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Use of black soldier fly larvae (BSFL) fed with soy waste powder in
broiler diet on growth performance, carcass composition and meat

quality
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ABSTRACT: The objective of the current study was the use of black soldier fly larvae fed with soy
waste powder (BSFL) in broiler diet on growth performance, carcass composition and meat quality
observation. The 180 day-old male broiler chicks (Ross 308) were divided into 5 groups, 3 replica-
tions, 12 birds for each replication. Group 1 provided the control diet (non BSFL). Groups 2, 3, 4
and 5 provided the diets contained BSFL at the level of 1, 2, 3 and 4%. The results showed that
growth performance and carcass composition between the experimental groups were not different
(P > 0.05) but the water-holding capacity loss of the breast meat in the 2 and 3% BSFL groups were
lower than that of the 4 % BSFL and control groups (P < 0.05). The lipid oxidation after slaughter of
the breast meat in the 1, 2 and 3% BSFL groups were lower than that of control group (P < 0.05).
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Therefore, the BSFL can be used as the alternative protein source in broiler diet up to 4% without
affecting on growth performance and carcass composition and should be use BSFL at the levels of

1, 2 and 3% in diet for meat quality improvement.

Keywords: broiler, black soldier fly larvae powder, growth performance, carcass composition,

meat quality
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Table 1 Ingredients and chemical composition of the experimental diets

Starter diet (0-21 day) Grower starter diet (22-35 day)
Ingredient (%) BSFL level (%) BSFL level (%)
0 1 2 3 4 0 1 2 3 4
Corn 14.00 1410 1545 17.00 18.00 39.90 40.20 40.60 4115 4245
Rice bran 5.00 5.50 6.50 6.95 7.65 5.00 6.45 7.20 8.30 9.00

Broken rice 40.00 39.95 3840 37.00 36.00 1785 16.90 16.40 1550 14.10

BSFL 0.00 1.00 2.00 3.00 4.00 0.00 1.00 2.00 3.00 4.00

Fish meal

10.00 10.00 10.00 10.00 10.00  5.00 5.00 5.00 5.00 5.00
(60%CP)

Soybean meal

2745 2630 2500 2385 2260 2680 2550 2425 2295 21.80
(44%CP)

Rice bran oil 2.30 1.90 1.40 0.95 0.50 3.10 2.60 2.20 1.75 1.30

Fine limestone  0.30 0.30 0.30 0.30 0.30 0.80 0.80 0.80 0.80 0.80

Ca PO, 0.20 0.20 0.20 0.20 0.20 0.80 0.80 0.80 0.80 0.80
Salt 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

Calculated chemical composition
Crude protein ~ 23.00  23.01 23.00 23.02 23.01 20.01 20.02 20.01 20.00 20.02
ME (kcal/kg) 3,200 3,215 3,220 3,231 3241 3,200 3,203 3,216 3,225 3,234

Ether extract 4.97 4.97 4.97 4.96 4.96 6.17 6.18 6.22 6.25 6.26

Crude fiber 316 320 330 336 343 358 371 377 387 3.95
Calcium 1.06 107 1.08 109 110 098 099 100 101 1.02
Available
050 050 051 052 053 044 046 047 048  0.49
phosphorus
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FINNAUNINEDH (P > 0.05) (Table 3)
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Table 2 The effect of BSFL on growth performance of broilers

BSFL level (%)

Parameter SEM P-value
0 1 2 3 4

Starter period (0-3 week)

Final weight (g/b) 680.53 704.54 712.64 718.53 665.93 9.654 0.41
Body weight gain (g/b) 629.29 653.58 659.92 668.53 614.69 9.530 0.38
Feed Intake (g/b/d) 45.92 46.76 47.57 47.76 4547 0.507 0.60
Average daily gain (g/b/d) 29.97 31.12 31.42 31.83 29.27 0.453 0.38
Feed conversion ratio 1.53 1.50 1.52 1.50 1.55 0.010 0.54
Grower period (4-5 week)

Final weight (g/b) 1,658.89 1,667.22 1,710.00 1,733.43 169222 17.718 0.72
Body weight gain (g/b) 973.39 959.58 992.03  1,011.24 1,020.75 13.957 0.68
Feed Intake (g/b/d) 122.32 121.63 125.39 127.53 125.71 1.358 0.66
Average daily gain (g/b/d) 69.53 68.54 70.86 72.23 7291 0.997 0.63
Feed conversion ratio 1.76 1.78 1.77 1.77 1.73 0.012 0.78
Overall (0-5 week)

Final weight (g/b) 1,658.89 1,667.22 1,710.00 1,733.43 1,692.22 17.718 0.72
Body weight gain (g/b) 1,602.68 1,613.16 1,651.95 1,679.77 1,635.44 17.633 0.71
Feed Intake (g/b/d) 76.48 76.70 78.70 79.67 77.57 0.801 0.74
Average daily gain (g/b/d) 45.79 46.09 47.20 47.99 46.73 0.503 0.71
Feed conversion ratio 1.67 1.66 1.67 1.66 1.66 0.004 0.93
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Table 3 The effect of BSFL on carcass composition of broilers

BSFL level (%)

Parameter SEM P-value
0 1 2 3 4
Live weight (g) 1,631.67 1,633.83 1,636.08 1,626.67 1,626.17 21.215 1.00
Hot carcass weight (g) 1,338.09 1,339.32 1,358.07 1,348.18 1,365.84  19.028 0.99
Dressing weight (g) 1,178.59 119232 119715 1,196.85 1,227.84 18.634 0.94
Hot carcass weight (%) 81.97 81.94 82.95 82.79 83.01 0.180 0.13
Dressing weight (%) 7215 72.87 73.09 73.45 67.58 0.244 0.31

Portion weight percentage (% Hot carcass)

Head and neck 7.01 6.50 6.92 6.46 6.41 0.101 0.19
Wings 9.35 9.35 9.76 9.63 9.42 0.102 0.64
Drumsticks 12.23 12.87 12.67 12.84 12.31 0.114 0.24
Legs 4.96 4.99 4.99 4.82 4.78 0.054 0.60
Thighs 15.57 15.43 15.92 16.29 15.79 0.170 0.55
Pectoralis major 20.34 20.72 19.82 19.41 21.64 0.279 0.11
Pectoralis minor 4.34 4.30 4.31 4.23 4.23 0.058 0.97
Skeleton frame 23.28 23.36 22.77 23.08 23.08 0.327 0.98

Internal organ weight percentage (% Live weight)

Visceral organs 10.49 10.24 9.90 9.95 9.53 0.131 0.20
Heart 0.60 0.58 0.59 0.55 0.61 0.011 0.47
Liver 2.55 2.48 2.32 2.40 2.24 0.037 0.07
Proventriculus and Gizzard 2.16 1.92 1.89 1.86 1.80 0.045 0.12
Spleen 0.14 0.16 0.15 0.16 0.15 0.004 0.88

Visceral fat 1.08 1.47 1.34 1.30 1.28 0.054 0.25
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Table 4 The effect of BSFL on meat pH and color of broilers

BSFL level (%) P-val-
Parameter SEM
0 1 2 3 4 ue
Breast meat pHOh 6.11 5.91 6.00 6.00 6.02 0.031 0.36
pH 24 h 6.11 5.89 6.03 6.03 5.90 0.031 0.10
Thigh meat pHOh 6.42 6.44 6.42 6.42 6.40 0.016 0.92
pH 24 h 6.21 6.26 6.27 6.27 6.22 0.020 0.89

Breast meat colorOh (L*) 54.68 55.32 54.20 53.45 54.92 0.634 0.93
(@) 15.11 14.70 15.55 16.82 14.16 0.317 0.52
(b*) 8.32 8.38 7.81 8.49 8.32 0.238 0.93
Thigh meat color0h  (L¥) 54.38 53.90 53.46 53.62 53.10 0.242 0.57
(@) 17.46 17.21 17.29 16.42 16.66 0.190 0.38
(b*) 7.65 7.14 6.86 7.39 7.14 0.186 0.77
Breast meat color24 h (L*)  55.76 56.20 54.86 54.42 55.74 0.597 0.90
(@) 15.36 15.31 16.47 16.64 14.88 0.367 0.50
(b*) 8.71 8.81 8.02 9.31 9.22 0.244 0.52
Thigh meat color 24 h  (L*) 54.90 55.40 55.74 53.61 54.80 0.371 0.47
(@) 17.51 17.37 16.80 18.00 16.97 0.223 0.51

(b*) 8.01 7.83 7.72 8.39 8.66 0.207 0.62
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Table 5 The effect of BSFL on water holding capacity, shear force and lipid oxidation of broiler

meat
BSFL level (%)
Parameter SEM  P-value
0 2 3 4
Water holding capacity
Breast meat (%) Drip loss 1.72 1.28 1.33 1.27 1.36 0.176  0.117
Cooking loss 5.45°  497° 480" 450 555" 0.117  0.006
Thigh meat (%) Drip loss 1.33 1.31 1.35 1.26 117 0.030 0.332
Cooking loss 5.32 4.02 6.04 4.81 446  0.260 0.106
Shear force value (kg) Breast meat  1.717 1758 1298 1408 1526 0.070 0.174
Thigh meat 1414 1162 1126 1250 1203 0.037 0.121
Lipid oxidation (mg MDA /kg meat)
day 0 0.0242° 0.0147° 0.0159° 0.0160° 0.0194® 0.001 0.006
day 3 0.0263 0.0200 0.0246 0.0235 0.0267 0.001 0.848
day 7 0.0384 0.0352 0.0400 0.0372 0.0367 0.012 0.531

2P |ndicated the difference within a row was significant (P<0.05)

a L4
191984

uu@uumﬁmw‘ﬁ'Laymé’pﬂmmﬁﬁﬁﬁ
Tdsfuuazladunigendnnisiassfaaiilaan
dudzan wWhenuyu uazildenayunanduizen
(NATR uazyiAil, 2554) uazilAnALUIINNG
ndnadesaaninida? (Ruhnke et al., 2018)
Matliflesanneanu s Miaeeanunsndnane Ty
TsRunazlaiulunuauinasiuang  (Makkar et
al., 2014; NATA uaziails, 2554)

nslravuenunasivaeiaesdoaninisig
Tuaiillidenasieaussnnmnisiasoiiulnuedii
e aanmdedriLN1sAnE294 Cullere et al. (2016) 7
WUINNT MU UAULNAITUA B UKD N T WSS
Taizﬁqmaﬁiammﬁnmwmm?mLﬁu‘ﬂmluunm:m
ke uazn1ANE1T8Y Schiavone et al. (2017) 7
Tinueuunasiuananaunutindudamaes g

m@ﬂixmwimmmmwmﬂmﬁ@ 2IDNNIANEN
184 Moula et al. (2018) ﬁj/mfiqﬂ’wﬂ%ﬁuﬂml,mﬁu
aeluauslinulesnsesy 2% Tilddanase
ANgInNIWN LAY L TR Ao e mui i ldiviueu
unasduagaNnrauurasldsiuntaaenly
213dm T (Cullere et al., 2016)
n1sldnanueuuuasduaafiaeeiaanin
i luafilifinasieasdlszneumnaesliile
TeaanAfedriun1sAneTes Moula et al. (2018) 7
NUINNT MiveuuNas T uANe T AL 2% luawns
Liflnadeasdlsznauginaeslifiuiles uazns
Anmae Schiavone et al. (2017) fvuaunaiy
fmmnmmuﬂgﬁwahLuﬁmigmm@ﬂizmmjﬂmﬁ
Usznaumnyisdnmidngn Tudounuaziaredly
ellanaunaniannanssnnnnisasyAulag
”Lu}myn&iwﬁu Lmzm@Lﬁum@mmﬂumiﬁnm
ARt ldnanuauunasiuana luseaundalaigs



KHON KAEN AGR. J. 48 (5): 942-953 (2020)./doi:10.14456/ka}.2020.86.

wnyn i lddananssnusaasAlsenauainasing
TALaL

- nildnaueuuuasiuanalugnramisli
weaiilidanansznusienunilediuen pH
Andrauila ANegoyietiiannisutidu was
AusAndIUie  TrenndesiunisAnmzes
Schiavone et al. (2017) Alfreuuuasiians
nounhfudavinesdshiduansznusiadn pH A
dreaiie uavAnIegrydetianNsudidiuTeile
UANANANNNEANEYEY Cullere et al. (2016) Wy
mmﬂwuﬂmmmfmmﬂ‘lummmﬂmvmLu@
viliiAn pH 28ulierias e1ailiesanseiunig
”qu@w,l,m\mmgwqqm 10 UaT 15 % lugms
amsunnIznile etelasfinn Annegode
wainnssingnasaiieannudinis Mueue
unasiuaeiszAl 2 uag 3% lugmaanmsilen
GIEN m@qLﬂummﬂumﬂﬂmnm”lmuu@umm
Lummﬂluuuauum@mumaﬁmmiwmum@u
FAgaIN 65.5% 189n7Al13UianNe (Dalle Zotte
et al., 2018) m‘m”LjuﬂuEmqudmmi@mmaqm
\@ETANNITHNANTNIAAAY (Mir et al., 2017) uaz
mﬂmmm@uummumw 1, 2 uaz 3% A1
ﬂ@ﬂﬁnmummLuﬂﬂﬂmmwmmqﬂ@miﬂm
HaMUE LN ATUATE fvenaidunznaalasiu
fammwmﬂwu@w,mmqumm ANNNIIIENTY
184 Haen (2545) ﬂmamﬂmhuummm@ymm
dfeneendindulidindinealasiunlaiguss
\asainnen ladun luausmiiuscAnasnmiia
ﬂﬁﬁ"&m@@n%m%%dqmdq wsins lesnien
unaeilaneMazeil 1 uaz 4% lirananunemly
mi@uuwmm@@ﬂmiuLmnmm’mn@wiu%m
uu@mmmqumﬂLmvmﬂmm\muﬂmmmqumw
suitl 4% ineentindiaesiioanvdssiniliuan

950

ﬁmmnn@umaﬂ% HaUUBULNAITUATE anaulu
wagluvauuiasiuneiingnlusfuziln n-3 HUFA
Nszil 6.97% v0enInlatiy HUFA visunn (Dalle
Zotte et al., 2018) mmmhuu -3 HUFA azgssasie
mmmuiwu‘lummﬂmwmu wsitinLFunmunee
laghe n-3 HUFA mulummﬁ?faﬂmvmummnu
m;awmmmimmm’Luummmuhuulu
\HalEiafNanad (WA uazAE, 2555)

a9l

¥ naueuunasuaefissdu 1, 2, 3
war 4% hidawansznusieanssnnInnnaaTy
Fule eefilsznausin uazAnNINLTHaUsREN
1o andunslilusediu 2 uaz 3% azvinliidnis
ATYIAATNAINNNIANGNIDULANAAAT  UATEN
%‘lua‘vmm 2 uay 3% aginlinaineendindi
i lwientinananag muummﬂimwm
uu@mmmqumﬂmmmhLﬂw,mmqmmu
WsRumadenluewnslidelsae 4% el
HasaaNssan nnsiaTALIn uazesdlszney
110 uazArinevuauuNasiuatensLiy 1, 2
uaz 3% lugrrannaitediudppmuninialiia
2
U

ANUDLIAM

1828UNICAN Common farm ‘mm’amm
Feudpidealu mumuumﬂmmmaumwh
Tunsmeaes  uwanuABLiunfresumanends
w18 Naduayununisdnelunisinaneniinug
Tuasell



951 LALINEAT 48 ALTUA 5: 942-953 (2563)./doi:10.14456/ka].2020.86.

LANATA19E tadu. engnsiTnisatuil 18/2555.

drinanidsouasimun ssusanads,

naznsanilTe. 2562, 2 usdndlavingaAu NINLITIN, NIENIVUNNEATUAZANNIDI,
2NIFRI-ANde.  unasdieya: https:/ NN,

www.moc.go.th/index.php/rice-if-

o

| o = Aav o A ol
rame-18.htm!. Buidla 12 ‘Wf]ﬁaﬂ’]ﬂu e AFTANET, DATNT LWETHIAN LACDIUIE

REn813N8. 2555, TA3anns Aounw

2562. Shal ) i

e nau wazsatnmaedlnlseguienn

NATR 3oy UAsiAtE uanassen. 2554, N3 Fadlud 1. seusstetLanLsal

BamuauALszans TNz ILaz (@na.). Z‘?qﬁmqmmmﬁumﬁgﬂtm
AANNINTUEIRIUNAITUANY  (Her- TR, NPANN.

metia  illucens L.). 913419948
Abduh, M. Y., M. H. Nadia, R. Manurung, and

R. E. Putra. 2018. Factors affecting

. the bioconversion of Philippine tung
NesfANG nalaw. 2552. A9NAMAMNINTUY seed by black soldier fly larvae for the

219990 AY.  wnasdeya:http:/km.did.

NUNINYREUD LN (@Tuinunm
Anmn). 11: 19-26.

production of protein and oil-rich bio-
go.th/th/index.php/th/research-system/ mass. J. Asia-Pac. Entomol. 21: 836-
knowledge-office/149-kmproduction-c 842,

at/159-2009-12-24-03-18-19. Auiila 12

wqﬂaﬂ’mu 0562, AOAC. 1990. Official Methods of Analysis. 15th

Edition. Association of Official Analyt-

UFgN FHRNLIUUA. 2545. WLANGATNITRINNG ical Chemists International, Arlington,
paslasiuuasingiu. Taneualng, VA
NPUNNAL.
Cullere, M., G. Tasoniero, V. Giaccone, R. Miot-
AINUATEFNANTINERAT. 2562, ANANTTIN ti-Scapin, E. Claeys, S. De Smet, and
din (Import). me‘ﬁ’ﬂlﬁg@: http://www. A.D. Zotte. 2016. Black soldier fly as di-
oae.go.thiview/1/. Auiile 12wnAANIEY etary protein source for broiler quails:
2562.

Apparent digestibility, excreta micro-

4NA NBIT0A, NUNNUR TNFU wazFing Aade bial load, feed choice, performance,

ﬁﬁ/ﬂq,@_ 2555 é’mmzﬁ'quiwdwﬂmhﬁu carcass and meat traits. Anim. 10:

Ay n-3/n-6 luanmsimnnzanme 1923-1930.

nglastyALIRaNaNaNnY  (Penaeus
monodon Fabricius, 1798) lunsedalis



KHON KAEN AGR. J. 48 (5): 942-953 (2020)./doi:10.14456/ka}.2020.86. 952

Dalle Zotte, A., M. Cullere, C. Martins, S. P.

Alves, J. P. Freire, L. Falcao-e-Cunha,
and R. J. Bessa. 2018. Incorporation
of black soldier fly (Hermetia illucens
L.) larvae fat or extruded linseed in di-
ets of growing rabbits and their effects
on meat quality traits including detailed
fatty acid composition. Meat Sci. 146:
50-58.

Ifie, I. and C.H. Emeruwa. 2011. Nutritional and

anti-nutritional characteristics of the
larvae of Oryctes Monoceros. Agric.
Biol. J. N. Am. 2: 42-46.

Kawasaki, K., Y. Hashimoto, A. Hori, T. Kawa-

Makkar

saki, H. Hirayasu, S. lwase, A. Hashi-
zume, A. Ido, C. Miura, T. Miura, S. Na-
kamura, T. Seyama, Y. Matsumoto, K.
Kasai, and Y. Fujitani. 2019. Evaluation
of black soldier fly (Hermetia illucens)
larvae and pre-pupae raised on house-
hold organic waste, as potential ingre-

dients for poultry feed. Anim. 9: 1-14.

H.P.S., G. Tran, V. Heuze, and P.
Ankers. 2014. State-of-the-art on use
of insects as animal feed. Anim. Feed
Sci. Technol. 197: 1-33.

Mir, N. A., A. Rafig, F. Kumar, V. Singh, and V.

Shukla. 2017. Determinants of broil-
er chicken meat quality and factors
affecting them: a review. J. Food Sci.
Technol. 54: 2997-3009.

Moula, N., M.L. Scippo, C. Douny, G. Degand,

E. Dawans, J.F. Cabaraux, J.L. Hor-
nick, R. C. Medigo, P. Leroy, and F.
Francis. 2018. Performances of local
poultry breed fed black soldier fly lar-
vae reared on horse manure. Anim.
Nutr. 4: 73-78.

NRC (National Research Council). 1994. Na-

tional Requirements of Poultry. 9 th
Edition. National Academies Press,
Washington D.C.

Rahman, M.M., T. Nakagawa, R.B. Abdullah,

W.E. Wan Khadijah, and R. Akashi.
2014. Feed intake and growth perfor-
mance of goats supplemented with
soy waste. Pesqui. Agropecu. Bras.
49: 554-8.

Ravindran, V. 2013. Poultry feed availability and

nutrition in developing countries: Main
ingredients used in poultry feed formu-
lation. Poult. Dev. Rev. 2: 694-695.

Ruhnke, I., C. Normant, D.L. Campbell, Z. Igbal,

C. Lee, G. N. Hinch, and J. Roberts.
2018. Impact of on-range choice feed-
ing with black soldier fly larvae (Herme-
tia illucens) on flock performance, egg
quality, and range use of free-range
laying hens. Anim. Nutr. 4: 452-460.

Schiavone, A., M. Cullere, M. De Marco, M.

Meneguz, |. Biasato, S. Bergagna, D.
Dezzutto, F. Gai, S. Dabbou, and L.



953 LALINEAT 48 ALTUA 5: 942-953 (2563)./doi:10.14456/ka].2020.86.

Gasco. 2017. Partial or total replace- St-Hilaire, S., K. Cranfill, M. A. McGuire, E. E.

ment of soybean oil by black soldier fly Mosley, J. K. Tomberlin, L. Newton,
larvae (Hermetia illucens L.) fat in broil- W. Sealey, C. Sheppard, and S. Irving.
er diets: effect on growth performanc- 2007. Fish offal recycling by the black
es, feed-choice, blood traits, carcass soldier fly produces a foodstuff high in
characteristics and meat quality. Ital. omega-3 fatty acids. J. World Aqgua.

J. Anim. Sci. 16: 93-100. Soc. 38: 309-313.



