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HX 2| F5(mealworm, superworm; &, FEHUF)

Mol o ZMI{X2|(LY, Tenebrio molitor) <t ‘otH| 2| FtEH Ml (FH LY, Zophobas
atratus E£= Z. morio)’ 85 == WH7|S 7+ Helst oz AxYUS Fe SHR(fA%E) el
o Hg metsict.

AUHE . AZNES| 2 =chlZ 46~57%, Z=X|4+ 24~37% B 4~T7%, =32 3~4%,
=& 5~8% MTolcl.

TALE  F2 A0 - =7, Ofj2kE IEF 52 s24 A Sgoz AxUY, HEH
HEY 5o HEYSR AlSo| 551 Uct. AxYHo2E SHAZT, dEH=x 50| Ut 3
ghM H7[Ef R A &2Fo| 0.5% o|2tolofof shot

A= 2ol (dried cricket)

Mol . AEE2to|(Gryllus bimaculatus)’ b ‘2 52l0|(Teleogryllus emma)’ 2 F&
(2kz) = ME2 712 Helst A

+'%% 58-60%, x| 14~16%, T

HAUHHE - x=ch , 6~7%, =3 6%, T& 5~7% M TO|Ct,
DAt 0 F2 BAOf, IR 2 0fj2t8 ©ER So 524 el 3oz w51 AUk
S27ix FFelols yirix et Bot Bao| Aok FILy U2 gtzfol 0.5% ofak
olojof stet

HAZ=ME7((dried grasshopper)

Mol ‘f2|tHH 57| (0xya chinensis sinuosa)’ 2t ‘E2X[(Locusta migratoria
migratoria)’ o F&5(¢4%) £= A5S 713 Mg 4.

AobR b« Il 64 66%, ZAIH 6-11%, ZAHT 8~ T8L 4~b%, +E 6~9% HTol

DAtE - FE mERet =R Ho|2 ALSE0] ¢on] J|E oSS Hol2E 25
G7|ef = A FHeFol 0.5% o|gto|ofol Fhot.

SofSoll F=(black soldier fly larva)

HMeo| . ‘olH|2lFIs0lSoll(Black soldier fly, Hermetia illucens) =& = HOZ|E 715 X
2t A.

Aok o ZCHHA 40~43%, Z=X|gt 28~30%, =MF 7~8%, =3[& 9~15%, & 7% MO
ct.

DAte @ 0|22 "R ZUY oM E YA (Phoenix Worm)Ol2tE AHEHoz FEET U

Cf. 2l2d FIlef2 2 at&ol 0.5% ojetolojof Bhot,

i

H._4|11I7|(pupa si lkworm pupa) i

Aol : Holl(Silkworm, Bombyx mori)’ ®& E£& HOHZIE 7t5 X2lst A

oty AX WO Y|(Foll) o AP FEHMA 5% EX| b 28%, TAT 5%, E3E 5Az, =2
7~8% A To|Ch wi|7|ute ZehU A 71~72%, =X 2 3~4%, TAR 5A>, T3 Z 5%, F= 9~
10% M xo|Ch.

TIALE - F2 Mo, =F ¢ of2tE IEF 5o 524 i SZHe =z &1 /Ut 3
uh SATEf R A 2ol 0. 5A= II'I‘:‘._F0|01Ok s

II

e

2l (blood worm)

Aol @ =ETjo ofHa (RS2 Hx, & S 7I3HMels Aol Fhetct
PAHE  AxMES 4 A 57%, =X 6~7%, TR 3%, TIE N, TE % T

o|ct.
T2ALE ¢ T2 Gojo] £ 20, &
2 #8512 et ek HIEfE 2 at@ol 0.6% ojztolojof Bt

Aol . &ume|(house fly, Musca domstica) 75 = HAHZIE AxX, & S 7= X2l Aol
S

oodoo”‘o*.E : _7E’:._|'“—. 2l 57~63%, =X|29.3~25%, =M T 6~7%, =32 5.3~12% HTo|C}t. ofX]|
H(arginine) tl(metmomne) POIAl(Iysme) Szt fojegte] 22 3Z2
! I} ¢ $#==Zo|ct, (Teotia and

Hu rlo

, = &
°E'4 I31°F ofol it B2F2 fFEECH 21 of

= O"E=|X=1 o

Miller, 1974)

DEfAle ¢ FE HH0E, =R SO ARE 230| Jhssict. LM HIEfE A sHEol 0.5%
o|gto|ofof stct.
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B Holgojof| wE SofSol FF zE

(1) 7138 S4= 72 20 SIS0l X 7tS33HK| %2 S4= HIIE 20 SoSol =2 &

- Jtset M= HI|E(2H 2 4= HI|2)E S0ig SofSol2 detdE, JEtdE, ookt
ZHE ML JiSsHA| @2 SAlE IS A)S =0ie Soisolel LEME, JIEtYE, of
o=t =4 24

- ZIAM 22X gy 2 o BX| Y ol et =AY 2 24

(2) Holzofo| E SoSole 75 38 =Xzt

7ttt M= Hrl2S 20 sisole d=2 XEF0| Hof Z7|AH EXHo| =275 &
g EXHE

AL
T
7S5 @2e =

1> o

= HZ|= SO Sol= d=2 XLetEo| ot 7|AH EX|Ho| Jts

o

=0

rot

o A7 MF UE

(1) SofSoll = THA|

(2) 7138 S4= H7IE 20 SIS0l X 7tS5HK| %2 SA= HIVIE 20 SoSol =2 &
s )

SojSoflol= oF 45.36%2 ZEFo| BRSOl Yol PR3 HHE IFAUY
2E ol 2ol olnt 2ol ulBo| 119l BBkl SojSolE 1:1

gME zast & = US

o Sol &2 ot=27|(arginine), ME/2H (methionine), 2FO[Al( lysine) 2t Z2 Z==olo| =AH0]
ZL5 cHE 50| = UEN ARE 25

ok EXsE Xeda 2|2 S IR0 2ot dULE ClE SR on] Hodad skAlnl Mgzl
4 2 ofzde ddMs E0E

S0 Soll M stA=Zlo| A QEHES UXE = U= AEHINMZ 41D JUS

’ ’ —= o™
4R = Ax 22 Soz FA|sto{of shch,

—

2 xx|dt x3ES SEFTE o ¢
oo, Atzo| Hejo w2 2 i
SofSolel mafAlsto=E Blwy HI|efAs B2o| 0.5% 0]atolojo B,
YoM E: ECHUE 40-43%, ZX|W 28-30%, EAF 7-8%, 3| 9-15%, 2 7% Tolct,
AE 2% XCHE 50| HUNE 2ot 2oton TR, x32o
Znigts Qe ol2i3t olfRE AWs ©x ARV HEoR potEct

Sof Sofle] DALt R 32t (e AL B2 0.5%0/8H0] JUEC F AR 2F FHLA Hole) B
st2tol 0.04%= TafAbE el Lol sofgtct,

T4 oln|iitel ZItZ JIBEIA| e 242 HIYIE 20 S0HSoI7t PA ofolmi BRI H &
onf S5 "4 ofo|mAtel S|AE|H, o|aRAlL, R4, 2lol4l, HERH, HELRIH, Eald, ¥
o gRE E3t ISRl gl 342 HIYIE S0 SofSoivt o ol ERstm Uct,

ALZ2 0| 8A| Bate| 37| =3t 23 DALl I8 SAE HIIE 30 SofSolls Yxte
3717} A0 psiA g e, J1ZEiA| g2 2AE HYIE 20 SofSolE Yxtel 3|7} Ao

ols Py =)
nst 258 el

i rjo 4n

(3) Hol=0ojol E SofSollel 75 38 =3t
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L]

SO Solle| X|getgre 28~30%=2 Alatu o (ol 7| 2o X SHES
7| Zo A LHE ALZSSIRXT SHFJAT2Z 2ol Sofsoll 222 7H4
E"Il Hibo{ = ELAH
= [===] [ == R |
S0 =X SHES ALZstH 2 e 2ILslofst :
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(2) HolFojoll & SofSole 7183 T zHz|

B 7iset SA=E I =0 Soisal =HH W JIS5HX] 2 4= HI[E 29
23 x5 B3

a2 42

! 1

Washing Washing

[1Cycle) (1€ydle)

. !

Blanching{1:4 w/v) Blanching(1:4 w/v)
(100+12€, 40sec, Skg) (100+1°C, 40sec, Skg)

' !

Freezing

Freezing

g Hot-air drying
s
, 651

l Maisture content 713

| Moistre contene 2156

il expression {15} Defatting)

99,9% EtoH, Hexane (Defatting)

|
' ' ! ]

oil Insect powder ail Insect pawder

I I !

Hot-air drying 0il refining process
(40°C, 0.5h)

0il refining process

= T =/ =<
SAE el 27 Qfatul =5 2
- A== 2 (g) | g 24 (9)
oole - (9) (%)
S0 S =04 900 492.80 407.23 54 .75%
0{ _(?_OI E'j-{ OI-;'5||-|:_|||. A _<|>_
| 7t & HZ=E 2A (g) | &=l 27 (g) 2 - =
oo o (Q) (%)
E”-:” ::104 o
2360.11 2082.75 240.82 88.24%
—DRHA -
B S0 S0l 72l thE Maks fsh 28 34 &
(1) Sofsoll 7fr-EsllE iz A2 st 23 3y &
- S0l Sollel d&2 Otz ®XIsH| s ©@X 83 % HEX SHo=z MME FofSol
-7 &4 JIeEsE2 g8 T 01tsto] THALE MAHSHL MSUS SZAAXSI0] A
3t =82 1125101 XALE ZESI0] ALSStE EF 90% OlA&e =82 E¢
- MAXMOo=Z 0|57 s SZAZE Uil HEHE SHE 0|35t THAE &&s5t=
EMHoM 228

(2) SO S0l 7t==sll= ey ML Fool| EEEH 2E
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B =Ho|Z 0ol e SofSollel LuteE % ofo| =AM &S
- SAE {72 O|ME dg
Trait = 0d oA2 H|2 20f | M0 CO | M9 CT | M8 C2 | M7 C3 | M6 C4 | M5 C5
Moisture (%) 3.29 5.41 8.64 8.72 10.08 | 13.09 6.12 7.73
Protein (%) 60.71 58.97 50.29 58.21 55.63 | 55.95 | 62.97 64.3
Fat (%) 8.93 10.73 18.31 10.01 13.75 | 11.71 10.31 8.09
Ash (%) 10.51 10.46 11.58 11.44 9.65 9.66 9.32 9.46
ota| =&
Asparﬂf acid 5.51 5.36 471 57 | 567 | 567 | 626 | 6.38
Threonine (%) 2.46 2.29 2.02 2.35 2.29 2.31 2.56 2.61
Serine (%) 2,72 2.39 2.11 2.35 2.26 2.28 2.53 2.56
G'“tarﬂ/l’c acid 6.77 6.36 5.69 6.41 5.98 6 6.73 6.92
Glycine (%) 3.32 2.94 2.57 2.91 2.8 2.87 3.23 3.29
Alanine (%) 4.44 3.62 3.1 3.48 3.14 3.31 3.66 3.71
Valine (%) 3.76 3.43 2.93 3.38 3.26 3.33 3.71 3.77
Isoleucine (%) 2.48 2.34 2.02 2.35 2.27 2.3 2.67 2.59
Leucine (%) 4.07 3.79 3.29 3.85 3.75 3.79 4.22 4.31
Tyrosine (%) 3.84 3.73 3.13 3.82 3.88 3.85 4.02 4.27
Phe”%’]ﬁ'a”'”e 2.4 2.34 2.04 253 249 2.49 275 282
Lysine (%) 3.44 3.58 3.2 3.72 3.62 3.58 3.97 4.07
Histidine (%) 1.82 1.8 1.55 1.92 1.79 1.8 2.05 2.02
Arginine (%) 2.97 2.95 2.62 2.92 2.81 2.8 3.07 3.14
Cystine (%) 0.47 0.51 0.46 0.49 0.48 0.45 0.53 0.53
Met?(l/fn'”e 1 0.99 0.86 103 | 104 | 102 | 112 | 1.15
Proline (%) 4.03 3.46 2.81 3.22 3.04 3.08 3.55 3.52
H Ho|Zz ool wE ol Sollel A7t & X[HHaE s
Falty  m10 M9 M8 M7 M6 M5
(%) co C1 c2 C3 C4 C5
Capric 1.12 1.13 1.24 1.24 1.30 1.26
Lauric 28.34 25.54 28.86 28.86 28.92 29.31
Myristic 5.96 5.22 5.40 5.40 5.14 5.21
16 - ) »
o DUnrefined oil mRefined oil Pa'g"“ 1965 1894 17.34 17.34  17.21  17.23
A
N B K Stearic 3.66 2.86 2.83 2.83 2.92 2.67
12 4 Ex Other
= c a saturat
50 10 A ed 0.24 ND ND ND ND ND
& fatty
_% g - C 5 acids
= Total
Z 5 saturat
; [ D ed 58.97 53.69 55.67 55.67 55.49 55.68
d fatt
4 - iy
E e acids
] Palmit
2 ’—1—‘ ; I oleic 4.96 4.97 4.58 4.58 4.85 4.73
0 _— Oleic 21.17 25.92 25.55 25.55 26.42 25.86
MI0PO  NM9P1 MSP2 MTP3 MaP4 M5P5 Linolei
'”CO € 953 1216 10.81 10.81  10.13  10.45
Li”i%'e” 0.89  0.94 077 077 0.58 0.65
Stearo
donic 2.47 0.83 0.64 0.64 0.64 0.68
Other
unsatur 2.02 1.53 1.58 2.01 1.92 1.97
ated
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fatty
acids
(%)
Total
unsatur
?;‘tat?/ 41.04  46.35 43.93  44.36  44.54  44.34
acids
(%)
(2) SOl S0l J-EalE ty Mas s 25 BY =Y
B S0is0l 54 JlSEele Oy dNs A8t 55 35
29t 32t
| BEIIEUHEN £ | | 2EZSEUEN 5D |
l I
| e | | A= |
I !
| CI&I7| (1:4 wiv) (100°C, BOsec) | | BI#I7| (14 wiv) (100°C, GOsec) |
l }
| TE HE (6575 h, 70°0) | | Z AE (65— 7.5 b 70°C) |
| |
| JIAE 2% BREA) 0 | | ZIAT $R BRET) X |
' }
| B4 7223 (12h) | | B4 LR (124) |
I
[ =rszssgmzsowg | [ szszystgmzgowg |
| SZ00C WEL =2H), (121 | | S=awC T S 2HA), (12

1—r}|,m-a— q—ﬂnq—

,

EEAL

i |

49
]
Hr
A
o
o
g
ofH
e
ki

Aspartic acid (%)

Threonine (%)




Serine (%) 2.07 1.06
Glutamic acid (%) 6.14 4.06
Glycine (%) 3.03 1.83
Alanine (%) 4.24 2.52
Valine (%) 3.55 1.98
Isoleucine (%) 2.41 1.59
Leucine (%) 3.87 2.45
Tyrosine (%) 3.66 2.0324,
Phenylalanine (%) 2.42 1.53
Lysine (%) 3.40 2.21
Histidine (%) 1.48 0.92
Arginine (%) 2.68 1.44
Cysteine (%) 0.37 0.22
Methionine (%) 0.83 0.63
Proline (%) 3.55 2.20
= (ppm) ND ND
FtE& (ppm) 0.73 ND
=2 (ppm) 0.0294 0.0086
VBN (%) 0.11 0.18
Ca 2.74 2.32
P 0.72 0.51
KOH &3l = 83.29 39.41
Pepsin 22t& 79.61 71.00
g Z 20o|E{(cal/g) 3727.80 4638.88

—3Atd -

B Sof 3ol 4 uf oS

(1) M W o2&
- My U o|2E =2 Mg =ES 2cl Soisd X 2ol 24 iR Y T FZ2, 9=, 2
SAxE MASD 2318, BT, R U FIHAHM, SEELXS, 228KS S| J|5H

S42 "ote,

(2) SOl Soll 2= Azwy &2(HeA He)

- SOHSol &2 g HA=xE fIet ¥&, T3, =4, 5 dxdH 3 i dxgHo| Mt ¢
He 27| 93| AEe sHE,

(3) SOfSoll X £ BT E 07| AAsh TS0 LE L Mz Wy 4y

- 242 JteEdio tiEh HE HUS SEE SIS HELE =2 7 Uc 0dEE &35t L=
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- = = = A = = = =
B SoiSol 4 U 0|88 s Ay &y U ST A3S A% AN IY =
(1) 4 W o288 =2 Mg &l dut
W SoiSol 2X 2 AN 3 =Y W S0iSol 2X Y AN 5 JEs 3
Frozen Black Soldier Fly Larvae
{-20°C}
f Grinding (Black soldier fiv larvae)
. |
Thawing at room femperature :
{23°C) ¥
' Enzymatic hydrolysis
Shaking incubator, Temp.(50°C),
Time {24 h). Revolution {150 rgem}
Washing E
2 cyele} i
2¢y +
Enzymatic hydrolysis inactivation
A Temp.{93°CY, Time {20 min}
Blanchiug E
{100°C, 40 sec) !
¥
Centrifagation
3 Revolution {3,134xg). Time (20 min)
Washing
{I cveley !
¥
! Supernatant
Hot-air drving E
£70°C. 7 h} ¥
Brying {freeze, spray, hot-air)
‘ |
Befatting A 4
{Leycle) Grinding
{Biack soldier fly Iarvae hvdrolyvsaie)
A
Grinding (Black soldier {ly Iarvae)
B S0fSof B Fore| AUNE 3 SHSMAER J[F U 7
Traits MAFRA BSFLDF
Moisture - 4.70
Proximate Protein - 62.81
composition Fat - 8.39
(%) Fiber - 9.79
Ash - 8.50
Pb <30 ND
Heavy metal Cd <50 0.25
(mgfke) Inorganic arsenic - ND
Hg <0.5 0.0055
VBN . o
Volatile basic nitrogen <0.5 0.03
(mg %)
B OEHA AIbgol ME ERX Hoo Hut 5485
Sample Recovery (%)
SD-DE05 57.02+2.13°
SD-DE10 65.33+£2.31*
SD-DE15 67.25+1.82°
SD-DE20 59.62+1.14°
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B A Mool uis FEEY o iy &y
Sample Moisture (%) Crude protein (%)
SD-DE05 4.57+0.40° 28.06+0.36°
SD-DE10 4.5440.28" 16.39+0.28°
SD-DEI5 4.13£0.16° 12.57+0.29°
SD-DE20 4.20+0.13® 9.94+0.23¢
B F8A Hotd E & Eclus &
AR 7| E Eclus Y
%00 A 9 A
@ 8
750 | B BC g
—_ C 4] 7 B
Ee00 ¢ Zs
£ 0 Es i
@ 4 o E
300 %3
A 2
2 2
150 | z
g1
8 1 1 1 0 L L .
SP.DE0OS SD-DE10  SD-DE15  SD-DE20 SD-DE05 SD-DE10 SD-DE15 SD-DE20
W AEwHol e SojSol &4 JihEs 2o Uuk M
. . Nitrogen-free
Sample Moisture (%) Crude protein(%)  Crude fat (%) Crude ash (%)  Crude fiber (%)
extract (%)
DF 4.70+0.22° 62.95+0.42° 8.23+0.23 9.58+0.30° 8.49:+0.02° 6.4440.22¢
FD-ND 11.57+0.22° 70.05+0.26 0.80+0.26° 0.99+0.16° 10.29+0.05" 6.03+0.44¢
FD-DE10 2.72+0.23¢ 17.28+0.07° 0.38+0.10° 0.320.09° 2.45+0.01° 76.75+0.15
SD-DE10 4.54+0.28° 16.39+0.28¢ 0.38+0.03° 0.34+0.11° 2.41+0.04% 75.66+0.40"
HD-DE10 9.59+0.20" 15.82+0.10° 0.41%0.08° 0.44+0.15° 2.29+0.02¢ 71.65+0.05°
W AEYHo ohE SojSo &4 JiEs 2o ofo|ik B
Traits DF FD-ND FD-DE10 SD-DE10 HD-DE10
Arginine 3.13+0.04° 1.56+0.06° 0.34+0.01° 0.33+0.01° 0.23+0.01°
Histidine 1.96+0.08° 2.37+0.15° 0.54+0.01¢ 0.52+0.01° 0.48+0.01°
Isoleucine 2.57+0.06* 1.7240.04° 0.42+0.01¢ 0.40£0.01¢ 0.294+0.02¢
Leucine 4.32+0.01° 2.6240.25° 0.70+0.03° 0.6440.03° 0.384+0.02°
Lysine 3.79+0.04° 4.16+0.01° 1.02+0.02° 1.00+0.01¢ 0.92+0.01¢
Methionine 1.02+0.04° 0.39+0.01° 0.13+0.01°¢ 0.13+0.01° 0.110.02°
Phenylalanine 2.62+0.01° 1.1120.03° 0.27+0.04¢ 0.254+0.02¢ 0.2240.01¢
Threonine 2.50+0.01° 1.67£0.01° 0.4240.01° 0.41£0.01° 0.35+0.05°
Ami id . . .
o act Valine 4.10£0.61° 3.0120.04° 0.81+0.01° 0.78+0.01° 0.53+0.03°
composition ) i i i
@100 g Alanine 4.33+0.01° 3.20+0.24° 0.81+0.06° 0.77+0.06° 0.44+0.02°
Aspartic acid 5.73+0.04° 5.68+0.11° 1.38+0.01° 1.32+0.01° 1.21+0.10°
Cystine 0.55+0.01° 0.4240.01° 0.15+0.02° 0.1240.01° 0.1240.01°
Glutamic acid 6.75+0.06° 9.11+0.66° 2.11£0.05° 2.05+0.02° 1.95+0.04°
Glycine 3.24+0.04° 2.95+0.02° 0.72+0.01¢ 0.69+0.01° 0.53+0.03¢
Proline 3.74%0.06* 3.4240.06 1.00+0.13¢ 0.98+0.09¢ 0.70£0.01°
Serine 2.68+0.01° 1.710.02° 0.44+0.01° 0.4240.01° 0.36+0.05°
Tyrosine 3.86+0.06° 1.81+0.01° 0.40+0.01° 0.35+0.06° 0.30+0.01°
Sum of total AA 56.86+0.4° 46.85+0.25" 11.60+0.01° 11.10£0.01° 9.07+0.34¢
W ZEwol o2 SojSol a4 IR 2o 318 o Faleyy
3 S i o
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A 3 B oo
A 250 A
25 ) |
2 200 .
s [, < g
E 15} =180 F ¢
[ o
- =
= 100 D
0s | 50
0 L L \ 0 L L )
FD-NDE FD-DE10 SD-DE10 HD-DE10 FD-NDE FD-DE10 SD-DE10 HD-DE10
B Z=x=4Ho| e S|S0l &2 76 2 FEEFX T ¥ =23 Xx
TEESR| S Sp=-L b
A 4 A ]i 100 8 A AB
zs g " ¢
= £
2 pe 60
£2 £
2 z 4
é 1 B B E
E C ‘E 20 D
i N . B A 00
DF FD-NDE FD-DE10 SD-DE10 HD-DE10 DF FD-NDE FD-DE10  SD-DE10 HD-DE10
B ZA=go e Sosol §4& JE6] 2o Sl & 4SS
KOH = Pepsin &3t
A 100 B 100 A A
B £ £
B B
g 80 :\; 95
£ z 9 .
S 6 2 <
Z 40 £
S 2 J 75 |
0 70 ‘ : -
F FD-NDE FD-DE10 SD-DE10 HD-DE10 DF FD-NDE FD-DE10 SD-DE10 HD-DE10
(2) oS0l ==& HA=x=ubH & (He2 gHY)
B S0iSoll ZHA=x=uof meE LuEE
Traits HD-BSFLY VD-BSFL FD-BSFL CD-BSFL
Moisture (%) 5.66+0.25%% 5.58+0.43¢ 6.45+0.38" 7.09+0.38°
Crude protein (%) 41.30+1.45° 38.65+0.082° 39.03+0.182° 37.37+0.06°
Crude fat (%) 34.55+1.87° 35.11+0.13° 32.31+0.28° 35.02+0.68°
Crude ash (%) 13.03+0.34° 12.01+0.27%° 12.68+0.47%° 11.58+0.13°
Water activity (Aw) 0.290+0.01¢ 0.400+0.01° 0.140+0.20¢ 0.610+0.01°
B Sof 3ol A=t o] w2 ofo| =4t B

_18_




Amino acid

HD-BSFLY VD-BSFL FD-BSFL CD-BSFL
(g/ 100g)
Asp 3.84+0.18°%% 3.55+0.06% 3.62+0.05% 3.32+0.02°
Thr 1.67+0.06% 1.59+0.02% 1.60+0.02% 1.49+0.01°
Ser 1.79+0.04% 1.69+0.02% 1.76+£0.02?2 1.60+£0.04°
Glu 4.45+0.40% 3.99+0.03% 4.16+0.04% 3.90+0.06
Gly 2.17+0.01%° 2.11+£0.01° 2.23+0.022 2.00+0.04°¢
Ala 2.75+0.01° 2.96+0.01° 2.64+0.02°¢ 2.89+0.04*
Val 2.20+0.13% 2.13+0.08% 2.15+0.01? 2.01+0.01?
Ile 1.71+0.04% 1.64+0.04% 1.65+0.01% 1.56+0.02°
Leu 2.81+£0.03° 2.69+0.06° 2.73+0.01? 2.53+0.01°
Tyr 2.68+0.01° 2.41+0.13 2.45+0.05% 2.19+0.23%
Phe 1.71+0.06% 1.63+0.04% 1.62+0.02% 1.52+0.01°
Lys 2.59+0.18% 2.45+0.06% 2.45+0.06% 2.31+0.02?
His 1.3240.04% 1.24+0.01" 1.36+£0.01°% 1.18+0.02°¢
Arg 2.08+0.13° 1.89+0.03% 1.95+0.04% 1.76+0.02°
Cys 0.31+0.03% 0.29+0.01? 0.29+0.01° 0.26+0.02%
Met 0.75+0.04% 0.76+0.01?% 0.72+0.02% 0.69+0.01%
Pro 2.48+0.18° 2.30£0.01° 2.46+0.04 2.21+0.072
Total 37.28+1.45° 35.28+0.28%° 35.77+0.25%° 33.37+0.57°
B SoiSol ZAxuto wE & b= &3 2 UM HoJef Fa 8
Traits HD-BSFLY VD-BSFL FD-BSFL CD-BSFL
Total phenolic acid
content 3.83+0.24"2% 4.12+0.13% 4.1940.23? 3.63+0.09"
(mg GAE/g)
Volatile basic nitrogen - ab . a
(%) 0.04+0.01 0.06+0.01 0.03+0.01 0.07+0.01
0
W S0iSol X0l ©E DPPH % H,0,
Traits HD-BSFLY VD-BSFL FD-BSFL CD-BSFL
DPPH radical scavenging
ability 46.51+0.822% 63.72+1.14° 65.18+1.232 43.70+0.38¢
(%)
Hydrogen peroxide
scavenging capacity 73.42+4.46™ 82.76+9.38% 88.02+3.41% 71.03+6.23¢
(uM TE/mg)
(3) SoiSoll EX| 2L B E =0|7] i3 SofSo| g 2 2A M= 2
W U5 A2 M3 B[20| CFE SOSO X Y JifEs Rl JhES
e AL e

Available amino group (4g/ml)

0 6 12 18 24

30 36 42 48 54

Fermentation time (h)

Available amino group (pg/ml)

0 0.005 0.025 0.05 0.1 0.125 0.25 0.5 1 2
Inoculation ratio (%)
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HIS = (=) = = H o Py — = =]
4§ AlZtat 3 v[8o| ctE sofSoll EX| &Y JtrEsiE2 TPC
& A= S
3k A|7F a5 H&
(A) (B)
30 30
—_ a —_
c )
22 b 2z
o o
& @
g £
EEZ EY
s s
5 ]
FiEl o FEd
z £
£
2
18 z 18
=
15 . - - - - - ) 15
0 6 12 18 24 30 36 2 48 54 0 0005 0.025 005 01 0125 025 05 1 2 4 8
Fermentation time (h) Inoculation ratio (%)
His = o = = Hol yAHZ D A=
4§ AZtzt HE v go| CtE SofSoll X 2% JirEsiE2) DPPH 2iC(Z £&H S
ar= = o
g A|7b SE HE
“) (B)
45 45
40 a 404,
b
c fgh efgh ¢h
d
0 : 0
0 6 12 18 24 30 36 42 48 54 0 0.005 0.025 005 0.1 0125 025 05 1 2 4 8
Fermentation time (h) Inoculation ratio (%)
Hi=S = = = = H o AH D
dtg AlZtat HF d[so0l| CtE Sofsoll Bx 29 Ji+Esf =2 FRAP
= = o
ga AZE HE HIS
®)
»
35 35
33 33
L g om
a £
R
] £z
g s £Q s
iZ 52
- = 23 b g = 23
1% ER
§ 19 1 ; 19
= 17 : 17
15 15
0 J 12 18 24 30 % 42 b el 0 0.005 0.025 0.05 0.1 0.125 025 05 1 2 4 8
Fermentationtime;(h) Inoculation ratio (%)
HIS = (=) = = H o Py — = =]
dtg A2t HF d[20| CtE Sof sl Ex 2 I E2 H.0
= = o
gg AlZE & vlg
@) ®
530 530 -
2 520 & 520 -
£ s )
s g
2 500 o
. E
2 2 490 S ®
83 z E
L E a0 28
ER= %z
£ = 55
2 g2
: 460 2
% g
£ 450 4 g
= s
= 440 =
430
0 6 12 18 24 30 3% 42 48 W 0 00050025 005 01 0125025 05 1 2 4 8
Fermentation time (h) Inoculation ratio (%)
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(4) S S0l 2 &2 28 =5

YA Y &Rl

B Soi3ol 22| A =53

H3H 33 NaOH H7iZkol| & &t7F Hst
‘ Black Soldier Fly Larvae Oil |
‘ Degumming |
20
18
%16
‘ Neutralization | B 14
Q 12
Em
‘ Neutralization | % 3
A
I,
‘ Washing | z . . . l .
a.5 2 5 8 10
NaOH H7}2F (%)
‘ Blanching |
| Refined Oil |
B 3030 22 &83 s E I8 M=
A= vy
Ingredient A B C D
BSFL oil 25 25 25 25
E tial
Oil phase Ss(e)ﬁ 1a 2 2 2 2
(&) MCT oil 10 10 10 10
Wax 7 6.5 6 55
Water phase Water 52 52.5 53 53.5
(8) Glycerine 4 4 4 4
Total 100 100 100 100
3 e
A B C D
S b B (26 D
t,,_". y % /
\\4// \\ o \\ p J \h-;h/
NS
Color A B C D
L * 84.38+0.27%° 83.90+0.10° 84.88+0.19° 83.97+0.17°
a x -0.84+0.24° -0.92+0.102 -1.02+0.81° -0.48+0.13?
b x 7.25+0.27% 7.66+0.13% 7.34+0.85% 8.44+0.07%
pH., AA} F7]
Traits A B C D
pH 6.48+0.10° 6.57+0.08%° 6.70+0.082 6.75+0.15%

Particle size (nm)

1063.97+20.40°

971.67+58.68%

1009.60+25.272

1135.47+195.10°
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B 2330|204 3de| A=3E St |72 geot =
(1) 1 Ho| Z0f SE: 5,000kg / 2h

(2) =ol Hef: &4

(3) Ho| T+M

« A2 771 HII= 50%, HE &L S4= S HZI= 30%,

(4) 7|EF Ate

« 2 AR 20 SYEZE XA M 52| @8

« SEYIE M 2 B8 Jts dd|

« 0|37|= HE o|&7|et 237 0|87 57 ALE

(5) =5

o QlAH| HHE ST Wt B H S0l WE Y A gE

H 0SS0l AR I3 Alde oigst 2 85
(1) 1 713 =2%: 80kg / 24h

(2) AlE gE|: 2

(3) At 7A

o CHMZA 45% o4&k, X|2 10% O[& ~ 25% O|st, == 7% 0|5, =

(4) 71EF Abg

. 2 AEE YBSIIE AR HIIEQ 7S
- olof, R3t ¥ 202 ol REES I el
- k2 ¥ B39 2uS AHMS JANY| s 2 =H e

o T M Zm
HEZ|&: 2lHUlo]x
B SofSof H| o (1~2&Hd £)

AL =
T &

=2 20%

B US3 MFZ2te| SOSo FUE

WS SofSoll

HF= SofSol

H7|2 M2 (H) 48.6E (48600kg) 48.6F (48600kg)
H7|S X2| et} 50.0008!/= 120,0008/=

Yoz (g)

4.86E (4860kg)

4.865 (4860kg)

THoj 7+ 7002 /kg

300® /kg

SeE MAZE (9) 19.44& (19440kgq) 19.44F (19440kg)
2HE HojotA 100.0008/E 100.0008/E
Ho|E W 2,430,000 W 5,832,000
AtE W 3,402,000 W 1,458,000
H 2 W 1,944,000 W 1,944,000
s W& 0 0
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(1) AR M= ST HE 2 ’H= AlZF &S A E
H7E % M Ado] 2 SHT
71E G0 AlHo] g 4= Al F)R08 Atm AR 3-8
1. 7|E 30| Aol 2 IHE L} A )2 AR HE 3HE
N2 TS A=
o || =wisy | mywss
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agm s o
i e TR o 2 ool MRl || 2amopmyl || w=owyl
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Z2tel E7t2 #TF 452 ¢elol #.
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- 71& 7219 2ld#g 3212z oA s

7bssHAl =0 Al M=ol 1Y 0| 150% ole 4&35Hi &

(1) F7t= MM tigs 2 285t
o

B AE A= B WF 9 AE Az oS A

71E )1 Ate AR 57 & (16kg/60hr) & )4 Ate AR 57 = (16kg/60hr)
7} 71z Held ME HIE SEE (16kg /60hr ) L} 35 HOY A AE BHE aNZE o)
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—1XHA -

B Soisolel Mxz| 7| ¥ A =& Sd FE(1XdE)

(1) @5 =520 MMl 7l& Ay
SofSollol ZAx W

- AZE 0|ME AT, B4 BN, 2W U2 2 Melstol A8 259 shelf |ifeS B7HAIZIT| 2sl Yt
HMoz AlBsIE JtE7|EY

- S5 2F Azt 52Me Ux 3H 3 7 AAH0ID, ARlolM £ M8F 4 2of Yal AlgsE
A E O
=

SO0 Sofl Mz

- MAels odE A2 dAAstn AZETE ST 7 Bt s X2 E oHX| ¥1E |=2o =E28ES
7| 2oo| Jtset Foz ol &nHEQl gh

- 1 & blanching®2 ¥HM T S0| ol s g4 &2

- Blanching'®¥!, Roasting, Superheated®| MA 2| = HZ AHxst sosolle =X

(2) 25 A =& 3™ 7|
Sofsollel A=, EX|, A =&

- SO Sollet R7| &0l (acetone, ethanol, n-hexabe)

- CHHX 2=2 2|5 EX|= A2 100 g2t S/ 20
Alslof AlZ

- Cold pressureE ALZst0o{ EHX|

- CH A =2x2 25 &X|= AERFpH 3, 5, 7, 92 =XE=E =& 891 0, 0.1, 0.25, 0.5 M NaCl 2 =H
E S0HE 1:22 uwEtsto] 8A[ZF SOt HER2E(4° C)ollAM HX[SH = |AEE|sI0] MEH ALS

S
El
1
ol
bal
0F
o
it
0
rn
ol :'0
N
ol
- 2
=
Al

|
nlE FESD AR B 5 AZHS ofnistn

(3) Soi S0l &4 b ZoiHE &8% FE=2| 8, A, 4% =" &5 (IGF-1)¥7t
22 Tt 2ol
- DW, €=, &4 (Flavourzyme, Protamex, Alcalase, Nutrase)& AF235I0{ 7235

° T AF LE

(1) SofSollel Mxel 7| &

e Blanching, Roasting, Superheated steam blanchingoll [HE A= S0 Sofe] A= £ 2 ZEXNEMS
HotStU S W MIIX| Mzl 2 25 AZAIZE 2420 230E 2

» Superheated steam blanching®l 2<% A= £E71 8Xs| W2 HS &elgion] HA=AIZE 2= SOl
solel Est =£ 4kx|

e Blanching ¥ superheated steam blanching?| 29 =X T WEJt =2 A2=2 2ol 23 547} 5l
o as S 2oz SN SHE.

o Mt ol AR blanching & =% S0 Sd7F 7oA =

» blanching®} superheated steam blanching XX 2|7} &
el

e HD: MAHE|E 5FX| 2 A=st S0 S0, HB: Blanching & Z4=5t SO0 S0ll, HR: Roasting & ZA=35t
SOfSoll, HS: Super steam blanching & Zd=8t S0} Sof

o o

(2) SojSolle A =& 3H g

e R7|20(acetone, ethanol, n-hexane) 2 Cold pressurefH S AL235I0{ SO Solle X|EhS A AH.
o CHUA 2Tt TH AFM2 A = o2 2 ENX|SH So|Sol7} =2 ZgS LIEH.

o« Y¥orstMol E@MZ 1EslH 75X SEM2 xto|7F glevt, =E oto|ite|l S Cold

pressure2| AFE0| =M LIEtE

rju
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0, 0.1, 0.25, 0.5 M NaCl

B xHE SiE 1:22 Wit 4 SSH =
+ NaClo| H7iEol wel dfdez gHLsd2 daskel 22 7|s8 548 24
o Il W FEt=It BItsto] FI|ZZ0IA 0.25 M Ol 42| NaClE #7Ilstod A s F&F =
S

7t

e SOSOE &2 JI+EdlE FESIQUS I, 2 ¥ SME 2M40| =ofX|= 80| S,

o SAIIFRIMES ASOIF S W FEA LIRS AIESSHR| 2ot dol| Etd st 229 mh| ghX|
o R7IZ0)| ASZ olX| ot FEFL oMM EHE Jis ¥ =2 81 =84 =27 =2 Jts
o THFT FEE (W)} vt JiREdllE FE=0M =80| 1.58] o|& B}

e Protamex, Nutrase, Alcalase?| EEE7I =8 WS Z Ht

B Soi3ole Az 7| & A F& ST B (IAHE)

B S0 Sol XYool g Ax==M B SofjSoll AMXz[Holl wE Bulk density
70 400
60
< “g 300
= =
£, 5
g £ 200
© 3 5
5 =
B %
2 Z 100
10~
O....
HD HB HR HS
Time (h) Treatments
B SoiSo MA2[Hol & pH, Mx
Treatments
Raw HD HB HR HS
pH 5.97 + 0.054 8.12 £ 0.03° 8.72 £ 0.017 8.20 + 0.01° 8.76 £ 0.01%
Color L 48.61 + 0.75° 25.43 + 0.89° 29.60 + 0.67° 24.88 + 0.32° 29.54 + 0.12°
a 0.89 £ 0.34° 0.59 + 0.10¢ 1.64 £ 0.02% 0.57 + 0.07¢ 1.31 + 0.01°
b 10.33 + 0.29% 1.23 + 0.17¢ 4.64 + 0.24° 1.41 + 0.13¢ 3.82 £ 0.15°
AE - 24.91 + 0.04° 19.86 + 0.44°> 2535 + 1.03*  20.15 + 0.66°

W Sof Sofl MAalHol we <

B Sof Soll HMAa[Hol wE Mk B SofSoll Mol wE M=2ts

_28_



6 1.4 ;
5 - HB -—0~ HS
—_ ‘O 13_ .........................................................................................
Z 4 g
3 g
S 37 = 1.2+
5 Z
& 27 5
SRR :
14
0= ] 1.0 | ] i
HD HB HR HS 0 15 30 45 60
Treatments Time (min)
W SojSollol SHE £5 3 e
W 2 Wl o2 SojSol £& Syl oo =Y
Cold Reference
Control Acetone Ethanol Hexane lue!
pressure value
Amino acid profile (mg/g of protein)
Essential amino acid (EAA)
His 44.87+1.16" 44.06%0.01°¢ 45.7840.23° 44.5640.47" 56.02+0.44* 15
Ile 27.1740.01° 26.8940.10° 26.6340.56 25.86£0.12°¢ 28.82+0.64% 30
Leu 38.77+0.57° 38.0540.45 36.80£0.79° 36.8440.10° 41.1640.53% .
Lys 95.09+0.31% 87.9340.02¢ 88.65+0.28°¢ 91.86%0.26° 86.48+0.27¢ 45
Met+ ‘ )
11.6910.06° 12.09+0.02° 12.10+0.01° 12.57£0.03% 10.21£0.06¢
Cys 22
Phe+ i i )
99.5040.35° 98.27+0.40" 97.00£0.40°¢ 93.68%1.40¢ 108.30£0.13%
Tyr 38
Thr 35.31£0.18°¢ 35.68+0.17°¢ 38.13£0.58% 36.61+0.03° 36.61+0.11° 93
Val 37.0240.47" 37.5740.34° 36.67£0.20°¢ 36.85+0.04" 42.08%0.26% 39
Sum of b d . d :
389.4+0.34 380.51£0.26° 381.74%1.29°¢ 378.8+£0.69 409.64%+1.95%
EAA 271
Non—essential amino acid
Ala 123.8140.23° 123.9840.69" 117.3+£0.17¢ 123.1740.18° 135.78+0.47¢%
Arg 47.12+40.09° 47.6740.21 49.15+0.51° 47.9440.17¢ 52.58+0.09°
Asp 85.55+0.36°¢ 88.64%0.71° 92.76+0.11% 89.36%0.07° 91.95+0.09*
Glu 185.79£0.83¢ 191.50%1.20° 196.44+£0.81° 193.1240.10° 155.8840.60¢
Pro 73.94%+1.52¢ 73.16+3.38% 64.25+0.67° 73.53%£0.60? 62.94+3.09°
Gly 48.86%0.05" 49.3440.42° 50.47£0.03% 49.0440.14° 52.11£0.09%
Ser 45.56%0.36° 45.24+0.84° 47.94+0.8% 45.07+0.37° 39.16£0.02°¢
Protein . ) )
lit 1.26+0.01 1.25+0.01" 1.25+0.01" 1.24+0.01° 1.31£0.01% 1
quality
W SoiSol £& chyFeol EHASN U T 88iE, pH, ME




Cold

Control Acetone Ethanol Hexane
pressure
Surface
hydrophobicity 35.69%+3.79% 33.90+6.84* 30.058+6.47* 37.45+2.802 11.65+1.75°
(BPB bound, pg)
Protein solubility b b
41.60£0.17¢ 52.424+0.74° 54.79+3.61° 50.40£0.29 44.194+0.02°¢
(mg/mL)
pH 7.14+0.01* 7.13+£0.01°  7.144+0.01% 7.14£0.00% 7.12+0.01°¢
CIE L~ 16.67£0.01° 16.37+0.01¢ 16.83£0.02¢ 18.01£0.01% 17.2440.31°
CIE a’ 1.86+0.06¢ 1.82+0.06¢ 1.95+0.08¢ 2.22+0.02° 2.0940.09°
CIE b’ 4.07£0.04° 3.98+0.03¢ 3.85+0.06¢ 4.14%0.03% 3.8740.03¢
Color difference (AE)! - 0.32£0.03° 0.31£0.06° 1.39£0.01°% 0.65%0.31"
W S0 Soll F&chZE el SDS-PAGE
Nowreduced SDS-PAGE Control  Acctone  Ethanol  Hesane  Cold pressure RAAvHd GDB-PAGE Caontrol Accwone  Ethanol  Hewme  Cold pressure
MW MW
(kD) {kDu)
56 —* 150 -
o - pob
o—
£ - [ —
7 - 3 — .
FrE—- 25 r.
1m - n —b‘
(b)
W SofSol RECHITS AE YHE 2 ory
@ 5
250
i
% 150
£ 100
g
50
0
Control Acetone Ethanol Hexane Cold pressure
Treatment
(b) = ontrol
----- Acetone
~ —-Ethanol
g Hexane
E- = - Cold pressure
E
20 30 40 50 60
Time (min)
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= = =X Hi Xlo] 35 ol o
B S0 Soll F&FCHEe Fstr ¥ oty
(a) 0.25
= 02
5
i
a(] 15
=
&
& 0l
i
E
= 0.05
0
Control Acetone Ethanol Hexane Cold pressure
Treatment
(b)
——Control
“eees Acetone
_ 95 = = -Ethanol
=\: Hexane
;E' an = -« Cold pressure
Z
&
£ il
= T, -
£ =, -
= “aany, i
80 S, - - -
s
0 20 40 6l 0 100 120
Time {min}

B Sof3ol FE=2 2 F&

B =8 F=F =0 g SofSolle ofo|=at =4
Ref
Effect of NaCl Effect of pH
ere
nce
0 M 0.1 M 0.25 M 0.5 M pH 3 pH 5 pH 7 pH 9 valu
el
Amino acid profile (mg/g of protein)
Essential — amino acid (EAA)
His 57584031 5744021 5804022 55994018  594740.08" 51.060.35° 575840318 50.3340.12 15
Ile L0408 3314042 3308 BRBHTE 3761028 34.0440.88° 3154865 BRI 30
Leu 45594044 45874039 46624038 45994048  45464021° 46.840.318 455040445  47514059° 59
Lys 665140950 60781066 71874148 7809137 85424067 69.13+1.53° 66512095  63594083° 45
Met
+ 0.00H0.36"  8684031° 673125 6.7041.56° 7.4940.88* 7.9540.84° 9.000.36° 7.8640.85° 22
Cys
Phe
+ 76.344071*  75.2241.05° 7424404  7LHMH05F 73994059 77.0740.84° 763440717 78904044 38
Tyr
Thr  3RH1P  RBH2A® 39194027 39534033  3R424014° 39.3740.18* R.84015° RUH1E 23
Val 506624058 51434059 48464108  47.81409F 53924065 53.2241.8%° 50662055 56394051 39
Sum
of 376034253 38044248 379024225 330014268  39389+1.9 378614244 37603425F 3926941128 271
EAA
Non—essential amino acid
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Ala  163734056° 158804272 15284408 14932408  157.694036° 164531095  163734056° 164164045
Arg 30554037 31924042 32334036  3319+044°  30.0040.14°° 30,7404 305540.370 20,630,648
Asp  89474046°  90.324045  HU60H037° 96671036 8663018 89.640.91* 80474046° 8274025
Glu 153454051 1552441145  16385H0.72 160114102 148924037 152834064  15345H051°  145744.0%F
Pro 8078254 855611 80174086 74234195 82834109 85.84:42.28° Q07842544 86.3041.02°
Gly 54761015 559940258 5624006  ST.84H019 54424009 55.860.17* 547640155 5A974010°

Ser  42284021°  417241.36° 41024037 3068063 4047025 41.9940.78 422840214 41.284058

1.2740,02° 1.28+0,01% 1.2440.09 1.2440.03 1.3040.02 1.2740,018 1.2740.02° 1.3040.02 1

W 2% 35 x7o| 02 SoiSole EX 44N, SE 83E, M=

Effect of Na(l Effect of pH
0M 01 M 0.25 M 05 M pH 3 pH5 pH7 pH9
Surface
.. b 54278280  6641+247 68264257  78.24£313
hydrophobicity 68.881+0.23  61.84+1.41*  33314£381° 21944417 c B B A
(BPB bound, ug)
Protein solubility 17.2340.05 18464051 18874015  17.46%0.59
19614079 19251058 18011024  18.6140.56 c B \ -
b 16414021  167540.11  16.6640.23  18.1530.09
CEE L# 16662023 16263011 15774008 1633029 . . . N
CIE a* 1.8640.15° 1.9740.09°  2.0240.12 2.3010.10° 1.8140.128 1.8340.118 1.86+0.15°  212+0.13%
CIE b 38040.08° 3974005 343002  363+030°  4.044006° 35040157  3.8040.08°  4.160.02"
Color difference (A b ; " B A
B! - 0.5240.25 10140.19"  0.7530.24 0.4340.22°  0.3940.16 - 1.5740.25
B =X F& =doll uE S0 Solel SDS-PAGE
Non-reduced SDS-PAGE Reduced SDS-PAGE Non-reduced SDS-PAGE Reduced SDS-PAGE
MW oM 0.IM 025M  05M oM 0.1M 025M  05M MW pH3 pHS pHT pH9 pH 3 pH 3 pHT pH9
&Da) - (kDa)
250 g ‘1:"]' :: — p—
- — - w L8 -4
s . - 75—
| Vesmseser Cesasaser | S ewem s e e e
0 - 0 — N —
7 — - 37 4.. —
25 _’. . 5 —». .
. - . -

15— 15
T 10—
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B =& FF =70 E SoSollel HE A 2 o™y
200
180
160
S 140 g
2 <
£120 2
g =
100 z
) £
g 60 1
4%
40
20 10
0 0 1 1 1 1 1 1
pH3 pHS pH7 pHO 0 10 20 30 40 50 60
Treatment Time (min)
B =& FF =70 g Sojsollel 73t ¥ o™ N
0.12
= a
g be B I
50‘09 c g
& 2
2 z --
5 ;B I R s
2006 ¢ 80| T So o TTTmesecmmmceeooo. ~
0 275 TSl
%0.03 a 70
5 65
0 60 1 L L 1 1 1
pH3 pHS pH7 pHO 0 20 40 60 80 100 120
Treatment Time (min)
0.18 100
2 E 95
é R ab I . 90
3 £ 85
2012 ¢ N
= g 75
o e
;:’D 270
£0.06 E]
E E 65
E 60
g
= 55
0 50
oM 0.1M 025M 05M 0 20 40 60 80 100 120
Treatment Time (min)
B So0f3Sole] &4 Jir EdlHES €28 F&E29 =5, cHE, Hd& =F &5
(IGF-1) "7}
B E4E ALEst SofSoll 7tEd F&E2 =8 ¥ A &
Extraction methods Yield (%) Protein content (ug/ml)
DW 28.61+£1.97 381.17+3.66
Hot water (95C) 33.78+0.42 377.274+6.53
Protamex 45.67+0.54 361.30+4.69
Nutrase 43.11£0.83 399.77+11.47
Flavourzyme 36.56+0.57 315.57+1.94
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O=S= =
e BAE AIESH SO S0 iR FEE A=
o SOf3ol MXz| SZHA==2 DW, ¥, &2 (Flavourzyme, Protamex, Alcalase, Nutrase)E ARS
St Th=of
o JtFESE &4 of 7|™ H|E 1110022 5t0f 54 Y pH, 25 A5 24A|2F SoF mEt
o WHEF 100°ColM LS E8MS AlZl T pHE 7.022 =™, A 22| 2 of}5tod T HAH =
sdd=x
(3) S0 Soll 2™ JirEdl FESUM 75 A& 22 & M2 4 AF
e 72 =% E2|E ?Is5tf el ofmats 225104, 30 kDa 0|4k, 5-30 kDa, 5 kDa O|st2 &2|

(4) SO0 Soll gy =AY F&22 M=E =4 Y Mz g4

o« MO Soisoll ciezr =HdE FE29 I FEME, HAKMIE, Hydrogen peroxide 27 &M M=z H
s 751}

o A MF Y&

(1) soisoll F&- 552 THAE2REE cld 242 22|, & 38 71

o FZ T{EolM cHEEN Z2RZ 22|56t fI5te] T

o ClAot pHEHEOIM FE510] 75X &4 #HIL

o IJiFEdl THoiEC FR AUHoZ G2 pHel EAE JHden, =2 HHE BEE JHE

e HEYM 3 7ts0| it

o AUHoE AHMOAMel HHHA FE22 J|sH E4o| gatell ok E.

e AEEE FE T{S0M AN S Z B2 47, MY =70l Jt30] Hute AR AR
=.

o X2|l7e| 2k0f : L(low pH), D(distilled water), H(high pH), R(raw), H(Hydrolyzed)

(2) 2& SiFol 25 Jl5Es AT

o MM SAELE =2 £ UEE XZHe 2 3 FE FESE YA V|SHE SN AE = Us
HEOIE 2M V= V2o =EE 511 U=

o EAE AEST S0So JteEs FEE M=

e Alcalase > Protamex > Nutrase > Flavourzyme > €% F&EE > THFF FTEE TRE =2 F£8
= LIEHY

* Nutrase > 3/FF F&= > 85 F=FE > Protamex > Alcalase > Flavourzyme ©22 =2 Ched
2 oS LiEHH

« g Ojd| chA SH2F0| =2 Protamax, Alcalase| &ETJ7} =2 W2 HCh

« 5&FF, €%, Prota, Nutra, Flavo, Alca &&tat ghMofl 0747t == Hydrogen peroxide &7 &4
o LtEFH.

o JlFEdl20M AEtE AERAZRE ME HES §3b= ojH|E

e Alcalase &2 7tFEsl20AM CHX|LQEIMMEtS A(ACE)E AXst= &ap7 58 AS &ol.

o & O 7| H[ES 1:50 - 1:10008 HIISt0{ 24A12F &2 FF =742 FE5101 =8 2 CHH
Z gt2k2 H|uy S mf Alcalase &A7F 58t =81} chEl A s2tg Hol

(3) S0l Soll =& Ji&Es| FE=0M & AE 22 & M2 &M 1Y
e 5 kDa O|st E=lE0AM Jt& 4Tt Hydrogen peroxide 2~ &M Eal.

e 5 kDa Olsl 2220l 7I& 55 ACE 2x &M0| LIEtL,

o CHMX F2IZ0|A 5 kDa 0|3t EEE0M =2 A stEn detds 2



fol

552 HEIOIE AlEA =HE.

o

(4) SoiSol 8 =HE FE=2 ME 4 ¥ 47| &y
i MEet Hab MEOME SMo| LEHX| ghe Znt ol

e F=ZEE9| Hydrogen peroxide 47
Hydrogen peroxide 271 Mol f==¢gF A1} =kl
ZEMOZ MM AERAZRREH MEZE ESstE guE =ol.

SO S0l a8 =
of 2¢t M3 =

20k MEolA SE o

B Soi3ole MAz| 7| & A F& ST B (A L)

[ | EOHI:()” T% o“TE |_AF T’% |7_'|0” ELI‘% DH, A—I'!E, El'ﬂjé! %3HE

Table 1. Effect of extraction conditions on pH, color, protein solubility, and surface hydrophobicity of hydrolyzed protein extracted from

edible insect

Traits LR" DR HR LH DH HH
pH 1.9140.02° 6.85+0.01° 6.87+0.01° 2.4140.02° 2.18+0.02¢ 2.504+0.01°

CIE L* 17.57+0.01° 16.52:0.02° 15.67+0.02¢ 15.40+0.01° 17.11+0.03° 17.55+0.11°

CIE a* 2.17+0.09° 2.48+0.06 1.88+0.11¢ 2.1740.10° 2.36+0.06" 2.15+0.05°

CIE b* 4.05+0.04° 2.86+0.06 4.26+0.06° 3.89+0.05¢ 3.4440.05° 4.53+0.02°

Protein

solubility 4.59+0.02° 2.00+0.01° 5.60+0.17° 6.04+0.12° 8.42+0.22° 7.46+0.18°

(mg/mL)

All values are mean + standard deviation of three replicates (n=3)

*4 Means within a row with different letters are significantly different (P < 0.05).

D LR: extracted raw protein in low-pH buffer; DR: extracted raw protein in distilled water; HR: extracted raw protein in high-pH
buffer; LH: extracted hydrolyzed protein in low-pH buffer; DH: extracted hydrolyzed protein in distilled water; HH: extracted

hydrolyzed protein in high-pH buffer.

B S0 S0 F&-55= TA F& 2ol & SDS-PAGE

LR DR HR LR DR HR
r - S - ~

MW 5. - x =

B — -

= — -
e -

15— - 4
= 1. als

Figure 1. Effect of extraction conditions on molecular weight of extracted hydrolyzed protein from edible insect. SDS-PAGE analysis
revealed protein bands LR: extracted raw protein in low pH buffer, DR: extracted raw protein in distilled water, HR: extracted raw
protein in high pH buffer, LH: extracted hydrolyzed protein in low pH buffer, DH: extracted hydrolyzed protein in distilled water, HH:
extracted hydrolyzed protein in high pH buffer.

B S0S0 F&-55= T F& = dE HEHYS, 7=
Table 2. Effect of extraction conditions on foaming properties and emulsifying properties of hydrolyzed protein extracted from edible

insect
Traits LRY DR HR LH DH HH
Foaming . 137.83+3.06° 150.50+6.14° 110.68+0.67° 140.94+3.54° 155.68+13.47°  157.41£15.91*
capacity (%)
Foam 12.67+£2.28° 51.6849.16° 4.52+0.03¢ 40.2442.25° 35.26+1.49" 52.6442.97°

stability (%)
Emulsifying 4 0e440002¢  0.097£0.002°  0.050£.000°  0.104£0.002°  0.066£0.001°  0.1020.005"

capacity (%))
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Emulsion

noton 72.79+0.38° 64.21+1.81¢ 95.78+1.59* 70.84+4.10° 82.17+9.07° 70.97+2.59°
stability (%)

All values are mean + standard deviation of three replicates (n=3)
*4 Means within a row with different letters are significantly different (P < 0.05).

Y LR: extracted raw protein in low-pH buffer; DR: extracted raw protein in distilled water; HR: extracted raw protein in high-pH
buffer; LH: extracted hydrolyzed protein in low-pH buffer; DH: extracted hydrolyzed protein in distilled water; HH: extracted
hydrolyzed protein in high-pH buffer.

By F o 237 EhyEe| 3XITE
I o-Helix Parallel -sheet Antiparallel 3-sheet
M p-turn Random coil
(o] 4000
00f 2 s 4 T 4 “PTSIR DR - HR v LH - DH © HH
Gl 4 3000 Y
z o ¢ ©
S £ o e, ? 00,
A o “iizle,
g 220000 o © s o
] g @ [*]
s 2 (4] °
5 e ° L]
A E ° O L]
= ®
1000 M
N 310 325 340 355 370 385 400
‘Wavelength (nm)
LR DR HR LH DH HH
Treatment
nE3 % A H=
W 235 ctiFo| =& JlpFaf AT
W= Ao ALSE ChE JiEd 54 98 AN 25 Y pH =2
CHH Al proteinase
Enzyme pH Temperature
Protamex 6.0 40
Nutrase 6.0 40
Flavourzyme 7.0 50k
Alcalase 8.0 50%=

B 22E A8e SofSo tEd FE=2 2 H HE

o

2k (&2 |2 1:100)

1

Extraction methods Yield (%) Protein content (ug/ml)
DW 28.61+£1.97 381.17+£3.66
Hot water (957C) 33.78+0.42 377.27+6.53
Protamex 45.67+0.54 361.30£4.69
Nutrase 43.11£0.83 399.77x11.47
Flavourzyme 36.56+0.57 315.57+1.94
Alcalase 45.89+3.87 330.73%£16.71
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B Sosol E& JisEs] FE2E € =8 ¥ CHHE &
Extraction methods Yield (%) Protein content (mg/ml)
DW 33.00%+1.87 0.034+0.008
Hot water (95C) 37.50+2.16 0.527%£0.020
Alcalase 1:50 64.83+1.31 0.698+0.020
Alcalase 1:100 60.50%1.41 0.626+0.043
Alcalase 1:250 45.83+3.30 0.577%+0.008
Alcalase 1:500 35.17x0.24 0.515+0.034
Alcalase 1:1000 32.17%+1.31 0.471£0.014
Protamex 1:50 56.58+3.75 0.621+0.008
Protamex 1:100 53.83%£1.43 0.595+0.014
Protamex 1:250 49.67+0.85 0.523+0.024
Protamex 1:500 50.50%1.47 0.515%+0.014
Protamex 1:1000 47 .67x2.72 0.413%£0.076
B 3030l 2A JleEs FEE0AM & A& 22 2 M| g4 1Y
B S0iSol §& JisEsi=0AM 78 22 HHsH| st 22| AT
SoSof
=282 H=E
Alcalase
| stolofat
> 30 kDa 5-30 kDa < SkDa

HEO|E AHY

a4 JieEsiS0dM A 37|18 2& =

°| Hydrogen peroxide &~H &AM

100 -
_g%f. 80 -
EE 60
% & 40 -
S B
€3
maE Z|]‘

("]
0

3 0.125 mg/ml
= 0.5 mg/ml
B 1.6 mg/ml
B 32 mg/ml

30 kDa 0|4+

5-30 kDa

5 kDa 0|5}
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B S0 Soll §4 7I5-&E8 S0l 2XEF I7|E E&EE9 ACE &4 oA &4
I 10 pg/ml
= 20 pg/ml

5 100 -
2y B 40 pg/ml
h
T 80 4 B 150 ng/ml
[aF]
EE
= 60
2
é 40 -
=
= |
25| 20 4 [i
]
= 0
T
30 kDa 0] 4 5-30 kDa 5 kDa 0|5t
W SojSol seloinjatoz 2als BXY 2ol dut HE
Alcalase 2 (%) CHEE (%) E2|H &= (%)
30 kDa < 11.196 31.076 2.598
5-30 kDa 12.766 32351 1.893
5kDa> 15.502 34.794 2437
W SofSol &4 78235 S0lM 5 kDa O[5t 2& Sof|AM 22[SH HEO|=E AIRA (257H)
Peak No RT(min) m/z Sequence
1 1.49 219.098 AE
2 1.52 263.088 DE
3 1.59 277.103 EE
4 2.94 233.15 LT
5 3.09 329.182 AAPA
6 4.28 261.144 LE
7 5.29 347.193 AVGT
8 6 239.102 GY
9 6.63 326.135 GSY
10 6.76 297.108 DY
11 8.13 189.124 GL
12 9.14 231.17 LV
13 9.56 333.177 GSGL
14 10.54 223.108 GF
15 10.8 293.635 GFHPE
16 11.2 317.182 GAGL
17 11.63 279.192 ALVVR
18 11.82 309.167 DVDLR
19 13.02 371.229 AAPL
20 14.7 302.207 AVL
21 15.44 442 .266 AAPAL
22 18.04 316.223 ALL
23 18.35 302.207 LGL
24 19.29 373.245 ALGL
25 19.29 302.207 GLL
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B Molecular docking Z2a¥ 2 &-&¢5t 2552 HEIO|= A2 A2l ACE receptor HIQIH ol X
gt
) CDOKER energy
Peak No. Sequence (kcalimol)
1 AE 68.6992
2 DE 60.625
3 EE 63.0963
4 LT 61.9049
5 AAPA 78,2067
6 LE 57.2244
7 AVGT §2.8705
8 GY 63.3256
9 GSY 82.677
10 DY 61.4193
11 GL 55.8592
12 LV 63.4433
13 GSGL 80.7016 -
14 GF 59.6614 PO
15 GFHPE 70154 M e
16 GAGL 812817 & i BYa .
17 ALVVR 65.8225 wy S L
13 DVDLR 793421 o i s - i i
19 AAPL 803099 w3 e
20 AVL 77.2898
21 AAPAL 77.2612 A
) ALL 753183 oo o
23 LGL 79.6268 { & 8
24 ALGL 82.2619 i i
25 GLL 75.6635
= ~ = =3 _— =
B S03ol tHaF =HE FEE2| M=z 54 & Mz 24
B HFdstn SofSo HEF =48 FE=2 M= =4 it
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£ £
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(4) 2% A =E22 M8F AN JIZ S4 B}
. SeltTorn 2elEsTiuol BEE CHEA A SN chizol BE mal 2 A0S 2
o 239 HIle= R Xlolods des o|xX| EpueLt, BEaHES UNAT|= ZIoE LHEH.
« =doM= SoiS0l F& HMES HItEsSE M2 SItst, SEH 2 d45ho] MESHA
H217] 22 4 ddol =22 & 5+ US A= ;e
o ME[Hel Zfo| EItstod aixez Hpoto|ite] 20| SItsto| oS0 FE=S &8
T o MEE GUYFMOR 240 YN 22 F 4+ US WO WHE.
. TE CiZS HUbE oA 2 BM Al ISP POl 8|82 THslo] Mzmste W0l E2 W R WE
==
= -
= ~x A 5 o ols = rw A =
B 23 A £& o2 22 8 X2 3E 7= WL (BRE )
B HANE 3 7= HSEHEMH HA
Level of factors
Factor Symbol
-0 -1 0* o
Blanching time (s) X1 9.55 30 60 90 110.45
Temperature (°C) X2 63.18 70 80 90 96.82
. 0.1 0.25 0.4 0.5
Salt concentration (M) X3 0.00 0.2) (0.5) (0.8) (1.0)
B S0iSol 850 EHF ST ¥ Ft2EUEYl et HgEHaY

Protein solubility

Carbonyl content

Run Blanching time (s) Temperature (°C) Salt concentration (M) (mg/mL) (uM/mg)
1 30 70 0.2 4.72 3.01
2 90 70 0.2 4.58 2.72
3 30 90 0.2 3.46 3.75
4 90 90 0.2 3.27 441
5 30 70 0.8 4.60 3.67
6 90 70 0.8 3.92 3.39
7 30 90 0.8 441 2.12
8 90 90 0.8 3.37 2.39
9 9.55 80 0.5 5.08 3.57
10 110.45 80 0.5 3.38 3.66
11 60 63.18 0.5 391 3.64
12 60 96.82 0.5 3.09 3.02
13 60 80 0 4.43 2.77
14 60 80 1 4.47 2.40
15 60 80 0.5 4.65 3.56
16 60 80 0.5 4.50 3.38
17 60 80 0.5 4.62 3.28
18 60 80 0.5 4.75 3.46
WS EHRYC HFM
Sources Sum of Squares df Mean Square F-value p-value Significant
Protein solubility
(mg/mL)
Model 6.02 9 0.6692 14.20 0.0004 okok
X 1.76 1 1.76 37.45 0.0002 ok ok
X, 1.61 1 1.61 34.17 0.0003 ok ok
X3 0.0083 1 0.0083 0.1768 0.6731
XX 0.0210 1 0.0210 0.4459 0.5065
Xi1+Xs 0.2415 1 0.2415 5.13 0.0461 *
X5+ X3 0.4186 1 0.4186 8.88 0.0146 *
X 0.2149 1 0.2149 4.56 0.0464 *
X5 1.9100 1 1.91 40.50 0.0001 ok
X3 0.0349 1 0.0349 0.7414 0.3343
Residual 0.3370 8 0.0471
R? 0.9461
Lack of Fit 0.3158 5 0.0632 5.96 0.0863
Pure error 0.0318 3 0.0106
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Cor Total 6.45 17

Carbonyl content

(uM/mg)

Model 5.46 9 0.6068 18.18 0.0002 Hokok
X 0.0191 1 0.0191 0.5735 0.4706

X, 0.0990 1 0.0990 2.97 0.1234

X3 0.6339 1 0.6339 18.99 0.0024 *k
XXz 0.2813 1 0.2813 8.42 0.0198 *
XiX; 0.0180 1 0.0180 0.5407 0.4832

XoX3 3.10 1 3.10 92.86 <0.0001 ok ok
X, 0.0678 1 0.0678 2.03 0.1918

X,? 0.0096 1 0.0096 0.2872 0.6066

X5’ 1.07 1 1.07 32.07 0.0005 okok
Residual 0.2671 8 0.0334

R’ 0.9534

Lack of Fit 0.2248 5 0.0450 3.19 0.1841

Pure error 0.0422 3 0.0141

Cor Total 5.73 17

B =X =Zol| 28 c™Ma SofSolel o[atsx 54

Trait NBIV OBI Significance
CIE L* 13.09+0.01 14.56+0.06 *okk
CIE a* 2.17+0.10 2.06:+0.04 *
CIE b* 6.21+0.05 4.80+0.17 wx
pH 6.82+0.01 6.93+0.01 HEE
Protein solubility (mg/mL) 4.61+0.57 4.33+0.30 -
Carbonyl content (uM/mg) 4.15+0.32 5.02+0.93 -
Emulsion capacity (Absoonm) 0.116+0.007 0.133+0.001 Hk
Emulsifying stability (%) 84.99+3.23 86.61+2.98 -
Foam capacity (%) 51.67+2.89 36.67+2.89 **
Foaming stability (%) 32.4246.70 41.07+3.09 -

=

=

1
o

7| gt

SEHEMH 47

Level of factors

Factor Symbol
-0 -1 0? 1 o
pH X1 1.79 35 6 8.5 10.21
Salt concentration (M) X2 0 0.15 0.5 0.85 1.09
Buffer ratio (%) X3 129.17 300 550 800 970.83

B SO0 Soll 759 Surface hydrophobicityoll CHst HFHS EH D

Run pH Salt concentration (M) Buffer ratio (%) Surface h(yfgr;) phobicity
1 3.5 0.15 300 12.57
2 8.5 0.15 300 14.88
3 3.5 0.85 300 17.46
4 8.5 0.85 300 18.94
5 3.5 0.15 800 16.53
6 8.5 0.15 800 12.7
7 3.5 0.85 800 13.91
8 8.5 0.85 800 13.38
9 1.79 0.5 550 20.27
10 10.2 0.5 550 20.12
11 6 0 550 14.21
12 6 1.09 550 21.6
13 6 0.5 129.17 10.14
14 6 0.5 970.83 8.44
15 6 0.5 550 11.26
16 6 0.5 550 11.65
17 6 0.5 550 11.97
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W EEEPEED
Sources Sum of Squares df Mean Square F-value p-value Significant
Surface
hydrophobicity(BPBp
g
Model 226.05 9 25.2 61.94 0.0006 ok
X, 0.0414 1 0.0414 0.0279 0.872
X5 19.21 1 19.21 12.96 0.0087 ok
X3 7.5 1 7.5 5.06 0.0593
XXy 0.72 1 0.72 0.4857 0.5083
X+X3 8.16 1 8.16 5.5 0.0514
X2+ X3 15.02 1 15.02 10.13 0.0154 *
X 87.71 1 87.71 59.16 0.0001 HxE
X5 44.8 1 44.8 30.22 0.0009 Hokk
X5? 13.78 1 13.78 9.3 0.0186
Residual 10.38 7 1.48
R? 0.9561
Lack of Fit 10.12 5 2.02 16.02 0.0598
Pure error 0.2529 2 0.1264
Cor Total 236.42 16
B =H xHo|| o] FEE SoiSol o[sEH Y
Trait DEI" OEI Significance
CIE L* 14.44+0.30 15.22+0.45 *
CIE a* 2.30+0.13 2.28+0.07 -
CIE b* 4.08+0.17 2.4840.20 Hokk
Surface hydrophobicity (BPBug) 7.37£1.37 12.14+2.91 *
Protein solubility (mg/mL) 33.74+0.12 35.20+0.24 *
Carbonyl content (uM/mg) 2.35+0.31 3.32+0.80 *
Emulsion capacity (Absoonm) 0.092+0.019 0.103+0.007 -
Emulsifying stability (%) 66.31£1.51 68.03+3.61 -
Foam capacity (%) 36.67+16.1 98.334+20.2 *
Foaming stability (%) 10.00+8.66 36.67+10.4 *
B =X =720 ofsf F&HE SoiSol2l SDS-PAGE
MW Reduced SDS-PAGE Mw Non-reduced SDS-PAGE
(kDa) OEI DEI (kDa) OEI DEI
250 —> s 250 — (.
150 — " S 150 ——» =
100 — S 100 ——
T Al L
50 —»
0 — - —
37 —»
3 — - -
35— -
25 —
Rl 20— -
20— -
15 —» —
15— - - - &
0 -

lO—»-
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W ZzgHo| mE SojSol 85 &2 EFEH

Traits FDV VD SD HD
pH 6.32+0.01° 6.16£0.05° 6.05£0.01° 6.09+0.00°
CIE L* 15.7340.54° 16.20£0.21% 15.12+0.63° 15.29+0.18°
CIE a* 1.66+0.16° 1.71£0.15° 2.35+0.17* 1.7440.18°
CIE b* 5.56+0.08° 4.94+0.04° 5.18+£0.08° 5.63+0.09°
W CHYTo HN BN 259 WMo Cff FBY Ws
FDV VD SD HD
Peak 1
Onset temperature (°C)  49.30+1.82 48.67+1.46 46.75+2.29 47.40£0.38
Peak temperature (°C) 54.17+1.37° 52.55+0.88% 51.24+1.03° 52.00+£2.05°
End
temperature (°C) 61.86+2.44 57.92+1.27 57.18+1.12 57.66+1.68
AH (J/g) 0.057+0.011° 0.013+0.01° 0.024+0.014° 0.026+0.015"
Peak 2
Onset temperature (°C) - 62.57+0.69® 61.57+0.94° 63.96+0.98"
Peak temperature (°C) - 67.88+0.85 66.28+1.62 68.48+2.87
End ; 73344138 70.3742.39 73704327
temperature (°C) ) ’ ’ ) ) ’
AH (J/g) - 0.01120.004° 0.005+0.002° 0.004+0.002"
W ochE 2ols ¥ staEd Y
Traits FD" VD SD HD
Protein solubility (mg/mL)  19.47+0.44° 18.190.94° 19.11£1.30% 15.99:0.88°
Carbonyl content (nM/mg)  2.93+0.19° 2.72+0.12° 2.61+0.14° 1.7240.31°
B SDS-PAGE
MW FD VD SD HD
(kDa)
250 —
150 ——»
100 ——

75 —>

50 —»

37 —

25 ——»

20 ——

15 —

10— w—




W YA 37| & HE HHA

Traits FD" VD SD HD

Particle size (nm) 333.84+54.92° 153.20£34.90° 159.07+14.63° 423.80+89.27°
Zeta potential (mV) -21.99+0.54° -16.03+4.51° -19.83+1.00° -12.74+2.43°
W ofo| = =N

FD" VD SD HD

Amino acid profile (mg/g of protein)

Essential amino acid (EAA)

Arg 43.83+1.53° 52.27+1.06° 44.61+0.95° 50.77+0.53°
His 48.65+0.09° 46.25+0.40° 40.64+0.32° 46.55+0.47°
Tle 36.50+0.07° 3473+0.36° 34.65+1.56° 32.72+0.28°
Leu 68.22+0.19° 63.97+0.25° 64.09+1.60° 49.97+0.49¢
Lys 61.15+0.74° 55.02+0.45° 54.52+1.49° 49.98+0.41°¢
Met+Cys 4.00+0.52° 4.55+0.03% 4.67+0.25% 4.92+0.26°
Phe+Tyr 80.94+2.38° 64.14+0.74° 68.45+0.74° 59.51+1.53¢
Thr 43.56+0.62° 41.66+0.31° 42.97+0.81% 43.61+£1.01°
Val 44.02+1.21%® 42.95+0.66° 45.29+1.00° 42.32+0.81°
Sum of EAA 430.89+3.36° 405.56+1.55° 399.88+5.11° 380.35+2.03¢

Non-essential amino acid

Ala 110.24+1.53¢ 120.08+1.05° 114.25+£2.11°¢ 131.81+1.76°
Asp 99.84+0.81° 93.63+0.55° 95.82+1.76° 82.80+1.34¢
Glu 207.85+1.45°¢ 217.38+2.22° 214.69+1.95° 230.56+2.40°
Pro 61.35+3.68° 71.14+1.45° 82.84+2.15° 77.1545.12%®
Gly 52.29+0.97 53.35+0.59 52.69+1.23 53.39+0.70
Ser 37.5421.24° 38.87+0.26" 39.82+0.25°¢ 43.94+0.96°
WAy o B Mx
Treatments
Ingredients(g/100g)
T1 T2 T3 T4
Konjak 1.5 1.5 1.5 1.5
Carrgeenan 1.5 1.5 1.5 1.5
Soy bean oil 1 1 1 1
Isolated edible insect protein 0 4 8 12
Isolated soy bean protein 12 8 4 0
Water 84 84 84 84
Total 100 100 100 100
WA A XEe| pH
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8.5

7.5

a
- b
= 6.5 c
d
6
5
Tl T2 T3 T4
Treatment?
W2y o HEe Mg
Trait T1V V) T3 T4
CIE L* 61.00+0.75° 40.37+0.86° 34.69+1.07° 30.98+1.24¢
CIE a* -1.81+0.21¢ 2.49+0.14° 3.49+0.19° 4.82+0.59°
CIE b* 11.3140.32 11.32+0.61 11.05+0.48 11.98+1.21
WAy chiE ®Eo SEEY Y 24
Trait T1" T2 T3 T4
Moisture content (%) 89.40+2.79 88.66+1.72 88.79+1.14 88.74+2.15
WHC (%) 80.14+0.81° 65.42+1.84° 53.67+4.84° 17.1743.13¢
W2y cE HEo 4
Trait T1" T2 T3 T4
Hardness (kgf) 1.14+0.14° 2.07+0.05° 1.09+0.06° 0.20+0.01¢
Springiness 0.88+0.01° 0.71£0.02° 0.94+0.01" 0.95+0.01*
Cohesiveness 0.80+£0.01° 0.53+0.01¢ 0.59+0.01° 0.77+0.05°
Gumminess (kgf) 0.89:0.09" 1.09+0.06° 0.64+0.03° 0.15+0.01¢
Chewiness (kgf) 0.78+0.08" 0.79+0.05° 0.6140.03° 0.13£0.01¢
W2y 3 HEZo| ofo|xit FH
Trait (mg/g of protein) T1Y T2 T3 T4
His 25.84+0.25¢ 28.01+0.11° 33.69+0.12° 48.38+0.04°
Ile 40.79+0.34 39.63+0.39 39.3240.16 39.97+1.04
Leu 81.48+1.12° 79.3240.57° 74.48+0.18% 69.1342.38"
Lys 66.51+0.03° 72.11£0.67° 64.23+0.43% 62.18+1.66°
Met+Cys 0.66+0.04° 1.09+0.03¢ 3.12+0.18° 5.37+0.87°
Phe+Tyr 92.60+1.27° 92.38+0.51° 91.28+0.62° 82.86+0.01°
Thr 42.14+0.05° 43.18+0.47% 42.98+0.16™ 44.08+0.32°
Val 40.29:0.04° 41.50+0.43° 43.79+0.33° 51.03+0.89°
Asp 124.13+0.59° 120.67+0.4* 113.87+0.03° 105.3242.75°
Ser 58.36+0.35° 55.61+0.01° 51.24+0.09° 40.4620.72¢
Glu 212.29+0.65 206.08+0.12 208.63+1.00 202.5243.07
Pro 51.16+1.24 53.3145.21 53.00+1.89 38.99+5.00
Gly 43.05+0.13° 43.95+0.46" 46.01+0.09° 53.09+1.38°
Ala 44.09+0.26° 52.64+0.40° 68.80+0.20° 110.38+0.64°
Arg 76.6+0.46" 70.52+0.71° 65.56+0.23° 46.24+1.63¢
Essential amino acid index” 0.95+0.01¢ 1.03+0.00° 1.16+0.01° 1.28+0.01°
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—1 RpA -

B RE AE U S24 oY 288 25 cER oOd Zof Al a8 2 A
ChAH M2 B E B

0

1) AE AR | S A (3%)2 25 A (3%)2 x| S0{(AME 1)
=2:1) 1058 ®=([Landrace X Yorkshire] X Duroc) 365 CHAtS 2 4F7F Ap2kals ZisH (2 X
2|7 /68HE /35);

2) 1053 A =([Landrace X Yorkshire] X Duroc) 125 CHAte =2 47t AR Z0[7| 2% H
dsto] ZF AlR M 2ME Sl 7|sM MY XA (2 M2 F/6Ets/15F)
- 2AM Fa YA TS, UL AStE, €UEY, EY o|ME 3 obF LY HE 7Y

HU
M
TR i
o
[
=
A
Hu
=
é
Iy
2
=
02
02

-+
- Z2A|=E: 1058 A =([Landrace X Yorkshire] X Duroc) 455 jate 2 25712 X
MEZ30{ 1.2m X 0.7m X 0.96m2| CHAIAHO|X| Lf 42| M37|ZF, 32 M
H = OARE A

I dAda a5kE, ofolett 25tE & U o|dE Ha 7Y

Latin square=
2 oZtez A

M ™

A

[=]
= 1

o

O HM2l7 (A 1, Al 2)

chl &l 2 SR
(Poultry offal)
CH & - BX| 2%
&l H|= - 100%
SE S CON T1
O &M g=
- Al 1(AFSAIE): MMM, 25t EHEN 2 ot WM 5 Bst 4

A A HME, YA, LA HFT, AREE, 7I8H
IS =) HE, A, ol4Xx| as5tks
= W ojd= Lactobacillus, Escherichia coli
go =4 RBC, WBC, Lymphocyte, Total protein, Blood urea nitrogen (BUN)
OfF| M NHs, H.S
- A" 2(LHAMAA): MU ol8&& 3 CHAb M2l 2A
&2 A
2~3tE a2, Ea, oYX &35t
ofo| =&t A3tE oto| =2t (Asp, Thr, Ser, Met, Lys, Arg &) &3St
= W ojd= Lactobacillus, Escherichia coli

o T HE U8
BEE AR U S24 chyd o

CHAL Hal 7

28 25 oI ozl 20 Al YA 2 A

(1) BE A2 U S24 oE 228 25 ca=z o 2
. 0 ~ 2% 7|zt Sot Uuk AlRE Foisk CON HalTE, £
0

s 7
ch s 2 o & B TH

Nl
mjo
rk
ol £



M 7|z2F St CON XMz|l7t= T1 M|+ thy| Re|Me=z =2(P < 0.05) AR 888 2¢
I3 CHES 0|85 AR 7|3A EAMZIL T1 M2|7= CON X2+ o] feldez =2(P <
0.05) AIE MF|#S Hold, o &2 7|8 S LIEHYY
2F A AFX ZE Al AHF T ENY f BUN SH2F2 CON X2l77F T1 XM2|7 the| Rolxoz e
(P < 0.05) %€ E¢
2% 9l 4F X} xTohZA 4582 CON X277 T1 M2+ ofH] Rexdez =2(P < 0.05) 43ts
2 2¢l
AME U SEM chlzg 2SRz i 20 A, 24 ojdE 2 24F g 2kol| ofst folA
Atol= HO|X| £s
B AE AR Y SN chES 25chi A2 tfd 0] Al A 2 A cA} Hst
ltems CON T SE P-value
BW, kg
initial 28.06 27.93 0.67 0.878
2 week 38.91 37.82 0.91 0.218
4 week 50.40 49.45 1.03 0.320
Phase 1
(0 to 2w)
ADG, ¢ 775.712 706.10° 30.02 0.023
ADFI, g 1710.13 1752.08 44.03 0.334
G:F, g/g 0.45° 0.40° 0.24 0.006
Phase 2
(2 to 4w)
ADG, ¢ 818.97 824 .45 20.98 0.761
ADFI, g 1914.89 2043.01 65.02 0.054
G:F, g/g 0.43 0.40 0.20 0.234
Overal |
(0 to 4w)
ADG, ¢ 797 .41 767.95 18.07 0.110
ADFI, g 1814.25 1904.09 61.98 0.153
G:F, g/g 0.44° 0.40° 0.19 0.034

Abbreviation: CON, basal diet with poultry offal; T1, basal diet without poultry offal and
substitute with black soldier fly larvae; BW, body weight; ADG, average daily gain; ADFI|, average
daily feed intake; G:F, feed efficiency; SE, standard error.

a\eans with different letters are significantly differ (P < 0.05).

B AE AME Y S=24 g 2SI E OiA 50 A 7|24 H3El

Feed intake
(kg/d) P <0.05

1.0+

0.0-

CON T1

Abbreviation: CON, basal diet with poultry offal; T1, basal diet without poultry offal and
substitute with black soldier fly larvae.
ab\eans with different letters are significantly differ (P < 0.05).
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HEE AR U SE4 CHES 2SCHEEE X Z0{ Al YA 235t B
ltems CON T1 SE P-value
2 week
DM 81.38 81.02 0.17 0.285
CP 75.08° 73.97° 0.26 0.031
GE 72.67 73.07 0.36 0.583
4 week
DM 77.57 78.45 0.37 0.230
CP 73.81° 72.05 0.41 0.030
GE 72.16 72.10 0.38 0.934

Abbreviation: CON, basal diet with poultry offal; T1, basal diet without poultry offal and
substitute with black soldier fly larvae; DM, dry matter; CP, crude protein; GE, gross energy; SE,

standard error.

aP\Means with different letters are significantly differ (P < 0.05).
HEE AZ U S84 CHES ZECMTE oiX 20 Al HYSY wsl

ltems CON T1 SE P-value

2 week
RBC, 10°/ul 7.11 6.89 0.36 0.531
WBC, 10°/ul 22.55 20.17 2.11 0.271
Lymphocyte, % 55.70 57.17 2.50 0.563
TP, g/dL 5.67 5.85 0.13 0.158
BUN, mg/dL 9.00° 10.672 0.61 0.014

4 week
RBC, 10°/ul 7.01 7.42 0.41 0.334
WBC, 10°/ul 19.40 20.91 0.99 0.141
Lymphocyte, % 56.50 54.52 2.47 0.430
TP, g/dL 5.80 5.91 0.18 0.559
BUN, mg/dL 10.33° 12.83% 0.85 0.009

Abbreviation: CON, basal diet with poultry offal; T1, basal diet without poultry offal and
substitute with black soldier fly larvae; RBC, red blood cell; WBC, white blood cell; TP, total
protein, BUN, blood urea nitrogen; SE, standard error.

dbMeans with different letters are significantly differ (P < 0.05).

HAEE AR W SE4

CHHH &I

2 ZSZEZ oM S0 Al 2 o[4= Mt

CHl &
I tems, log CFU/g CON T1 SE P-value
2 week
E. coli 5.73 5.81 0.15 0.600
Lactobacillus 8.98 9.02 0.10 0.733
4 week
E. coli 5.82 5.74 0.11 0.509
Lactobacillus 9.16 9.06 0.07 0.182

Abbreviation: CON, basal diet with poultry offal; T1, basal diet without poultry offal and
substitute with black soldier fly larvae; CFU, colony forming unit; £. col//, Escherichia coli; SE,

standard error.
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B EE AR U 524 chEg DSEER o S0 Al o3 Wy Hst

[tems, ppm CON T1 SE P-value
NH3

24 hour 12.23 12.97 0.81 0.484

48 hour 20.38 20.33 2.76 0.806
HoS

24 hour 4.10 5.28 0.44 0.764

48 hour 9.62 11.5 0.83 0.601
Abbreviation: CON, basal diet with poultry offal; T1, basal diet without poultry offal and
substitute with black soldier fly larvae; NHz, ammonia; H.S, hydrogen sulfide; SE, standard error.

(2) HE AR W S=2M ciilid 8 25 ciAZ O 20 Al MU Al W3 72

e AR Uf SEM chiAgs 25 chlA 2 i 20 A, =cH{E(CP) 4382 CON Xzl +#7F T1
Mel+ oiH| feldMez =2(P < 0.05) 23t 2

o oot AstE & EF ofo|it ofEX|H, S|AE|H, 2lo|4l, EREINE CON Mel+7F T1 XMzl
Tty felMez =2(P < 0.05) 23tgS 2

o olo|cAt A3tg = v|[Z$ ofo| Akl S2fo[A2 CON X2l 77F T1 M2l 7 te| folXoz =2
(P < 0.05) 23tgs 2¢

AR U S=d HHEE 25 oA oM 201 A, 24 o|d =0l Fo/Xel X0l 2o|X| &S

B Az AR Y S cid g 2502 tid 20 Al 258 F ofo[=& B3
ltems, % CON T1 SE P-value
ATTD
DM 81.23 80.43 0.27 0.153
CP 81.142 79.21° 0.37 0.005
GE 80.44 79.16 0.36 0.076
Indispensable amino acids
Arginine 92.53% 90.58° 0.36 0.003

Histidine 90.06° 85.53° 0.77 0.001
Isoleucine 81.18 79.75 1.12 0.527
Leucine 82.67 81.37 0.53 0.258
Lysine 85.77° 82.84° 0.59 0.007
Methionine 84.47 81.57 0.89 0.105
Phenylalanine 83.65 82.95 0.56 0.545
Threonine 81.59 80.44 0.57 0.331
Valine 80.29 78.80 0.73 0.224
Tryptophan 83.822 70.87° 2.00 0.001
Total 84.70 82.75 0.50 0.050
Dispensable amino acids
Alanine 75.53 74.03 0.65 0.264
Aspartic acid 82.15 81.67 0.43 0.597
Cysteine 84.56 81.96 0.91 0.160
Glycine 81.09° 76.81° 0.75 0.001
Glutamic acid 86.77 86.69 0.27 0.888
Proline 84.88 84.03 0.43 0.353
Serine 84.08 83.56 0.36 0.499
Tyrosine 80.66 79.48 0.82 0.494
Total 83.46 82.64 0.30 0.183
Total amino acids 84.04 82.70 0.39 0.085
Abbreviation: CON, basal diet with poultry offal; T1, basal diet without poultry offal and
substitute with black soldier fly larvae; ATTD, apparent total tract digestibility; DM, dry
matter; CP, crude protein; GE, gross energy; SE standard error.
a)eans with different letters are significantly differ (P < 0.05).
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B AE AME Y S24 HHEs 25 EHE2 oA 20 Al 24 o|d= H3al

ltems, log CFU/g CON T1 SE P-value
1 week
E. coli 5.45 5.55 0.10 0.345
Lactobacillus 8.92 8.87 0.04 0.365
2 week
E. coli 5.49 5.55 0.12 0.617
Lactobacillus 9.00 8.95 0.08 0.541

Abbreviation: CON, basal diet with poultry offal; T1, basal diet without poultry offal and
substitute with black soldier fly larvae; CFU, colony forming unit; £. co//, Escherichia coli; SE,
standard error.

—2AtA -
B SH # olfAt=E AR Y OlE22 25 AR O 0 Al d&d 2 Ao o

1) SH AR W {22 X 25 ¥ 25 7222 Ui 20 Al 4M8d S #Het FHAE 1)
- BAESE: 1) 128 S (Arbor Acres) 120 CHAIS Z 4F7F AlRAI S (3K 2| /88 %/ =);
2) 1292 S A (Arbor Acres) 48 CHAIS 2 4FZ ot 2t FOiCh 424 & 1627 AR Z0[7]
X WY 2 U AME HFE SHE St 75N A .JBCL*(SHEI—TL/SH._FE 25)
- =24 a5 MMM TS, JdUdL sk, EUHEYM, EU ojdME ¥ 2 54 3 7Y

(2) SA AR W {22 EX| 25 & 25 712122 A 501 Al MU o|8"E X AL
THAXE 2)
- A AR W {22 25 A TS EAlof w2 A Z01 Al Pk AStE 3 ofo| i A5t
T
- BA=E: 1298 SAH (Arbor Acres) 3655 CHAS 2 100cm X 40cm X 45cme| CHAF AHO|X| L 432
istRon], 132 3FX= ALR FH =0, 252 4FX= ALR HTH 0| & MEZ 7|2

OE
e
foi

Mo
T
_}91

A
—

ol
—

oz MX3lo] tHAAM S TS (3X{2|T/68HS/25)
- 2N g3 dUs A5tg, ofo|eAt A5tg 2 Euf o|ME Hs 71y

O XMel+ (A" 1, A" 2)

[RELES R ol & -5 9=
CHA| - E e =% 7teedl=E
CHAl H|= - 100% 100%
SE S CON T1 T2
O &M &=
- Al 1(AFSAIE): MMM, TSN, 25tg, EHEN 9 YHIE IfY S B35 24
M5 AR
AN HE, SHE, AEHEFE, Al2FE, 7|84
=X = O(™Ah) - 3(MAL) & 7|&E =AL
2SS HE, A4 olHX A3Ek8
= W o= Lactobacillus, Escherichia coli, Salmonella
=el = RBC, WBC, Lymphocyte, Total protein, Blood urea nitrogen (BUN)
ool pH, Water holding capacity (WHC), Drip loss (DL),
= e Cooking loss (CL), Shearing force, meat color
L= = e O(™AH) - 3(AlsH HE) M J|&E =AL
- A" 2(CHAINE): &MUl ol8&8 2 oAl M2 24
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A%

Ara

252 HE, ZA olHX &Ete
ofo| =it A5tE ofo| =& (Asp, Thr, Ser, Met, Lys, Arg &) &3t
L 0| M= Lactobacillus, Escherichia coli, Salmonella
(3) O[FAIE AR W {22 EX| 25 & 25 JI2d=2 oAl 80 Al MM 5 #Hst 7H(AME 3)
- ZAEE: 1) 478 o|gAt=([Landrace X Yorkshire] X Duroc) 725 CHAIS 2 6527+ AFkAIE ZISH(3
el T/68HE/35) ;
2) 573 o|®FAt=([Landrace X Yorkshire] X Duroc) 365 CHAIS =2 427} AR Z0]7] Q%]
HZs 2t AR MFY ZM2 Soll 7154 dFH A (3K T /68 /2F)
- B4 g5 MMM TSN, dUs A5E, BHX|E WHEM B ojdE 2 obF 2P 7Yy
(4) O|FXAtE AR W} 0|22 EX 25 Y 25 JESIE2 A 204 Al A 0|8 58 Y tiAl e
Hal THAE 4)
- O|RAIE AR W O{ES 25 cHElZl Jizdralof w2} o S0 A FA A58 2 ofo| =&t &5t
uq§_|. __anzl
- BA=EE: 4FH 0o|FAH=([Landrace X Yorkshire] X Duroc) 245 CHAtSZ 45cm X 55cm X 45cme|
CHAE HOIX| Lf M 7|2t 22 Z5510{ & 442U7F tHAA S ZIGH (3K 2| /882 /15F)
- BN S5 JUA As5tg, ofo|eM Astg 2 2 ojdE #Hst 7Y
O HMel# (ME 3, Al 4)
ST ol & <5 9=
CH Al 24 - E e <% 7teaolE
CHAl H|= - 100% 100%
S CON T1 T2
O &M &=
- AE F(AFAIE): MMM A5tg, EHEM 3 2bF 2N 5 s 24
M2 A
AN HE, dHSHT, dHAIZHEFH, AlREE, 7|54
=X = 0(™Ah) - 3(dAL) & ZIE =AL
EARIE = HE, AL olHX A58
= W o= Lactobacillus, Escherichia coli
=lel = RBC, WBC, Lymphocyte, Total protein, Blood urea nitrogen (BUN)
Ol ElA NHs, H.S, Volatile fatty acid (VFA)
- AE 4(CHAINE): MUl ol82&8 2 oAl M2 24
M5 AL
258 HE, A oHX AEkg
oto| = ofo| =4 (Asp, Thr, Ser, Met, Lys, Arg &) &3t
= W ojM= Lactobacillus, Escherichia coli
o o7 ME U
(1) SAH ALz W 01—-E x| 25 % Z& IS 2 A 30 A MMM 5 B 7Y
AFX A AE2 H{ES 23 JITEME2 100% CiAst T2 M| FolA 2D EX| 2S/Z
£ A28t CON % T1 XMz|+ thH] ReldMez =-5(P < 0.05)
e 0~2F 7|2t & 2~4xF 7|7t SO T2 XHElF=, CON % T1 XM2|lF ] |z =2(P <
0.05) Al2MF|EHEs 2¢
o MA Z|ZH0~4F) Zot T2 ME|7+= CON 2 T1 XH2|+ ofjH| Re/doz2 =2(P < 0.05) A 2n}
AlE dF™s 2
o I CHHlAlS 0|88t AR 7|EAM BEMAD 1T AR MHFE2 X272 7elFHel xo|E Ho|
X fgorLt 23k 3FX H 4FX0| T2 Mel7+= T1 Mel+ oiy] °°IX—1°§ =2(P < 0.05) Af
2 MFES E2n], CONT SHHESZ Rolo|st XI0|E HO|X| Lot Z2F JiFEdlE22 22
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FAIEE 7|24 8 LB = A2z AlRE

23Xt CON % T2 HMal#= T1 XMel+ oy ReldMez =2(P < 0.05) =CHHAE Astg8 EXe
of, 4% T2 M2|7= CON X2l 72t EAMoz Folo|st Xjo|E HO|X| £}
ORI T2 Me|lT= T1 MalF# iy felMoez =2(P < 0.05) & oYX 23588 Hol

4Fxp @O L & oA e T1 M2[F7F CON & T2 2|7 oy RelHez IFASP <
0.05)

Jtege |2 24Zn, T2 M2|7#£ CON M2l thH| oMoz =2(P < 0.05) 2& s

o

H

T12F T2 X2l7= CON Xzl+ ] RelMoz £2(P < 0.05) 7I545 pHE EFoL), 25 Mo

Q| o|Lf 2 LIEH

AMZ L O{ES 25 chl R Jizgbalof w2l chad 20 Al, 28X, Lele o2y g 20 o|M
o

=
=0f tiet 7el& xtol= Holx| &3

(2) SH AR W olE2 EBX| 25 & 25 JIsEsE2 A 20d Al #MUl o|8ES L AL 42| HE
Y
2FAL QM B HME HE 23E2 MES 25 JIE2HER 100% HAE T2 M7 ES
ALESH CON Xel7 thH] Reldez =4s(P < 0.05)
23 2 AFX} oM B MEY ZCHEEE ASIE2 T2 M2l 28 X 2522 100% A&t
T1 ¥ CON Mz|F | ReMezE =US(P < 0.05)
2F AL 2|Etat & ME ofo| it AFE0A T2 M2|F= CON % T1 M2+ hH| Relde=z =2
(P < 0.05) &&l ¥ /&l 2~3t88 2
Ze 71ZF o, H|Z S ofo|cA & 22folAl2 T2 ME|F7F CON HME|T thH| Roxoz =2(P <

N

7= T1 2|7 oy |goxoz ==2(p
g 2% onf, CON X272t EHxMez 7

0.05) 2tolAl, HEH, £ o
0|8t %0l 8 LIERGX| 243

ozt 2% Askg 2AMZ, T2 HETE TI Mel? sl ReMo® =2(P < 0.05) TEHE,
B Qat, 2lolal, HEIRH, ERER 2 22j0lA 2382 B0, CON X279 SANe=
Fololst xtol S Lt g

ALE U of2e 2E BiE JkBuAol wEh thal 2o Al 2uf ol S0l ot FolH xolE =
olxl 22

X 25 ¥ 25 JIEciE22 A 30 A MMM F wHE 7Y
2 100% Al =ofst T2 Mel+= of

[=]

2 =202 CO | Folxeoz F2(P < 0.05) 2388 2L, o2 X 23R

2 100% tid =ofet T1 M2l++= CON X272t SAM2=Z Fololeh X0|E 20|X| e ofF
|

[
AR U SBAM SN 25 ST oA S0 Al MMM, 7|54, BHXS, 2 54 9 of
2 WMol thal RN XolE WOIX| on|, 2& THH0| O|FAENA FHELl S olxIX
222 AAtE
(4) OIRALE ALZ U O{2S X 5 2 25 JIS2HE2 tH S0 Al AU 018 E8 L hA M

Mot 7Y
27 3 6FX HE 2E5S0AM {EE2 25 JHEci=E 100% A =04s T2 M2|l7+= o2
EIX| Z2Z/A2E A2 CON ¥ T1 M|+ thH] Roldez =2(P < 0.05) &

X astg80AM T2 M2l7#= CON % T1 Xa|7 thH] felMez =2(P < 0.05) &
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.
N

FXp ool et A5HE0IA T1 M2l CON thH| Fo[Ae=z £2(P < 0.05) 2fo|d 2388 &
I

h=)
[
g H2Oo|X| &3

oo, T2 X2+ £ CON Xel7et EAMeZ welo|st Xto
o B6F Xl ofo|Al AFEOIA T2 HEZ|F= CON MElT | felxez =2(P < 0.05) 2ho|Al, of
<

EXd & HEHD 2388 EeH, T1 M2|7 £t CON X2|7 e RolMo=z2 =2(P
0.05) ot=Xx|d x3tg2 2

o 2F% 2W E. coli = T2 M2|77F CON H T1 XMz2|7 tiH| elde=2 2| LEFE(P < 0.05)

H

H 3/ 2 O|fAI=E AR W {22 25 tHHAZ O 50 Al MM 2 Ao ol
Al Mz| Hsl B (2XPA )

B SA ME Y olEE &5 CHZE= oA S0 A d&Y e

ltems CON T1 T2 SE P-value
BW, kg
Initial 39.52 39.51 39.52 0.03 0.992
2 week 440.50 431.00 465.00 7.23 0.141
4 week 1542.00° 1541.00° 1669.00? 19.27 0.006
Phase 1
(0-2 week)
BWG, g 400.98 391.49 425.48 7.06 0.142
FI, ¢ 479.41° 475.26° 513.12° 5.28 0.002
FCR, g/g 1.19 1.21 1.21 0.03 0.314
Phase 2
(2-4 week)
BWG, ¢ 1101.50 1110.00 1204.00 19.45 0.055
FI, g 1803.35° 1838.02%° 1861.002 8.12 0.010
FCR, 9/g 1.64 1.66 1.55 0.03 0.198
Overall
(0-4 week)
BWG, g 1502.48° 1501.49° 1629.482 19.65 0.006
FI, ¢ 2282.76° 2313.28° 2374.122 9.05 0.000
FCR, g/g 1.52 1.54 1.46 0.02 0.136

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed
black soldier fly larvae; BW, body weight; BWG, body weight gain; FIl, feed intake; FCR, feed
conversion ratio; SE, standard error.

abMeans with different letters are significantly differ (P < 0.05).

B SAME Y es 45 EHE= oA 50 A 7|54 #5t

ltems CON T1 T2 SE P-value
FI, g
1 week 125.31 123.28 135.19 6.83 0.439
2 week 353.14% 341.71° 372.85° 5.88 0.007
3 week 583.55% 574 .58° 592.402 3.76 0.015
4 week 793.61%° 771.70° 813.14° 10.58 0.045

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and
substitute with defatted black soldier fly larvae; T2, basal diet without fishmeal and
substitute with hydrolyzed black soldier fly larvae; Fl, feed intake; SE, standard error.
aPMeans with different letters are significantly differ (P < 0.05).

B SAME Y oes 25 CHIES oA 50 A SHX$ M3

ltems CON T1 T2 SE P-value
Fecal score’
Phase T 0.54 0.82 0.82 0.07 0.093
(0—-2 week) : : : : :
f’;f‘jewgek) 1.64 1.14 1.39 0.13 0.144
%’_eé[au/eek) 1.09 0.98 1.11 0.08 0.528

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
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defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; SE, standard error.

"Fecal score was determined as follow: 0, normal feces; 1, soft feces; 2, mild diarrhea; 3, severe
diarrhea.

B SAH AME Y {22 25 chiAz i 30| Al JUuL 23518 H35|
ltems, % CON T1 T2 SE P-value
ATTD
2 week
DM 78.11 78.22 78.05 0.30 0.920
CP 70.92°2 69.56° 70.62° 0.28 0.006
GE 78.55% 78.17° 79.002 0.16 0.005
4 week
DM 78.54 78.67 78.55 0.28 0.930
CP 75.122 73.61° 74.25% 0.25 0.001
GE 78.68 77.94 78.47 0.22 0.068

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; ATTD, apparent total tract digestibility; DM, dry matter; CP, crude protein; GE,
gross energy; SE, standard error.

aPMeans with different letters are significantly differ (P < 0.05).

B SA AME W ES 25 A2 oy 20 A S o|dS W3

ltems, log CFU/g CON T T2 SE P-value
2 week
E. coli 6.17 6.16 6.16 0.03 0.991
Salmonella 2.37 2.33 2.31 0.04 0.844
Lactobacillus 7.65 7.61 7.59 0.03 0.707
4 week
E. coli 6.05 6.05 5.98 0.04 0.698
Salmonella 217 2.19 2.20 0.03 0.904
Lactobacillus 7.65 7.52 7.61 0.04 0.374

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; E. coli, Escherichia coli, SE, standard error.

B SA AME Y oES &5 EHIEZ Ofd 50 A| EHSH BHst

ltems CON T1 T2 SE P-value
2 week
RBC, 10%/ul 2.31 2.32 2.27 0.18 0.979
WBC, 10°%/ul 22.91 23.09 22.66 1.13 0.963
Lymphocyte, % 65.15 65.03 67.35 1.63 0.535
TP, g/dL 3.23 2.95 2.68 0.30 0.436
BUN, mg/dL 3.75 3.50 3.75 0.28 0.767
4 week
RBC, 10%/ul 2.26 2.27 2.34 0.14 0.914
WBC, 10°%/ul 23.86 24.05 24.06 1.14 0.990
Lymphocyte, % 65.05 65.68 66.03 3.03 0.974
TP, g/dL 2.932 2.65° 3.03% 0.07 0.002
BUN, mg/dL 2.50 3.00 2.75 0.37 0.646

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; RBC, red blood cell; WBC, white blood cell; TP, total protein; BUN, blood urea
mtrogen SE, standard error.

®Means with different letters are significantly differ (P < 0.05).

B S AME WY 22 25 CHiA2 oy g0 Al SH 5S4 B}

ltems CON T1 T2 SE P-value
Approximate composition of meat, %
Moisture 75.76 75.98 75.81 0.14 0.528
Ash 1.03° 1.12% 1.282 0.05 0.012
Fat 3.48 2.83 2.59 0.28 0.121
Protein 19.74 20.07 20.31 0.36 0.537

Meat quality, %
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pH 5.85° 5.99° 6.03% 0.02 0.001

WHC 54.41 55.99 55.34 0.45 0.097
CL 17.54 17.81 17.36 0.62 0.881
DL 4.73 3.95 3.91 0.30 0.147
Shearing force, g 2583.75 2421.25 2277.50 124.82 0.273
CIE L= 51.95 53.72 55.24 0.98 0.113
CIE ax 5.49 4.31 4.82 0.53 0.329
CIE b=* 17.15 16.25 17.18 0.59 0.481

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; WHC, water holding capacity; CL, cooking loss; DL, drip loss; L*, lightness; ax,
redness; bx, yellowness. SE, standard error.

*Means with different letters are significantly differ (P < 0.05).

B S Ats W OfES &5 CHEIEZ A S0 Al SHHiE HEX| BHe}

ltems CON T1 T2 SE P-value
Score' N % N % N %
0 10 50 9 45 8 40
1 6 30 7 35 9 45
2 3 15 2 10 2 10 - -
3 1 5 2 10 1 5
Total 20 100 20 100 20 100
Average 0.75 0.85 0.80 0.12 0.942

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
so|d|er fly larvae; SE, standard error.

"Foot pad dermatitis lesion score was determined as follow: 0, no lesion; 1, lesions cover less than
25% of the footpad; 2, lesions in wide areas & covering between 25% and 50% of the footpad; 3,
more than 50% lesion on the footpads.

==y

H SA AR Y OE2 X 25 % 25 JIrEl&2 Al 20 Al | ol
U CHAF Mz H3 7+
B SH ME U 22 25 cHiE = O 20 Al Y 43518 Hig)
ltems, % CON T1 T2 SE P-value
ATTD
2 week
DM 77.88° 79.10% 79.752 0.44 0.039
CP 74.29° 74.21° 76.15° 0.31 0.003
GE 77.78 78.92 78.02 0.58 0.382
4 week
DM 76.83 75.75 76.20 0.63 0.506
CP 72.78° 72.73° 73.872 0.27 0.026
GE 79.30 79.08 79.63 0.53 0.763

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; ATTD, apparent total tract digestibility; DM, dry matter; CP, crude protein; GE,
gross energy; SE, standard error.

“b)eans with different letters are significantly differ (P < 0.05).

B SH ME Y ES 25 CHZE =2 A 50| Al 2FX ofo| =4 A5t HE}

ltems, % CON T1 T2 SE P—value
ATTD

Indispensable amino acids

Threonine 85.54 86.63 86.49 0.27 0.058
Valine 80.26° 79.85° 81.99° 0.37 0.014
Isoleucine 84.27 83.82 86.08 0.87 0.227
Leucine 89.00° 89.07° 90.10° 0.13 0.002
Phenylalanine 88.42 88.42 89.75 0.37 0.072
Histidine 83.15 83.49 85.47 0.88 0.209
Lysine 90.65 90.66 91.04 0.28 0.565
Arginine 92.36 92.17 93.34 0.45 0.226
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Methionine 93.78 94.12 93.47 0.53 0.705

Tryptophan 84.85 86.98 87.45 2.15 0.678
Dispensable amino acids

Aspartic acid 85.49 85.65 86.19 0.82 0.824
Serine 86.12 86.64 86.49 0.89 0.913
Glutamic acid 89.98 90.22 90.90 0.22 0.061
Proline 83.14 83.05 83.79 0.59 0.641
Glycine 81.25° 82.012° 84.32° 0.58 0.022
Alanine 88.85 89.21 89.41 0.41 0.633
Tyrosine 90.73 91.05 91.65 0.47 0.425
Cysteine 71.47 75.71 75.44 2.48 0.449

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; ATTD, apparent total tract digestibility; SE, standard error.

aP\Means with different letters are significantly differ (P < 0.05).

B SA MR Y HES 25 CHEZ Oid 50 Al 4FX} ofo| =M 4518 W3]

ltems, % CON T1 T2 SE P-value
ATTD

Indispensable amino acids

Threonine 82.23 83.45 84.15 0.58 0.136
Valine 78.73 79.22 81.01 0.77 0.170
Isoleucine 85.20 83.69 86.09 0.68 0.116
Leucine 87.35 87.09 88.20 0.44 0.248
Phenylalanine 86.39 85.77 87.30 0.39 0.079
Histidine 81.35 81.31 82.84 1.69 0.775
Lysine 90.17% 89.86° 90.66° 0.17 0.045
Arginine 89.20 90.28 90.33 0.38 0.134
Methionine 91.37°2 89.33° 91.52° 0.47 0.028
Tryptophan 86.78°2 84.01° 86.88? 0.22 <0.001
Dispensable amino acids

Aspartic acid 78.14 79.83 80.43 0.68 0.125
Serine 79.79 80.57 81.79 0.70 0.210
Glutamic acid 86.84° 87.76%° 88.20° 0.30 0.048
Proline 77.85 78.35 79.64 1.15 0.559
Glycine 69.16%° 68.05° 72.81° 1.07 0.045
Alanine 82.90 84.43 85.15 0.63 0.106
Tyrosine 87.47 88.14 88.30 1.06 0.847
Cysteine 66.37 64.48 70.38 3.23 0.466

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; ATTD, apparent total tract digestibility; SE, standard error.

aP\Means with different letters are significantly differ (P < 0.05).

B SA ME W e 25 CHiZ 2 A 501 Al 3[& 4518 H3E|

ltems, % CON T1 T2 SE P-value
AID

DM 77.62 76.67 77.30 0.40 0.273
cP 73.57% 72.97° 73.93° 0.25 0.044
GE 78.68 78.37 78.69 0.29 0.677
Indispensable amino acids

Threonine 82.02 83.24 83.87 0.78 0.267
Valine 77.71 78.74 79.60 0.67 0.165
Isoleucine 85.22 83.63 85.79 0.74 0.134
Leucine 87.32 86.99 89.94 0.40 0.264
Phenylalanine 86.30%° 85.90° 86.552 0.17 0.050
Histidine 81.25 80.83 82.28 0.63 0.274
Lysine 89.412° 88.05° 89.712 0.42 0.031
Arginine 89.08 90.19 90.26 0.50 0.203
Methionine 91.16° 89.80° 91.22° 0.33 0.013
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Tryptophan 86.24° 83.42° 86.24°2 0.38 <0.001
Dispensable amino acids

Aspartic acid 78.02 79.24 79.82 0.66 0.175
Serine 78.08 79.36 80.09 1.04 0.406
Glutamic acid 85.40° 86.22% 86.922 0.37 0.034
Proline 76.40 77.45 78.30 1.23 0.562
Glycine 69.042° 67.97° 71.632 0.93 0.038
Alanine 82.17 83.72 84.28 0.78 0.173
Tyrosine 86.47 88.06 88.26 1.29 0.573
Cysteine 65.39 64.21 69.36 2.40 0.312

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; AID, apparent ileal digestibility; DM, dry matter; CP, crude protein; GE, gross
energy; SE, standard error.

ab)eans with different letters are significantly differ (P < 0.05).

B SA ME Y o282 25 CHHEE Oid 50 Al = o[4= #Hst

ltems, log CFU/g CON T T2 SE P-value
2 week
E. coli 5.97 6.08 6.10 0.05 0.486
Salmonella 2.18 2.28 2.32 0.04 0.427
Lactobacillus 7.53 7.52 7.41 0.04 0.427
4 week
E. coli 5.97 6.04 6.08 0.04 0.511
Salmonella 2.29 2.28 2.24 0.04 0.830
Lactobacillus 7.49 7.42 7.52 0.05 0.769

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; E. coli, Escherichia coli; SE, standard error.

—

B O|RAIE AR Y O{EE BX| 25 & 25 JIsZaE2 A Z0{ Al YoM
sl 7o

B O|FAt=E At U O|E2 25 CHHE=E hA 20 Al MMM #Hst

ltems CON T1 T2 SE P-value

BW, kg
Initial 9.39 9.39 9.40 0.21 1.000
2 week 14.45 14.19 14.37 0.23 0.901
4 week 23.34 22.71 23.03 0.38 0.812
6 week 34.64 33.99 34 .81 0.58 0.843

Phase 1

(0-2 week)
ADG, ¢ 361.38 343.25 355.13 6.03 0.445
ADFI, g 495.63 486.00 490.00 8.03 0.889
G:F, g/g 0.73 0.71 0.72 0.01 0.731

Phase 2

(2-4 week)
ADG, ¢ 634.88 608.50 618.50 13.97 0.738
ADFI, g 1034.50 993.50 1005.00 13.47 0.457
G:F, g/g 0.61 0.61 0.62 0.01 0.986

Phase 3

(4-6 week)
ADG, ¢ 807.13 805.25 842.00 37.07 0.910
ADFI, g 1525.50 1511.00 1564.00 34.66 0.819
G:F, g/g 0.53 0.53 0.54 0.02 0.941

Overall

(0-6 week)
ADG, ¢ 601.13 585.63 605.13 13.65 0.815
ADFI, g 1018.50 997.88 1019.75 12.73 0.708
G:F, g/g 0.59 0.59 0.59 0.01 0.922

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
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defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed
black soldier fly larvae; BW, body weight; ADG, average daily gain; ADFI, average daily feed
intake; G:F, feed efficiency; SE, standard error.

B O|FAE AR U O|ES ZASEMEZ A 5204 Al 7[&d B3}

Feed intake

(g/d) P =0.490
600 -
T
400-
200
0

|
CON T1 T2
Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with

defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed
black soldier fly larvae.

B O|RAE AR Y Ol 25 EHIZEZE fH 50 Al 2HX|+ M3t

ltems CON T1 T2 SE P-value
Fecal score'
Phase 1
05 o) 0.84 0.87 0.86 0.03 0.626
e 2 o) 0.42 0.43 0.42 0.02 0.921
s oek) 0.39 0.41 0.39 0.02 0.918
e k) 0.55 0.57 0.56 0.02 0.931

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with

defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black

so|d|er fly larvae; SE, standard error.

CIj:ecarlll score was determlned as follow: 0, normal feces; 1, soft feces; 2, mild diarrhea; 3, severe
iarrhea.

B O|RAE AR U O|ES &5 EMHZEZ oA Z0] A FLa 23518 #H3}

ltems, % CON T1 T2 SE P-value
2 week
DM 83.70 82.39 82.42 0.63 0.290
CP 71.85°% 70.432 68.00° 0.75 0.016
GE 73.72 73.09 72.25 0.85 0.494
4 week
DM 83.02 81.73 82.17 0.70 0.447
CP 71.96 70.10 70.11 1.01 0.363
GE 73.73 72.93 72.27 1.02 0.615
6 week
DM 83.95 82.67 82.75 0.96 0.590
CP 72.57° 71.63% 70.51° 0.43 0.023
GE 74.37 72.50 71.54 0.82 0.095

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with

defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed
black soldier fly larvae; DM, dry matter CP, crude protein; GE, gross energy; SE, standard error.
ab\eans with different letters are significantly differ (P < 0.05).

B O|FAE A2 U OJES 25 CHHZE = ofd g0 Al B4 O[S H3|
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ltems, log CFU/g CON T1 T2 SE P-value

2 week

E .coli 6.45 6.48 6.38 0.03 0.366
Lactobacillus 7.49 7.45 7.45 0.04 0.928
4 week
E .coli 6.40 6.48 6.39 0.03 0.550
Lactobacillus 7.52% 7.47° 7.642 0.03 0.031
6 week
E .coli 6.42 6.40 6.41 0.05 0.973
Lactobacillus 7.51 7.51 7.55 0.08 0.916

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed
black soldier fly larvae; CFU, colony forming unit; £. col//, Escherichia col/i, SE, standard error.
ab\eans with different letters are significantly differ (P < 0.05).

W OIRAIE A2 U o2 25 o= dial S0 Al @YY wa)

ltems CON T1 T2 SE P-value
2 week
RBC, 108/ul 6.85 7.04 6.87 0.12 0.801
WBC, 10%/ul 19.24 18.64 18.65 0.66 0.929
Lymphocyte, % 62.75 60.05 59.25 2.22 0.826
TP, g/dL 4.88 4.90 4.88 0.10 0.994
BUN, mg/dL 8.50 8.75 9.00 0.51 0.936
4 week
RBC, 10°%/ul 7.24 6.95 6.86 0.15 0.622
WBC, 10°%/ul 18.57 18.69 18.45 1.29 0.998
Lymphocyte, % 59.20 58.15 59.08 4.19 0.995
TP, g/dL 5.05 4.98 4.83 0.06 0.303
BUN, mg/dL 11.50 10.00 11.50 0.77 0.698
6 week
RBC, 108/ul 7.03 7.26 6.82 0.15 0.850
WBC, 10%/ul 20.18 21.77 20.56 2.05 0.164
Lymphocyte, % 60.50 60.65 58.75 4.07 0.935
TP, g/dL 5.28 5.25 5.23 0.09 0.929
BUN, mg/dL 6.75 7.25 7.50 0.89 0.835

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed
black soldier fly larvae; RBC, red blood cell; WBC, white blood cell; TP, total protein; BUN, blood
urea nitrogen; SE, standard error.

B O|RAE AR W OfES 215 = fA 50 Al o5 Ly2r Het

ltems, ppm CON T1 T2 SE P-value
2 week
NH; 7.52 7.98 7.38 0.23 0.445
HoS 5.13 5.48 5.63 0.29 0.504
VFA 3.40 3.53 3.50 0.15 0.931
4 week
NH3 8.43 8.28 8.78 0.23 0.572
H.S 5.25 5.60 5.63 0.35 0.866
VFA 3.25 3.63 3.45 0.22 0.723
6 week
NH3 8.28 8.53 8.68 0.31 0.663
H>S 5.53 5.30 5.65 0.55 0.902
VFA 3.50 3.60 3.30 0.16 0.428

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed
black soldier fly larvae; NHs, ammonia; H.S, hydrogen sulfide; VFA, volatile fatty acid; SE,
standard error.
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B O|FAE AR W OlE22 BAl 25 5

28 H AL M2 HE 7Y
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I
I

5 7lr=oilE2 A 504 Al Ml ol&

OlFAIE AIZ U O{ES 25 AR oA S0 Al g 23518 Bt
ltems, % CON T1 T2 SE P—value
ATTD
2 week
DM 83.69° 83.65° 84.99% 0.33 0.047
CP 66.55 66.47 65.99 0.36 0.525
GE 75.62 75.80 77.16 0.46 0.101
6 week
DM 81.47° 80.04° 84.302 0.44 0.001
CP 67.21 67.64 66.76 0.97 0.822
GE 75.12° 75.23° 77.65% 0.41 0.008

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed
black soldier fly larvae; ATTD, apparent total tract digestibility, DM, dry matter; CP, crude
protein; GE, gross energy; SE, standard error.

2%eans with different letters are significantly differ (P < 0.05).

B O|FXA= At U O|lE 2 25 CHiE= O 50 Al 2F X} ofo| =&t A58 B35t

ltems, % CON T1 T2 SE P-value

ATTD

Indispensable amino acids
Threonine 65.20 67.88 68.01 1.38 0.332
Valine 50.02 53.63 52.72 2.82 0.662
Isoleucine 45.63 48.35 47 .81 3.73 0.864
Leucine 59.55 64.28 62.81 1.61 0.185
Phenylalanine 59.63 62.45 61.50 2.51 0.732
Histidine 64.09 64.04 67.55 3.04 0.664
Lysine 74.35° 76.65° 76.07% 0.43 0.022
Arginine 85.01 76.52 78.51 3.79 0.323
Methionine 72.67 72.96 77.98 2.81 0.383
Tryptophan 69.26 66.72 67.19 3.06 0.827

Dispensable amino acids
Aspartic acid 66.10 68.25 68.79 0.88 0.151
Serine 65.18 67.37 68.55 1.78 0.446
Glutamic acid 71.83 73.23 74.76 0.71 0.070
Proline 66.36 67.31 68.71 1.63 0.616
Glycine 59.19 59.32 60.53 1.61 0.816
Alanine 53.55 56.24 54.38 2.05 0.655
Tyrosine 51.21 55.18 54.53 4.70 0.820
Cysteine 61.92 65.23 69.82 2.38 0.139

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
so|d|er fly larvae; ATTD, apparent total tract digestibility; SE, standard error.

abMeans with different letters are significantly differ (P < 0.05).

WOISAE AZ U OfFe 25 chiE= oi&l g0l Al 654 ofol= A 238 Wat

ltems, % CON T1 T2 SE P—value

ATTD

Indispensable amino acids
Threonine 68.21 69.19 71.66 1.00 0.114
Valine 54.00 53.79 57.76 2.28 0.435
Isoleucine 51.67 48.14 54.16 2.67 0.344
Leucine 64.38 64.03 67.62 1.56 0.278
Phenylalanine 64.31 64.13 65.74 1.81 0.796
Histidine 64.22 65.23 70.09 2.42 0.263
Lysine 76.02° 77.33% 79.05° 0.45 0.009
Arginine 78.40° 81.30° 81.25° 0.49 0.008
Methionine 67.29° 69.91%° 72.26° 0.82 0.015

_63_



Tryptophan 80.59 72.01 74.39 2.03 0.058
Dispensable amino acids

Aspartic acid 70.50 71.28 73.26 1.07 0.251
Serine 67.60 69.21 71.71 1.94 0.383
Glutamic acid 75.95 76.52 78.86 1.09 0.216
Proline 68.66 69.09 72.91 1.88 0.287
Glycine 61.96 59.72 62.98 1.01 0.145
Alanine 58.29 56.75 60.26 2.01 0.504
Tyrosine 58.72 59.34 60.75 3.41 0.913
Cysteine 53.92 56.43 59.74 3.63 0.558

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldler fly larvae; ATTD, apparent total tract digestibility; SE, standard error.

*PMeans with different letters are significantly differ (P < 0.05).

B O|FAE A2 U OlEES &5 EMHZE = ofd Zo0f Al BEUY ojd= H3|

ltems, log CFU/g CON T1 T2 SE P-value
2 week
E .coli 5.61° 5.49?2 5.09° 0.08 0.011
Lactobacillus 7.28 7.25 7.24 0.07 0.974
4 week
E .coli 5.68 5.59 5.56 0.07 0.740
Lactobacillus 7.35 7.33 7.18 0.07 0.601
6 week
E .coli 5.56 5.57 5.52 0.08 0.970
Lactobacillus 7.28 7.33 7.35 0.07 0.919

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldler fly larvae; CFU, colony formmg unit; E£. coli, Escherichia coli, SE, standard error.

2%eans with different letters are significantly differ (P < 0.05).
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O HM2l7 (A 1, Al 2)
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o|$t Xto| & HO|X| ¢on] of 21} FAISH A Ast8S LEHY

o 8FAl ofo|lgt ASE0A T1 Xel7= ot2X|d, ofo|aFAl, Fal, 22jd, otAmZENM Y =
E2 431820| CON M| 7ot FAISIE 20!, T2 M| e FoMo=z =2 LIEFEH(P < 0.05)

o 165Xt ofo|=th &3kE0M T1 MelF&= of2X[H, s|AEH, F4A, HELH, HEY2d, ZFH
A 3 ZEE A380] CON XMzl FASI2n], T2 M2l iy |RelMoz =H LEHE(P <
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e AZ U ofEs & A iz ekalo wat tix 20 Al, 2Uf oldE, 29 X 2 g€ 5N
of chall Felxel xto|& Ho|x| gon], 2E cielXo| MEEEH M MMl Hskg o|x(X| &Z
2 AlAbgt

W AEETA i 22 X 25 ¥ Z2F J7IEdl=2 A =204 Al & 3

A=
A A ol &8 Hal 7Y

W A2t A AR U] {22 25 cHHHRZ X g0 Al A=A AN Bt
ltems CON T1 T2 SE P-value
ADFI, g
Phase 1
(0-2 week) 117.83 118.60 118.55 0.27 0.109
Phase 2
(2-4 week) 118.58 118.47 117.98 0.21 0.136
Overall
(0-4 week) 118.21 118.53 118.27 0.18 0.429
FCR,
g feed/g egg mass
Phase 1
(0-2 week) 2.45 2.49 2.45 0.11 0.958
Phase 2
(2-4 week) 2.91 2.58 2.75 0.16 0.370
Overall
(0-4 week) 2.62 2.53 2.58 0.09 0.786
Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed
black soldier fly larvae; ADFI, average daily feed intake; FCR, feed conversion ratio; SE, standard
error.
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W AEteA AR U olES 25 S EE A 20 Al 7|5y HE

Feed intake
(g/d) P <0.05

150 -

ab

a
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100
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CON T1 T2

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed
black soldier fly larvae.

aPMeans with different letters are significantly differ (P < 0.05).

B MEHEA AR W o222 25

ChEEE A Z0f Al bk A st

ltems CON T1 T2 SE P-value
E?ogducﬂon’ o 72.62 75.00 72.62 2.09 0.655
gfeggé’veight’ 62.33 62.65 63.71 0.83 0.478
Egg mass, g 45.21 47.00 46.34 1.53 0.711
Fertility, % 91.67 94.44 93.75 1.27 0.302
Hatchability, % 82.64 86.11 84.03 2.24 0.557

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; SE, standard error.

W AEteA AR U OlE2S 25 EEE Ofd 20 Al & & BHEt

ltems CON T1 T2 SE p—value
2 week

Eggshell thickness, mm 0.42°2 0.36° 0.42°2 0.01 <0.001
Eggshell strength, kg/cm? 4.02 3.84 4.29 0.26 0.469
Albumin height, cm 6.75 6.88 6.94 0.08 0.2425
Haugh unit 81.61 82.30 82.77 0.54 0.342
4 week

Eggshell thickness, mm 0.38 0.37 0.38 0.01 0.893
Egoshell strength, ka/cm? 3.86 3.71 4.20 0.20 0.226
Albumin height, cm 6.21° 6.84° 6.812 0.05 <0.001
Haugh unit 80.03" 82.01° 81.92° 0.46 0.012

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; SE, standard error.

abMeans with different letters are significantly differ (P < 0.05).

W AEeA AR U OlE2S 25 S EE A S0 Al IS 5T 258 HEt

ltems, % CON T1 T2 SE P-value
AID
2 week

DM 62.67° 63.63°% 60.47° 0.54 0.003
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CP 60.91 62.77 59.42 1.03 0.102

GE 65.17 66.59 62.67 2.05 0.413
4 week

DM 61.74%° 63.97°2 60.99° 0.74 0.032

CP 61.16 62.24 60.35 0.51 0.062

GE 64.142 62.46%° 60.10° 0.83 0.013

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed
black soldier fly larvae; AID, apparent ileal digestibility; DM, dry matter; CP, crude protein; GE,
gross energy; SE, standard error.

“%eans with different letters are significantly differ (P < 0.05).

B MEHeA AR W o228 25 tHEZ oA 50 Al 2FX oo =M 3[F A5t HEl

ltems, % CON T1 T2 SE P-value

AID

Indispensable amino acids

Arginine 81.65°% 82.78? 76.39° 0.93 0.006
Histidine 62.72%° 65.82°2 55.48° 1.91 0.022
Isoleucine 70.60° 77.392 67.41° 0.99 0.001
Leucine 78.04%° 82.037% 74.22° 1.06 0.006
Lysine 73.81 77.58 70.00 1.89 0.078
Methionine 78.51° 82.35° 77.24° 0.76 0.007
Phenylalanine 76.64%° 81.82°2 73.17° 1.30 0.009
Threonine 58.55° 66.81°2 53.50° 1.90 0.007
Tryptophan 69.36 73.35 71.95 3.58 0.738
Valine 60.78%° 68.732 56.92° 1.94 0.014
Dispensable amino acids

Alanine 69.87° 77.592 67.39° 0.94 <0.001
Aspartic acid 67.24° 75.042 64.70° 1.45 0.006
Cysteine 50.96%° 56.68° 48.45° 1.85 0.049
Glutamic acid 75.47b 81.032 74.62° 1.23 0.020
Glycine 44.70 45.02 41.27 3.08 0.655
Proline 58.69%° 64.012 55.21° 1.92 0.046
Serine 67.79%° 74.487% 66.22° 1.75 0.034
Tyrosine 70.05% 78.87° 68.26° 2.37 0.040

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
so|d|er fly larvae; AID, apparent |Iea| digestibility; SE, standard error.

2%eans with different letters are significantly differ (P <0.05).

W M2 A AR Y 0|22 25 S AR oA S0 Al 4FAf ofo| =&k 3| & 2518 HM5t

ltems, % CON T1 T2 SE P-value
AID

Indispensable amino acids

Arginine 83.142° 83.842 80.71° 0.72 0.047
Histidine 66.56% 67.762 60.97° 0.73 0.001
Isoleucine 76.112 75.48% 72.06° 0.88 0.035
Leucine 81.192 81.572 78.44° 0.36 0.002
Lysine 78.82° 76.98%° 74.01° 0.72 0.009
Methionine 81.76 82.26 79.75 0.65 0.073
Phenylalanine 80.912 81.80°2 78.75° 0.45 0.008
Threonine 66.61 65.93 62.84 1.28 0.167
Tryptophan 76.08 80.58 74.65 1.45 0.063
Valine 67.442 66.212 61.98° 0.96 0.016
Dispensable amino acids

Alanine 75.57° 75.242 71.82° 0.66 0.013
Aspartic acid 73.09 73.64 70.81 1.56 0.446
Cysteine 56.04 58.28 55.13 1.53 0.385
Glutamic acid 79.21% 80.60° 78.52° 0.36 0.016
Glycine 44 .47 40.99 41.30 3.57 0.757
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Proline 63.82° 63.66° 60.39° 0.56 0.008
Serine 73.60 74.38 72.01 0.67 0.113
Tyrosine 76.80 78.17 74.21 2.31 0.509

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
so|d|er fly larvae; AID, apparent |Iea| digestibility; SE, standard error.

2%Means with different letters are significantly differ (P <0.05).

W MEHEA AR Y O 22 25 AR oA 50 Al 24 o|d= HEt

ltems, log CFU/g CON T1 T2 SE P-value
2 week
E. coli 6.16 6.18 6.17 0.21 0.998
Lactobacillus 8.30 8.33 8.37 0.04 0.539
Salmonella 6.22 6.20 6.18 0.13 0.976
4 week
E. coli 6.15 6.14 6.18 0.18 0.985
Lactobacillus 8.27 8.29 8.28 0.13 0.995
Salmonella 6.21 6.19 6.15 0.12 0.921

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; CFU, colony forming unit; E. coli, Escherichia coli, SE, standard error.

W A AR Y OlE2 25 cEE o o Al BExS Hs)

ltems CON T1 T2 SE P-value
Fecal score'
f’g‘f‘;ewéek) 1.20 1.32 1.27 0.08 0.579
f’;f‘jewgek) 1.10 1.26 1.19 0.12 0.639
%ﬂa\lllveek) 1.15 1.29 1.23 0.10 0.587
Diarrhea rate?, % 22.62 34.52 23.81 - 0.117

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
so|d|er fly larvae; SE, standard error.

"Fecal score was determmed as follow: 0, normal feces; 1, soft feces; 2, mild diarrhea; 3, severe
diarrhea.
2Diarrhea rate(%)

= (n umber of diarrhea laying hens)/(total number of experimental laying hens X
experimental time) X

B AMEHEH AR U 22 25 CHEZE A S0 Al EHEM st

ltems CON T1 T2 SE P-value
RBC, 10°%/ul 1.21° 1.78° 1.63? 0.11 0.008
WBC, 10%/ul 2.68 2.34 2.27 0.25 0.477
Lymphocyte, % 67.73 68.10 76.47 4.19 0.280
TP, g/dL 5.10 5.40 5.03 0.14 0.185
BUN, mg/dL 1.00 1.33 1.00 0.12 0.116

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; RBC, red blood cell; WBC, white blood cell; TP, total protein; BUN, blood urea
mtrogen SE, standard error.

PMeans with different letters are significantly differ (P < 0.05).

B M2SAH AR W oE2 BX 25 H 25 JIeEdiE2 A 20 Al
A A ol &8 Hal 7Y

L

Al

\|a=

B ARIEA AR Ul offs 35 chiER dixl S0 Al MR AN B

ltems CON T1 T2 SE P-value

ADFI, ¢
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Phase 1

(0-8 week) 118.28 118.29 118.19 0.11 0.799
(B 2 o) 118.60% 118.91° 118.32° 0.13 0.017
Overall
(0-16 week) 118.44 118.60 118.26 0.10 0.088
FCR,
g feed/g egg mass
Phase 1 b a a
(0-8 week) 2.26 2.44 2.52 0.04 0.002
Phase 2
(8-16 week) 2.18 2.28 2.31 0.06 0.308
Qverall b ab a
(0-16 week) 2.22 2.36 2.41 0.04 0.014

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed
black soldier fly larvae; ADFI, average daily feed intake; FCR, feed conversion ratio; SE, standard
error.

*PMeans with different letters are significantly differ (P < 0.05).

W MEEA AR Y OlE22 25 AR oA =50 A 7|84 H3El

Feed intake
(g/d) P <0.05

100

CON T1 T2

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed
black soldier fly larvae.

ab\Means with different letters are significantly differ (P < 0.05).

B MEEA AR W OES 25 tEZ oid 20 Al = dikd Het

ltems CON T1 T2 SE P-value
Efogduction, % 84.52 82.74 81.55 1.19 0.238
gfggg’eight’ 63.27 60.99 60.31 0.97 0.112
Egg mass, g 53.48° 50.42% 49.17° 0.91 0.012
Fertility, % 95.83 93.06 94.44 1.13 0.255
Hatchability, % 87.50 84.03 85.42 1.83 0.422

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; SE, standard error.

aP\Means with different letters are significantly differ (P < 0.05).

B MEEA AR W olES 25 tEZ did 20 Al = FFH Hal

ltems CON T1 T2 SE P-value
8 week
Eggshell thickness, mm 0.43 0.40 0.44 0.02 0.261
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Eggshell strength, ka/cm? 4.87 4.42 4.90 0.40 0.653

Albumin height, cm 7.93 8.03 8.33 0.20 0.349
Haugh unit 88.43 90.70 91.65 1.25 0.208
16 week

Eggshell thickness, mm 0.42 0.39 0.44 0.02 0.188
Eggshell strength, kg/cm? 4.44 4.30 4.47 0.12 0.530
Albumin height, cm 7.46 8.10 7.97 0.19 0.068
Haugh unit 85.00° 88.40%° 89.12° 0.64 0.044

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; SE, standard error.

*PMeans with different letters are significantly differ (P < 0.05).

W LS A AR U OlE2S 25 CHEE A =01 Al IS 5T 258 Mt

ltems, % CON T1 T2 SE P—value
AID
2 week
DM 62.04° 58.71° 59.50% 0.75 0.017
CP 62.54° 60.34° 61.312° 0.55 0.040
GE 63.98 62.09 63.70 1.06 0.420
4 week
DM 65.60° 63.61° 61.99° 0.47 <0.001
CP 64.74 62.95 63.69 1.28 0.619
GE 69.47° 66.72° 64.29° 0.59 <0.001

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; AID, apparent ileal digestibility; DM, dry matter; CP, crude protein; GE, gross energy;
SE, standard error.

aPMeans with different letters are significantly differ (P < 0.05).

W LEEA AR U olES 25 S EE ofd S0 Al 8F At ofo| &t B|E 238 M

ltems, % CON T1 T2 SE P-value
AID

Indispensable amino acids

Arginine 82.55% 82.712 79.25° 0.56 0.008
Histidine 65.30 67.41 63.05 1.48 0.194
Isoleucine 76.522 75.242 70.34° 0.95 0.008
Leucine 81.312 81.222 77.78° 0.61 0.010
Lysine 78.84 75.96 72.61 1.47 0.064
Methionine 81.93 82.05 78.96 0.80 0.057
Phenylalanine 80.22 80.77 77.15 0.92 0.065
Threonine 65.88 64.25 60.86 1.56 0.147
Tryptophan 76.28° 82.07° 76.81% 1.27 0.033
Valine 67.642 65.27%° 59.73° 1.32 0.014
Dispensable amino acids

Alanine 75.702 75.012 69.92° 0.87 0.006
Aspartic acid 72.832 72.942 68.12° 1.04 0.027
Cysteine 55.00 56.84 54.48 1.54 0.557
Glutamic acid 79.05 79.94 77.45 0.95 0.247
Glycine 45.52 40.96 40.81 2.81 0.452
Proline 63.52°2 63.05% 58.05° 1.30 0.045
Serine 72.93 73.28 70.97 1.45 0.514
Tyrosine 77.14%° 79.72°8 74.39° 1.15 0.046

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; AID, apparent ileal digestibility; SE, standard error.

*PMeans with different letters are significantly differ (P < 0.05).
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B LEHEA AR W o{E2S &5 cE=E tid 20 Al 165X ofo| =4t 5(F &5l HE}

[

ltems, % CON T1 T2 SE P-value
AID

Indispensable amino acids

Arginine 82.48? 81.88? 77.68° 0.38 <0.001
Histidine 69.78°2 69.77° 62.90° 0.88 0.002

Isoleucine 75.54 76.04 73.34 1.98 0.614
Leucine 81.70° 82.33° 78.62° 0.50 0.004
Lysine 80.25 78.18 75.19 1.76 0.206
Methionine 81.44% 83.89? 77.21° 0.83 0.004
Phenylalanine 80.18% 80.67° 73.73° 0.73 <0.001
Threonine 69.18 69.29 65.93 0.96 0.082

Tryptophan 81.73 84.45 81.54 0.49 0.494

Valine 67.67 68.76 62.97 1.90 0.151

Dispensable amino acids

Alanine 74.80% 78.34° 71.37° 1.11 0.013

Aspartic acid 73.31° 72.07% 71.39° 0.32 0.014

Cysteine 60.59 61.97 59.61 3.21 0.875

Glutamic acid 79.542 80.132 73.32° 0.50 <0.001
Glycine 56.66 55.97 53.45 2.20 0.583

Proline 66.54° 68.31° 61.59" 0.57 <0.001
Serine 73.98 75.02 73.64 1.98 0.878

Tyrosine 77.86%° 79.38° 70.73° 1.81 0.032

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; AID, apparent ileal digestibility; SE, standard error.

abMeans with different letters are significantly differ (P < 0.05).

W MESA AR Y o222 25 AR oA 50 Al 24 o|d= HEt

ltems, log CFU/g CON T1 T2 SE P-value
8 week
E. coli 6.31 6.22 6.26 0.20 0.953
Lactobacillus 8.39 8.44 8.40 0.06 0.855
Salmonella 6.26 6.21 6.23 0.14 0.968
16 week
E. coli 6.21 6.18 6.17 0.17 0.979
Lactobacillus 8.38 8.42 8.38 0.09 0.943
Salmonella 6.23 6.21 6.17 0.07 0.870

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; CFU, colony forming unit; E. coli, Escherichia coli; SE, standard error.

B MEEA AR W olES 25 tUEZ Oid 50 A 2HX| Het

ltems CON T1 T2 SE P-value
Fecal score'
f’g‘f‘;ewéek) 1.17 1.25 1.26 0.08 0.723
l?;?jewgek) 1.14 1.02 1.19 0.13 0.891
%"_eé{a\','veek) 1.15 1.24 1.22 0.10 0.822
Diarthea rate? % 26.79 31.85 24.70 - 0.402

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with

defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black

soldier fly larvae; SE, standard error.

Eecil score was determined as follow: 0, normal feces; 1, soft feces; 2, mild diarrhea; 3, severe
iarrhea.

®Diarrhea rate(%) = (number of diarrhea broiler breeders)/(total number of experimental broiler
breeders X experimental time) X 100
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B MEEA AR U O{ES 25 tEE fd 50 Al EHEN Bz

ltems CON T1 T2 SE P-value
RBC, 10°/ul 1.41 1.61 1.79 0.14 0.166
WBC, 10°%/ul 1.80 1.75 1.82 0.10 0.858
Lymphocyte, % 76.40 79.50 81.97 5.57 0.782
TP, g/dL 4.67 5.00 4.93 0.14 0.234
BUN, mg/dL 1.00 1.00 1.33 0.12 0.116

Abbreviation: CON, basal diet with fishmeal; T1, basal diet without fishmeal and substitute with
defatted black soldier fly larvae; T2, basal diet without fishmeal and substitute with hydrolyzed black
soldier fly larvae; RBC, red blood cell; WBC, white blood cell; TP, total protein; BUN, blood urea
nitrogen; SE, standard error.
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Fishmeal Monthly Price - US Dollars per Metric Ton

Range |6m 1ty S5y 10y | 15y | 20y 25y 30y

Oct 2020 - Oct 2021: 23.050 (1.60 %)
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1.37K
= = = = - = - = = = =
g g g g g g g g g g g g
g E 2 L : ] S E 5 = 5 8 g
Description: Fishmeal, Peru Fish meal/pellets 65% protein, CIF, US Dollars per Metric Ton
Unit: US Dollars per Metric Ton
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HNutr | Nutrent Name o & B MNutr | Nutrent Name

OO . L SR IR Do .. ' (R 30 |LysineBigon:. | 0%, LS
2 |Moisture tid LYS Poul :
B e U et s I N
e S0 L0 e R e B R
5 |cFat 10450
6 |C Fiber 10.130

T
| Calcium

Ridiel
(=]
8
LT

%
pep: 1% 1 asaeod 0] | s leduepout | ] i e
MEn gowv
A7 IMepoulrp | kealkg | 2231 b | 57 |ddvALpoul | %
THC e

S S —— ——
|OEpluim | kealbg | f ] | s@
kealflg: | . 61 |tid SER poul

_|Linoleic(18:2) . 63 [tidG-075 poul |
| Linolenic(18:3) 67 |vilysP :

& i
JuThr p

W ZHHEIX] AEALRE Control @ 25EHIE 0%
Used Ingredients Optimum Weight Nutrient Solution
Rounded Market Range Restriction Nutr (Class 4)
Ingredient Name kgs Pct S/Tonn Low High Min Max Reost Nc  Nutrient Minimu Actual Maximu
e Pct Pct n m
CORN(ARG)MEDIU ou8s. 473 39938 38450 39940 000 2100 | 1 WEIGHT 100 1.00 1.00
CORN(ARG)FINE 1750 700 39938 39940 7000 7000 g | 5% Moisture 1279 14.00
WHEAT(BUL)FINE 020 200 4aa66 435.10 3000 5000 g4qp | e3¢ C protein 1950 1950 21.00
Rice Pollards goo0 400 290,00 450.70 3000 161 | 30C ¢ Fat 5.50 6.07
6015 240 1500 3500 222 o
SBOM-25%,BRZ 6 2 61860 53960 64100 (5 3 | 222 C Fiber 200 3.29
PALM KERNEL ML 5000 299 34400 359.70 2000 026 | 7 CAsh 441 5.00
DDGS 28%(USA) 7500 380 0100 38360 3000 1000 47 | 11 cacm 040 o0zser 100
35.00 |
POULT OFFAL-72 7500 390 79000 75010 3000 0 040 | 12 phosphor g 49 05075  1.00
Aniaml Fats(AV) 5570 222 119000 16890 153020 2000 000 | AP 017 02412 050
L-Lys-SO4(55%) 1225 %39 100000 eesgo  3serio 7100 1000 | 14 DCP 1650  17.25
DL-METHIONIN 9 3,69 004 259500 74620 147928 3100 5000 | 16 MEn gov 3001.86
L-THREONINE 98 3.65 014 213000 44880 103715 g100 - 1.000 | 21 DE 34800 350308 3600.00
L-Tryptophan 1 a76 0% 180000 53030 402320 $O10 1000 I 22 NE 2380-0° 537999 2430.00
SALT-Proc(Fine) 750 939 13500 9300 0.350 | 30 gooteielt 100 182
X 0.37 1.500 Lysine
LIMESTONE-Fine 9.30 ST 3500 489.70 ; | 35 oo 118 123 2,00
M D CP 6.20 024 65000 380 G250 1000 g46 | 38 Methioni 04525
0.12 0120 | S A A

MINE SWINE GR 3.00 02 547000 8 S, 0.70 07985  1.00
VITA SWINE GR 250 %39 705000 9100 I 44 Threonin 0.8726
Lig-Chol-CL(50) 1.64 006  1281.00 426244 0050  0.200 | 47 Tryptoph 02311
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6 0 0 | an
PROBIOTIC 250 %39 300000 9100 | 50 Arginine 105 127 110,00
Iso-Leuci
53 0.76 0.8298 66.00
CTC-zyme-CH 125 %% 460000 0050 |~ e
56 Valine 0.81 0.9466 75.50
phyatse1000bro o750 %9 230000 0030 0.080 |
67 V lys P 1.03 1.03
NEOTARM(SACCHM) 0750 %93 g000.00 9030 1000 | 68 VMetP 039 03975
Total Batch: 2500.00 kgs at 508.14 $/Tonne 50.814 $/100kg 0.5081 $/kg |
— e e e 169 VSAAP 0.65 0.6549
Binding Nutrients
Nutrient Name Unit of Nutr CostUnit of Measure Increment 70 VThrP 069 0.6909
- _Measue - Change __ _
Weight -0.2216 0.01 | 71 VTrp P 0.20 0.1960
C Protein % 3.2354 1.00 % | % lllsa)+|<f(c| 73.84
Calcium % 0.1524 010 % | 97 Sodium 0.5 01665 020
kcal/k
NE keal/kg 15681 1000 4 | 100 Sulfur 02761 030
Viys P % 0.0840 001 % 101 Chloride  0.16 02445 0.30
V SAA P % 0.1917 0.01 %
102 Copper 119.55
V Thr P % 0.1770 0.01 % | . .
115 ¢itamin 0.0000
V Trp P % 1.9504 0.01 % | A v
121 Biotin/H/ 0.2548
Ac Choline mg/kg 0.2610 500‘0 mg/kg | ig 1300.0
C .
| 125 Choline 0 1302.79 1500.00
Pigment-
| 132 (9 5.00 9.17
| 160 PEL index 392
B ZHHEX] AEHAIR HIFF - 25T E 2%
Used Ingredients Optimum Weight Nutrient Solution
Rounded (l;/ltark Range Restriction Nutr (Class 4)
Ingredient Name kgs Pct S/Ton Low High Min Max Reos No Nutrient Minim Actual Maximu
ne Pct Pct t un m
CORN(ARG)MEDI 1118, 44.75 3993 3994 3500 51.00
N - A 392.00 3 % | 1 WEIGHT  1.00 10000  1.00
CORN(ARGFINE 170 7.000 3993 39940 70007000 909 |2 Moisture 12.99 14,00
125.0 4226 4292 3000 5000 C
WHEATBULFINE | 5000 4 ¢ 3 3 007 |4 Broein 1950 1950 21.00
Rice Pollards (1)00-0 4.000 (2)90-0 350-4 ("5-000 -1.60 | 5 CFat 5.50 6.25
6840 2736 6186 6441 1500  35.00 A
SBOM-25%BRZ P 55450 § 5 33 | 6 CFiber 200 349
PALM  KERNEL 5500 2000 3340 3585 2000 g5 |7 ¢ Ash 450 5.00
ML 0 0 0
DDGS 28%(USA) 7500  3.000 010 38330 3000 1000 g1g | 11 Calcum 040 04210 1.00
WORM-MILL 5000 2000 000 37440 2000 1326 | 12 Phospho 49 04704  1.00
Aniaml Fats(AV)  67.50  2.700 (1)(1)90- (1)067-9 5392- (2)-000 8-000 l 13 ﬁ;’ Phos 447 02130 050
LlyssO4(s5%) 967 0387 1090 gespo 3351 0100 1000 : 14 DCP 1650  17.1300
DL-METHIONIN 2595. 14646 0100  0.500
5 420 o168 2 74460 ¥ 9 S | 16 MEn gov 2940.36
L-THREONINE 2130. 10301 0100  1.000 3480.0
5 328 0131 2 4670 1% 9 0 | 21 DE : 3499.87  3600.00
L-Tryptophan 1 477 04191 1800 350099 8007 0010~ 1.000 | 22 NE 23800 237988 343000
SALT-Proc(Fine) 750 0300 1350 2250 0300 0350 4s5g lso %g,‘zo)'eic( 1.00 1,63
LIMESTONE-Fine 630 0252 3500 -22.50 9250 1300 g57 | 35 ery/gciV“e 118 1.21 2,00
MDCP 630 0252 §00 2250 9250 1000 67, | 38 Methioni 04691
MINE SWINE GR 300  0.120 2470 2250 9120 5492 | 41 fp /ngv A 070 07800  1.00
VITA SWINE GR 250 0100 050 1890 9100 70.69 | 44 Threonin 0.8566
lig-Chol-CLG0) 176 0070 1281 130 41925 0050 0200 : 47 Tryptoph 02374
PROBIOTIC 250 0100 3900 2250 9100 30.23 | 50 Arginine 105 1.30 110.00
Iso-Leuci
CTC-zyme-CH 125 0050 4600. -8.70 0.050 4609 | 53 e 0 076 08265 6600




00 0 | 56 valine 0.81 09371 7550

2300. 0.030  0.080
phyatse1000bro 0.75 0.030 00 -20.70 0 0 23.21 | 67 VlysP 103 1.03

NEOTARM(SACC 8000. 0.030 1.000
HM) 0.75 0.030 00 -22.50 0 0

8022 | 68 v MetP 033 04121

Total Batch: 2500.00 kgs at 533.38 $/Tonne 53.338 $/100kg 0.5334 $/kg |
69 V SAA P 065 0.6550

TBinding Nutrients T
. Unit of . Increment
Nutrient Name Nutr CostUnit of Measure 70 V Thr P 0.69 0.6910
- _Measure ___________________ Change __.|
Weight 0.2246 0.01 | 71 VTrp P 020 0.1960
C Protein % 3.2093 1 % Na+K-(cl
NE keal/kg 15685 10 keal/k | %+ oo
: g9 97 Sodium  0.15 0.1549 0.0
Vibys P % 0.0841 001 % | 100 sulfur 02773 030
V SAA P % 0.1918 0.01 % )
| 101 Chloride  0.16 02418 030
V Thr P % 0.1772 0.01 %
V Trp P % 19844 001 % | 102 Copper 119.85
Vitamin
Ac Choline ma/kg 0.2610 Jooo g‘g/ k | 115 ¢ 0.0000
A v
| 121 Biotin/H/ 0.2616
| B8
A ¢ 13000
| 125 Choline ~ 0 1302.93  1500.00
Pigment-
| 132 ¢ 5.00 8.87
P E L
| 160 index 3.67

B Soi 3ol AEAIR 24D}

Aol = =g | =X | =2y | =3
At HEY e = " " N = Ca P

9”30 | H=F(Z0HSol0%) | &4 | 1291 | 19.04 | 521 | 563 | 4.01 | 0.431 | 0.462
9830 | =T (Z0fS0ll0%) | &4 | 12.99 | 19.62 | 4.91 | 550 | 4.12 | 0.413 | 0.461
921302 | H=F(S0§S0l0%) | &4 | 13.02 | 19.50 | 5.68 | 5.29 | 4.18 | 0.417 | 0.487
9€30Y | ciz=T(SoHS0l0%) | &4 | 13.05 | 19.65 | 5.36 | 5.28 | 4.18 | 0.433 | 0.445
9¥30e | Xzl T(B0fS0ll2%) | &4 | 18,19 | 19.47 | 5.76 | 5.87 | 3.95 | 0.405 | 0.462
921302 | XzZ|F(SoiS0l2%) | &4 | 13.21 [ 19.01 | 5.90 | 5.63 | 3.90 | 0.415 | 0.470
921302 | XE|F(ZoHSol2%) | &4 | 13.14 | 18.81 | 5.32 | 5.82 | 3.93 | 0.405 | 0.461
9g30e | Xzl T(Z0fS0ll2%) | &4l | 18.05 | 19.47 | 5.98 | 550 | 3.91 | 0.402 | 0.452

W 2t SHOIN ORAE AR U SOHSol 57t SHE S8t HaN 24

B O[FAE AR U S0Sol FII 20 St 444 &4

Table 1. The effect of replacement dietary of animal protein with insect meal (Hermetia
illucens) on the growth performance in weaning pigs' (Exp 1)

ltems CON T1 SE P-value
BW, kg

Initial 5.90 5.90 0.204 0.982

Final 17.10 16.70 0.478 0.555
Overall

BWG 11.20 10.80 0.392 0.464

Fl 15.80 16.07 0.249 0.458

G:F 0.71 0.67 0.022 0.213

Mortality - 6.67 - -

'Abbreviation : CON, basal diet; T1, CON + insect meal(Hermetia illucens); BW, body weight;
ADG, average daily gain; ADFI, average daily feed intake; G:F, gain:feed; ; SE, standard
error.

a—-b Means with different letters are significantly differ (p < 0.05) or tend to differ (p <
0.10).
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(4) SO0fS0ll Formula Cost 7|8t AlRHE JIX|H I}

o S|AXOIAIZ 7|8t BTt

e C.P 23.27%, MEn 3,000Kcal, P, TSAA 0.43% 7|=

« SO0fSol 2,000¥/Kg, & & 2,200%/Kg 7| &E7t &I

o S0f 30l Low Range 1,206%, High Range 2,1428% Tt A& =X

o ZOISO Min 2% == ME, 2.025% &= ME, A 2dX™= - 0.35%/kg

e IOE Z™Y 7CUL 2,017 /kg2 2, SO0iS0l thH| ALE + 1.83% /kg

e 0|2 A ZME +1.83/kg2E, TO|AIR ZH 2,000E/8 T 7|=, & 2k 4008t
4,8002H CHA| HAXEDE 2

o ZO|AIZ & 2,000E EHYA = SHAIR & 25,0008 Tl X2, MA CHHM Al & 2F 3,6002HA, o

b oF 4o A ZMEZE 2 F US

o
0
\J

« 0~ 35¢ 72t St 2F ch M 7tet He| 7= diE ALRE 50{8 CON HMz| 7ol vsl 72
Moz 92 (P <0.05) AtlZTE8S 2¢
= %

- HAH 7|2 Sot 2% chmS Il T1 X2l TE Lyt
5

= =
22 BYoL SANOoR Rolmel Xols LIERIR| etS.
. M 7|7t SOt 2E chFS HIIET1 MelTE YUk ALRE 2098 CON M2l ol vls| e AlR
MET2 oL SHAMoR Rolmel AolE LIEHIX 2S
- SOiSol EXshEE| Mol W2 ALR2TEO RNl UAR, SAAE U HES S8 cIEHY
U 4spMElE 23S 2 4 UckD ek

B SoiSo| daof wE YFZE |27k 2M(2RIHE)

H S0 3ol MA e /=X J|271X 24
ox 22 sjE gx gy U1
Sl TR By T e TR ﬂf:ﬂ{
= TegolE = o
=
T=2(%) 6.58 6.59 Aspartic acid(%) 515 3.38
of ZECHE AL (%) 58.76 38.53 Threonine(%) 2.00 1.06
ZX|EH(%) 11.51 42.91 Serine(%) 2.09 1.02
A =7 (%) 9.15 5.61 Glutamic acid(%) 6.33 4.37
- =32 (%) 10.07 7.68 Glycine(%) 3.01 1.85
/ = (ppm) X X Alanine(%) 4.28 2.64
7t=2(ppm) 0.73 X Q| Valine(%) 2.72 1.82
ol 2 (ppm) 0.0294 0.0086 Isoleucine(%) 1.63 1.11
Ca 0.11 0.18 ofa| Al Leucine(%) 3.04 1.94
on P 2.74 2.35 Tyrosine(%) 3.76 2.19
KOH &3l & 0.72 0.51 T2 Phenylalanine(%) 2.89 1.37
/ Pepsin &3l 88.29 39.41 Lysine(%) 2.84 1.75
ol X| (cal/g) 79.61 71.00 Histidine(%) 2.74 1.67
2~35hE Arginine(%) 2.06 1.16
B} Cysteine(%) 0.37 0.22
of SEA . .
S ee Methionine(%) 2.58 1.74
Proline(%) 3.33 1.87

B2 =4 E(0:) Al 7tsd gt
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Ingredient Evaluation (Aventis 2000 Based) e e e e e

the Last Modification; 2011/02/11 *** *#**  #kik *hkk s it i HAAR L wkkk kbk OpAv AP Aventis-2000
BocKmMate Analyses-------- 4 Mono  Mono % AA/Prot(Poultry)
Ingredient Name cALC ? Mois Pro EE Fib  Ash NFE DM : Ca TP oGastrics Gastris Lys Met Cys Thr Trp Arg lle Val

FISH ML(68)White BOOK 70 670 90 03 160 07 930 :450 270 85 2295 7.60 256 0.91 4.10 1.05 537 471 548
CALC 80 692 96 08 134 -1.0 920 : 180 210 85 1785

WORM-MILL 44% (hifat;sook 70 430 100 20 370 10 930 :"111'555 80 4440 5.80 1.39 0.62 3.38 0.87 538 400 500
CALC 10 658 59.97 1144 862 1002 337 9342 : 285 074 80.00 0.59

H 2=2HI} Level MH

B 2=HJ| Level 53

No Nutrient Name Value No Nutrient Name Value
1 WEIGHT 1.000 17 Methionine (%) 0.834
2 Moisture (%) 6.580 18 tid MET poul (%) 0.779
3 Dry MATTER (%) 93.420 19 SAA rp/gov (%) 1.205
4 C Protein (%) 59.970 20 tid SAA poul (%) 1.059
5 C Fat (%) 11.440 21 Threonine (%) 2.027
6 C Fiber (%) 8.620 22 tid THR poul (%) 1.824
7 C Ash (%) 10.020 23 Tryptophan (%) 0.522
8 Calcium (%) 2.850 24 tid TRP poul (%) 0.454
9 Phosphorus (%) 0.740 25 Arginine (%) 3.226
10 Av Phos rp (%) 0.590 26 Iso—Leucine (%) 2.399
11 MEpoul rp (kcal/kg) 2814.000 27 Valine (%) 2.999
12 DE (kcal/kg) 3015.000 28 Glycine (%) 6.703
13 NE (kcal/kg) 2156.000 29 Serine (%) 1.767
14 Linoleic(18:2) (%) 0.230 30 Gly+0.7Ser (%) 7.940
15 Lysine rp/gov (%) 3.478

16 tid LYS poul (%) 3.162

B S0 Sol Formula Cost Z|HF AIRRE JIx[H I}

B AERYE JEXHIt

Bro-PreSt S 4| X 7| Nutrient Minimun  Actual  Maximum
Used Ingredients 1.000
Ingredient Market
__Na_rne___k_gs__P_t__(_‘__l_/T_) WEIGHT 1.00 1.00
WHEAT 0
40.00 1.000 : C Protein 22.00 2327 25.00
FLOUR-OF
CORN FINE 1360.26 34.006 * C Fat 6.67
WHEAT FINE  400.00 10.000 * C Fiber 412
Rice Pollards 152.00 3.800 *
Cashew Nuts C Ash 6.85
28.00 0.700 : Calcium 0.85  o0.8502 0.92
Po Av
SBOM 1034.50 25.862 *
DDGS 400.00 10.000 *
e 120.00 3.000 . phosphor  0.43 0.4302
WORM-MILL 81.00 2.025 2000.00
Poultry oil 117.30 2.933 * us
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oo = AHA| 124.74 3.119 *
SALT-Proc(F
6.00 0.150 *
ine)
LIMESTONE-
18.00 0.450 *
Fine
MDCP 21.80 0.545 *
Lig—Chol-CL SAA
4.00 0.100 *
1.20
(50) ro/gov
MINEMIX=br 3000.0
8.00 0.200 *
o MEpoul rp 2999.95  3060.00
VITAMIX-bro 480 0.120 . 0
Other’s 79.6 1.990 *
x ECH7F * =7 S|APZ|LAlSto 2
HOLRX|
Unused Ingredients
Ingredient Name (%u/r;%r:]t) (%Jthon) Rest Cost
FISHML-S/A
2200.00 2017.50 1.83
m—6
B 3o 3ol ALE ME3 - SAHALR EFHl |
N AR E JEREI}
Bro—PreSt SH =7| Bro-St SHH7|
Used Ingredients Used Ingredients
Rounded Rounded
__Ingredient Name __ ___kgs _____Pet | __Ingredient Name _ ___kgs ______Pet ___ _____ __
WHEAT WHEAT
40.00 1.000 40.00 1.000
FLOUR-OF FLOUR-OF
CORN FINE 1360.26 34.006 CORN FINE 1611.96 40.299
WHEAT WHEAT
400.00 10.000 400.00 10.000
FINE FINE
Rice Rice
152.00 3.800 152.00 3.800
Pollards Pollards
Cashew SBOM 788.50 19.712
28.00 0.700 DDGS 400.00 10.000
S2M A 180.00 4.500
Nuts Po WORM-MILL 83.00 2.075
SBOM 1034.50 25.862 Animal Fat 57.70 1 442
DD?}S@ 400.00 10.000 Poultry oil 40.00 1 000
S=Mph 120.00 3.000
WORM-MILL 81.00 2.025 ofa| o £hx| 111.56 2.789
Poultry oil 117.30 2.933 SALT-Proc(
ofa| = AA| 124.74 3.119 6.00 0.150
SALT-Proc( 6.00 0.150 Fine)
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Fine)

LIMESTONE
18.00 0.450
—Fine
MDCP 21.80 0.545
MINEMIX-br
8.00 0.200
o]
VITAMIX-bro 4.80 0.120
Lig-Chol-C
4.00 0.100
L(50)
Other’s 79.6 1.990
Nutrient Minimun Actual Maximum
WEIGHT 1.00 1.0000 1.00
C Protein 22.00 2327 25.00
C Fat 6.67
C Fiber 4.12
C Ash 6.55
Calcium 0.85 0.8502 0.92
Av
0.43 0.4302
phosphorus
SAA rp/gov 1.20
3000.0 3060.0
MEpoul 2999.95
0 0

LIMESTONE
18.00 0.450
—Fine
MDCP 18.00 0.450
MINEMIX-br
8.00 0.200
(6]
VITAMIX-bro 4.80 0.120
Lig—Chol-CL
4,00 0.100
(50)
Other’s 76.48 1.912
Nutrient Minimun Actual Maximum
WEIGHT 1.00 1.0000 1.00
C Protein 20.50 22.01 23.00
C Fat 6.40
C Fiber 3.95
C Ash 6.05
Calcium 0.80 0.8004 0.87
Av
0.42 0.4201 0.50
phosphorus
SAA rp/gov 1.13
3020.0 3080.0
MEpoul rp 3019.91
0 0

Bro-Gr A &7|
Used Ingredients

—Ingredient Name___ __¥

WHEAT

FLOUR-OF
CORN FINE
WHEAT

FINE
Rice

Pollards
SBOM
DDGS

SEMciy
WORM-MILL
Animal Fat
Poultry oil
ofo| = 4kH|
LIMESTONE

-Fine
MDCP
SALT-Proc(

Rounded
Pct

40.00 1.000
1757.18 43.929
400.00 10.000
160.00 4.000
613.50 15.337
400.00 10.000
168.00 4.200
87.00 2.175
69.10 1.727
44.00 1.100
107.78 2.693
18.00 0.450
18.00 0.450
6.00 0.150

Bro-Fn A %7|
Used Ingredients

—Ingredient Name___ __k

WHEAT

FLOUR-OF
CORN FINE
WHEAT

FINE
Rice

Pollards
Cashew

Nuts Po
SBOM
DDGS

ssMc
WORM-MILL
Animal

Fat(AV
Poultry oil
ota| L= AHA|

Rounded
0.00 1.000
1825.87 45.647
400.00 10.000
134.50 3.362
40.00 1.000
542.50 13.563
400.00 10.000
152.00 3.800
80.00 2.000
71.50 1.788
56.00 1.400
103.73 2.593
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SALT-Proc(
6.00 0.150
Fine)
. LIMESTONE
Fine) 18.00 0.450
MINEMIX-br .
8.00 0.200 _Fme
' ' MDCP 17.10 0.428
o] _
VITAMIX-br MINEMDbr
8.00 0.200
4.80 0.120
o o)
. VITAMIX=br
Lig—Chol-C 4.80 0.120
3.36 0.084 o
L(50) Lig-Chol-C
Other's 91.28 2.282
3.20 0.080
L(50)
Nutrient Minimun Actual Maximum Other’s 96.8 2.420
1.000
Nutrient Minimun Actual Maximum
WEIGHT 1.00 . 1.00 1.000
C Protein 19.50 20.35 22.30 WEIGHT 1.00 0 1.00
C Fat 6.96 .
. C Protein 19.00 19.36
C Fiber 3.97
C Fat 7.29
C Ash > C Fiber 3.93
[Ci 0.75 0.749 0.83 .
23 clum i C Ash 5.39
0.699
0.42 0.4200 0.50
Calcium 0.70 0.83
phosphorus 9
SAA rp/gov 1.12
3070.0 3150.0 | AV 0.399
MEpoul rp 3070.12 0.40 0.50
0 0 phosphorus 8
SAA rp/gov 1.11
3100.0 3180.0
MEpoul rp 3099.95
0 0

B 2 AR U 235 SHAE HIE Al YA B3 7Y

B A AR U 25 cHE HIF Al d4kd HE 7Y

Table 1. The effect of dietary insect meal (Hermetia illucens) on the growth performance in broilers’

ltems? CON T1 SE P-value
BW, g
initial 43.35 43.36 0.15 0.988
35 d 1605.21 1615.58 414 0.114
BWG. g 1561.86 1572.22 4.08 0.108
Fl. g 2388 2378 12.9 0.681
ECR. /g 1.488° 1.472° 0.002 0.040

"Abbreviation : CON, basal diet; T1, basal diet + 2% insect meal(Hermetia illucens)

2BW, body weight; BWG, body weight gain; Fl, feed intake; FCR, feed conversion ratio; SE, standard error.

a—-bMeans with different letters are significantly differ (p < 0.05)
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W MEHH Atz W 25wl cHHZERE IS ZEFufgd] ME H ZHE AIME
Zo(3RIHE)
B AMRAAIE EFHfEH|
MEIA AR EZfSH|
Used Ingredients
_Ingredient Name __ _kgs __ __ _Pet _
CORN 2058.64 51.466
Rice Pollards 152 3.8
Nutrient Min. Actual Max.
SBOM 828.68 20.717
WEIGHT 1.00 1.0000 1.00
DDGS 275.4 6.885
C Protein 17.8
Animal Tankage 128 3.2
C Fat 4.83
WORM-MILL 33.2 0.83
C Fiber 3.1
Animal Fats 60 1.5
C Ash 13.70
Amino acid group 23.6 0.59
Calcium 4.0
SALT-Proc 11.96 0.299
Av Phosphorus 0.472
LIMESTONE-Course 393.4 9.835
SAA rp/gov 0.818
MDCP 6 0.15
MEpoul rp 2860
Lig—-Chol-CL(50) 3.44 0.086
MINEMIX-Lay 8.8 0.22
VITAMIX-Lay 4.4 0.11
Other's 12.48 0.312
Al 4000.00 100.00
B MEA AR W 25 Rel R R(SofSol) Aot e MMM EAZnt
BAES? SHRIIT &It
AMEZHFE, g/F 1657.77 153.99
=3, ml/F 223.02 204.39
HAbE, % 3.77 2.74
HD A2k 30.85 29.92
HD &2hg, % 100.86 98.46
HH Akgtss 29.69 29.10
HH At2tsg, % 98.96 97.00
= PN 29.69 29.10
"M S0jSolE 0.83% H7F AEHAIR 2of.
2&Mst= : HD, hen day; HH, hen housed.
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W M2 AR U Z2&5Rel cHEEJR(SfSol) ool wg MHEM EMHD)
FHIF A
E RPN 854,444 805,933
etet 51,610 87,660
£t 372,915 440,780
CH 2t 392,475 261,893
=zt 17,330 2,756
a2t 314 448
ERAN 2t 15,976 12,396
@ uj2t 15,360 13,050
AFEt 1,800 1,680
E2t oA H|E, % 49.68 65.57
2, "Et o5t HIE, % 2.01 1.83
"HMIIT C SORSOI™E 0.83% HIF AEHALR 20
B 257d CHAJAZIL ZTE AHE(LA, HHSSAIE) Jie 2 o & gy
. .'IHI- I.:I I# llﬂﬂ'llk'-lc
=Tl 2| c Mgk ofRitgol2 SECHY 2 c At Z¥ola|
S8 |EEME| LY | =4 | =H@ Ca P i x| el | ZUWE| 0| Z4% | ZHE Ca P = [EET
(%) (3% =) (2] (] 3 (%) el fiog) %) %) ) %) (%] %) (] kcatfig)
12,40 18.00 L ] 144 614 0a4 0.E0 E-ili] 261 1600 LA i) 230 573 ma 1] 1050
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- e H
[- I I E. lll '
ZETHE 21 ofH| Akt 250 sedp72a|
=2 | E=THE | =X | 248 | =E2 Ca P o %] T | ZOHE | E=XY | =dE | =22 Ca P x|
(%) 136) (%) (%) (%) (36) 156) (kealfig) (%) {%) %) (%) (%) (%) (%) {kcalfkg)
11.85 17.00 5.04 132 11.25 .00 050 2H6H 11.54 16.80 408 330 13.49 3.80 049 2850
MR LN N ]
EEasssEIsl
o= [=—=1=]- [ 20234 11¢ 7|=F
AZEA AR 94,9008 &
W 2 ws W Aﬁ
{an
ZECH 9| = Ab2tgn|a
T | EUHE | =AY | =45 | =22 Ca P o x|
(%) (%) %) (%) (36) (%) (%) (keal/lg)
11.44 1780 483 310 1370 400 0.47 2860
H HESAE (TS AETA)
5T glcoiAg
2 |EUYE | ZAY | ZHR | 22 | Ca P o x|
(%) (%) (%) (%) (%} (%) (36) | (kealfieg)
97 319 7R3 282 839 224 1.02 3089
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