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SUMMRY

This experiment was conducted to develop the container and the mass-rearing protocol for the
Black soldier fly larvae (Hermatia illucens) that decomposes organic wastes such as livestock feces
in an environmentally friendly way, and to efficiently utilize by-products.

Eco friendly handling of organic wastes, such as livestock feces is the beginning of the
future industrial development and the vest way of saving the nature. Except currently
being operated large—scale recycling facilities, small and medium-sized processing facilities
has not been operating properly by lack of technology and processing costs.

Development of livestock feces handling system using black soldier fly will attempt to
make efficient use of by—product and give help farmers to improve livestock feces handling
capability. So, designed suitable livestock feces treatment systems(rearing containers,
automatic separation device) and tested.

Excellent species of the bio—conversion using the livestock feces were selected out of
two kinds of solider flies{Hermetia illucens and Ptecticus tenebrifer). And effects of BSF
on composing ability to the livestock feces were pig feces 0.0g, cattle feces 0.43g and
chicken feces 0.3g per a larvae of BSF. In the examination of the ability of BSFE to
decompose food waste, volume of the livestock feces decreased by weight pig feces 77,
cattle feces 83.62 and chicken feces 80%. Observed characteristics of BSF larvae and pupae
stage were by developmental stage may be summarized as follows: size and length of
larvae and pupae of BSFEF were higher than in pig feces and mixed sawdust treatments.

In order to develop artificial indoor rearing techniques, The pupation and emergence rate
were not visible the difference but important factor of the mating and egg-laying was a
sun light. And it was visible the difference in mating ratio. Mating rate of H. illucens by
seasonal change was the highest from May to July. Mating mostly occurred between 10:00
and 12:00 during which light intensity is high. In order to decrease ammonia gas during
rearing of BSF, microorganism were selected out of two kinds of yeast(Saccharomyces,
Issatchenkia) and a kinds of bacteria( Leclercia).

To compost using of black soldier fly by-product, analysis of fertilizers was performed.
the result revealed that organic matter content is 2 times higher than standard and salt
concentration is less than 1%. Growth of radish in black soldier fly compost and fertilizer
by-products were similar or soldier flyv compost was slightly increased.

Crude protein, crude fat, crude fiber, calcium and phosphorus contents of pupae are 45.36,
32.36, 848, 1.71, 0.77%, respectively. Particularly high content of crude protein and crude
fat can be used as feed supplements. Due to the viscosity of pig feces, sawdust used as a
supplement could improve breeding environment. In addition, poultry waste has more good

physical properties and nutritional conditions than pig feces to rearing black soldier fly.
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Abstract

Development of Bio—conversion System of Livestock Feces using
the Black Soldier Fly

To compost using of black soldier fly by-product, analysis of fertilizers was performed.
the result revealed that organic matter content is 2 times higher than standard and salt
conc This study, we verified livestock feces handling capability of the device (BSF rearing
device) and tested using the by-products as compost and larvae, pupae as animal feeds.
entration is less than 1%.

Growth of radish in black soldier fly compost and fertilizer byproducts were similar or
soldier fly compost was slightly increased.

Crude protein, crude fat, crude fiber, calcium and phosphorus contents of pupae are 45.36,
32.36, 848, 1.71, 0.77%, respectively. Particularly high content of crude protein and crude
fat can be used as feed supplements.

When using pig feces to breeding black soldier flies, mixed with food waste would
increase production of black soldier flies.

Due to the viscosity of pig feces, sawdust used as a supplement could improve breeding
environment. In addition, poultry waste has more good physical properties and nutritional

conditions than pig feces to rearing black soldier fly.
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Method for bio-conversion of putrescent wastes
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1. A method for continuous bio-conversion of putrescent waste
comprising;:

depositing putrescent waste on a surface of a disposal volume, wherein at
least a portion of the disposal volume is comprised of putrescent waste;
bio-converting at least a portion of the putrescent waste in the disposal
volume to a living system, wherein the putrescent waste is transformed
into waste residue; and

simultaneously with bio-converting at least a portion of the putrescent
waste in the disposal volume, excavating at least a portion of the waste
residue from the disposal volume below the surface of the disposal

volume.
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1. A device for continuous bio-conversion of putrescent waste comprising:
a disposal track having lateral side walls and floor for containing a
disposal volume on which putrescent waste is deposited and which at
least a portion is bio-converted to a living system wherein the putrescent
waste is transformed into waste residue, an excavation gap associated
with at least one of the lateral side walls, which is positioned
NER substantially below the living system, for excavating waste material from
L (<]

the disposal volume; and

an excavating means for excavating at least a portion of the waste
residue through the excavation gap simultaneously with bio-converting at
least a portion of the putrescent waste in the disposal volume, said
excavation means comprising:

a drive sprocket having a substantially planar surface, said planar surface

being oriented substantially perpendicular to the lateral side walls.
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A method for composting of a mixture of livestock excrements and
bedding wherein said mixture is treated with an acid, characterized in
that the mixture of livestock excrements and bedding is kneaded with 3
to 35 wt.% of nitric acid to decompose lignin and cellulose contained in

said mixture, and is chemically humified thereby
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Abstract

Artificial Multiplication of the Black Soldier Fly(BSF),
Hermetia illucens(Diptera: Stratmyidae) using the Livestock Feces

This study was conducted to investigated the distribution, ecological character and life
cycle of Black Soldier Fly(BSF), Hermetia illucens, to determine effects of BSF on composing
ability to the livestock feces. The distribution of BSF was defined in all parts of the
country in Korea. Its main habitat was found to be areas near cattle sheds, feces sheds,
living waste dump grounds, and food waste dump grounds.

Excellent species of the bio-conversion using the livestock feces were selected out of two
kinds of solider flies(Hermetia illucens and Ptecticus tenebrifer). And effects of BSF on
composing ability to the livestock feces were pig feces 0.5g, cattle feces 0.43g and chicken
feces 0.3g per a larvae of BSF. In the examination of the ability of BSF to decompose food
waste, volume of the livestock feces decreased by weight pig feces 77, cattle feces 83.62
and chicken feces 80%. Observed characteristics of BSF larvae and pupae stage were by
developmental stage may be summarized as follows: size and length of larvae and pupae
of BSF were higher than in pig feces and mixed sawdust treatments.

The weight and the head capsule width of the black soldier fly larvae also confirmed
that the black soldier fly was passed through 6th instars. The black soldier larvae have a
mouth part that contains a sweeping apparatus that was transformed from the biting
mouth part that is typical in other insects to improve the efficiency of uptake with respect
to organic materials.

In order to develop artificial indoor rearing techniques, The pupation and emergence rate
were not visible the difference but important factor of the mating and egg-laying was a sun
light. And it was visible the difference in mating ratio. Mating rate of H. illucens by
seasonal change was the highest from May to July. Mating mostly occurred between 10:00
and 12:00 during which light intensity is high.

In order to decrease ammonia gas during rearing of BSF, microorganism were selected out
of two kinds of yeast(Saccharomyces, Issatchenkia) and a kinds of bacteria(Leclercia).

As the egg-laying medium for artificial egg collection, calf feed and food waste were
most effective. The ratio of egg-laying medium is waste food : sawdust(l:1) in volume.
For egg-laying materials, flower foam and wood with holes were used; holes sized 3 ~5mm

in diameter, 7~10 mm in depth were most preferred for egg-laying.
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FAH E4E He 25 FolEols R AMSS T8 1 wEY AdEE ey
W ol&ste, &4= 2d7], F-9d FL ok, AF UtEEY d doE B ks 7
T #7144 #HI7IES Yol® st Atk FeEol fFolv HulvlE &5, sEA ¢
WA Alg 2 o] &"H g 9lo], FAstal ZAolHA &P oE TEEe 5 F74 #HYE
S Ay & g At

7HE oAl A WS s Fx HY|E WHoR HEgE A, H9Y 7}7301 wf}-¢-
A3t el I FF mEE HE 2SS AYS ¢ ogle divkee S4bs el A
oy FAE AL = JdE vy AAAHQ] wHo] & 4 9JtH(Teotia and Miller, 1969;
Sheppard, D. C. and G. L. Newton, 2000). X%t 50d o] A& S ol &3 7159
s Agshe WS Ag she, Jds AEe £ s grHMiller et

al., 1974; El Boushy, 1991). o|n] 7|&4d o2 A< dAo £9 A gk v]-& F-gho] w4
ol Haol o7 9 70d] 7)o ml= T thgtel A e thAl FoselE ol& st 7=
i Ay A" o] &8 A7sHr] Al gt

olv| 2] 745 ol 5ol (Hermetia illucens L.)T Black Soldier Fly(BSF)&tx% 3}, 32| &
(Diptera) -& °ll ‘5ol #H(Stratiomydae) | ’L‘o]'f LEo0R LHA At} o] FL Fm, dE F
o, R § sHolAlotel ml= Ao dE FExEo] Atk | 3AY ol wAsHH, A HAF
o) =

i=e) [e)

=32 6240 BTt 1083 7HA dEbdTh o] 52 arA dHe] WHuvE WER &l
W % g g2 Hu 7 7F Ho] 9 E 3k (Sheppard et.al., 1994).

Yol = 19989 A VI EHAJ W (R, 1997), oldl gk A= AT AAo) Fof
5ol 3 (Stratiomydae) = A A A H oz ©F 1500 , ol 95145 (1, 1997) &8 A At

Lo A= 59 ~99e| ANFATtaL SO 1990) 37 BSF& ﬂﬁﬂ EYPEor T A
Aol otddFe vA AoRE Wi sjFom FIAvt shARE x4 A As 252 BSF
= AR Holghe s & B AT AV]ds HoldEs A et ol AMEES
el o8 olFsiH, A Adgrdy] 9 SAE2E VS Fe Fr]AHEC] okA H o
A= FolA AEALE o] o) 7T (Sheppard et.al., 2002).

BSF&= &9 HldEoy & A& nPEY 22 74 #A7iE9 Hgdm #F83u.
vl o] Aol A= 4~1149 Ato]l | BAHE AXW, Fafsh= ohgst Aaet a2 oA
A4 3FaL )t (Sheppard et.al., 1994; Sheppard, D. C., 1983). % 3}e](Musca domestica)®] At
ol o3t wAdEe B 2E Aol W AT AT Teotia, J. S. and B. F. Miller,
1970a,b). L1 BEAA ] AAg AAdA A AEHE o A=A A= &t
152 d&alr X3 Fgo=z Qld 1 dAAHo] =¥ wth(Sheppard et al.,. 1994). ¥# BSEF
7 wj A Eol Abgkeltid, A 60ton(56MT)e] d-&<] 100,000 hen caged-layer houseol 4|
sto 5ol ApAl A4F & 4 dthal gk (Sheppard et al, 1994; Booth, D. C., and C. Sheppard,
1984).

Tomberlin(2001) 1998 x| o} 19t ﬁéxl o 9= 3 dAHNAN 6¥ 219FE 3047}
2] 11:00~14:009 oJFH k. 1 A3, BSF= 7 FaelA @ F7F #2H =, FA% o
I kA F9o Lol ATk FAH ok 91.9%7F GACIAIL, & IPEAEE 91.3%7F A

rJ
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th ool wu o Ateks EFow = o] o By
AL 8 AAAT trtew AFE dolar, 7] thrtew
WY E vh GRS A A S s FA te g dopr) g
S 3= A o|th(Alcock, J., 1990).

BSF&= 574 = SAFA 59 A ES v gA FE] = 3l=1l(Sheppard et al, 1998)
o5& 9% Wx AlEoly Aule DaskA gtk sty o5 Ag&dAel HolE

|
Zol =7 f1EA AAL2GA Hol Tl v = A witof g17] wiEel ol&
WA E Bl 47 oA} olF % Rl AEES TSk dFE MAEAES A3 F
g 7F MATS FHs7] s AdFoE FIAA e Wk, U A AEES AIRE F
3 AzAg 2 e v (Newton L, 2005). BSFe] W7 AxF %o 2 A9 aminodt fatty
acide2 ¥ 33l 429% 9] protain, 35%¢] fate® FAE I AvHHale, 1973). HU|7| S o] &3 <

TZ oY cockerels (IHale, 1973), swine (Newton et al, 1977) 1|3, &30} tilapia
(Bondari - Sheppard, 1987)° <& HAo] du= AL W3yl BSFE o]£3k 5% wj
A E Sl A wAEESY 2 42~56%7F EolEALH, FTEe TAEAY ALFAEY
FET 40~55%7F £ 0]E T (Sheppard et al.,, 1994).
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= @AY E gt dol e T8 Ak
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(mean = SD) Ist nd 3d m 5th o1 P
Duration (days) 11 241 241 541 6+1 1243 2242
Weight (mg) NM NM 394131¢ 2214961 663+20.42° 1853+33.99 134.5+27.49
Head capsil _
CACCAPSUE 0140008 0240047 0440065  06+008  09+006°  1.1+0.05*  0.8+0.06¢

width (mm)

Head capsule
image

“NM" means “not measured” in the study. Different superscript letters mean significant difference (Duncan's test, alpha =
Scale bar in head capsule images indicates 0.5 mm.
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™N = 1000 per month

Months (Mecan = SID)
Pupation (2o) Emergence (20)
Jan 99.8+0.31 99 .3+ 1.42
Feb O9R.9+0.91 -
Mar - 97T 2.3
A pr 98.7+1.61 98 .4+ 1.04
May 7.5 2,31 -
Jun - 99. 8031
Jul 99 .5+ 0.51 99 .8+ 0.33
Aug 99 . 8+ 0.53 -
Sep - 99.7x0.31
Oct 99 3+ 0.71 99 .9+ 0.03
™Nowv 99 7+ 0.51 -
Dec - 99 .9+ 0.07
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F 23 FASARF FY 2427 2 HRERH ndE cFEY 2 T4
Category Species Growth Condition
Bacteria Bacillus smuthii NA, 35T, odor removal
Bacillus fusiformis NA, 30C,
Bacillus pumilus NA, 30C,
Leclercia adecarboxylata BHI, 35T, odor removal
Bacillus licheniformis NA, 30T, food-waste treatment
Yeast Candida sp. GPYA, 27T, odor removal

Issatchenkia orientalis

Sacchromyces sp.

GPYA, 30T, odor removal
GPYA, 27T, odor removal
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=T 77, AE 80%2 & 8 F FA A7 7 ZAH

4. 7HEER B3 mE FoTe 5 2 WH7] dEL2 EEolv =E+EAE EFLSH
AP W fFSolht HulZle] do], 74 Fo] & Aol vls) Fdth
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Abstract

Development of the Compost and Animal Feeds using the

By-products of the Black Soldier Fly and Demonstration of Farms

This study, we verified livestock feces handling capability of the device (BSF rearing
device) and tested using the by-products as compost and larvae, pupae as animal feeds.
To compost using of black soldier fly by-product, analysis of fertilizers was performed. the
result revealed that organic matter content is 2 times higher than standard and salt
concentration is less than 1%.

Growth of radish in black soldier fly compost and fertilizer byproducts were similar or
soldier fly compost was slightly increased.

Crude protein, crude fat, crude fiber, calcium and phosphorus contents of pupae are 45.36,
32.36, 848, 1.71, 0.77%, respectively. Particularly high content of crude protein and crude
fat can be used as feed supplements.

When using pig feces to breeding black soldier flies, mixed with food waste would
increase production of black soldier flies.

Due to the viscosity of pig feces, sawdust used as a supplement could improve breeding
environment. In addition, poultry waste has more good physical properties and nutritional

conditions than pig feces to rearing black soldier fly.
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® 3-2. glstH| R REAE T (T %)
i N P,Os KO
FELEHE 21 17 17
UAF R F 12 61 -
ax 46 - -
() A=l 473
O AFTFHA : 4T ZTE 1/5000a(34HE, F3H)
@ FHuAuFe] w2 M7 473
33 EF TEAFY Ay AF 2 HYFE AR
H|SH AH|7]E AH|A] 7]
/‘] H]:FL A% = gt 2k
/\]H]7]T?1 QH]}\]H]Z E‘?:]LH]JEJ_ E]H*I
(kg - 10a™) | (kg - 10a™)
CR-1 | Fx &+ 0 0 - -
CR-2 |thzT- (vl & B)) 28-5.9-5.4 291 6/5, 7/20 6/5
CR-3 (A2 F1(FAIH|E A  28-59-54 291 6/5, 7/20 6/5
CR4 & F2(FAHE vi=h | 28-5.9-5.4 582 6/5, 7/20 6/5
CR-5 |2 2] #3(FA8 8 va) | 28-5.9-5.4 145.5 6/5, 7/20 6/5
AR ZIE - B (XA ) A7 AR FAE 79 A7 E(FE T 3)
B3H 8 : 23](7]¥] 6/5, FH] 7/20) AlH|
FAHE(EH] : 22:06-01)9} thFH] B (FAEE Y] : 1.6-1.1-02)E 13](6/5) 7]H]A|H]
® ZE 24 9 #HH
O 9O XEC] 3ecm Zo|Z WlFZFE AT FAIRE(EHY], FHF)E ALSE
EFHEFANE H He F
O XET dAF] dFFTA #Fsla Lo} & AFo] d5d FE 175 Auls
O BguEY FHE 1L0L-m” B o #F5L, BFE AxHA FEZ Fr1Ho
2 AAH, HEE 24 Al sE AXsY HWEIE AT
ZFEA & ZA
O 2AMEE - 2%, 95, AEFTASE, A3HE), ASE 2o
@ ZAF W& E A7)
O ZAS - 2%, |, AET
O ZAM7] : AEFTE &
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3 FHES Hugte 95l
1 Aol s o
24 wx A
23 AHgTbEE
LW Bolsel BUEE AR A JbseE, HudEE Agsts

=]
TE | gmaE 9 et Acs) 5810 ¥ (mg/kg)
010
g g T aw | 4R wa s e | v a8 T9 99 02
FE

g | 25 | H0ofet | 1e]8f | 5holet | 50 o) 2 150 | 300 | 300 | 900 | 50
] _ _ _ _ ]
;‘i o1 | 4982 | 3718 | 099 | 4496 | &4 | =4 | &4 | &4 | &4 | 2851 8638 | &4

~
(

AEA -5 EGEAZET, pHo A7|AEE 2 EYGEF T REY BHTENA A
g MEHPot HEHYTF(CR2-5)NH BHuEe] Aujo] ME Ahsh ANFFo] F
hsa, FAHEH EAET(CRY S FAF RHUEAFCRI5)NAE #7188 Fo] Z7}
shsich RABUES S5l EHNEAYT AY F ESEHS A W%y 2NE vw
ol Azlo] dE 2ol JER}A UTHE 3-5).

35 AF AT By 2HA
Av- Ex-Cation
pH | EC |Salinity | OM | T-N CEC
Treatment (15) : POs| K Ca | Mg | Na
d5/m (%) (mg/kg cmolc/kg

Before 886 | 050 | 005 029 | 002 14 | 010 | 699 | 032 | 0.07 5.70
CR-1 858 | 0.67 | 000 | 022 0.02| 19 | 032 | 858 | 0.65 | 0.06 5.90
CR-2 871 | 055 | 000 | 034 |0.02| 67 | 020 | 853 | 049 | 0.10 5.70
After |CR-3 | 870 | 053 | 000 | 027 | 003 | 61 | 015 | 765 | 047 | 0.08 6.07
CR4 | 880 | 053 | 000 | 048 | 003 | 64 | 015 | 839 | 040 | 0.09 5.87
CR-5 | 877 | 059 | 000 | 066 | 0.03| 67 | 017 | 833 | 047 | 0.10 6.00

ND : non-detected : E74=
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2 = A& =4}
g AeTE A5zl 945, 2%, 2FEN2E, F2F) B AESAHGE, AsH,

TA)E A ATHE 3-6).

dre FAYTFHCRDEG EFHEAYF(CR2-5)ANA  F7tstla, FAEHIEAZT
(CR2)E Tt FoAFATHEANDTF(CRS, )4 HIS8tAY 1~15% F7tete] §AH fFoAHE
vreRd SiTt.

gL FAAFCRDEG EFUEAYTF(CR25)A4  F7htga, FAHEHEAT
(CR-2)¢} FolTAEHEAZTFCR3~5)0A Hl=aAY kb Hasiovt A fAHS
PR A gkt
= B HuZdoeld A2 Fo % 24 AT €79 AHETE Hu2

FL 152~161cmz T S| BH E X7 T F(CRDETF 4~15% =713t 3, BAtEH]
EAHYF(CR2)ET 2~9% F7FetHou % lX—‘I frolde UehA fdth dF9 AT
F2H4e 183~733cmZ T2 F(CR-1)ETE 23] 8 2] TH(CR-2~5)l| A 224~300%Z7}514)
a, %H Al EHMEAHZ]F(CR3~5)= FASHEAHFH(CR2)ET o 24% F7istalon, E7
A f94< YeRAT

AEFL 459 AR, AE 2 A&EA AAe AEFTE ZAlEIYEY. 979 AdHE=

02~109g/plant2 B38| & 8] TH(CR-2~5)A A T A F(CR-DET} 8.7~12.78] Z7}5197, T
W5 BAEH TF(CR3~5)E FAHEH B F(CR)ET 4~30% Hastgort TAH #9
AL JeEhA @&otth @72 AeEE 0.6~16.1g/plant2 2 ¢H] 24 2] F(CR-2~5)0 4] T3
TCR-N)ETE 24.1~5718) F7FslSla, FoSAEHEANZF(CR-3, 4T HFAEHEAZT
(CR2)ET} 4~117% F7tsted FAA #2742 Vel AR Asie] FAZFSR A
EAlY] AEF T2 BV EATFHCR25)NAE FAZF(CR-1)ET} 13.2~26.248] F7}315
i, FHFARHEAYFHCR3)E FAEH B F(CR2) BT 54% F7tstd TA A Fold2
LERA ST

AEE ATE 47 ASE ZAS 27, FolSodRMEANYTE FAEYEAD T
Hl=st AL oft FUbslA A, THE Aol 443 AHETe FAFARNMES wEke A
CR-3 A T2 ZAEATH

%36 Y 2 F AYTE ASTA

Item ; =3 NEF
ol 2= v )
BT | Y Agqeg | 2% | A% | A | @A
Treatment ea (cm) g/plant
CR-1 4b 14.0b 15.2a 1.83b 0.42b 0.2b 0.6a
CR-2 11ab 34.1a 15.9a 5.93ab 5.39a 5.0ab 10.4ab
CR-3 13a 31.9a 17.4a 7.33a 5.20a 10.9a 16.1a
CR-4 11a 33.9a 16.1a 7.30a 4.51a 5.2ab 9.7ab
CR-5 8ab 31.8a 15.8a 7.33a 3.70ab | 4.6ab 8.3ab
B) Ff dE =A}
dF AGH F UL mHdLY GEFES F 37H R 387 FH. Hae



1.31~1.82% 2 FAHEH| 59 FoASAREHEAZE FA < =4 velgdz, A4 A8, Zs,
2 1 A

s 2 FRsTe el

12
Sy
o
Rl
o,
fr
X0
[o 4
i
=
M
r (
:i 30

= UERpoh
37 A8 F2 F 9T O G
Nutrient
N P K Ca Mg Na
Treatment
CR-1 1.33 0.35 142 2.01 0.22 0.22
CR-2 1.70 0.36 237 2.90 0.25 0.29
CR-3 1.82 0.35 2.08 3.73 0.33 041
CR-4 1.40 0.34 2.29 3.70 0.25 0.39
CR-5 1.31 0.27 1.93 3.97 0.34 044
® 38 A T8 T EF9 nHdL T
Nutrient
B Fe Mn Cu Zn Mo
Treatment
CR-1 ND? 185 123 0.4 70.0 ND
CR-2 ND 132 96 0.3 334 ND
CR-3 ND 171 147 1.1 56.6 ND
CR-4 ND 147 122 0.3 46.5 ND
CR-5 ND 185 138 0.7 54.0 ND

UND : not detected(E-71Z)
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(2) BASol Hul7]e dAF LA AFAY
AZ3 ZolSo] Hu7|E ¥ 1,5004 7R A% Fo3 A= 5
BRIt Foll 5ol HH7IE F92 Fo9H AT 23527004 F9F 2,380 ko]

287} =obpleon ssE 68700l A 4570 R Hastin. 'l daE e flsixe Zeel F
AE EdoEN FZES A F detl F 94 He niek Zo] ool WH7|e Z

& BHE 11702 THEC Qo] BAE Ao BE Hergo] FaE AL AR

39. BlEol Hul7] dubdE B4 A3

ke
A

proximate analysis (%)
Crude protein 45.36
Crude fat 32.36
Crude fiber 848
Crude ash 6.21
Calcium 1.71
Phosphorus 0.77

E 3-10. Foj 5ol HH 7| olmiil EA Ay}

Ingredient (%) Ingredient (%o)
ASP(%) 4.05 PHE(%) 1.89
THR(%) 1.73 LYS(%) 2.58
SER(%) 1.77 HIS(%) 143
GLU(%) 4.53 ARG(%) 2.39
GLY/(%) 2.61 PRO(%) 227
ALA(%) 29 MET (%) 0.9
VAL(%) 2.64 CYS(%) 0.27
ILE(%) 1.87 LEU(%) 3.28
TYR(%) 311

E 311 Bol o] Wuly] Ak 24 Az

Ingredient (%)
Z3F A %) 13.15
& L3} k(%) 16.90
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S|
> SOISol UM A2 wR > EI| ABES 2
> ZEABAIES| X A > 0| Al SZE010] 3 92k YAl D
> AICHE, RO P D
> Al ctalz ¢ Astsy 2
OPPORTUNITY (21 21) O I HREAT(21E)
» AR Z ORI 2 2R A > CHI| 2 =g A|E Sl 2t 29E
> R21E XA NS gl dlbhel el = B ot
> RUIQIH O S 9T & Mo| |
vk A2

B J1EER long B3 & 5 9 Ax" AT g
o71e] 36 AME Hrf e AAHACE BE oS FF T F AY:
A9 A% 57F Bong AY W A% 3489 Ao AMS E AR AN
= s a2
= s
1T XpEA 5 2P 5= DA 5
RPN . .
=P = 2l Rl 1xHHA &= extA = SAH &=
HEFS T 3.7 44.6 112 280
= & T 46 .5 558 1.395 3,488
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o = = 9 o = -
(2) 5ol 7t x3tons HolZ 3 uf 23 FAFE9 AR
9.000 - —
8,000 -
7.000
6.000 [
5,000 - 1RIE =
4,000 - S 2RA =
3.000 I 3RA &
2,000 | [
1,000 -
o
HERS = e
(o umorey)y
=7 = = D} = ol = 1 xEH = 2xH = 3XtA =
HErE=(9) 30 111.6 1,339 3.348 8.370
=2 & (kg) 165 K 83.7 209 523

9,000 - ™
£.000 - t
7.000 - [
6.000 - [
5,000 - 1XA =
4,000 - | Z2RHA =
3.000 - | axtA =
2,000 - I
7000 | —
o . .
oH = OHel 2 2 dl (o] B=2|
(CH2| B ORR])
- = 153 = 2XFHA &= Sk tElice
O = 1,422 H.o557 8,893
O & =2 A dl 507 1 ] 4,563
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M6ZF AHTAZEAZAAM sEct s2AstI|=8E

1L 559 FAsol ol &

FesA +5dT4a

A D QEAl HRAL

AREA A g 0 020-84190809, 84191709

= 13632 355267

E-mail . Anxc@gdei.gd.cn

Fa DB AGA] stol R AlZFAIF 1065 -9 1 510260

7b. selsole AE A 5 2 dLUHA
F ool (Hermitia illucens), A% Black soldier fly, A& WA o] o

2 TS 7P E, ol WM vl st &4 = FEAEY Fo AR F

=9 HA e B FtolA N B o Yo, AMS A He FuE HolE

vl Zxobrftal X kA7 80 thol Al#fE o] FolFolE of&a WhEe " HAY

E AHeshe= 7 I3 7

1:_(4 @)
[€) O L s T
4o AL =, 53] sA AR A, "gEs X, ARl "ER 2ol VS Rem
stol i Ak ake] A T AEEe 32 AR olv Aol A% e Frh EiEelA
= wolleole A= BN AT HE AAdeE AvfRlen, ALdud dA &8&

Astol, fId AuE AT ALk

E 1 FAS #39 obulxa §F

st | g | opulxs | #F | ohvixa | #9
Met 0.9 Phe 2.2 Scr 0.1
Lys 3.4 Val 3.4 Glu 3.8
Lcu 3.5 Arg 2.2 Gly 2.9

Ilc 2.0 Thr 0.6 Ala 3.7
His 19 Try 0.2 Pro 3.3
Tyr 2.5 Asp 46 Cys 0.1

1) ot SR
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2 B9 5

3o Ad T4

o
x A Ak TASF x A g4k TASF
FFE At 1.6 Z ol Ak 1.7
-2 A4k 53.2 =7 A4k 124
v g AEL) 6.6 o] =4t 8.8
| EAL 84
X 3. 55 7359 FEZD FF
532 3 =2 3 =2 F
P 1.51% Mn 246ppm Al 97ppm
K 0.69% Fe 1370ppm Sr 53ppm
Ca 5.00% Cu 6ppm Ba 33ppm
Mg 0.39% /n 108ppm Na 1325ppm
X 4 92 T/ Holz AS3 Fo S =5f/57] olvx=t g
oh v E % ol %5 o1 1 8 (%) oz
i | ARetA AAAT | gk | AApa. | oo E)
PN Asp 4.15 4.60 4.02 0.14
i AR Thr 1.45 0.60 1.47 0.74
i R Ser 1.17 0.10 1.11 1.35
AN Glu 5.04 3.80 6.10 0.46
iR Pro 2.66 3.30 3.40 0.24
1 AR Gly 3.12 2.90 2.26 0.31
o AR Ala 2.90 3.70 2.37 0.44
Pt A% Cys 0.18 0.10 1.33 2.29
iR Val 3.06 3.40 2.69 0.23
FH it I8 Met 0.77 0.90 2.44 1.22
5 AR Ile 2.15 2.00 3.85 0.69
56 AMR Leu 3.39 3.50 2.27 0.40
[T Tyr 2.87 2.50 1.75 0.47
ENREA Phe 1.96 2.20 2.56 0.27
HH AR Lys 2.83 3.40 3.38 0.18
#H AR His 1.01 1.90 2.03 0.62
5 AR Arg 2.42 2.20 2.63 0.18
opn| =4 F 41.14 41.10 45.66
e e = S 20.21 20.20 24.43
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