313 0.0032 0.00912 —4.6978 corr ~1.000
10 283 0.0035 0.0038 —5.5697
15 288 0.0035 0.0045 54116
20 293 0.0034 0.0052 ~5.2589
25 298 0.0034 0.0060 —5.1113
30 303 0.0033 0.0070 ~4.9686
35 308 0.0032 0.0080 ~4.8305
40 313 0.0032 0.0091 —4.6968
STEP 4. A%¥2% 9 {559 #5713 ALt
£ g/ A fEds 9 W
FE22(T &ML T(A) HES-2 - (B) A7 sl (A x B)
10 5 0.0038 0.01906
15 1 0.0045 0.00446
20 2 0.0052 0.01040
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25 2 0.0060 0.01206
30 2 0.0070 0.01391
Sum 12 0.05989
HxdF(Ao) [ rAsE Fh(Ae) Ao-Ae AR 3} TE71H(E)
2.101 1.856 0.25 0.060 49.1

STEP 5 ; 3% %5713 AACHIAF0.7)E dAste] A,

&7 % 491 714 = 07 = 344 7h¥

2~ B
T

STEP 1. A2 37|37t W& 7 FdA x| ShaFwist B4

a5 ]
Cut off 5.0% 7.0
A %717 (4) 25T 35T 40C 6.0 03¢
%7 1.81 1.81 181 || 50 +ig:§ .
19 2.10 2.95 259 ||, /'/
29 2% | 263 | 295 ||, —
3¢ 2.54 3.03 3.36 W
49 267 3.38 388 || [T
54 2.84 3.86 4.49 10
64 3.03 4.47 520 |00 b————————
79 396 498 533 00 1.0 20 3.0 40 50 60 7.0

STEP 2. 7} Ao A= AG7|zbe] & 72t F24X e st wygdas b=
e
HE-S- 2} 4= 0=} W& 12} Whs-
HE-S-2] Ae = Ao - Kt Ln(Ae) = Ln A -Kt
L & 25C 35T 40C 25C 35T 40T
Slope 0.1953 0.4444 0.5512 0.0783 0.1403 0.1557
Intercep 1.8887 1.7453 1.8324 0.6547 0.6527 0.7180
corr (R%) 0.9948 0.9965 0.9956 0.9844 0.9952 0.9868
FAWsle] 3§
- 0=F 2 1} ¥kl 35T <9 R#k 0.99650] 7H4 Fo2 03F ¥Hg-

STEP 3. 2@AA AbEst 25 Kae o] &3te] &AdstduAE k=3

Arrhenius equation : LnK = *(Ea/R)(l/T) +Ln A

=%(T) =% (K) /T K InK Ea -8824.728
25 298 0.0034 0.07828 -2.5474 Slope -4441.232
35 308 0.0032 0.14028 -1.9641 Intercep 12.380
40 313 0.0032 0.15569 -1.8599 corr -0.984
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10 283 0.0035 0.0364 -3.3131
15 288 0.0035 0.0478 -3.0406
20 293 0.0034 0.0622 27775
25 298 0.0034 0.0802 -2.5232
30 303 0.0033 0.1026 -2.2772
35 308 0.0032 0.1301 -2.0393
40 313 0.0032 0.1638 -1.8089
STEP 4. A% 2 #5%9 #5718 A4
% g/ ARe fedsr 2 wag
FELE(C) | #EAEFA) [ HEHE®D) A7 FA x B)
10 5 0.0364 0.18202
15 1 0.0478 0.04780
20 2 0.0622 0.12439
25 2 0.0802 0.16041
30 2 0.1026 0.20514
Sum 12 0.71976
Az FHAo) [FANE A  Ao-Ac AdstE | w5/l
1.809 5.000 3.19 0.720

STEP 5 ; ¥ #5718 A4

A5 2Asto] A

).

& 717 532 M4 =07 = 372 7H4

® LA

[ mA= AlE Dataoll &8 54 F0] et
&= A REA Tt (cfu/g)
7% 1000 o]
o 25 e 10T O g+t o % w2 Ag -2 AFPAA 745
%71 | 33556 | 33556 | 33556 | © 14EW =T FdER SR A
19 | 30111 | 32778 | 33000 | 8% Wi AL Y
208 | 29556 | 20778 | 29778
319 | 32222 | 32111 | gnan | © SMARE SAHOE 0tclug elskelt @t
N | 20889 | 30667 | s0667 | 1T AEEAS A9 EM 1000cfu/g efeh= 7
509 | 32889 | 347.78 | 28778 | SHeM, 71Nl vidE SARYE wAHA &
6719 | 32556 | 31333 | 33556 | =
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@ HAF 5717 =
A s Z A3 Hl-8- X} 4= =Y FE2E ¥
s 7)) 5% 0=} 317 N4
A7} 7.87 13+ 461 MY
4kt E 71 - - -
< o1k 6.4% 12+ 34.4 MY
A= - - -
FE 5% 0 372 MY
] gk A 7 1000cfu/g -
s Puto| 2 HA] 5 TAAFXES PETH X4 AHdA 7IEAdozR Yy 2Esd & 571
ke 317 R ot Alo] Elgel ueEl HF FEV|he AXAdZNE 24MdE A
vl AJAE Al xR
(1) AEH
O AEW 2 259 FFo] R vadoeR QX st o], FrEH e =48 F
HA H27] A9 AFe] &S dA &+ Jdud Ao w 2y
(W) Z2AAAZ @ "B
D AEHS d9o 3oy 5802 A|HHT Qo] sl stux HuHE o= WA
(t}) Blduto] EHX @ E5HX
(2) AF gAAd AA
(7h) YAl XA

O gAd T -

gl 2% ("B
2ol 2% (HUl

gle
Y

Zul A 2% (HY B

[] HAkel Aft

E
2]

POSE

A&7 HuBL(24)
AHAF
EIAF
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(3) %7141
7h A#HA=F - 1¥ 33 13] 600mg (1Y 1.8g)

(b HES §9 8 eE

(ch A4 7o AHg : del2r] 408A AFss 9 w7

() 9 HEE

O =5FA

18] A& 1.8g/~F Lk * FYL 7]FA

o & 10 Kcal

95 5g 0 g 0 %
AL 0g

o lg 2 %

] |k 0g 0 %
E 3R vk 0Og 0 %
Edfl A 0g

Fd~HE 0 mg 0 %

UYEF 5 mg 0 %

@ HYEZe (E4)

18] A& 1.8g/~3F o= * FYAL 7]FA

o = 10 Kcal

e st 1 g vt 0 %
s 0g

g 1 gt 2 %

=] vk 05¢g 1%
A 0g 0 %
E W= 0g

FH " E 0 mg 0 %

UYEF 0 mg 0 %

ol ()M EA pxe 23
A

BrEst s BEskr] sl

N ok
okx obAH7Fdo A e (2011.6)3F &1 3 A] AH|2008-533.(2008. 8. 14) A E9o] FE57]
A AE slol=glel Fae] AL

@ Ao AXNE BAAZE F AAg AFL 2Ed AL 37 AAs ], Buw B3
e 7h Lotol wate] Wiz, 2FTR Uro] mpstdon, & 83 3 R, 13
A G AsEFE 2@ SAAE, EA8E 9
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STEP 2.
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HE-8-2} 5 0%} Hbg- 12k RE-&-
HE-3-2] Ae = Ao - Kt Ln(Ae) = Ln A -Kt
< = 25C 35T 40C 25C 35T 40C
Slope -0.21587 -0.38175 -0.44286 -0.02595 -0.04888 -0.05843
Intercep 9.25556 9.29444 9.16667 2.22885 2.23877 2.22522
corr (R?) -0.9311 -0.9766 -0.9618 -0.9227 -0.9712 -0.9640
FAWsle]l & . N
- 0z} 2 12 wreAolA 35T R 097660 714 Zo & 03} ¥+
STEP 3. 22tAlol| Al Ab&e 25 Kgtbs o] &3te] A stolyAE A=
Arrhenius equation : LnK = —(Ea/R)(1/T) + Ln A
=%=(7C) 2= (K) 1/T K InK Ea -9111.88
25 298 0.003356 0.215873 -1.53306 Slope -4585.75
35 308 0.003247 0.381746 -0.963 Intercep 13.87253
40 313 0.003195 0.442857 -0.81451 corr -0.99227
10 283 0.003534 0.097147 -2.33153
15 288 0.003472 0.128708 -2.05021
20 293 0.003413 0.168893 -1.77849
25 298 0.003356 0.219613 -1.51589
30 303 0.0033 0.283101 -1.26195
35 308 0.003247 0.361945 -1.01626
40 313 0.003195 0.45913 -0.77842
STEP 4. AF2>%= 9 559 F&7g AL
I 87 AR fredT ¥ ¥sH
5= (T) T MNET(A) HE-8-4 %= (B) AW s (A x B)
10 5 0.0971 0.48574
15 1 0.1287 0.12871
20 2 0.1689 0.33779
25 2 0.2196 0.43923
30 2 0.2831 0.56620
Sum 12 1.95766
HzxgF(Ao) | A3HS h(Ae) Ao-Ae AA s & 7]8HH)
9.000 5.000 4.00 1.958 24.5
STEP 5 ; #ZF 5713 AACHIAF0.71)E dAste] AL,
r&7]3k 245 MY =07 = 172 /€
ZsTIL UM &, S JISE "HIOMA 2220|2101 SIF 822 HXP 2O D48 &, U2 SIHIEzZN &
DI?_F HFANE NEZ 2NN RSI18 43 XNZ0A MASHAS
@ A7t
[FAsA HdA]
O &5 A NG FH)eF A7 2k 3| AWA A S F3oh
] o] 2ol #5AAe A FA%k 53& dd s
O AF=3 3E slld S 2A R A% e= o
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= BT T
A47170(E)| 25T 35C 40C 25C 35C 40T
=7 9.00 9.00 9.00 2.8 28 2.3
14 9.00 9.00 9.00 2.9 3.0 3.1
29 8.93 8.80 8.67 3.0 3.2 3.4
34 8.87 8.27 7.33 3.0 35 38
44 8.47 7.60 713 31 3.7 41
54 8.20 7.40 7.00 3.2 41 45
64 8.13 7.20 6.80 35 4.4 5.2
74 7.40 6.40 6.00 38 50 59
EEbRE
e BN wtel 7
o v = ~0.5603x + 7.9103
25 -
R2 = 09380
o v = ~0.7678x + 9.8327
35°C 5.99
R2 = 0.9692
o v = —0.8706x + 10.7490
40°C -
R2 = 0.8779
5718 AA]
STEP 1. A5 7|7kl mE 77 F24Axe] shgFuist &4
= A7t
Cut off 5.99 6.2
A717HE) | 25T 35C 40°C
=7 2.85 2.85 2.85 v /./'
14 2.89 2.93 3.14 42 -
29 2.96 319 343 Pé,zﬁiiy -
34 304 | 35l 379 || ¥ = M
49 3.10 3.75 414 2 i
54 3.22 405 4.46
6 350 4.44 5.22 2
7% 380 500 591 " =) 1€ 28 3g 48 el ! 74
STEP 2. 7} A& AF2=d AG7|d mE 7 F24A159 s Agas b=
3t
He AT 07 W 1A urg
HE-S- 2] Ae = Ao - Kt Ln(Ae) = Ln A -Kt
e = 95T 3BT 40T %5 35°C 40T
Slope 012581 | 029997 | 042011 | 003870 | 007997 | 0.10154
Intercep 073093 | 267204 | 264824 | 101419 | 101721 | 1.03254
corr (R 0.9363 0.9839 0.9812 0.9492 0.9947 0.9955
Fdwsle 3
i 0 @ 13} WA oA 40Te] R7k 099550] 744 Foz 17 s
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STEP 3. 29AlolA A& &5 Kgke o] &3slo] A5t YA S 253

Arrhenius equation : LnK = -(Ea/R)(1/T) + Ln A

~12120.06
2=(T) L5 (K) 1/T K InK Ea 9
25 298 0.0034 0.03870 -3.2519 Slope ~6099.682
35 308 0.0032 0.07997 ~25262 Intercep 17.232
40 313 0.0032 0.10154 —2.2873 corr -0.997
10 233 0.0035 0.0133 ~4.3219
15 288 0.0035 0.0193 -3.9477
20 293 0.0034 0.0277 ~3.5862
25 298 0.0034 0.0393 ~3.2369
30 303 0.0033 0.0551 ~2.8992
35 308 0.0032 0.0764 —25724
40 313 0.0032 0.1048 ~2.2560
STEP 4. AF2x 2 {559 5718 A4
E. 97 el ey 9 Wty
FECE(C) | #EARF@A) [ WEEHE®B) AP S EA x B)
10 5 0.0133 0.06638
15 1 0.0193 0.01930
20 2 0.0277 0.05540
25 2 0.0393 0.07857
30 2 0.0551 0.11014
Sum 12 0.32978
#HzxdF(Ao) |TFABSE FH(Ae) Ao-Ae A7 3} 2 & 7]13H4)
1.047 1.790 0.74 0.330 27.0
STEP 5 ; H¥F f&7Ist A RQAAT0.7DE AA3ste] ALsh.
& 7]t 270 7Y = 07 = 189 ¥
@ H1taE7)
STEP 1. A2 Ag7|gte] we 2b wdx e Fdwst v
5 b sHE 7L
Cut off - R
]_ O_] o o, o )
%1% fl M) | 25T 35C 40°C 12.00 \ —
Zx7] 12.59 12.59 12.59 10.00 =350 —
40T
1¥ 10.00 7.25 3.32 5 00 \
24 9.78 595 289 || NN
3¢ 8.17 5.12 1.88 | T N
49 758 453 1.07 4.00 —
59 5,50 3.30 0.80 2.00 e
64 4.00 2.80 0.65 000
7% 360 220 055 =J 18 28 38 48 58 68 78
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@ =9k

STEP 1. A2 A7 & 7 F2A %9 kst &4
B =9 Q1A
Cut off 11 M'OU
AF71ZHL) | 25T 35T 40°C || o o
%7 13.00 13.00 13.00 \Q\
19 12.93 12.93 1277 || \_\ ’
249 12.84 12.63 1238 || o e
3¢ 12.66 12.45 12.09
10.00
49 12.48 12.02 11.65
59 12.31 1155 1128 ||
6¢ 12.13 11.18 1078 ||
79 11.98 11.00 1051 S
STEP 2. 7} &9 ARG A7t mE 7 FAAx9 FgEFust IS A=
st
WS A5 0%} g 1Ak Wk
HE-g-2) Ae = Ao - Kt Ln(Ae) = Ln A -Kt
e = 25C 35T 40C 25C 35C 40C
Slope ~0.15283 | -0.31475 | -0.37048 | -0.01222 | -0.02621 | -0.03157
Intercep 13.07685 | 13.19704 | 13.10444 | 257144 258271 257661
corr (R?) -0.9928 | -0.9866 | -0.9970 | -0.9919 | -0.9846 | -0.9952
Fawste o
. 0% % 17 WA 40T Rk 099700 b3 FO= 0% WS
STEP 3. 2@AolA =3t & Kghs o] 835t A3ty A & 4&=E.
Arrhenius equation : LnK = —(Ea/R)(1/T) + Ln A
~11284.36
25(TC) 2% (K) 1/T K InK Ea N
25 298 0.0034 0.15283 ~1.8784 Slope ~5679.095
35 308 0.0032 0.31475 ~1.1560 Intercep 17.204
40 313 0.0032 0.37048 -0.9930 corr ~0.989
10 283 0.0035 0.0571 ~2.8632
15 283 0.0035 0.0809 —2.5149
20 293 0.0034 0.1132 —2.1783
25 298 0.0034 0.1567 -1.8531
30 303 0.0033 0.2147 ~1.5387
35 308 0.0032 0.2910 ~1.2344
40 313 0.0032 0.3907 -0.9398
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STEP 4. AF=% 9 fF&5F9 F&5713 ALk
X 7] AR feds H Wsle
FE2%(T) &5 ML T(A) HE-S-4- %= (B) AP sl (A x B)
10 5 0.0571 0.28542
15 1 0.0809 0.08087
20 2 0.1132 0.22646
25 2 0.1567 0.31349
30 2 0.2147 0.42934
Sum 12 1.33558
Hz3=F(Ao) |1 ASHS 3k(Ae) Ao-Ae o 7FHA ) 2 5713 (4)
12.999 11.000 2.00 1.336 18.0
STEP 5 ; #ZF 5713 AACHIAF0.71)E dAste] AL,
% 7]3%k 180 7€ =07 = 126 /¥
B T
STEP 1. AF2=d A7 & 7 F38A %9 =gt 24
Bia T
Cut off 5.0 4.0
AZNH(E) | 25T 35T 40°C 3.5 /_/.7‘/'
- L /—’*’4
z7] 2.01 2.01 2.01 3.0 / ¢
14 2.34 2.46 2.50 2.5 —
24 2,65 2.72 279 || 2.0 _,L+25C
34 2.88 3.04 3.12 1.5 —8—35C
49 3.02 3.24 3.34 1.0 w0c
59 3.15 3.36 3.47 0.5
64 3.22 3.4 3.67 0.0
7% 3.98 358 371 xJ 18 28 38 48 HE 68 73
STEP 2. 7} Ao AF2rd AF7|zte] w& 7t F24X3x9 st wygas A=
st
HE-8- 2} 0=} Hk-S- 12} Hh-g
HE-g-2) Ae = Ao - Kt Ln(Ae) = Ln A -Kt
L = 25T 3BT 40C 25C 35T 40C
Slope 0.18267 0.22016 0.23836 0.06802 0.07798 0.08255
Intercep 2.18731 2.22361 2.24241 0.78818 0.80695 0.81615
corr (R?) 0.9677 0.9702 0.9704 0.9491 0.9623 0.9479
A s N N .
. 02 2 12} wbg-2 oA 40Tl Rt 097040] 7H¢ Fo2 03 kg
STEP 3. 29Aol A AF&3 25 KiEe ol &3le] A3 UA S &3
Arrhenius equation : LnK = -(Ea/R)(1/T) + Ln A
25=(7C) 2= (K) 1/T K InK Fa -3305.633
25 298 0.0034 0.18267 -1.7001 Slope -1663.630
35 308 0.0032 0.22016 -1.5134 Intercep 3.884
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40 313 0.0032 0.23836 ~1.4340 corr ~1.000
10 283 0.0035 0.1361 ~1.9946
15 288 0.0035 0.1507 ~1.8926
20 293 0.0034 0.1663 ~1.7940
25 298 0.0034 0.1829 ~1.6987
30 303 0.0033 0.2006 ~1.6066
35 308 0.0032 0.2193 15175
40 313 0.0032 0.2390 14312
STEP 4. A% 2 fFE5F F3&718 AL
%G| Juel §EAT 9 way
5= &5 ML T(A) HE-3-2 % (B) 7Hi st =H(A x B)
5 0.1361 0.68031
1 0.1507 0.15063
2 0.1663 0.33253
2 0.1829 0.36533
2 0.2006 0.40113
Sum 12 1.93053
HzxeH(Ao) |[FA35HE Fh(Ae) Ao-Ae A7 3} 57138 (4)
2.0 5.000 2.99 1.9 18.58
STEP 5 ; HZ %718 AAHARQFAASF0.7)E A5kl ALk,
5 1858 1€ * 07 = 130 MY
® 9w
O] v AAE A1E Dataoll o3 F213F0] It
|+ (cfu/g)
1000 ©] s} 3.0
25C | 35C | 40T 00
28.89 | 2889 | 2889 . \'ﬁiﬁ\ —
1719 2556 | 2667 | 2667
20.0 - K~
2714 26.67 | 24.44 | 22.22 —4— 250
- 15.0 —B—35C
3714 2333 | 2000 | 27.78
404 2000 | 20.00 | 2556 0.0
5714 2022 | 1778 | 22.22 5.0
6714 2000 | 2333 | 23.33 00 . L |
704 2333 | 2444 | 2111 x| 14 38 43 53 78
O AT = 2w Aell§-22 AA 7AEAY 713HE BE BHER {5718
Aol dFge Y= Aow Buy
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Slope




Intercep 9.29074 9.29074 9.16296 2.23265 2.23693 2.22797
corr (R -0.9200 -0.9825 -0.9924 -0.9156 -0.9773 -0.9927

02 R 12k wh&-2lol A 35T Rat 0.9927¢] 71 Fo= 12 W&

STEP 3. 2Aol A AF&E3sE 251 Kgks o] &sto] &gt yA & 4F=3
Arrhenius equation : LnK = —(Ea/R)(1/T) + Ln A
25(TC) 2= (K) 1/T K InK Slope -4743.495
25 298 0.0034 0.21640 -1.5306 Intercep 14.375
35 308 0.0032 0.34497 -1.0643 corr -0.996
40 313 0.0032 0.47037 -0.7542 Ea -9425.324
10 283 0.0035 0.0919 -2.3866
15 288 0.0035 0.1230 -2.0956
20 293 0.0034 0.1629 -1.8146
25 298 0.0034 0.2138 -1.5429
30 303 0.0033 0.2780 -1.2803
35 308 0.0032 0.3584 -1.0261
40 313 0.0032 0.4584 -0.7801
STEP 4. AF2% 9 55 F&718 AL
% Y7 AEY Fedr 9 WgEr
FE2%(TC) FEMNET(A) HHE-4 = (B) AW A x B)
10 5 0.0919 0.45970
15 1 0.1230 0.12299
20 2 0.1629 0.32582
25 2 0.2138 0.427751
30 2 0.2780 0.55593
Sum 12 1.89195
HzxFAo) |TAsES Fh(Ae) Ao-Ae AW 3L & 71gH(E)
9.000 5.000 4.00 .892 25.4

1
STEP 5 ; A% %713 AAHCFAASF0.7)E A3kl AL,
%5 7] % 25. x 07 = 178 MN¥Y

W~
==

R

, JI=E BIOHOA 22D|2t01 St g4

ot , o & = x- 20 048 &, B2 SHECZN RS
|8t EFAE NEZ BFHEOI0 RSJI8 €& XH0UA X LsH
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G EE &
A7) 25T 35C 40°C 25C 35C 40°C
=7 9.00 9.00 9.00 0.74 0.74 0.74
14 9.00 9.00 9.00 0.74 0.75 0.77
29 8.96 8.76 8.13 0.76 0.78 0.79
34 9.00 8.40 773 0.78 0.81 0.83
49 8.53 3.07 7.20 0.80 0.86 0.89
59 8.40 753 6.87 0.81 0.89 0.93
64 7.84 7.18 6.29 0.83 0.90 0.95
79 753 6.73 5.91 0.84 0.94 1.00
= 5] 715 4]
ew ] #7ke] 777
25C y = -0.0647x + 1.3405(R® = 0.8289) 1.02
35C y = -0.0842x + 1.5140(R® = 0.9671) 1.09
40°C y = -0.0813x + 1.474(R* = 0.9729) 1.07
® w571 4%
STEP 1. A== A&7 7k w& 72} F24X] ke shaFu st 4
3= A7}
Cut off 1.07 11
Ax717HE) 25C 35T 40°C 1.0 .
27| 0.74 0.74 074 || o° e
14 0.74 0.75 0.77 o8 ?.7/“7’"4, —
29 0.76 0.78 0.79 Z; et
N : —|—pc
3¢ 0.78 0.81 0.83 o ol
49 0.80 0.86 0.89 o
59 0.81 0.89 0.93 0.3
64 0.83 0.90 0.95 0.2 T S S S
7%] O 84 O 94 1 OO =J| 12 28 32 43 58 62 78
STEP 2. 7} A& AFge=d A7 mE 7 F24Axe s Agas b=
3},
WS A5 0% g 13 WS
HE-g-2) Ae = Ao - Kt Ln(Ae) = Ln A -Kt
& = 25C 35C 40°C 25C 35C 40°C
Slope 0.01652 0.02971 0.03865 0.02101 0.03582 0.04491
Intercep 0.73009 0.72852 072750 | -0.31306 | -0.31208 | -0.31013
corr (R°) 0.9930 0.9948 0.9953 0.9922 0.9944 0.9960
FAdWsle] 3
. 02k 2 12} wF$-Ao A 40°C 2] R 0.99600] 7bg Fo= 13 ¥h-g
STEP 3. 2@AlolA &3 25 Kiks o] 835ty A8t yA & 4&=E.
Arrhenius equation : LnK = —(Ea/R)(1/T) + Ln A
ex=(c) | =K | 1T | K | InK \ Ea [-9442.147
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25 298 0.0034 0.02101 -3.8629 Slope -4751.961
35 308 0.0032 0.03582 -3.3293 Intercep 12.087
40 313 0.0032 0.04491 -3.1030 corr -1.000
10 283 0.0035 0.0091 -4.7043
15 288 0.0035 0.0121 -4.4127
20 293 0.0034 0.0161 -4.1312
25 298 0.0034 0.0211 -3.8591
30 303 0.0033 0.0274 -3.5959
35 308 0.0032 0.0354 -3.3413
40 313 0.0032 0.0453 -3.0949
STEP 4. AF2% 2 {559 5718 A4k
¥, %7 AR fE5Ud4 2 sl
FELZ(T) FENLF(A) Hk-S-2= 1= (B) A7 3 EHA x B)
10 5 0.0091 0.04528
15 1 0.0121 0.01212
20 2 0.0161 0.03213
25 2 0.0211 0.04218
30 2 0.0274 0.05487
Sum 12 0.18658
Hzxst(Ao) | TA3HS Fh(Ae) Ao-Ae A 71 3} = 5713 (4)
-0.307 0.065 0.37 0.187 24.0
STEP 5 ; A% %713 AAHCFAASF0.7)E A3kl A4S,
5738 240 MY =07 = 168 N¥
@ F}4F3FE7)
STEP 1. AF2=d A7t & 7 F4X %o shafist 4
gHi Akt E 7}
Cut off -
A7 7HE) 25C 35C 40°C
vl 0.00 0.00 0.00
1€ 0.00 0.00 0.00
29 0.00 0.00 0.00
34 0.00 0.00 0.00
49 0.00 0.00 0.00
594 0.00 0.00 0.00
6 0.00 0.00 0.00
74 0.00 0.00 0.00

# HMBIEIE R

==
=]

gt 848 NEESE 7
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© =k

STEP 1. A&-25d Aq37|7be] & 7F 2% 359 st &4
5 PR
Cut off 6.4 S
AA7)7HE) | 25T 35°C 40°C ZZ %\\,
27] 79 7.9 795 || ., N
14 792 7.90 788 || 16 ‘x,\‘i
o e
29 7.89 7.83 7.80 75 e —
3¢ 7.82 777 771 e +j§2
49 773 7.66 763 ||
54 765 758 753 .
64 759 7.50 7.45 70 L —
7% 754 745 737 =| 18 28 3g 48 5¢ 68 74
STEP 2. 7 ¥ A3 e=d AF/4e he 74 F4ALs gaas 3495 s
s},
i 03 Wg 1A s
HE-S- 2] Ae = Ao - Kt Ln(Ae) = Ln A -Kt
e & 25°C 35°C 40°C 25°C 35°C 40°C
Slope ~0.06288 | -0.07549 | -0.08395 | -0.00811 | -0.00981 | —-0.01096
Intercep 798103 | 796984 | 795999 | 207732 | 207601 | 2.07486
corr (R?) ~0.9919 | -0.9971 | -0.9996 | -0.9915 | -0.9969 | -0.9994
FAuss
i 02 2 13} W& 2lol A 40C 9] RaF 0.99960] 714 Fo = 03 whe
STEP 3. 2@ Ao A A=t 25 Kgks ol &3t &4y A & 4H=3t
Arrhenius equation : LnK = —(Ea/R)(1/T) + Ln A
e2(C) | 25(K) /T K InK Ea 3677532
25 298 0.0034 0.00811 48144 Slope | -1850.796
35 308 0.0032 0.00981 —4.6249 Intercep 1.393
40 313 0.0032 0.0109% ~45136 corr ~0.999
10 283 0.0035 0.0058 ~5.1466
15 288 0.0035 0.0065 ~5.0330
20 293 0.0034 0.0073 49234
25 208 0.0034 0.0081 48174
30 303 0.0033 0.0090 ~47149
35 308 0.0032 0.0099 46157
40 313 0.0032 0.0109 —45197
STEP 4. AF2x: 2 fF&559 5718 A4k
H 9] Avel fEdr 9 wad
FE25(T) &5/ ET(A) HE-8-4 = (B) AASFA x B)
10 5 0.0058 0.02910
15 1 0.0065 0.00652
20 2 0.0073 0.01455
25 2 0.0081 0.01618
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30 2 0.0090 0.01792
Sum 12 0.08426
HEgF(Ao) | TASESE FH(Ae) Ao-Ae AW 5 7]13H(E)
7.952 6.400 1.55 0.034 221.1
STEP 5 ; HF 57| ABRQREAAT0.7)E AAsto] ALSH.
& 7%k 2211 MY =07 = 1547 ¥
® T
STEP 1. A2 Ag7|gte] we 2F wdx o] st v
G5 R
Cut off 5.0 +0
A7) | 25T 35C ac || 4250 I
27 1.92 1.92 192 || % o e
4070
14 2.05 2.11 2.15 2.9 /
29 2.23 2.23 245 || 20
3¢ 2.49 2.53 273 || 14
49 2.61 2.81 307 || 10
54 2.79 3.07 326 || 05
64 2.86 3.33 353 ||M e
P 5 g7 6 278 £ 12 08 8 4@ 3 62 7
STEP 2. 7z} A& Ad2=d Ad7|te] g 2zt F84x159] st A4S A=
5]:1_
WS A 03 uhg 1A g
HE-g-2] Ae = Ao - Kt Ln(Ae) = Ln A -Kt
e = 25C 35C 40°C 25T 35T 40C
Slope 015714 | 023419 | 027003 | 006474 | 008390 | 0.09758
Intercep 194000 | 1.86241 | 191546 | 067457 | 065475 | 0.68481
corr (R?) 0.9904 0.9955 0.9937 0.9837 0.9978 0.9923
kil s
- 02t 2 13} Wrg2ol A 35T 9 R 099870] 714 Fo= 03 v
STEP 3. 2@AlA AbEd 258 Kits ol &3t 48ty & &3
Arrhenius equation : LnK = —(Ea/R)(1/T) + Ln A
e=(0) [ =K /T K InK Ea ~6779.356
25 298 0.0034 0.15714 -1.8506 Slope | -3411.855
35 308 0.0032 0.23419 -1.4516 Intercep 9.605
40 313 0.0032 0.27003 -1.3092 corr -0.993
10 283 0.0035 0.0362 —2.4503
15 288 0.0035 0.1063 22415
20 293 0.0034 0.1301 -2.0393
25 298 0.0034 0.1582 ~1.8440
30 303 0.0033 0.1911 ~1.6550
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35 308 0.0032 0.2294 ~1.4722
40 313 0.0032 0.2738 ~1.2953
STEP 4. AF2% 2 fF&5F9 F&71g ALt
) A¥el wEds 9 wae
FE2%(T) FE ML (A) HE-S-2= 1 (B) AZFA S (A x B)
10 5 0.0862 0.43112
15 1 0.1063 0.10630
20 2 0.1301 0.26023
25 2 0.1582 0.31638
30 2 0.1911 0.38218
Sum 12 1.49621
AzFFHAo) |74 gAe)|  Ao-Ac A7kl o o FENTHL)
1919 5.000 3.08 1.496 247
STEP 5 ; 3% %5713 AACHIAF0.7)E dAste] A,
§E 78 247 ALY 07 = 173 NL
@ ATt
[ u]AE Al Dataol 93 TAFo] A
R A REA T (cfu/g)
& 1000 o] &} Rl P
Nea =t 25T 35T 40T 25.0
= 7] 2778 | 2778 | 2778 N LN
e | 2778 | 2778 | 2778 | VKK.
[} +25C \ |
K 2667 | 2556 | 21.11 16.0 M -
370 22922 | 2444 | 2333 0 e
4709 20.00 | 1889 | 18.89
571€ 2333 | 1333 | 2111 5.0
671< 20.00 | 1778 | 17.78 00 e
7704 15.56 17.78 15.56 ) 18 o8 38 48 53 63 73
O UAE % vhdeaAuSs AYAN EAY VB BE BdER §57)
Aol VA= P Qe Ao BuY
O AukAlFE BAHOR 10T cfug olstolh WAINE AXETHL Feekel 1,000
clw/g o13h2 AR ov], Zolun Vs SAAYe wANA &S
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