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Abstract

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 human
food in an environmentally friendly way, and to efficiently utilize by-products.

To develop the suitable methods and a model system to treat organic wastes using the
black soldier fly, we investigated the amount of food waste and livestock manure and their
treatment. The data were collected on the limit and the problems of using other fly species
and the rearing container and related systems of the black soldier fly.

This study was conducted to investigated the distribution, genetic diversity, ecological
characteristics and life cycle of the Black Soldier Fly (BSF) (Hermetia illucens) to determine
effects of BSF on decomposing ability to food waste. The BSF was found in all parts of the
country in Korea. Its main habitats was areas near cattle sheds, manure sheds, living waste
dump grounds, and food waste dump grounds.

Observed characteristics of BSF in the developmental stage can be summarized as follows:
an egg was long oval-shaped of 886.9£19.7 um in major axis and 190.14#9.7 m in minor axis;
averaged weight was 24.0£1.6 (8. One adult insect laid 1001+247 eggs; days to hatch from
eggs (27C, 60% RH.) were 81.3+12.5 days. Larvae soon after hatching appeared to be close
to white and turned into pale yellow as being last instar larva. Last instar larvae ranged
about 20.7+1.1 mm long. The duration of the larval stage was approximately 15~20 days.
Pupae were red-brown colored and 19.2+1.1 mm long; the pupal stage lasted 15.5+1.4 days
for female, 14.7+1.4 days for male, exhibiting the tendency of males having the shorter
period than females. Adult insects were about 13~20 mm long and black throughout its
body.

This experiment was conducted to investigate the effect of using the Black Soldier Fly(BSF)
larvae on performance of broiler chicks. Four hundred eighty broilers were divided into 3
treatments with 4 replications. Forty birds were allocated in each replicate. Treatments were
corn-soybean meal based broiler diet(Control) and the basal diet was replaced with BSF at
the level of 3 (Treatment 1) and 6 (Treatment 2) % respectively. Viability was not different
significantly. Body weight gain was higher in Control than other treatments. Feed intake
was not statistically different between treatments. Feed conversion ratio was lower in
Control than other treatments. In serum biochemical values were not significantly different.
It was concluded that organic broilers required similar ME and CP to those of regular
commercial broilers. Therefore, it could be suggested that Black Soldier Fly larvae

supplementation could beneficially improve the performance on broiler.
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Abstract

Development of Manure Solids Conversion System Using the Black
Soldier Fly(BSF)

This experiment was conducted to develop a container for efficiently collecting the Black soldier fly
larvae (Hermatia illucens) and decomposed products that will eventually facilitate the organic waste
treatment process.

To develop the suitable methods and a model system to treat organic wastes using the
black soldier fly, we investigated the amount of food waste and livestock manure and their
treatment. The data were collected on the limit and the problems of using other fly species
and the rearing container and related systems of the black soldier fly

We designed and tested various containers to choose the most suitable system. Finally the
BSF rearing system was developed to treat food waste and to automatically collect old
larvae. And also we developed a prototype that enables us to collect the compost by the
larvae.

The prototype can be installed at restaurant, feeding facilities and a household where food
1s generally wasted. If the prototype is used in animal farming facilities, it will effectively
manage excrement, and decomposed products (manure compost) and other by—products (old

larvae) will be obtained that will be additional income sources in the reginal area.
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(1) ESR Bio—Conversion Units

[ Plastic |

Funnel

"4 118 Patent
| | 114 Paten 6,780,637
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<9l %> e e

- 29 71% 3 vs2E A A7 E (USE3S] 6780637)
- ZJALZEo] o] Fof nigte A AlZE HO7|7HA] YA RYGe R H
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[e) -
AR E 197 o3 — T B2 A

<New two—foot unit> <6—foot unit> <6—foot unit W4 =H>

[Pre—cast Concrete]

<Urine—diverting Toilet>
FEYEL 749 T2
A7) T

1% 1-8. ESR Bio—Conversion Units
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Abstract

Artificial Multiplication of the the Black Soldier Fly(BSF),
Hermetia illucens(Diptera: Stratmyidae) for Manure Solids

Conversion

This study was conducted to investigated the distribution, genetic variability, ecological
character and life cycle of Black Soldier Fly(BSF), Hermetia illucens, to determine effects
of BSF on composing ability to waste—food. 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,
manure sheds, living waste dump grounds, and food waste dump grounds.

Observed characteristics of BSF by developmental stage may be summarized as follows:
eggs were a long oval shape of 886.9£19.7 m in major axis and 190.1£9.7 m in minor
axis; they were 24.0£1.6 g in weight. One adult insect laid 1001%£247 eggs in quantity;
days to hatch from eggs (27C, 60% R.H.) were 81.3+12.5 days. Larvae which were
hatched appeared to be close to white and turned into pale yellow as being last instar
larva. Last instar larva ranged from 20.7£1.1 mm in size, the length of larval stage was
approximately 15~20 days. Pupae exhibited red brown, 19.2+1.1 mm in size; pupal state
lasted 15.5+1.4 days for female, 14.7%£1.4 days for male, exhibiting the tendency of males
having shorter period than females. Adult insects were sized about 13~20 mm and colored
black.

Life span of adult insect by developmental period is 5~8 days for the 1st generation
(June ~July), 7~10 days for the 2nd generation (Aug.~Sept.), and 13~18 days for the 3rd
generation (Sept.~Oct.), exhibiting the tendency of females to have longer life span than
males. Mating started 2 days after emergence and was most active during the 3rd day.
Mating mostly occurred between 10:00 and 16:00 during which light intensity is high.
Laying eggs started 3 days after emergence and was most frequent during days 4-~6.
Time of laying eggs during the day was similar to copulation time, showing the highest
laying rate between 10:00 and 16:00.

In order to develop artificial indoor rearing techniques, plans for BSF collection and indoor
rearing protocol by each growing stage were established. BSF collection was conducted
between June and October at 1 month intervals. For the imago attractant, calf feed and
food waste were most effective; trap installed area located in shady spot compared to
sunny place demonstrated higher collection rate; highest collection was obtained in August
and September.

As the egg—laying medium for artificial egg collection, calf feed and food waste were
most effective; appropriate number of medium inserted into egg—laying net (W*DsH =

4%2%2m) was 8 and adult insects 2000; two inlet showed the highest egg—laying rate. For
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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. Larvae raised in 2~4
head / cr density demonstrated superior practical traits than those raised in overcrowded
environment (6~10 head / cr). As an appropriate pupal protection condition, medium
(sawdust) should be used to provide a hiding place most appreciated degrees of humidity
in sawdust was 20~40%. Adult insects should be used immediately after emergence;
however, emergence rate of insects treated at 10C for 10 days after pupation was 93.3%;
emergence timing was adjustable with about 10 day flexibility.

In the examination of the ability of BSF to decompose food waste, volume of the food
waste decreased by 42.9%, weight 67.6% 5 days after larval introduction capacity of

decomposing food by a single larva was 2.2.%0.8g.
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A T A

ol 2] 7} 5 ol 5ol ( Hermetia illucens L.)% Black Soldier Fly(BSF)#taikx &}, &&=
(Diptera) ool ¥ (Stratiomydae)el] &3t LEo02 A Yuf. o] £ Sy, B F
=, it 5 Fdobrlole} vj=r SXof] de] ExE o] itk d 3AY o] @A, =
Zd2 6974 EAst 109474 Yepdt o]52 14 FEo WdV|E v &
H 5 FE g2 Ho77F Ho 9% S (Sheppard et.al., 1994).

Qb= 1998 A g 7|EH o (3], 1997), olo thdt A= HAEI AAo|t) Fof
So| #(Stratiomydae) = A AAZ SR ¢k 1500%F, FE 9514F(0], 1998) L&A 3l
dEA A= 59 ~9¢€o AFEActar SHCEFE 1990). A BSFE 93 EYFToZ =4 *M

Erl

>4
&2

Aol otedere vid Ao wa, slFow HFEPAL. AW, UEH $34% 25 BSF
S REATIO Hel RS & W, 4F ATlelE HolHES kA 2Eth o5 AUES
S8 o olFshu, HAl AExUY R FHBAANG 2 /1A F] kg5l
S A AHALE ololqit,

BSF(Hermetia illucens L.)+= 3ol ofyn, ddie} Zhx|®o] X (James 1935;
McCallan 1974). ] £ &% MA+L & 29 vA F7l=3 vlasA e
(Musca domestica 1..)E 94~100%7+4 Az7& 4= Jom, A T EE 42~56%7FA
(Sheppard, 1993), A% 62%7}4] (Sheppard et al.,. 1998) A7 4= gtk o] A& &9
Hol FFgo g 3] HAsh= B2 & FrlEd #HE Ay EAES 2T & AvH(She—
ppard-Newton, 2000). BSF¢ WHul7|& AXxFo=z IS amino®t fatty acideS E3H3H
42%9] protain, 35%2] fato. = A3l At}(Hale, 1973).

BSF&= s&9 mid=oly bd& A= 1¥FEH & 7714 #d71E9 Agd= F&sirt
nl=e] Aol A= 4~11¢Y Ato]l |d 3MUE AW, Fastes gt Aret s=4doA
AFA &L 9 TH(Sheppard et.al., 1994). A28l (Musca domestica) 2] 2Fgko] o3k v d &2 g
= P2 Aol g AdFA ot 1Yy AEA Al A dg AAA A e LFHEE wEo
w, AESA] ATeE ¢ FFe %ﬂé}ﬂ g ¥gos Qs 1 gAgel =elnth
(Sheppard et al.,. 1994). <7 BSF7} wjA o] Akghstcid, F4 % 60ton(55MT) el #-80]
100,000 hen caged—layer houseol A 3to]Eof =}a] A4+ & 4= tyar skc}(Sheppard et al.,
1994).

Booth®} Sheppard(1984)c %ol 159 &S f7]Eol Folie =34 X9 7M=tg] 2}
& Fol f4A S FESIITH 158 BSFO & &% 24T F3tsk= d 105h(4.3d)
o] FQa3tH, Red eye spotse] WA 7|7k#= 72h, v} LAl 292 84ho] HQ sttt
3k 2™, Copello(1926)2 ol 2 EJ Lo A & 59 (19613)ol] 4~6d7F Ae]aL, w2 A=A
= 299 5d, 40l 7~14d7F o3 &9

Tomberlin J.K.2} Sheppard D.C.(2002)& 1988y 6¥ol A< +Ho] AAEJ, 1007]¢]
okgo] "ol AFe] /HHE caged layer housedl A M EAoH, FEHE2L protein 15% layer
hen feed(Flint River Mills, Bain bridge, GA)E &E(60~70%)3} 41ol4 A3t Layer
feed®} Gainesville house fly diet(Hogsette, 1992)%= BSFE 7]$+=d YL3stA 7830+
(Tomberlin, 2001).
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7 d
st7] 918 AFor $IAA LS WokaL, UnA A8 AIRE T AR HE v
(Newton L., 2005). BSF9] Hu|7|&= AZxF5Ho 2 A amino®t fatty acides X $
protain, 35% 9 fato. =2 JAI3}ar A th(Hale, 1973). ‘?j g 7]1S o] 83 A2 oA cockerels
(Hale, 1973), swine (Newton et al., 1977) 12]a1, %219} tilapia (Bondari-Sheppard, 1987)9ll
2 dado] "Arhe= S Wtk BSFE o] &3 HV] WA E BelE sl A9 wjd = &
& 42~56%7F =l dFEo FAEAY dFrEY sET 40~55%7F EEAH
(Sheppard et al., 1994).
Tingle et al.(1975)<% BSF9] xw]|3fFo] sl XAl 7 “resting” Ak of) &
“calling"sb= HAONAl AW, wul= FAI ¢FFlo] ME whtdto g W QoA o] F
ek 1y Copello(1926)b wH7F ¥ g o] dojdrtar skt ol ﬁio A A Q1 A
= #EE ok ¢ e 9% F AUk
Tomberlin(ZOOl)% 1998 Z Ao} Ak HXRof Q= 3 YA FAA 6Y 21LdH-H 30L7}A
11:00~14:00] olfg vk L A3}, BSF= F Aol A=, A <t
A T AR A k& 91.9%7F FA AL, & 7?%“%“4# 91.3%7F +71 o1
th ol um et AtehE BAHOE sk oo A FESl Aotk & = A FRE
e ZAAE vrtew AFE o), hFlo] vt wnE shr] fg dEe sk, uv]
ke R A A S e A te g dolrh Ae AAHAE AA st AdEs
3k Aol
BSFo] wm|dEo] ©w& H|2d Hermetia®: FENA A =d(Alcock, 1990),
Hermetia comstocki Williston 72 S &3 Uifto] Rojiy, 2l QoA Z}7; wpz &S
al
L2

.

o xr
58
rlo
By
N
=
rJ

il

|

Atk FAFA R vE 24 ehb vtz AFE dolx, Y4 Yoz S}
o W A SRS WUl Hih olsh ge ABe AN £x ToldEos 4o

ATH Alcock, 1990). F2> UE9 FHEo] e Fae dREC] wvE A3 JFFA=EHN
AgS 3t Ao|th(Alcock, 1990). X T2 H|Z=d LofalE WElS /A1 = o] HWE
7 g FEFoAAE i HAJATH(Toft, 1989 & O'Neill, 1983).

BSF¢] o]gf3t wu|E £13F FofjsEwo] dast 54 FAT7F qlojorsttd o] gh FAe]
3 BEL2 BSFA AL wi-¢- a8ttt whebaA ol gk v vk umjakzko] ofel el A

Zlolm, 1 A¥, AMATe BAE JHAE S Advkal M 5 9l

Sllol A BSFell #3 A= 719] gl Aol BSFo| 43 %
= Wi7F Al7]AL S-2lel Al olels AE E shuel FTadh AtEoldi
ate] 71871 E weje] AR & 5 e AVI7E ek EAd JE
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7} BSFe] = X 9 AH A

(1) FEZ2AF 5L 4% et
BSF A 2jA] &3x A= 20061 ~2007d &t S2lubet A94 SA4S st dtee 5
Mol 2t 3742, AFE U4 & A5 7TA9S Wdez 2AE siglith A4A =z 294 A

oqo] Fw B4 % vold 5 e FPU= 1 5L P

(o3

BSFel 4% W 289 A 93t A AAAeN WdE Agstel AL, A4

QYT wEste] DE 4F B4 HHe A

L}, BSFe] A &A}
(1) AYAES

7H) AEES
HooAqto] AF&-3F opd| gt 5o (A illucens L)Y ZA7]% +9(N 37° 16' 08", E 126°
57" 31MellA AHT Foz A AFAFS F5te] 1 ASALES T EI

) A= 2 53}
F3het A AFEA 2 7 A wed W A (WsD+H= 4*2*2m)°ﬂ gAFske] al]
R QTS skl om (Fig. 2—-1-A), x2S AU TS 5 UA=F v A5
o] =5 Folsii e, EekaE AdAHWD*H=60%40+15cm) —%*ﬁ]%% o] Akt wjA
2 ARgsilon, AbdajAlel Abehii= zHE‘O =k Eel FHe ol AAsAT(Fig.

U= T R

O I
2—1-B). At&o] Zvta H3l=E Qo 2% 27C, 5% 60% ZAdA H3 st}
(h) 54

i

O

FEASS Zep g ARH(WD+H=60%40%15cm) & ©] &3t th AFSS A=F Ul ¢F 50005 (2
F/a)e] e shom, Wl oF 1~2kge] SAE2YE 5
7C, HE 60%, FA(14L:10D) Ao d13on, FAE Ao
(200 mesh) 2.2 #& ANz A3}

() W7l 2 4E8
A e B ol2e AEE ROF BAL A6l Ak AN 2
ROoE ol WMUNE FAS] FRFF] F 20%9 FHE AR = Ay nE
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2 (W+D*H=30%20%35cm) oA A% AL §%2359cH(Fig. 2—1-D). Wd7] B3 &A= 4 oF
1,000 vlgl® FEaslgon &% 27C, 4% 60%9 4 R33FT).

(2) wsEAE 54 24

b &
wolE vhl o AEe AAER A
AN pEsfe] RaulE R AR AFE
Mg Akl A sl 20, A 5

(th) #Hd7]
7S 207 31%3 stol 7] B FH S4= ARSIl on, B &5k WEHYIE 300
A Hd7] 23X (Fig. 2—1-D)oll Yol Hd7] 717+ 2AsS

(2 AF

A 7] Ba Fx|oA 933 A5
ZA}at A tH(Fig. 2—1-D). $-3}3h

‘ r\‘l IH'MHH il

Fig. 2-1. Indoor rearing of the BSF, H. illucens. A: a device oviposition and mating.(W*D*H=4*2*2m),
B: oviposition medium.(W*D*H= 60%40*15cm), C: a device for larvae rearing.(W*D*H=60%40*15cm), D: a
device designed to induce pupa and adults.(W*D*H=30*20*35cm).
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Fof AbujA] flell bk

S

71 #

P gAE AT T

;OL

B3 BAE

AR 44 3uBo R WA ste] 24}

tol =

S

59

il

A% 10005, 20005, 3000

AR/ AH(Fig. 2—1-C) Ul ZF 5000%F, 10000%F, 150007, 2000074 &< HEst] 5 2 W

o=

Eal

=z

lgom £ 27C, % 60%9

5]

olZ A&

U

K

1
of

s}
El

o

w1l
=~

<

(4) Wel7) 0
AR AN A

|2 o] §A A

R

te]l HYY] »3 #

S

d71& 71

s

=
=

€}
=

F o™ (Fig. 2—1-D), Wi

°o]-§3

Fef mz

S

)

71 <l

S

SRS
20%, 40% =

;i

to] HH7]E B

5]

FEA] 2

s

(5) A=Al ¢

o} 109wt}

<
T

ki3

Fo] 10ColA] 10~60L7b4] *8

S

3RHT o=

HE71E 100574

?:;l.

g 83t

A|m

2}. BSFo] &

(1) S2=2227]

b,

S

ol

27C, % 60%9 o=
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7k BSFe] #3% 9 A
(1) =t ZE2A}

obd| ] 75 ol 5ol (BSF) 9] E A= WFiihs T4
2ol A 5 A AEoR A= 5 T 5 3 =
EAAE B E TR AAAE SH(Fig. 2-3). BSFl =] A2 1997
Hzx2 B FHon, Aapd AA XS S RISt 1997). 1(1997)9] K
ojsti 19909 A E AR LNA HE= FQlsi3lal, 1 o]F ME, F7=E, FdE,
UE SolA AFEe Axdoz A AAEY whebA BSFO 49 o=
A el gk M A= Fleo] ofyEl Aol AH A2 S Felaalrt.

g, Aol M= 5E~9del AAEvta s, 1990) =lell M= 69 ~1097H4] AH =]

=

oo RKOHT X Mo

o
ol ox £ 2 N

Atk BA BSFE 9 =dFoz U A ddeds vE Fow B dFoR
At 53], REAA Ao 2FQA BSFe FF3A71d0 HolgdsS d B AF Al7]d =
Holg s S 3HA ZErh o5 AMHES Jd £ olFdiH, FA g2y 9 &4
2719 22 fU14E7E] ofAEH = A AEALE o]ojzit.

I AFAE 7Eel Bav|Fe] glE A9s F4oR sta st gy 545 g
FALRA Q)T A =9H Folgt FHH I o), dA SEuEr A AA fxdsA g
3 Fow FAHHAY

125° 127° 129°

1age

+36°N

134°

0 50km jﬂ P
T AN

125° 127°E 129°

Fig. 2—3. Map of Korea peninsula showing distributions of the BSF, A illucens. (1): Jeju,
(2): Gurae, (3): Buyeo, (4): Yangyang, (5): Bongwha, (6): Youngchon, (7): Suwon.
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(2) MAA e Ak

=h

= =

YaE 402 S A M 44T A Bse,
] =]

= T

et 7% Feos ot E AAdda & 5 9

9
i)
ol
o

QiEP(Sheppard
5&78‘ Ao A g|stHA
ofel| A o] o] 7|dH

off
=
4o
=2
>
= )
o}
wn
rlr
:0(:1
o
o
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D.C., 2002). u}a}x
o AEE A
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ox > I fu
rid
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rlr
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wm
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Fig. 2—4. An example of micro—habitat of the BSF, H. illucens.
A: manure, B: life waste ground, C: food waste ground.

(3) BSF 45 L%

BN

A

BSF A%< HALGZALE 9] A A2 X ol A

Fote] AALE, AAFF7|ol A Hoste] LTS ZASIGITH AoEAS 59T 2SS 7]
Hog A5uA F57F S 7] AgetH, 69 Fe/tA i 935 yERa, 74E7HA
87t AL A (Fig. 2-5).

U 7] Fol A B (F, 1997) 6Ll 1A A0S ¥ i FE 8, 9L A 71F0] 2
=3

w o zabel oai 6URE 109704 A Vel 24 $48 4F TAL 2AFAT. 1A )
=o] i Aol7h ths AL AR ols] 7]E Aol kAT 45 BSFE H8F A
o5 w8l Al AFAY, FUAT AB F A AAA Robel A% 9L A7)

T oo & Ao Hu
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No. of adul

6/1 Al
Date (month/day)

Fig. 2—5. Seasonal occurrence of the BSF, H illucens, investigate by collection in 6~10

month of condition incubation; natural.

L}, BSFe] A shat
(1) geadAE 54 2A}

b &
AtAd el Al BSF+= 56k et /719 dxd Sukgty ol Abekgok(Copello 1926,
Gonzalez et al. 1963). v & vzl o S MAER AHSE ARG A3 Ho Aeae
1001£247704& &1atH(Table 2—1).
o] 7] P <o) Y EAS AR Ay, <o A7]E 4 886.9£23.5 ym, ©HA
190.1+19.7 ym=A (Table 2—6) EFA 3 (Fig. 2—9)o]H], &) FAE 24.0£1.6 ugo] S tH(Table
2—1).
sk VAR AbekE 4S &% 27C, F% 60%14 Hoste] Fag 2 Fahadsg
AV A} B3h) 8-S 99.620.3%EA100%00 7VAl Haletelon, Balig 5
7ol 28 ¥ ATH(Table 2—1).

olgel At F AwFo] oF 100074 Welela Hahu o] 100%e] HATHE AL R/
4 AYE 9% A§JARAE ofF T, BSFe| ol § NS ¥ + Uk S5 2§34
olet ALEHT
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Fig. 2—6. Life cycle of the BSF, A illucens. A: egg, B: larva, C: pupa,
D: adult

Table 2—1. Size of the egg, number of eggs laid, weight, hatchability and duration of
period of the BSF, H illucens.

No. of egg Egg size (ym) _ - Duration of
. Weight Hatchability . .
laid per (1) (%) incubation

) ) ) ) g
individuat Major axis Minor axis ’ period(hrs)

1001£247 886.9£19.7 190.1+£9.7 24.0x1.6 99.6%0.3 81.3+12.5

Mean=£S.D.
Condition of incubation : 27C, 60% R.H.

ﬁ O um

Fig. 2—7. External morphology of the egg BSF, H. illucens. scale bar=20um

_56_



.
fo 4o ©
o
s

A= 3| ~48L
B0, 54 oo W7k ACHFig, 2-6-B). FrolE shtel o7} 9, o F1% ol ekl
HolgF o]srdor &galal 9t lﬂ FHA JBE7A ZR7F 7 et 2704
Qom, 2 Adnid 14 BEst gk BEe F3 4 At 208 da o] AAue
7ol e.27)0] HeaiA weEel ¢

obol| A K3} 458 A L;<}(vv»<D>x<H=60>x<40>x<15cm)oﬂxﬂ L5 27C, H% 60% FAOR o
10,0005 FAlste] ARSSIAA frEoA dE&aA d7bA 7S AT S8 f5e

7]+= 20.7+1.1mm °|Y F57]7FH 15~20Y A=} Tomberlin J.K. ¢} Sheppard D.C.(2002)+=
AFSE FFoEEH 10~14Y XY F371s dgded, & A= 258 T oF 5~
694 A% o A JEFGH(Fig. 2—8). ©]& BSFo A5 2 ALgd =7 SAE2e87]7) ¢
el Ax gE Al ANy BREn, 58 @%d SARAE s A 3]
Zto] Aojxlth= A& BSF7} &A= v o] 1 W ¢ ®ol dtie A & AH
o] vta AE T

O

1600
1400
1200
1000
800
600
400
200
0

No. of individuals

10 12 14 16 18 20 22 24 26 28 30 32
Larval period (days)

Fig. 2—8. Duration of larval period by indoor rearing, H. illucens.
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(th) a7l

s o] O =
FHAe w30l 4THoR W

] A
o] Uth(L. Newton 2005). BSF9 WHu 7| ojwdt XS wEX &1 = e 2=
Iy H

FUYATE S8, Z A67] A7) 119 JERE PAE 209 sl xand. o
PR A A0E 13~179 JEGon], $70] el a AnHor e AFS 1wy

t}(Fig. 2—9).

3, BSFO WHH|7|&= AR EA 9 719 $2le] &8 71X71A] dth(Newton L., Sheppard
D.C. 2005). AEAe] BSFE& 44%9] AxFTHoz A5 ofu|ne} Aiks ¥3H3E 4299
gl 35990 o R A o] glth(Hale, 1973). BSFx= o] @AlolA 74 & 3717} ¥,
A WA S Foll A3t} (Newton, Sheppard 2005).

53], Hu7]9] olsHAdS &8t JAFTHEAES Y F don, frIduHAde] &
&

Se2AM R/ = 7|dEn

f
Mo

250

\
—e—Female - ® - Male

200

—_i
(@)}
o

—_
(@]
(@]

No. of individuals

Ol
o

h
10 11 12 13 14 15 16 17 18 19 20
Duration of pupa (days)

Fig. 2—9. Duration of the BSF pupa, A illucens in both sexes.
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() 45
BSF %9 &4 EA4S Fig. 2—-6-DolA B upe} o] Fi FH
Cwo Aol 13~20mm FEo]H HAAQ] AYE SAo|t), FHE
Frow tgole SAMola, oSy Grpdate] g1 Saddoln 2 vk F

57 = eIt @7 Aa 2y v Ve 1 dHE A4 4o

5 = 2 542
Avk £gaia, ohrhe] Feleulrlel s1%el /hedl thel wEeiy) /1% 2vhe] aea s
wEiy slRonis FAS Wk ols a1 Azeoids saselu F9 H%e] 47}

-

A7HgAE = SA ot (Fig. 2-6-D).

DT R )

YA 7] BSEF AS 9 THES 24 A3, 1Ag1e] A9 A A77F 69 FwolA 7E
HoR By 5~8Y AR FHE olofzkar, 24tHY A Hit 7~109 AR AFEEF o,
d Ar AEEATH(Fig. 2—10). AR oz B w, o] =Flof H|3|

A= AE o o= BSFZF oA & Hed 5
Tomberlin J.K. 2002), oF7Fe] &% 2
o1t o YA] ARV} WeuA 7]l How FAH
HA ASE 42 GFHol &

3

5% st AEE S4ole 4w,

N
)
v
rlo
>
N
o]

. A)
——Female —-& —Male U

No. of adult

200

—<— Female — % —Male
160

120

No. of adult

80

40
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250

——Fermale - # —Male @
20O e e i e ey

150

100

No. of adult

50

Days

Fig. 2—10. Duration of day adult period at each generation by
indoor rearing, . illucens. A: 1st generation(June ~July),
B: 2nd generation(Aug.~Sept.), C: 3rd generation(Sept.~Oct.)
Condition of oviposition place: natural temp(C).-humidity,(%)

natural light cycle.

BSF A5l wn SA4& AR A3, wvl= 931 § 2ol Alzkste] 7AA7HA] B 2
=, 3dA7E H= dol 1AME Bxske] 2, SA B 7P =2 av] RIEE BIv(Fig.
2—-11).

Ao AP & A WA RS AR AR dd S FEFe] SUFske 10000014 FEe] wA
o] Harzxo @3l= 14:000] 1AIE BIEste] 2, 340 5 wn&so] 7 dkgl Z1S &
F AATH(Fig. 2—-12). o= Uxo] BSFo wn] o] AHAel S nmxi &S A
Za 4= At BSF AF9 wn @58 27}t 27.0C0 o2 F83F 3 sho A w7}
dojtrtar & th(Sheppard D. C. 1984).

Aol AAgA A Aolrtn, FAL Al A BN = FES ARE §-3hgk A S| AL 4t

o7 olgtar 3+ tH(Furman et al., 1959, Sheppard et al., 1994). < 7}=tg] oF &
Zlo] 91.9% Ao}, YA T2 FrIdd7IEe] v AL 91.3%7F 4A
(Sheppard D. C., 2005.).
FT3eRH BSF 52 &

o =~
AE Y g

ol [
ol
o

2 b

e

o]

9 3
b

il

ko
o
i)
rr o

g A FE olde] 2E(25C o7k wEA 2

A
MN
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50
m1G mW2G O3G
40 "MW -
9
@ 30 [~~~ 1MW -
©
220
g
10 1
0
1 2 3 4 5 6 7 8
Days after emergence

Fig. 2—11. Daily mating rate of the BSF Adult, A. illucens.
1G: 1st generation, 2G: 2nd generation, 3G: 3rd generation

Mating rate (%)
— — N N
(@] (@) a1 (@) (@]

o

6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00
Time (hrs)

Fig. 2—12. Days mating rate of the BSF adult, A il/ucens by the time.
1G: 1st generation, 2G: 2nd generfation, 3G: 3rd generation.

AEe Ity og 931 § 3~4Y FRYE AES AlFsksdl, 1Age] Fe- -8k F 5UA
¥ @ Abeknlgo] 7Y F:9ka, 24l AS- 1AdEY SRR wE 3 & 4dA 7Y
T2 eSS Beon, 3Ad= -3 & 6dA 7P =2 bt ¥ &S B t(Fig. 2—-13).
ol9} tjEo] AU T AAEAS AL Ay, 1AIYe] FS FEo] SUFEE 10:005-8 F71
= AFste] 16:0000 AU ©@e AbES - 3 4 Ja, 24 dlE 10:005-8 S7Fske] 12:00
of 7} e Abeks B 4 qdlon, 34 dEe 1, 2A4g9 g 2A el 10:0090] &

o= 14:000] 7F¢ e Aes AAEA T A Adel A dxFo] B 10:00~16:00 % En}x]
71 e Ak M= E e Y(Fig. 2—14). o AtgEA Fgh wn AT npR AR 2
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Oviposition rate (%)

Days

O1G m2G O3G

Fig. 2—13. Daily oviposition rate of the BSF adult, A. illucens.
1G: 1st generation, 2G: 2nd generation, 3G: 3rd generation

Condition of incubation: natural, glasshouse.

40
35

Oviposition rate (%)

Fig. 2—14. Days oviposition rate of the BSF adult, A i//lucens by the

O1G m2G O3G

6:00

8:00

10:00 12:00 14:00 16:00 18:00 20:00

Time (hrs)

time. 1G: 1st generation, 2G: 2nd generation, 3G: 3rd generation
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). BSFe] Ay A-F54]
(1) BSF AA

(7} A A7 54
BSF Au] Q¥ T4

o &5gA APe Sda FAA
FAMAZA AT Ao

hEs

=
A&l Ae WA xT| oA HEH o]

o

=

al

4 54 Puu o] oksloA AsH: Aol 7Ro]

HEEE 2ASEY. 1 A%, 248 SolAA R}

o FolM BobAARA b BRIt 9, &

G5 FAT AN P SR A=A )
=

bFeide B were of Wef Az Wokou, dubqom F]lul

A ZAe AFAdS wBorta & 4 Quh(Fig. 2—15). gt} A7 AL SR 2A=
AgtelA] o Ho R eyt &% BSF ARS Y3 iR g A

FANEE AFEE ah Aol TAW, M EEAS 1AT o WAL AU o AT}
4718 ALgakE Aol ofe WA FHel Qo FAMAZ SHES Agal

ODAmBOC OD

6000 [~

4000 -

No. of individuals

2000 |
) ol |

6.1 6. 20 7.12 8. 26 9. 20 10. 7
Date (month/day)

Fig. 2—15. Days after trap installation of A i/lucens, by every 30 days
during the experiment.

A: food waste, B: calf feed, C: oil cake, D: rice chaff powder
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CH Tomberlin J. K., Sheppard D. C., 2001). A& x FH A&EE
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Fig. 2—16. Population trends of A illucens days after trap installation;

Collection: Shade place, Sunny place.

S8} FOLAALRI Ftolu} A LT

FotH(Fig. 2—17).
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o O
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Oviposition medium

Fig. 2—17. Number of egg mass of A illucens by oviposition medium
patterns flower form. A: food waste, B: calf feed, C: oil cake,
D: rice chaff powder

(W) 2behe#] F9l448 AEEA
A5 WA FE s 2ALE Y8 WA U(WDsH=4%2+2m) 3 Y -3t 4F 2000F7&
WAbeE & Akt w)A 67H 87H, 10702 F43te] ZAbekich 1 A3 viA] 6705 ¥ A8+
M= 2639 W& AL, 8/1E ¥ Aol 59370, 1070E W2 A7 698709
Gy = Q‘ﬂé}dﬂ}(mg 2— 18) A 10708 FY3 71 G = 7P BUAINE A S5S tii]
b 8-S gk 8719 A E Fdeks Aol 7P mao] itk
B, A A] = g W Ar7)e WAt AFY F 545 argsholof st ZF At
AZ Frol vlEste] AbghuA] =5 AMEsld BSF @S a8402 & £ JdS Aol
800
hn
& 600
£
(o))
2 400
©
2 200
0
6 8 10
No. of medium

Fig. 2—18. Number of egg mass of H. illucens by number of medium.

Medium: food waste, Induction material: flower form.
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(oh) Ab=bulA] deid A5
ARG SHEI FeolA 297 RN SABS 7 Y TAS HAEHS 2
A3}, AAujR| 9} Fojuf=] 7hol] abgku] o] 2 Aol Holx ¢t (Fig. 2—19). o]& AlA
A e} X et 1~29 XvpH B X E7] wite] AdFo] wr - Abed AIZHS a1
St T ulA] R zlol= flE o g ddET
60 534

X

=40 |- M- J -

IS

C

o

:“%’

o}

o

>

@)

Oviposition medium
Fig. 2—19. Oviposition rate of A. illucens by oviposition medium type;
A: Fresh medium, B: Decomposed medium.
(ep) AHe AlsE A 54
Ao AERE AEE AREAdL g $83s S 20007 3HbERo R %1/\]?3‘}04 =4
WA (WDxH=4#2+2m) oA AAA-2% F 2AAFT7] 2102 A A e 52 &
AAF FAT A ANA THae] WA, AFFLE HEI %ﬂ AARE A
of & 7t 6071 EATH EHHES AEe A7) (W+D*xH=4%20+5cm) =2 ddgk $ o]

3 & 388 B4 A9k 1 A9 FEAR DIF e
A4 185709 B Aglon, TAYES 17402 HA) e $5e 292 QA0H(Fie
Fo A AFol FEL AT 5 UES P FRS FAGTGE
3

2 Qo] Qon, FRFES AR Jge v,
22

Fig. 2—219] Aol BX Abeh&o] AZXS 32 225%9 53 HLolA 77.5%=2 & Aol&E
1At} Booth® Sheppard D.C. (1984)% BSF7} Atk 453 LRt Axd 328 v A58
th= A ek ﬁﬁr?l Aolt}, oful BSF7F A EAE AA gt Qo] AAH] FEFS
xgrata o B3 Al BAA 9A4E HAE] eiA] dxgk dRte 3 XS Y Asg

- =
S u geb MeSE ARet Bgun ZedFel 0 4% Acs Azat.
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Fig. 2—20. Number of egg mass of H. illucens by oviposition material;
A: flower form, B: wood
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Oviposition rate (%)

Moisture condition

Fig. 2—21. Oviposition rate of H. illucens by oviposition material mositure
condition; A: dry, B: damp.

T A7 A &5 g A3, 3 AIFTlA AF 5, 7, 9mmE FARSE A3, Smm
7F 7, 9mmeol H] & AFenlEo] €58 ERH(Fig. 2—22). webA, AF Smmelste] A7]= 3,
4, Smmoll A A AR < HHI ol HE AheeA] Fa EeHow 4
Ak 3ol w71 540 AAT 4mmo) 71 7Hd w2 A E S YER A RE
(Fig. 2—23), 3mm H+= Smmol A= 2 Ahen[ &S o] A3 7 =7]= Abgke] 3~5mm
Ar7b Aee Adom gl
BSFO] Webgat FHA/b A2 £& o AEHYA, 3mmst ol T/ YR
A W 1Ae] Pl AR o] oje] gom molAl Hol ¥ 4 % JPe F

e
of,
IAJ
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Fig. 2—-22.

5 7
Hole size (mm)

Oviposition rate of H. i/lucens by hole size

material. Induction material; flower form.

of oviposition

50

Oviposition rate (%)

Hole size (mm)

Fig. 2—23. Oviposition rate of A illucens by hole size

material. Induction material; flower form.
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[e)

1l 3 | = LA QA o=
S w4 F de ol wE gE 2edEe Zo]7F Smmelste] €AY 11mmelite]
718 A7) = A AbeshA] &Skt A A RA 7R Hgkek o] Zloli= Tmmeb 10mmE
gl E Tk (Fig. 2—24). ©o]+= BSF9] 42tgh 258 v & 4 de=d, Atsts o A58 Abakdd

7mm~10mm ¢ WellA dAst= Aol Adass AU £ & vk AdEn

25

20 r

15 o 3 B B SRR

10 1

Oviposition rate (%)

6 7 8 9 10 11 12
Hole depth (mm)

Fig. 2—24. Oviposition rate of H. illucens by hole depth of oviposition

material. Induction material: flower form.

I

(Fh A% T LR Y 54

Y $-3kek A4 1000, 2000, 30004 28HE 0 7 FAste] 24 W A (WD+H =4#2%2m) ol 4]
QL8 ¥ AAYFY] Ao 74 AT WARS Fo ZHAF 4NAL Pa, Bes

B AT T A% 1000FAAE A 276702 1SR, 2000 A E 714,

300004 84270e] PaE 218 5 AATH(Fig. 2-25). A% ¥ W7t Skl wet

Aghere] Z7bES o —’F 919 Ak, /g% IR IR 17}L A el AAe] oLowhE
1 Z oA E ), FY™UER 2000 F/16m 5+ 2

oL

)\
ol
2 g

N
g
1k
pasy
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Fig. 2—25. Number of egg mass of each density of H. illucens.
Condition of oviposition room: glasshouse, natural light cycle.
net size: WxDxH=4%2+2m

(4) FEAHT

) A% AEE ga 24

T8 AFAAHWHD*H=60%40%15)ll A &% 27C, FE 60% ZHOZ Fq] W ZAE
stk AR RS 5000, 10000, 15000, 2000074 3t a1, AMS & #3F 2 wWdl7] 7] ZAke}

oo &3t&S AL skl &382 &3tA 2 Al A 2097 ASE T

a2 A7 5000572 A % A7 20721 1mme Hd7] 271 19.241.1mm, 1832 83}
F2 86.9%%oH, &3 §3 & 14L4AFYH 2747HA] AEHJL, 1994 &3tF77F 7HE
Zokth(Table 2—-2).

P

1000059 A% 6% Z7]= 18.241.6mm, WH7] 7= 18.241.3mm, 8382 76.4% %01,
B3l & AydsE 1694 /M Be £35FS B, 500058 e oF 39wkt

(Table 2—2).

1500059 A% 7% A7)+ 17.3x1.4mm, HY|7] 271+ 16.6+1.4mm, £3&S 81.1% o,
ERCIE oJJr T 179H 259% 7MY B &3 E BT, EEEo] mobA QA &3
7V Bt AR A o= ZALE AT (Table 2—2)

2000059 73 % A7)+ 17.841.5mm, HE|7] 27]+= 17.1+£1.4mm, &3& 53.2% R0,
T3t & Aadas 259% MY B &3 E Bole, o] =E METF HobAlA &3

7F 50007 Rt 5 2 W7o 77 2Fkar, %ﬁ} < 83517t 7 Hol dojud= Al ®E
Al YEFtH(Table 2—2).

sk 9dolL} =
FEe x84 of G 2.57Y u 7 2 by 1vkE]d 1~1.5g9] HolE 25k, wjd
A Hol= %%5—01 4~6A1ZF oto] 2m|E w b F2E AFES Yehida A

(Sheppard D.C., 2002). ¥ AGAAE Aoz A5l et 53 % Ad71e 2717 7
Al Aow ZAEE, A RGN 50007 AER J1Ee L AGEe 2ds 2
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Fig. 2—26. Duration of the BSF larval , A illucens by density.

Table. 2—2. Size of larval and pupa, emergence rate at each density by

indoor rearing H. illucens.

density Size (mm) Emergence rate
(No. of larva) larvae pupa (%)
5000 20.7x1.1 19.2+1.1 86.9
10000 18.2%+1.6 18.2£1.3 76.4
15000 17.3£1.4 16.6£1.4 81.1
20000 17.8%£1.5 17.1£1.4 53.2
Mean=£S.D.

Condition of breeding : 27C, 60% R.H.
(5) Hul7] ns 2 $3F §%

AE7] A4 Be 2748 A 23 Mds ARSahA o txTe] A5 83k 44.9%
= g Az dEsta, s Ya FReEel de e gl M
7F bl SRls Sk el As fla ke ¥ 0%0 A9 92.5%, wel dds=
A
o

20%9] AN &= 93.4%, 183l Bt

webd, Mol AFon SEFEE 8 7] s wEA WEE £ 5 9
= oujde] Wastn, Aed golrk YES v e Axde § AT SR AL B
2103

g dadt. FEFFE o529 Yooy Hues E%S 3 HASe] 2olga %
t}H(Furman et al., 1959).
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Fig. 2—27. Emergence rate of H. i/lucens by humus moisture;
C: Control (non—medium), 0, 20, 40: degree of medium humdity(%),

medium: sawdust.

7] 918te] HH7E A2 ( s =z
A3, E2TE 98%9 $-3hh)& B, 109 Eo} xm?ﬂ = 93.3%, 209 F
i, 309 o] FHH HHA4sHA ¥

100 933
863
3\5 80 - i -—n kK-
e
[\
= 60
(0]
g 417
g 40 f
£
5 20 - [ [ - F - 1
4
07
0 | |
C 10 20 30 40 50 60

Cold treatment (day)

Fig. 2—28. Emergence rate depending on duration of cold treatment in
pupa. Cold treatment: 10C —dark, Control: 27C, 60% R.H.

_72_



(7) BSFe] &A1& Bl HA

b eAE2UY] B8 B FA 24}

<& 27C, 5% 60%°] A S gl 73 & 5ol At fre T 97712375 SHHE S
2 HF3AtH(Table 2—3). T2%& 93859 §F 22 3000g9] 4&ES T, %5 15
o BalFe 320602 /PY B/ b, T59) A% 1389%¢) AbY Be R0 FUHAS
°dlle & 1579 wale 1.08g02 7P A7 Ystth(Fig. 2-29). o] w4& Fdgel 719
H Aom FAE o et §F FAS aHste] SAEY AEE a&X o= dof & Ao
2 At Enh Fig. 2-32& BSFE o] &3 3259 HgAAHE BT Q).
(W) #3lls A4

2AE WAl §5S FYsl A WARAN SAEL ATHIL olF GANA B4 @
AFES W] 177 Aeld S EFL 2 43t BSF 3 @ vhelt 2240829 &
AEs 3 & de Ao®E gR1EATH(Table 2-3).
Z o @ vhest oF 1000709 2 s HW 4F @ kY o 2~3kgd] SAES
el 5 = seo] Qrki Aolth ol BSFE ol8ate] SABAHY|Y AAAHCw A
27t 7HsE FAl AR AR UFE v 2AE2YT] wAE sAsted 4% o
s 9 F S FHo=E TgEn

Table 2—3. Food waste decomposion quantity per one larva of BSF

decomposition qua—
Treatment No. of larvax Food waste (g) )
ntity/one larva(g)

T1 879 2000 2.30

T2 938 3000 3.20

T3 785 2000 2.55

T4 893 1400 1.68

T5 1389 1000 1.08

Mean=®S.D. 977237 1880756 2.2%+0.8
Mean%S.D.

Condition; 27C, 60% R.H.

*. One 1mago oviposition.
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Fig. 2—30. The treatment food waste control of H. illucens:;
A: Only food waste, B: food waste + sawdust (3 : 1)
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© 559 UFES V2R U9 U FES NRC(1994) 27383 THAA T390
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Ao et At gz va Al Aol AW A4ed A vk ggEo] ¢

= Aow B g u = ExEAAE T shel &/ (Oleic acid, 18:1n—9)3} Jﬁ}xlﬂw
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Abstract

A Study on the Application of Organic Wastes by Black Soldier
Fly Lavae

This experiment was conducted to investigate the effect of using the Black Soldier
Fly(BSF) larvae on performance in broiler chicks. Four hundred eighty broilers were
distributed into 3 treatments with 4 pens at 40 birds per replicate. Treatments were
corn—soybean meal based broiler diet(Control) and the basal diet replaced with BSF at the
level of 3 and 6% respectively. Viability was not different significantly. Body weight gain
was higher in Control than other treatments. Feed intake was not statistically different of
treatments. Feed conversion ratio was lower in Control than other treatments. In serum
biochemical values were not significantly different. It was concluded that organic broilers
required similar ME and CP to those of regular commercial broilers. Therefore, it could be
suggested that Black Soldier Fly larvae supplementation could beneficially improved the

performance on broiler.
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7h Al A=

TAAER AHERE Folleols A HQ] A AF ATl =7l del Efste] A=
e olgeitt. Akmel wigstrl e Smm oletE &

g AR 9 AR

197 =7 Ross 3ol & 348 4%HE, ®kE & 3054 F 36075 FAIete] 553k AFS
AlRE AT A AAE dE2T(C), Felsol & 3%(T1), 6%(T2) 7= wjAsk3l
UH(Table 3—1) Al 8= &559t gFuhS 7|22 oUR| 9} JUdAa 52 NRC(1994) &7
S E2AA FJom SA A7](3,100 keal/kg ME, CP 22.0%) 2 47 %7](3,100 kcal/kg ME,
CP 20.0%) At = vro] a3ttt A8 Ab=e] wigt 2 24 Table 2] YERAT &
5ol FolgE Skl W Jdh T Wk AMgE A5 WS A Uk

Table 3—1. The experimental design

Treatments

Items

Supplimentation 0.0% 3.0% 6.0%
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Table 3—2. The composition of basal diet

Ingredients Starter Finisher
C T1 T2 C T1 T2

————————————————— (%) —~————————————————
Yellow corn 53.93 57.86 58.11 60.43 61.05 62.30
Soybean meal (CP 44%) 32.78 30.00 30.00 30.00 30.00 28.19
Corn gluten meal (CP 60%) 4.70  4.51 1.94 3.27 1.04 -
Soybean oil 4.55 1.23 - 2.94 1.52 0.04
DL—Methionine (50%) 0.28 0.36 0.80 0.07 0.09 0.11
L—Lysine (80%) 0.05 - 0.02 - - 0.02
Tricalciumphosphate 1.74 0.99 1.49 0.81 0.85 1.00
Limestone 1.22 1.30 0.89 1.73 1.70 1.59
Salts 0.25 0.25 0.25 0.25 0.25 0.25
Vit.—min. premix’ 0.50 0.50 0.50 0.50 0.50 0.50
BSF - 3.00 6.00 - 3.00 6.00
SUM 100 100 100 100 100 100

Chemical composition;”

ME, kal/kg 3,100 3,100 3,100 3,100 3,100 3,105
CP, % 22 22 22 20 20 20
Lysine, % 1.05 1.07 1.06 1.05 01.03 1.00
Methionine, % 0.46 0.47 0.45 0.35 0.35 0.35
Ca, % 1.01 1.00 1.02 1.00 1.00 1.00
Available P, % 0.53 0.53 0.55 0.55 0.55 0.56

* Supplied followings per kg of diet: vit. A, 1,600,000 IU; vit. D3, 300,000 IU; vit. E, 800 IU; vit. K3, 132 mg; vit. B2, 1,000 mg;
Vit. Bz, 1,200mg; niacin, 2,000mg; pantothenate calcium, 800mg; folic acid, 60mg; choline chloride, 35,000mg; dl—methionine,
6,000mg; iron, 4,000mg; copper, 500mg; manganese, 12,000mg; zinc, 9,000mg; cobalt, 100mg; BHT, 6,000mg; iodine, 250mg.
“Calculated values.

o A

2 Alg o] FAATE EE AAE 2T E vigo] A
210%164cm(3.44m*) It} 22 JAE o] L3590 7} pend 5cm FAYL &%
F Al 35CE 7leoz uld 1TH Yo Ay sdst 10dHd 92 ~
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o) A7EE Q1% o} shs WAl ATk  (2001)9] AAAHY 2] 297
of §23) gmUelsts WAl olAA 3zl shawAFel Az et 6

FTAE A= b J7bek F-TEe] Tk A o] tha AFol= YAIRE 50%°17d hel
7 AT 27] Bl Al $kel] W2 AS e o] 4£3k83 o] 882 Aol
7103 Aom AAZIY. dRYol Zhaes A4 AR B2 o] ded ¥ 54= Ul &
SRR @ES Fofselrt olgsklttal = ¢ Utk oA o] NHy7ks SRS a1zl
o]zt Azt

Table 3—3. Influence on NHj3 gas emisson from food wastes

Treatmentss Oday 3day
CAtmEntS = ontrol T1 T2 Control T1 T2
pom
NHs; 1.4 100.7 113.9 203.4 424.9 386.7

* Control : Food wastes+Sawdust
T1 : Food wastes+Sawdust+BSF
T2 : Food wastes+Sawdust+BSF+Microbes

Table 3—4. Influence on Sulfur—compounds gas emisson from food wastes

Oday 3day
Treatment*

Control T1 T2 Control T1 T2

__________________ oM ———————————
H2S 1.4 100.7 113.9 203.4 424.9 386.7
MM - - - - - -
DMS - - - - - -
DMDS - - - - - -

* Control : Food wastes+Sawdust
T1 : Food wastes+Sawdust+BSF
T2 : Food wastes+Sawdust+BSF+Microbes

o oA Boa] a gz's} FALe AES FAHs] Y8l Vac—U—chamber$} 5L EHE &
WS o] gate] 3 & GC/PFPD(Varian 3800)9F FE&A ~E(TD)S o] &3lo] 47} 33}
FE gl %@}?i(HzS) e ZHeH(CHsSH), theolWg A sto] =(DMS) % tholwdrto]d
T}o] =(DMDS)S ppm 0.2 HAI5e] Table 3—4011 e AT

dutx o7 7] Fol F3ggEo W sE 7S 20, 2, 10 2 9ppb o]EE 1xFEA A T}

oAt =(DMS)E 2T A TF104 AEHA B A% ALsa BE A2 Tl A
FERG ¥ £A7 AFEAG. DY 2o ARE R 3950 2AS A3 FA

(DMDS)7} A17ko] A b A %} s} vlgw e 2 tholvg st =
oroo] we Aol A tAMLe B pad Aow AnmAL.
b Sl A Ao] Aol mhel BAelsh A AelT w5 2es 2ol of

olr

o HaTE wE AR ARl FA8 ARt 2e A Tis AelTeelAe
)=
2
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Table 3—5 Proximate analysis of larva

Moisture  Crude ash Ether extract Crude protein Crude fiver DE

(%) (%) (%) (%) (%) (kcal/kg)
Larva 5.77 6.13 16.71 43.42 5.74 6,119.4
52 AFRA 7HXE Hrbshr e AN RS A g A3 Table 3—59F #rh. ot
o] 75 e ghefo] 64U elol™, AW S 4.5% WA FollsdE A g Ayt
Zehidol 43.42% % tiFubd Bl o 2 dAVME Bdon oy g H&
ANE BAo 2ARL ofBHY H2 16.7%= Wit =4 Ut

FolFele] AR FHACEA ANE UFuT olRe WEE FEA ohiwire Fishn
=

t}(Teotia F Miller, 1970a,b). &

1o 30

gl FEdo RN JEAS 7t
% AlY A= Table 3—69] LFERY 2
o] TRHEE 5H7H AT L FA L 1% =77t 7B FAReY T
zkol= fllTh AFEAARS Ao /M FANE dE2FAA AR FHF] ko A
TEE AT FARE 277 32 A58 78S Bk Ao TREE 57%
&5 A A3be Table 3-73 Zuh RES F82 5o E FoId A7t o
H3l =A&S HE2S FE5 T80 = o

wolgh A 7F gzt 8] folH =S FES HIUHP<0.05). 0|4+ Axtol
fFole] SHAALE Fol Al Aol F Apol7t glom EAFEAAE Fo] Aozl ek
BEFE Bl AtRA o]f THsAdS Bt

2
o
>

at

=
N
==

»

10 mH

==

= N
() )
HE oot R 2 4 fo e

rlo

Table 3—6. Effect of the feeding Black Soldier Fly larvae on feed intake, mean body

weight, weight gain and feed conversion ratio in broiler at Sweeks

Viability Mean body Weight gain Feed intake

Ireatment (%) weight(g) (g) (g) FCR
C 99.1 1,837 1,795 2,827 1.57
T1(3%) 98.2 1,739 1,697 2,753 1.65
T2(6%) 99.1 1,795 1,753 2,836 1.62
SEM 0.503 22.496 22.514 36.866 0.025
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Table 3—7. Effect of the feeding Black Soldier Fly larvae on carcass rate

in broiler chick at bweeks

Treatment Carcass rate Abdominal fat Trzltih Breast rate \?glileg Ijstcek Back rate
(%) pad rate(%) (%) (%) (%) (%) (%)

C 62.3 0.6 18.0 17.1° 7.7 4.1 13.2
T1(3%) 66.7 0.8 18.6 17.8% 8.2 4.6 14.9
T2(6%) 68.2 0.7 18.3 20.4% 7.4 4.2 15.7

SEM 1.438 0.054 0.375 0.614 0.228 0.147 0.652
“*Neans with different superscripts within a column differ at p<0.05.
ot sl AAE =4
Foll 5ol A ukal Ao tfgk A3fi= Table 3—83 #t}. thz9F vl Al A Gl A A
WAL 7FEd) AR thEk ShaEo] e Aow BHud vl 9 EXFHAUA F el &
A 4H(Oleic acid, 18:1n—9) ¥} EZ 3| #H4E 5 | EAH(Palmitic acid, 18:0)¢] o] F7tst= 7
&S Yepfdo =gk FollA YERd vke} o] iR} vlul Al ESA| WAL gk glo] A

T1 ATl A 1.99% T204 1.64% AREAE el ov] olo] me BEsAua &
ol Frhet g UEhITh ARHOR o)t BelwFL AW AR W Fel H9L
W Al W ESRA R F AN G BUERGF] foHow FRATE B
$(2005)9) AT fARRG O EIAPA FAA oMo Bodrhe Avshe v 4
o1 Aol VEhAATE WA, &7 AR W FelEle HrhFelt Qi f3e Folst
E U SRR 3PS B3 BEAPNE F/IE 38 dehlel 3F Bh%
oS AgAt G 24 st ME O Be AT/t 48T Ao Amwth

Table 3—8. Composition of fatty acids in broiler

Fatty acids Control T1 T2
C14:0 0.53 0.43 0.50
C16:0 22.44 22.88 22.92
C16:1n7 2.56 3.55 3.09
C18:0 9.97 7.64 7.94
C18:1n9 41.22 41.76 43.30
C18:2n6 17.75 19.54 17.61
C18:3n6 0.00 0.00 0.00
C18n:3n3 1.29 0.36 0.31
C20:1n9 0.00 1.90 0.84
C20:4n6 4.25 1.46 3.12
C20:5n3 0.00 0.48 0.38
C22:6n3 0.00 0.00 0.00
SFA 32.94 30.95 31.36
UFA 67.06 69.05 68.64
UFA/SFA 2.04 2.23 2.19
Total 100.00 100.00 100.00
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