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O e 42 e &9 date2 gto| Zo| st 2/Alo| ZotX|HA AL sS4 Zo 2
Lot O £=QIt R ES| SItetD US. T HL7|SAE AIE 2= 184d 4= 3,000
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O "17d I AZ7|sAE 258 & & Xt=of olstH 4 ®EZ0| MA A[E2 46%
XXt 7HE =2 s Een, JEAEME0| O FlE o|YS. /HA™EME S
= Y= FES(HYY|s M) L RofE FE 2 2(2E AZ)o| JHE =2 &
2l
se| m Z 02 (HE) Yo¥| cAGR
= =s 2012 2013 2014 2015| 2016| 2017 (%) 3v.%)

1 84 6484| 5869| 6,330 6943 9,900| 10,358 46 17.8
2 PEAHHE 1,807| 2,324 3177 3195| 2357| 2450 39 83
gHag2sE 245 314 396 714 533 582 97 137
G S B 502 541 379 255 249 226 97| -158
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Hojazz8 185

B2 TAHE-AE S S HAYRTE 19 23 32 50 93 115 231 530

T ZZEL Y= 1 26 114 329
UYFYG AR 57 112 126 77| -389 105
0q & 223 (UelH) 63 183 93 70| -24.3 38

I EESSTE(HT042) 266 98 67 -31.9

HE 2B e AEE|= = 0 5 B0 1002
YroSEHEZE 100 704| 1,193 380 47 40| -148| 678
SHiolE4+ 222 & S§HE 61 27 36 44 30 39 297 29
UHREZERY 81 56 22 38 764| -222

2HQ 2Ol MEI SIS = 30 34 12.3
EOUFH2ERY 63 51 40 47 32| -316] -148
7|EF FHEANHME 852 616 906 991 754 579| -232| -109
HIEID L 27|13 1646 1,747 1,415 2,079| 1.843| 2,259 226 16.9
4 IZ2HO|QEA 519 804| 1,388| 1579 1,903| 2,174 14.2 161
5 YU3Ms3zs8 135 308 676 705 1,091 1,042 4.5 155
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_15_

7154 AZo el
IIsAEe DAY
SAEe| DAY



B AL T AbA|

o=

&

Al

o | o
R’ E
|5
ol | »
ol | T
O
~
O
€
KH | o
NS
&
[qV]
(ep]
TH
20w
M| o
K|
Jo | <V
~
ofu
__A_.E
B0 | Kk
g | <
o | X
m
ol

HADAM F &=, ZOHAT A

*

(@] (@]
mw| olo| 2| © | &
ﬂmmnmnauu_/.%g
T [aV} ™
kR HE
ol oo | FI&| S |8

O
~

o| O

S| E

13

S| E

To] [®)]

I O O
NENEIEERE
Tlo|n|glel B €]
~N ® o 2

"olw|2] 2 8|1

— | — N~

%+ 0

T | o

— | OC

DOnu+

I°)
o
™
(@]

- |

Eo R N

|

S _
mﬂtR A._mlﬂ_
| o . =
—_— o |
H T o w| = |@o|
|3 < s 2 |o|m
- 2| o 3 w
B 8| gwm S ws
~N| o3 <

wn

f=

©12

5]

0

0 o
, T (o | |

o Eﬂaw —
1H iy o s
o LR
<l < w0
<0

7ol
o}
o
ol

I

longum IM55 S¢&t=(NVP1703)

EOHAFAL, T Aolo|X|(PLAG, 1-palmitoyl-2-linoleoyl-3—acetyl-rac—glycerol),
. plantarum IM76Z} B.

Jjo

ar
et
g

I

(HMR) 7|

00

Ko

1o}

=)
zl
3

e

o] S0{U0| =0[L} 27,

ol

o0

7ol

aTr

KH

U
ol

g

Tilo

ol
ujo

o

i

O #ol=

7ol

oju

2= s 4=

pru i
o
=

Bl

of| L X| 7+
(RI=:

_16_

2020.1.20.,

T,

71
=



HMR 4 &7|8 1Y

|

oA s /o o
L g4 HZX| & HMR HEE/ZC0[Y HMR
2 C|®ELC (gokxy 8o =
A0 8 gl R, A, {7, UEIRE [esd 19y 5
HD_l—E;LGXHI-%:(Rll(:_\JCM J—l_r‘L‘*OH"D oz Hml'u A HED
HEE HYE 5 DHHSHA SOpA| 2hApA]

O8. HMR A &7|=2f MY

rot

=t

O 2010A~2017H HMR A& 2= AEHA 17.3% S7151¥ 204(2019A Al ZAA Mt
ivi akell

7
ZH), 20184 I HMR A|Z HoHH 2 26000 &

O 7FEZHEA(HMR) M &8 R 28|A7F S7H5HHA 201542 sl = 2,084 /0|AE Al2[H
A|X+ 2= Xetal 2,291 d22 10%7tE S71i 20 22 40|32 tfEY HA| 20144
2olM X|ctal 602 RS Z 300% &

O YAl 2025H0|H 2= | A2E YN A2z ofate

m Hxlje o4 3:“
SAIZ CMR AR 28 w0 A1 AR 72 £0] 9 81
=840} 8 ‘2|2 53 A2 22919
Q2|2 20183 72 ‘TRIQ Lo|x 2 e f“»f"*
| = = o 2
SRl 471191 2= el o B j
Rop| 2018258 Q= Ak A v ol
Z )| it otoy| 502t Eok o
SH | 2018 3 WA 'UA cF EA| 2015 2016 2017
F&B SYA 255 UL M) AL (X2 | 2l=20}=E]

8. I CMR At & R Al2ld Al A2 F0l

_17_



w0

Wl

T

ok

L} A=

0

ol

1, 2% S7MolM Als

oo
o3

B
o
=N
__o—l
K]

N

™

—r
110

t, 2018 O|OFEO| A

HF

HE

2
=N

#
2y

O FA5|A} Aol A FEatn|

= A E ZOF th7[FollAM 77 Lol| Zrodst

'

ol

o

& K
P 2

= )

- < -' 4

- \\,% @
e ¢ |l
v /fwﬁf\w <

Ko
8
1

1o

i

I+

[E}
|
u}

P

<

o

KI-
I+

E
Bl
<r
1)
©
__O_”_
&
i

~ Q — |o|la| © 0 - |=|lo|lolo
LI S =B B A= - A R b B S =
T 9 Q S8l I ~ & X888 X 3
| < S S |>|o| @ N R IRINIRIY| & <
71 N A e I A A B B B o
2 © ° |2|e| o = o |o|lo|o|o| o &
R w0 | Ru
= E} 3 ' T m._ﬁ i | |
- —= i = 8 0 o] -
O R 1 P R L R B R
= |H TR Ki 7o
N P Y L IV olge| ™ | M o
T X ool K|S |0 {o0 jon| M |zoly |F X
Wl ~N 20 [ | 30 o0 M X0 w —= -
— = 1 o | = = K| % K0
Rl njo 5 =2 T = K K1 5 o
W <] - B B B T
= Kk o R | 760 | or K ok O | .
o CIN IS T - KOUH ol
0 - B < Ko =- | %0 0 n =0 |7 | SN o2
= il <r | W i e ok 10 | o] | O M oF
R E H o [B]5[R o™ T || |F . O I
TR _._oﬂm%na:_ﬂw_ %Mo%mﬁlmoﬂrmol%
Hmm%__d%%wo__g__p%éno% ﬁzﬁuﬁﬂm_w_mi%%
o0 o 20|70 ™| o U a =l K5 ogr|to
b Iy ST 2 (o g [KPIDEINO & f0F 3
| H oo [ K 5 R 0l OF = [ 05 2 KO - ol 20
® |y I oo Toll il ol o K po o= s 0 m ool 2
N Bt P T E B |y oF [ |™ |5 | 22| el o O RU
O_ O_ Mo o Ao _._._._ ,..A.o _n_._ A_| _n_._ o“_o _A_o HOI o _”__._._._ ﬂ
R U3 o T | OF Yy |ok || Of Yl W2 BT op | o B i gy
el e R A B L R - E BT B R
of e R 2|0 oy B |0|0 || [N 20| &
or | o | O | ey 5 | TH I | 2| B fio T Y S jer M
= ()= o ;m_. o fof ol | = =0 NMIE T ok _ 1 30 o
o__._._ o__._._ Q_H ol % _xE o_H .W_l H_MMV od ﬂ_ mm_u ﬂﬂd: HOI © Kkl
I O P N N L e B L il
il K o dl= o o ol Pl o | |0 L
K K il o] | 2 K o ol K| K|S | o & o
e e N e N ) I T s
T ol7 = FFz w ™ o|xM g
4k - ) gk [0 | AT — o n F o]
i LS S 1 I S - 7 ) g i
oo | T |y |8 D) T
2 |2 |00 W |x |F o0 |8
JI
E_ S22 |3 ®3 3| R | T |g8F 3|3
8l o o |olo|l o pa = Nl=|=| 9 o
w & | 8| SR8 &8 |8 |g58¢8 8|8
~ ~ ~ Al ~ |~ ~ -
o ulo ujo uo |uofulo] wlo ulo ujo W M woluo| wo 0o
OO | o | oo |[<H[oo| oo | B = Tlols - -
W | | o Bl e | T > | m o m_m_ = | =
ol| R 3 A1 (R[]« ol ol |© okl 20| o 2l

_18_



Hio

1715 70

O:
=

™

2t 1,

)

2

TOFFE2E}

oo, Fet

o}
AA

HH

E

X
o

ol Ztzt 4,947 3} 3,229 &2 7}

ol

O
AX

£ 0

=
-

AR FIE 3

Cl &

iz
e

BMZE, Zotd|QHolo| x| (ZF)

ol
=

(BF=O0FEE),

o}
=

HEESTES

OfH|QHol| O] X]), EPA & DHA

=
=

)

OfH|QH ol O] X])

=
=
ZHIO|QEIA(Z0OtH|Mof 0 x]), tfFol2S2t=2(S0tH|Mo0[%]) S22,

iT

(Z0ote|Hof o] %])

WAIR HU7ISAEe 27t Fotaol wat HYTISAE AlFe 72

=
=

ey

7ol
EN

ofl
J

ol

| "HemoHIM &

Mokl

O Z0te[Hoi[of x[of| A

ol
=<

0<
H

£ "oid =204, 20-30AICH 7K

2
ofl

K0

7154

¢
o

A

e 17~184

iz
=

| RuP A

Mgl

Foll M
Atoll M ol -G8 14

1

|

AR

=
=

ol

w0l

(HMR) A

ft

St

ol ot=0{| ClO|0{ER ofL{X| HFE 52 (2016.5)

o
ujo

tol XA (tablet)2 ot

M35

£ TR FRE

2o, 20204 2&o|

7o
THr
ujo

i

o

—r
o]

ol A

A

MIA|
(2018.4)5}

<

O

oju

__A_I

i

Bl

M=’ (2011.9),

<

Tl
Tl
~
ol

ol

1)

o

ulo

wr

_19_



2. oAFE M3l ofF

1) 7|e8E

O ZMAHX e 2oty =2 , 2015~2018) : ZAMH X 2|
752 Ra4o0| M= Aol S. LUR=Ol 2 B
AlZE EBIX| 2E2o| =A 1, O| & o| &3l =ty
2ol ks THGHETHEZ A = FAMEEE AKX =
ZMAXE| F 229 J|s |22 MEZ3 - @&l

ogeel 22| A P UYL slojz Rl
CH AL SH2F 50% CHH ZISH2E 60% CHH A S 65%
Og | M2 AEEX| dHE &85t ZMAHXME E Y 35

O AE22s JIsRdEs F dERss UHES - HF6a ME L 2 AF435H818053-1,
2018~2019) : El™MEO|EEX| 52 7Ir=2dl5ld ZHE S 2 ZF[6Ha 252 in—vitro &
S 53l 435519 S. 1 21 ADH, ALDH 4ol &71=1, &3E 2dls 2 acetaldehyde
etzbo| B7HE0| 2o FoUF = ALz =2elEo] HES Mo Eof - gsto| ek

= muskme uuE WAE wssy MY aizuea a @ O g
B ey
[2tolerg) 210) 4318t 142 <
18,0008 40%
3gxlax
ag. stojks =F & HE o|o|X|

O EXEO|EREX 75 7I-2dllE9 &itst 2 ACE X5 &M A7 . s ™uo|Z2EX| 9| Tt
=5 o F MAz| gHEHES =2lsto] g2 JisEsiEe edtst M35 angiotensin-T
converting enzyme(ACE)2| X3l &M S =AIE S. 47 oty 2 EX| 28 S =elsto] &
MUO| 22X &S MA2lst AlcaseE 0| &35t0] J7I=al5t% 20, DPPH 2iC|Z &4 &
A FRAP, ORACS £3H5l0] shitst =t S T Alst, ACE Nal&tMd s S-S =™ M A
2| ZHS M-I S (=ML MAERR(=F 2019) - ch=O{stw
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AxeelEg

(Units: pmol TE/g)

; Hydrolysis Time: (h)
PALRTA {7 7hrReEe) Sample C“?;;‘?E‘;ﬂﬂ
g4kst 9 ACE A8 24 = = L 3
) 250 1AL & s3R" 2541 + 436™ 209 + 419™ 2150 + 516™
Antioxidant and ACE Inhibitory Activities of Nen-defatted after washed ABa Asb Bbc ABb
. I ) | 500 3528 = 473° 4044 + 499° 2927 £ 557 3318 + 134
rotaetia brevitarsis seulensis Hydrolysates .
250 1475 = 553 2583 = 048™ 1912 = 482°% 2002 = 141%
Non-defatted after cooked - . " -
500 3154 £ 199 46.55 = 472 3956 + 523 4126 + 426
AEAEAY 250 1197 + 307 1434 = 388 2070 = 4.50* 1135 + 259%™
) Defatied after washed - i - e
A3t 4 & 5 500 2833 = 602 2047 + 278 3448 = 559 2991 + 534
250 735 £ 111 1377 + 504™ 1415 = 355™ 1304 + 209%™
Defatted after cooked s She ey Ab
500 2847 + 557 3470 = 479 3492 £ 380 30.80 + 368
2019 alucs with different Iefters within fhe same column differ sigmificanily (P<0.05).

A=yalues with different letters within the same row differ significantly (P<0.05)

AEdE

SEga Aol

O, M2 =S "2l AHYEFX 7#F JirEdi=2 ACE Xof &d

O ZMARNE K5 2US HIIe Aol B3 SN o : A X Al ZMHNE 75 2L
Hoph 23 SMof Lets ¥ Al RpF| ol ol atets SMo| HEHE FX

At ooy, 2% =2
d&o| LIEt, o}

=
| —
—
25 A oloo
oz AMNEE F USS
<1 &Il

bread was found 10
but the L value and

Classification Control 12" 47 T6”
Appearance 6.59=1 5509 6.80+1.44° 6.63+124° 5.81=1.74°
Moistness quality 6.58+1.75" 6.68+1.66° 6.80+1.46° 6.22=1.43°
Taste 6.14=1 88" 63421 50° 607£1 57 5.49:1 81°
e with Tomebrio mofitor Powder Flavor 6.3421.72° 6.36+1.46° 63241 68° 6.08=1.90°
Mouthfeel 6.46=1.59" 6.47+1.51° 6.36+1.52° 5.80=1.61°
Texture 6.66=1.63" 6.71£1.35 6.64+1.34° 6.29x1 64"
Overall acceptability 6.41+1.78° 6.58+£1.71° 6.08+1 64° 5.54=1 87

Y72 white pan bread with 2% Tenebrio molitor powder added.

?’T4: white pan bread with 4% Tenebrio molitor powder added.

6 white pan bread with 6% Tenebric molitor powder added.

“9_point Likert seale: 1 (dislike), 9 (like).

IMean=SD (n=3).

“Means with different superscripts (a.b) in the same row are significantly different at P<0.05

id ot differ siguificauly.
is. the bardness increased

AEEES 0|8 Hiw e ZMAXNE RE =2|HE A+(PJ01002204) 2t ‘A E2LF
Mt E flet Z=2|H A7 & JtS7]s JHE(315060-3) ATE FASIH A SLE2| Y
Ex2| A7 & cteket HimIHe ZoE 672 AZ2E XL MME UZISIU D D0 AT
2l2A, IA0E0|R 2 ARES eE - gudsty

ZM7ixe| =2|H ¥ HE 7H2H(PJ01002204, 2014~2016) : ZAAH X 2|2t &I F 20| £ 2 X|
of AZEC2MO| 0|8 &HHE Il A YHE 35, LMLA 85, AlI=d 359 A5 e
S, B A 2B M 408, MMw 215, SA0w 85, dAlMw 75, 7|EtH w7 85
S NLsiR e, Z2MHXe RE, ZMAME S5 S 716 87tX| HwE LSS, A 2t
FE 105, HEF 552 HMLsi¥en, Mire 29 2E52L2 2~5%, 23CHE2
0.5~1% e, MHFol A2 2SEL 4~10% HAZ HItsts ol 73 Mol S ¥
s solg MEEESS MRS FEAEL JE, AS2E 2TAM(0(L, ZAAXEITHE
E{7HY R DA ATY IS St AFINLRH Soto AE2E =2((114)2] 332
Ao E LUSIUS. Eot A Z2UE 8 F5 AR MI|sEGAEE A
ot5t04 2018~2020E7HX| AZ 2 S =2 -2 AFotFtH o] AlgAtGol T AF -
CH &t
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AL S AL
ATNUTH O +8 Y W ¥ U8
HMAMS((F)sto|2ksl) © MHQEelo| Jie2slE &Rl 7HEE = AL st
&= ALY 287 AT g U He
1) M EElo| JisRdE2e M=y =E
« ERX| DM E| § MAMEl F JteEsiE A=
IRl Ee Eatsl 2 2
2) AE|Felo| JieEdlE 38 2Es
e A Eelo| JieRdEe | - RS Ee] 7E YA
- Mz 2 28 BEst | - JkeEelsel R87|8 X
3) w7 al| JltEae 20 AHE M=
* 7t=&sllE formulation 7o
olegde ME Al HlEs Samete M ®o)
CZZ Halol obHMEIL o MDA 2
4) AMHE M=y =&
cqd 2 SEAEY
AN SEE 2T 7|E 2 OAlY g =
s HMEZ2e| okHM HIL
c SE7|5H M
HHetR| Zo| M2 e =< ]
2wzt = : 5) HE s 23 ael o 4
ES RS hod = TN s e . ~
i E MA=EA FF EE
c ESAMIDE HAUMHE EYM
6) = Z UM Z2| ALEt
cUHES Y HAST J|52 A= HE 43 e (EE, MEB)
cOAY EAMZ S8 AMYSt
1) 4P 20| Je2df = M=y &g
1-1) MHESelo] MAMal g 2 JieRdllE Az=gd &g
(1) A=
(7hH 4= SF2i0|
2 oo Atgst AHEASFeio|(FU M) B 28T &N 2F5AIE ST 48 Axs A
2 TSI ALE
e ra 2N T
A | 20|
e=1Tr =L M3 9
(L) 52
Alzgoz AoE|D Ue E4H = 2= EMo| HEst Alcalase,
mes(Bagsvaerd, Danmark)ollA] Tl5t01 A& of

A g SAHZAM
Protamex, Neutrase, FlavourzymeE& Novozy
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(3) 7kEsle Mzury g

Oh 2ASINEd F 7H‘——E—3H

IAST|HA7|oM CFekst A|ZHO, 15, 30, 60&)2=2 X{2|§t F, Alcalase, Protamex,
Neutrase2l FlavourzymesS O|-&3510{ 7tr&3dl AA|. AlR0f| SFFTE ’E.7P3F01 10%(w/v) g
HS M=ot = EL OH 1% §25 HItst] §4 ¥ 2N 2EHM 3A|ZE S EFS = 90T
oM 1522+ Al oF & ZAXEst0] ELUZ ALS
B pH 25(C) aAxE Az NETRE
Alcalase 7.0 60
Protamex 6.0 50
3A|ZH 90T, 15&
Neutrase 6.5 50
Flavourzyme 7.0 50

(Lh =3¢ M2l = 7=l

Z02 Me|Z|olM ciFst @t (1,500, 2,500, 3,500, 4,500, 5,500 bar)2zZ XMzlst =,
Alcalase, Protamex, Neutrase2} Flavourzyme= 0| &35t0{ Z7tE6 AA|. AHA S0 EX|E
2ol 10852 ZSFFTE 20 1 N NaOHE 0| &3l0{ SiEIHS| pHE 6.5 £ 7.022 UHE =
22U O] 1%2| E48 H7| 5l 50TCoA 15412 St HES = 90COM 1527+ AlEtst =
7Axsly ELHE ALE

(4) gH_ll:_ EI-I

ron—R EEEPDI EoME[EE FAMEE(4,000 rpm, 202)5H0{ AFHES et ClE et 7o
°| 20% trichloroacetic aC|d(TCA) BHZ HMI} 5101 4T 5272 5,000)om2 =2 HtS AlZl
<= AAE2[(12,000 rpm/1527H/4C)sto A|Z2 FH|. TCA 7+&4 chid 31 5 chuhA EA2
Bradford 2 & AtE5t0] SR It == otz Alnp Zo| ME

Degree of hydrolsysis (%) = TCA soluble protein (mg/mL)/Total protein (mg/mL) X 100

(5) 7ol 2 ofn| =it &4

(7hH Alm Z=H|
Rl =Rt In vitro "7 A32|d ZIE EOZ, AEF2i0| ©&X| 22432 1,500 bar2 =
19t M2|5t0f Neutrase®t Flavourzyme &4 2 2tz 726l st = 015101 o{ nfH 1} RtALZ F2

S5lD 242t 2RAx £k AEAZ 10 EUZ ALS

AE =8(%)"
Z12 Neutrase 7t+&sif= 01tH 27.4
Z 12k Flavourzyme Zt+Edll= 02 25.0
Z 102k Neutrase 7H5-&Esll& THAL 58.4
Z112F Flavourzyme 7235 E XA} 62.3
Vg 228 AlRZ(g) / BSE AIRZ(g) x 100
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(Lh Felofolm it &4

AlRE 22 0.20 g¥oll S/F%F 5 mLA S 75t AH20lA 20822t =31t X2l chE o1t = 0o
TloH 4 mLoll 7% 5-sulfosalicylic acid &M 1 mLE 7FstLl 2A|Z2F S0oF ®X|5t0] CHEAS &M
AlZl clS AI22] (4,500 rpm. 1082). YHZE MASH2 sample dilution buffer (pH 2.2) 2 3|A{ &t

C2  membrane filter (0.45 um)2 0{Z}tst = ojo| it XIS EMT|2 24

Parameters Condition used

Instrument Agilent LC system
Column Capcellpak UG120 C18 (250 mm X 4.6 mm, 5 um)
Detector PDA (338 nm, 262 nm)

A 40 mM NaH2PO4 (pH 7.8)
B : ACN : MeOH : DW (45 : 45 : 10)

Time(min) A(%) B(%)
31.0 44 56
33.0 44 56
34.0 0 100
38.0 0 100
Flow rate 1.5 mL/min
Injection volume Program
Oven temperature 40 C
Run time 38 min

(ch TMoto[=4F 24

Ax LdHZ 0.05%(w/v)2-HZLEO|EFZ(C2HBS0O)2 tRrst 6 N Eots THHAL 2fof Tl 510d
ok 1,00080 % =, 10 mLE 7tet. =2lojolo|AOEIZ2 R SATH T ©I|&X|o ZH=Ersto] g5l
&g dtsst 83| 7. Sastod 7‘*27P°i§ 110C+17C, 22~24A|2F 715838l st & &
s Hohel SA| Ze5t0] 40CHAM SFTHXE =50 FAS = of st M. 0.2 N FIakLt
EE 2t5%(pH 2.2) EE= 0.02 N Oc“.‘_%—h'% 7tsto] Al 8 e=z g FMo| U= o= H
2ol Ze{E AIE5H0] ozt ofo| =4t §H2F2 Amino acid analyzer L-89002 0| &35t0f &445}
o, EFW 2 EFZH2 WakoollA HEofstl U= Amino Acid Standard Mix &2 3| A st
0 ALE
Parameters Condition used
Instrument Amino acid analyzer L-8900
Column lon exchange resin (60 mm X 4.6 mm Na type)
Detector 570 nm
LEOH: ToiAlz|ELHE0H
Mobile phase up S ol _:rL|_|o||:|a| Alf—.”
Flow rate 0.4 mL/min
Injection volume 10 uL
Oven temperature 57 € (135 ©C)
Run time 33 min
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1]

1-2) Jt=d = gitet

(1) DPPH(1,1-Diphenyl-2-Picrylhydrazyl) 2lc|Zt &HS

MeOH(DAEJUNG, Korea)Z 3|Ast 4.5%x10™* M DPPH &% (Sigma-Aldrich Co., USA) 160 uL2}

AlZE 40 uLE & =7olo] A20lM 308 =¢t BHEAIZI = microplate reader(Molecular devices,

USA)E 0]|35104 517 nmollAl S&E=E =A. Positive controlZ ascorbic acid(Sigma—Aldrich Co.)
21t Hlw

£ AIESt] mEdE=sME A , B

M

o
o

(2) TEAC(Trolox equivalent antioxidant capacity)

ABTS[2,2-Azino—bis(3— ethylbenzothiazoline—6—sulfonic acid
SEZ M=. 2.45 mM potassium persulfateE &
ABTS radical2 4. Radicalo| M= ABTS M 5 =
0.70£0.02 7} =|£5 =Hsto] MEol| ALE. ABTS 150uLet A2 5 uLE =%&tHstod
EAHE o|l&3d 734nmoilA SEE s =™sl =22 Trolox (Sigma Chemical Co.,
USA)E sSEEH=Z 3/M5l0 A2, ZZS Trolox2 EZFIAME ZHAM3SH0d TEAC (Trolox

0 —
—

n
-]
>
ro

ool Mo R

My 12

Equivalent Antioxidant Capacity, mM Trolox equivalent/g) &2 LIEFH

(3) ORAC(oxygen radical absorption capacity)

ORACE fMHSH|(peroxyl radical)l 274 Mol 2 st & 2H(fluorescent)l| Hag S™ o= W
o2 IAEtE MAME 2|5 AAPH(2,2'-azobis (2—amidino—propane) dihydrochloride)& At . A2

o o

o M=2} Al22| A2 10 mM phosphate buffer (pH7.4)E AFE. 96 well black microplateoi|
100 nM2| fluorescein solution (Sigma—Aldrich Co., USA) 150 uL2} Al& 50 yLe @11 37 ColA
1022} incubation &, 25 pLel 120 mM AAPH (Sigma-Aldrich Co., USA)E &A7}stof & =¢&tst

ClS fluorescence spectrophotometer(Molecular devices, USA)E O| &3l 37COoM 582 ZHH42 =2
1002 =°F & ZH(excitation wavelength 485 nm, emission wavelength 535 nm)2| 24 & =&, &4

o g2 AMRef dix=e ddx Ztel HMAM(AUC; Area Under Curve) AtO|Z A At
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WM &3 "ot

08!

or

L w3 Ea| JiegHEe 2 HY Y HY)

SE AL e o Eel

L
S

1) MzZzz=dolAM YEF S| JteEsi =2 ER 2B A A,
AL AM 31 ot

* HepG2 ZHM|=ZoflAM dHP FEl0| il =22 MEEH &Y

* HepG2 ZHM|=of 4t EEgio| JI-E6 22 2|5t bf kst
=, tunicamycing £330 ER AE® AL} XUFEXME T

e MlEZ LY x|7él(==/ux|m S)xsx E2 =5

c X HEH BH 7 *IHSREBP S)e g 24
*ER AEg|A A FXAHGRP78, CHOPS)2| sl 24
2) SE=ZEA & d%H%EPEII JiEslEe 7 A A
25l 22 a1 "ot
=3 HJL | - C57BL/6J OFR2ao W™ 2o JieEdfEsS Z0i5hD,
tunicamycing SZol FAISH0{ ER stresst A|&hZF Fub
A AEE Sl AESES M T, 2 5o =& 2 £H
™M 7 TS BH FA(AST, ALT )8 s 54
c ™M X|E(TG, TC &) sk &3
« 2F =20l M HRE M E S5t0{ X AFH als EAM5tD X|
A s55(& XE, TG &) 52 =4
« 2F =Ro|A XHEN oH FMANSREBP )2 gl 24
« 2t =E|o| M ER A E&llA 2 |RHEXHGRP78, CHOP §)2f gt
2N

[
i

3) A Eglo| TR 29|
* Balb/c ot Aol HIF
M=

- HIZ MEol|l LPS, ConASt Clst =2 3|48 YH7 S atol
IIERES 255t MESAS
cH|E Mo W E2i0| Bl E
Hif 2fH o| ALO| EFIRI(IFN-y S)2 &=

4) YaFal] JlEsBel 22 tAl ©
- o Aol 5Zto| 3% thioglycollate HiX|E Flslol 5L =2
AMEZE 58t 3 =22 AN ZE RPMI 1
Z5t0] 3%

-y ERl0| SR ES 2L HAMES A ujek

. EHM/\ﬂ;‘T’; gI-A-I =X

of ot N
«CHAIM|Z Hj QOO NO 55 5SS =X
5) S22YolA LE7Faln| JifRal 2ol vrls M FD
"It

* Balb/c ot20] A S0l JisRdiES dFAIZ =,
cyclophosphamide® = T
cAMZE AMES 5t AES
_|:'|_7_”g EX-I

- EOoIM Aol EFIRI(IFN-y )2t HY=2=8l(IgM )2l &

g =5
-HIE MEzE Z2lsto] HE MEZEANE FH
- H|ZOIM YAC-1 MZE EPIo R XA Msl M Z(NK cell) &4

o =x
- o

]
Il
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1) Mz ZHoM dEHFEn| Jie2ai =2 ER 2B AH, X=X oAx 1 gt
1-1) cieet 848 ARESI0| M=t YH7 Felo| 7ieEsi =2 XIS A 23 got 232(d

(1) M= bt

HepG2 MZ= st=MZF23 (Korean Cell Line Bank, Seoul, Korea) @ 2FE{ 22FEto} AL,
10% fetal bovine serum (FBS, Daegu Welgene)Z} 1% antimycotic/antibiotics (Gibco, Grand
Island, NY, USA)S & 7}8t Dulbecco’s modified eagle medium (DMEM: Welgene, Korea)dl
M, 37T, 5% CO2 Z=ZHoZ HfQF,

(2) MZz=M 5F

HepG2 ZHMIZZE 5x10* cells/cm?2| ST 2 96 well cell culture platedll £F5t0] 24A|2F Sot
Hi 2, WEA 20| JteEdiE8 chdst S=[0, 0.5, 1, 2, 42F 8%(v/v)]2 X 2l5t0{ 2447t
L= 48A|2F Sk ik, EZ-Cytox reagent (Dogenbio Co., Ltd., Seoul, Korea)& A7Ist F,
37°C2| incubatoroll Al 3A|ZF Sk Hi2F. Microplate reader (Molecular Device, San Jose, CA,
USA)E 083104 450 nm ItEO[A SHE FEY. MZ HEES =T (control)2| M= &=
CHe| B E2S(%) 2 LHEH.

B) Mz uf XIZ=sx 53

HepG2 MIZE 5x10* cells/cm®el SE2 6 well culture plateol|] &F3+0§ 24A|Z2F S oF bl 2f.

HAFE0| IRl ES YW 1% E= 2%(v/v)Z2 XHE|5t0] 24A1Z2F EE= 48A1ZF S0t v

2k 5 ug/mL2e| tunicamycing A 2|5t0{ 24A|ZF SOF FIIE v 10% Z=2LUE EHZ 0[S

o MZE IH™HsH =, Oil-Red O &4 2 (#01391, Sigma—Aldrich, St. Louis, MO, USA)=

3l A2ollAM 30 S HA. FMst MzE SFF2 MAES CHS 1 mL Isopropanolg 7+
= l

ME L S Z ZZ. Microplate reader (Molecular Device, San Jose, CA, USA)E O| &5}

-
0x

-r—
T

—_

0

ol

F
04

—_

A
Al Aol E74X2l= SPSS program (statistical package for social sciences; ver. 25, IBM
Corporation, New York, NY, USA)2 0| &5l0{ 24, ZE ASH2 33 550 YA &
HALZ LERH . ZH 22| gt i st Xto|= one-way ANOVA2F Duncan’s multiple range test
£ AL835tod 43 (p < 0.05).
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1-2) Tunicamycin=2 M2|st ZIM| Zo|AM HEF 20| Jir2l22] ER 2ER A AH, X2
N ol F Hut

(1) M= bt

HepG2 MEZ= $t=aMEZF23 (Korean Cell Line Bank, Seoul, Korea) 2 ZFE £2Fdtol ALE.
10% fetal bovine serum (FBS: Welgene, Daegu, Korea)Z} 1% antimycotic/antibiotics (Gibco,
Grand lIsland, NY, USA)S #7}8t Dulbecco’s modified eagle medium (DMEM: Welgene,
Korea)olM, 37C, 5% CO2 =2 Z Hlf

(2) Mz=4 &3
HepG2 M ZZ 5%x10* cells/cm?®2] S =2 96 well platedl] 233510 24A|2F SoF Hf Qk 4bed | EE

2io| JleRsEe MESMES S-st7| fIsto] AHEFF2ln| 722 ctest 55(0.05,
0.1, 0.5, 1, 5 mg/mL)2 X 2|50 24A|Z}F EE= 48A|Z2F Sot vk AH I EEEto| JH4E26H S0|
o

tunicamycindll &|st MIZ=M S AX|st=X| "Ilst7| ¢I5t0f HE A Felo| 7222 chekst
5u

tunicamycing A 2l5t0d 24A|2F FII2 vk, EZ-Cytox reagent (Dogenbio Co., Ltd., Seoul,
Korea)S HH2FH 2| 10%(v/v)E2 &7Ist &, 37C2| incubatoroll Al 3A|ZF SoF v 2k Microplate
reader (Molecular Device, San Jose, CA, USA)E 0|&35t0{ 450 nm TtEO|M SEE 5H. Al
X YZE252 =T (contro)e| M= &5 | HWES(%)Z2 LEHH.

3) M= U X|Idsx 54
HepG2 MZZ 5x10* cells/cm?2| SE 2 6 well culture platedll £F3t0{ 24A|ZF S of ok 4t
"y F2lo|l JiEsiE2 0.5 == 1 mg/mLel 82 XME|sto] 24420} 48A|ZF St b kst
1, 5 ug/mLe| tunicamycing X 2|50 24A|Z2F SoF FIIZ . 10% ZE2LUE SH S 0f
0§ MZE ™S =, Oil-Red O (ORO) working solution2 7}slf Al-20 M 302 St E4. ORO

=
=

working solution® ORO stock solution (Sigma-—Aldrich, St. Louis, MO, USA)Z} S&F+E 3:2
ol Hlg2Z =&5t0] 0.2 ume| syringe ZE{E 0|&5t0 0{1lst0 M=, FMSt MEZE S/FTZ

M=Ast ckZ 1 mL IsopropanolS 7tstod MZ Lf &AM SHZS ZZE. Microplate reader
(Molecular Device, San Jose, CA, USA)E O[&5t0{ 492 nmollAo &L FH.

(4) M= Y S4X| ot EZAHE s 53

HepG2 M ZZE 5%x10* cells/cm?2l =2 6 well culture platedll £3F 35101 24A|ZF S o ik 4
HAFeto| TRl =S 0.5 £= 1 mg/mLe SE2 X250 24A|Zkn} 484
1. 5 ug/mLe tunicamycing A 2|50 24A[Z2F FZoF FIIE  Hf QK
(Sigma—Aldrich, St. Louis, MO, USA)&H & 0|85t M=ZE 3|std, |AEE] (12,000 x g,
4C, 102)510 2 A5 Ho| CHHA SEE Bradford WS
0T, 2&)3} A20M Als|= nfH S Bh5EH = 14,000 x golA] 158

H= 7-|i.”§ A|._.g_3|.o;| %)ck;lxl I:cl>|- EI-EIZ_T_I_l. kiﬂ-”*l—:-”% EI-EI:% éx-l_ %A‘I

2

AW

N
O
9
=
02
ol

—_—
R
4
=
o

7

>

0

[nn}
— hu
bl
on
>
o o
2
ro
o
>
d
12
©

H=2 AlP=O0

| iy o O 12 [ o = —_— [=Ne)

Triglyceride assay kit (EMBIEL, Gunpo, Korea)& Al235t0{ SH5I¥ 0, 527
Total cholesterol assay kit (EMBIEL, Korea)& Al235t0{ =™ & SAMX|gr 2 =

e ST STof thet Atiael gtoE ek,

(5) uikAe| ASTS} ALT 5= &4

HepG2 MZZE 5x10* cells/cm?2] sE=2 24 well culture platedll £F 3510 24A|ZF SoF v

A Felo| IRl ES 0.5 E= 1 mg/mLel SEZ X2|5t0] 24A|Z2k0) 48A1ZF SoF Hj F

sk, 5 ug/mLel tunicamycing X 2|5t0] 24A|Z2F SOt FIIZ Hlj ek ALF M| ASTR} ALT &
_ 33 —



= 2d&8 7|E (MBL, Korea)E& 0|&3t0{ M. M=Z 2o HZZESIE 2lst0d 1% Triton—X
(Sigma—Aldrich, St. Louis, MO, USA) %2 0|&35t0f MZE 3|45t 11, 12,000 x g, 4°Coll
M 10272t A Ee|sto] de2 aESMo| el A Z5 & Bradford o2 X504 ASTLRF ALT
of =& CHA = Tof CfsH AtIXQl gtoZ LIEHH

(6) RNA =& 2 cDNA 4

HepG2 M ZZE 5x10* cells/cm?2| =2 6 well culture platedll £F 310 24A|2F Sot
H Eeto| 7R ES 0.5 £ 1 mg/mLel S 2 X2|5t0] 24A|Zt0) 48A|2F S oF b
1.5 ug/mLel tunicamycing M2|5t0{ 24A|2F SO FIIZ vk MEZZFE S &
Nucleozol reagent (MACHEREY-NAGEL, Hoerdt, France)E 0|25t M =s|Al7}
ol w2l =3, cDNA M2 FZ3t total RNA 2 ug2 FE2Z moloney murine meukemia
virus reverse transcriptase (M—MLV-RTase; BIONEER, Daejeon, Korea)E& AlEsto] =¥

> I
=
>
M
M 02
© 0 rlo oF ox

(7) AAZE B8 &4 ALY EF=2(Quantitative Real-Time Polymerase Chain Reaction, gRT—-PCR)
2t& ek cDNA= Nuclease—free wateroll 108 3|4 AA|ZE S 24 A4 8+S 2 AccuPower 2X
GreenStar™ gPCR MasterMix (BIONEER, Daejeon, Korea)2t CFX Connect Real-Time PCR
Detection System (BIORAD, Hercules, CA, USA)S O0|&35t0f =3 udoizl FHXIe| 42
delta—delta Ct 2ol w2} RPLPOO CHSE ACHAE QI Ao 2 A ALk ALZE Z2|0|H (primer) 2

7ML 2 Table 10i LtEHH.

Table 1. Primer sequences used for quantitative real-time PCR

Gene Sequence for Primers (5 — 3’)
Forward: CACAGTGGTGCCTACCAAG

BIP Reverse: AGCAGGAATTCCAGTCAGA
CHOP Forward: CTCCCAGAGCCCTCACTCTC
Reverse: TGCTTGAGCCGTTCATTCTC
EASN Forward: GGATCACAGGGACAACCTGG
Reverse: GGGAGATGAGGGGAGTTCCT
PPARG Forward: AGAGCCTTCCAACTCCCTCA
Reverse: TCTCCGGAAGAAACCCTTGC
RPLPO Forward: GAAGGCTGTGGTGCTGATG
Reverse: GTGAGGTCCTCCTTGGTGAA
SREBP—1c Forward: TCTCAGTCCCCTGGTCTCTG

Reverse: ATAGGCAGCTTCTCCGCATC

BIP, binding immunoglobulin protein; CHOP, C/EBP homologous protein; FASN, fatty acid
synthase; PPARG, peroxisome proliferator activated receptor gamma; RPLPO, ribosomal protein,
large, PO; SREBF-1c, sterol regulatory element—binding protein 1c.

(8) 84 =4
Alsl Axlol EA X 2l= SPSS program (statistical package for social sciences; ver. 25, IBM

Corporation, New York, NY, USA)S O|&5l0] 24, ZE A2 35| Ht5dsiol o 25
HWALZ LIERY . 2F 7o " Agtol st Xto| = one—way ANOVA2} Duncan’s multiple range test
£ AE35l{ A3 (p < 0.05).
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1-3) Palmitic acid® H2|8h ZH Zol A W8 Fato| Ji-Ral S| ER A8 2 ofF], X2
& ofx| &t Bl

(1) M= bt

HepG2 MEZ= $t=aMEZF23 (Korean Cell Line Bank, Seoul, Korea) 2 ZFE £2Fdtol ALE.
10% fetal bovine serum (FBS: Welgene, Daegu, Korea)Z} 1% antimycotic/antibiotics (Gibco,
Grand lIsland, NY, USA)S #7}8t Dulbecco’s modified eagle medium (DMEM: Welgene,
Korea)olM, 37C, 5% CO2 =2 Z Hlf

ol

(2) MZz=4 £
AHHF20] 0 SAME[E0| HepG2 M ZOM MESY
HepG2 MIZE 1x10° cells/cm?2| s T2 96 well plateol 2F3510 24A|ZF S oF i A5 244
2t ot 1% FBS7t &7t DMEMOM FIt2 vjetst =, cfetst sx=(0, 0.1, 0.25, 0.5, 1, 5
mg/mL)el AHEPEEtn| IR ST M 24A1Z2F Sob dfk AHI EEto| JieEs|E0|

ﬂJ|0

LIER =X &elstr| f15thod,

palmitic acid2 ¢Ist HliEé% etstsh=X| &elsty| 2510 HepG2 MIZE 1x10° cells/cm?
o ZE=Z 96 well plated| 2F350{ 24A|ZF ot b 2kst = 24A|17F s 1% FBS7|' HIH=
DMEMOflM FIt2 IﬂH"h Ctekst 55£(0.25, 0.5 2= 1 mg/mL)e| AEHFeto| Jts=&Eaf =2t

St & 0.2 mM BSA conjugated—palmitic acid& & 7}5}04 24/\|.7_F SOt
FIIE2 v, Mx M=52 EZ-Cytox reagent (Dogenbio Co., Ltd., Seoul, Korea)& 15ulL
HIlst &, 37CE ®AISt= M= 7|0l 3A|ZF St v 2510 Microplate reader (Molecular
Device, San Jose, CA, USA)Z 450 nm IZt&olA ST =X MEZM=E2 =7 (control)oll
et WES(%)=2 LER.

s 244174 E 0t b

B) M= | x|z 53

HepG2 MIZE 1x10° cells/cm?2] =2 6 well plateoll £F310{ 24A|ZF SOt HIUSH T 244
2t S°H 1% FBS7F E7+=l DMEMAIM F7FE ik 0.25, 0.5 == 1 mg/mL AE | F2to] 7}
T2l =2 A 24A1ZF SoF Hi2kst & 0.2 mM BSA conjugated-palmitic acidE &7}sH0d
24A|2F ot FI712 Hi| 2k Dulbecco’s phosphate buffered saline (DPBS, Welgene, Daegu,
Korea)S 0| 25l0 MASIT 10% Z2LUE SHS 0|5t0{ A2 MZEE Y. DHSH M=
£ 60% isopropanol2 M&EstL Oil Red O ¥ U2 20 A20[A 302 St HAMH, FASH
M=zZE SF+=2 MASH cfs 1 mL IsopropanclZ2 @M SHES ZEA|7] Microplate reader
(Molecular Device, San Jose, CA, USA)E 0| 25101 492 nmolM SHEE FH.

(4) HjkHo| ASTSL ALT 5= &%
HepG2 M ZE 1x10° cells/cm?e] SE2 6 well plated] EF 510 24A|ZF SO b 2SH 5 244
2t 52t 1% FBSZF H71=l DMEMOIlAl F2IZ BfQF. 0.25, 0.5 EE= 1 mg/mLel AH | E2i0|
T2l 20 & 24A|2F Sot kst & 0.2 mM BSA conjugated—palmitic acid& & 715H0d
24A|2F ot FIIE vl QF. b ol ASTL} ALT =EZ= AST, ALT test kit (EMBIEL, Gunpo,
Korea)& ALEstod 54,

(5) Total RNA 22| % cDNA &4

HepG2 M ZE 1x10° cells/cm?e| SE 2 6 well plated] EF 50 24A|ZF SO b QSH 5 244

2t &2 1% FBSZt H7tEl DMEMOIA FZ7F2 8 QF. 0.25, 0.5 £= 1 mg/mLe| 4H | S2i0|

g5 22 S 24A12F St vl kS = 0.2 mM BSA conjugated—-palmitic acidE &7}+sHod

24A|12F et FItE2 Hi HIiETH Z RNASl FZ2 Nucleozol reagent

(MACHEREY-NAGEL, Hoerdt, France)& 0|&35}0 . F&% RNAE= A=t = 30 uLe|
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DEPC waterdll =0|12 SHEE SH5I0{ M2 cDNA &AM 2 FE6H total RNA 2 ugs 82
Z 3101 moloney murine leukemia virus reverse transcriptase (M—-MLV-RTASE; BIONEER,
Daejeon, Korea)& AbE35t0] A,

(6) AAIZE Z8F &4 A HF=2(Quantitative Real-Time Polymerase Chain Reaction, gRT-PCR)

2t ek cDNA= Nuclease—free wateroll 108 3| A AA|ZE S 24 A4 2SS AccuPower 2X
GreenStar™ gPCR MasterMix (BIONEER, Daejeon, Korea)2t CFX Connect Real-Time PCR
Detection System (BIORAD, Hercules, CA, USA)2 O0|&3t0] =3 uwai=l FHXle| 42
delta—delta Ct 2ol 2} RPLPOOI| CHsF ARl LS ZM A A AFSE Z210|H (primer) 2l
HI7IME2 Table 20l LIER.

Table 2. Primer sequences used for quantitative real-time PCR

Gene Sequence for Primers (5° — 3’)
Forward: CACAGTGGTGCCTACCAAG
BIP Reverse: AGCAGGAATTCCAGTCAGA
EA Forward: GGATCACAGGGACAACCTGG
S Reverse: GGGAGATGAGGGGAGTTCCT
IL-1beta Forward: CTCGCCAGTGAAATGATGGCT
Reverse: GTCGGAGATTCGTAGCTGGAT
PPARG Forward: AGAGCCTTCCAACTCCCTCA
Reverse: TCTCCGGAAGAAACCCTTGC
RPLPO Forward: TGGTCATCCAGCAGGTGTTCGA
Reverse: ACAGACACTGGCAACATTGCGG
Forward: GGCAGTCAGATCATCTTCTCG
ThFalpha Reverse: GGTTTGCTACAACATGGGCTA
XBP1 Forward: CCTGGTTGCTGAAGAGGAGG

Reverse: TGCACGTAGTCTGAGTGCTG
BIP, binding immunoglobulin protein; FAS, fatty acid synthase; IL, interleukin; PPARG,
peroxisome proliferator activated receptor gamma; RPLPO, ribosomal protein, large, PO;
TNFalpha, tumor necrosis factor alpha; XBP—-1, X-box binding protein 1.

(7) Western Blot £

HepG2 MZE 1x10° cells/cm?2| SE2 6 well plateoll 2335101 24A|Z2F SOt ks & 244
2t =2t 1% FBSZt 7=l DMEMOIAl FIt2 vf k. 0.25, 0.5 == 1 mg/mLe| A4 F2i0|
7FT—-—3H%T—F S 24A|2F St B 2ksE & 0.2 mM BSA conjugated—palmitic acid& & 7}5H04
24A|2F St FII2 ik, Protease Inhibitor (ATTO, Tokyo, Japan)2t phosphatase Inhibitor
(ATTO, Tokyo, Japan)Zt 7=l radioimmunoprecipitation (RIPA) lysis buffer (ATTO, Tokyo,
Japan)E 7}t MIZE 3|5510 4TCollA 3027t Mx[A|Z] & A E2((14,000 xg, 4C, 102

stof EHYZO| ZatEl MBS 8|4 YN STE Bradford $HOR MUY, EFE
C

= ﬂlﬁv

2+ bovine serum albumin (BSA, Thermo-fisher, Massachusetts, USA)E AlE. F&¢st tt
Zlof| 5X sample buffer (DYNEBIO, Seongnam, Korea)S& 211 95TO|Al 10227t HtSA|Z . 3
uge| ctHHAS 8% sodium dodecyl sulphate—polyacrylamide gel electrophoresis (SDS— PAGE)
2 22|t F polyvinylidene fluoride (PVDF) membrane (Millipore, MA, USA)0i| 1A|ZF 302
ot transfer. &Ael H|E0|X Zgg wWX|stZ] 28 membrane® 5% skim milk (BD
biosciences, Bedford, USA)E AtE3t01 1A|ZF S ¢t blocking. 1AF &&= 4COllA 12A[ZF O &
HFS. 1% Tris buffered saline Tween—20 (TBST) (BIORAD, Hercules, CA, USA)Z 33| MA
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=, horseradish peroxidase (HRP)Z| Z&t=El 2x1 & & AM20lA 1A|ZF BESA[ZI = TBSTZ 5

24 33| MZA . A28 sXl= Table 30l LIEFH | Super signal west pico plus (Thermo-—fisher,

USA)2} Davinch western system (Davinch K, Seoul, Korea)S Al235t0{ ctel &l BHEE =H0|5|

0 CHHA B E = |mage J software (ver 1.8, National Institutes of Health, Maryland, USA)&

ALEst0 Mk CHHA 2 M T+ house keeping THHEE QI beta—acting internal control2 At
=]

E35to Zf chelEe| WS =0 tigt fold 222 LtEHH].

Table 3. Antibodies used for western blot analysis

Antibody Catalog number Dilution Factor Corporation
CHOP 2895 1 11000 Cell Signaling
Annexin V ab14196 1 :1000 Abcam
Beta—actin sc—8035 1 : 1000 Santa cruz
Anti—rabbit 1gG 7074 1 12000 Cell Signaling
Anti-mouse 1gG 7076 1 :1000 Cell Signaling

CHOP, CCAAT-enhancer—binding protein homologous protein; 1gG, immunoglobulin G.

A
Ay Zatel A Ael= SPSS program (statistical package for social sciences; ver. 25, IBM
Corporation, New York, NY, USA)E& 0|&35t0{ 24 ZE M2 33| dt53isto] g1t 2F
HALZ LIERY . Z2H 7o " #gtoll et Xto|= one—way ANOVAZ2}F Tukey’s multiple range test&
At2st0d AZ (p < 0.05).
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2) = ZHAM 4EFFei0] JieEdiEe 2 Ad i &1 gt

2-1) &% AE 20 o3 REEE XYt = 2E &E
(1) 3= 4=
M 10Fel £7 C57BL/6J OFRA 110l2|2 152 S8 AFSA(23120C, AHEE

55+5%, 12A|ZF light/dark cycle)ollA ofH| Alsst =, &

tunicamycin M2lZ(n = 4), 2 mg/kg tunicamyoin MeElZ(n=4)2 & 32522 I—F%O1 1 EEE
2 mg/kg2l tunicamycing SZoll FAL 24A|2F & | isoflurane 2 OpF| A7

oM . M2 Microtainer tube (BD, NJ, USA)oll Eo} Al20] 1A|ZF H XS =, 6 000 rpm,
4Co|M 3227 M EE[Std EHE 22l 72H 7

15k X| Y (epididymal adipose tissue), &7+at
X|2H(mesenteric adipose tissue)Z} H|E =&lg %

MESIH 7 5F.

(2) 8Y tAxlE 53
gHo| 2o AHE, SMXY, AST, ALT sE= aLH[M#HS 0| FF kit (MBL, Korea)S Al
B35t0d =4,

(3) &4 &4
Alsl Axlol EA|X2|= SPSS program (statistical package for social sciences; ver. 25, IBM
Corporation, New York, NY, USA)S 0| &310{ 24, Z1l= "H4 + EFHX (mean + SD)ZE
LIEFY . 2F o WA gholl o 8t X}o|l= one—way ANOVA2} Duncan’s multiple range testE At
5t0d 435 (p < 0.05).
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2-2) 2EZA AEFA-wE X2 S= 2HoM dEA 50| JieEal=2l 2 24 i &1t "ot

(1) s= A
MS 733 (19-20 g)ol #71 C57BL/6J OFA 600I2|E 1572 S5 AISAl(23+207TC, A&
T 55+5%, 12A]2t light/dark cycle)oll M ofid| AL S & ool 2[5t 100124 HAHH =

(NOR), tunicamycin £047(TUC), tunicamycin + 250 mg/kg Neutrase 75288 S0
(LGN), tunicamycin + 500 mg/kg Neutrase 7=l F0{Z(HGN), tunicamycin + 250
mg/kg Flavourzyme 7H\--t-'-3H% —'|E—04-_rL(LGF) tunicamycin + 500 mg/kg Flavourzyme 7t
H FO0{Z(HGF)2| & 61F2Z LIF0 & 4F S AIF. AIHEZE2 3750 S0iM ofd
Foist¥ien A =71} tunicamycin F0{#2 2 SFFTE F0. 4 Ads=9 4
g A =
A

AIN-93M {0 (Table 4)2 %§LOP°:'°U4 o AbS Alojet 22 AR E0|
I

ol

ﬂ@ﬂmﬁ

2 my B 2 O oY
2 12 M

DKU-20-038).

Table 4. Composition of experimental diet

Ingredient (g/Kg)
Casein 140
L-Cystine 1.8

Corn Starch 495.692
Maltodextrin 125
Sucrose 100
Soybean oil 40
Cellulose 50
Mineral Mix, AIN-93M-MX 35
Vitamin Mix, AIN-93-VX 10
Choline Bitartrate 2.5
TBHQ, antioxidant 0.008

(2) 4 AKX Z &

ZMX|8t s == Triglyceride assay kit (EMBIEL, Gunpo, Korea)& Al235t0d X519 11, &2
Bl AHE ST += Total cholesterol assay kit (EMBIEL, Korea)& At235t01 S . HDL Z&AH|
£ X = HDL-CHO (EMBIEL, Korea)E AtE35t0d =H. Free fatty acid= PicoSens™ Free
Fatty Acid Quantification Kit (BIOMAX, Seoul, Korea)E& AlZ3t04 &% . Apolipoprotein B
(APOB) === ELISA kit (CUSABIO, TX, USA)E AI&3sto{ £H. AST, ALT s+ GOT, GPT
test kit (EMBIEL, Korea)E& AIE3t03 4.

k

(3) 2t =& X5 £H

b =2o] EMX|Unt ZEAHE ST E oY 95t0{ Folch 2o 2o|5t0] ZF =&lof| A
& X2 F&1), MEst 2t =& 0.2 goll 1 mLe| saline2 YO tissue grinderi s = 3.75
mL2| CHCI3:MeOH (1:2, v/v)S &7t5to] HE MEfOM StF SoF &X|eH &, CHCI3 1.25 mL,

1) Folch, J., Lees, M., & Stanley, G. S. (1957). A simple method for the isolation and
purification of total lipides from animal tissues. Journal of biological chemistry, 226(1),
497-5009.

_ 39 —



dH20 1.25 mLE 7I5101 4,000 rpmollM 5272F /A EZ|, SIEH9 X|ZAZEE F|& ZSAMX|etn}
EZYAHE sEE =3 . SMX|gF 22 Triglyceride assay kit (EMBIEL, Gunpo, Korea)&
AlE235t0d EH5I9 1, S22 AHE &2F2 Total cholesterol assay kit (EMBIEL, Korea) & AlZ

st £4.

(4) Western blot &4

2t =% 0.05 goll RIPA buffer (EzRIPA Lysis kit, ATTO, Japan) 500 uLE €11 3027t lysis ¢l
=, 14,000 x g, 4CollAl 1022t JalE2|sto] ASH 3|5 CHHE SHE2 Bradford Assay
(Protein Assay Dye Reagent Concentrate, Bio Rad, Hercules, CA, USA)E 0| &3 SH5I¥ S
o, E==2 2= bovine serum albumin (BSA, Thermo—fisher, Massachusetts, USA)S AlE.
Lysateoll 5X sample buffer (DYNEBIO, Seongnam, Korea)& E 11 95TOlAl 1027 EFEA|Z.
CHH A 30ug (SDS loading buffer x5 &)= 10% acrylamide (30% Acrylamide—Bis Solution)
gelol M PowerPac™ Basic Power Supply (BIORAD, USA)E ALEsto] M7|H&. EAtE| iz}
22| ot E2 polyvinylidene fluoride (PVDF) membrane (BIORAD, USA)2 Z transfer (120
volt, 90&, 4C). 5% skim milk (BD biosciences, Bedford, USA)2 2 1A|Z} S°F blocking =,
TBSTZ 33| MA. 1A & E 4CHA 9~15A|ZF BFSA|ZI = TBSTZ 33| MA . A-20|M HRP
7t AetE 2kt &AM eF 1A|ZE SeF BhES . AL S &Hl= Table 50 LIEHH . Membrane2 TBSTZ
35| MAStT AAoM PicoEPD™ Western Reagent (ELPIS, Daejeon, Korea)E& AlE235}H0]
Medical X—Ray Film Blue (AGFA)ol| 34 Developer2} fixer (VIVID, Korea)= 22t 1 : 4 (D.W)
2 IME AE ALS.

_—

Table 5. Antibodies used for western blot analysis

Antibody Catalog number Dilution Factor Corporation

BIP 3183 1 :1,000 Cell Signaling

Primary CHOP 2895 1 :1,000 Cell Signaling
, FAS GTX109833 1 : 2,000 Gene Tex
antibody GAPDH sc—365062 1: 1,000 Santa cruz
SREBP1 sc—13551 1 : 500 Santa cruz

Secondary Anti—rabbit 1gG 7074 1 : 2,000 Cell Signaling

antibody Anti-mouse IgG 7076 1 : 2,000 Cell Signaling

BIP, binding immunoglobulin protein;, CHOP, CCAAT-enhancer—binding protein
homologous protein; FAS, fatty acid synthase; GAPDH, glyceraldehyde—3—phosphate
dehydrogenase; 1gG, immunoglobulin G; SREBF-1, sterol regulatory element-binding
protein 1c.

Corporation, New York, NY, USA)S 0|&35}0f 2AMst¥ L ZE AlH2 335 o|4at X EASD],
Zit= B3 + EFHA (mean £ SD)2 LbER . ZH F ZHe| HAgtoll st feld2 A
95% (p < 0.05)0lAl one—way ANOVA testE AlA|5tD ot

=
=)

Duncan’s multiple range testS AlE3t0 &4
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3) WEFFEln| JirZEdi 22 HEME FMs = &3 "It

(1) HIZAM=E 22|

Isoflurne (OtO| Z2tH) 2 0| 838101 OtF| A7l Chg MEoA EHS AME. A2 EDTAZL MHelE
tubedll 74 LdF= EFEME 2l AFSSIR D, LIHX] U2 3,000 rpm, 15&, 4COlAM @

AlEZlst] &S ¥3. AEs=9 HE 2 FHM2Z MESIH0] 1% Antibiotic-Antimycotic
(Gibco, NY, USA), 10mM HEPES (Gibco, USA)E A

715t RPMI 1640 Hi 2FHOl A tissue
grinder pestleZ 24 F 18G, 22G, 26G°| HsS =XAEHOZ 0|50 MEZE 22|, M= SE
o= 40 um cell straineroll S}A|ZI & 4,000rpm, 3227 KA E2|5101 cell pellet® ¥ 2. cell
pelletoll ACK lysis buffe (Sigma, Saint Lousis, MO, USA)E 2350 527F &+X|. 4,000rpm,
327t _Jé.'._EIOF AZSHE 22| D, v 2H S CHA[ 7tsto] MAIPY S "UhS510] H|ZHM[

rulru

(2) HIHEAMZ BAs &5H

H|ZMZ = 96 well cell culture plateol 1 x 10%/well?l SE=Z seeding. 5 ug/mL2
Concanavalm A E= 10 ug/mLel LPSe} dEHFEEln| JiEdlES 2 wellol H7bstl 24,
48, 72A|Z2F S9F 37C, 5% CO20M vi2F. 2+ wellol 10 uLel EZ-Cytox reagent (Dogenbio
Co., Ltd., Seoul, Korea)ES ZH7lstl 2A|ZF SOt b Fsh Microplate reader (Molecular

js_
Device, San Jose, CA, USA)E AIE35I0d 450 nmollAM S&HT FH.

(3) Xtod&tsll (natural killer, NK)AM[Z &M £H

H| ZHM| Z = effector cell, AFodAHSH M| Z—specific Yac—1 MlE= target cell2 S0 H| &M EZ 2| X}
HAASHM Z M S =X . 96 well cell culture plateoll HIZMZ(5 x 10°/well)2F YAC-TMZ (1
x 10*/well)& 50:12| H|E 2 seedingdtx 37C, 5% CO20|A 24A|ZF St vk 2+ well2| Hf 2F
MZ 3[5101 600 x g, 4COlA 527 Al E2|ct T AFHE F6t0] HLMEFAF A (lactate
deHydrogenase, LDH) s£& £d. LDH s+ 3% 10 uL2t LDH Mixture 100 uLE =gts
01 microplate reader (Molecular Device, San Jose, CA, USA)E O| &3l 450 nmollA] ST E
ZX5t0] A4k H|E Kol MzZ 22 ol SALE MHE.

= O —

—_

NK cell activity =
(sample OD - target cell OD) / (target cell lysis OD — target cell OD) = 100

Als Anlol EAA2l= SPSS program (statistical package for social sciences; ver. 25, IBM
Corporation, New York, NY, USA)Z 0[&3t0f M ZIt= HHF + EZFHX (mean £ SD)E
LIERY . ZF o "HAZtoll st Xt0| = one—way ANOVAZR}F Tukey’s multiple range test& AF25H
o 45 (p < 0.05).
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4) W Ealn| iR 2o 22 AME B

o
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4-1) YE7FEn| JirEdi =2 A MEZ(RAW264.7 cell) 2435t 52 "ot

(1) M= bt

RAW264.7 M EZ= St=M ZF23 (Korean Cell Line Bank, Seoul, Korea)2 2 §E{ 22fdto} A}
23519 204, 10% fetal bovine serum (FBS: Welgene, Daegu, Korea)Z} antimycotic/antibiotics
(Gibco, Grand lIsland, NY, USA)O| &7I=l Dulbecco’s modified eagle medium (DMEM:
Welgene, Korea)ollAl, 37C, 5% CO2 Z=Z10{|A| Hf 2F,

(2) MzZz=5d £5F

RAW264.7 MZZ 3x10* cells/cm?2| s =2 96 well cell culture plated| £33t0] 24A|2F S ot
Hi 25 =, Cikst 5 =(0, 10, 50, 100, 500 ug/mL)e| XHIF EElo| 722 S A 2l5t0] 24

AlZE Zob Fotz ek AMIz=ZS=Z+= 1 ug/mLel LPS (lipopolysaccharide; E.coli
0111:B4, Sigma-Aldrich)& Al2. M=Z MZEES EZ-Cytox (Dogenbio Co., Ltd., Seoul,
Korea) 7| EE At835t0{ FHsIR 204, =T (control)ofl CHe HHES(%)Z2 LtEHY.

(3) CHAIMI == B4l &M =4

CHAIM Z o] &HAlZ52 NRU (Neutral Red Uptake) 2412 0|235104 £H. 0.75% Neutral Red
stock solution2 Neutral Red (#N4638, Sigma-Aldrich, MO, USA)2} Dulbecco’s phosphate
buffered saline (DPBS, Welgene, Daegu, Korea)S Z&5H0] M =33 10, 4CollM 22 XISt
o 22 0.075% Neutral Red working solution® Al 2™ M =35I 204, 0.75 % Neutral Red

A

stock solution= H 2F dif X[ol] 10 vf 3|4 °._F = 0.2 um Al2IX| EE{E 03510 0u}sto] M =.
M HH SU2 oM EA, SHFFAOE=SS 1: 49 : 509 HIEZ 250 M =. RAW264.7
MZE 3%X104 cells/cm22| =2 96 well cell culture platedl] 2335t0{ 24A|ZF SQF vl 2F5H

=, AdHE Eelo| JeEsi2(0, 50, 100 ug/mL) == 1 ug/mLel LPSE I1'j—|0|'01 24A|2F S0t
FI7I2 vk S HHSHD DPBS (Welgene, Korea)2 2 3| MZ$H & 0.075 % Neutral
Red working solutionS 100 mL¥ 2350 ME Hi7[(37°C, 5% CO2)olM 3022t vk, Zt
welloll A Neutral Red solutionS M7{&F &, DPBS (Welgene, Korea)2 33| 4ot CtS 150 ulL
of HM HH Mz 2F3501 1022t WEFH Microplate reader (Molecular Device, San Jose,
USA)E 0|&35t0{ 540 nme| mt&EoflM SELE FHoto tix=Zof et HES(%)2 LIER.

(4) ik o| NO(nitric oxide)2t AlO|EFIRl & =X

RAW264.7 M[ZZ 3x10* cells/cm?2l 5= 2 24 well cell culture plated| £33t0] 24A|2F S ot
Hj kst & A= SE2to| JHE5HE(0, 50, 100 ug/mL) == 1 ug/mLel LPSE X 2I5H0] 244
2t Sot FII2 dft. dHjAdMo] NO == Griess Reagent Kit (Thermo Fisher Scientific,
Waltham, MA, USA)E Al835t01 55t 10, i 2FH o] TNF-alpha®t IL-62] &L= ELISA MAX
™ Deluxe Set (BioLegend, San Diego, USA)S 0|&35t0{ 4.

(5) Total RNA 22| % cDNA &4

RAW264.7 MZE 3x10* cells/cm?2| SE=2Z 6 well cell culture platedl EF510{ 24A|ZF S ot
B 2Fst & WHPY E2to| T2 =(0, 50, 100 ug/mL) = 1 ug/mLel LPSE X2|5t0{ 24A|
2t St 712 diek MEZZEH total RNA2| &2 Nucleozol reagent (I\/IACHEREY—NAGEL
Hoerdt, France)2 0|-&3t0 M=3|AIZ} MSste 2o wat 3. &5 RNA= Ad=xst
20 uLe| DEPC waterdll =0|11 EZHEHOA SHEE SYoI0d . cDNA M2 FET
total RNA 1 uge T2 Z ALE35t0] M-MLV-RTASE (moloney murine leukemia virus reverse
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el

transcriptase; BIONEER, Daejeon, Korea)E A}=35}0d

(6) MAIZE B8 54 AMHHZ(Quantitative Real-Time Polymerase Chain Reaction, gRT-PCR)

HAMEtES 2 58 5/AM S cDNAE 0[&3H01 iQ™ SYBR Green Supermix
(BIORAD, Bio—-Rad, Hercules, CA, USA)2F CFX Connect Real-Time PCR Detection System
(BIORAD, USA)S AlEsto] =3 &= 2t2E M X mRNA 22 delta—delta Ct 2ol ot
2} RPLPOOI| CHst AtCHA 2l ko 2 M A A AL = Z2L0|H (primer) 2l E7|IM P2 Table 601 Lt
EHH .

Table 6. Primer sequences used for quantitative real-time PCR

T X} zZzlo|H ME(5'—> 3)
IL-6 Forward: CTGCAAGAGACTTCCATCCAGTT
(Interleukin—6) Reverse: AGGGAAGGCCGTGGTTGT
RPLPO Forward: GCTTCGTGTTCACCAAGGAGGA
(ribosomal protein, large, PO) Reverse: GTCCTAGACCAGTGTTCTGAGC
TNF-alpha Forward: GGCTGCCCCGACTACGT

(Tumor necrosis factor alpha) Reverse: ACTTTCTCCTGGTATGAGATAGCAAAT
IL, interleukin; RPLPO, ribosomal protein, large, PO; TNFalpha, tumor necrosis factor

alpha.

A

M

(7) 8A4 24
Al Aol EA4X2l= SPSS program (statistical package for social sciences; ver. 25, IBM
Corporation, New York, NY, USA)= O|&3l0{ EAstAU LD ZE A2 35 o|A A=A,
Z2it= g3 £ EEHEX (mean £ SD)E LEM . 2H 2 2t HIA kol st el AzsF
95% (p < 0.05)0lA one-way ANOVA testE AA|SIE 7|8t XI0|& HASSH T AIZEA SR

Tukey’s multiple range testE& AF23510{ A4S

~—

ru}i 0H1l

[=]
=
l
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L

4-2) YE7 Feln| JiEa =22 oL SZUAMEZ 45 5o got

lo

(1) offA SZ tfAlMlxZze| 2|2t vf ek

2 AEoM AIZSE AES =71, BALB/c OFI2A(6F3H, 19 - 22g)2 2=2HI0|2(Yongin,
Korea)ollAl 1€l AHE= o 25 22-24C, MHE&EE 55 + 5%, 12 A|ZH9:00 — 21:00)
HesF7|2 MdHEE A5 240 AFS. Isoflurane (Ifran; Hana Pharm Co, Seoul, Korea)2 =
223 Ze2|Z(propylene glycol)dll 50 %(v/v)el s == 35|A510{ OIRAE OlFA|ZI & =524
7 ml2| DPBS (Welgene, Daegu, Korea)g FIsto] SUMUS 3. s|st SZLH2 4,000
romalM 5 2272F /M EE[5H0] MEZE 22|, Felst MZ= 10 % FBS (Welgene, Korea), 1%
HLUAE 2 AEJEOIO|AES ZESH RPMI-1640 B X|E AF235H0 37C, 5% CO20{ A vl k5t
< DPBS (Welgene, Korea)2 7HHH Ao{Ho 24 FEIZ|X| 22 MEZE HAHsH Fof Alsof

AHE.

]

ro
e 0

rok

(2) Mz=MH &H

S22 A M Zol|l M A SEEfo| RS E0| MEZESM S LIEI=X| &0l517| £|5to], 52+ of
AMMEZZE MEE 1.5%10° cells/cm?2] s 96 well cell culture platedll £330 24A|ZF S ot
i 25 =, 0, 10, 50, 100 Ee= 500 ug/mLe| AHFA F2lo| 7t =S X2|st0] 24A[ZF vf
oF M= 2SZ 1 ug/mLel LPS (E.coli 0111:B4, Sigma—-Aldrich)E AIZ. AIE. M=Z MZE
82 VEZ-Cytox kit(Dogenbio Co., Ltd., Seoul, Korea)& AlZ5t0{ E™sI¥ 20|, =
(control)oll CHEF YHEE(%)2 LIEF.

(3) halMl=e| &t 8 5
CHAIM o] ElAlE2 NRU 24M (Neutral Red Uptake assay)E 0| 23101 =X . 0.75% Neutral
Red stock solution2 Neutral Red(#N4638, Sigma-Aldrich, MO, USA)2} Dulbecco’s
phosphate buffered saline (DPBS, Welgene, Daegu, Korea)S Z&5H0] M =35I 1, 4COllA
45 Xtohshod H 2k 0.075% Neutral Red working solution® AF2 &M M =520, 0.75 %
Neutral Red stock solution2 Hi2F v X0 10 8f 3[AMTH = 0.2 um A[ElX| ZEE 0[&35t0{ 0
ntStod K=, FAM HH BU2 ofMEL, SFETL/AMEESS 1 49 1 502 H|g2 &5t A|
X, 2 AMZE 1.5%x10° cells/cm?e] =2 96 well cell culture platedll £F35t0{ 24A|Z}
Sot kst & A E2lo] JE52(0, 50, 100 ug/mL) === 1 ug/mLe| LPSE A z|stod
24AM|Z2F Sot FUI2 . v UM S HHSHD DPBS (Welgene, Korea) 2 23| MASH & 0.075
% Neutral Red working solutionS 100 uL® &350 M| H{27[(37°C, 5% CO2)0llAf 3022t
i 2. ZF welloll M Neutral Red solutiong X7 & =, DPBS (Welgene, Korea)2 33| A 0o{tH Ct
= 150 uLe| S HMH S8HZS EF5t04 1022+ LHF Microplate reader (Molecular Device,
San Jose, CA, USA)E 0/835t04 540 nme| mtEoA SHEE S50 thx=7of st WES
(%)2 LIEH.

1>
jo
z
[¥
02!

(4) HfgHo| AtO|EFIQI S FH

22 HAMEZE MEZE 1.5X10° cells/cm?2el SE2 24 well cell culture platedl] 235101 24A|
2t Sot sfekst & AEE P EEto| 251 E(0, 50, 100 ug/mL) == 1 ug/mLel LPSE X5}
0 24A1ZF St FII2 dff k. kMo TNF-alphall IL-62] sE= ELISA MAX™ Deluxe Set
(BioLegend, San Diego, USA)Z o|&3t04 £4.

(5) S8AHXz|
Al Aol EA4X2l= SPSS program (statistical package for social sciences; ver. 25, IBM
Corporation, New York, NY, USA)Z 0|&35t0{ EAsI¥ 1 ZE M2 35 o|4 TH=A20q,
Z2it= g3 £ EEHEX (mean £ SD)2 LER . 2H 2 7t HIA kol et el 2 AME2sF
95% (p < 0.05)0[A{ one-way ANOVA testE AA|stl Ro|st XIO| & AT T AIFEMCOZ
Tukey’s multiple range testE AE35t0] AS.
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5) 3= ZHOAM &EA 50| JieEslEe HHY|s M &2t Hot

= 65382 7 Balb/c 0h*AE 2t2HI0|2(Yongin, Korea)dlM T, 137 SSAIS4A
T 55+5%, 12A|ZF light/dark cycle)ollA] oflH| Alsst &, “taj#Ho| 2| 5H0d
2|4 M At =F(NOR), cyclophosphamide S0{2(CY), CY + 200 mg/kg Neutrase 7+
i2 F04(CY + LN), CY + 400 mg/kg Neutrase 7tF&sli & F0{Z(CY + HN), CY + 200
mg/kg Flavourzyme 7}_,-_._3H% F0{Z(CY + LF), CY + 200 mg/kg Flavourzyme 7t+23i=
FO{Z(CY + HF)Ql & 61F2 2 L0 287 AIF. A|HEZR2 SRTO S0iA ofed 7%
ofsiien, & HEZD CYZR S TRTE Foigh Z& AES=2 4/0/= AIN9-93M

Al
40| E SFsINeH, T AMS7|H S °._ Aojet =2 AREA UFSIES o, A 212} 234}

o= 150 mg/kg2l cyclophosphamide (Sigma—Aldrich, St. Louis, MO, USA)E =2 FA}SIS
| 4

ooi, NORZE H2IAB+E FAL ggogw HMED Ao MF e YT Aol

!

i
ol

+ S E A~
w
-+
N
o ©
(@)
0z
i
i)

S2 ¥ Isoflurne (OtO| ZEtM)Z 0| Z5t0] OtF|A|ZI ot A& AME =, 2H AF
MESIo] 7 5. 2E 5= dg2 =il des=relelEsef sele wot

DKU-20-038).

(2) &

2=
o

et

T At

M (KEDTA)ZF B2l " S 2(BD Microtainer)oll &7 oty si=l EH g o|35t0] €+
T dFRZAAE RAE @7 24 7|(MEK-6550, Nihon Kohden, Japan)& 0| 23510 £=3H
T Tx(WBC), M+ +%(RBC), sl 222l FX|(Hb), MET & HES(Hct), €&
[(PLT), d&+ X|5=(RBC indices: MCV, MCH, MCHC, RDW, PDW, MPV) ¥ S&+ H|
NEU), =7 H|Z (LYM), &3 Hlg (MON)2 =3.

Mo > oo
R

=
mo 4% JE O

—

(38) & AO|EFIY 5 &5

310 (K2EDTA)Zt &2l ZfE [T E(BD Microtainer)oll =74 e 3tE @MU S 3,000rpm, 4Cof|
M 1027t dAEelst] E&2 22l g8el Ao|lEFIeI2 MILLIPLEX MAP Mouse High
Sensitivity T Cell Premixed Panel(MHSTCMAG-70KPMX; EMD Millipore, Billerica, MA, USA)z}
Luminex 200™ system(40-012; EMD Millipore)& O0|&3t0{ &4. Th1/Th22| HIE2 Qi &
(2018)2| gHHoll w2t ofehel SA2=2 L&,

Th1/Th2 = (IFN-y + IL=2) / (IL-4 + IL-10)

ke

(4) H|EAMZZ B4l EH
AHESEOM HES MESI| H|ZMEZE 22|, H|ZMEZ= 96 well cell culture plated| 1 x
105/well2] SEZ seeding. 5 ug/mL2| Concanavalin A &= 10 ug/mLe| LPSE Zt welld &
Ztstd 24, 48, 72A|1Z2F S 37C, 5% CO20i| A Hi k. Z+ welloll 10uLe| EZ-Cytox (Dogenbio
Co., Ltd., Seoul, Korea)E #®7tsto] 2A[ZF S¢tF Hi S = microplate reader (Molecular
Device, San Jose, CA, USA)E AtEsl0d 450 nmollM SHE 5H.

r°l'

(5) HIZF XtA Ml (natural killer, NK)MIZ &M &3

AHSE0AM HEEZS HMESte H|ZMEE FE2|. H[FEAMEZEE effector cell, At Al M Z
—-specific Yac—-1 MZ= target cell2 5t0§ H| &M EZ 2| AIHAAGHAMZ M S S . 96 well cell
culture plated H|ZAMIZ(5 x 105/well)2F YAC-1AMIZ (1 x 104/well)S 50:12| H|EZ seedingst
1 37°C, 5% CO20IM 24A|12F Sk i 2k, ZF well2| i 2FH S 5|=5}0 600 x g, 4 CAHAM 522+
ArEE|st & AEME x50 HAEREAS A (lactate deHydrogenase, LDH) sE& =4,
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LDH sE= &= 10 uL2} LDH Mixture 100 uLE Z &350 micro plate readerg 0| &3l 450

o o
nmollM SZEE FE5H0] ALt H[E XAMsiMz &d2 otz o] SAe=2 ME.

NK cell activity =
(sample OD - target cell OD) / (target cell lysis OD — target cell OD) * 100

(6) & ASTSF ALT 5= 53

S Z AST, ALT S =5 GOT, GPT test kit (EMBIEL, Gunpo, Korea)Z& At235t04 & . AST £
ALT 7|2 S 0.1 mL&A Algatoll @10 37CollA 527t BFSAIZI & EFHE 0.02 =
ol 7tgt & 37C F=2MM ASTL| A2 60=, ALTS A% 3027t BF3AIZI & HAMAIeks
0.1 mL% &7}

— [LER] S
nmollM 745 WH2=E 510 FFN, 4N & x| SEHEE 5T E&Ye 4 J
C

o
o K
>
0
2
x
N
o
T
\J
0T
S
o
n
ojo
prd
Q
O
T
mujn
in
<
=
0[0
mo
ofA
Ral
Pl
I
w
(@]
i
i
o ]
(@]
(@)]

Mo2FE 529 &4

(7) 2+ == sHAME B4 BM =X
b =29 superoxide Dismutase (SOD)2} catalase (CAT) 2 &A1} reduced glutathione
(GSH)2t oxidized glutathione (GSSG)2| Hlg2 AMUE2=Z Host= FAM kit(Dogenbio,
Seoul, Korea)& AZ5t0] & . ZF =&|2o| SOD2} CAT 52 flsl0, Hs HaE 72 =3 S
150mM sodium chloride (SAMCHUM CHEMICALS, Seoul, Korea)2t 1% of triton—-X
(Sigma—Aldrich, Saint Lousis, MO, USA), 5mM EDTA, and protease inhibitor)0| Z&El lysing
buffer [1M Tris—hcl (pH 7.4), BioShoplollA tissue grinder& 0| &3t01 #& 3t GSHRlI GSSG
=2Mg 25l W= EZHE ZF =& 2 5% metaphosphoric acid (MPA) 22 0f| A tissue grinder
£ o|235to] f&st FAstE M2 14,000 x g, 4CHA 1522 2IAEE|5I0] ASHS 3|5
5 = b

oH
ot £ MZEADLE MSste SE Yol o2t 24,

r
J

(8) &4 &4

BE 4= ¥4 + EFHA (mean + SD) LIEMH . SH 2AM2 GraphpadPrism(ver. 5.0,
GraphPad Software, Inc., La Holla, CA, USA)S AlE35t0] =8l & 72| W XIo|= L E4t
=] o| A

o
=4 (one-way analysis of variance)@} Tukey’'s CEH|Il WS ALESI0{ M. SHX &
i=3

pafol 0.05 olgted mf Fo|gh W2 7k,
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78 AT 2E AN 8 o e
1) e el T2 E =27t §A "ot
< JtEsEe 22| EM It
- s Ealo| B2l |« VMRl Ee T2/7tE A "ot
- HMRE 2 A8 EAMEIL | 2) 4HEelo| JxLaf 2o BsHIt
< JtBe 2o BAX ms®It
s bR 2o AH|AU|ISE HIL
3) W Eetn| ISR ES o/ 2E HMR et
« HMRH| Zol| M &tst 2xjgo| AMA
< it HMRM Z2| =& 7t
| EIEel) JprRsEs ST oET e e
oAzt ) 'AIHI% 45 7HHEF

0|83t HVMR ™ Z 7§

°7Ht'aF AIHI%°I —E—&.@. syt
<Y AMF2| &H[A} J|ZE ZAL

1) A4 Falo| JI2E =278 §M g0t

1-1) 4EHF2to] 7=

_2'__'
\_o
Mo
o
A
Jm
0z
0El
N

(1) ==&
AHFE2n| 2L (BXEE, 72 =) 2 g= Fotod &2 ™Alol #dsHA ot MM =&
Z7ZX7| (Moisture Determination Balance FD-610, Kett Electric Laboratory, Japan)& 0| &35}0{

105CollM 32| gh5 FZH S

~—~~

T

0

2) ZCief Al ket
A FElo| BEU(EXEY, 72 =)o =t A &2 Kjeldahl 24 MEFEol| w2l &4
icHGerhardt,Vapodest, Germany) AlE 1g2 A ESISZIAM (K2PO4 @ CuS0O4 = 4 : 1)
& Kjeldahl 2230 Y31 95% H2S04= 20 mL 7tst0{ 7t &5l ZHX|of|Al 7tL s F
ZE FH2 2AIZE HZESE T automatic Kjeldahl systems(Kjeltec 1026, FOSS. Korea)ol|
F42F 32% NaOHZ 37 X I3t 1y S M sIQCt 7HH =2 st 57| & S/oI0] Ly &
&AL oS pH 4.52| boric acidZt Z&HEl X[A|2k 50 mLo| =zl MZ-EEIATo| =R st
IN H2SO4=2 X7 35t0{ ofefe| AptAloz  Z=CIMAISHES 5L

©orr ooy e o o o

EARA(%) = (T-B) X F X Tormality X
H

HA
Normality: M&0| A= Mo 22 &




3) 9z 3

A Eelo] 2UH(EX2E, VMR E)e 5= SH2 Morh HE 0|25 A|lR 2 gS E A

Wof Y11 Z/FFE Jst0d 100 g K| HEsHct SF2 3= A2+ Stomacher (

speed 8, 2 min) 2 #&sl AlZI & oz}510 Al"of| AFZSHRCE o] & 10 mL S #5HH 10%

K2CrO4 1 mL & ¥ 0.1 N AgNO3=2 M Al C.

(4) LIEE &X

Al2e LIEE SH2 AR 2 g2 A 3 FAE0] F[ot oM ofH|S|3IA|Z] & MI|2 60

0COllAl 2A[ZF O] 2H(S|HH M) SISIA|Z] F| BHHSHTD HASH(1:1) 10m£§ 7tstod 24A| FEER| &
ct. LIE

0|8 =HE2 =2 0{1}5t0

SiiAlZ] EFZ No.6 0{1fX[ & £
E EZ8%(1,000ppm)Tt A|ZUO| LIEE ST 7} 1000pp OI EIEﬁ AR EY
588.9mmoilA] EEEMoZ HAZTMZ T3t Clx AR EEEE FSIUCE
A BHO|EZ T /[1ppm7|E ELEZ X3 Mulj
LIEE (%) = = < X 100
ABZE2(g) X 106

(6) Mz £
U HEefle|l A|[RE 4 g¥ 35® petri dish

AHEA Fefo| 2UEXNEY, JiEdlE)e M= 22

(SPL Life Sciences, Pocheon, Seoul)oll Bl=7t0| g5 2 = AMKXIA (Spectro colorimeter,
Minolta CR-200b,Japan)& At&35t04 A|=2| L (Lightness), a (Redness), b (Yellowness)at=S
3| vt= =XM1 Ct oluf Al2st ZEZUBALIH(Calibration palate CR-A43)2e] W= ZF2 94.50,
AT ZH2 0.3032, BME 72 0.3193012CH SHZHS Hunter HE (L), AT (a), BT

1 1

b)2 LIEHACE.

(6) 227 U

ZE|Alol= H™Y A F0|
A= (200mL)S ol 83
27 2z (RAg/FoimL)E MAlg

L AZHE A ARESHE QU
x

lol A|BE X = sh &

1-2) 4E7{Fet0| 22 =

Alz M2
20 mIE 7510 AR}t ZER4E=

A E2io] 22 (X2, JeEsE) 2 goll &

Stomacher (speed 7, 2 min) 2 T&st AlZI & 3,000 rpmolM 3027t AEzE|

(HMR-2201V, Hanil Industiral Co., Seoul, Korea)st & AISH S F|5t0] 24 A2 2 AIE5}

Xt

(1) pH &4

pH meter (Model PB-10, Sartorias, Germany)& 0| 23510 ASM 9| pHE 33| 5 ESH™HSIYCI

(2 7t2d ng=EstE =4

ASH 1 mlIE ZAEYEAH (Digital refractometer, Model PR-101, °Brix 0-45%, Nippon —
5l 33 2= =X 510 °Brix %2 EAISIFCL.

-1 1o

Optical Works Co, Japan)& 0|2
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2 (Water Binding Capacity)

—
=
2o = FAE SY5tL M3 A2 SHHZFH FE2ZEsHE Ad

Alzel BEEs= AREE T/FFTE 308 3AMst = UV-Vis Spectrophotometer (UV-1201,
Shimadzu Co., Kyoto, Japan)E 0| 335t0{ A5Hel =11 F&HEQl 390 nmollAl £H35t0{ LIE}

LH ACE.

kA
L)
N
OH
im
0x

1-3) MHYelo| 7251229 "Il

(1) DRz (HA7) 58

(7h) B R =y

AT R ZE #AY| YA DX D, 2olA To)E AMESHe] olo|M (HTX|:, 2folx Tol)
B7lof 7| oA cu| YEHERl0] JHSRHES 5%, 7%, 10%E HIIS 527 WA A

Z=3SHA et

[ 4E 8 g ]

(=2 e
Mz 5% 7% 10%
I:IHA—ijl EIIA 95 93 90
AHA Felo| T2l 5 7 10
(L}) ZrarE o =g
A == &4 A (M 22X 12, 2fo|A njo|)E r%ém OFO| 7 (Ml 2 X| 2, 2fo|A xio|)& 7|
of £ olA fjy| AHI 20| JI5-EE 5% &H715H0] 522F WAl M =5,
[ £k v S ]
(Etel @ g)
M= 5% 7% 10%
ZH4E Ol A 95 93 90
WA E2lo| IRl = 5 7 10
(2 AH Hg
UIIRRl 422 42 o2 2IIF 52 100% 5 7|50 A Eeto| J+==238= 5, 8, 10,
15, 20% A7lst1 25 71501 A=2(20C)0M 1027 U5 T U5 S d|E giof| o HED
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Ol M 1A|ZE =M AlZACH 2bMEl BH RS K| I:"|7|(Marcato 8340 Atlas Pasta Dough Roller, lItaly)

£ 0|85t 0, 1, 2, 3 EHAOIAM 242t 23|4 L& = 0.2cm FH2] He=Z ol 4HZ M=
Stch Mzzl W2 Z= ol 2o 582 ¢ = Zh=o 2~3H AT 2=V HfACt.

[Afod &= uf gte]]

(=l : 9)
ME 5%* 8%* 10%* 15%* 20%*
oytE 95 92 90 85 80
AE P F2io| JieREE 5 8 10 15 20
=) 5 5 5 5 5
= 92 92 92 92 92

* . Baker's % (B %)

dujof 22 4T WH 0| JIFEHES YD o 22HE RO} 28 Rof BoIch BT
Axtste obE R Shof diulel g 4% EsAM 1782 o Bof &t

[= H = ufgs]]

(=l - g)

Nz 0.6% 0.9%

W (1A|ZE EEI4 30 30
AHL F2lo| TR E 2 3
2= 3 3

= 0.7 0.7

= 300 300

=2 & =g 230 240

( ) H(FEM) =2 HE
7tF (WA 571X AtAoM H2 ME FEAIFE, @ MHAOIMAM )2t 487 Fato] =21 &
MEl=2E 10%, 15% HIIsto] =21 40f EHZ Mol AZBRE F21 FHM M=3HRACH

o

[H(F&7H) M= sigt]]

(2H2l : g)
XMz 10%* 15%*
F2It=F 90 85
e e 10 15
=2 160 160
A8R 12 12

* . Baker's %

|OIM LM &)t &HEAFeto] JiEEsdi=3 10%, 15% H7Istod =2 4101

L
27 Mol ABRE T2 2H =S
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(cH2 @)
M= 10% 15% *
SHAHIY T A 90 85
A FEeto| JieEslE 10 15
g 160 160
AZR 10 10

(7) Alw M= X
At ® ol AFSE AlMRIA((F)Ea

HAFelo| TNt =S A

7] (BNVM-12, Daeyonng Bakery Machinery Co., Ltd.)ol

|:7F ): Al HipO

- 1O

to1 A =3t

| A

Al bH
k%

* . Baker's %

S2(360g 7|&E)< 10 12, 15% 5 &
=0l AFE == MEZE

AlZstod H|

| @30 M= (2A12F EE) St L.
[Al% A= dlighd|]
(=H2l 1 g)
M= 10% * 12% * 15%*
Al Of A 324 316.8 306
AH Fefo| IRl = 36 43.2 54
QAIAEIE O|AE 4 4 4
= 210 210 210
B E 30 30 30
* | Baker's %
(7) F7| A= 23
CIAX 2582 S350 So{FC t{E £ A20| 1A|Z2H HE F0| 227 2= $ 3|H5t0 2
T MYS Qo et 52 223 S 9 sEo B Mol & 7 JIREFE AZE MM A3
HZ %EE‘-I%OI Mo{=Ch BE 2 3 Hof2|2 HE 1A|ZH WA M5 F 3094 HHES o
of 28 & Flol €2 §1 22 Lo HECH 180/160CE = 220A 10~15&
HE ?%%EL
[Z3FI| M= dfgH]|]
(=Hl 1 g)
Mz 7% 14%
SHE 18.1 16.8
S FEfo| JiEslE 12.1 24.9
= 33.6 28.9
& e E 20.1 20.1
ctaxZsE 53.7 47.0
S M E 40.3 40.3
H| o] Z At 0.7 0.7
HILZIAAEME 1.3 1.3
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6) HE M= M2
HEIS AM20]| 1A AT F0| 22 2HE F 34510 7MHA E0{F10 7)o MES U
SZkS Z0{M 3Hol| LiH & Ho{Fo{ Y=t LHHX| 712 M EE Aol shH Lz BH TS dt
Fo Y0 A M3 2R ES Y2 F LHX| JIRE @0 Ao{Ect HE Eof 80% & T
=I5H01 190/170COIM 258 HME F@=C}
[HE A= wi gy ]
(2He] 1 g)
Mz 7% 12%
grad 2 40.5 31.8
M Eefto| IR E 12.7 21.4
EfZE 52.1 52.1
FEHE 14.5 14.5
ME} 37.6 37.6
= 5.8 5.8
T 14.5 14.5
HIL 2|l AESE 1.2 1.2
HIL2llAEME 1.2 1.2
(7) MolA® M= H&
s 0| T2 22 0| 8510 Ho|AF MZEA| MIF2ED maskingE D = AMBE E
Al SHORF A JEX] 4|0|ARFE 2HEO] OF HILE SIQICt o|xItE HIX Hi st E= Cl2 Eof &2
of, O|7IF (OH 537 o|7IF, EE)ol A seto| 7125128 3%7HX| &7Isto] HItsk
Ct.

[0 R7}F M= digts]]

= 0% 2% 3%
O|RIFFA 20 20 20

dEF Fetol JhrEd=E 0 2 3
= 100 100 100

M 2 2 2

(7-1) 8% =8

AHF2lo| JtE=Ed &S AFEAl masking E3HE 27| /5101 A|So| HEIE 570e] 88 &
U HES MEH (HERHEEH), SxHEEH), 43RHEH), UXHEH), Z2E 4 0[3 (oo,
Cfatgzto|=))stod MEE 2 1=of YE 50| Ji-E6l= 3% S "47}3}01 ofeff Eet Zof
Zd|sto St HIIE St
[E2(XP) M= v g ]
M= SEME UA (g) HEAFEb0| 7I+E8l=E (g) = (g)
ZZE 4o|3 20 3 100
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Hot¥s. ©X 1022 1520lAM= Make=80| Z2+2F 93.81%, 93.48% 2 XtO|7} LIX| 24U
out ZgE 2o ut 2AMSZ HuWIH S Al BX| 1520 Yool 2840 =2 A=
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#Lot BEX|A|ZE Felzo) | BXF FA(g) | 2YSH(g) | MMFE(%) | 2EA2(%)
#1 2,700 2,588 80 95.85 1.19
#2 52 2,700 2,584 82 95.70 1.26
#3 2,700 2,582 84 95.63 1.26

i 2,585 82 95.73 1.22
#1 2,700 2,490 112 94.96 0.89
#2 108 2,700 2,576 104 95.41 0.74
#3 2,700 2,556 108 94.67 1.33
o 2,533 108 93.81 0.99
#1 2,700 2,532 160 93.78 0.30
#2 158 2,700 2,516 168 93.19 0.59
#3 2,700 2,524 164 93.48 0.44
g 2,524 164 93.48 0.44
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(2) 2357
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O &7 EX|zde g dyE 487 Fef0] $HXZ2E LUS7|BT7|E 0/&5H0{ 121°CollA

(=] T
0~602 =2 Mzlst = 7IFEE At 23, Neutrase & Protamexdll M= 1457
HMe|AlZE 3022 M2 E AZio| 25 JI5Esi =7t STt Ctrt O o| o= HAEUL
o, EAE 2= NeutrasedllM ZtEEdll o7 =US
O dEY5Feln| JtxEaiE Mg /et MMz HHezE IUS7|8d 6082 MR
O 7l &AM Z23} Neutrasedld =2 RllTE EdoLt, #sZEel EMHoM=
Flavourzyme &4 AMSH A|R0M 28 5L71 sot MY S(CHZoietm)e| Me|gd AEs
2|ai M= Neutrase, Flavourzyme EAXEE2 AlRE MB35t¥ o0, M2gS(HAolcfstn)
°| HMRIWY2 ?HM = Flavourzyme 222X 2|22 AIRER M3 5I¥S

. OASIET XMl AlZhol wE AEFFED| EXTFE =2 TR

Enzvmes Time of pressure (min)

Y 0 (control) 15 30 60
Alcalase 72.57+0.732 52.72+2.51° 63.92+11.452 46.024+01.09°
Protamex 49.31+3.54° 56.09+1.812 55.83+1.152 52.32+0.62%°

Flavourzyme 33.41+2.122 33.28+1.992 16.56+9.17° 32.27+1.502
Neutrase 52.27+1.19° 59.51+1.87° 69.04+4.812 70.68+1.472

mean + SD (n=3)
Different superscripts in the same row indicate significant differences (p<0.05).

. Lo min B15min 30 min M60-min T

2] ]

5 | J[ 1 h
40

20 A

10 A

R | |

Degree of hydrolysis (%)

(=]

Alcalase Protamex Flavourzyme Neutrase
a7, DABI|HF Ml Azl wE WHyFaln| s27E 2 IR E

(3) =ngfxz| =2

O M7| EX|=zde=z HAYE AEASF2io| $#XE2LS 1,500 bar~5,500 bare| o=z 58
2t =0 Me2|gt & IR = E B4t 23, Neutrase@oll A= 1,500 bardll M 7t=2 5l
Tt Bt CZb O oo E ZAASHH 20| AlcalaseTol M= &tado| Z7tstof| what 7t
T2l =7t 5715101 4,500z} 5,500 bardlAl= H=Z(0 bar)2ct s}t SH AL R
Mol XIo|E HO|X| AtF

O 4EAFetn| 7I-EolE M=E fIe el ghHe=z =netM2| &4 1,500 bar, 58222
MY =



=n¢et

kd

A2l 2o mE Y7 Feto|l v Ee e e

Pressure (bar)

Enzymes

0 1,500

2,500

3,500

4,500

5,500

No enzyme | 3.93 5.22+£0.69

7.30+0.47

3.8912.44

3.72+1.72

4.68+1.12

Alcalase 30.12 | 7.15x7.47

38.841t4.78

39.06+£7.35

47.21+0.80

49.2516.28

Protamex 22.32 | 36.75+7.51

38.93%4.01

37.97+4.35

42.53+2.97

34.4612.84

Flavourzyme | 39.26 | 23.46+2.23

22.8610.89

25.01£0.72

20.85+3.06

23.931£1.09

Neutrase 31.32 | 42.58%£5.60

36.42+1.59

33.80t4.09

37.34+3.41

32.1114.45

mean * SD (n=3)

Different superscripts in the same row indicate significant differences (p<0.05).
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. Y87 Fen| sl =2 welofo[ it 24 Aot

(2t2l © mg/g)
279 Ha| B 4 2o 4 | E2fo|
Amino acid (H=R) Neutrase Flavourzyme
— IR JeEs e
Threonine 0.08 0.77 4.59
Valine 0 1.63 7.27
Essential Methionine 0.02 0.26 1.84
amino Tryptophane 0 0.24 0.98
. Phenylalanine 0.06 0.61 4.05
acid Isoleucine 0.07 0.71 5.42
Leucine 0.15 1.36 12.26
Lysine 0.35 2.92 9.19
Sub total 0.73 8.5 45.6
Glutamic acid 0.10 2.93 6.03
Serine 0.08 1.41 4 .61
Non- Histidine 0.18 1.21 2.79
essential Glygine . 0.45 4.02 5.16
) Aspartic acid 0 0.69 2.32
amino Arginine 1.20 10.58 20.35
acid Alanine 0.68 5.48 11.76
Tyrosine 0.16 1.69 5.56
Proline 0.37 7.71 7.88
Sub total 3.22 35.72 66.46
Total 3.95 44.22 112.06

(th Moo &t

O 7t5&Esi =2t in—vitro E5%7I A32|d Z0tE ENZE, 4HAFeto] X2 1,500 bar
T X2|sto] EaVIFE T TAE BRAXTSI FMdoto|itE B SIS

O 2axelstk| ¢e 22 =12 Neutrase 7H&Edll& THAF & =112 Flavourzyme 7H5-&
sl = THALS] FMofo|=it2 Y2t (Ala), 2FEC(Glu)Zt otA 2 EA(Asp)o| THE B2
Hl &2 AtX|stD UJUS. Neutrase 7tFEESHE FALL] Ala, Glull Asp &2 242t 11.4,
10.7, 9.0% 0|20, Flavourzyme ZtrEsl=E ZHALR| Ala, Glu2l Asp =2 11.6%,
10.7%, 8.9% 2=, t=+ 1} H| WSt Asplt Glue AL 2Lt Alal| &2 S5 =S.
LSk 2= ofo| =& B BCAAZ =2|= Valine, Isoleucine, Leucine2l &&0| 728 = &
7t St= AE oSt E. 54 JIFEdE M= Al ot o FAlEe| L7 7|t E

_62_



. 47 5en| RS2 Fdolo[edt 24 Hot

(B2 mg/g)

. . =10 2| 22 Neutrase Flavourzyme

Amino acid (=) ISEHE TAF JEEE TAL
Threonine 24.99 24.86 24.77
Valine 40.49 47 .55 47.76
Methionine 8.11 8.28 8.50
Essential Tryptophane 41 5.16 415
amino acid Phenylalanine 21.62 22.09 22.26
Isoleucine 21.68 23.15 23.72
Leucine 46.69 47.83 48.38
Lysine 36.22 31.26 30.98
Sub total 203.9 210.18 210.52
Glutamic acid 72.42 62.26 61.78
Serine 33.41 32.01 31.36
Histidine 15.29 14.59 14.67
Non- Glycine 35.75 34.94 35.32
essential Aspartic acid 57.2 52.52 51.70
amino acid Arginine 41.4 35.78 34.37
Alanine 60.34 66.42 67.21
Tyrosine 26.88 31.39 30.85
Proline 38.79 41.43 41.10
Sub total 381.48 371.34 368.36
Total 585.38 581.52 578.88
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1-2) YEH5eto| JirZol=E &ikst

(1) DPPH(1,1-Diphenyl-2-Picrylhydrazyl) 2lc|Zt &HS

O DPPH 2A42 AlZ0|Lt AE FEE = oY stetE9| eitstssS S| sl Eal Al
== YH. Neutrase?t Flavourzyme ZhrEEsiE2 DPPH 2iC|Z &~Hs2 242
23.52%%2} 21.66%014 201, EA7te| JpEs| 2 S5t 42 Flavourzyme 7H=E51 2
2l Neutrase 7IFElE0M FolH2E =S

—

(2) TEAC(Trolox equivalent antioxidant capacity)

O TEACE= ol 2ol Chst shitatr ol 258 SMots WHo =z AlF ol ZHEhsto] st
3ts FHo| 2| AtEEs g 5 5tetel. DPPH radicaltt E'P‘UPXIE M =l radicalol
L} 211 R7|20f 250 222 =M A|280k ol 2} H[2M AlZ2o| gitets X
25 ALE 7+535t01 DPPH radicaloll Hlslf CtFsh A|Z22| &hitsts EH-o| ALESE AIRL
ABTS ElC|Zt &1 258 H7I5H7| fI5t0d TEACE A & Neutraselt Flavourzyme 7H¢
2822 TEAC2 22t 173.662 165.2 mM TE/g2Z, Flavourzyme 7222t
Neutrase 7tTE35HE0AM Rz =4S

(3) ORAC(oxygen radical absorption capacity)

O ORAC 242 AstEZolM S E =l peroxyl radicaloll Cf st ehitst 229 NMallssS S8 st
= HHeE =2 =X 0|Lt plasma, A, ot S CHFet A|2o| okt Al E "I
T A2t palsmalt THEE ot2ko| =2 A2 4 CHEEZEQ| thiol groupdl 2|8l peroxyl
radical 2&=77t Wall=[7| = & Al=ZQ| Tpptety| &~ M S HILsH| 25104 ORACE =
Mgt Neutrase 7FE&3d22 ORACS 973.92 uM TE/mg, Flavourzyme Zt5&35H 22
954.46 uM TE/mg 22 Neutrase 7tFEll 20M U2}, SHXHSZE Ro|sHX|= LU

o

. 48 50| Tl =2 eatar #d

Antioxidant Neutrase Flavourzyme
DPPH radical scavenging activity (% Inhibition) 23.52 + 0.17 21.66 £ 0.38™
TEAC (mM TE/g) 173.66 £ 1.6 165.2 + 1.48""
ORAC (uM TE/mg) 973.92 + 16.96™ | 954.46 + 9.11N°

mean = SD (n=3)
Statistical analysis was conducted by independent t—test. "/~<0.01
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(1) 4o &@X] 22 H=x 34
k=] H=2/7|7| = H|
ez AE el A= TE2<5% 2.7kg
l
Z=EM WHA E20| AxX=E/ B 1cycle, 0.5mm 2.7kg
!
o 2
2] e Ealn) mray mgy| | 100 OO0t | 2.5k
15min (=8 93.5%)
!
A | S2lo| ERX|E
o E'—A o= T = L
| = 24 Enas47| 1cycle, 80mesh
(2) A4 Feln| EXE2Y DAEI|EA-I7ITEslE 38
O &% X7t =243tE ?lsto] iR d Xz WHoZ NABI|HAS AlA
CH S H=/7|7] = H| D
H= AW E2lo| ERX| 22 T2<5% 1kg
|
M I EEaln| EFX| gl
DetE7|HEA SEAT s 121°C, 1hr 1081 %
autoclave
l
- Flavourzyme or Neutrase/ .
2w e . 50°C, 3hr 1%
o:‘?jl
!
_ AHL Feln| IRl =/
Alg CENT LT 90°C, 15min
o:'le
!
S5 It s5 60°C, 20brix
}
A= 2RHxT) SZAH=
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® pH &1}
O AEBHHEO| e} pH 5~6 Y| HEHst HO 2 MHHHO, NELSEY XEI|Zlo| 0
oH E41 203k X3 0xjolA pHRLOl 5.92 7Ha Wton!, 90oll Al pHZkol 7He =3t
E HZesd |2l 0e pH 2
el o
25T 35T 40°C
0 5.9 5.9 5.9
30 5.69 5.99 5.99
60 5.96 5.99 5.99
90 6.06 6.06 6.07
120 5.91 5.91 5.91
150 5.97 6.02 5.99
180 5.94 5.96 5.95
® Ty le) H
O MESH x| wae] ERE| et 25 9/100 g} HE Ho2 MHsRON, HYSE
# T2l CHE Xwa B 2D RE WSl 25 g olAe] HHUS HHS

. OME2DE MVl mE X a2 7H9) ot
chel: g/100 g
N x| 2420 719)

25C 35T 40°C
0 28.80 28.80 28.80
30 27.20 28.40 26.60
120 27.80 27.50 26.70
150 27.60 27.30 26.70
180 27.50 26.80 26.40
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(Lh SEXZE d3Ea(K)e & 3 M35 olHX| &ME
®. BANEY WSSTArel ME
Ao as e SEIEIN 22 k| meo | ST
25 Y=-0.0006 X + 8.8679 0.1302 | 0.0006 | 0.003356 -7.4265
_ Y=-14925.19 X+ 42.4944
OXt 35 Y=-0.0015 X + 8.9250 0.5559 | 0.0015 | 0.003247 -6.4710
R2=0.8819
ol 40 Y=-0.0079 X + 8.8357 0.8481 0.0079 | 0.003195 -4.8463
s 25 Y=-0.0001 X + 2.1823 0.1289 | 0.0001 0.003356 -9.6114
_ _ 7 Y=-15336.92 X + 41.6827
1Xt 35 Y= -0.0002 X + 2.1889 0.5558 | 0.0002 | 0.003247 8.6461 R2=0.8769
40 Y=-0.0010 X + 2.1793 0.8576 | 0.0010 | 0.003195 -6.9555
25 Y=-0.0038 X + 28.1478 0.2379 | 0.0038 | 0.003356 -5.5647
- Y=-5996.08 X + 14.6435
0Xt 35 Y=-0.0105 X + 28.7701 0.9920 | 0.0105 | 0.003247 —4.5543
o R2=0.8095
o 40 Y=-0.0091 X + 27.9164 0.5113 | 0.0091 0.003195 -4.6963
7t 25 Y=-0.0001 X + 3.3371 0.2322 | 0.0001 | 0.003356 | -8.9110
9 N Y=-6168.89 X + 11.8774
1 X} 35 Y=-0.0004 X + 3.3595 0.9914 | 0.0004 | 0.003247 -7.8804
R2= 0.8170
40 Y= 0.0003 X + 3.3285 0.5125 | 0.0003 | 0.003195 -8.0151
(ch #&87(st &= (FER22E7F M XX 22 AE)
® B 0% HISAIZ O|ZE REJIH B
E. BS 0% HSAE 0|83 WSSHEMS ME
2=(T) 22 1/T LnK K
10 283 0.003534 —10.24474 0.000036
15 288 0.003472 ~9.32913 0.000089
20 293 0.003413 —8.44477 0.000215
25 298 0.003356 ~7.59009 0.000505
30 303 0.0033 —6.76361 0.001155
E. TS 0% SHSAZ 0|23 pIZiHE MSATAN(K) ME
2= Ht2EdE RSUF g S < T A (K) A7t St 35 T A (K')
10 1522 (571 &) 0.000036 0.00540267
15 302 (17H%) 0.000089 0.002663979
20 61 (271 %) 0.000215 0.01311634
25 61 (27 %) 0.000505 0.030831705
30 61 (27 %) 0.001155 0.070458287
= 3652 (1270 €) 0.122472982
E. HsdAe| 0kl HHS4AE ol 88 #&7I% ME
= ZEHE(A) =2 14(B) A-B AZHHSIHIS S A4 (K') | ol&7S7[EHE)
9.00 5 4 0.12247 391.92317
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= Z8HEHA) =2 4(B) A-B AzZiHErS S oK) | dawS7IeHE)
6

42.53090

@ 20719 1} US4 S 0|88t &7t &&E

E. 20719 1xt HISAIS 0|8 M SEEAF ME
=5(T) === 1/T LnK K
10 283 0.003534 -9.92077 0.000049
15 288 0.003472 -9.54233 0.000072
20 293 0.003413 0.000072 0.000103
25 298 0.003356 -9.17680 0.000147
30 303 0.0033 0.000103 0.000207
. 20719 1xt HSAlS 0|8 HZHHE HISEEAF(K) A&
2T Hziexd R84 HES & o A (K) AZHH S & =4 (K')
10 1522 (570 €) 0.000049 0.007469781
15 302 (17HY) 0.000072 0.002152486
20 61 (270 ) 0.000103 0.006308037
25 61 (270 ) 0.000147 0.00898075
30 612 (270 ) 0.000207 0.012637689
A 3652 (12714) 0.037548742

. 20719 1x HHS4{E ol8st #&7|T L&

= o AZIHBIIS S E A= i
HZgA) | EEFAB) A-B <) T dMRETIEHE)
3.36038 3.218875825 | 0.141499562 0.03755 45.22108
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[UIOII

No N Z o S8 g e H| 3
W o ] _ T -
1 c= 2E7IBAE | 30g AE ZEEeE
ofal=xtel 4jol2 SasTE | SV J4E5E 6g =
IAFES MpES 1) EE
2 &40l 2E71BAE | 3g AE SE7 Fa] Zeunez
ofo| =Xt el s T2l E 1.59
(1) M3y . AHo| ofo| =X 4lo|3a
O 1%} H|AE D} ciol £ My Aoz 235} HiC|Zto| Lo} 4 =atn| Jh42a) 2o
state 5% ZbstD S22t Eotel a2 5% ZASI0| 2% HAES 3.
O 24t H|AE Za} 1x} HAEQ} OF Rf0[= T LIEILIX| &QFOL} BlARK HEO|A thicksH
Z21E 2ol UHIFE2o| 2= &S 5% S7t5kl, EeltFrtilo| shErs 5%

f

.
#HA5t0d 3AF HIAE .
O 3xF HIAE ZI} 24F HAEQ} OF Xfo|= A LEHX] piten] HlAK FE22| 7

Zot z|EHez YEAF20| JirEd=2 20% &Ret Hol3 sietsS LA S.
= H2gsel BsHA AERR HS

1x} Xt 3%}
2= Bl &1 (%) =z B &1 (%) = Bl &H[ (%)
ACA’LHEWETE_EPDI 10.0 ACA’FHSHEF_EM 15.0 A‘%t’é?'gﬁ_aml 20.0
Jt=2sl 2 Jt=gsl 2 JteEdlE
F=pspnit=, 27.43 Z2- et 27.43 Z2- et 27.43
= 2| of 5 =hey 32.50 = 2| S 27.50 = 2| o 5 =hed 22.50
x|FHe| el FEEY 14.50 x|FHe| el FEE Y 14.50 x|AHe| el FEEy 14.50
ZESSaA 4.00 SEEgaa 4.00 SEEEEA 4.00
=gET 3.50 EEER 3.50 EEER 3.50
7| Et 8.07 | E} 8.07 7| E} 8.07
Total 100 Total 100 Total 100

I 107 154 L ind: 01T
HEISH (19)

SEFE40| 4013_15%

[E 1 geac
REE)

2 koo
3 Tntios
3T kgnoc

HEM) | Uy ¢ FEy 1
R0 5

5 Thotiss
© ity
7 ot
angeTc
)
ittt
f
iy
i
i
aogeT
Hanseee
i

& Vit
7 Tt
8 /Anisic
o Vit
0 iteT
Tt Ttita
T2 Lo
7 i
i
5 7 ionge7

)
7 iz

21 100,000 3,000.00 24 100.0000  30,000.00
o N €4 100,00 _30,000.00

<1x} dfgte|> <2X} Hjj &> <3Z} B BHu>
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&Eo| oto|=Xtg] Hol3 =T s EH|

b

ARy L 82H(g) i 28 (%)
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5-2) M ZFo| LM E H JsHE =4

(1) W EEE| 71262 2 88 A0 25 LM E(TCH212, TCI2135 8 =M E)

A7 Feln| 2o 28 oA 250 JYME 2AM A YT FEt0] el E
sch %) 2Z0|A Etst2el ol E3ton, Zet T ol B0l Wk, ol TCH2122|
A M E2ln| JIEEslE o 7 Ao Ectn LA M (AZFEEY, LR
FEZY, SIFEEY, AMSFEEY)0| 75%7t REO A28, TCI2132 HAY|s5 74
of ECt U HAS(MEHAANI AR, QUIIXFERY, Z2XFEZY, S 5TES
2ol 72% 7= U0l WEHFeto| Vol ECts EetE0| g0 CHMA SR
Liote

A0

. 4E7 50 RS | 28 o1 25 oiff JLME
_ &7 S| i =
ANges = TCH212 S&=ME | TCI213 Setx=ME

& 2k(kcal/100g) 376.37 390.49 382.06
Et3H=(g/1009) 39.33 71.26 80.03
=k (g/1009) 7.65 2.12 1.83
Z= TR A (g/100g) 43.67 21.75 11.75
ZX|2H(g/100g) 4.93 2.05 1.66
Z5HX| 2 (g/1009) 1.11 0.49 0.63
E# AX|8H(g/1009) 0.00 0.00 0.02
ZaAH E(mg/1009) 85.05 32.38 16.46

LIE&(mg/100g) 274.01 8.53 86.85

A REIEIS © KF7I-IWBEKKEGL SRS | E25E-YLUB-TINE-NBLY
T2 A|SIAME ; M=
ATE AlE A=A P ATE AIBMTA XKBAL
S T SO AN G4 9 38 A e TAE - SISIEEOFAIE AL 501 32 WOl G 20| Otluich.
5007 Fus oo wuas 3 [ _aems |
[ zeamy |z Snsiny |zooiz0s [ msomy [omun
[P E—
R [ emsames | iz [Eemzimns |
PP [— B T
RETETT] EEET]
P E
amx = sizix
o | = stz
s
e
nza nza
At
AmEE_|AE | eisusaas AR |48 [Cien@zauan NCCCI EEIEEEER L)
NE us W dD NE UE % @ AE BE AT
A oS Nz Al 2t la AEwm NE e N am i Az es ez it s sl
@ B(keal/200g) Iz 376.37 390.48 % BH{keal/100g) JIEUS 382.06
B ES(g/1008) 39.33 71.26 Et431HE(2/1008) s 80.03
/1000 765 212 R0 sizus 183
Z ek a/100p 4367 2175 e /1000 Jizea 1175
RIY(E/1008) 493 =xIahe 000 CIES 205 x| i(g/1008) (T 86
= 8H1'2g/1008) 141 =R/ 1000 o8 O] %(g/1008) zoi8 063
=eiAxiwE/1008) R 000 SH-NYe/1009) 000 e (1008 e 002
222818 (me/ 1008 (= 8505 S ARm000 e 3268 (mg/1000 HESS 1648
L= E(mg/1008) slEeE 274,01 PR 000 iy L= 8(me/100g) g 8685
FE® zeis [
SEe0 pE ey 252 ! ER, bl SR Jl@uE 5.45
2 Eee g
=m0 T 955 il i il ) e 111
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(2) gE7Feto] Jh=

(70 SITIAEHTCH212E8t=ME 3H7)

O TCH212=xM=2 &7

2 130 mg/900

mg 7| &

gt ol IAEH 7|5
125 mg/900 mg &®
mg, HIEF2IB2 1.49 mg/900 mg, Ltolotal 19.
mg, HIEI2Ib6 2.06 mg/900 mg 22 7_@7%4%9

> o
3
HUZ‘“

Mst LiErt S

E. 8| ofAEt AHAE
Algets SE=EES Alg&d oy
Ir =13 O] o, .
. FA|ZH130 mg/900 m_g) | 96% _
= = 80% O|AF 120% 0|5} (125 mg/900 mg)
TAE ° 152% _
u|EtolB EAZ(1.2 mg/900 mg_g) l 5 x5t
- 80% O|AF 180% O35t (1.82 mg/900 mg)
v (=14 o % _
4| EFBlRD FAIZE1.4 mg/900 mg)el 106% _
- 80% O|A+ 180% 0|5} (1.49 mg/900 mg)
A2 ° 2% _
Lol oAl FA|ZH15 mgNE/900 n?g) | 132% _
- 80% O|A+ 150% O35t (19.8 mgNE/900 mg)
p—_—— EAZH(5 mg/900 mg)2l 140% x5t
- 80% O|AF 180% 0|5} (7.0 mg/900 mg)
hva 3 () y _
4| EFB1BE EAIZ(1.5 mg/900 mg)el 137% _
- 80% O|AF 150% O35} (2.06 mg/900 mg)
Fron: 7% To: 0319529556 10712/2021 09:25

HEY sliskaet

4 I¥ S | ONFS-ADD2-UVQI-NLXE

& - A &

% AIE] - AR E A

S|lE I EA AIYHE - AR Ao3sE

ENCEON Ereey T TR T —

(ERHzus

T ey

e N

EEAET T

FY NS BN YANGGIRFA ollopA) 8B, IEkR B¥(efe 62 81l B8 TE

REEURA7[ 8]

A AlpolE

HeHD: 031- 0529565

(1080827 24| £41 B8 21888012 4420
FAULI031-952-9556  RKIRB: hanmiGecountoor

Rz2

AEC AMSN |[AE | ESHE B

Al - garers W @a
AR FabEs M HAL IR Al dAb e [ TS Gl
21 HAZ9 80 % ~ 96 % (125

2iofely) = 130
ARieEnY 120% me/500mg) el smnE |0
i/ s00/3 sag ay |99 syEasy

2

somE: oy
ARRIAN: sid, Wt NEBAYR: o/, ojgT, ofpig

u:
;75.‘4;‘5;5 A A bEJ—Eq{AnE

xielol 32 Alz = A
AR 72 0% & doiee B e o e
TAIE ojerE]

ZAH S0 HEt YE S M1I=A2
it 9191 210 A1a aAi“&H;%ﬂaLEJ LA

ADBE AL I SAIZEHs R 5

13485.8715 i) e o
TR ne e ven

700 AB 1022455,

Q30 871 23 S0l AL OIS AlE AN BEIA A s 2E EAlstofor ey,

S U ZE W AT AL2EX A 1=0]

e EE

202144128102

466 P.001/001

44 2 2|39

A] {ﬂn Aé §J1 A Ut WA gl

S [
A ¥ 93 e gAF FEE Fox LR:EEE] 2021. 11. 29
| I I
EEXE 2021. 11. 16
AEN= i /R EFA R 2023, 11. 07

F4, vt
A F & 9 | GguBL Yelohd, HE, HEIBE Add = FTP-2092111
4k ¥IERIC, ofd, A E(EE AJ)

|EHD, ¥EFIBI, ‘

[ A4 %= | AW A= IRE R [#3 | Auex |

IR PUlE AU oln), €Izt v sre el ol AT oL RS mm | 001 11, 99

A 4 294 B2y %A e 9 sy A
nffﬂ;:;fl . A g 5| Gmynoed m) Ay |21 12 2 |
wHRA EART0 “gngﬁ :22)150% g @8 ugl‘gg’;m oo | Ay | 2001 12 07
i‘“m e DM'ODOSEHWE):@ 180% o]3h 107 uglﬁzrl,:)o mg) Aw |22 12 Ui
\T“‘ | v r;g/200§0;g$8 180% ol A g;%oo mg | AY | XL 1202
QIENLB; N AT mg/ZDOO i D]g‘,g 189 1% mlgz/‘;goo my | AW |ERL O
eleha 4805 MG TP, e sl i mgkséz,mn | A 2220
asas Sl mgHw 180% 013 (59 b mg | 1T 120
qumne ‘ | ®a%as mgfzmg(’;go]s;‘ . mf/%m )
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, Alz|olE o] Alekx A ey
1910131, H|Et2IB1 125mg/ 900
E/900 mg, EFEEIA 7.0 mg/900




(Lh ol @AY BERIZA(TCI213S BN E ¢

O TCI213=&=M=2 a7t ShH|MeAZLZEINEHA J|s8E =23 TAMcAlOlE
Rg1, Rb1 2! Rg32| 0| 3.66 mg/2,000 mg 7= 0] A0 HAT|sSIH M| E22 £ ¢
A= ZI=0| Feet¥ S, £+ H|EFDIA, HIEFRID, HIEFZIBY, H|EFRIB2, L}o|ofal, EtEHEI
4F HIEFRIB6, @4F HIEHEIC, ofd, dEls 25 100% O|4at &7t U0 HAT|[SIHM
HYI|SAEOR HEES HoIBUS

E. SOYEAYSEIRZEA A-A

Alget= AlE2|1&E AlgZ o) ="
ZIM ALl Rgl, | EAIZ(3 mg/2,000 mg)el 80% 120% st
Rb1 2 Rg3el & 0| A (3.6 mg/2,000 mg) e

Iz A =k [o)
slEtIA EAZH(700 ugNE/2,000 mg)<l 139% 5t
80% O|&F 150% O] 5}t (970.8ugNE/2,000 mg)
i Al 2F [e) o, o,

slEID FEAZ(10 ug/2,000 m_g)—l 80% 107% 5t

o|At 180% O35t (10.7 ug/2,000 mg)
zA %t . = % %
H|EFOIBT [Z(1.2 mg/2,000 rrjg)ol 80% 148% 5t
o|4&+ 180% Ol|5t (1.78 mg/2,000 mg)
ENEER o %
u|Etolg) |ZF(1.4 mg/2,000 njg) I 124% x5t
80% O|&F 180% 0|5}t (1.74 mg/2,000 mg)
A ° %
Lto| ofAl |ZF(15 mgNE/2,000 fng) | 133% x5t
80% O|&F 150% 0|35}t (19.9 mgNE/2,000 mg)
Ir A| 2k o,
S EAIZH5 mg/2,000 mg_g)BI 118% x5t
80% O|AF 180% O] 5}t (5.9 mg/2,000 mg)
BN o %
HlEtoIB6 |ZF(1.5 mg/2,000 rrjg)OI 127% x5t
80% O|AF 150% 0|5} (1.90 mg/2,000 mg)
T AlEF (o] [
of A |2F(1,200 ug/2,000 r_ng)ol 137% x5t
80% O|&F 150% 0|35} (1,641 ug/2,000 mg)
N ) %
H|EFBIC [ZF(100 mg/2,000 njg) | 96% x5t
80% O|AF 150% O] 35}t (95.5 mg/2,000 mg)
FAIZH(8. ° %
ofod |ZF(8.5 mg/2,000 rTjg) | 132% x5t
80% O|&F 150% O] 5} (11.24 mg/2,000 mg)
ENE ° %
Ml | ZF(55 ug/2,000 m_g)ol 112% x5t
80% O|AF 150% 0|35} (61.7 ug/2,000 mg)

A" AAA

A ¥ 9 e 3% FE Fex RLEER! 2021, 11. 29
. Tazaa 2021 11. 16

‘ s R /HENE 2023. 11. 07

4 F & sl AYAE FTP-2002111 ‘
[ 9 ws | R Awa hnl PLTES

279 AV oI, olaph pi h 2] Yol A olp), o7t gt

1. % =534 LHN&%'\ e A sy 44 el Gt
AA A= Rel,)
Rbl % Rg3s| 3

EARE mz/2,000 mg)el | I )
a% 4 @8 u/Z(XX’l i Ag |20, 12 22
| 528100 1gRE2000 me)s] 9% »
A 2 12. 07
8096 ol % 150% olst| (9708 ugk.bZOOO ) | AW 2R

T EAR0 1g/2000 mg)el

80% o] 180% °l% o7 uga.mo mg) 3% ‘2021 12,01
EA B2 ma/2 000)2 Ly N mﬁ@g) A% | 2021 12. 02
A (14 mg/2,000 n 5/g o 1o e e 1:2000 - A% | 2021 12. 07
EAFS mnmvmm‘;‘ oo o1 (mmgN-;‘Zw g | Y| 202012 |
A 6 mg/2,000 b 4} 1% 18|59 m:%sn - A% | 202l 12, 097‘
1 A 15 mg/2,000 mgr‘\,a‘ N . mizz,ow o) A% | 2021, 12. 03 |

A9 s
an
wshc
A
——
w4
(RS
ATFRmD | 100mg 2 2%

o waz

zHed ER @ 4 A EER] 494 | iz

AW AR, 394, 949, 1B, AL, A4

A 87123 T4 B
G @ 9




(ch olEAEHTCI213E8=ME &F)

O TCR213=xd =S &7et OlgAE 7|sd& 2420, TIMEAO[= Rgl, Rb1 & Rg3
o| 20| 3.66 mg/2,000 mg FEO U HAY|SI/ Mo =22 & + JUc 7IFd F&F
Eleit=s

E. SO|MEHYSEIRIZ A AIFAE
Alger= AlE7|= Al Z 1t =
M- AlO|E Rg1, FEAZH3 mg/2,000 mg)el 107% .
Rb1 2 Rg3e| &t 80% O| At (3.2 mg/2,000 mg) e

/1
‘ 4 4 A x| %4
ARAAA
_ | b2 1Kz
A4 F 9 o] B A} RE:ERL ‘ 2021. 12. 30
A = Q: 2021 12 277
L 212
A A TR 207 12.%
A F # 9 4 AWz FTP-2122111
Agww | AW e KR w4 | A99a |
N & é’jﬁ S:;;m glar ojul, o7} @i =W & ;;;Lﬁ;\gﬂur slel, ol A% | 2001 12 30
AA=A )= Rgl, T4 23 mg/2 g)o 107% 5
Rbl % Rg3d & 8% o4 Game2e) il i
gFE S4eleiel @t 4 A | 2021 12 30
qFFHg) 2g - 2% o4 201g Hg | 2021 12 30
o S I (Rl il
o & e wdE Hg | 2021, 12 30
|
B I & 73 4‘ 449 #4494 2022. 01. 05
Ad A g%, o4, oA
L/
¥ AAARE BusAY 7] - X% Bof AT dolE NUYAA WA NEE BF EAsteiol T
F v g
ME HA
7' o O = = -1
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T= e HE=H H| D
B} L _ 215
2t2S | TCH212=2 et =M E | sto|&&kel, sho|alskel =a|o| of| kA Ef o
- B & 35
B} B} _ _ 5 2 1S5
HASZl | TCI213=&x=ME S| MetAZSEIRIZES A, O|FAE; HE o=
o

_—

Es ! HAFZE 7|52 #c &1 25 7Y H AMdE

(1) 2

O TCH212(Zt23), TCI213ESE =M S (MY SA)2 E5ETD 27 sI¥ o, XA MArAS
Sl KEALOIAM MAEESOl M Z0| AR E AL

O Rfrtel M3 7|2 & £5 S=3t ‘FEel] a4H2leg sests UES £ S5 5a
NS EiZ HjEH|S MYSIEON, B o £3 |82 02 4EIsaln] s
s HMEHS HEslo 2HEs ESUR M=

Es|=
=1 o E ]
CERTIFICATE OF PATENT = o-l =

CERTIFICATE OF PATENT

‘\

E9g X| 10-1919839 & = ‘
Patent Numbar - = 3 H| 10-2260026 =

Patent Number
S | 10-2018-0078706 &
Appiication Numiber sans H| 10-2020-0158697 &
sy 2018 07¥ 069 Application Number
filing Date. ey 20209 11 249
S5 2018 11% 13¢ Fiing Date
Registration Date s82 20214 05 289!

Registtion Date
SRSl BE e otihe
F5=2to) nﬁﬁlil§§ ?Jﬁs He iR S wE SHHAR T4 HHAHH e

Fsato| 71‘2}%’:‘ ‘L‘ Lx{ah—ﬁ ARG HAZEE =B

S5/t

Z=AB|A L L —
FINE TA ok ’ FABIAL SO (110111-+resww
THESEE H s WEA 24 5g§1mmg 4420
T a—— _—
= B imerton
SEME 7|1 SsArgEo) 71
P2l HY2 TRY, 0 Wa SSSEAUL SESUSS SHL ct. 2lo| woe s, o ojat SSSEQL0 SERYUSS SHELICH
This is to certify that, in accordance with the Patent Act, a patent for the invention This is to certify that, in accordance with the Patent An, a patent for the invention
has been registered at the Korean Intellectual Property Office. has been registered at the Korean Intellectual Property Office.
Eli Bl
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01814 113 139 L qrmce sz Lyt
[=]] SRALE HoMR "
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U= 25, 30, 35 g(5, 6, 7%) MII5I0] AW HAE

= dets n[Fez 4 Mo E32
= SHMe| HIE= 5, 6, 7 g(1, 1.2, 1.4%)XH7}5I0d 24 HAE
O MEFE2to] EX|22(X1)nt std(X2)o| e Jts™Md HIE ol B SEHEAMHS A
Al SRS
O ZtsdAl 21, 2 st=52 ME 2o EX|22 2o X &2l 35 g, st 22 =0 X|
kel 7 g2 st ME 9ol J|S 2T =5, B 52 AEI o] EXE2 30 g
= HIlst ME 40 718 =2 7|35 E¥S. MAMA J|se= AEFA Felo| EX 2
2 30 g2 HIISH ME 40M 71 =2 7|35 E Ho &F 7 MAF Al 6%2| MEHFE
2io| EX| 22 &2 Ad|AEe HAFEAR0| MF T Vs Aoz EotE
Sample Variables1) 2 Ag g2|1ng =3
No. X1(g) X2(g) (9) (9) (9) (@)
1 25(-1) 5(-1) 255 79 22 108
2 25(-1) 6(0) 255 79 22 108
3 25(-1) 7(1) 255 79 22 108
4 30(0) 5(-1) 255 79 22 108
5 30(0) 6(0) 255 79 22 108
6 30(0) 7(1) 255 79 22 108
7 35(1) 5(-1) 255 79 22 108
8 35(1) 6(0) 255 79 22 108
9 35(1) 7(1) 255 79 22 108
10 30(0) 6(0) 255 79 22 108
1) X1 @ A o] BX| 22 x2 @ SHMEY
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Sample . Overall
No Appearance Flavor Taste Aftertaste Chewiness Softness

acceptability

515+1.072 4.28+1.80 5.14+1.21 4.71%+1.50 5.29+1.80 5.71+1.38 5.29+1.38

5.14%1.07 5.00%£1.29 4.71+£1.26 4.14+1.68 4.57+1.72 5.00£1.63 5.00£1.00

4.43%1.27 4.14%£0.90 4.71+£0.95 4.14£0.69 4.14+0.90 4.71+1.38 4.43+0.96

5.14%0.69 5.57£0.79 5.86%1.07 5.71+0.49 5.29+1.25 6.00+0.58 5.86x1.07

4.86+1.95 5.00£1.00 5.00£1.29 5.1411.46 4.29+0.95 4.71+£1.38 4.57%+1.90

5.29+1.79 4.431£0.98 4.71%£1.80 4.29+1.89 4.57%1.51 5.00£1.15 4.71+1.38

5.14x1.77 4.57+1.51 4.71%£1.38 4.43%11.90 4.43%+1.62 4.86+0.90 4.14%+1.35

1
2
3
4
5 5.004+1.00 5.00+1.00 5.14+0.69 5.294+0.76  4.86+1.21 5.294+0.49 5.14+1.07
6
7
8
9

5.43%1.81 5.431£0.79 4.00£1.91 5.00£0.82 4.14%£0.90 4.71+£1.38 4.71£0.95

10 5.00£1.83 4.57£1.13 4.86%1.22 5.291£0.95 4.43%£1.72 5.86£0.90 5.00£1.00

1) X1 : A Eeio] EXEY X2 : SHHEY
2) mean%SD.

3) NS : not significantly
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Figure 1. Cytotoxicity of two—spotted cricket hydolysates in HepG2 cells. Two—spotted
cricket powder was hydrolyzed by (a) Alcalase, (b) Protamex, (c) Flavourzyme, and (d)
Neutrase. HepG2 cells were incubated with various concentrations (0, 0.5, 1, 2, 4 and
8%) of two—spotted crickets hydrolysates for 24 and 48 hours. Cell viability was
determined using a water—soluble tetrazolium salt (WST—1) assay. Results are expressed
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as mean £ SD (n = 3). Statistical analysis was conducted by one—way ANOVA followed
by Duncan’ s multiple range test. 2 9Mean values with different letters in samples
treated for 24 hr are significantly different at p < 0.05. ~"°Mean values with different
letters in samples treated for 48 hr are significantly different at p < 0.05.
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Figure 2. Effect of two—spotted cricket hydrolysates on lipid accumulation induced by
tunicamycin in HepG2 cells. Two—spotted cricket powder was hydrolyzed by Alcalase,
Protamex, Flavourzyme, and Neutrase. Cells were incubated with various concentrations
(0, 0.5, 1, 2, 4 and 8%) of two—spotted crickets hydrolysates for (a) 24 and (b) 48
hours, and then co—incubated with 5 ug/mL tunicamycin for 24 hours. Lipid droplets in
HepG2 cells were stained with Oil—Red O. The intracellular lipid content in each group
was quantified by measuring absorbance at 492 nm. Results are expressed as mean =*
SD (n = 3). Statistical analysis was conducted by one—way ANOVA followed by
Duncan’ s multiple range test. @ 9Mean values with different letters in samples treated
for 24 hr are significantly different at p < 0.05. “"FTMean values with different letters in
samples treated for 48 hr are significantly different at p < 0.05.
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1—2) Tunicamycing A28t ZI ZoAM WHYSFE0| 742 =2 ER AEG A A, XY=
A AN &2 HUL
(1) HepG2 M ZOojAM HHEH 20| Jte-EE2 HMESY

Ctekst S A5 AFSSH0 XN ot WHAFE0| 7222 XNESH AN £2f HIMZLE EOf
Z Neutrase®} Flavourzyme 7t+Edl22 %3 AEE MESHH AES XNAHGIUS.

Neutrase®t Flavourzyme 7tsEai &2 MEZSHEE FEot7| @ISt HI MOl 0.05, 0.1, 0.5,
13} 5 mg/mLe s = FH It 24A|7F EE= 48A|7F H ¥, Neutrasell Flavourzyme 7t &

=22 1 mg/mL O|otE FTI5I0] 24A|7F = 48A|7F SO H|USH AR ME MEE0 |RoH
ol XI0|E LIEHNX LUS(Figure 3a,b). ALt Neutrasell Flavourzyme 7t4-Edl&2 5
mg/mLel SE=Z FII5tH 24A|7F EE= 48A|7F SO HIYSH B2 ME MESO| RAFE Z
251¥ S (p < 0.05; Figure 3a,b).
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Figure 3. Effect of two—spotted cricket hydrolysates on cell viability in HepG2 cells.
Cells were incubated with various concentrations (0, 0.05, 0.1, 0.5, 1, and 5 mg/mL) of
two—spotted cricket hydrolyzed by (a) Neutrase and (b) Flavourzyme for 24 and 48
hours. Cell viability was measured by using a water—soluble tetrazolium salt (WST—1)
assay. Results are expressed as mean = SD (n = 3). Statistical analysis was conducted
by one—way ANOVA followed by Duncan’ s multiple range test. ®°Mean values with
different letters in samples treated for 24 hr are significantly different at p < 0.05.
ABMean values with different letters in samples treated for 48 hr are significantly different
at p < 0.05
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(2) Tunicamycing A 2|8 HepG2 M ZO|AM HHHYSFEA]| Jt+E 20| N E HESO
LEf= S

HepG2 ZHMI Z0| tunicamycing 24 = 48A7ZF AMe|st A & tHZZ(NOR)Of| H|SH0] M =
MZEg0| 425U S (Figure 4a—d). Neutrase2t Flavourzmye 74 Edl 22 24AZ2F EE= 484
&2 1 mg/mL O|stZ2 Me|e % ME YEE0| tunicamycing HHF2 =2 HMe|et Z(TUC)
HlW st |OYMSE CEX| AU LEH(Figure 4a—d), 5 mg/mLE &It 42, RAAFCE
= (o < 0.05; Figure 4a—d).
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Figure 4. Effect of two—spotted cricket hydrolysates on cell viability in HepG2 cells
treated with tunicamycin. Cells were incubated with various concentrations (0, 0.05, 0.1,
0.5, 1, and 5 mg/mL) of two—spotted cricket hydrolyzed by (a, b) Neutrase and (c, d)
Flavourzyme for 24 and 48 hours. The cells were co—incubated with 5 ug/mL
tunicamycin for another 24 hours. Cell viability was measured by using a water—soluble
tetrazolium salt (WST—1) assay. Results are expressed as mean = SD (n = 3).
Statistical analysis was conducted by one—way ANOVA followed by Duncan’ s multiple
range test. 2 °Mean values with different letters in samples treated for 24 hr are
significantly different at p < 0.05. #"°Mean values with different letters in samples treated
for 48 hr are significantly different at p < 0.05. NOR, normal; TUC, tunicamycin.
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(8) Tunicamycing X 2|8t HepG2 M ZOM HHLYSF20| 7I4-2H=9 ME W NESH
AX &1}

M=Z W X& e 58517 /st ME L XA E Oil-red O EXHoZ HMSIH S (Figure

5a,b). Oil—red O BUZS BEAF SHLE S5t &8 21} tunicamycind| 2|5+ Aﬂ:Ti

I—H A& o] 34 2 (NOR)O| H|stH R =2 SItst¥=(p < 0.05; Figure 5¢,d).

, 0.52F 1 mg/mL2| Neutrase 7tF=Esil & 1 mg/mLel Flavourzyme 7t+El=S 24AI7F
%O._F Melst A ME W XA &2F0| tunicamycin M2| i X223} H| st KoM o E UAsH
RS(p < 0.05; Figure 5¢). E8F Neutrase Zt=all 22 Flavourzyme 7te=dl2 2 48A72F &

ot Mt A0z ZE SZOAM ME W X& 20| tunicamycin ME| X ‘EJ—P H| 1 5104
Foxoz UASHAS(p < 0.05; Figure 5d).
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Figure 5. Effect of two—spotted cricket hydrolysates on intracellular lipid accumulation in
HepG2 cells treated with tunicamycin. Cells were incubated with 0.5 and 1 mg/mL of
two—spotted cricket hydrolysates for 24 and 48 hours. The cells were then treated with 5
ug/mL tunicamycin for another 24 hours. (a, b) Lipid droplets in cells were stained with
Oil—Red O and reviewed under an optical microscope (magnification x400). (c, d) The
intracellular lipid content in each group was quantified by measuring absorbance at 492
nm. Results are expressed as mean = SD (n = 3). Statistical analysis was conducted by
one—way ANOVA followed by Duncan’ s multiple range test. 2 °Mean values with
different letters in samples treated for 24 hr are significantly different at p < 0.05. *EMean
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values with different letters in samples treated for 48 hr are significantly different at p <
0.05. NOR, normal; TUC, tunicamycin.

(4) Tunicamycing X 2|8t HepG2 M ZOA WHFFE0| Jt+E =29 ME W S4X et
EZYAHE 529 =FH 51

NZ W S8XY S22 AHE sE= tunicamycin0f 2|50 SIt51R 2L, 8AHXCE |9

SR = 24US (Figure 6a—d). MZ W SHXIES Neutrase 7te28i =1 Flavourzyme 7t

=S 48A1ZF S M8t A2 ZE M2l sZ0lA tunicamycin M2| CHZEF 3t H| W5t ZhA

==
ROl SAXMCE |[sHX= LUS(Figure 6b).
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Figure 6. Effect of two—spotted cricket hydrolysates on intracellular levels of triglyceride
and total cholesterol in HepG2 cells treated with tunicamycin. Cells were incubated with
0.5 and 1 mg/mL of two—spotted cricket hydrolysates for 24 and 48 hours. The cells
were then treated with 5 ug/mL tunicamycin for another 24 hours. The levels of (a, b) TG
and (c, d) TC were measured using a commercial kit according to the manufacturers
instructions. Results are expressed as mean £ SD (n = 3). Statistical analysis was
conducted by one—way ANOVA followed by Duncan’ s multiple range test at p < 0.05.
NOR, normal; TUC, tunicamycin; TG, triglycerides; TC, total cholesterol.
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(5) Tunicamycing AM2|8t HepG2 M ZEO|AM AHYEF2t0| It =2 ASTRE ALT 2H[X
Sy

Neutrase 7t=dll 22 Flavourzyme 7teEsl 28 24417 S A 2[5t Hi 2ot Z R0ll= HY

QkHO| ASTR} ALT SE7F 2 ZHo| 9B oz Ct2X| 442 (Figure 7a,c). Neutrase 74254

=1 Flavourzyme 7t ol 28 48A17F SCF A 2|8 M E Hf MOl AST &= &= tunicamycinO|

Ot ROME STt 2L (p < 0.05; Figure 7b), 7t+E8E Mo et ¥z &

2t R 2442 (Figure 7b). Neutrase 7t4E28 22} Flavourzyme 74281 2S 48A17F SOF A

LS M O
2| 5t AﬂEOI Hi 2 S ALT S== tunicamycin AM2| i =2} H[ WS 1 mg/mL2l Neutrase
Jt4e25 =1 0.52 1 mg/mLSl Flavourzyme 742328 He2|st oM SR oz ZJt6}

%E(p < 0.05; Figure 7d).
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Figure 7. Effect of two—spotted cricket hydrolysates on the levels of AST and ALT in
culture medium of HepG2 cells treated with tunicamycin. Cells were incubated with 0.5
and 1 mg/mL of two—spotted cricket hydrolysates for 24 and 48 hours. The cells were
then treated with 5 ug/mL tunicamycin for another 24 hours. The levels of (a, b) AST and
(c, d) ALT were measured using a commercial kit according to the manufacturers
instructions. Results are expressed as mean = SD (n = 3). Statistical analysis was
conducted by one—way ANOVA followed by Duncan’ s multiple range test. ~EMean
values with different letters in samples treated for 48 hr are significantly different at p <

0.05. NOR, normal; TUC, tunicamycin; AST, aspartate transaminase; ALT, alanine

transaminase.
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(6) Tunicamycing® 2|8t HepG2 MZOIAM &HIFFEt0| JeEa 29 AYYY &4 /N
ddE =F 54
M EE2t0| 25 20| tunicamycinOll 98t XNIUEHE S AX st 7|18 S AHSH7| 25H0
Xt dgo Zofst= |AEXe WS ZSHSI¥S. PPAR—gammal(peroxisome proliferator
activated receptor gamma)= XA AL F= 20{St= ™ARIXZ | LPL(lipoprotein lipase)
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&t SREBP(sterol regulatory element—binding protein)= X|&2Q| M1} X|& uptakeO 2t
St= |[EXS YUEHE XTESHE H™ARIXO|IH, isoform@ SREBP—-1ce= FASN(fatty acid

synthase)Q| Y& & =XIE Fatty acid synthase(FAS)= X|&hat P S =0l5e CFS &4 H
HH Rl O]
1 =.

o||

HI& A=
—_ T =

rlo
r|n
02
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ANZHOIM HIXME| CHZEZO| Hlst] ZUASLE, SHE2ZE RO[SHK= &£US(Figure 8a—f). &E
HFEH| 7t Rl 2 S 24 = 48A17 S0 M2t Hi Yot B9, 2=

of 2/et FASN, SREBP—1c, PPARGS2 mRNA &8 ZAT} 25tk = 7
C% OEX = #US(Figure 8a—f).
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Figure 8. Effect of two—spotted cricket hydrolysates on the mRNA expression levels of

lipogenic genes in HepG2 cells treated with tunicamycin. Cells were incubated with 0.5

and 1 mg/mL of two—spotted cricket hydrolysates for 24 and 48 hours. The cells were

then treated with 5 ug/mL tunicamycin for another 24 hours. The mRNA levels of (a, b)
FASN, (c, d) SREBP—1c, and (e, f) PPARG were measured using quantitative real—time
PCR and normalized to ARPLPO. Results are expressed as mean £ SD (n = 3). Statistical

analysis was conducted by one—way ANOVA followed by Duncan’ s multiple range test
at p < 0.05. NOR, normal; TUC, tunicamycin; FASN, fatty acid synthase; SREBP—1c, ;
PPARG, peroxisome proliferator activated receptor gamma; RPLPO, ribosomal protein,

large, PO.
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(7) Tunicamycing X2l HepG2 MZOA HHF S0 JI+EH =29 AZX AEQA &
H RS AN &3

LAEH AEP AT SItSHH ME= E et B 7| M S LIEFH . M= AZXH AEY A
I S StH CHEH Ao folding s 2 7| {5 BIP(binding immunoglobulin protein)
I 22 AHH 2 (chaperon)9 80| SX =, MEJ AZH AEHAE Z=2351X 25HH

CHOP(C/EBP homologus protein) S0 2|5t M E XIHAF D27} &4 51HE

\J

=l

2 AFNAM tunicamycin® 2= HI QA ZFO Al BIPZF CHOPSl mRNA 2SS RO E FJ}

|5’:'°(p < 0.05; Figure 9a—d). BIP mRNA= 0.5 mg/mL2| Neutrase 7t+=si 22 0.52 1
mg/mL2| Flavourzyme 7t &2 24AZF M2let 22 0.52 1 mg/mL2l Neutrase 7t
25122 0.5 mg/mL2 Flavourzyme 7t4&28 28 24A12F 2|8 400 tunicamycinft X 2|
of CH =0l HISIH RAM2=Z SII5IUZ(p < 0.05; Figure 9a,b). A&7 50| 78 =0
S8t BIP mRNAS| && SIt= ER AEHAZRSEH 2557 98 HHMES folding 8 &
of e = UAS A2=E AtrE.
CHOP mRNA= 0.52F 1 mg/mL2l Neutrase Zt+Eal22F 0.5 mg/mLe| Flavourzyme 7t
HES 24A7ZF HE|BH AR tunicamycin@t M 2|8 CH = 0| H|GI ZASIFOLE, EAXo=Z
SOl = AUS (Figure 9¢). ¥HH 0.52F 1 mg/mLel Neutrase 7t =2 0.5 mg/mL2
Flavourzyme 7t+Eol 22 48A1ZF H2|§t A20= CHOP mRNAE= tunicamycin@F X 2| & Cf
Z 70| H|5td Kooz =I5 S(p < 0.05; Figure 9d).
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Figure 9. Effect of two—spotted cricket hydrolysates on the mRNA expression levels of
ER stress—related genes in HepG2 cells treated with tunicamycin. Cells were incubated
with 0.5 and 1 mg/mL of two—spotted cricket hydrolysates for 24 and 48 hours. The cells
were then treated with 5 ug/mL tunicamycin for another 24 hours. The mRNA levels of
(a, b) BIP and (c, d) CHOP were measured using quantitative real—time PCR and
normalized to APLPO. Results are expressed as mean = SD (n = 3). Statistical analysis
was conducted by one—way ANOVA followed by Duncan’ s multiple range test. 2 °Mean
values with different letters in samples treated for 24 hr are significantly different at p <
0.05. ~"PMean values with different letters in samples treated for 48 hr are significantly
different at p < 0.05. NOR, normal; TUC, tunicamycin; BIP, binding immunoglobulin
protein; CHOP, C/EBP homologous protein; RPLPO, ribosomal protein, large, PO.
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Figure 10. Effect of two—spotted cricket hydrolysates on cell viability in HepG2 cells.
Cells were incubated with various concentrations (0, 0.1, 0.25, 0.5, 1, and 5 mg/mL) of
two—spotted cricket hydrolyzed by (a) Neutrase (GB—N) and (b) Flavourzyme (GB—F)
for 24 hours. Cell viability was measured by using a water—soluble tetrazolium salt
(WST—1) assay. Results are expressed as mean = SD (n = 3). Statistical analysis was
conducted by one—way ANOVA followed by Tukey’ s multiple range test. *"Mean values

with different letters in samples treated for 24 hr are significantly different at p < 0.05.
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Figure 11. Effects of two—spotted cricket hydrolysates on cell viability in HepG2 cells
treated with palmitic acid (PA). Cells were incubated with various concentrations (0,
0.25, 0.5, and 1 mg/mL) of two—spotted cricket hydrolyzed by Neutrase (GB—N) and
Flavourzyme (GB—F) for 24 hours. The cells were co—incubated with 0.2 uM PA
conjugated with bovine serum albumin (BSA) for another 24 hours. Cell viability was
measured by using a water—soluble tetrazolium salt (WST—1) assay. Results are
expressed as mean = SD (n = 3). Statistical analysis was conducted by one—way
ANOVA followed by Tukey’ s multiple range test. *Mean values with different letters in
samples treated for 24 hr are significantly different at p < 0.05.
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Figure 12. Effects of two—spotted cricket hydrolysates on intracellular lipid accumulation
in HepG2 cells treated with palmitic acid (PA). Cells were incubated with various
concentrations (0, 0.25, 0.5, and 1 mg/mL) of two—spotted cricket hydrolyzed by
Neutrase (GB—N) and Flavourzyme (GB—F) for 24 hours. (a) Lipid droplets in cells were
stained with Oil-Red O and reviewed under an optical microscope (magnification x400).
(b) The intracellular lipid content in each group was quantified by measuring absorbance
at 492 nm. Results are expressed as mean = SD (n = 3). Statistical analysis was
conducted by one—way ANOVA followed by Tukey’ s multiple range test. * °Mean values
with different letters in samples treated for 24 hr are significantly different at p < 0.05.
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Figure 13. Effects of two—spotted cricket hydrolysates on the levels of AST and ALT in
culture medium of HepG2 cells treated with palmitic acid (PA). Cells were incubated with
various concentrations (0, 0.25, 0.5, and 1 mg/mL) of two—spotted cricket hydrolyzed
by Neutrase (GB—N) and Flavourzyme (GB—F) for 24 hours. The levels of (a) AST and
(b) ALT were measured using a commercial kit according to the manufacturers
instructions. Results are expressed as mean = SD (n = 3). Statistical analysis was
conducted by one—way ANOVA followed by Tukey’ s multiple range test. **Mean values
with different letters in samples treated for 24 hr are significantly different at p < 0.05.

e

o
2 ]

[l

(5) Palmitic acid& X 2|8t HepG2 M ZO0AM ¥WHF FE0| Jt-2di =9 AHdd Rt
U AH &2t

dEAFEtn] JheEoli 20| PAO 28 XL SHE AXM st 78 E 85t ?I5tH X Ed-do

Figure 14aS & 135tH, PAS A2t M Z0|AM FAS mRNA Z4&0| BSA CHEF1 H WS S
7tot= 420 U} =, 8HH 1 mg/mLe GB—NE AM2|st M=Z2} 0.52F 1 mg/mLe GB-F&
Me|st MZ= FAS mRNA &0 PARE M2|eh cfxF 2t Hwsld |FoE2zE HUZ(p <
0.05; Figure 14a). PPARgamma mRNA && 2 PADE X 2|SF M Z0AM BSA Of =71} H| w5t
o ROz ZIte(p < 0.05; Figure 14b). BFH GB-N E£= GB-FE &AtZ|st M EQ
PPARgamma mRNA 22 25 s 0AM PARE M2|et M Z2} H|WsIH | ZE HUZ(p
< 0.05; Figure 14b).

2t GB—N2} GB—F= PAZ @l
W NESNE stets HoZ T

i
ie]

Agerd &3 FAS mRNAZE S718 HHSHH M ZE

==

=

- 144 -



2.5 -

2.0 - ab

1.5 { ab _L

1.0 A

(fold of control)
o

0.5 A

Relative FAS mRNA expression

0.0

BSA (0.2%) - +

PA (0.2 mM) - -
GB-N (mg/mL) O 0
GB-F (mg/mL) O 0

o o + +
o
N
(9a]
©
(Oal
o = + +
o
o
- O + +

Pa e A R
o (9] o (9] (=} wu
1 1 1 1 1 J

o
w
o
o
o

Relative PPARgamma mRNA
epxression {fold of control)
o
o

o
wu
1

0.0

BSA (0.2%) - +

PA (0.2 mM) - -
GB-N (mg/mL) O 0
GB-F (mg/mL) O 0

025 05 0

025 05

o o + +
o = + +
- o + +

Figure 14. Effects of two—spotted cricket hydrolysates on the mRNA expression levels of
lipogenic genes in HepG2 cells treated with palmitic acid (PA). Cells were incubated with
various concentrations (0, 0.25, 0.5, and 1 mg/mL) of two—spotted cricket hydrolyzed
by Neutrase (GB—N) and Flavourzyme (GB—F) for 24 hours. The mRNA levels of (a) FAS
and (b) PPARgamma were measured using quantitative real—time PCR and normalized to
RPLPO. Results are expressed as mean = SD (n = 3). Statistical analysis was
conducted by one—way ANOVA followed by Tukey’ s multiple range test. *Mean values
with different letters in samples treated for 24 hr are significantly different at p < 0.05.
FAS, fatty acid synthase; PPAR, peroxisome proliferator activated receptor; RPLPO,
ribosomal protein, large, PO.
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Figure 15. Effects of two—spotted cricket hydrolysates on the mRNA expression levels of
inflammatory cytokines in HepG2 cells treated with palmitic acid (PA). Cells were
incubated with various concentrations (0, 0.25, 0.5, and 1 mg/mL) of two—spotted
cricket hydrolyzed by Neutrase (GB—N) and Flavourzyme (GB—F) for 24 hours. The
mRNA levels of (a) TNFalpha and (b) IL—1beta were measured using quantitative
real—time PCR and normalized to RPLPO. Results are expressed as mean = SD (n = 3).
Statistical analysis was conducted by one—way ANOVA followed by Tukey’ s multiple
range test. *°Mean values with different letters in samples treated for 24 hr are
significantly different at p < 0.05. TNF, tumor necrosis factor; IL, interleukin; RPLPO,
ribosomal protein, large, PO.
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Figure 16. Effects of two—spotted cricket hydrolysates on the mRNA expression levels of
endoplasmic reticulum (ER) stress—related genes in HepG2 cells treated with palmitic
acid (PA). Cells were incubated with various concentrations (0, 0.25, 0.5, and 1 mg/mL)
of two—spotted cricket hydrolyzed by Neutrase (GB—N) and Flavourzyme (GB—F) for 24
hours. The mRNA levels of (a) BIP and (b) XBP1 were measured using quantitative
real—time PCR and normalized to APLPO. The relative protein level of (C) CHOP was
measured using western blot analysis. Beta actin was used as an internal control.
Results are expressed as mean = SD (n = 3). Statistical analysis was conducted by
one—way ANOVA followed by Tukey’ s multiple range test. *°Mean values with different
letters in samples treated for 24 hr are significantly different at p < 0.05. BiP, binding
immunoglobulin protein; XBP—1, X—box binding protein 1; RPLPO, ribosomal protein,
large, POl CHOP, C/EBP homologus protein.
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Table 7. Organ weights
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1 mg/kg 2 mg/kg
Normal ; ; ; ;
tunicamycin tunicamycin
Liver (g) 1.24 + 0.06" 127 + 0.02 119 + 0.04
Liver (a/100 g body weight)  5.08 + 0.21" 512 + 0.24 5.09 £ 0.11
epididymal AT (g) 0.32 + 0.06™ 0.32 + 0.06 0.28 + 0.03
epididymal AT (g/100
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| /100 g bod
spleen (g/100 g body 0.37 + 0.04° 0.30 + 0.03° 0.28 + 0.03°

weight)

Results are expressed as mean £ SD (n = 3—4). Statistical analysis was conducted by

one—way ANOVA followed by Duncan’ s multiple comparison tests. Values with different

letters are significantly different at p < 0.05. AT, adipose tissue.
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Figure 17. Effect of tunicamycin on serum biochemical parameters in mice. C57BL/6J
mice intraperitoneally injected with tunicamycin (1 or 2 mg/kg) or vehicle. After 24 hours,
blood was collected by cardiac puncture and the serum was obtained. The serum levels
of (@) TG, (b) TC, (c) AST, and (d) ALT were measured using a commercial kit
according to the manufacturers instructions. Results are expressed as mean = SD (n =
3—4). Statistical analysis was conducted by one—way ANOVA followed by Duncan’ s
multiple range test. #*Mean values with different letters are significantly different at p <
0.05. TG, triglycerides; TC, total cholesterol; AST, aspartate transaminase; ALT, alanine
transaminase.
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Figure 18. Effect of two—spotted cricket hydrolysates on body weight and food intake
during experimental period. (a) Initial body weight, (b) final body weight, (c) body weight
gain, and (d) food intake. Results are expressed as mean £ SD (n = 10). Statistical
analysis was conducted by one—way ANOVA followed by Duncan’ s multiple range test
at p < 0.05. NOR, normal group; TUC, tunicamycin treated group; LGN, low dose of
Gryllus bimaculatus hydrolysates by Neutrase; HGN, high dose of Gryilus bimaculatus
hydrolysates by Neutrase; LGF, low dose of Grvllus bimaculatus hydrolysates by
Flavourzyme; HGF, high dose of Gry/lus bimaculatus hydrolysates by Flavourzyme.
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Figure 19. Effect of two—spotted cricket hydrolysates on organ weights. (a) Liver, (b)
epididymal adipose tissuse (eWAT), (c) mesenteric adipose tissue (MWAT), and (d)
kidney. Results are expressed as mean = SD (n = 10). Statistical analysis was
conducted by one—way ANOVA followed by Duncan’ s multiple range test. ®°Mean
values with different letters are significantly different at p < 0.05. NOR, normal group;
TUC, tunicamycin treated group; LGN, low dose of Gryllus bimaculatus hydrolysates by
Neutrase; HGN, high dose of Gryllus bimaculatus hydrolysates by Neutrase; LGF, low
dose of Gryllus bimaculatus hydrolysates by Flavourzyme; HGF, high dose of Gry/lus
bimaculatus hydrolysates by Flavourzyme.
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(3) Tunicamycing FALSH OFRAO|A WHJEERID| JHL26 20 EH ASTR ALT 5= =F

k=gl
HHO| ASTe} ALT s = TUCTO| NORZEL f§o& oz =A2(p < 0.05; Figure 20a,b).
MHA E2D| Tt EclES F0 6 OfRA9 AST == TUCT} Hlwste ZAste AE0| YU
OLt EAXMoZ {OI5tX|= AUUSS(Figure 20a). AEYEED| JILE2HES E T OIRA
O AST s&== TUCZ} H W5t SHXCZE |9 5tA CHEX 24U (Figure 20b).
CEfA AEA 20| 72 &2 tunicamycinOl] 2¢ 7 SH S XS E 256K = U=
oz mEE.
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Figure 20. Effect of two—spotted cricket hydrolysates on serum (a) aspartate
aminotransferase (AST) and (b) alanine aminotranferase (ALT) levels. Results are
expressed as mean £ SD (n = 10). Statistical analysis was conducted by one—way
ANOVA followed by Duncan’ s multiple range test. ®°Mean values with different letters
are significantly different at p < 0.05. NOR, normal group; TUC, tunicamycin treated
group; LGN, low dose of Gryilus bimaculatus hydrolysates by Neutrase; HGN, high dose
of Gryllus bimaculatus hydrolysates by Neutrase; LGF, low dose of Gryl/lus bimaculatus
hydrolysates by Flavourzyme; HGF, high dose of Gry/lus bimaculatus hydrolysates by
Flavourzyme.
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(4) Tunicamycing FAISH O AO|M WHF 20 Tt

TUCTZ2 NOR# 2} HIWSH € SHXY, S AHE, HOLEH AH E2 RE|IXHM &
=7t OOI’HOE Hot=2(p < 0.05; Figure 21a—d).
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Figure 21. Effect of two—spotted cricket hydrolysates on serum lipid levels. (a)
triglycerides (TG), (b) total cholesterol (TC), (c) high—density lipoprotein cholestoerl
(HDL—-C), (d) free fatty acid (FFA), and (e) apolipoprotein B (ApoB). Results are
expressed as mean = SD (n = 10). Statistical analysis was conducted by one—way
ANOVA followed by Duncan’ s multiple range test. ® °“Mean values with different letters
are significantly different at p < 0.05. NOR, normal group; TUC, tunicamycin treated
group; LGN, low dose of Gryllus bimaculatus hydrolysates by Neutrase; HGN, high dose
of Gryllus bimaculatus hydrolysates by Neutrase; LGF, low dose of Gryllus bimaculatus
hydrolysates by Flavourzyme; HGF, high dose of Gryilus bimaculatus hydrolysates by
Flavourzyme.
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& C H

o H2 40| JYASLt, 4HLEFEN| JteEdigs FHE #2 TUC 2 HlwstH ZHE

s

et 28 A Q| X &S FESHH XEsEE ™ot 22 TUCES & A& sE== NORZ

H M5t |odoz = (p < 0.05; Figure 23a). AHIEED| JILEHES E{E 2
Hl WS O|X ol xt0o|7} ¢l S (Figure 23a). 0|2t SALSIAl TUC = Zt9 =M X4t

NORTZELCH SOFO 2 =42 Lt(p < 0.05; Figure 23bc), 4| =2t

= St #2 TUCE 2} Hl WSt | AQl xt0|7 U= (Figure 23bc).

et A EEetn] JHL 222 tunicamycinOll 9|8t X|EZIES SE O 2 245151 Qb=

o=z mig
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Figure 22. Representative images of liver of mice. NOR, normal group; TUC, tunicamycin
treated group; LGN, low dose of Gryllus bimaculatus hydrolysates by Neutrase; HGN,
high dose of Gryilus bimaculatus hydrolysates by Neutrase; LGF, low dose of Gryllus
bimaculatus hydrolysates by Flavourzyme; HGF, high dose of Grylilus bimaculatus
hydrolysates by Flavourzyme.
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Figure 23. Effect of two—spotted cricket hydrolysates on hepatic lipid levels. (a) total
lipid, (b) triglycerides, and (c) total cholesterol (TC). Results are expressed as mean =+
SD (n = 10). Statistical analysis was conducted by one—way ANOVA followed by
Duncan’ s multiple range test. ®°Mean values with different letters are significantly
different at p < 0.05. NOR, normal group; TUC, tunicamycin treated group; LGN, low
dose of Gryllus bimaculatus hydrolysates by Neutrase; HGN, high dose of Gryilus
bimaculatus hydrolysates by Neutrase; LGF, low dose of Grvllus bimaculatus
hydrolysates by Flavourzyme; HGF, high dose of Gryilus bimaculatus hydrolysates by
Flavourzyme.
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(6) Tunicamycing FAEt O AMAM YHFFE Jte2si 22 XEE 2E S U

&8 51

SREBP12 FAS 59 HAIE FZstH FE XAt SR ol 840 2o sts ™ ARI X
SREBP12 AZAM0A ZX|Z 0|5t SX0M= SHAN EH 11y E Saof 243t

2 A0 ZF =& O] SREBP1 AT A (precursor) £&& TUCTOIA NORTELH So/&o =2
I}OMH (p < 0.05; Figure 24a), HHA S| JteEoiE22 FHE #2 TUCTE L} H| W50
oMoz Ct2X| AUF(Figure 24a). BHH, ZF THOAM SREBP1 &4 d (mature)2| +&2
= Zholl |oAQl Xto|7F gLt TUCTEO| NORTFELH Hoten AHIEE0| It 2d 22
ENst #2 TUCE} Hl st =US (Figure 24b). ZF =29l FAS £+&2 TUCTOIA NOR
THLE So|Mo 2 WO (p < 0.05; Figure 24c), AHIEEO| JM42HEES EHst 22
TUCZZ} HI X5t |oXo=Z CEX| %442 (Figure 24c).

2k tunicamycin® ZF RO K& M1 23St T Ao Hisl g AX| SHH, A 52t
O/= 0|0 RN 2E LIEIX = &= A2E THHE.
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Figure 24. Effect of two—spotted cricket hydrolysates on hepatic levels of proteins
related to lipid synthesis. (a) precursor sterol regulatory element—binding protein 1
(SREBP1), (b) mature SREBP1, and (c) fatty acid synthase (FAS). Relative protein levels
were  measured using western  blot analysis.  Glyceraldehyde—3—phosphate
dehydrogenase (GAPDH) was used as internal control. Results are expressed as mean
+ SD (n = 10). Statistical analysis was conducted by one—way ANOVA followed by
Duncan’ s multiple range test. *°Mean values with different letters are significantly
different at p < 0.05. NOR, normal group; TUC, tunicamycin treated group; LGN, low
dose of Gryllus bimaculatus hydrolysates by Neutrase; HGN, high dose of Gryllus
bimaculatus hydrolysates by Neutrase; LGF, low dose of Grvllus bimaculatus
hydrolysates by Flavourzyme; HGF, high dose of Gryilus bimaculatus hydrolysates by
Flavourzyme.
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A dd =3 54
TUC= NORTIt HluSHY] 7te| BIP &0 o2z =, 4E7F2t0| Itz &2 O
£ 2Astots 40| UMY SAE2ZE RO[SHK = £US(Figure 25a). Ads=2 7+ =&
CHOP &2 & Zto |o&el xto|7t AUS (Figure 25b). MELM tunicamycin® AEH A
EY A2 215t04 UPR(unprotein response)2 -4 3tstLt, 4E et T2 &2 ol gt
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Figure 25. Effect of two—spotted cricket hydrolysates on hepatic levels of proteins
related to endoplasmic reticulum (ER) stress. (a) binding immunoglobulin protein (BIP)
and (b) CCAAT—enhancer—binding protein homologous protein (CHOP). Relative protein
levels were measured using western blot analysis. Glyceraldehyde—3—phosphate
dehydrogenase (GAPDH) was used as internal control. Results are expressed as mean
+ SD (n = 10). Statistical analysis was conducted by one—way ANOVA followed by
Duncan’ s multiple range test. ®°Mean values with different letters are significantly
different at p < 0.05. NOR, normal group; TUC, tunicamycin treated group; LGN, low
dose of Gryllus bimaculatus hydrolysates by Neutrase; HGN, high dose of Gryilus
bimaculatus hydrolysates by Neutrase; LGF, low dose of Grvllus bimaculatus
hydrolysates by Flavourzyme; HGF, high dose of Grvilus bimaculatus hydrolysates by
Flavourzyme.

- 162 -



3) ¥EFFEn| JteEdi =2 HIME SAs =F &1t It

(1) &7 Fen 7222 HEHME SH4E =2 54

BT £7|HS{HIS S BYSts TR0 LE HOU|BOR, T2 THE, BNE U OAMNE S
o= TNE0f US. 02T HAMESS 0| o5 XIS W Fo| B0 HEY B
SS T Aoy BOPISS REY. LPSY ConAt 22 BHZY THES SOH22 BYsIs

= HZ4E LPS2 ConAs O[XE| =+t H{wsHH H|E MEZSASS 2UH2E SIHAR
O (Figure 26a—d), ¥E 5 2tA] Neutrase 7te-Edl22 MElst M Z= control &= LPS2}
ConASl ZM5IoA BlAM2] CHEF2t Hlwst HIFME SA&0| ROAMELE LIEX AUS
(Figure 26a).

M FEE2HA]| Flavourzyme 7t 22 M2 S M Z = controlOf|A] 1@ {E£2F A0 2=
SZO|A HIEMZ "*'EOI FoXor ZAASIFL, LPS EXMSIOA = 1 XME|5HA L2

Flavourzyme Zte&=di== 500 ug/mLe s = AME[gt A0 HEME SAE0 RO =E
ZA5ES(p < 0.05; Flgure 26b). L8t ConA ZMstHM= 11 HFF A&I0| 500
ug/mL2l Flavourzyme 7222 M2t 22 HEAHNEZ SAEO Rz LAAT(p <

0.05; Figure 26b).

AHE 20| Alcalase 7t Rl 282 A o HIE
ME SAE0| RAH2Z CHEX] ‘Bg%t%(ﬁgure 26c). d2{Lt LPS 5IHOHHIH" e F et
AFZESI0] 500 ug/mLO| Alcalase 7I+2d 22 XME|ct AR HIZME SAE0| KoM=z A
S5t 10 (p < 0.05; Figure 26¢), ConA EA SO = 1 X 2|5tK| L2 Alcalase I+l
50 £+ 500 ug/mLel sE & Xe2|st ARt 12 X2|§F Alcalase 7t&-&Fdl22 500 ug/mLe]
SEE X2ttt A2 HAEME SAE0 Koz ZAs(p < 0.05; Figure 26¢).

>
\-J

AHA 20| Protamex 7t&Edi22 Malst MZ= controlof| A Oj& 2| CfEF1} HW5He] 5
@t 50 ug/mLel sE==Z XME|gt B0l HFME SAE0 FAXE2=z ST (p < 0.05; Figure
26d). 2Lt LPS EXstol M= 1 M2|stX| 242 Protamex Zt+EsiE& 500 ug/mL A 2|
ot B2t 12t M2|et Protamex 7te+Edf =8 50 £&= 500 ug/mLe sEZ XME2|et 2 HIE
NEZ SAE0| RFAXCE ZAsHYS(p < 0.05; Figure 26d). £t ConA EXfsto= gt

O 22 A2210] 500 ug/mL2 Protamex 7I+2HES X2|et A HIBMNE SAE0 FoF
OF UASHH 1 (p < 0.05; Figure 26d).

ZototH MHPAERD| 420 S Protamex 7I4 222 M 2sHH HAME ZSAS 1A
O Z 2M3I5HK| 25t AL E HEHE|H, Protamex 7I4 222 LPS = ConAll A= &
Qb= A0l HIZMEL SAE FXsts Aoz dZE.
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Figure 26. Effect of two—spotted cricket hydrolysates on splenocyte proliferation.
Splenocytes were collected from Balb/c mice. The cells were incubated with various
concentrations of two-—spotted cricket hydrolysates for 24 h in the presence of
lipopolysaccharide (LPS) or concanavalin A (ConA). Cell proliferation was measured
using a water—soluble tetrazolium salt (WST—1) assay. Values were represented as mean
+ SD (n = 3—4). Statistical analyses were performed by Tukey’ s multiple range test
after one—way ANOVA. @ °Bars with different letters are statistically different (p < 0.05).

(2) &7 Fan 7222 HY NALdHME 89 =2 21

==

XA ASH M X (Natural killer cell) B1Z 39| YZoz Hat 9l 2T XX £3| H|ZO|AM SAE 0
NEM HABIS S s XAAMNM EE EoF ESHE 0| F CHASH AIO|EFIOIS HEE A
HSte sHE 2510 A0 MEHAA (innate immune system)2| #HAX Ol AT} £l 2t
S Hio|H A, dhE| 2ot 22 2 F A S0 i Soted =7|of HARS S FUotH EX A =0
CHet ME Adi7|sS #10 U0 XAAHM 2 2 X5 2it= ALY HAS g4t A0

o

o OO

U
= AT = KAASHM EO S0[HCZ HSdt= YAC-1 SUMEE 0| 510 AE P Fato|
Jte-Zof 20| 2let H|ES| AAMNMZ &Y S gitE SEoIUS. 4 24 1 A2 et
Alcalase 7ts+Edi=2 M 20| 500 ug/mLe s== M2|gt ¢ AAANA 22| E40| FoH
o=z ZIteH(p < 0.05; Figure 27c). BHH Neutrase, Flavourzymel} Protamex 7t&2d =2
e 2 AEglo] H[FC Kf@'”éH Mzo| 848 SItAMZIA = Rst¥ & (Figure 27a,b,d).
et A8 5F2t0| Alcalase 7tz di &2 A AHMZE 2dotE S5t HAE SFd 27t
As A2z 7J|tE.
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Figure 27. Effect of two—spotted cricket hydrolysates on splenic natural killer (NK) cell
activity. Splenocytes were coincubated with Yac—1 cells at a 50:1 ratio for 24 h in the
presence of with various concentrations of two—spotted cricket hydrolysates. NK cell
activity was measured by measuring lactate dehydrogenase (LDH) release from YAC—1
cells. Values were represented as mean = SD (n = 3-—4). Statistical analyses were
performed by Tukey’ s multiple range test after one—way ANOVA. #°Bars with different
letters are statistically different (p < 0.05).
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4) &7 Fetn| 7t =9 52 HAME gdst 51t 7t
4-1) &E7FEt0| Jte2d =22 MM E(RAW264.7 cel) &d3t &3t It

(1) AHYEF2A| Jte2ai 22 o AM E(RAW264.7 cell)

3
rii'

0|)|

oo SAES SE5ie Y2 HY 24 Bt Y S IStA ol 8Lkl= HWH2Z
CH AL M| Z 0o 7|I5Ao-| A E TI5t B ASHHA THAM 2O SASS STEH2ZH TAMES 2
aato et 7|sd Ao HHE 5L 2idE BotY &+ U=

= AFOAM FHEFQ LPSE ME SAES ®YECZE ZIHANZISH, AEEF2t0|
Alcalase 7t+=ai&2(GB—A)2 £t 50 £&= 100 ug/mLel =0 CHEF(0 ug/mL) 2t Hl Wl
5l ME MES8S |9 Ao Z Z=JIAZ (p < 0.05; Figure 28a). 1@t A 2|st 4 E2tn| 9
Alcalase 7t &l 2 (PGB—A)2 50 == 100 ug/mLe s=2 XMe2|gt 42 2 (0 ug/mL) 2}
Hlw3sH] ME MZEES FOI5HH S7HAFH 2L p < 0.05; Figure 28a), 5,000 ug/mLe| = =0

()
Me MZ ZSAE0| ooz ZtATH(p < 0.05; Figure 28a).

ESH, MHA 52| Protamex E4E0HS(GB—P)2t 1@ A2 eh AHFAS2t0|2| Protamex &
A2 E(PGB—A)2 50, 100 == 500 ug/mL =0 Cf =2 (0 ug/mL) 2} Hl W30 M E A
Z80| |FO5tA =U2LH(p < 0.05; Figure 28b), 5,000 ug/mLe sE0M= ME SAEO|
FoMor ZAT(p < 0.05; Figure 28Db).

2t 2= A[Z2= 1,000 ug/mL O|5tel s=2 XME|ot B2 ME=HS LIEHHX| 220, 502t
100 ug/mL< %EE Melet BR0= ME SASS &d3tcld HY S 523 Us AL=E
T
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Figure 28. Effect of two—spotted cricket hydrolysates on proliferation. RAW264.7 cells
were treated with test substances (0, 50, 100, 500, 1000, and 5000 xg/mL) or LPS (1
wg/mL) for 24 h and were used to test the cell viability by a water—soluble tetrazolium
salt (WST—1) assay. Values were represented as mean £ SD (n = 3—4). Statistical
analyses were performed by Tukey s multiple range test after one—way ANOVA. ""p <
0.01 and ""p < 0.001 vs. untreated control. LPS, lipopolysaccharide.
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(2) MHP =S| 4222 CHA M E(RAW264.7 cell) EHAl &N =X §1}

HAM Z = H|S0|H HAUHZO| &0{5t= HIAMEZZ 2 20}, HIO|HA §
ot o MES 2ME S0 BA 88 227 MASE Yo s8HE X
= ATFZA0IM LPSE =it Hl w5t CHAM ZES] B4 &2dS Cha SR 2, SAH
& Rt = LUS (Figure 29). 3Lt GB-A, PGB—A £= PGB-PE 50 ug/mLe =&
2 Mgt 2, thAMZES B4 840| ti =0 HI5tH RAXH2Z £/, 100 ug/mLel &
ZOME GB-A, GB—P, PGB—-A2I PGB—-P Z5F OjAM 2Ol EA E#HE |ROAFCE SIHA
Zl(p < 0.05; Figure 29).

SEEE = GB-A0 H|sl PGB—ASl B4 &d0| =%2H, GB-PO| H|s PGB—PS
0| =OF 1 Mok WEPFEn| Ve E2 S 282 AME B4 &Y

|

ANA HAsS ST 2107t U= A2 BEHE.

EFAI

=

\J ml-0||

[ R |
o =
= O

—_

150 1

< 130 - ) - l l - L
=
z T 1 &
2 110 -
® T
o
2
> 90 -
Q
{e)]
m
=
o 70
50

Figure 29. Effect of two—spotted cricket hydrolysates on phagocytosis. RAW264.7 cells
were treated with test substances (0, 50, and 100 xg/mL) or LPS (1 mxg/mL) for 24 h
and were used to test the phagocytosis by neutral red uptake assay. Values were
represented as mean = SD (n = 3—4). Statistical analyses were performed by Tukey s
multiple range test after one—way ANOVA. "p < 0.05, ""p < 0.01 and ""p < 0.001 vs.
untreated control. LPS, lipopolysaccharide.
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CH AL M Z (RAW264.7 cell)Oll A &EF|FED| 723 =2 NOH AO|EZIQI ZH| &3t &3t

12l HAIEHE U UASIE A (NO)E HIE50] CHYSH AO|£71012 2H|gto =AM ©
= =

=
=
dot=dl, Ol HYZE 22 2HISHE ZEEH2EMN dAMT0IIsS

(3

~—

HI $0 1@ &
oo 1 1>
oo =

mo e
4
o2 0°"

AFOA LPSE A2l MEZ= =72t H wsto] HfYHOl NO 57t RostA =US(p
< 0.05; Figure 30a). 0|2t |SASHA GB—P, PGB—A2I PGB—P= 502} 100 ug/mLe s=of
M CHZEZD H| D SH0] HiAMO| NO SE7F 895t =U=2(p < 0.05; Figure 30a).

Hi Q9| TNF-alpha =2 Z< LPSS AM2|st MEOM HEFRCH |25 EAUS(p <
0.05; Figure 30b). O|2t |FAtstH PGB—A2l PGB—P&= 50 ug/mL2 iEOﬂH HY QFH Of
TNF—alpha £ & f2lstH S7tAIZ 12, 100 ug/mLe =M= GB—P, PGB—A2} PGB—P
Tt HAIMZES| EAl 22 FodZ TIHAIZ(p < 0.05; Figure 30b).

LPS&= CHE=Z2} H| W oto] Hi M| |L-6(Interleukin—6) s =& |F2stA S7tAI& (p < 0.05;
Figure 30c). 0|2} |SASHAl GB—A, GB—P, PGB—A%2} PGB—P= 502} 100 ug/mLel s=4
M HiUHO |L-6 S5 Fo5tH S7HAIA(p < 0.05; Figure 30c¢).

m2tA GB—A, GB—P, PGB—A%} PGB-P= 25 CHAMEE EM3551H NOL2F AMO|EFIO19
2HIE SItANI|= AR WCrEl | £5H 2 s 8 GB-A0| H|5f PGB—A2S NO, AO|E7}QI
=H|7t B7t5tR2M, GB—PO| H|sll PGB—P2| AIO|EFIQI FH|7} SItet.
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Figure 30. Effect of two—spotted cricket hydrolysates on the production of nitric oxide
(NO) and cytokines. RAW264.7 cells were treated with test substances (0, 50, and 100
wug/mL) or LPS (1 mg/mL) for 24 h. The supernatant (a) NO levels were determined
using Griess reagent. The supernatant (b) TNFa and (c) IL—6 levels were measured
using ELISA kits. Values were represented as mean £ SD (n = 3—4). Statistical analyses
were performed by Tukey' s multiple range test after one—way ANOVA. xxp < 0.01 and
x*xp < 0.001 vs. untreated control. LPS, lipopolysaccharide; TNF, tumor necrosis factor
alpha; IL—6, interleukin 6.
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(4) MM E(RAW264.7 cell)Ol M Y4BT FEt0| It 29 AO|EFHQ FAAL UE 293

_E_J,I-
LPSE= CHx=#2} |j| 5t TNF—alpha mRNA 2H&HE SItAZ|= 0| UUS (Figure 31a).
0|2t FAISHA PGB—A2F PGB—PE 50 ug/mLe s =2 A2|st MZO|M =22} HWFHH &

AR R OQIEMI ZIteH(p < 0.05; Figure 31a).

LPSE= HET M H|WSHH IL—6 mRNA ZHE SItAZ7|= 40| AUAUS (Figure 31b). 0|2t &=
AFStA PGB—P2 100 ug/mLo SE2 2|6t M EOoA Cix21} H D5t EANMoZ |9 5}
A S7te(p < 0.05; Figure 31Db).

2t PGB—A%t PGB—P= CHAMEE &35t AO|EFI2IS] mRNA YEE S7tAZ|I=
St UCMH, PGB-P= =2 EIEOZE AO|EFICIS mRNA HUHE ZSIIAZ|= 53471

= 7oz poE,

—
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Figure 31. Effect of two—spotted cricket hydrolysates on the mRNA expression of
cytokines. RAW?264.7 cells were treated with test substances (0, 50, and 100 xg/mL)
or LPS (1 xg/mL) for 24 h. The mRNA expression levels of (a) TNFa and (b) IL—6
were measured by a quantitative real—time PCR. RPLPO was used as an internal
control. Values were represented as mean + SD (n = 3—4). Statistical analyses were
performed by Tukey s multiple range test after one—way ANOVA. *p < 0.05, **p <
0.01 and =*x*p < 0.001 vs. untreated control. LPS, lipopolysaccharide; TNF, tumor
necrosis factor alpha; IL—6, interleukin 6; RPLPO, ribosomal protein, large, PO.
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Figure 32. Effect of two—spotted cricket hydrolysates on proliferation. Peritoneal
macrophages obtained from Balb/c mice were treated with test substances (0, 10, 50,
100, and 500 m#g/mL) or LPS (1 mg/mL) for 24 h and were used to test the cell
viability by a water—soluble tetrazolium salt (WST—1) assay. Values were represented as
mean £ SD (n = 3—4). Statistical analyses were performed by Tukey’ s multiple range
test after one—way ANOVA. ""p < 0.001 vs. untreated control. LPS, lipopolysaccharide.

CH = 2b Hlwstod CHAMES BHA &4 3 Cha STHAZI2LY,
EANNOZE L9|5HK| 1L} PGB—A2I PGB—P= 502} 100 ug/mLel &=O0lA CHA

—
MES| B4 842 RIAMSE SIHAE (Figure 33).
=3

ST HAME 54 28498 S7NA BYss ST =
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Figure 33. Effect of two—spotted cricket hydrolysates on phagocytosis. Peritoneal
macrophages obtained from Balb/c mice were treated with test substances (0, 50,
and 100 p#g/mL) or LPS (1 mg/mL) for 24 h and were used to test the
phagocytosis by neutral red uptake assay. Values were represented as mean £ SD (n
= 3—4). Statistical analyses were performed by Tukey s multiple range test after
one—way ANOVA. "“p < 0.001 vs. untreated control. LPS, lipopolysaccharide.

(3) S5Z &AM =ZAM HUHHFE20] T2l S AMO|EFIRlI ZH] 43t 5t

LPSE CHEZ1} H w3t HiAMO| TNF—alpha s =& R25tA S7tAIZ (p < 0.05; Figure
34a). 0|2} |FAtStA PGB—A%2F PGB—P= 502 100 ug/mLel &=0A H LAl TNF—alpha
SEE |95 SIHAIZA (p < 0.05; Figure 34a).

LPS= CH =2} H w3t H MOl || -6 SEE 9|54 SI7HAZ (p < 0.05; Figure 34b). O]
QF OH&HIIX| 2 PGB—A2F PGB—P= 502} 100 ug/mLel SO A HiUHOl |[L-6 SE=E F2lst
A SI7tAZ (p < 0.05; Figure 34b).

2t PGB—-A2 PGB-P= Z5F HAMZES 2d3t5t NO2F AO|EFHRIS] 2H|E S7HAI7|
= A2E mEHE.
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Figure 34. Effect of two—spotted cricket hydrolysates on the production of cytokines.
Peritoneal macrophages obtained from Balb/c mice were treated with test substances
(0, 50, and 100 wg/mL) or LPS (1 wg/mL) for 24 h. The supernatant (a) TNFa
and (b) IL—6 levels were measured using ELISA kits. Values were represented as
mean = SD (n = 3—4). Statistical analyses were performed by Tukey s multiple
range test after one—way ANOVA. *xp < 0.01 and ***p < 0.001 vs. untreated control.
LPS, lipopolysaccharide; TNF, tumor necrosis factor alpha; IL—6, interleukin 6.
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5) 8= ZHOIM YEAFE| el S22 HYJ|s MM &t Bt

(1) &E7AFEn 7220l MSo| HELl= HE

A Fetn| 26 20| cyclophosphamide (CY)O| 28t HAJ|5#HSIE ZH-ot=X BIt
517 <5Hod Neutrase = Flavourzyme2 =2 M =gt WHIA S0 Ttz A2 SS0
2827t A E EO4E CYe A" 219 X2} 23 Xfof| 22t 134 £ 23] 20| FASIH A

I_
EEEE 'E%WI%H:@% RES

vo 1¢
Dlo

ol Xto|7F AU (Figure 35a), WEHTAF2t0] Tt
Ol XIO|7} U S (Figure 35b). JHANE =7
FAEE FOUM FOYECE ZATH2LE(p <
o

0.05; Figure 35¢c), 4E I EEt0| JI4-2HES St AR A= CY 22 Hlwsty |2o[&Ql X}
0|7} AUS (Figure 35¢).

AS 7|1ZH0 0RA9 HF Hate & 20 ooz O 2X| AUSLE(Figure 35d), CYE =
Z FAet & 21 XHEE 282 X0 NORF2 ‘ﬂ%OI S7t5td Lol gt2 LEtH AL CYE
FASH 22 HBO| Aol 9 g2 LENAYZ. et CY A = M3 HEl= NORZL
CYZt fodoz YoM (p < 0.05; Figure 35e), AHA 20| JteEsiES Foet #at
CYy & ZHl= |oXQl xto|7t U S (Figure 35e).

M2tM CYs AEs=2 MES 44A7|H, #H{5eta| 7222 CYo Qs A5 &2a
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Figure 35 . Effect of two—spotted cricket hydrolysates on body weight during experimental
period. (a) Initial body weight, (b) body weight before injection, (c) final body weight,
(d) body weight gain, and (e) body weight gain after injection. Results are expressed as
mean = SD (n = 10). Statistical analysis was conducted by one—way ANOVA followed

by Tukey' s multiple range test. ®°Mean values with different letters are significantly
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different at p < 0.05. NOR, normal group; CY, cyclophosphamide treated group; LN, low
dose of two—spotted cricket hydrolysed by Neutrase; HN, high dose of two—spotted
cricket hydrolysed by Neutrase; LF, low dose of two—spotted cricket hydrolysed by
Flavourzyme; HF, high dose of two—spotted cricket hydrolysed by Flavourzyme.

(2) 4275 7teE3=0| Aol YFHF0 HELI= &

CYE FAfsi7| Mol 1Q0IMREl 207K Ao| HAZE 2 2ol SN 0|7t AUS
(Figure 36a). 0|9} DIEITIX| 2. CYE FALSH 01 %0l 21 RE| 2827t Ao| YL 7 2
of Rl el xto|7t 2124 S (Figure 36b). OI0] THat MF 7|7t & Ajo| H#ZFS 2 2t |9

Moz Ct=2X| 24US(Figure 36¢).

SeolH, CY &8 FaE| JtrEdlEg2 AS5 Mot £= S7MAFIA SEe A2z EHEHE.
(a) (b)
Before injection (day 1 to 20) After injection (day 21 to 28)
90 35 -
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Figure 36. Effect of two—spotted cricket hydrolysates on food intake during experimental
period. (a) Cumulative food intake before injection, (b) Cumulative food intake after
injection, and (c) daily food intake during the experimental period. Results are expressed
as mean * SD (n = 10). Statistical analysis was conducted by one—way ANOVA
followed by Tukey s multiple range test at p < 0.05. NOR, normal group; CY,
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cyclophosphamide treated group; LN, low dose of two—spotted cricket hydrolysed by
Neutrase; HN, high dose of two—spotted cricket hydrolysed by Neutrase; LF, low dose
of two—spotted cricket hydrolysed by Flavourzyme; HF, high dose of two—spotted
cricket hydrolysed by Flavourzyme.

(3) Cyclophosphamide& FAISH Ot AO| A YHFAFEA| Tt S0l =& FA O LIEIW=
g

A= CY #O0A NOR #ECH HoLt, & ZH |9 AQl xtol= U S (Figure 37a).

A= CY 0| NORTELE oMoz Y2 (p < 0.05; Figure 37b), AE7 5 EHZII

CYol ot Mol FA HAE FoAH2Z 2t3lstA = Rt S (Figure 37b).

A= CYOl 95t Sotst2Lt, & 7ol |/ Al X0l = RIS (Figure 37o,d).
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Figure 37. Effect of two—spotted cricket hydrolysates on organ weights. (a) Spleen,
(b) thymus, (c) kidney, and (d) liver. Results are expressed as mean £ SD (n = 10).
Statistical analysis was conducted by one—way ANOVA followed by Tukey’ s multiple
range test. *’Mean values with different letters are significantly different at p < 0.05.
NOR, normal group; CY, cyclophosphamide treated group; LN, low dose of
two—spotted cricket hydrolysed by Neutrase; HN, high dose of two—spotted cricket
hydrolysed by Neutrase; LF, low dose of two—spotted cricket hydrolysed by
Flavourzyme; HF, high dose of two—spotted cricket hydrolysed by Flavourzyme.

(4) CyclophosphamideE FASH Ot A0 A AH FEE0| Jt¢+E8| 20| H|E 27|00 LEHH =
e

HIZol gEjet 20l & Ztofl FolHel xHo|7F LHEHLEX] 84t= (Figure 38a,b).
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Figure 38. Effect of two—spotted cricket hydrolysates on the spleen tissue. (a)
Representative images of spleen and (b) spleen length. Results are expressed as mean
+ SD (n = 10). Statistical analysis was conducted by one—way ANOVA followed by
Tukey’ s multiple range test at p < 0.05. NOR, normal group; CY, cyclophosphamide
treated group; LN, low dose of two—spotted cricket hydrolysed by Neutrase; HN, high
dose of two—spotted cricket hydrolysed by Neutrase; LF, low dose of two—spotted
cricket hydrolysed by Flavourzyme; HF, high dose of two—spotted cricket hydrolysed by
Flavourzyme.

(5) CyclophosphamideE FASH Ot A0 A AHFE0| Jt¢+E8| 20| 8+ M Z0| LHEH =
I

HAMdA2EA (mean cell volume, MCV)2 CY 0| NOR ELCI ROASE HUU}2MH(p
0.05; Figure 39e), H4EFFeta| Jt-EoiES2 FOst #2 CY &1 H| sl S7tst= é“*‘okol
AP oLt EANMORE S9|5tK|= 242 (Figure 39e).

O|2 OrEIX| 2 BRAAE LEM A (mean cell hemoglobin, MCH)= CY 0| NOR Z&2Ct &
UL SAHSZE |25t = %O‘%(Flgure 39f); gtH AHIS2t0| Neutrase 7t+E6 22
CY2L H| W3] 22 0| UYL SAFH2E |olotK|= tUL(Figure 39f), 47 F2t0
Flavourzyme 7I42HE2 25 g OlAM MCHZF CY #ECI §oFoz =42(p < 0.05;
Figure 39f).

AH(platelet, PLT)2} & =3 (lymphocyte, LYM)= CYZOIA NORT 2Ll |SoXoz Sk
Hp < 0.05; Figure 39h,m), &4HFF2t0| JteEiE2S FHet 22 CYZ 2t Hl sl {79
X0l 7} 1= (Figure 39h,m).

_|>' |O FLI°|'

o 2 B A AEE2A (mean platelet volume, MPV)2t 25 (neurophil NEU)= CY
ORT EC} RO Z =U2Lt(p < 0.05; Figure 39k,l), 4HA 20| T2l 22
2 CYT 2t Hl W5t |2 &Ql X0l 7t %2 (Figure 39k,1).

8 - _l_
o 2 rr
g =

4m I'-LJ_

SEZTF-B X H|Z(neutrophil to lymphocyte ratio, NLR) E8t CY #0|A NOR #EC
Moz =1 (p <0.05; Figure 390), LNZ} LF, HF &2 CYO| 2§t NLRS ZAA 7| = Z
LIEILH AKX, SAHRSZE |FO5tA= £LUS(Figure 390).
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(hematocrit, HCT), Badd &M A ST (mean cell hemoglobin concentration, MCHC),
MAAEEEZ(red blood cell distribution width, RDW), @AEEIEZ(platelet distribution
width, PDW), ©&3(monocyte, MON) Z£= = Ztol |9Fol Xxlo|7t SiAS(Figure
39a,b,d,g,i,j,n). 0|2} OEZIX[Z2 EM A (hemoglobin, HGB) == NORX1} CYZO| SAHXA
O 2 ROSHA Ct2X| 4U2MH (Figure 39c, WHP 20| Vi =S Foet & E£et CYZut
SAZC=E Fo5tA Ct=X| 24U (Figure 39c).

Z 85t CYE MCV, MCH PLT®F LYMS ZIAAZ|H, NLR, MPV, NEUS S7tAZ. g 44
JeEatn| st 22 CYol 98 MOV, MCH Zt49 NLRS| E718 2sists 217t A
S BRNETSNI BRNE TN AL HAWVY TE Y SBHYED BRl0| Y
onj, EET-YILT HIB2 MU ¥5 HEHS BIYsts XFO|D, Y SR o of =9l
AZ ZHFED US. et YEHER0| 4 RH S CYE QI HEN HSS YstE 4 3
g 7oz WEig
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Figure 39. Effect of two—spotted cricket hydrolysates on complete blood count. (a)
White blood cell (WBC), (b) red blood cell (RBC), (c) hemoglobin (HGB), (d) hematocrit
(HCT), (e) mean cell volume (MCV), (f) mean cell hemoglobin (MCH), (g) mean cell
hemoglobin concentration (MCHC), (h) platelet (PLT), (i) red blood cell distribution width
(RDW), (j) platelet distribution width (PDW), (k) mean platelet volume (MPV), (I)
neurophil (NEU), (m) lymphocyte (LYM), (n) monocyte (MON), and (o) neutrophil to
lymphocyte ratio (NLR). Results are expressed as mean = SD (n = 10). Statistical
analysis was conducted by one—way ANOVA followed by Tukey’ s multiple range test.
aPMean values with different letters are significantly different at p < 0.05. NOR, normal
group; CY, cyclophosphamide treated group; LN, low dose of two—spotted cricket
hydrolysed by Neutrase; HN, high dose of two—spotted cricket hydrolysed by Neutrase;
LF, low dose of two—spotted cricket hydrolysed by Flavourzyme; HF, high dose of
two—spotted cricket hydrolysed by Flavourzyme.
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Figure 40a,b). 2Lt HHE 20| Jt-Fci 22 CYO Qe &9l IgGet IgMe| sk A4S
RO oz 2ASIAF|X] 25t%¥ S (Figure 40a,b).
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Figure 40. Effect of two—spotted cricket hydrolysates on plasma immunoglobulin (lg)
levels. (a) 1gG and (b) IgM. Results are expressed as mean = SD (n = 10). Statistical
analysis was conducted by one—way ANOVA followed by Tukey’ s multiple range test.
abMean values with different letters are significantly different at p < 0.05. NOR, normal
group; CY, cyclophosphamide treated group; LN, low dose of two—spotted cricket
hydrolysed by Neutrase; HN, high dose of two—spotted cricket hydrolysed by Neutrase;
LF, low dose of two—spotted cricket hydrolysed by Flavourzyme; HF, high dose of
two—spotted cricket hydrolysed by Flavourzyme.
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(7) CyclophosphamideE FASH OIS AO| A AHYFE0| JI4+-2H 20| T AIO|EF 5%
of LIEt= I

EFIOIE2 HANZUA YHE = 848 HHEZM O|F2 CHASH HA

e HAME Zto] EEHE A5t

(e} |
2ol ZAL &Y, =3t =FIN FEMES &Y, g2
. MetM o8] W mHle= HIEEo =H0| UM I? S22
=2 AFRZ &9 IFNr (interferon gamma), MCP1 (monocyte chemoattractant protein 1)
+Z2 CY 20| NORTZEL KA E =2 (p < 0.05; Figure 41b,p), IL—5, IL—13, IL

(interleukin)—17A, KC (keratinocyte chemoattractant), TNFa (tumor necrosis factor
alpha) &% E8t CY 70| NORTELCH =2 ZAE0| JAAS (Figure 41g,l,n,0,1).

Neutrase &= Falvourzymel2 & XN ot AHIFED| IRl FHSE #2 CY #=2EC
IFNr, MCP1, IL-5 #=&0| R2 F0o| UL, SAXHLE ROsHK= LU (Figure

41b,p.9).

SHH & Z9] GM-—CSF(granulocyte—macrophage colony—stimulating factor), IL—1a,
IL—1b, IL—=2, IL—4, IL—6, IL=7, IL=12, LIX (LPS—induced CXC chemokine), MIP2
(macrophage inflammatory protein 2) £&2 & ZH0| EAXSZ {FOISt X0|7t QUAUS
(Figure 41a,c—f,h—k,m,q).

SeiotH dE ‘EEPDI 7P =l =2 CYO 25t &4 IFNr, MCP11t IL-5 2 7t &t3tstH
=. IFNr2 NK M £, Th1 M X, cytotoxic T Z S0 2|l =H|Z[11, &4 Al S5t A Al
X, ANALSHA E, ia-_rL S= gdste. IFNr2 £33t MCP19| gels mkole A2 2L
A=dl, MCP12 Bl sistad =22 T StHE H3ESe S 7o, AlEskE T =
7t Th2g o MEZ M= O 92 & IL-5= &datE BMZOo| 2t oA ditks Xt=5)
H, 249 Eofet SAHE %‘99|1 ge| =27 2 #3H0| U, Wek AEP 2| Jh

=2 IFNr, MCP12t IL-55 ZHAAA CYO| 2t GBS S &se + US A= §HH

o Mo
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Figure 41. Effect of two—spotted cricket hydrolysates on plasma cytokines. (a)
Granulocyte—macrophage colony—stimulating factor (GM—CSF), (b) interferon gamma
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(IFNr), (c) interleukin (IL)—=1a, (d) IL=1b, (e) IL—=2, (f) IL—4, (g) IL=5, (h) IL—6, (i)
IL—7, () IL—10, (k) IL—=12, (1) IL—13, (m) LPS—induced CXC chemokine (LIX), (n)
IL—17A, (o) keratinocyte chemoattractant (KC), (p) monocyte chemoattractant protein 1
(MCP1), (g) macrophage inflammatory protein 2 (MIP2), and (r) tumor necrosis factor
alpha (TNFa). Results are expressed as mean = SD (n = 10). Statistical analysis was
conducted by one—way ANOVA followed by Tukey’ s multiple range test. 2 °Mean values
with different letters are significantly different at p < 0.05. NOR, normal group; CY,
cyclophosphamide treated group; LN, low dose of two—spotted cricket hydrolysed by
Neutrase; HN, high dose of two—spotted cricket hydrolysed by Neutrase; LF, low dose
of two—spotted cricket hydrolysed by Flavourzyme; HF, high dose of two—spotted
cricket hydrolysed by Flavourzyme.

(8) Cyclophosphamide& FAIE O A0 A WEHYSFEEO| Jt4-E| =0| H[FMNE SA I XA
&N 2 &40 LIEtl= I

HIY2 QMO 7ty 2 BZ 7222 HEYMES Jlss &1 f2l 50 U= MdolL &
= 22U, tatel HE4E M7ste g92S & deld HE2 =42 71S0] AMstEE W
=72 9gs o UM EE dYots 92 . HIY HM = B[F0] YEHQl T2 0
HX= d<2& 2flotH, HFo 22 M2 27t BE+5 H[FO0| o HXL H[FO] 245 4
H2 2771 20 mHE= ef=eto] 2olH.

HIE HICH= ZHO[LE A EOl EATF qAAL 28 2&0|LE HS0| 42 o H|F2| H0| Bot
NHAM gdg o AL, metM HE Ht= Z0[L S, EHZEEs %= 87 LIEE =50
=5. HE HIOIL e 82 248 442 0l IE &€ 50| €de + AL, AFEFH &
A HdEE = Us = O e, FOAM HE IJof LO{LEY| #F. £et, HIFO| HItHsHE &
7 HIE oo Aot eI HYEOo gE0] RHE ¢ A2H, HE= H[FO| WE+ = L
s molst HeEaAZl LAHAgAS S FEE & US. OebM H|E HIHHZE Qlsto] S
710l s HEstA XotH MA2 HS0| & === e 30| o 5ists & g0l
|_|_E|_LJ—

= AF0AM = LPS2t ConAll M| {Fet &40l 2= CY #0|lAM NORT &Lt H| &
E0| ROA2Z =UZ(p < 0.05; Figure 42a). BHHO| AH Y FE2H0A| It =
PS2} ConAQl XE| B2l 40| 2= FOM CY 2L HEHME SAE0| RoA
US(p < 0.05; Figure 42a).

SHE H| A AFHAMGHM E &40 AR0= CYROAM NORZEELCH |9o& o

Figure 42b), &4H 7 Fet0| JteEol & FHE2 Z5F CY 20 XA AGHM = %"SOI %QIE.S
2 HUS(p < 0.05; Figure 42b).
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Figure 42. Effect of two—spotted cricket hydrolysates on (a) splenocyte proliferative
responses to ConA and LPS and (b) splenic natural killer (NK) cell activity. Results are
expressed as mean = SD (n = 10). Statistical analysis was conducted by one—way
ANOVA followed by Tukey’ s multiple range test. ®9Mean values with different letters are
significantly different at p < 0.05. NOR, normal group; CY, cyclophosphamide treated
group; LN, low dose of two—spotted cricket hydrolysed by Neutrase; HN, high dose of
two—spotted cricket hydrolysed by Neutrase; LF, low dose of two—spotted cricket
hydrolysed by Flavourzyme; HF, high dose of two—spotted cricket hydrolysed by
Flavourzyme.
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(9) Cyclophosphamide& FAIEH O A0 A AHEYFEO] ZteEZa 20| H[F AIO|EFIl ZH]
Of LlEH= F&F
H| &AM 2H|3t= IFNre= CY #0lA NORE

1} 80| AR (Figure 43b). 0|2}
SASHA, LIXE NORTZECH CY ZoAM |9=o

0.05; Figure 43m).

O|2t= St 2 H|FHO|M =H|5t= IL-1b, IL-2, IL—4 , IL=5, IL—-6, KC, MCP1Z} TNFae CY
TOIA NOR 2L |2z =1 (p < 0.05; Figure 43d—h,0,p,r), IL—=102t MIP2Z= CY
TO0lM NOR 2Lt U2, SAXH2ZE RaSHAI= UUS (Figure 43j,a).

8 Neutrase = Falvourzyme2 2 M gt 487 520 7Ie 22 FHe 22 CY =2
Ct IL—1b, IL=2, IL—4 , IL=5, IL—6, KC, MCP1, TNFa, IL—102 MIP22| =H|Z0| SAH X2
2 |F95tAH HUS(p < 0.05; Figure 43d—h,j,0—r)

HHHO| GM—CSF, IL—1a, IL—=7, IL—12, IL—13, IL-17A%] =H| ==& A& Zt0| Xto|7t &
A= (Figure 43a,c,i,k,l,n).

IL—1b, IL—=2, IL—4 , IL=5, IL—6, KC, MCP1, TNFa, IL—10Zt MIP21t &2 AIO|EFIQI= &
datEl HAMEOM ZH[E 2 O B2 HAMEZS 2dstste] A E SEAMZFEH 22ot= 4
== SAITH, MtEShA =H|E 42 UEHARSS LYo LA g3, ASHALS, ME2
473t 5= RESH AU FYHQ Z2UE Zei e + AS. Tt 2 FFELUE Sot] &
B Jte2oiE2 CYO| 2f HIFS HfHARSE 2stey + Us A2 EHEHE.
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Figure 43. Figure 41. Effect of two—spotted cricket hydrolysates on cytokines released
from splenocytes. (a) Granulocyte—macrophage colony—stimulating factor (GM—CSF),
(b) interferon gamma (IFNr), (c) interleukin (IL)—1a, (d) IL—1b, (e) IL—2, (f) IL—4, (g)
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IL=5, (h) IL=6, () IL=7, () IL=10, (k) IL=12, () IL—=13, (m) LPS—induced CXC
chemokine (LIX), (n) IL—17A, (o) keratinocyte chemoattractant (KC), (p) monocyte
chemoattractant protein 1 (MCP1), (q) macrophage inflammatory protein 2 (MIP2), and
(r) tumor necrosis factor alpha (TNFa). Results are expressed as mean = SD (n = 10).
Statistical analysis was conducted by one—way ANOVA followed by Tukey’ s multiple
range test. ®YMean values with different letters are significantly different at p < 0.05.
NOR, normal group; CY, cyclophosphamide treated group; LN, low dose of two—spotted
cricket hydrolysed by Neutrase; HN, high dose of two—spotted cricket hydrolysed by
Neutrase; LF, low dose of two—spotted cricket hydrolysed by Flavourzyme; HF, high
dose of two—spotted cricket hydrolysed by Flavourzyme.
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(0 < 0.05; Figure 44a).

S ALT 59 74001|E CY 0 A NORTELI Kooz =U2H (p < 0.05; Figure 44b),
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Figure 44. Effect of two—spotted cricket hydrolysates on plasma (a) aspartate
aminotransferase (AST) and (b) alanine aminotranferase (ALT) levels. Results are
expressed as mean = SD (n = 10). Statistical analysis was conducted by one—way
ANOVA followed by Tukey’ s multiple range test. ®°Mean values with different letters are
significantly different at p < 0.05. NOR, normal group; CY, cyclophosphamide treated
group; LN, low dose of two—spotted cricket hydrolysed by Neutrase; HN, high dose of
two—spotted cricket hydrolysed by Neutrase; LF, low dose of two—spotted cricket
hydrolysed by Flavourzyme; HF, high dose of two—spotted cricket hydrolysed by
Flavourzyme.
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SOD(superoxide dismutae) = superoxide radicalg &St ARE
At A= O|F0|| glutathione peroxidase®t catalaseOf SlaiA =
M SODE SFELE MIIAEYAZE Qs MEO| &42 A

GSH(reduced glutathione)= CHE 29 MEX 0 Z=X{st= S5 SHMSIH Y. 2SO GSH
2 NI BN EAM 2E2510] AFIE QI GSSG(glutathione disulfide) 2 M &tz =0, Ashof @
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QoMo Z Wot=2(p < 0.05; Figure 45¢).
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Ct GSH/GSSG HIS0| |oX oz =92 (p < 0.05; Figure 45d).
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Figure 45. Effect of two—spotted cricket hydrolysates on oxidative stess in liver. (a)
superoxide dismutase (SOD), (b) reduced glutathione (GSH), (c) glutathione disulfide
(GSSG), and (d) the ratio of GSH to GSSG. Results are expressed as mean = SD (n
= 10). Statistical analysis was conducted by one—way ANOVA followed by Tukey’ s
multiple range test. **Mean values with different letters are significantly different at p <
0.05. NOR, normal group; CY, cyclophosphamide treated group; LN, low dose of
two—spotted cricket hydrolysed by Neutrase; HN, high dose of two—spotted cricket
hydrolysed by Neutrase; LF, low dose of two—spotted cricket hydrolysed by
Flavourzyme; HF, high dose of two—spotted cricket hydrolysed by Flavourzyme.
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. 4d 8%
M pt=E? 14 55 7|cf?
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(L) FFof2fx] Ht

O 4ol cigt FoielX|= E 3.00, Top2(SEEHE) 41.2% 2, ZAH2E EAS 1f Fof2(X]

= 2E4E0 HoR ®I

O 7t4 MAl = ool X|= " 3.03, Top2(3d bl

t2) 38.2% 2, 7124 Fojo|x|& EE4Fol

Hoz it
E. Fofex|
24 Fofolx|V 7H4 Foj el x|
g (6%) 3.00 3.03
Top2(%)? 41.2 38.2
Mid(%) 23.5 23.5
Bottom2(%) 35.3 38.2
U Fojolx] B, 58 HE
? Bottom2(%): ToiolX|of CHEHPEIStT AX| ofctiolte] BEES(1~2H) H| S (%)
Mid(%): ToHelx|of CHet “ghel/ax aZCh'e| EEUHS(3E) IS (%)
Top2(%): TohelX|of heHTlstm Aok olate] YIS (4~5H) B B(%)
(9) 2H|Xt 7|5E HE
O wg7Eain| Jie2si2 chd Yol 3o thst 28X 7|SES &elsk7| 2Ish 30-50¢H
oM 34HS iae=z Hrtel A1, NS o9& =7, 2100 E215, 4205
Ct 26 =2 Hoz it 3875 HEe =T, E410, E4M15, §420 =22
=T, 2410, 5215 M ®MZ0| E24202CtH 7|SE7F S£3H6p =2 Hez "ot
O Z22102 tHx=F= 7|3 oo Mt el sEXo et 28us "l ("Ect” of4t
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16 HSEE UELI EESFE oMol MEL=2 et 54202 "E2 £X| 2o}’ o|st
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o chE MEE 72t 42454 XL E Xo|7F 22208 MF 7| 3o F8Ael Hdgs 0|
HoZ HehEICH
O dedez, 210y =7 = HAsE=F UFSEIL 43S =2 MESRE F ME 7t #s
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3) &EA Feto| JieEsl=2 ol&8t HMR 7HE

3-1) e Eeln| JHEH 2 0188 HVR A Bol XBst Bxi2ol MHB AL HVMR HE
of AN

O &g Fetn| 7t =2 =288 AFoA HATE M=, AlY M=, 4o/ M= &
o MAsH HIIH=2oAM H8Mo| AS=0 7|sAdnt CHMA NI3FS 1edsto] shjo 7
TSl 30 AT HIE 5 U0 HES RIS HIES MBS FLEStD YF I 8
olst 7}8ZHAAI(HMR) M Z2 7H&stA &

O 2= 2Z, 222, x|olHIEMI =SR], 28 YAdE S HMR HE JHLH(55)

(1) #EEln| dXiaz

O dXtrZ= A HCMEX] EHZ S0 ROl mEst =25 Hg 5+ 20, HE 409
ot o 140kcalel o Lix|et el A 8g2 £HH MFE £ US L 3D Food Printere]
FEUIZT ALZ0| 7ts5t0] B2 SEM S JHX[D U= ZHEAM E

M= A (9) ZMH|2(%)
Z-XH2 8 (Oregon Potato) 15.0 37.500
T2 2XE2 2.0 5.000
HE2to| 726l = 2.0 5.000
DAOf EFX| 22 4.0 10.000
HA 27 (MEFR) 4.0 10.000
¢mo| 2 (ESAZER =) 1.7 4.250
THOpAEX| =2 (T AL 3.47 8.675
ots& ((F)FolAlE) 0.7 1.750
utE ((F)FolAE) 0.8 2.000
Azl E (Hlol2EA) 3.0 7.500
ME () 2.5 6.250
= 0.77 1.925
FRHE 0.06 0.150
A 40 100.000

O H5Feto| ZdArze| AT (sTE 7 REMEHE DBIIE)
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(2) AFEtn] M2 ARAZ
M= 24 () H| = (%)
A2 2 (Oregon Potato) 14.04 35.100
FE2io| Ex|2gt 2.0 5.000
HEeto| TR 2 2.0 5.000
Iaof EX2g 4.0 10.000
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A O N =

(4) #52to| X[ofdtEl MEL X ('HS)

O MEQ|x|o| AP EHLsl2D) Chl o] u| S} &4 SHFEM0| 20|5t0f 57|2M FE &l
ZhEAlo] €4 e MEoIL YN §50| HE W2 §57|3t0| if 2 ot H2Al
stab o E s M F[siokstes Al EQ. #H52to| X|otdtEl MEL|X[= o L4X| 2k 600 kcal
o CHHZ 28g, M2 SHMA| 100g0| A2 R ATF S0 UL T WSHE2E JHLE
of AHEX] 2 il 28t ddTel e AAMRM &g 4FE 5+ U= HEFE)
o ZHAA! MZQ. A 52to| X[otHiEHY 2 W crtEo| M EZE2 2 o8 H|o|FHE| ME2=E2
21 80| 7t=s&

= 27 () HIS (%)
e WL (HADIF) 200 27.203
SUIIE (X|2|aealY) 100 13.602
FEeto| x| 2 18 2.448
HEelo| T2 E 5 0.680
DO EX| & 16 2.176
AT = =H ol

(K0S, USA) ? 0.272

S T2 18 2.448

ot= =& 15 2.040

S 2hM| 10 1.360

T M= 7 0.952
ERLEL 25 3.400
O|AE (A, saf-instant) 4 0.544
=1 5.2 0.707

22/ E 7 (CJHA) 22 2.992
=3 288 39.173

BHA| 735.2 (12 ea.) 100.000

(71 H52to] x|otdbet M=

O|AE, &30 22 A0M WS &JtF, SLUIIF Hof 7157t elof& wi7iX] gr=sl Fct

22|E R/, 20 F2L, ANRE 20 AMo{F1 ghSsto] HZE o 12412 A AlZIc (1} 2F)

HE S 28(120g/ea)stn midst & 6027t

MM 22 163T 10~12272F ==ct.

1xt 2 & (4=, 12hr)

A WOND =

(Lh F52to] x|otHIEF MELIR| M=

237| ciyol| PFen|EXZ2E, d2lof7|aaet ZhEAAE Ho| B 7Y ECof

He g = 2LERE FER 19 ddE 2078 |52 & A5 &

ZHY M, S22, dAAELE AoEH

FIFeto| x[otHtEFE Zol=Z HF HE2tM otFof oieU=, MAXE HIE = 22 38 2HE Fo
Mot x| =ef 2aEel A =E Ple T US YoM HELXE 2tdettt

SAARAXZ MELRIXE ZHSH0] 48A12F HSet = HUof s =Fetct



= A (9) HIE (%)

F|5ala| x|otHtEt 105 34.826
217| cfE 50 16.584

T Eeo X2 2 0.663
Hlzlok7| A (CJEiA) 4.5 1.493
ZHRRA A 3 0.995

22|25 (Extra Virgin, CJEiA) 3 0.995
EHQ R A 70 23.217

s 2|2 (Y, s2l0lA, SMAE) 10 3.317
Mok x|= (oY) 16 5.307
2ozl X= (M22F) 16 5.307
oY= (257 25) 10 3.317

M AKX (Amora Maille, France) 7 2.322
HAZE (SHEFE) 5 1.658
A 301.5 (1/ea.) 100.000

A a2 x|ofu}ef
NEESEY

ofRU=E, NAX} Hl27|

277k o1 Maw el

(ch) H52tol xlotatet & £ 2 of FAFd (57E I7IEEMELE DBI|E)

T 2 of| L4 x| (kcal) El=3l=(g) £hal =l (g) x| 2 (g)
W 5&2a| x| ofHtE} 277.0 39.4 9.2 9.0
=X 2 330.3 14.8 18.9 21.9
Al 607.3 54.2 28.1 30.9
A OfH}E}
WETHE
W CHad
| ai-ls
18%
38 . F5elo] X|ofdlER} X|ofHIEF MEQ[X| iy dF 7N
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3-2) AlFE 45 /(L olix] EFHE, THiEATE tiA)

O Lol X] HFHZF 5%~20% (2,000 kcal 7|& Al 100~400 kcal)

O CHHAAZEZF 10~30% (1 55 g 7|& Al 5.5~16.5 @)

O #EEeinl 0|8 2HHA XE FYBHMI A LS LY B & Us HEY
=Y B9

(1) #5Feto| A== | AR L2
O <F 140kcal?| ol X[t CHEHA 8g M EE Eostes M A= HE
- 2 ZF k| © 20g/pack

D Mok 2ol 4225t HE 409 (2 packs)oll EEAHR2 = 200mLe £

) M AR 22w

RLt

BE oo = vecms B Hre = wRorz

B> -

HeE2jal YRS AE B
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(2) H5elo| 52 db
O 2F 290kcale| of| 4X|e}, cHl A 14g MEE MEsl= oo 55 e H=HE
- ¥ ZF k| @ 180g/pack
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o208 20 20&= =3
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O <k 600kcalel oL X|of CHHZA 28g, a4 2H2E 100g B E 7)o MFE = Us ASHES

A ME
- ZZ k| @ 270g/pack
- 23 3 ol8H H = Ao SH4A
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30t 8, HAL 5%, 04X} 5 S =G0 AEX
of thet 7[=Ael g8 &2 =of
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(1) 52t HXAZ
2 42t 51, 5.022 E8°2 ZHe =z "I =Y, o|o|(&£
to| MJF &2F 2F 10% MEOAME 4.82 3 QX=X &2 Hez I}
o]

"ol vgts

. H52t0| dAAzT syl 4

HZo| 7o th3t 80| HOtLf o130 EAILR?
1- " iE)
“igLo 5- ojorS 0| <
M08 2 3 4 6 7 8 S e
(221 X Bt =soltt ooy CEEER
0 0 0l 19 3% 19 3% 2% 0% 6.2
0.00% 0.00% 0.00% 10.00% 30.00% 10.00% 30.00% 20.00% 0.00% +1.40
HZo| Toto] 28k MEE OJEELIIR
1- 5- 9- gz
(2ap) [ 2 3 4 wgor 6 7 8 gyo et wmzman
19 0% 0y 19 4% 29 29 0% 0% 5.1
10.00% 0.00% 0.00% 10.00% 40.00% 20.00% 20.00% 0.00% 0.00% + 173
HES| Woto| 2% HEE OZELIR
1- 5- 9- o
(2uy Moo 2 3 4 ooy 6 7 8 myeelct (wmzmap
0 0 39 0l 3% 2% 29 0% 0g 5.0
0.00% 0.00% 30.00% 0.00% 30.00% 20.00% 20.00% 0.00% 0.00% *+ 1.56
HES| 2oto] 28 HEE OEELIR
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(St WS Seict 2 3 4 msgop 6 / 8 memn mzmx
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HES| Moo 28 HEE O{ZELIR
1- 5- 9- =
(S5 P ofsict 2 3 4 mgo 6 ! 8 mje Tt wmmmA
7% 19 19 0l 19 0% 0% 0% 0% 17
70.00% 10.00% 10.00%  0.00% 10.00% 0.00% 0.00% 0.00% 0.00% +1.34
HEo| ZiEote| Aot MEE= {ESLI?
1- 5- 9- Ha
(2 IS st 2 3 4 mgorm 6 ! 8 oo et azmap
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A y are p: lyrich in protein and unsaturated fatty

acids. Thus, when they are used as food, it is important to prepare the extract formulation
with highyield of proteins and other nutritional minimal damage to

them. In this study, 5 extraction methods were used, which were hot water (HW), autoclave
(AT), high p (HPS), high for 10 minutes
(HPIO) and enaymatic hydrolysis (ENZ), and ten extracts were prepared by using one ofthese
methods or The extracts prepared were HW, AT, AT/ENZ, AT/ENZ/
HW HPS/HW, HPS/ENZ, HPS/ENZ/HW !'[K’IOIHW HP10/ENZ, HP10/ENZ/HW, w hich were
investigated for yield: amino acid (AA) i
antioidant activities. The extracts prepzred using ENZ method were observed ta contain
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high contents of total A, high ratio of essential/non-essential A and high antioxidant
oRciiDs activity. Thus, ENZ method is prepare the high quali ofthis insect.
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Quality characteristics and fi lati imi: of yanggaeng prepared with
defatted two-spotted cricket using response surface methodology
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Abstract

Purpose: This study was performed to optimize the Vanggaeng processing conditions of prepared with different amounts of defatted
vwo-spotted cricket powder, and agar the respanse surfase methodology. Methods: The experimental conditions were
designed according 1o the a central composite design with 10 experimental points, including two replicates for two independent
variables. The Physicochemical properies, texture; and sensory properties of the were analyzed. Results: As the agar content of the
| the (p<00,05). As the content of two-spotted cricket powder increased, the pH of the
\unxgyrng inceeased (r<0.05). As & result of two-spotied cricket powder increased. the sugar content decreased (p<0,05). Hardness
increased us the umount of added defiited two-spotied cricket powder and agar increased (<D.05). As & result of the DPPH radical
scavenging activity measurement, it increased with the addition of the defatied two-spotted cricket powder (<0.05). As a recult of the
sensory test of yunggieig. the TIavor was 4.14-5 57, the taste was 4.00-5.86, and the overll preferenice was 4.14-5.86. In the group
with a 6% addition of defatted two-spotted ericket powder, the flavor, taste, and overall preference were high, but there was no
significant difference. Conclusion: In this study it is considered that defatted two-spotted cricket powder can be used as a food
ingredient due 1 is high overall preference.
Key wonls: defatted two-spoited ericket, Yanggaeme.
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