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ﬂ Housefly
Housefly
Collection & Grinding

Pupashells
{Fresh weight: 100g)

A |

Pupa shells
Deminarallzation
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o S
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N (ow7.71g)

Fig. 1. Process for producing chitin and chitosan from housefly (Musca domestica)
pupa shells.

Table 1. Comparison of chitin yields after treatment of both the NG and G forms of M.

domestica pupa shells with acid and alkali treatments.

Items  Pupa shells’ Treatment A¥  Yield Treatment B~ Chitin
fresh weight (g)  dry weight (2) (%) dry weight (g)  vield (%)
Type AY 50 47.20 94.40 - -
Type BY 10 3.74 37.40 0.85 8.50
50 30.82 61.64 3.93 7.86
100 60.42 60.42 1.71 7.71

"Type A: NG form of pupa shells.

? Type B: G form of pupa shells.

¥ Treatment A: Acid treatment with 2 N HCI for 3 h for RT.

Y Yield: Dry weight of pupa shells after acid treatment.

' Treatment B: First alkali treatment with 5% NaOH (w/v) for 3 h for 95 °C,
"Moisture content of pupa shells = 4.5%.



Table 2. Comparison of deacetylation (DAc, %) and viscosity (cP) after treatment of chitin

obtained from M. domestica pupa shells with different alkali concentration and temperature

treatments.
Items 1* Treatment DAc (%) 2™ Treatment  DAc (%) 3" Treatment DAc (%)
condition Viscosity " condition Viscosity condition Viscosity
ChitinAY  95°C/3h 7.04 95°C/3h 11.60 95°C/3h 33.98
50% NaOH(w/v) - 50% NaOH(w/v) - 50% NaOH(w/v) #
Chitin B1”  95°C/5h 7.60 105°C/3h 33.43
50% NaOH(w/v) - 50% NaOH(w/v) -
B2  95°C/5h 7.60 105°C/3h 96.65
50% NaOH(w/v) - 509 NaOH(w/w) 36,0 ¢P
Chitin C'1 105°C/3h 89.76
50% NaOH(w/w) 33.6 cp
C2 105°C/5h 02,39
50% NaOH(w/w) 19.2 ¢cP

' Chitin A: Chitin obtained from NG form pupa shells (50 g).
? Chitin B1, B2, C1, and C2: Chitin obtained from G form pupa shells (100 g).
¥ Viscosity was measured at room temperature using a Brookfield viscometer (Model DV-II+ Pro) with

spindle number #83 (rpm=100). Viscosity unit is cP (centipoise = mPa-s).

A Chitn 7.79 % B
100
g
2 80
™
>
R &0 -
2
= Deproteinzation
* P 5295 %
-
2
[}
4
20
502 5.87
o p
Pupa shells Chitin chitosan
Materials from housefly

Figure. (A) Relative yield (%) of chitin and chitosan extracted from ground pupa shells (from 10,
50, and 100 g) of M. domestica. (B) Average dry weight (g) of ground pupa shells (from 50 and
100 g) after demineralization and deproteinization, and chitin content per 100 g of dry pupa shells.



Figure. Photograph of the
pupa shells of M. domestica
in their (A) NG from and
(B) G form. (C) Chitin and
(D) Chitosan extracted from
the pupa shells.
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| Manufacturing process of chitin and chitosan from Cricket (Grvilus bimaculatus) body

| gEuse |
Cricket p
m“us bimacyba’ d
Cutting & washing

(DW‘ 2! 35%}

Adult
(Fresh weight: 100g)
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2NHCI (3h, R.T)
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Cricket
Deptoteinizotion

1.25N NaOH(3n, 95)
N
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Lam )

Figure. Process for producing chitin and chitosan from Cricket (Gry/lus

bimaculatus) body.




Table 1. Comparison of demineralization (DM), deproteinization (DP), and yields after

treatment of Gryllus bimaculatus with HCI acid and alkali treatments.

Ttems G. bimaculatus G bimaculatus Yield Acid treatment”  Yield DM Dp”
Whole FW" (g)  Shell DW” (2) (%) DW (g) (%) (%) (%)
Test A 50 10.47 2091 9.05 86.44 13.56 86.30
Test B 50 10.84 21.68 9.88 91.14 8.86 87.75
Test C 100 21:35 2135 19.27 90.26 9.74 87.81
TestD 200 50.70 2335 40.07 79.03 20.97 87.82
Avg. - - 21.82 - 86.72 1328 87.42

UFW: fresh weight of G. bimaculatus whole body
' DW: dry weight of G. bimaculatus body shells
% Acid treatment with 2 N HCI at room temperature for 3 h

DM (%) =1 —(DW after acid treatment / DW of G. bimaculatus body shells) = 100

' DP (%) = 1 — (DW after alkali treatment / DW after acid treatment of G. bimaculatus body shells) = 100

Table 2. Manufactural process of chitin and chitosan after treatment of Gryllus bimacufatus

with acid and alkali treatments.

Teems Treatment conditio
Manufactiral Process & Products . ,cm S
Test | Whole body for chitosan
Chitin Chitosan
FW 50 g
& DW 124 g DW 0388 g| 50% NaOH (wiv)
2.48% (FW base) 1.76% (FW base) at 95°C for 3k
DW 1047 g -
11.34% (DW base) 5.40% (D'W base)
Chitin Chifosan
FW 50 g = 5
DW 121 g OW 096 g 50% NaOH (wiv)
B E a
. 2.42% (FW base) 1.92% (FW base) at 105°C for 3h
DW 10,84 g . ;
= 11.168% (DW base) 5.36% (DW base)
Chitin Ist Chitosan
FW 100 z -
G DW 235 g DW 187 g 50% WaOH (wiv)
. 2.35% (FW base) 1.87% (FW basz) ar 105°C for 3k
DW 2135 g
11 01% (DW base) §.81% (DW base)
Ind Chatosan from C1
i DW 155g = DW 137g 50% NaOH (wiw)
) 1.14% (FW base) at 105°C for 3h
532% (DW base)
Chitin Chitosan
FW 200 g =
- DW 488 g| DW 18g + 1170=3.04g
2 44% (FW base) 1.84% (FW base)
DW 50.70 g
7 9.63% (DW base) 7.26% (D'W base)
Chitosan from 172 chitin DO
Dl DW 2.44g = DW 1.8/g 50% NaOH (w'v)
1.89% (FW basa) at 105°C for 3h
7.46% (DW base)
Clutesan from 172 clutm DO
D2 DW 244g = DW 1.17g | so% NaOH (wiw)
- 1.79% (FW base) at 105°C for 3h
7.06% (DW base)

19 -
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Figure. Relative yield value
(%) of washing with tap
water (WA), demineralization
(DM), chitin and chitosan
from the two—spotted field
cricket (G bimaculatus)
whole body of Type I and
Type II on fresh weight
base. Relative yield (%) of
chitin and chitosan extracted
from G. bimaculatus adult
exoskeleton on dry weight
base (inner graph).

Figure. (A) Degree of
deacetylation (DAc) and (B)
viscosity (cPs) of chitosan
extracted from the
two—spotted field cricket (G.
bimaculatus) adult
exoskeleton of Type I
(Treatment A) and Type II
(Treatment B, C1, C2, DI,
and D2).
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Manufacturing process of chitin and chitosan from Mealworm (7enebrio moliton avral exuviae
LENARRIAE W |

Cutfing & washing

Adult
[Dry woight: 30 gl

Lavral exuviae

[ Methwom
Oemineializanhon

2N HCI (3h, RT)

oW 207 9)
(71.7)
DAc (%)=12.4% (10.1)

1.26N NaOH(3h, 95C)|

L Dw.seg)
"

(18.6)

Figure. Process for producing chitin and chitosan from 7enebrio larval exuviae.

LMH X 2|( Tenebrio molitor)

2 (egg) F%(larva)

T

#1067 (pupa) ‘dF(adult)
l.arval Pupal
efxuwae ‘ exuviae
Chitin 11% Chitin 25%
Protein 82% Protein 67%




5. L1 ntF-FAN=EHE 7=} 71E4te] ALk

Manufacturing process of chitin and chitosan from Cockroach [Periplaneta americanal.) body

olmEY

% - o

Adult
(Fresh weight: 40g)

5

(20.0

(=N

1,25N NGOHIh, 96°C)|

\ owine /

Cockroach

Cutting & washing

Adult
(Ory weignt: 8.75g)
(100)

Cockroach

Draimyirs ol zzticn

2NHCI (3h, RT)

(oW: 7.85g)

Figure. Process for producing chitin and chitosan from cockroach (Periplaneta

americana L.).
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E
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Serratia marcescens

ND-1 Serratia nematodphila
HK-10 Serratia marcescens
MK-1 Serratiasp.
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* Chitinase expression on SDS-PAGE gel

M PRC-5 ND-1 HK-10 NK-1 M PRC-5 ND-1 HK-10 NK-1

Chitindse dctivity stdining Coomassie brilliant blue R—250 staining
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D &3 (e)71HAFE 71'-1714)
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¥ TM (Tenebrio Moliton)




9. Bacillus thuringiensis PRC1I 2. 23 € 7|el7]d o] Eal's ZAk
(1) Bacillus thuringiensis PRC Il ¥ stockS A2 & 7]do] %3ty = Z2~=(T1, T2,
T3) 50ml o] 100u & HFst] 3YIT w3
1 T1 : LB broth
2) T2 . o -Colloidal chitin broth(crab shell)
3) T3 : TM-Colloidal chitin (mealworm lava)

a-chitin

TM-chitin a-chitin TM-chitin

LB &y
chitin

R .
LB (TM-chitin)

TM- chltm (a chitin)

TM-chitin (TM chltln)

4) 393F ®vjek=E T1, T2, T3 wiR|o|A 257 7]&(a -chitin, TM-chitin)e] =Z3g+¥ 1A uj =] o]
HEEA S JaHoz Tutsty] 7d 3 F 7|d oA J|”olA EH4E=E H

D) 2%% 8 710 BB olgs FEN Ae AEsdol, % 48 9 9z
Z 235ty Z

15k AAH AL G Aoz BuE. wEel Ade] e AAH A7 won,
YIS AL Ste] nima v} AAH 747t 2e Ao By

O&=9] chiting 7Aooz H3 & 4 9= A=3 chitinase A7} Y27 <)

e =0] T3} chitin B3] &Ado] =& chitinase B4 9 W=
el =% 2 chitinased] #7} LAA|~EHF=
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1. A =3 Chitinase T ot FAY kS 9]
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2. B3 Un] 74 A wlol# 2 (Pleris rapae granuloviris) chitinase (PrGV chitinase)
(1) Cloning of PrGV chitinase into pET28a(+) bacterial expression system
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3.

uhg| 2o} fe A= chitinase HHA2E T35
(D Chitinase &4< 2t3 4 +F % Bt PRCI & A8
Scientific classification Strain
1. Lysobacterenzymogenes MG18S
2. Bacillus thuringiensis PRCII Selected
3. Serratiamarcescens PRC-5
4. Bacillus cereus MP-310
5. Paenibacilluschitinolyticus MP-306
6. Pedobactersteynii M6

(2) BtChitinase2] o}v]x4t 71 E B4 Ay

3

SEPITR-CNIE ANMEIATE, L
E amoEAsED.1

~13-Chit AALELN
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BtChitinase 2] nucleotide &71A44 &4
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S
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T g

= fiae
T
By _ERATEE D

Bewp-Chit_TEE




BtChitinase ## A} #4 A}

3+

3

inge

sequencing

(4) Cloning %

360

ARR 1080
E

mc

go
g
mn
3o
MH
W.u
g
3
go
Bo
ms
8=
go
mn
m.u
£

£
Bu
mn
£a
m...
mn
Ge
mr
mx
io
mn
ge
Bx
=

£x

380

GAC 1140

ge
o
4»
ge
§a
ga
fe
§o
%«

Guw

G=
Fa
g=
go
ga
Gu
fo
fa

120
40

400

TTT GTA 1200

AR AAT GGT
E N G F ¥

T
H

TAC GTT
oW

T
M

A GCA GCC
L A A

T
o

TAC GGT
¥

T
o

T
: 4

180 ACA GGT GTG
e Vv A &0 T G v

¥

T TAT CAA GTT GCT

jo
g
E>
go
g=

B

W?
Eu

LR

3o
£>
Ewx
e
o

B
b=

“V.

w-
m-.-
mn
m'
m...
E
ms
g«
ﬂD
Ew
mn

ATG ARA TAC ARA ACA GAC TAT ATA ARG ACE AMA GGT 1320
Y

M

440

GAC AAT GAA TCT
D B E 8

T
D

AGC TAC
8 ¥

I

460

T AGT 1380
8

gx

480

ATT AGT 1440
5

I

8 s00

vy T ¥

GTA GTT ACG AAT ARR AAT TCA 1500
v E

I

T GTT AAR AAC A
v K L

AR
L]

GAG CCA CCR ACG
E P P T

T ACT
D T

CAR AAR
o =

480
160

540
180

T ATG
M

g0

mt
da
ma
fa
Bs
m..
g=
Mu
Eo
E=
ms

Ew

§=
du
fa
g=

540

1 T

k3

AGC ATT ACA ATT ARA ARC TTA 1620
K

ACT GCT GGA GAA GAG AMA TGG AGT ACA ACA ACA AAT
T A 6 E E E W s T T T N

1

Pt

200

GCA EOO
A

E=
Ew
G
g=
g

Ew

5
G
m'

e
G
i
e
B
Eo
g
f=

1680
560

§u

mu
go
g«

<

B

un
ix
g«

Ex

g
ms
mr
3=
2

=
WB
(]
ge
WI
m?

660
220

ATT CCT GGT
P

m-.
-
e
m..
mn_
g
ml
g=
ga
g
mn
B>
Bo
ge
mr
Bo
2

=]

T 1740
580

go
wn
mr
ms
m..
g
mn
L«
Fu
mn
m..
E
E>
m..
m..
g=
mr
mo
o

720
240

g
3a
3o
Ea
Ea
ga
ge
Eu
5=
3o
mx
ga
3w
mp
Ga

5
ms
Be

BO0

ATT ATA 1800
I

TGG GGC AGC GGT TAT AAC TTC TCA
W G 8 G ¥ L} F L] I

T
L§

GET ACT GCT ACA TTT TCA GTC ACT TCG
G T A T F 5 vV T 8

T80
260

BEC 1860
G

&
ﬂ_u
Ew
Fu
ga
2w
B=
i=
i

En

Ba
m.-..
ge
Bo
5=
mu

En

840
D oW 280

5 @ 1

TCT CAA ATA CTC GAT TGG
L

ARG RAR A
E K 1

A
L

ACA GAA
T E

T
H

T
]

BCT
A

T
k¢

GCA AGT CAR CGC
A 5 ¢ R

40

v

N N "

T

ACA MAT AAT CAT TAT GTA ATT 1920
2 4

AGT AGT AAA
8 5 K

N
I

GAT TCT AAR
D s K

son
300

A

T AAT GCA

GGC GGA TGG GAR GCT ACT TCT AAT
G & W E A T L3 L}

mn

T TTC
F

ATT AAT ATT ATG ACA TAT GAT
M

I

2 4

T

1

L.}

BED
azo

T TTT TAC GTA GAT GGT GCT
F Y v D 6 A

CA GCA GCA AAT ACG
P A A B T

c

T GAC
N D

\T CCA
D P

T AAG
b 4 K

GCT CTA
A L

2031
676

(5) pET28a(+) bacterial expression systemel| BtChitinase®] S=21v4 423}

NT6 NT6 NT6 NT6 NT6

5

4

3

2

1

M

(6) A} =3 BtChitinase & 43} (see arrow)

=
o
%)
n
s
<
n
)
N
0
an)
S
%)
an)
)
A~
an)
<
A
an)
N
A
an)
S
&

M




(7) A =% BtChitinase2] chitinase activity &<l 23}

=t

HEI‘U‘H

===
L

42 4
35 H

24 4

AR

D) w5 Zrd A mlol#) 2 (Pieris rapae granulovirus) @ Bacillus thuringiensis PRCII
2l chitinase®] Az @id TAS A=F

(2) B thuringiensis 2} chitinase®] =3 @z walo] AlF

(3 1 A3 AxF chitinase= A AAZ 2 7|g FFol|lA g Chiting 7|22 AHE-3}
o activityE &<l

RSl ieee = | o )| (Protease), 3 E] TholAl (Peptidase)e] 3 T2 7M438 =4
C el e e R B R B o R R e D)
oA 3}

1. A ZAAYe] dildS a32 02 E3sl= ProteaseE Y|t MY EATE
g5t lon g FHAE SRt AxrFaHde Piste AP A
2. A A 23tE S A% ZE2H oA 9 e tobAl o] Ao g 7
D) A&oz Fo] 7153 ProteaseS 7|Hko 2 B3 GrpA A
A8&E 3 = AEF protease, == AN ZY peptidase Fuj 7l oF lunit/10Y
A 23} protease, == A =T peptidase &4 ©H9]: 2mg/lunit
Hh-3-7]oll 13] A2 & 500kg
13] A8k 500kg +~ 2mg x 109 = ¢F 2,500,000
(2) 71’ oA, ZEolAE At &3tFT S3d == #
stARE, 7| BA 07 Fgso] YA ofs
() A& AF e vt zEvlg AlFex. TE2E AF FEA o 109-Dold ofw]7}
Aot A7} fEAS BRZ s 7tEAIE BopoAE 8o A Ersd
= Tyl 222 b
ex. 7FaAtE 13 (25kg) 714 o] <¢F 15,0000l 2= ¢F 130,0009 2] Q=g E47148 s

AE
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D 1a 71548 2 A A5 A8 AT
2T 17045, A8+ T1F
o Z2TF, WFY] FAAZE, TS A%, WUy sAdx, AT $EAUE,
ZAAANT SAAZ, ZMAAE MICRO WAVE, ZA4AA e AEA%
2) 2z, 3z 7154 R AR AF AE AT
tE2T 1714F, AT 6%
ctET, solsd AAXE JMEY] &
Z, ZAAAE MICRO WAVE, ZMAAE dFAx
I AH YASETE 71 2 ALY AS AR AT
2T 1704F, AT 6%
o Z2T, Folsl sAAZE, W] F
Z, A AAE MICRO WAVE, Z2 A% €
B FEZAL AZIE SAH, ARAHFHE, HAE, S8R
6) BAERA: EAEA =213 Satistical Analysis System (SAS 9.4)E o]-&
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D B A7 F8 F82 F&2FY ARS 7t S sy fste dRF egAtset o
I O e 2 AT b2 738 S fske] AAE vh 3k A A
Jo| Al 273t WolZb EASIAIRE, Y A & WA tiEzTe 82T 7IsAd AR
el oAl Aol7t RS &, i LYALEC HIstY {F&EF 7T AEAdA A
ARoZ Z3AFo] EA AZHAS. olv 7teFY 828 FFTANA FE&259 F
7t 7154 9&s sto, SR d5S AR
Table 1. +82% 7154 A= Ae74E F7 Z34F va (%9 @ @)

7 12 23} 3z
O = 1302.48¢ 3029.32% 2858.25
27 2] Microwave 2188.33 3069.78%° 2946.33%°
AN FAAZ 2016.51% 3133.29° 2737.38¢
ZAAAY dFAx 1494.35° 3120.92° 2819.54¢
o5l 524x 1832.54° 3199.29° 3003.69%°
sEid ] sAAx 1832.54° 3032.68° 2921.67%°
ALFetn) sEAAx 1700.49 2886.65% 3064.73

%7 5 Ezh 1744.46 - -

(2) Table 2.&= ET9 F8IF 7154 AEIF dFSAFS nudozZN A5 753
7HAE vl et AAG vl AT Hid S5 B4 e iR E fe8EF
71548 AR A FdA dE2FRG fFodoE e d9 FAEHRE YEY. o F8§
2o SdEYdoe] e gl A It FAH FFES A, dx2TF vlste 49 FA
Fol =& AR ZAFHAS. AFE o= AARFA AlFel Qi r|en =7 ujF o

3

Table 2. +8&% 7154 AHs AHE74E d9GSAF vl (9] - @)
F2 1= 22} 3=
o = T 31.01+7.23¢ 72.1245.37% 68.05+3.69%
27 2 2] Microwave 52.10+5.532 73.09+5.62% 70.1544.37%
ZMAAE SAAZ 39.32+1.62" 74.60+6.01° 65.17 +4.9¢
ZANAAY QEAZ 48.01+4.42° 74.30+5.92° 67.13+4.51
S5l FAA= 35.57+4.74° 76.17+6.45° 71.5244.38%®
gy sAAx 43.63+5.51° 68.7+4.14° 69.56 +6.62°>
AFen] FAH8x 40.48+4.47° 72.2146.59% 72.96+3.88°
W7l Az 41.53+6.32° - -
Table 32 iz Y &5 7S8R 7 F AR AHAFES AR 2942 &
=% 71548 ALRTAAA 82T FUUF AR AFHE Sk 81 E AEE d9
FAF D AT SVt AR AFHFS vl A4E BAV]d ol &% 7E
4 AR A TFeA AR E AFR AFHTFY S7HE 7" ASE AIEE. Y AR
AAZe S77F A7 ARG vEsides SR ©mE 25 7NeE 3w
=49 #H7}t

wde) Fdol weh dHYFEH o7t gl Ao LA FF IHYH
o

4
L 2% /e AWt 400 EA%Y HE R SARNE Baw 3,



Table 3 §82% 7154 Ag AT & ARAAT (%] - @)

T 1= 2} 3}

0 = F 60,442 64,872.0 105,052

ZA A Microwave 60,182 70,742.4 111,298

ANAXNY FAA=E 67,040 70,279.2 108,502

ANAANY dEdx 70,400 68,148.0 119,576

TS sHAA=x 61,197 68,455.2 114,600

s HY 7] FAA% 60,199 72,806.4 112,450

AFehn] 2= 63,822 70,641.6 108,612
HEF7] A% 63,686 - -

(4) Table 4= $42% 7154 A8 2 WETOIZ ALsHAE Be ool 7154 A

52 A% 2uAS Tl Hed Ans e ¥, w3 A9F Ax #5L
NZNHoE 2TRTY §83%F 7154 ARdlA FF 25457 dBEAFo
Ao® ZAHAL. VY EASEIL AZAWL ATFAZ UHow ANPoH,

—_

fo o fo

-
A
| =

a4 AA He AFe gk 5 s
Table 4. BASASE7E A 78 BF ZoAF 9 YSEAF @] : g
e BE 2% SEEE 3%

o = 3,510 96.08696 105,052
22 A A 8] Microwave 3,710 106.95650 111,298
AAARA T FAAE 3,720 108.69570 108,502
ZAAAXE dEAx 3,620 101.30430 119,576

TN sAA= 3,620 102.60870 114,600
7] sAdx 3,700 106.52170 112,450
AT 2% 3,790 109.13040 108,612

OXFAd AR &8 AAE =4 44

B o] == R A A e AT
AXAT B FRIFF SH mE AF AR FEIFF 21 AT
AREEAHE 1T F ]

cPRR S BT cHW e RE 2y
- 2ETE LUYEHT| - 25kg EH9| =
- FAH7|I3EEME - 2mm TEE B8 « B0I €=F

- RAQD|HEEAME (Z0| 10mm, 20mm) - 20kg T =&
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T F2 =A% Zthy =32
g3 40T 5.42+1.62 71.5+£2.39 3.96+0.12
g3 50C 5.15+0.61 70.12+£2.32 3.94+0.26
g3 60C 3.83+£0.43 72.01£3.40 4.17+0.27
752t -
g3 70C 3.86+0.51 72.63+3.59 4.30+0.04
FAAx 3.90+0.64 69.72+3.46 4.01+0.34
Microwave 9.75%0.75 66.92+2.76 4.75+0.25
g% 40C 9.92+0.77 60.65+0.16 5.40£0.12
g3 50T 6.23+0.43 62.09+0.37 5.35+0.13
A5l %-j?r 60C 4.61+0.23 61.52+0.32 5.29+0.22
g3 70C 4.57+0.29 60.40+0.35 5.44+0.01
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Microwave 10.50£0.49 57.32+0.70 4.51+0.42
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ol S g3 60C 4.44+0.59 2.16+0.11 50.86£0.79 11.42+0.84
g3 70C 4.26+0.84 2.40+0.21 51.84+1.15 10.42+0.23
FAAx 11.24+0.89 4.75+0.33 49.49+1.96 10.80£0.41
Microwave 7.38+0.50 12.83£1.91 50.19+2.04 12.08+0.14
g3 40T 4.75+0.45 33.95+0.86 50.38+1.01 4.54+0.52
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2 A 2] f% 60C 2.74+0.12 39.43+0.82 54.52+0.70 3.61+0.34
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TAN=x 3.32+0.78 38.41+0.87 51.31£1.50 2.52+0.11
Microwave 3.66+0.78 40.26 £0.74 49.83+1.12 2.81+0.10
g3 40C 9.82+0.27 6.56+0.10 67.84+0.28 4.76+0.05
g3 50C 8.25+0.24 7.39+0.11 73.48+0.21 4.41+0.06
] 5= 7] g3 60C 8.01+0.26 10.43£0.14 69.95+0.18 4.65+0.06
g3 70C 6.21+0.27 7.15+0.16 72.19+0.21 5.31+0.07
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Microwave
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E5-A
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2hour 64.10+1.01 65.04+1.71 64.72£2.07 65.02+1.31
4hour 62.65+2.29 62.38+0.90 60.26 +1.99 56.96+1.52
ghour 61.07+1.79 59.41+1.41 54.27+1.64 42.36+4.70
8hour 60.16£1.17 55.51+2.71 48.02+2.07 24.04+6.77
24hour 56.47+1.66 33.93+£4.35 4.46+1.54 4.26+0.84 -
48hour 38.36 £3.70 4.66+0.70 - - -
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96hour 9.95+1.94 - - - -
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Qo 24C 100 100 40 40 40 40 40
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Figure. Genomic organization of 7m7LP genes. Tm7LF contain three exons, two introns
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Figure. Nucleotide and deduced amino acid sequences of 7m7LPI and Z Open reading
frame (ORF) sequences of both 7m7LPI (A) and 7m7LRZ (B) contained 729 nucleotide
stretches encoding 242 amino acid sequences. The signal peptide cleavage region marked
by an arrow (l) and thaumatin-like domains marked with an open box are shown.

Fourteen cysteine residues are underlined.
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Figure. (A) Multiple alignment of amino acid sequences of TmTLPs were aligned with representative
TLPs of insects. The highly conserved thaumatin family domain (<) is shown. Identical and
chemically equivalent amino acid residues are labeled by black or gray underlay. Fourteen cysteine
residues and additional two cysteine residues are marked by a red arrowand red box, respectively.
(B) Phylogenetic analysis of TmTLPs with insect TLPs. A bootstrap consensus tree (1000
replications) was constructed using the maximum likelihood method and was based on the JTT
matrix model in the MEGA 6 program. Arabidopsis thaliana TLP was used as an outgroup. TmTLPs
were marked by red arrows and two groups shaded orange and green were separated depending on
the number of cysteine residues.

(4) TmTLP13} TmTLP2 2 #e] 3D +% o= A3}

Figure 4 Homology-based modeling of the predicted 3D structure of TmTLPs. A Swissmodel
workspace under the automated mode was used to predict the 3D structure of TmTLP1 (A)
and TmTLP2 (B).
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Figure 5 Stage-specific expression of 7m7LP mRNA. Relative expression of 7m7LPI (A) and
TmTLP2 (B) transcripts during development of 7. molifor. Ribosomal protein L27a from 7. molitor
(TmRplL27a) served as the internal control to normalize the RNA levels between samples. LL, late
instar larvae; PP, prepupae; P1-P7, pupae days 1-7; Al and A2, adults days 1 and 2. Vertical bars
represent standard errors (n=3).
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Figure 7 Time-course expression profiles of 7m7LP mRNA after challenge with microorganisms £.
coli, S. aureus, C. albicans and L. monocytogenes, which were injected into 12-13th instar larvae of
7. molitor. Total RNA was extracted from the whole body 3, 6, 9 and 12 h postinjection and
measured by qPCR. (A) Relative expression of 7m7LPI (A) and Tm7LP2 (B) are shown. Phosphate
buffered saline (PBS) injection was used as an injection control. 7mRplLZ7a served as the internal
control to normalize the RNA levels between samples. Vertical bars represent standard errors (n=3).
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Manufacturing process of chitin and chitosan from Mealworm [7enmebric moliton larvae

FUANE (H&2F TM)
| |

\ Grinding
(Dry weight: 100 g)

E Demineralization

2N HCI (3h, RT)

Larvae

(DW: 58 32 g)

7 J
—_/ Deproteinization ‘-\\

6% NaOH(3h, 95°C) |

T

g (Dw: 4.92 g) /
< =y

G

Table. Demineralization (DJ), deproteinization (DP), and vield after treating Mealworm (Zenebrio

molitor L.) with HCL and NaOH

fems 7. molitor Acid treatment Yield® DM? DP®

whole DW (g)® DW (2)? (%) (%) (%)
Test A 100 55.80 55.80 44.20 91.20
Test B 100 61.87 61.87 38.13 92.16
Test C 100 53.72 53.72 46.28 90.97
Test D 100 61.90 61.90 38.10 91.79
Avg. 100 58.32 58.32 41.68 91.53

YDW; Dry weight of 7. molitor whole body

“Dry weight of the 7. molitor exoskeleton Acid treatment with 2N HCl at room temperature for 3 h
YYield (%) means on dry weight base on 7. molitor

DM (%) = [1 - (DW after 2N HCI treatment / DW of 7. moliton] X 100

DP (%) = [1 - (DW after 5% NaOH treatment / DW after 2N HCI treatment of 7. moliton] % 100




Table. Manufactural process of chitin and chitosan after treatment of Mealworm (7. molitor L.) with
acid and alkali

Items
Manufactural process and products Treatment condition for chitosan
Test Whole body P P
Chitin -
A DW 100 g -
DW 491 g -
Chitin -
B DW 100 g -
DW 4.85 g -
Chitin Chitosan
C DW 100 g 40% HaOH (w/w) at 105°C for 3h
DW 4.85 g DW 3.65 g
Chitin Chitosan
D DW 100 g 50% HaOH (w/w) at 105°C for 3h
DW 5.08 g DW 3.65 g
Relative vield value (%) of chitinand chitesan Degree of deacetylation (%) and viscosity (cPs) of chitosan
A B 100
100 4 100 120
= ] 96 19 80 4
? o - 100 91.90 _
E ] c 80 1 % 60 4 540
s 60 2 = ' 480
2 o E
£ 404 s 8 Y7
g 3 ] 2
20 4 20 4
4.92 3.65 il
0
Larva - Chitin chitosan 0- c D g+ c D
Materials from TM Larva
Treatments Treatments
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\ Manufacturing process of chitin and chitosan from Mealworm [7enefrio molitor |larval shells

| BN (8F BLA)

Demineralization

2N HCI (3h, RT)

“
DAc (%)=12.4% (10.1) ! ;
N 'Deproteinization

1.25N NaOHi3h, 95T}

(18.6)




25 - — 25
| Yield of Chitin(%)
e ® Yield of Chitosan(9%)
£ 0 A 20 { 17.85
-
b
]
£ 15 1 5
T €
_ 3 9,20
2 10 - =0 4 '
S
‘8
- 4
T 5 ’
’.
3 o Chiti chit
Itn Itosan
Test 1 Test 2 Test 3 Test4 Test5 Test 6 Test 7 Test 8 Test @ Test 10
Yield of chitin and chitosan 7enebrio molitor larval shells
60
DAC (%) Reaction condition
50.38
50 47.06 Test 1 579 509 NaOH (w/v), 3h, 95°C
| 42.97
2w M6 39.48 Test 2 12:41 50% NaOH (w/v), 3h, 105°C
5 1 3466 Test 3 32.66 50% MNaOH (w/w), 3h, 95°C
B 30
2 | Test 4 47.06 509% NaOH (w/w), 3h, 105%C
L
E 20
| A Test 5 4297 50% NaOH (w/w), 5h, 105°C
10 1 579 Test 6 4036 50% MNaOH (w/w), 5h, 105°C
04 I : : : : : : : Test 7 50.38 559 NaOH (w/w), Sh, 105°C
Test1 Test2 Test3 Testd4 Test5 Testo Test7 Test8
Test 8 3048 B0% NaOH (w/w), 5h, 105°C

Treatments

Degree of deacetylation (%) and viscosity (cPs) of chitosan
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Figure. Serratia marcescens NK-12 ¥ REEAHA E450uE 37CANA 71HA, B 1A wHS,
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(Crab shell). M: GIcNAc~(GIcNAC).
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Table. Chitin and chitosan content of 7enebrio molitor

Whole body (Control) By-products
Sample Dry Dry Wet (Moisture: 57.33%)
100.00g 50.00 g 50.01 g (21.34 @)
Demineralization 58.32g 25.76 g 11.38 g
Yield 58.32% 51.52% 53.33%
Deproteinization 4.92¢g 8.66 g 362 g
Yield 8.44% 34.57% 32.00%
Chitin 4.92% 17.32% 7.23% (16.94%)
Deacetylation 3.65g 7.24g 2.79g (13.07%)
(Chitosan) (50%NaOH w/v) (50%NaOH w/w)
Yield 74.19% 83.60% 77.07%
DAc (%) 96.19% 5.13+0.51 % 86.64+0.18 %
Viscosity (cPs ) 85.5 - 44.1

1. Whole body (Control): 2]-& Z-A47 =g -ghil 2z 100% A=
2. By-products: -8 ZAAAZEE 80% i AAe 9

(48 LMAR-CUT 100% A|E)

Tenebrio

molitor 1008
!

‘ Demineralization ‘

2N HClfor3 h atRT.

‘ Deproteination | 58.32g

5% NaOH for 3 h at 95°C

‘ Chitin

4.92g

3% H202 for 1 h at 80°C (decolor)

‘ Deacetylation

50% NaOH for 3 h at 105°C

‘ Chitosan ‘ e

DAC96.19%
cPs 85.5

Yield
ratio

a2TM | HE
(WB)
F|El 492%  1694%

7| EA 365%  13.07% 358

30
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g E A ZAE 7= A ED “37‘[9] —fe?—_“l H7t9| —é?—_“l ‘%‘ftﬁl %T—_“l 57} %‘tMl
(%) (HAD Zx 1 2 Ao 1 x} Z= 2 2 Ao 2 x}
Zoay 15.0 19.57 26.24 21.69 23.88 22.29
Z3IE 7.0 5.6 3.69 3.39 3.72 3.36
Z A "k 0.7 8.27 8.14 10.71 2.99 4.01
4 3.0 1.72 1.36 1.38 0.97 0.52
EAe 0.03 1.14 0.05 0.05 0.02 0.02
2l 0.06 1.09 0.58 0.52 0.52 0.46
T 14.0 - 23.28 22.75 27.97 31.64
TOE 979 HEes w2 =g WASE ANY 14

2]
A 717 37N L3 T"r%ﬂ%& &4 AdAgoNA A, ZTFTY ol ABE7|EXF
ojstelm =, 187 €9 #A FE7IZe] FFHHAS
+F VBN 7
Al RA (%) 247t el (mg/100) Atgdial L2 i o
t‘;‘fﬁ"f} ssc | 20 | 6.99 0 | 26200 | £71% | 2u2 00000
25c | 18 | 4.15 0 27233 | 275 | 222 00000
{lj‘;:} 3®C | 165 | 4.77 0 | 3.0250 | 275 | 222 00000
45°C 9 3.87 0 3.7000 | 235 | £3F (00000
. 25°C 16 12.05 0 3.7283 | EHE | £24 (00000
{fj;; 3C | 14 | 10.95 0 3.6233 | 2% | 224 00000
45°C i 10.96 0 48267 | BEE | 2345 000,00
¢ | 19 [ 128 0 39600 | 2242 [ 22% 00000
(f:;’:;) mC | 13 | 10.04 0 | 4.3450 | 27= [ 2% 00000
asCc | 12 | 1046 0 43483 | 275 | 32 00000
25°C 8 9.25 0 44633 | 23E | =44 (00000
(‘1‘:;:‘;) sc | 11 | 7.5 0 | 48100 | 2% | #22 00000
45°C 11 7.54 0 5.6200 | BEAE | #3248 (0.0.000
25°C 16 12.42 0 47250 | 835 | 234 (00000
(ff,:;j C | 12 | 9.26 0 | 48100 | 275 [ #3% 00000
45°C 11 9.16 0 59183 | 23& | 834 (00000
| ze | 13 | 12.42 0 46000 | 272 | 3% 00000
(ﬁj;;) 5C | 13 | 926 0 | 48100 | 223= [ 222 00000
45'C 7 9.16 0 49833 | 2745 | 222 00000
S 25°C 10 8.8 0 5.0200 %?% FH4 (0.0.0.0.0)
{117090 35°C 12 9.9 0 5.0333 | @3& | #4% 00000
45°C B 561 0 6.4117 | 23& | #4848 (0.0000)
257C 18 10.41 0 6.0150 | 8% | 34 (0.0.000
:}’i’:;) sC | 14 | 7.95 <15 0 | 7.0100 | 27% | #2% 00000
45C 13 | 10.43 <15 0 7.8067 | EAE | #3# 00000
R 251C 19 8.41 <15 0 8.2233 | 23& | #3F (00000
1?;:;1 ®C | 9 | 847 <15 0 | 8.3550 | 2733 [ #3% (00000
457C 5 7.28 <15 0 8.3367 | 23F | 234 00000
25°C 10 9.00 <15 0 94333 | 23E | 224 00000)
(’1‘5‘;} c | 8 | 8.40 <15 0 | 9.0100 | 273= [ #2% 00000
45°C 6 8.41 <15 0 9.0700 | 27= | 2% (0.0.000)

* MlZ=2=: n=5, c=2, m=100,000, M=500,000 CHERR T : n=5, c=2 m=10, M=100
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O%A 2 ool i 2% A5 $471% 2 A9 AA) g 4F A3
SHEEEAUL ol ste] ALY REY /15 AR BT AGY L KARA KB
37, 29 4% A¥
38 A8A, $8o BT $A/SAN L AAY P AT 24 B B
el 725
L AEAE o83 %7 @ 2elo] td 2FAR] S o
D) N EAE ol g8 FETEAY 7]
FA704 2 A F
@ %74 8 LW %828 PenkinB)ol et 7| =S| FEdo] }E B
Asele] ds A5 ANLTEALE AN 2 F3713 B

A2
1 71E4HE o] &3 828 (Penkin F) 7154 Z5ARS] SN 9 Aabd &gl g
A5 ANE

FIEA SEE MUY T4 HEAE

1D FANAR : S8 28 Peking duck ) 1005, 35HE, 429 #7172+ A g
Q) ANBHEA - A a 7ha7F AFASE A G ASA
(3 ALY - AAY H8&28 ASHFE TIEoE AZE FAIRE 5o ARG



(4) A48 AFEE i
D 71E4 & AF7I3LE
D 71E4 T 0 FHE

T3(50ppm)

=3

1443 ~ 4243

AGA=Z FE:

=

D AsFe] B : 273 AY Fe) AR Fol

G) FEZAL AIZIE FA%, AMRAHFH S,

Z39

7 (Fx8]), T1A0ppm), T2(25ppm),

(6) BAEA: BAEA =273 Satistical Analysis System (SAS 9.4)Z o] &

(T) Frarit FApel o

Al fESA 23

}+24d (antimicrobial activity) Q723 W 7] = G2/ o]

Table. 71 B4t S855 o83 F&2F 7154 AE A7 d=4
2 AT ¥l (29 : g
A FA ¢ T1 T2 T3
1493 700.00+50.99 716.25+64.79 700.00+42.43 725.56 +£46.67
2197 3,301.43+76.03 1,415.00 +69.28° 1,360.00109.36° 1,414.44+80.79°
2899 2,028.57 +152.36 2,046.25+99.70 2,056.67+144.18 2,024.44+114.14
359 2,611.43+282.40 2,885.004329.07 2,790.004180.44 2,881.11+141.55
4299 3,255.71+152.63 3,405.00 4 184.93% 3,445.00 4 229.85% 3,554.44 4222 27°
Table. 7|E4F S8FE5 o] 83 F823F 71548 A5 A4
d=HE QgAF vlw@Ap) (&9 - g
A g A2 T1 T2 T3
1493 635.29+55.07 626.67 +64.52 607.00+46.02 601.40+72.70
2199 1,218.43+89.51 1,220.17+132.23 1,204.00£74.18 1,204.80+123.26
2897 1,840.00+133.24 1,855.00+180.28 1,774.29+151.46 1,877.00+167.80
3597 2,438.21+199.73 2,462.25+210.17 2,490.43+151.46 2,567.90+194.18
4299 2,906.86 +232.09 3,020.42+181.18 3,090.21+178.15 3,211.50+257.18
Table. 71 B4t S 855 o83 F82F 7154 A8 A7 28 d33AF (49 : @
2 g T1 T2 T3
A A FA=P) 91.28+5.51° 96.03+4.61% 98.04+7.12% 101.03+7.14°
A A F2P) 81.13+7.69° 85.49 +4.95 88.69+5.66% 93.2248.35°
oAE
D £ A7y 542 28 7|E4LS & FEE FE8te 2378 71548 AR F7}
HAOoE SE&TE 5T A5, AN Mol dFE A ARE FHE7] Hsk] 2xt
of A4 71E4 585 FFAES AHAAT ZA3E HH, duSAFAA Tl F1EAE
10ppm)ol| Al FA g Ftol] Blgte] WA EHAE YeElRZ] AR oy BAACE Fo4d at
o2 Uehd AgTE T3 EA 50ppm)OZ A
Q) 7|EAHE 3878 F5E 45 FAgFl st SAE&AT FAeA UEbUT] o 3%
2o ALk NS fste] 71E4F 50ppm o]do] dHEH FEFE 2ol AT H5



Table 4. 71E4 £ 855 o143 8% 715X AR Heg7E 43 84
AZ Wb @9 ;9
A€ A48 T1 T2 T3
19 44.765+3.38 44.74+381 46.71+3.28 44.81+3.72
8Y 7 111.60411.73 110.00 +-8.59%° 113.80+9.86% 102.2049.16"
1593 166.80+19.28" 200.20+20.03° 206.20+23.86° 189.604-16.49%
2299 306.40+40.76 312.60+38.26 335.80+37.86 309.40+27.91
2997 426.60+52.61° 421.90+60.59" 483.80+55.66° 446.00+44.31%°
3299 482.60+57.53 499.80 +66.54° 559.60 +63.48° 514.60+58.38%
Table 5. 7| B4t 855 o4 F82% 71548 A5 HTE §4
LG EA F (49 : g
R 23X g T1 T2 T3
AT EA &F 13.68+1.73" 14.22+2.00° 16.03+1.90° 14.68+1.79%
oA
D £ A7 542 71E4RS SAdA &8 T2 FEstY 278 71543 Ats F71
HAoE FE&TE FFE AT, AL VA YFS vA e AFE FHEH] Hetd &
ANA 7N1EA 87 557A18S AAS A3E HY, dIEFAFAA Tl F1EA
10ppm)oll Al Fx gl Fol|l vlete] A EHE UEtl 7] AZstd oy BAZHCE Fo3 A
o]2 Yehd HETE T2 E4F 25ppme & AR, 238 7] EAF 50ppme F4& 7
+ 7124 25ppme % ARG AibeHo] Aty = a3E UER.
Q) FANA 71EANS 8T8 F5E A FAF vlet] FA AR} e AoE =
ANE Aoy 71EARS] w57} 25ppmY A 57 7HE HASME s EE UERE
OXFAYd &85 A% A5 9 48 &4
BRI R e 7] S $|7 3d A EEA
R =Bl R H] S o] o2 Als A A EEA
IOl = A A E S 33 AL 97
oA -4 3}
L 1xpd 50 ZF4AAZ Hr Bddd 2% 350 tisle] ofn| e Abs FA 07 AR Y UEH3A
S AA
2. &F 3T st dEWH O Zo] T& s A4 AAL
D 255 &85 Atsol BHste Bog FFPES List upste] o5 $83 845
Agsta 4
(2) EAA T



T 2462 vlo|azdolndx 2AAR e, vlolazsolnlz Fof o,
iz 5

4
DAAAY, AFAE SN, AFAE AT (B4 F, 20179 69 F

2 2
No ERIES o) _,E__% No. ERIES w9 _,E_ o
1 |Arginine % | 1&4 21 |Magnesium % 259
2 |Histidine % | 1«9 22 |Iron mg/kg | 252
3 |Isoleucine % 1£9 23 |Copper mg/kg | 2<=¢
4 |Leucine % | 14 24 |Manganese mg/kg | 2<%
5 |Lysine % | 14 25 |Zinc mg/kg | 252
6 |Methionine-Cysteine % 1+=4 26 |lodine mg/kg | 2<%
7 |Phenylalanine-Tyrosine % 19 27 |Selenium mg/kg | 2%
8 |Threonine % 1+=4 28 |VitaminA Ukg | 3¢9
9 |Tryptophan % | 1«9 29 |Vitamin D [U/kg | 3¢
10 |Valine % | 1&9 30 |Vitamin E Ukg | 349
11 |Taurine % | 1&9 31 |Vitamin K (Menadione) mg/kg | 3<%
12 |Linoleic acid % 3¢9 32 |Thiamine mg/kg | 3¢
13 |alpha-Linoleic acid % 354 33 |Riboflavin mg/kg | 3<=9]
14 |Arachidonic acid % 34 34 |Panthothenic acid mg/kg | 39
15 |EPA/DHA % | 3%=9] || 35 |Niacin mg/kg | 349
16 |Calcium % 259 36 |Pyridoxine mg/kg | 3¢9
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(T)EZAAZ] (dust collector): AAE ¥ E A5l 79y o2 mAlg YAES =5AE0l
A delA s F2E & A= AAIA 25 ARSA oA AlAE o gt ARk o R A7)
9 EA werleh §A FEF F JARF ols Aot AXA o R AAs| okttt
(8) i%%‘(passthrough) AFA 84+ oYy He3 A= AL & Uk 2542 wo
Soh o] GFe A Ho] = wragH o] FRolth o] AdE A sHA
%, A}%ZJ, S71E5S 3 WollA b2 Boz HZ u AMgHET £A5AS FF Fo] FA 4
g AL AR AFEHY i, olF Fol UlF HWS M EE UV ZolEvE Xy
of gith W& Alg u Butolroz HAsAY vlg g AEFS A H ALl 719 WS
FE At F2 FHAQ oA R Foll B2 vAE 2 25E gy e 7]5E gt
3. s7HE B A5 T AAAE 4
D AF3t AAE T3 25804 BH4HA
D &S AT 4 AZF 3,000,000 8] 1A HAE I 1Ay
2) Ax7E A A9 Az 13,000,0009 2 H7s dztay Ay
3) AWE7|E AFES ¢ AZF 18,000,000 2] 1An] ZAE I} HAY
¥E71d F 59 2A(60kg/Y)3te] ¥3F 1200kg W AHAZE 14,400kg) 2 Fuj & H -2 245
£47 2 2(A) 0] & 24(B)
eZ71E = W& Z7tEE ¥
- AHEF): 10021 422,000 /70) - AzAH]: 125%/7)
- AT DA FAAL] Aol gl - 100 &5 7F 12,5009/ x 20€(1€)
- AA) : 2,200,000 = 250,0009 X 1271€
- A(B) : 3,000,000
o4 £ AB-A) = '} 00,0001/
Wdxl o] A7k 3,000,0009 o] <]

*S7HE = W&
- mlejaz ol B Azxr] Fuj7HA(A):
10,000,000 ~15,000,000¢

- 60kg/mlol A= AZ W& :
12kw x 3.3hr x 4291 X 60kg =
- AlA) : 99,792
* Azx7] &% 2~3kg/13] X 5~10&
* HA71&: 12kw X 42</hr

99,792¢

S7hEE o]

- 60kg/E3Z2AZ v & .
18kw X 48hr X 429 X 60kg =
- AB) : 2,177,280

2,177,280

- 60kg/EETd = HI & ¢
3.5kw X 24hr x 429 x 60kg = 211,680
- Al(B): 211,680 x 103]/€ = 2,116,800

o7 FAB-A) = F Y 111,888/3] x 103]/d

= 1,118,880 x 12€ = 13,426,560

*S7HE = Ml

Z7hEE o]

- vpolAR ol B Hx7] Tl 7FA(A): - QAR 10054 x 1Y€ x 1729
10,000,000 ~15,000,000 - 100-f37/L: 75,000€/4 X 20€4(171€)
= 1,500,000 * 1277€¥
- Al(B) : 18,000,000
o2 FolA(B-A) = 1'd=}F 3,000,000/
2} o] % AZF 18,000,000 ©] <
¥ A= AAERF AHSE7E (9F 500 740




@ Az ZAAA k] 24
1) 30kg/2(=600kg/¥) A4+
2) % 3,000 500043 A5 ARS

E BAAATY lkgAhfol Bas ALANE B B} 4

G S7H) T Fkg) AR H] 31
AAE #Hol(d7]e) 400/kg 5 2,000
A 2(F- 5 500 /7H 1 500
AAm? 1,500,000 /< 1 2,500 A AreEE: 600kg/ 2
A zn) gt 100,000/60kg 1 1,700 nlo] AR ol B
27 7,950
71EHO) & &) 71& 3,000~6,000 AAFA F el g
)74 11,000~14,000

Az, AEZ], A L JE Z1AA e Fulnl g2 2R e
AXYH| (L&, AT 2016 FulZ7FA(FHIA, 71F54De 7o 2 (3909/kg)
Aa(F e TFHAY 2H Anste AMHEE ¢ dTh
2 190 1Y 8AIZE F 5Y ZHF3te] Fo 1,500,000 Ao 7 2 600kg A4F 7|Eo 7 AHA
nfo] I 2ol B(12kw) 71, 2 7 3kg/13], A=AIZHI0E) 483k 100,000

ZE ABRE, AEFANE, ddirE, A7HEAN e 5

G W D e

AE
(D A&7t
D Ad 18 A00E7}h HAANEHEAY g AF3t YL
2) A =4 H00s7k AFs Ay A=, #27], A
@) Alats7t

D Ad 1% A00s7E S5 EAAAY Ea, A2 A4, Asw dAH
2) Ad 54 H0O0s7h TF5 dMAAE By, Asd A4dH

@) AEs ANE B =FYULE T v§AY Tk A YN
[e)




£ ANAA ) Azl wE ofrlmat FF %)

e JE [ veaz | 2% | 2% | 9% | 9= | =2

= = 10C dolBrdz | 40C 50C 60°C 70C azx
Phosphoserine 0.01 0.01 0.02 0.00 0.00 0.00 0.02
Taurine 0.06 0.00 0.05 0.01 0.01 0.01 0.05
Phosphoethanolamine 0.01 0.09 0.06 0.04 0.04 0.02 0.06
Urea 0.04 0.06 0.17 0.13 0.14 0.07 0.17
Aspartic Acid 0.50 0.00 0.17 0.09 0.04 0.00 0.17
Threonine 0.21 0.00 0.30 0.10 0.07 0.03 0.30
Serine 0.18 0.00 0.38 0.06 0.00 0.00 0.38
Asparagine 0.02 0.00 0.00 0.00 0.00 0.00 0.00
Glutamic Acid 0.57 0.02 0.80 0.72 0.44 0.19 0.24
Sarcosine 0.09 0.00 0.08 0.00 0.00 0.00 0.00
Alpha Amioadipidic Acid 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Proline 0.80 0.31 0.84 0.77 0.70 0.42 0.73
Glycine 0.28 0.03 0.35 0.36 0.24 0.11 0.10
Alanine 1.30 0.07 1.88 151 0.90 0.47 0.22
Citrulline 0.05 0.01 0.06 0.07 0.04 0.01 0.03
Alpha Aminobutyric Acid 0.05 0.00 0.06 0.03 0.03 0.00 0.00
Valine 0.50 0.07 0.74 0.55 0.35 0.20 0.18
Cystine 0.01 0.00 0.03 0.01 0.00 0.00 0.00
Methionine 0.10 0.01 0.12 0.11 0.07 0.03 0.03
Cystathionine 0.01 0.00 0.03 0.03 0.02 0.01 0.01
Isoleucine 0.30 0.02 0.45 0.35 0.21 0.10 0.09
Leucine 0.52 0.01 0.80 0.59 0.37 0.18 0.15
Tyrosine 0.05 0.09 0.13 0.12 0.09 0.06 0.10
B -Alanine 0.06 0.01 0.13 0.14 0.13 0.04 0.01
Phenylalanine 0.20 0.01 0.24 0.22 0.16 0.08 0.07
Homocystine 0.01 0.00 0.02 0.01 0.01 0.00 0.00
Gamma Aminobutyric Acid 0.02 0.00 0.03 0.01 0.00 0.00 0.00
Ethanolamine 0.08 0.02 0.07 0.10 0.08 0.02 0.09
Hydroxylysine 0.01 0.00 0.01 0.00 0.00 0.03 0.00
Ornithine 0.30 0.01 0.36 0.14 0.10 0.02 0.02
Lysine 0.24 0.04 0.50 0.25 0.24 0.08 0.04
Histidine 0.13 0.05 0.13 0.16 0.13 0.07 0.08
Tryptophan 0.06 0.03 0.06 0.06 0.05 0.04 0.06
Arginine 0.03 0.07 0.04 0.00 0.00 0.11 0.18




3. EFA A ARl e ofrigt HEF (mg/100g)

otr] .= 4H 4 Z40C 4360C 4 380C THAAZ
Phosphoserine 19.84 12.41 9.58 9.90
Taurine 139.39 157.92 131.01 182.55
Phosphoethanolamine 2.01 14.97 18.59 0.00
Aspartic Acid 179.44 146.83 137.65 116.93
Threonine 212.15 196.05 140.38 113.03
Serine 143.31 135.43 100.35 125.77
Asparagine 9.30 0.00 0.00 0.00
Glutamic Acid 541.19 451.10 308.63 475.35
Sarcosine 27.65 13.61 9.17 0.00
Alpha Amioadipidic Acid 41.70 35.93 27.34 16.44
Prolin 903.14 628.20 610.88 395.01
Glycine 156.16 184.87 174.05 224.66
Alanine 577.60 533.68 325.25 341.35
Citrulline 429.79 112.48 112.45 374.74
Alpha Aminobutyric Acid 38.06 17.57 15.08 31.37
Valine 498.21 310.73 231.82 210.30
Cystine 57.87 20.89 16.03 9.52
Methionine 200.25 120.41 93.58 99.27
Cystathionine 215.54 28.81 106.17 106.90
Isoleucine 435.00 236.23 182.59 176.75
Leucine 602.99 437.61 319.73 269.51
Tyrosine 189.26 129.90 164.73 105.22
B -Alanine 79.59 65.87 95.49 67.36
Phenyalanine 291.61 217.70 156.71 157.62
Homocystine 0.97 7.01 3.79 0.00
Gamma Aminobutyric Acid 72.08 66.99 60.65 135.43
Ethanolamine 91.07 84.70 91.09 103.01
Hydroxylysine 37.16 77.80 105.10 109.66
Ornithine 136.17 114.49 94.74 64.82
Lysine 404.46 400.72 249.62 255.54
1-Methylhistidine 12.55 9.45 7.75 1.00
Histidine 66.75 73.95 58.44 75.67
Tryptophan 45.33 27.88 30.66 19.60
3-Methylhistidine 0.00 1.62 3.70 0.00
Anserine 2.52 0.00 1.21 0.00
Arginine 18.90 254.40 209.90 15.27
Fobr =4k 7,129.61 5,680.34 4,815.89 4,748.62
dopm gk 2,690.00 1,947.33 1,405.10 1,301.62




3. EFA A ARl e ofrigt HaF (mg/100g)

ohu| = 4+ &g 340C g 560C g F80C A=
Phosphoserine 32.07 24.69 23.01 41.94
Taurine 126.26 154.46 149.74 102.58
Phosphoethanolamine 2.31 11.30 16.81 17.04
Aspartic Acid 232.51 234.68 95.02 277.81
Threonine 287.50 247.01 121.70 15.48
Serine 189.37 200.41 106.52 14.14
Asparagine 7.47 5.49 0.00 7.70
Glutamic Acid 632.51 620.18 282.73 0.00
Sarcosine 19.97 15.69 30.67 801.10
Alpha Amioadipidic Acid 28.35 34.65 13.60 5.23
Prolin 559.48 691.61 399.34 52.72
Glycine 214.42 251.06 160.75 909.16
Alanine 733.90 667.33 325.28 394.16
Citrulline 502.98 163.53 49.78 691.52
Alpha Aminobutyric Acid 18.51 17.30 6.01 71.51
Valine 589.67 387.57 210.75 107.19
Cystine 15.96 12.34 10.71 735.45
Methionine 173.85 146.46 102.11 13.44
Cystathionine 169.10 49.44 120.20 333.48
Isoleucine 489.12 276.61 183.65 72.68
Leucine 699.72 529.45 306.78 593.77
Tyrosine 193.83 128.61 149.66 821.50
B -Alanine 61.78 98.19 108.56 299.50
Phenyalanine 340.63 137.61 166.17 424.82
B -AminoisobutyricAcid 0.00 0.00 0.00 0.00
Homocystine 2.17 28.60 3.56 7.37
Gamma Aminobutyric Acid 98.79 82.87 72.23 84.07
Ethanolamine 153.20 41.12 80.36 86.41
Hydroxylysine 208.06 25.94 131.43 105.59
Ornithine 203.99 84.83 32.50 80.07
Lysine 596.85 451.69 223.38 749.07
1-Methylhistidine 7.62 13.65 2.22 17.51
Histidine 97.16 78.51 54.22 123.68
Tryptophan 52.96 37.50 20.55 129.46
3-Methylhistidine 4.46 1.06 1.10 5.53
Anserine 0.66 0.96 0.00 0.00
Carnosine 0.00 0.00 0.00 0.00
Arginine 26.97 324.94 312.78 16.17
ZFobr] =4k 8,057.59 6,599.35 4,364.61 8,208.83
dgrobr] e 2k 3,230.30 2,213.90 1,335.08 3,801.69
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= AFre Az

Yo me ofn)

A4k &

2 (mg/100g)

obr] =4k GE 40C | &F 50C | €F 60C | &F 70C microwave
Phosphoserine 5.13 5.91 6.84 6.59 4.75
Taurine 86.63 77.58 105.10 97.16 63.98
Phosphoethanolamine 0.00 0.00 0.00 0.00 0.00
Aspartic Acid 19.97 22.46 27.02 25.51 7.14
Threonine 24.73 31.55 33.42 31.74 7.32
Serine 29.99 41.22 47.55 39.22 18.93
Asparagine 17.46 8.42 19.47 24.22 8.54
Glutamic Acid 95.14 92.11 93.61 96.85 55.73
Sarcosine 0.00 0.00 0.00 0.00 0.00
Alpha Amioadipidic Acid 3.04 3.07 3.50 4.13 4.86
Glycine 87.01 64.59 78.47 63.97 31.33
Alanine 71.60 62.18 58.62 63.29 32.45
Citrulline 169.57 168.44 147.26 145.05 65.18
Alpha Aminobutyric Acid 12.94 3.78 6.54 12.20 4.74
Valine 8.79 0.00 0.00 0.00 0.00
Cystine 53.25 49.39 49.87 48.91 15.80
Methionine 0.00 0.00 0.00 1.84 0.00
Cystathionine 9.29 10.00 8.79 10.24 1.19
Isoleucine 0.00 0.00 0.00 0.00 0.00
Leucine 31.95 30.26 30.89 32.14 7.53
Tyrosine 54.96 56.08 56.89 61.09 14.31
B -Alanine 4.05 10.14 3.38 7.90 0.00
Phenyalanine 0.00 0.00 0.00 0.00 0.00
8 -AminoisobutyricAcid 22.47 26.25 24.75 22.74 4.63
Homocystine 0.00 0.00 0.00 0.00 2.75
Gamma Aminobutyric Acid 0.00 0.00 0.00 0.00 0.00
Ethanolamine 25.63 11.62 7.60 7.61 0.00
Hydroxylysine 12.38 10.10 9.14 8.09 7.68
Ornithine 0.00 0.00 0.00 0.00 0.00
Lysine 21.96 3.28 4.48 2.18 1.43
1-Methylhistidine 37.92 50.26 56.60 54.67 18.36
Histidine 0.00 0.00 0.00 0.00 0.00
Tryptophan 16.42 16.28 17.29 17.67 6.57
3-Methylhistidine 0.00 0.00 0.00 0.00 0.00
Anserine 0.00 0.00 0.00 0.00 0.00
Carnosine 0.00 0.00 0.00 0.00 0.00
Arginine 75.56 108.35 109.58 102.88 48.38
Zobr] 4t 962.28 904.97 957.08 955.01 385.2
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%, Fstelies] Azggel W ofrn

2+ gk (mg/100g)

= 5 2% z
Sl 40 501 60T 70C microwave
Phosphoserine 3.82 5.12 6.05 B4F 2.18
Taurine 82.80 65.67 73.29 4.69
Phosphoethanolamine 11.33 3.40 24.76 9.09
Aspartic Acid 0.94 2.46 0.87 1.16
Threonine 1.40 6.57 0.86 3.11
Serine 2.25 14.25 1.95 3.87
Asparagine 2.25 10.76 52.36 0.00
Glutamic Acid 1.79 42.12 1.13 3.99
Sarcosine 12.20 38.63 4.70 0.00
Alpha Amioadipidic Acid 2.61 10.26 1.84 3.94
Glycine 225.15 120.28 197.65 0.00
Alanine 186.67 102.33 14.16 2.20
Citrolline 16.47 70.29 1.09 16.54
Alpha Aminobutyric Acid 28.81 137.34 22.90 0.00
Valine 269.34 131.26 218.81 0.00
Cystine 2.38 72.84 8.37 8.28
Methionine 86.78 109.77 90.15 0.00
Cystathionine 8.38 41.31 2.38 0.00
Isoleucine 150.93 180.18 24.11 0.00
Leucine 218.20 97.80 117.54 0.00
Tyrosine 27.78 20.37 188.70 8.00
B -Alanine 52.71 48.06 32.42 0.00
Phenylaanine 67.42 75.67 83.51 0.00
B -AminoisobutyricAcid 10.48 1.44 70.91 0.00
Homocystine 0.18 0.21 0.23 0.00
Gamma Aminobutyric Acid 36.12 26.38 0.14 0.00
Ethanolamine 6.93 5.44 4.28 34.22
Hydroxylysine 26.32 40.22 49.25 0.00
Ornithine 41.89 42.88 44.34 0.00
Lysine 41.29 45.96 59.85 0.00
1-Methylhistidine 1.81 1.51 102.37 3.88
Histidine 0.67 111 1.29 0.00
Tryptophan 0.96 2.12 2.49 2.37
3-Methylhistidine 1.25 2.89 3.37 0.00
Anserine 0.67 5.68 10.69 0.00
Carnosine 0.28 2.45 3.40 0.00
Arginine 0.21 0.41 0.65 0.00
ZFobr] =4k 1,671.26 1,635.03 1,582.21 107.52
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ofn] =4k Z%g 5%3 g%o? 7%%0? SA7A% | microwave
Phosphoserine 3.93 2.94 3.24 3.29 3.23 3.87
Taurine 1.25 0.00 0.00 1.90 1.62 1.90
Phosphoethanolamine 0.00 0.00 0.00 0.00 0.00 4.36
Aspartic Acid 0.00 0.00 1.76 11.88 0.00 3.88
Threonine 0.00 0.00 1.92 10.29 0.00 2.97
Serine 0.00 0.00 1.19 9.24 0.00 4.78
Asparagine 0.00 0.00 0.00 0.00 0.00 0.00
Glutamic Acid 0.00 4.38 10.70 57.19 0.00 26.48
Sarcosine 0.00 0.00 0.00 0.00 0.00 0.00
Alpha Amioadipidic Acid 3.97 3.01 3.35 4.74 3.37 3.49
Glycine 0.00 0.00 0.00 0.00 0.00 0.00
Alanine 0.00 6.75 3.37 11.02 5.24 3.71
Citrolline 0.00 20.55 12.97 43.31 0.00 30.84
Alpha Aminobutyric Acid 0.00 0.00 0.00 8.56 0.00 4.29
Valine 0.00 0.00 0.00 0.00 0.00 0.00
Cystine 0.00 12.26 6.39 16.88 9.45 5.92
Methionine 0.00 0.00 0.00 0.00 0.00 0.00
Cystathionine 0.00 1.23 0.00 7.68 0.00 0.00
Isoleucine 0.00 0.00 0.00 0.00 0.00 0.00
Leucine 0.00 4.45 0.00 9.17 0.00 0.00
Tyrosine 0.00 9.68 7.13 18.81 6.96 8.42
B -Alanine 0.00 0.00 2.45 11.21 0.00 0.00
Phenylaanine 0.00 0.00 0.00 0.00 0.00 0.00
A -AminoisobutyricAcid 0.00 0.00 0.00 6.90 0.00 0.00
Homocystine 0.00 0.00 0.00 0.89 0.00 0.00
Gamma Aminobutyric Acid 0.00 0.00 0.00 0.00 0.00 0.00
Ethanolamine 32.25 30.52 32.18 30.10 36.71 38.65
Hydroxylysine 0.00 0.00 0.00 23.80 19.18 35.10
Ornithine 162.71 0.00 0.00 0.00 0.00 0.00
Lysine 0.00 0.00 0.00 3.87 0.00 0.00
1-Methylhistidine 0.00 0.00 0.00 16.93 0.00 6.12
Histidine 0.00 0.00 0.00 1.77 0.00 0.00
Tryptophan 0.00 0.00 0.00 9.27 0.00 7.41
3-Methylhistidine 0.00 0.00 0.00 0.00 0.00 0.00
Anserine 0.00 0.00 0.00 0.00 0.00 0.00
Carnosine 0.00 0.00 0.00 0.00 0.00 0.00
Arginine 0.00 0.00 0.00 0.00 0.00 0.00
Zobr] 4t 244.11 145.77 146.65 388.7 85.76 192.19
o AE
D 239 A2LErt Fe5F bt FF Z7143




OAF Aol dwe A 873 A4 9 PP ALAA A
ASAAL AT ASUE D AF B8 TH, YL A A8 md 4
oA 43
1. olug]7lLAA e o] FEAV|E HEEAM 2 §5 HIt
. ol 7S AA T FIAIE AukE e (%)
a2 Y thal ) =] v} B
99 1.36+0.24 54.21+1.41 35.75+0.43 BEMZ
104 2.17+0.09 52.88+2.94 33.20+0.53 A=
11# 4.75+0.15 55.72+1.06 32.33+0.14 BX=
12& 5.060.69 52.42+2.76 30.64+0.38 A
. ol @ S AT FA Y SFAETA (%)
TE 100% =& 70% ol &k 100% ol €F-&-
9% ERtES 2z A
102 A ZE A BAZ
112 EREES ERTES EREES
12% 24 Rk ERE
%, oS AN FHAINE FAZTAH (%)
TE 100% =57 70% ol &+ 100% ol gt-&-
9% ERTES A A
102 A ZE Az ERES
112 EREES ERTES EREES
12% 24 Rk ERE
2. 2FA] AFAAS 93 AlsHEE A
¥, ZRA ASUEE YS 2AF 8FA)
e | FENE | BEE | 23T A A == ] REE
- ©) (%) Q) (mm) (mm) @ 3D
400 32 82 ZA=E 38.24+2.92 5.95+0.53 0.95+0.09 ZAL=E
600 32 88 ZAE 35.55+1.21 6.47+0.72 0.84+0.30 ZA=E
800 32 90 ZA= 37.37+3.08 6.11+0.47 0.99+0.17 A=
1000 32 90 ZA= 36.48+2.70 5.56+0.35 0.94+0.07 A=
3. ERx AZANES 98 Az @ 19
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T EFA AEEA
T o] (mm) w3 O ) AEE %)
QopA 2 49.62 5 63.8 2 A F
HE 16.43 5 54.2 =N E
W+ 2N =N 2N 2N
& =Mz =/ =M =M
4. 2FA AWAse AT ASE 223
£ EPA ARE FHE A% 24
TE G | FFH=E(%R) A %¢(mm) F&(mm) A
SEE 36 64+2.1 36.38+2.92 6.75+0.45 1.14+0.11
Rk 32 99+0.6 39.27+3.30 7.2240.46 1.25+0.24
a8 33 97+17 35.8+2.72 7.33+0.55 1.18+0.09
e e A7 (mm) % (mm) A @
o BEE®) % - % - % -
SIEA= 10+4.1 44.04£2.2 | 39.8£2.78 | 8.02£0.69 | 7.11+0.45 | 2.38+0.14 | 1.53%0.09
&FrE | 80+6.1 45.14+2.1 | 40.6£3.1 | 8.284+0.44 | 7.05+0.46 | 3.05+0.08 | 1.56+0.14
A=y 73+7.1 45.21+3.2 | 41.4+2.49 | 7.85%£0.6 7.21+0.4 | 2.69%£0.14 | 1.56%=0.10
EFA ASEA
MEE &% SFr
odE
(D 273 HF A=A @ QoA E
@) WF715 25 A3 AL EFuE>aEEorad
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am — A& —
oo I
Cl | #ar A s AW e
C2 | YA FEFA S AWt e
T1 | #IA AR 0.001% 3 71EA &85
T2 | PR 0.001% A= &85
T3 | YA AR 0.005% A=5F3 &85
T4 | THIAFALE 0.001% L5 7IEAF &89 + 0.001% A57% &
T5 | #FAFALR 0.001% =ZFd 7IEA 587 + 0.005% A=7H3F &5

3) ZAM &
A T - ARAFHY, SAFLIFTAD, 25F

Fo BA (YT 4 AP HHIE)

“AYE  HF AYF LAMCV, Mean Corpuscular Volume), B A&7 & 2 2(MCH,
Mean Corpuscular Hemoglobin), #H+ AdF+ A FZ=MCHC, Mean Corpuscular
Hemoglobin Concentration), & &+ #32 Z(RDW, Red Cell Distribution Width), H &+ &
21 E-(Hct, Hema-tocrit), &) =2 Z4I(HGB, Hemoglobin)
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al & - okl 32 (Monocyte), & 3+ 7H(Lymphocyte)

Ty
EX op g 1 ARG A= gt ATy 51 e84z o §E =4
2 d+423
D EFed dQEA A3}
22T
Cont T1 T2 T3 T4 T5 T6 T7
WEC 22.22 26.54 21.11 25.56 14.05 21.96 18.94 8.44
+12.88% | +£3.64% | +£6.62® | +£7.33% | +£9.70° | +£7.78" | +£2.78® | +1.7§
LYM(%) 69.81 68.20 73.13 69.10 79.84 76.42 75.74 72.77
+5.91¢ | +£3.22° | +£1.83* | +£455° | +£8.71% | +£9.17%" | £1.21* | +£4.62
o000 | S | o | some | ot | i | s | oo | s
RANCD 20.50 22.34 19.46 22.70 14.12 16.74 16.84 17.72
? +5.43%° | +£256% | £2.18%° | +£4.38 | +£6.36° | £7.20°¢ | +£1.16% | +4.45
HGB 14.76 18.24 17.29 16.96 14.26 18.42 16.77 8.32
+5.24° +1.14% | £387% | £0.79® | +£5.72° +0.57% | £2.22% | +£0.26°
HCT 23.02 28.04 27.20 25.76 22.17 28.31 25.20 12.36
+8.78% | +£1.48 | +6.22°° | +1.48"% | +£9.25° | +0.60* | +£3.41% | +0.54°
REC 1.56 1.92 1.87 1.81 1.52 1.94 1.74 0.84
+0.59%®° | +£0.12% | +0.43® | +0.09® | +0.64° | +£0.06* | £0.22® | +0.06°
MCV 147.09 146.23 144.78 141.88 146.37 145.98 147.15 146.96
+1.12% | £1.84" | +£1.11° | +1.69° | +£1.49® | +2.01®® | +1.84* | =+3.38°
MCH 95.01 95.12 92.49 93.64 93.85 95.07 96.15 96.33
+267° | +£150™ | +£1.93¢ | +£2.45° | £4.27% | +£156® | £1061* | +2.392
MCHC 65.03 65.02 63.87 65.96 65.15 65.09 65.31 67.20
+258% | +1.40*° | +£1.60° | +2.14® | +293* | +0.93> | +£1.11° | +1.342
RDW(%) 8.63 7.91 7.66 7.80 7.53 7.49 7.55 8.73
+0.572 +0.55" +0.35" +0.25° +0.64° +0.07° +0.18" +0.622
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2) 8238 dAEA A3}
2T
Cont T1 T2 T3 T4 T5 T6
WEC 18.87 25.65 14.48 19.31 16.47 25.20 22.76
+3.36¢ +2.47° +1.43¢ +3.56° +1.41> +4.49* +4.21°
LYM(%) 83.32 71.60 86.86 81.48 82.07 77.17 74.89
+4.43® +1.18¢ +1.062 +4.64° +4.25P +1.80° +7.54%
6.24 9.18 5.03 7.09 6.76 7.84 7.72
MONO(%) +1.37° +0.402 +0.25¢ +1.81% +0.69" +0.68" +1.17°
. 10.44 19.22 8.11 11.43 11.18 14.99 17.39
GRAN(%) +3.30° +0.91° +1.08° +2.86° +3.67° +1.70° +6.40%°
LGB 16.89 17.07 17.56 17.58 17.11 18.06 17.48
+0.81° +0.88° +0.35% +0.93% +0.86° +0.47% +0.612°
HCT 27.09 27.55 27.45 29.22 28.18 29.32 28.60
+1.08° +1.22%¢ +1.08™ +1.09° +1.88%¢ +1.18° +1.42%
REC 1.84 1.91 1.87 2.03 1.99 2.03 1.96
+0.10° +0.03> +0.10% +0.072 +0.14% +0.09° +0.08%¢
MCV 146.86 144.47 147.04 143.53 141.66 144.61 145.86
+4.42° +5.17%¢ +2.312 +0.70% +1.36° +1.41%¢ +2.30%
MCH 91.66 89.58 94.32 86.40 86.23 89.29 89.44
+3.35% +4.03> +4.09? +3.30¢ +3.24¢ +2.75% +5.50™
MCHC 62.38 61.97 64.09 60.16 60.86 61.73 61.31
+1.29% +(.922° +2.00° +2.50° +2.52° +2.03° +3.59°
7.76 8.62 9.11 8.02 8.63 8.33 7.64
RDW(%) +0.26° +0.56% +1.782 +0.12 +0.37% +0.66™ +0.29°
) EFLdel #3334 7|EAS Z7] g v &9 ARHIAIR 9% AgTE dES5A
Sl 22T
SeArS Cont T1 T2 T3 T4 T5 T6 T7
A 53.07 55.56 53.94 55.53 53.98 54.38 54.15 56.43
e +4.79 +3.21 +1.89 +3.00 +2.01 +2.78 +2.38 +2.74
2] 359 35.36 36.41 36.06 37.60 35.34 34.42 34.85 35.89
+2.82 +2.37 +1.42 +2.19 +1.81 +2.81 +1.37 +3.21
1 70 62.38 69.09 66.57 65.02 61.20 64.48 65.80 70.89
+6.20 | +565® | £6.73 | £4.86"° | +6.83° | £6.20™° | +£4.43%° | +4.84°

4) F&e % 0.005%<}t 71EAE 0.001%E ALSHTIAE o3 A FEH dSSAHF

AZA gl v
Cl C2 T1 T2 T3 T4 T5 T6
A7 64.95 72.27 64.26 64.41 68.68 64.46 59.92 72.30
o +4.45" | £361° | £3.95° | +£3.86% | £595® | +£514* | +546% | £6.25°
-~ 59.28 78.97 63.37 61.51 66.19 62.39 51.49 74.42
- = +4.93¢ +561% | £3.72% | £579¢ | £6.10° | £5.65“ | £4.95° +6.40°
51 109 76.86 58.19 66.12 70.45 73.91 68.81 77.62 67.84
+8.72® | +£950% | +£10.44° | £6.30* | £9.26%° | +8.90> | +8.98* | +9.17%®

3 0.005%<} 71E4F 0.001%E ©fFsk 2102 od
}2 Awnd, 4o 2o,
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TUHE FOIF To AUFoIA /b BA Uehgth =3 T3 oo g ARE A /1
= | dgEAFol T6 el T} vhRsA R 7b3 BA ek o
0.005%$} 7| =4+ 0.001%F H7He ABst A Fo12 FFL VAT
At AR YF 27 159 A= FAT B B} 95
a8y A 71z 53 0.005%<F 71E4F 0.001%E H7FsE A
FeIF AHTA T5 ALTFAA AFZAFe] b £ A
% F BAAA ) AGFAFE AT A7) BAAA ] 4L T oA g A

3 A7 7 =9k

A 7N ddFSAFES 1% 0.005%2F 71E4F 0.001%E5 H7He AMRE 27] 790 &8 A
5

p

o
L)

L o
[
O:

2. 71 eats ARE S APEH
ER b A
B3 A BAR (A* ALR) 23718 AR
Q) T} =4 2k
(;ﬂ" ;"“20"0%)}) 580.63+30.76" 626.25+30.21"
(D ZF718E e2jatse] 483 ASS dste] 2YgBAE wZS dIoE IH HAFAHA
A

D A5 dd ol fAg THeEd, o8 Bl ASFdd EF H52 3,000

o — -

YN 215, HACCP 215 5%

EE o2ls

2 e g axge M
& ooiexiainen - HACCD OI= SIS|

AHUZATE BIE [GGS] 0% 57

FESYCRY

o= S8 HIFet 237U 22 ALR (OEMALR)
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A 20U7F [9€ 79(32YH) ~ 9€ 27U (52¥ )]

~
T
QL
©
ot
Q1
N
©
oft
ol
e
PL

2) A&7

. =3
e A % (kg) 23
EZ A5oy 2.8 49 ~ 52
58 o7 3.4 41 ~ 43

3) AFH:
3)

AR Hlsle] ZE7)u e NET} APEA ] 786% © S5 Ao vhehy
ApEsE 23Ee o BAssel U dgaT
Sl

B AAZATE SIS (DT @A FllAE @ Ade) BAYOR ot
FE7he] AEstdE e gAlFe] FEe Anta &

-2 AFATE BY A7ATE 23Awe AvE e@ARe 9T FAF /E A
AR RT E=A UEhgon, et 2 B w0 HAIL A fS LgAFLEA
Bl =3t 7FA7F =A @bk l=

Distribution of wt
—
625 —— <
= = AR} L5710 ALR(Ol tH3E
e i AP TATF L
trt
6) 7]t =3}

oL Z7|Hk QAR Y] AE ;gm 7}%_%

s 2 QEs) 7}ﬂ coAE Mg Aot A5 (FEFY
EFINN OHAR FolE FHE Ut KRS HASte] FAAEL ¢

1_.

e
o
i
o|N
o
i
fo
ﬂ?l,

(D #gHo=z o7 1vtg] =F3F Al 7HA] AlR AAZFS oF 7kg/miEl= a1 o, A 2
ZAFE 132(25kg) 7FAES ¢F 15,0009 o] Ao 9L, A3
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2 =AAeZ AR Sol7bs & 7H4 o] kg °F 1,500 - 3,600t E FA st
on, FYAE TFLEAEY] 7HA 0] 20,000 - 25,0009 Fol FA ] AL,

¥, EFT Aoy W 809 S5tz ¥u

5 @4 7HA() A
oEAE 1(25kg) oF 15,000 =4
zYu|Yg LYAR 132(25kg) ¢F 20,000 - 25,000 =4k
AzU4 1kg 15,000 - 55,000 =4k
Azd4 lkg ¢F 5,000 =
okl 1kg °F 84,590 N
Az 9t 1kg oF 30,000 =4
Azt 1kg oF 5,000 =4k
GMO th5 1kg oF 400 o =
Non GMO ™% 1kg °F 600 u| =
GMO &% 1kg oF 250 u] =
Non GMO &= 1kg oF 285 u| =+

o & 1kg 1,500 - 3,600 A, AT, dd=t 5
Q) A=Y 1% X3 A 2yAks 132 T °F 4,000-14,00092] 71H4e] 148, o= o A}
z7rA e 2ol geh= Zbel7k A7 A H o ﬁxﬂ”Ol e dow ddd.
(@) sHARE, Axdgomiy A3 HEda s 1% 7hvd AR 49 of 7,500, 2
@%ﬁﬂﬁ#’ﬂ % °F 1,25099] 71AgE0]
= wol A Zevdds AR

o
LT3

4. 257 A5 7HE Al chitinase AE] =1 &9 B 44 E
(D) Bacillus thuringiensis PRC-11 2 78] 2|3+ Brchitinaseet A= ZI€lokAlQl rBichitinase
of o3 71-e] Eafis) o Sejad A
1) Bacillus thuringiensis PRC-112] chitinase (Brchitinase)@} 22} W& Bt chitinase (rABrchitinase)
o] &9} pHoll w2 7|elRa|gA viw 2 TLC 4 N-acetyl-chito hexamere] 3fj 3 &l
oXFT: N-acetyl-D-glucosamine (Sigma-Aldrich), N-acetyl-chitooligosaccharides
[(GIcNAQ),(n=2-6); Megazyme]
°TLC Silica gel 60 Fasy, Merck

- 112 -



w

=]
en
=

—e—Bt chitinase A
—a— 5t chitinase
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Figure. Btchitinase and rBtchitinase activity at different temperatures (A) and pHs (B).

Btchitinase and rBtchitinase were treated at different temperatures (20, 30, 37, 50, 60, and

70 °C) (A) and pH values (pH 3-5: 50 mM sodium acetate buffer; pH 6—8: 50 mM

potassium phosphate buffer; pH 9—10: 50 mM sodium carbonate buffer) (B) for 1 h at 37

°C and 100 rpm.

=
=3

Figure. Thin—layer chromatography degradation

v patterns of N-—acetyl—chito hexamer

(GichiAC); [(GIcNAc)s] by Btchitinase (0.5, 1, 2, and 3)

(GlcNAC),

and rBtchitinase (0.5, 1', 2', and 3'). Reaction
conditions were 37 °C for 0.5, 1, 2, and 3 h
at 50 rpm. Abbreviations are: S: Substrate,
N—acetyl—chito hexamer [(GlcNAc)g], M:
N—acetyl—oligomers standard [(GlcNAc);_¢].

(GICNAC).

(GIENAC),
(GleNAC),

M 0508 M &§ 1 2 3 1 2 3 M h

2) Bacillus thuringiensis PRC-112] chitinase (Bfchitinase)®} #-#4F ¥&¥ Bt chitinase (rBrchitinase)
9] HPLC 4+ M-acetyl-chito hexamere] Esiaj&el 2 7161712 ¥ TLC 4 7|88 1d A
e

cXEFT N-acetyl-D-glucosamine (Sigma-Aldrich), N-acetyl-chitooligosaccharides
[(GIcNAC),(n=2-6); Megazyme]
°oHPLC #49: Shimadzu LC-10, Shodex Asahipak NH2P-50 Z¥

STD 1666ppm

CilabSolutions'Data'Project1'UV System'20172017 120 Y\GlcNAC 1-8 1888ppm std (=2 ). led
mv

DetACH1

17023

100+

=

g
8 =
]
8 g
4 i i i /\ i
* T T T
25 20 B a0 pa

T
5 10 15 20

50
min
PeakTable
[Datector & Chl 210nm
DPaak= Rat. Tima Ara Haij Arsa % %
1 11,101 S52023 307836 12.532 33.580
2 13.381 8752361 218003 17.616 33 B0
3 17.023 5600484 181217 17.388 17.586
4 22163 BO0S428 10527 16,152 12.057
=] 29341 TE31894 71544 15.306 T.624
1 39.341 6508458 45487 13.837 4.082
Total] 40570440 216714 100.000 100.000
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Figure. HPLC determination of the changes in the amount of N—acetyl—oligomers [(GlcNAc)n

n=1—6] from degradation of N—acetyl—chito hexamer [(GlcNAc)6] by Btchitinase (A) and

rBtchitinase (B) via HPLC. Reaction conditionswere 37 °C for 0.5, 1, 2, and 3 h at 50 rpm.
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Fig. 4. Thin—layer chromatography degradation i Fig. 5. Thin—layer chromatography degradation
patterns of colloidal chitin substrates [crab i patterns of colloidal chitins [crab shell (A and
shell (CC; A and D), squid pen (SC; B and i D), squid pen (B and E), and mealworm (C
E), and mealworm(MC; C and F)] byiand F)] by various amounts of Btchitinase
Btchitinase (A, B, C) (0.1 unit/400 upL) andi (0.1 and 0.2 unit/400 uplL) (A, B, C) and
rBtchitinase (D, E, F) wvia TLC. Reaction i rBtchitinase (0.1, 0.2, and 0.4 unit/400 ulL)
conditions were 37 °C for 1, 2, and 3 days ati (D, E, F) via TLC. Reaction conditions were
50 rpm. 37 °Cfor 1 day at 50 rpm.
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Fig. 6. High-performance liquid chromatography monitoring of the changes in theamounts of chitin
oligomers from degradation of colloidal chitins [crab shell (A and B),
mealworm (E and F)] by Btchitinase (A, C, E) and rBtchitinase (B, D, F) via HPLC. Reaction conditions

were 37 ° C for 1, 2, and 3 days at 50 rpm.
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Fig. 7. High-performance liquid chromatography monitoring of the production of chitin oligomers from
the degradation of colloidal chitins [crab shell (A and B), squid pen (C and D), and mealworm (E and
F)] by various amounts of Btchitinase (0.1 and 0.2 unit/400 «L) (A, C, E) and rBtchitinase (0.1, 0.2,
and 0.4 unit/400 L) (B, D, F) via HPLC. Reaction conditions were at 37 ° C for 1 day at 50 rpm.
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DATE : 2016. 12.28 (Z2wex 2z )|| OATE : 2017.01.28 (mgw=x zos )
H 129-18-77498 |2 = 120-18-77498 =
: < @A | S ass@l®| g Homen | g F@¢ 24y :\ : @A | g EEE I HuOem | f: F»@¢ D4y
- = =13 = = = =13 =
TONSA BT S52 1918, 45 40337 | T o [HEA B s52 1018X, 45 4084
= = o = =2
o E] - WE] o E] N E] [ = e | E] ‘
5| =2m |§ N E s |§| 2| =2m ‘g o B : s
No = 2 2 2|+ z|e 3| 2= e [a o | o & 2 7 2|+ z|e F |l 2a o [a o
1 AHEYY kg 13 35,910 466,830 46,683 1 Hzey kg 57 35,910 2,046,870 204,687
2 et kg 21 38,000 798,000 79,800 2 =R kg 16 38,000 608,000 60,800
3 Uy puEe kg 16 89,700 1,435,200 143,520 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
Al 2,700,030 270,003 A 2,654,870 265,487
S 0 A+ & HHRI0|8 BAL S 0l At 8 SHRAOIRH BA
g 3 = o #2,970,000 g i = o 2,920,000
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A H 8 A A

DATE @ 2017, 02. 02 ( B2LEX 228 )|| OATE : 2017.02.15 ( B2LEX 228 )
S S S S
= 129-18-77498 z|= = 129-18-77498 z|=
s Ab P & =2 Ak M s At ~ = Ak A
< CEE o | ze=8)=| 2 B v Cigm] o pets madl [ 2 CEE o | 2e=8l=| 2 SEte L] S pets may
L& =] X s 2 - LE 2 \ s 2
== Je = == - Jz =
T NEA BT 852 10181X, 45 40397 [ T TNEA BT S52 1918K, 45 4035 | T
g o M E of g o M E of
= S - A B = = = SAN = A B = =
e kS 5] S e kS El S
NO -4 o A #l > z2|e ot 22 A A ENI -4 o A #l > z|e ot 22 A A o
1 EESTE ko 15 35,910 538,650 53,865 | 1 AZUY ko 13 35,910 466,830 46,683
2 PEL ko 55 38,000 2,090,000 209,000 || 2 e ko 21 38,000 798,000 79,800
3 RE pose ka 1 89,700 89,700 8,970 || 3 FEEEE ka 16 89,700 1,435,200 143,520
0 0 [ 0
0 0 0 0
[ 0 [ 0
A 2,718,350 271,835 || 2,700,030 270,003
= 0l A B EETEE=I = 0l A B EETEE=I
i 3 A 2,990,000 H 2 A 2,970,000
DATE : 2017.08.03 (SR 228 )| pATE : 2017.08. 10 (B3R 228 )
== == = =
iy 129-18-77498 o = - =
Iy _|z|ea = 129-18-77498 z|=
= </ 28 = = =3 Ve
& @AY |§§| 28sf 43 derism |§§ Beia DAy A - & agsfii|2] 8 T 8 Lioix pad
2 o = =} ¢ 3 =]
A HEA BT SS2 1919, 45 4038 |F2 S = - N Jo [ =
Xt T L [HEA 7 s52 101X, 45 40897 [ T
| =8N & B ELE] |gg ol e = a1 = =
51 ca | 5] 5 = |*[® | ] |
o & ! R oA+ = b 22 [w o 5 g e Z
| e kg 17 35,910 610,470 61,007 | [0 g 2 e G ot I *
2 g kg 20 38,000 760,000 76,000 || 1 EELTE] ka 13 35,910 466,830 46,683
3 g cugor ko 14 89,700 1,255,800 125,580 || 2 PETS ko 21 38,000 798,000 79,800
0 o113 2 ceee kg 16 89,700 1,435,200 143,520
0 0 0 0
0 0 ) )
2 2,626,270 262,627 0 0
e EEEED 3 2,700,030 270,003
=0l A CETEEIY
EI ] #2,880,000
g A 2 A #2,970,000
DATE : 2017.03.31 ( B2g=x 2ag )|| DATE - 2017.04. 18 (BgU=X 228 )
Z 129-18-77498 o Z ; 129-18-77498 = ;
o= = == =
S Z B 4 2[a » M
g e g | SR e e | g #}gﬁé eS| N @ o| 2 e detiet o F’g* mg
= -9 = \ -] S =2 = =
2= - - 1o [ C 3 T—— - = a2 =
S NEA BT S52 10181X, 45 40397 | L BN B 552 101K, 45 4084 |
P =la Xt - =
ol I 4 & |ME @ Blowam |2 I | o ‘
2] 5] = EH = El =
NO -3 ] A A+ z|e bli 22 Y A o [INO & & L B Ef o & b A A o
1 2zu8 ka 15 35,910 538,650 53,865 || 1 EELL kg 18 35,910 646,380 64,638
2 T kg 55 38,000 2,090,000 209,000 || 2 EE kg 17 38,000 646,000 64,600
3 28 Y kg 1 89,700 89,700 8,970 || 3 28 gezEe kg 15 89,700 1,345,500 134,550
0 0 0 0
0 0 0 0
0 0 0 0
A 2,718,350 271,835 || 21 2,637,880 263,788
=0l A B BR0IB @A S 0l AL & 0I5l Al
g A 3 « #2,990,000 (= #2,900, 000
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DATE : 2017.04.07 ( B2LE=X 228 ) DATE @ 2017.10.31
=1 " E=2 == ==
18- S= 7 S5
vz 129-18-77498 =[os s 363-97-00255 s
“las @AY |'§%‘| ABS; Sz dethsn |’§"a‘;' soia madl|” |lus o5
= =
C o 2
ZAHEA B7 S52 1918IX, 45 4033 | C [F2 F=A =4
Xt T Xt
HEH SA0H =k o B SEN =k == =]
NO & 9 E E > g = ot s 2 9 A o HO &
1 kg 20 35,910 718,200 71,820 || 1 kg 23 26,000 598,000 0
2 '} kg 21 38,000 798,000 79,800 2 kg 1 20,000 220,000 0
3 Uy crulsor kg 13 89,700 1,166, 100 116,610 3 kg & 200,000 600,000 0
0 0fa kg 5 180,000 900,000 0
0 0f]s kg 4 150,000 600,000 0
0 0 0 0
A 2,682,300 268,230 || 2,918,000 0
S0 A 8 HAOIGH HA s 0l A B * S0l 14,0008
B A 3 o 2,950,000 g ) = o 2,917,000
A dH 2 HA A H o E A A
DATE : 2017.12.01 ( BSLEX EHE )| | DATE : 2017.12.12 ( ISLER 228 )
== == == ==
= 129-18-77498 = 409-82-11942 . 129-18-77498 R 409-82-11942
Hs 2|8sS Hs 2|8sS
== - = 2 e =
o5 AL gy| zssl |S|as| agumnsszze |gy| san 45 AL |gm| 28S Slas| agusnuszEsc |@%‘| by
= =
= (=13 = =13
FA|HEN B SE2 1918X, 45 485 | _ [F2 ZFZ9N 57 B82 77 (888) FA|HEAN 7 SE2 1919X, 45 48| _ [F2 ZFZAN 57 E22 77 (888)
Xt = Xt =
ge|  =am  |gs| 4 = o A gz| 27HeE I =l a4 o= o AU A oz GwAEE,
[=EY o= A E ES B aipame EE] =2NT ER - o ES gsl SluSgn
1o &5 i E T - = B 22 o« Hl o 1 o = g S ] & b 2 3 X o Al o
1 PR kg 36 38,000 1,368,000 136,800 | [ 1 AEUY kg 13 35,910 466,830 46,683
2 Uy como kg 15 89,700 1,345,500 134,550 [ [ 2 Qg ur kg 21 38,000 798,000 79,800
3 0 olls gy guEy kg 16 89,700 1,435,200 143,520
0 0 0 0
0 0 0 0
0 0 0 0
aH 2,713,500 271,350 | | 21 2,700,030 270,003
S0 ANF S 0l A g 0I5 ZA: S 2,970,0008
g = oA W2,984,850 = =] #2,970,000

4. 708 oA AA AN 24
SRR AFEAA B ASPS YA N RS Fo AANS Y 5 Ao

7

W8 nd FA, AR vl g E s Z3A 324
oFuk7] A By <1 3,000,000 Az
5 3 Hdr] #g 7R EAD, A7 - <1 18,000,000 7+
AE e Az7) -5 &1 13,000,0009 A7t
£478 a44) °|9% 24(B)

Z 7t & vl & cZ7lEE o]9

- A 1004 322,000 /70) - QAN 1259/70

- ANFF T BAARL Aol §ls - 100z &% 7 12,5009/ X 20€AA42)
- Al(A) : 2,200,000 = 250,000 * 1271€¥

- AB) : 3,000,000

«FA o] H(B-A) = 1d=t 800,0009/4
23} o] % 17+ 3,000,000 o]l
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A

a4

24(A)

o192 22(0)

S7HE = BlE
A7) T 7HA (A):
10,000,000 ~15,000,000

7t = oY

- o148 100824 x 19 x 172

- 100-5-=AHY: 75,0009/ x 20
= 1,500,000 * 1271 €

- AB) : 18,000,000

. ol

REs

(1714

o) o

4 =

* 3]

(B-A) = 13} 3,000,000/
23} o] % Azt 18,000,000

iy

l¢]

cS7tEl = vl 8-
- npola 2ol HA=x7] FujrtA:
10,000,000 ~15,000,000
- 60kg/mlol A=A X W& :
12kw X 3.3hr x 4290 x 60kg = 99,792¢
- A(A) : 99,792¢
* Ax7] &3 2~3kg/13] X 5~10&
* A5 12kw X 429/hr

St = o] ¢
- 60kg/sZdxd=x B & :

18kw X 48hr X 429 X 60kg = 2,177,280
- AB) : 2,177,280

- 60kg/dETd= ¥&
3.5kw X 24hr x 429 X 60kg = 211,680
- AB) : 211,680 x 103]/€ = 2,116,800

4 FIAB-A) = £ 111,8884/3] x 103]/€ = 1,118,880¢ x 129 = 13,426,560

. AEAFE AL AEstel mE BEEgay

W& e ZA, AH(AR) v g1k a 3} 73 A 4 24

1 &7 AN, Ao §HE A+ -

2 oF e Hol&, =5 - == 1 24,000,0009 Azt

3 Ak B Az7] EAe) <1 18,000,000 &zt

=47 82(A) o9l 24B)

A - 17 1009/7)

- BE. A8 Ak o gl

O AR - 1000 AHSAHE 7L 100,0090/2 X 202174 2)
CA® : 100000081 o - 2,000,0009 * 12772

T - AB) : 24,000,0009)
34 o A(B-A) = 193t 23,000,009/
293} o] F Azk 24,000,0008) ©] ]

7 E = vl &
- npola 2 olB HA=x7] FujrtA:
10,000,000 ~15,000,000
- 60kg/mlol A=A X W& :
12kw X 3.3hr x 4290 x 60kg = 99,792¢
- AlA) : 99,792
* Azx7] g% 2~3kg/l3] X 5~10%
* A7 12kw X 429/hr

‘F7HEE ol
- 60kg/EAAZ WG

18kw X 48hr x 429 x 60kg = 2,177,280
- A®) : 2,177,280

- 60kg/EdFA = M
3.5kw X 24hr x 429 X 60kg = 211,680
- Al(A) : 211,680¢ x 103]/€ = 2,116,800

-

A FJAB-A) = 9 111,888¥¢/3] x 103]/€ = 1,118,880 x 12¢

13,426,560

SRER TR L I R R
- 10kg/2(=300kg/ L) 74}
- < 1,000050L712) AHS23 A

[e]
=
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= BT AR 200g Aol Wad AgFuE B 9 44

25 SECIN IO I E ) W3
g)
A ] ol (R 500/ke 5 2,500
A A(F F)2 1,000 /70 5 5,000
A3 1,800,000 /€ 2 10,000 A AkEE 300kg /2
RE Y 100,000%/60kg | 1 1,700 S EEE SE
AA 19,200
71BHCl & 5)5 7] et 5,000~10,000 A2 52 9 g &
o717 24,000-30,000 A=A 200g 71 F

Az, AR, AR 5 71er Z1AA Y] e AP EkA] S

1 ?%EFEPU]“”O](/\PL)“ 2018 Fui7A(F A, HEAIR)S 71ES 2 FH5009 /ke)
ANa(F e FeskAY AR Aujste] ALED =

4 1< 1%1 8AIZF 5 59 &F3to T 1,800,000 FFo= o 300kg A4 FEOE AHA
nho] I = 9 o] B.(12kw) 7]—.— 2 ~ 3kg/13], AZAZH10HE) 4HAsked 100,000

7 AsHE, ANAFANE, el g, A7 s =

O > W DN

O1EE - 75 ZFAEAZF vAEAE 9
sElEle Bl e So tlgk =R E 53 A HACCPSIZ 2&l%7lel RFH
R NS A S DE ek 3] 2h A A ZALE BdE 2 H gl )
el NI EE A= f5HS 8 JqATEHY GE/ANATE 1
oA A}
L 2345 53 9 %0 g TRE 53 dd HACCPRIF 25 7tol B3
D ot g 7ts el 5ol ELEm f=)S dAd U AetA sl gt
(2 A JFAT LYASEIHAA AAHSRE AMST ZAARAE 2 ERS ARE FFE
A o] St oy A dMAAE Y FHFol o] A&EHozE FosA &

e
@) o2 Ami Yol A3t Auvigo) AP AREETE FY 27 Qs Ao ¥

B2

@) 2 7ha) AnE wo= Hyx e HACCPIZ g
Aol BEAY R AUNY S T FblA BRE SHHOE AFT F 9
A £y Bay

2 WA 2 B2 S A
) 2FaA Berohulmat, 28R, 2F 79 /154 B /EAF] EFast] 20T
SN FFRQH, HWA B, HATE, ABANREAT, FolARe] nAY =

2A 2 ¥
1) AAAAQ Q]

A3t AE7IAAY, FEAEILTATAE S)e T JIeAFe] FAA} AdsiAd
7B AAY, Adtista AstgEe S ¢ JieAdFe asEAeE A%d



ARFFAR AYE U,
2 BE A P2

AR B TS TR, ABA D), NEFE, WAA AR Y Y A=A
ARTE D NFTFE

2 A3 o Atgo] Hojx A7}
o7 ZEURE ARESHA B MR e CIAILASS 20133 wE
HA, 20143 vt ASAE 2Fe SAEHAL A= BEA AR 7S R AR
2%< st AL A 2018. 01. 01. =)

-ClAldAI=Zel 2017d viE2 2009l @3t FAUF&Be T W E AFRAIA ] A
7F dE S3AE e “REHESH & HEE As

-RH EF e AR S TRT AFe] AT ALH EAHL o FFo Ve

< THEI AFo izt 7h7F Fbska =

N B
b Ao o FE W

ALERARE Zes NEsiaL
ojF Z|Wtom FAE ‘g E” AFS FHiste] oF 16.5WRHA 9

epupn|c HIE

-A AR L AR el ety =(otH el 7bE ol sl ) v AF

M| X KA 2 A AHA sees | 20180528-10000000-53329153
-1 125-81-45116 @;gﬁ Ga | 671006-1655320 ‘ o4
} 8 B AFZR (F) & g | owa = whae
- (SoE) | sEosnas = gm | wma 8 (g | 43 | wse
A E . HIIE DD =2 A8 2 PHO- . A S HEHE LAFRAF Z I |2 27 I
8 Fa SileE S4FE SN 48 g 289-38 @ ES St LbRAL S48 THO| 2 278-107
CI-T: & B | RIWDSFEAMS Bl oow | B8 |
Ol &
O 08 & kbilkbil. o kr
O O il
HYUX B0ty i LB AR Hia1
2018-05-28 9,000,000 0| WS
a LA d 73 T ezt e Moy €3
05 | 28 2T E(ENSHFEEUAME) kg 600 15,000 9,000,000 0
BHESY Ba Lt s a3
0l 3YE (BT ®
9,000,000

2 oMEE FHH A (www hometax go knolld 22 T A& YT HAHMSIA A LLch
SESAPL 012 A7| EHO|AIS] "Z3| U HAMIZ ALY H3AL WZARY 23] "2 0|25HA[7] HEZHLCH
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M ST KM = A LA semz | 20180528-10000000-53327758
i 125-81-45116  ®AZ¥ g8 |720929-1652621 | B4iE®
yE sHIAB (F) 2= as —
ACEL) EEEEEO g8 | wzd 2| (oo ¥y | 23z
| =
s EF | suus sz w82 w| MNEF | maes uFN cow gaE 3040
x| =@ =4 B8 | AZUTZENS = =m ‘ = |
A
: oloiE
Ol | kbil@kbil.cokr
OlDN&
EUT =aoiy i +HAR HI
2018-05-28 7.500.000 0 | sEEs
4 ® 55 a4y =8 e} =3y H2y 6|3
05 28 2|E=(S0jSols S EUASR) ke 500 15,000 7.500.000 0
CEED o2 +E os 20142
o 3%s EF M
7,500,000

2 olH2E IFHH EHA (www hometax.go kr) o4 B5 T Ha UHE HAHMB)HAA YL cE
A #ol2 47| ZH0[Ae] "R LSH>HAMBA ALY H3AL UFAM 28] "E 0|E5HA|T] HRZLCH

Bl 2 FOARAE AT BAAADGARD) B

Al

2 =]

M XM 2 A A sel¥s | 20180822-10000000-22179634
== = jlod == 2= L lod
e 125-81-45116  “L=° - 602-82-06349 | FLE¥
f sgs|ge (F) 2= ik EEr e @
- Gole) SEidand 4z | oo B BR, |gToeUmadnes) gy | aus
MEE o s 2o s 2 sao-a8 S| AgE | magda 257 BER72/(S4E, SSHRHID
X o= sy E= | #¥YIEEANS = el ] ‘ g= | asp=Eg
At
ojmie! widtjdahr1@gmail.com
olm kbil@ikbil,.co.kr
olme
Tt =22 Al FEANS HIZ
. 11 ool e UZHE & 317-0001-5540-11 s3] At I8t
2018-08-22 1,140,000 114,000 | digglsS E%géé@?i SIA =)
i1 2 B2 4 > =0 33714 M2y ul2
08 22 | ZMAHXE| EXEY kg 5] 60,000 360,000 36,000
08 22 | WEY T 22 kg 6 130,000 780,000 78,000
EAHZH == =1 (Vi 2lails==
ol S (37 &
1,254,000
2 oIM22 2H Y BYA (www.hometax.go koA W Ei= B4 2= El H2HMB)AAM Lick
STANL SHolS A7 BEO|A2] "Z3/LTIUAMBALM) 32 ETA 23] "E 0|23tAI7] BiZUCH
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M RpM| 2 H| AFA] soiwiz | 20180727-10000000-95464449
= xE =t = = 1 10
G2 | 125-81-45116 s ae 602-82-06349 SHE¥
@oi) | BEomsnd T 69 | g 8 o | oTPUSNESES) gu | zze
o Ag:.*f; HMAUE THT 20 AE2 080-38 ; :\;_iﬂié* E—)ﬁ%ﬁ\l T HERTI(ELSE, SRWAUED
x wE | =s 5= =zzyzssus el oy | =p ‘ 5= | asmsec
- - b
oloie widtidahr1@gmail.com
olof & kbil@kbil.co.kr
oo
Hent B2 Ml SEMT HlD
2018-07-27 1,350,000 135,000  diEEi=S USHF =8 317-0001-5540-11
oy | = 4 =2 Eit 571 M| 2 i)
07 27 ANz BREH kg 3 60,000 180,000 18,000
07 27 HEJFSo|(H=2Y)AMEE ka 9 130,000 1,170,000 117,000
gz =52 +EB s 202
o] 2% (33) &
1,485,000

= c’JiH"S% 2MH EHA (www.hometax.go knolMd g3 T & 4y

E HAH M)A LA LT
A7) EH 0|2 2] "EE /L) HAMSAHLAM ) H3AF LFAA R3] "5 0|835tA| 7| HEELICH

- A 3 Ag a2 AAAX(BA L) A

2= M APA| 4HA gewis | 20180910-10000000-36174563
S8 AT =8 BAeiE
SRy | BT | se [wm o] S [zemeeisen | ew | e
[ =
s MEF | mavssszsue 2m 2003 o 57 | mac=zazmssaman
x| = St B | ¥EPTEZAS s ] - |
i P
Olos aasf3ihorea kr
OiS | Kbi@kbil.cokr
01012
=HUT 3221 SN Hiz
2018-08-10 369500 | JIMAIEHZEE % Z0lw S (20180910-10000000-36137591)

i ¥ &5 T - == da7H S
08 10 FYAEE|(FE) = 15 4,000 80,000
08 | 10 | WEIF2I0|(8E) 4 15 4,000 80,000
09 | 10 oMEITIEHHEl(SEE) HE 1 100,000 100,000
09 [ 10 |0l ESER (ZelE) M= 1 100,000 100,000
09 [ 10 | #FYAHFE|(AF) kg 1 48 500 49 500

EEEL g= +E [ a0+3

' ' ol 2%E @ET
369,500
2 282 FHE EA(www hometax go knolA Ua £ g AHE HAHMS) LA YUt

LTARY B2 47| L0 "2/ LS HARM

S AL

152 -
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= O =11
g5l BAFFEDY AHEA Foo & Ale ¥
2= S =]
Q7% ST B g F A
e 423
WEANE Al 18-C-0512 3 ;%ﬁ A A A O clsud 24 B o
- - EL LSAE | TEME | ZBAE | 2EME | 2BME | 2BAE
DIy = AR 125-81-45116 2MYSY | 2071 | o132 | 20123 [HZoiR-1HIZ 017 2/H|Z 0] 23]
‘ - 24 7] (mm) 0381 0376 0390 | 0389 0379 0364 |
(‘ = X 57507 AEbg s AT S abA A F 72 289-38 HZEZE(N) 40.67 41.40 3758 | 4270 4218 4253 |
2oL E 97.0 94.8 91.6 825 809 | 857
. gk 6% LhhAl 7.0 6.2 6.1 123 | 110 104
0]
g | AEANL | SAFA, AR E S-FUE, G A Al £ O AWt (&9 :%)
ul - [ s _— =
Bl 4 = |qgas naw [sumasyeasysSNTESIaRENR
e i e et A e
Myristicacid(C14:0) 0.51 051 | 050 | 028 | 036 | 033 |
B (ANE)AH eA AT E 2 2 _ Palmiticacid(C16:0) 2555 | 2514 | 2496 | 2410 | 2465 | 2469 ‘
Palmitoleicacid(C16n7) | 394 | 368 | 166 | 327 | 331 | 359 |
fArba 099 Fa, A 5 Stearicacid(C18:0) | 9.15 9.21 | 9.32 | 9.0; | 9.55 I 8.39
Oleicacid(C18:n9) 4836 | 4839 | 4873 | 4818 | 4497 | 4556
A EAAA o7 2 AT, A4z A o5t Vacceqlcaod(ClB\nV‘; | 0.00 | 0.00 0.00 | 0.00 | 0.00 | 0.907 |
X K “1‘1 ; /\““‘,H ; (.’1(1\ . ,\7‘)‘-,\, ; :m 0o} ) Linoleicacid(C18:2n6) 10.10 | 10.44 T 12.06 12.507 1437 ! 14.66 |
S R ' y-Linoleicacid(C18:3n6) 010 | 008 | 011 | 011 | 016 | 014
2018\ 039 074 Linolenicacid(C18:3n3) 019 | 020 | 024 | 017 | 020 } 021 |
Eicosenoicacid(C20:In9) 035 | 041 | 041 | 0.31 7_029 | 031
Arachidonicacid(C20:4n6) | 176 | 195 | 200 2.07 213 211 |
Excorsapentaenmcacwd(EPA‘,\CZO'SM)' 0.00 | 0.00 | 0.00 | 0.00 ‘ 0.00 0.00 |
Docosatetraenoicacid(C22:4n6) 0.00 | 0.00 | 0.00 | 0.00 | 0.00 W\} 0.00 |
Docosahexaenoicacid(DHA)(C22:6n3) | 000 | 000 | 000 | 000 | 000 | 000
T A 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
BeCIE = (3521 | sams | sams | a0 | 3456 |
- . TBIR| A 3521 | 3485 | 3478 | 3340 | 3456 | 3341 |
TN A 8FAG oA @gﬂgﬁ S ISHX| AL [T6479 | 6515 | 6522 | 6660 | 6544 | 66.59
L—'g}m"n -Ett [ 5265 | 5248 | 5080 | 5176 4857 | 4947 |
Chot 1214 | 1267 | 1441 | 1484 | 1687 | 17.12 |
18-C-0512 ) ) ) 18-C
oS A 823 WA g HARIEY £, 2018) 7+ A (Y
&5
HHO) sy | MO o ge | we | ¥OF | ome | =¥
- <) = - L == = =
AA yHFg | golx= el 4 ZIYHE
7% 2hv)
Az 20 8,000
50 6,300
100 8,000
4o
180 15,800
500 30,000
e w0 12,000
a- =
400 59,000
Zugo) 20 9,900
Exlo] & | 289t~ 158,000
50 10,000 9,500
80
100 20,000 16,000 17,500
2 o] 200 32,500
250 26,000
500 30,000
1000 60,000
100 13,000
Aol
200 50,000 36,500
Aol | 200 6,000
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H BB AFREQ, AAA DY ATE BUFEE AF FWRAA Bt Fax
g Ba nEAQCR AW Yor W9 Ao Fadeld 2w 7}
o BFse AYe AYFY

5) ANgas

FA CiRIAS) o FTUABAZNN FEHENAA ofBo] AA}E wFol
A Qlon olojutel ARG 2E] HIFH Fgo] 7]

o E7HAS] 45 20059 ol F FEAGPOHM ROEE FAAAY 1T L FHolY
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Fishmeal Monthly Price - US Dollars per Metric Ton

Announcement: Historical prices are not getting updated due to delays in our data providers. We expect that the

next update will occur in Sep{ember 2018,
Range 6m | 1y by 10y 15y 20y 25y 30y

201K

Aug 1998 - May 2018: 840.000 (125.37 %)
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151K
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US Dollars per Metric Ton

659.11

489.63

320.15
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Aug-2007
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Description: Fishmeal, Peru Fish meal/pellets 65% protein, CIF
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BaEE= Al7to] 48A17to 8 ZAo] ErtoA AFstg et 714

o] mrtdA HT Hf8o] Zast Ak HiFAIEY e AZFE F7HA1717] Y3 HZAA
£ Adste ZAT 5 A AFe Mg =+ Ao
cs=e A7l ARE e Aol B7Hek AFY HHAPFH TS FEstd LnA

3 53U &
[de] d]
(2] B3]
AL Zofg wjFaAls 2 1 A ZEPH{ARTIFICIAL FEED FOR ABALONE AND
MANUFACTURING PROCESS OF THE SAME}
[71&&°F]
[0001] & #He 524 dudde o2 s FE Ade HgAs 2
3 AR B8 AR, B GAdAs @dddos oL HAss =F
= M3EeEA 95 RS 983 st A5AAY SARTE 27) 2 TF
2 27 ARAAe AN BT 5 dE A% A9g APAE 2 2
Azgol &% Aol
[0044] ol E 12 BTl 2 AAZY EES EF1FsY Azxd 25
Bao 24 9 432 el oo
[0045] [%& 1]
T (wt%) Follsed 22 AAe £F LA E (DA F) S o=
T 3.74 4.43 9.74 9.28
zoug 60.23 60.08 68.32 74.60
ZAM 2.79 1,95 7.31 3.83
Z45 12.83 7.28 0.73 2.07
Z3 % 13.18 1.58 12.70 10.96
iR 0.48 0.50 3.12 1.72
D (cal/g) 4,273 5.004 4,553 4,533
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(00521 [& 2]

T (me/le) Sl =% AAE &2
Z(Ca) 4.003.70 315.67
T2 (Cu) 12,86 4.32
A (Fe) 82.27 15.81
&5 (K) 10.386.61 3.708.26
ol 29l &(Mg) 4688.36 1,564.39
2H M) 276.34 48.38
L}E & (Na) 2,197 .48 49.30
1(P) 7,087.64 3.510.39
ol (Zn) 94,32 28,45
[0054] [ 3]
obe] i (%) soisel 22 AHE 2
A 2 6] 21 (CYS) 0.395 0,578
of 2] 2 1 (MET) 1.078 0.883
o2 2 E 1HASP) 5.656 5.832
E# 2 J(THR) 2.447 2,847
4 1 (SER) 2,671 3.276
=52 HGLY) 6.412 8.260
2] 21(G6LY) 3.301 3.624
Zehd(ALA) 3.639 4.956
B (VAL) 2.971 3.712
ol &F4l(11e) 2.383 2.744
F1(Leu) 4,272 5.195
Flo] 2 4 (Tyr) 3.868 5.128
Hd ek (Phe) 2.578 2.780
g}o]d(Lys) 3.542 3.608
3| ZE]d (His) 1.836 2.225
ol=7|\(Arg) 3.006 3.730
Z &3 (Pro) 3.730 4.658
[0067) oheh E 4= 2309 FHE AWML tebd Eoldh
[oo6e] [& 4]
2 (%) Fled =2 AAz] 22
Myristic acid(C14:0) 10.01 3.24
Palmitic acid(C16:0) 23.60 17.99
Palmitoleic acid(CI6:1In7) 3.95 255
Stearic acid(C18:0) 5.95 2.68
Oleic acid(Cl8:1n9) 28.78 41.98
Linoleic acid(C18:2n6) 20,78 30.17
Linolenic acid(C18:3n3) 2:71 1.26
Eicosenoic acid(C20: 1y 1.74 0.14
Arachidonic acid(C20:4n6) 0,49 0.00
Eicosapentaenoic acid(EPA)(C20:5n3) 1.97 0.00
Al 100,00 100.00
TEA A 39.57 23.92
Ex3 Ayt 60,43 76.08
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BRD HE Tive of the mverticn
= dg X

EHAL paoree

SRAETY 21H
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has been registered at the Korean Intellectual Property Office.
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Ll a1 e B

o
ocei}%jxg B B s = Sl (rat) - 3] T o =AW UL, MR RAE54YgT)
oG54 BIHAEANS, FFE AAD

REEANAE:

L AEAEAE 238G d T4

2. Ng=F - ZAAAT

3. A&

D) ZFANE 371 2 A AT TUA7Y 23
(2 Holg : =7} & A AH] Ho|AE

CAE

A"t 55 34 T

oA 4 7}
1. E7blA AR ZAAAR e AE5ES AT A3 ZE A& 100ug/mLe] F=o4 90%
o] MEES B UAO Fafistal 2Fe] A8E AT
. 57FANA A3 ZAAAE Y AXEH = A3
B A B C D E F
(ug/mL) (=)
tZ7 | 0.2082+0.007 | 0.2082+0.007 | 0.2082+0.007 | 0.2082+0.007 | 0.2082+0.007 | 0.2082=+0.007
10 0.2049+0.006 | 0.2052+0.004 | 0.2063+0.006 | 0.2064+0.006 | 0.2030+0.005 | 0.2042+0.004
(98) 99 99 99 97 (98
100 0.2018+0.001 | 0.202040.003 | 0.1950+0.004 | 0.1982+0.007 | 0.1956+0.004 | 0.1928+0.001
(€] €] 94) (95) 94) 93
1000 0.1838+0.004 | 0.1933+0.006 | 0.1865+0.001 | 0.1871+0.001 | 0.1871+0.000 | 0.1883+0.000
(88) 93 (90) (90) 90 90
2. F7tA A3 AMAAE Y FEs& FEFES SAHIL A AxEY Aol FA 77
wet AEgEo] BEA vy 37 HARE e w
£ ETblA ASE AN FEE 14 34 A
TE FreddZ2=rEA 71(CP) DR324 71(AAs)
=) z= g HEF H] A& g 7tEF =
Hol gl 0.09 0.06 - - - -
A [ZAAAE | 001 - - - - -
=4 0.1 0.14 - - - -
Hold 0.45 0.09 - - - -
B | ZAAAZ | 002 0.07 - - - _
e - - - - - -
ol ¢l 0.11 0.05 - - - -
C A A A g 0.25 0.05 - - - -
=3 0.05 0.03 - - - -
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3. E7HNA ARSRE DA AR a5 1A 54 A
T AT E2=mEA 7](CP) DR324 71(AAs)

&) T kEl 7tEF H] 4 El 7t=F H] A
o]l 0.06 0.05 - - - -
D | ZAAAE 0.04 0.04 - - - -
Ea 0.15 0.07 - - - -
o] 9l 0.12 0.04 - - - -
E | 2aAAz 0.03 0.06 - - - -
=9 - - - - - -
P ol 0.17 0.04 - - - -
22 A A 0.02 0.03 - - - -
=7 0.19 0.07 - - - -

D 2%

¥ A EIFHAZE) AHE7IE - ¢ 0.1 ppm, ZF=F 0.05 ppm, ¥4 0.1 ppm ©] &}

3. E7FIA AT BAAA Y S FRet FA0x Auste] YRR 5 FFES
AR A FEEHE VIEA olstE HEHO X8R Jhedtdlal, il ke 44~57%, A
Fee 23-36% = F/PEE 2 Aol Bl A1F AF Al B #Ush weA Be
g oz A7

. ET7MA ARSRE A AR Y] AW 9 FaE 23 S A

T i ol A 3 & g | 7tEE | H&
57t T/ % % % % ppm | ppm | ppm

ol 9.98+0.66 | 17.41%+0.12 | 2.47+0.03 3.49+0.02 | 0.0009 | 0.0006 -

A ZAaAAE | 531+£0.21 | 57.41+0.24 | 28.97+0.53 | 3.95+0.21 | 0.0001 - -
Ll 9.68+0.11 | 22.81+0.67 | 1.51+0.01 6.56+0.04 | 0.001 | 0.0014 -

Hold 12.26+0.24 | 16.62+0.29 | 2.68+0.12 4.48+0.08 | 0.0045 | 0.0009 -

B A | 4.49+0.26 | 50.21+0.52 | 33.88+0.16 | 3.21+0.08 | 0.0002 | 0.0007 -
=1 - - - - - - -

Hold 10.24+1.03 | 16.64+0.24 | 2.65£0.05 4.41+0.08 | 0.0011 | 0.0005 -

C A AR | 15.30+0.49 | 55.13+0.89 | 23.82+0.75 | 2.97+0.08 | 0.0025 | 0.0003 -
il 9.70+0.03 | 20.22+0.41 | 1.95+0.01 5.57+£0.02 | 0.0005 | 0.0003 -

ol 12.59+0.17 | 16.58+0.10 | 2.96+0.02 4.44+0.04 | 0.0006 | 0.0005 -

D A AAE | 22.03+0.43 | 44.11+0.39 | 25.64+2.90 | 2.36+0.03 | 0.0004 | 0.0004 -
Ll 19.83+0.58 | 17.54+0.17 | 1.02%0.03 6.67+0.10 | 0.0015 | 0.0007 -

ol 11.90+0.07 | 16.20+0.34 | 2.84+0.03 4.30+£0.06 | 0.0012 | 0.0004 -

E AR | 4.28+40.27 | 54.92+0.76 | 36.22+0.59 | 3.28+0.06 | 0.0003 | 0.0006 -
iaLd] - - - - - - -

P ol 12.27+0.27 | 15.64+0.14 | 2.70£0.03 4.03+0.08 | 0.0017 | 0.0004 -
(=) AR | 513%£0.23 | 53.28+0.17 | 33.51+1.33 | 3.25+0.03 | 0.0012 | 0.0005 -
24 8.59+1.99 | 18.64+0.11 | 1.61+0.04 7.43+0.06 | 0.0019 | 0.0007 -
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At AsaAE Fstere 12 kg oA, AFSAA 100 r(30%) Fes By AR
207) A 7Fs3km 18] o 4533 e 240 kgol g
T EFA ARl 4 AEEA (1% : 1000}e)
Feled Al ah$ 2
HE 2o HE 2o
HAFE (%) 6.75 4.25 13.25 3.5
A ) 112.5 191.7 105.5 155
TgA7] (D) 53 49 49 49
T (@ 193.25 195.75 186.75 196.5
= FAIZE (min) 12.3 10 13.3 11.5
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Sts =4 &4 2% T 71" &l =9 23 71 EA AF A= 100%
(BAE &4 3 Adx Aol vtgo R 2AA) °
T FEA 7 EAN Sl AE (AL &4 100%
S RS Ao RrgA R AA) °
&5 gk chitin &3 &-go] F-& chitinase B4y .
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=0 iting E3zxo=x =
H%i Cglri, C;ljlrtmase wZE A chitinasee] A7} GHA~®F5 100%
U = AT
A7} A7 2 oA B g4 3 ZE olA|(Protease),
3 ] thol A (Peptidase) o] &% F¥ 7143 =74 8| 100%
NE (BAAR &4 % ZPEE Aol wrdAF 2A)
&AL S ol &3t AdE 2EFH 754 100%
or 8 oulo] T3 Algol thed &% SA9F 28 dF AY
=l = pul . -
LZEALF o] A dEAY A4 2 (58 22| Penking)oll ot
e A= A3 2EY Tsd AR g9 tigk 35 Y 100%
- - MALEFAZF A D S3713F d5)S AT °
Ay A H 24
AbEE A e 25 FE&uE HH FEx1 .
o 100%
TZAAANE 3L HAx . . .
EEANEEE N aia e s 24 we A4 Aw |
=88 iR i
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FE&E&50 e ddIF P EFEFTY HA 100%
Hi e & AT °
+F 28 AR AL 87 2l S8 850 BE WY ¥ HHxAH 100%
A A ’
4% THE FAE 2 FESGFE W& HA 0
W gl A 100%
2zA8 AEs o AS U9 ZFAE AF3 HFAS 7lE AR 7 100%
]g - T BAR Ass dgAs Ve 2 37FE AL 100%
LS AEsE o FAALE Al 2" w2 100%
E7FAZ(AYLEA D)ol w2 AYsE 7]E &Y 100%
TLEAE TR WE AN Ak, Akl ol Uer ALk 71E &9 °
A B e &9 E—%/\}% A8A #e 2 FEs E253 #YAAES 0
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= H
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°Kim, D. H., Noh, M. Y., Park, K. B. & Jo, Y. H. Expression profiles of two thaumatin-like
protein (TmTLP) genes in responses to various micro-organisms from Tenebrio molitor.
Entomol Res 47, 35-40, doi:10.1111/1748-5967.12197 (2017).
°Noh, M. Y. & Jo, Y. H. Identification and sequence analysis of two thaumatin-like protein
(TmTLP) genes from Tenebrio molitor. Entomol Res 46, 354-359,
doi:10.1111/1748-5967.12198 (2016).

e Chitinase #2 &43s} =1 &4 ¢35

SCIE)+=% 3¢ &% ¢8
-Kim, M.-W. et al. Extraction of chitin and chitosan from housefly, Musca domestica,
pupa shells. Entomol Res 46, 324-328, doi:10.1111/1748-5967.12175 (2016).
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-Kim M-W, Song Y-S, Han YS, Jo YH, Choi MH, Park Y-K, Kang SH, Kim S-A, Choi C,
Jung W-J (2017) Production of chitin and chitosan from the exoskeleton of adult
two-spotted field crickets (Gryllus bimaculatus). Entomol Res 47: 279-285
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-Kim MW, Song YS, Seo DJ, Han YS, Jo YH, Noh MY, Yang YC, Park YK, Kim SA, Choi
C, and Jung WJ (2017) Extraction of Chitin and Chitosan from the Exoskeleton of the
Cockroach (Periplaneta americana L.). Journal of Chitin and Chitosan. 22(2)

-Seo D-J, Moon C, Song Y-S, Choi S-H, Han YS, Jo YH, Noh MY, Jung W-J (2017)
Production of N-acetyl-glucosamine by Chitinase from Serratia marcescens PRNK-1
Using Chitin Obtained from Edible Tenebrio molitor Larva. Journal of Chitin Chitosan 22:
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-Jo YH, Song Y-S, Edosa TT, Seo D-J, Won R, Bang IS, Han YS, Jung W-J (2017)
Characterization of Chitinase from Bacillus thuringiensis Isolated from the Dynastid
Beetle, Allomyrina dichotoma L. J Chitin Chitosan 22: 264-270
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e 1079] S&wE 53
o[dentification, sequence analysis and expression profiles of two Thaumatin-like genes in
responses to various pathogens in Tenebrio molitor
o[dentification, in silico analysis and expression analysis of attacin gene family in Tenebrio
molitor
oProduction of polysaccharide extracted from housefly (Muscadomestica) pupa shells
oExtraction of chitin and chitosan from the exoskeleton of adult two-spotted field crickets
(Gryllus bimacylatus)
°Cloning and overexpression of 71 kDa chitinase from the Bacillus thuringiensis GS2 strain
°Cloning and expression analysis of serine protease inhibitor 22 (SPN22) in Tenebrio
molitor
°Production of N-acetyl-glucosamine from whole body of Mealworm (Tenebrio molitor)
larva by chitinase
oProduction of polysaccharides from the exoskeleton of the Cockroach (Periplaneta
americana L.)
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°Manufacture of chitin and chitosan from exuvium and whole body of Mealworm (Tenebrio
molitor) larva

o[solation and Characterization of Chitinase-producing Bacterium, Serratia marcescens
PRNK-1
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	오리와 반려자견의 생산성 및 면역력 개선을 위한 곤충기반 맞춤형 사료개발 및 산업화 최종보고서
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	2. 연구수행 내용 및 결과
	가. 1차 년도 연구내용 및 결과
	○ 곤충 AMP 발현 최적화 및 극대화 조건 확립
	• 곤충의 AMP 생산 극대화를 유도하기 위한 다양한 Biosafe Immune Elicitor 탐색/발굴
	• 발굴된 최적 Biosafe Immune Elicitor를 Target insect에 주사하여 항균활성의 유도능력교차 검증
	• 곤충 종별 키틴 분해물의 2차 키토산 제작 시도(경제성 분석 후 차년도 계획에 반영여부 결정)
	• 우수 항균활성 키토산 분해조건 시도(경제성 분석 후 차년도 계획에 반영여부 결정)

	○ 곤충의 chitin을 효과적으로 분해 할 수 있는 재조합 chitinase 저가 생산기술개발
	• 곤충에 대한 chitin 분해 활성이 좋은 chitinase 탐색 및 발굴
	• 발굴된 최적 chitinase의 저가 발현시스템구축
	• 단백질 분해효소 프로테아제(Protease), 펩티다아제(Peptidase)의 곤충 종별 가소화 조건 확립 시도 (경제성 분석 후 차년도 계획에 반영여부 결정)

	○ 육계 및 오리에 대한 곤충사료의 생산성 향상에 대한 실증 시험
	• 유용곤충자원을 이용하여 개발된 맞춤형 기능성 사료에 대한 효능 육계와 오리 실증 시험
	• 육계 및 오리(백색육용오리 Penkin종)에 대한 맞춤형 기능성 사료급여에 대한 성장능력 개선(일당증체량 개선 및 출하기간 단축)을 위한 성장능력 조사 및 분석

	○ 곤충자원사료 활용 전처리 조건 설정
	• 사용목적에 따른 곤충의 추출용매별 최적 추출조건 연구
	• 건조시간 별 수분함유량 측정에 따른 최적 사료 수분함유량 조건 연구
	• 사료효율성을 고려한 적정 곤충분말 입자 크기 연구

	○ 곤충 활용 사료 생산 환경 연구
	• 활용용도에 따른 단일곤충 및 혼합곤충종의 최적 배합비율 연구
	• 곤충별 활용용도에 따른 혼합방법 및 최적조성비 연구
	• 곤충 종류별 투입량 및 수분함유율에 따른 최적 배합비 연구

	○ 곤충사육 자동화 대량사육 기술 개발
	• 국내외 곤충사육 자동화 대량사육 기술 자료 수집
	• 경제적 자동화 대량사육 기술 및 환경기준 개발
	• 곤충사육 자동화 대량생산 시스템 매뉴얼 작성

	○ 곤충사육 규모에 따른 사육 시설 및 방법 기준 확립
	• 농가면적(생산시설)에 따른 생산 기준 확립
	• 생산량, 생산인력에 따른 생산 기준 확립
	• 곤충사육 위생적 관리 및 공급을 표준화 관리지침을 확립

	○ 곤충자원의 영양가치 평가 및 단가절감형 곤충의 건조방법 설정
	• 영양가치 평가(수분, 단백질, 지방, 회분 함량 등 측정)
	• 건조방법(냉풍건조, 열풍건조 40~80℃, 동결건조, microwave건조)

	○ 곤충자원의 세대단축기술 개발 및 발육단계별 적정 먹이원 선발
	• 부화시기 조절기술(휴면타파기술, 부화촉진 온습도 설정 등)
	• 발육단계 및 영양원별 먹이 선발(주사료, 보조사료 선발)


	나. 2차 년도 연구내용 및 결과
	○ 선택된 대상곤충의 최적 면역 유도기술 개발
	• 선택된 대상곤충에서 발현되는 항균펩타이드 탐색 및 최적 발현조건 조사
	• 1년차에 발굴한 면역유도물질을 이용한 항균활성 유도능력 검증

	○ Chitinase 최적 활성화 조건 탐색
	• 생산된 chitinase를 이용하여 곤충탈피각에 대한 최적 활성화 조건 탐색
	• 실제 사료가공공정에 반영하기 위하여 생산된 chitinase를 이용하여 곤충분말에 대한 최적 활성화 조건 탐색

	○식용곤충을 활용한 반려동물 간식 제품개발
	• 식용곤충인 갈색거저리가 포함된 연어 또는 갈치 기반 반려동물 간식의 제형 연구
	• 식용곤충인 갈색거저리가 포함된 연어 또는 갈치 기반 반려동물 간식의 성분분석 및 기호성 테스트
	• 생산된 반려동물 간식의 유통전략 수립

	○ 육계 및 오리에 대한 곤충 사료의 육질기능 및 면역력 개선에 대한 실증 시험
	• 유용곤충자원을 이용하여 개발된 맞춤형 기능성 사료에 대한 면역력 및 육질개선에 대한 육계, 오리 실증 시험
	• 육용 실용계, 육용오리에 대한 육질기능개선 및 면역력 증강을 위한 조사 및 분석

	○ 곤충자원 활용을 위한 사료 영양 성분 분석
	• 단일곤충 사료 영양학적 가치 판단을 위한 곤충별 성분분석
	• 혼합곤충종의 최적 배합비율에 따른 사료학적 성분분석
	• 곤충 사료 유해미생물 제거를 위한 공정 개선 연구

	○ 항균력 유도 곤충 현장 적용 시험을 위한 제형 연구
	• 활용용도별 사료흡수효율을 증진 최적 제형 연구
	• 가금류, 반려견의 선호성을 증진시킬 수 있는 최적 제형 연구
	• 항균 유도 곤충의 가축사육단계별 최적 제형 연구 및 사료 제품 생산

	○ 곤충 기능성사료 제품 조건별 사료(오리) 시제품 생산
	• 배합조건 및 항균력 증진 조건별 시험용 시제품 생산
	• 곤충별 항균력 극대화를 위한 유도시스템 적용 연구
	• 키틴 분해 미생물 첨가 사료 시제품 생산
	• 현장실증 예비시험을 위한 곤충 사료 시제품 생산

	○ 대상곤충의 대량생산 시설 체계 및 자동화 장치 구축
	• 생산비 절감을 위한 곤충사육 자동화 장치 개발
	• 곤충사육 자동화를 통한 대량생산 시설 체계 구축
	• 곤충사육 자동화 대량생산 기술 경제성 분석

	○ 곤충사육 자동화를 통한 공정개선 기술 농가보급 및 현장 실증 적용
	• 곤충사육농가에 곤충사육 자동화 생산시설 농가보급
	• 대상곤충 보급 및 생산기술 컨설팅
	• 농가별 대량생산 자동화 기술 경제성 분석

	○곤충자원의 기능성분 분석 및 효능평가 후 적정 수확시기 설정
	• 기능성분 분석(아미노산류, 지방산류, 무기성분 등)
	• 효능평가(항산화활성-전자공여능 측정, 항염증활성-아질산염소거능 측정 등)
	• 성충 채취시기별 영양성분 및 기능성분 분석

	○ 연중생산에 알맞은 최적 환경 설정 및 대량생산 시설체계 개발
	• 연중생산을 위한 사육밀도 및 최적 환경 구명, 대량생산을 위한 사육 모델 설정


	다. 3차 년도 연구내용 및 결과
	○ 사료공장 현장 적용
	• 항균활성이 극대화된 고기능성 곤충대량 생산기술 현장적용
	• 곤충기반 사료 가공공정에 chitinase 처리 조건 확립 및 현장적용

	○ 반려견에 대한 곤충사료의 면역력 증강에 대한 실증 시험
	• 유용곤충자원을 이용하여 개발된 맞춤형 면역력 개선 사료에 대한 반려견 자견실증 시험
	• 반려견 자견에 대한 생후 6주령부터 실시하는 예방백신(홍역 및 파보바이러스)1~5차 접종(2주간격 접종)에 따른 면역력 개선 효과 분석

	○ 곤충 항생물질 증대 기능성사료 시제품 개발
	• 항균물질이 증대된 축종별(반려견) 곤충 사료 시제품 개발
	• 현장실증시험을 위한 곤충 사료 시제품 생산

	○ 시제품 디자인 및 제품 포장 연구
	• 제품의 고객선호도 향상을 위한 고급화 디자인 연구
	• 제품 저장 및 유통을 원활하게하기 위한 포장 규격 연구
	• 제품 판매활성화를 위한 다양한 제품 구성 연구

	○ 곤충사육 자동화를 통한 대량생산 시설체계 모델 제시
	• 생산비 절감을 위한 곤충사육 자동화 대량생산 기술 확립
	• 농가별 대량사육 자동화 기술 확립 및 구축
	• 대량생산 곤충 수매를 통한 농가 소득증대
	• 농가별 대량생산 체계 경제성 분석

	○ 고효율·고기능 곤충사료제품의 마케팅전략 수립
	• 곤충사료 효과 및 효능에 대한 홍보를 통한 전남 HACCP인증 오리농가에 보급판매
	• 반려견 관련 국내외 전시회, 박람회 참석 곤충사료 브랜드 홍보 및 판매
	• 국내 반려동물 제품 유통망을 활용 애완동물병원 납품/판매전략 수립

	○ 곤충자원의 기능성 및 안전성, 유해성 평가
	• 영양 및 면역강화 기능성분 분석
	• 안전성 평가(세포독성평가, 동물실험(rat)-단회투여독성평가, 반복투여독성평가)
	• 유해성 평가(유해가스, 중금속 검사)

	○ 연중 사육체계 및 농가규모별 생산체계 모델 개발
	• 연중 사육 가능한 시스템 구축 및 농가규모별 생산체계 경제성 분석
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