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(Effects of the use Black Soldier Fly larvae in feed formula on production efficiency and egg

quality of Japanese quail)
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fiwazdnd Wy mndavdes uasantu Wusuisilufununisudndaidn Andudunueoimsiesas 60
fla 70 vosdunuNTHARTavLR (Al-Qazzaz et al. 2016) Suduusuiulvigilifoadosiuman dnd adnflv
auddnlumsmuvaslusiumadenviialmiiinainuuas Wy vueuusasiuany sadudnmadennile
Adslasumnuaulaludagtu (Secd et al. 2018) esaniinarimstavumansegluszsiugs

wiastuane Black Soldier Fly (BSF) Tneiiiaineneans fie Hermetia illucens (L), (Diptera:Stratiomy
idae) LLaJaﬁumsJamﬁawuiﬁﬁ’ﬂaﬂﬁgﬁulfumamju Laznsauty (Wang and Shelomi, 2017) I 3Qdns
FimvpuvasiumoiFuan seozld MWoausana 3-4 fu szozdvuou 1naUssinu 14-18 Ju Tnewas
fmuouuasiumersiugedad e1maulh viewsrdunisiduemaneuilasdngssosdnud des v oz dld
naszanas 10-15 Yu uazszezasinefessodladiute (Fisure 1) SsUiinalusiuiinanldiuiimorludi
37.8 f4 47.6 dwiuesidudlusiu uasUSinalviudidroglugae 129 fv 41.7 dwiudesidudludu
(Mutafel et al. 2015) (Table 1) usasiuaosgeilufonsnasinazssnuinduuna diefmangasly
1M 3dnITn (Kieronczyk et al. 2020) uagmnerinorafiyamiigaduninifsd nfemseagtulseinalne
donidnindudonnanimasema Sehldfunulumskdnesdaiganniy msflaunsondamoy
wasiuangldasiagamulunssdnermsdnd wasiislusiiliiuemsdaiogamnma Jagduiiud
Tssnumswasifldvueuunadlusiulusouiedofiuty 1wy Jeaun Behldammiauldlunueuuuag
Tushuiifaiy
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Table 1. Composition of Black Soldier Fly (BSF)

Component Kaplan Suparman Dalle Zotte
et al. (2023) et al. (2020) et al. (2019)

Crude protein (%) 20.29% 20.01% 19.5%

Crude fat (%) 1.86% 6.47% 5.37%

Ca (%) 2.48% 1.84% 3.36%

P (%) 0.3d% 0.95% 0.36%

Metabolisable energy (kcal/kg) 2,929 2772 1,580




The life cycle of the black soldier fly (Hermetia illucens)

Adult
Lifespan: 5 to 8 days
Eggs
Number: 500 to 900

= d Hatch time: approx. 4 days
/IR ’

Pupal stage 7/ I+ W%
Lifespan: 10 days to months “

Life cycle of -

Prepupal stage Hermetia illucens i

Lifespan: approx. 7 days

6" instar
% 2 instar
5" instar -(H HHD M

) Larval stage
3" instar Five instars
4° instar Lifespan: 13 to 18 days

Figure 1. The life cycle of the black soldier fly (Hermetia illucens) (modified from De Smet et al,

2018).
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Kaplan et al. (2023) uaveanisldfsaunieuniasiuanefiuaui Black Soldier Fly larvae (BSFHer
metia illucens L.) Iugmmmiﬁuaﬂumizmzﬁﬁu Japanese quail (coturnix coturnix japonica) lagiins
d5gAu BSF 0%, 4%, Way 8% Waud1iuenmsdsagun1anisim mﬂwamsmaaawudwﬂfjmﬁﬁssﬁu BSF
4%, wow 8% TUTnamsfuldanauiodioufunduauan (P<0.05) uendninguilléssdu BSF 4%, uax
8% linumnuuanssfuveshudniiasuulas Usinamandsly wmald dhvinly wassmsnisiaey
onaduly delsudunguenuau (P>0.05) Table 2 ilesananslafiu (Chitin) ludonuenvosiuasfu
medwansznuilidnidndes Idenntuiiewindnidnd v WifiewledfiSendt lefiua (Chitinase)
anunsagesaanglafuls a1slafu (Chitin) Jsdwmalilifiusmsilosas Dorper et al. (2021) @onnasiy
Nuves Dalle Zotte et al. (2019) Inedinsldseau BSFL Usiaannlusiu 10%, uag 15% Waud1iua1nis
d1593UNINIA NHANTVIARBINUINTHETEAY BSFL 10%, waz 15% Widwmanssnunagiuiuly
Usinamandnly dhuinlinds Wesdudlafiinund nsinisme wazdnsmswasuemsduld (P>0.05)
Table 5 Gedpudaiuaunes Mat et al. (2021) Inefinsldsedu BSFL 0% (nguaiuaw), 15%, 20%, Lay
25% wandnfivenmsdsagumansi  anran1sveaesnuiimMsldsediu BSFL 25% iusinansiulé
laduanal ‘mex@mﬁﬂuﬂﬁjmmaaqm% BSFL 15%, 20%, uay 25% fnafrosnsinsdfiainviined e se
fu dafngh dhwindidady dndld Vinamandald wasdsmswdsuemadulddedisufungy
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AuAK (P<0.05) Table 3 Llaa91n BSFL fUSanadluiuge Fsanmnsalvimdanuaswiliunnsemlasundeay
= o a a v = o9 w a m o ]

WeanowiguilnAom sludsnaimisyas Falduameivilinmsuilanemnsanasudlinsgnudenis
WwiulalaznINan Widjastuti et al. (2014) Laz@onAaesiuMuUued Suparman et al. (2020) lagdinns
Id5siu BSFL 36U PO : (nqumiums) P1: (Musuuiasiuaty 3.18% Uaidu 6.67%) P2 : (Muauuuasiy
a8 6.37% UanUu 3.34%) P3 : (vusuuuasiuaty 9.56% a1t 0%) nenaudniuemsdnsagunig
N13A NHENISVIARRIMUINNISIYsedU BSFL Nsedu P3 waz P2 IUSinamandnlianainiinisnnaes Pl

Wewleuiunguaiuny (P<0.05) Table 4 Faaguldinanmnsaldnusuwiasiuaisliseiu 8-20% laglidma

NIENUABUTEANTAINNSHERUNATEN YUY

Table 2. The effect of dietary different levels of Black Soldier Fly (BSF) on the performance

parameters of breeder Japanese quails

Parameters Control BSF 4 % BSF 8 % P-Value
Body weight change (g) 16.222 + 3.16 17.792 + 4.41 18.931 + 3.38 0.874
Feed intake (g) 26.55 + 0.32% 24.90 + 0.31° 24.89 + 0.31° 0.003
Egg production (%) 85.21 + 1.48 83.53 +0.71 83.43 + 0.49 0.382
Egg mass (g/quail/day) 10.06 £ 0.22 10.17 £ 0.26 10.14 £ 0.18 0.932
Egg weight (g) 11.818 + 0.288 12.179 + 0.268 12.162 + 0.209 0.548
Feed conversion ratio 2.64 + 0.07 2.45 + 0.05 245+ 0.05 0.073

AB:The differences indicated by different letters on the same row are statistically significant,
P<0.05
References: kaplan et al. (2021)



Table 3. Effect of dietary treatments with different percentage of BSFL on growth performance of

Japanese quails

Parameters 0% BSFL 15% BSFL 20% BSFL 25% BSFL P-Value
ADFI (g) 6.5+0.14° 5.0+0.74° 6.9+0.7° 3.3+0.27° 0.050
ADG (g) 2.1+0.22° 2.8+0.10° 3.4+0.01° 33+ 0.19° 0.050
WG (g) 14.7+1.57° 19.5+0.73° 243+0.19°  30.6+1.34° 0.050
BW (g) 125.9+8.49° 135.4+2154%  1444+878> 161.1+3.87¢ 0.034
Number of eggs  41.0+1.0° 50.0+3.6° 47.3+4.0% 66.0+ 4.4° 0.036
Fgg weight (g) 10.6+0.1° 11.3+0.2° 11.8+0.2° 12.8+ 0.4° 0.050
FCR 3.8+0.76¢ 2.4+0.98° 2.9+0.47° 1.0+0.76° 0.020

AB:The differences indicated by different letters on the same row are statistically significant,
P<0.05
References: Mat et al. (2021)

Table 4. Egg production of quail eggs age 6-13 weeks.

Variable PO P1 P2 P3 P-Value
Egg Production (%) 64.53+837%  66.40+2.72° 51.13+5.82° 44.80+2.78 (P<0.05)
Fgg Weight (g) 10.70+0.32 10.72+0.19 10.59+0.46 10.58+0.37 (P>0.05)

PO= Ration with out the addition of BSF larvae meal; P1= BSF Larvae meal 3.18% (6.67% fish
meal crude protein); P2= BSF Larvae meal 6.37% (3.34% fish meal crude protein); P3= BSF
Larvae meal 9.56% (0% fish meal crude protein).

The same superscript in the same line shows no significant difference at the Duncan test level of
5% (P<0.05).

Source : Suparman et al. (2020)



Table 5. Effect of the dietary inclusion of 0% (Control), 10% (BSF10) and 15% (BSF15) defatted BSF

larvae meal on the productive performance of laying quails.

ltems Control BSF10 BSF15  Significance RSD1
Total eggs,n. 392 381 379 ns 434
Egg production (%) 75.5 75.5 734 ns 7.41
Average egg weight (g) 14.3 14.6 144 ns 0.39
Defected eggs (%) 1.71 2.10 2.74 ns 1.59
Mortality (%) 4.00 9.33 533 ns 5.84
Feed conversion ratio 3.60 3.40 3.40 ns 0.32

References: Dalle Zotte et al. (2019)

navasnsldvusuuiasiuamelugnsemnsunnsemaglus agmunnly

Kaplan et al. (2023) 21ANANISNAABINUINTLAU BSF 4%, way BSF8% wuitamnunuvesuaenla
dhntndents samdmreaddonly wessvdlduns lifienuuenistudiedisusunguaiuay (P>0.05)
Tundvesdvilzusnely lifinnuuwansnasendnangy BSF 4%, uay BSF8% WAlAnuuanieseninengy BSF
4%, Wewisufunguamunau (P<0.05) uasdvidayun wuilsifinnauendaserinangs BSF 8% Waliiey
fuAUAN WATANLLANANSTEININga BSF 4% wewflsumua (P<0.05) Table 6 Liesa1n Black Soldier

IS 1

Fly (BSF) fUSunalushiugs (40-50%) saudianseeslilundnluniaurimelusivgsaninsoasialionladn

uianswarlassaddleflanysainniu dwelfguiwedlufienuanysal dwadedsisayfalunisuan
wazdmaliguisweslddmiuanysaidmasefviisusials lumenidesnnlivnnvszneulsielusdu
vang anvueu BSF Insmeilufisndulumsietuaalinanazaaunimedavin mslidaitnlasy
TUshuarnuueu BSF astelildvnianuniauazuimnanintu dwaliduidsayfiu (Albumen index)
39U Makkar et al. (2014) denrdasiunures Mat et al. (2021) inuanisnaassmuiimsldssdu BSF
15%, 20%, waz 25% liiinanssnuaaanumuivealdenla (P>0.05) Table epugsiueuass Dalle
Zotte et al. (2019) NNANMITNARBINUIINSTITTEAU BSF10%, Uay 15% IAnnuunnsineiuvea iyt Usis
19 dwdnivdenly wWeddudhmdnivdenly anumunvesudents uasdvedliues WenSsuifisufunga
muay (P>0.05) Tuvamdedfunduilésu BSF10%, way 15% limumnuusnisvesdayiia Weiiisufu

nauAIuAN (P>0.05) Table 9 LHasaINNsERERIMITUAENISAIUANAT pH Tusamedniniside uumas

Tsfuluommsdnitnannunasaadudu BSF enalddmwansenunenisdesermsiidsnsnane pH veosly
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917 4 8931n519n18dn il sruualIuAuAl pH anelusresneniaunaeguaa Cullere et al. (2019) wag
A9ARABINUMUYDY Suparman et al. (2020) IINKANIINAABINUINATIUTZAU BSF Nisziu P1 P2 uazP3
Widwmansznusedvedlunne wavdvilliunadiofieuiunguaiuau (P>0.05) Table 8 Fsagularinanunsaly

nuauwNasiuaglaseiu 8-20% laglsldwmansenusenmninly

Table 6. The effect of dietary different levels of BSF on the egg quality of breeder Japanese quails

Parameters Control BSF 4 % BSF 8 % P-Value
Egg shell thickness (mm) 0.229 + 0.008 0.221 + 0.002 0.214 + 0.001 0.135
Egg shell weight (g) 1.116 + 0.084 1.103 + 0.031 1.144 + 0.017 0.856
Fgg shell ratio (%) 9,453 + 0.579 9,111 + 0.274 9,472 + 0.298 0.783
Egg shape index (%) 75611 + 0.328° 77337 +0.378%  76.658 + 0.571%° 0.042
Albumen index (%) 6.3208 + 0.163% 56983 +0.102°  6.0176 + 0.130%° 0.017
Fgg yolk index (%) 47.052 + 1.02 44.550 + 1.59 48.430 + 0.334 0.072

a,b The differences indicated by different letters on the same line are statistically significant,
P<0,01
References: Kaplan et al. (2023)

Table 7. Effect of dietary treatments with different percentage of BSFL on egg quality of Japanese

quails
Parameters 0% BSFL 15% BSFL 20% BSFL 25% BSFL p-value
Shell thickness (Lm) 0.2+0.1 0.3+0.3 0.22+0.0 0.2+0.1 0.31

References: Mat et al. (2021)

Table 8. Egg physical quality of quail eggs age 6-13 weeks

Variable PO P1 P2 P3

Egg Shell Thickness (mm) 0.202+0.004° 0.208+0.004%  0.202+0.004° 0.192+0.004°
Egg Yolk Index 0.45+0.01 0.44+0.01 0.44+0.01 0.44+0.01
Egg Yolk Color 7.71+0.46 7.60+0.16 791+0.14 8.00+0.61

Note: The same superscript in the same line shows on significant difference at the Duncan test
level of 5% (P>0.05)

References: Suparman et al. (2020)



Table 9. Effect of the dietary inclusion of 0% (Control), 10% (BSF10) and 15% (BSF15) defatted BSF

larvae meal on eggs physical traits

Physical Attributes Control BSF10 BSF15 Significance RSD
Fgg shape index (%) 75.38 76.3" 76.3" <0.01 3.27
Shell weight (g¢) 1.448 1.51% 1.52% <0.001 0.16
Shell thickness (mm) 0.214 0.210 0213 <0.05 0.02
Shell percen tage 10.18 10.4* 10.5% <0.001 1.02
Albumen pH 9.16 9.15 9.18 ns 0.23
Yolk colour 4.99° 557 5.81 % <0.001 0.92

a—b Means in the same row with different superscript letters differ for p<0.05

References: Dalle Zotte et al. (2019)

GEL
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