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Abstract

Insects could be considered as a potential and sustainable cheaper alternative source of protein to
replace soybean partially in livestock feed, especially poultry due to fact that they contain similar
composition as that of soya bean or fish meal (Fat: 30-40% dry matter and protein: 40-60% DM) and its
ubiquitous nature. An attempt was made to incorporate and evaluate the effect of inclusion of black
Soldier fly larvae meal in broiler diet on carcass characteristics etc.Birds up to 6 weeks were fed diet
with 5, 10 and 15 percent of black soldier fly larvae meal and all the diets will be formulated to meet
isocaloric and nitrogenous by manipulating the diet inclusion level in the basal diet. At the end of the
6™ week, birds were slaughtered and evaluated for the carcass characteristics physico-chemical
attributes and protein solubility. The inclusion of 10 percent BSF meal significantly increased the live
weight, carcass weight, dressing percentage, breast yield etc. However, no significant differences could
be observed in recorded percent neck yield, back yield, wing yield, thigh yield, drumstick yield
recorded between all the four treatment groups. Inclusion of BSF larvae meal at different levels did not
have any significant effect on pH at 45 minutes and ultimate pH at 24 hours. No significant difference
in cooking loss, water holding capacity and drip loss was observed in the present study between the
different treatments.
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Introduction

It has been estimated that approximately 35 percent of global crop production is being
utilized as feed to produce various livestock products viz., milk, meat, egg and other animal
based products (Foley et al., 2011) 111, The increasing global demand for poultry meat has
led to challenges especially with respect to availability of quality and sufficient quantity
protein such as soybean and fish meal for inclusion in broiler diets. In this context, insects
could be considered as a potential and sustainable cheaper alternative source of protein to
replace soybean partially in livestock feed, especially poultry due to fact that they contain
similar composition as that of soya bean or fish meal (Fat: 30-40% dry matter and protein:
40-60% DM) and its ubiquitous nature (Makkar et al., 2014; Elahi et al., 2022) !9, Among
the different insects utilized in poultry feed, black soldier fly (BSF) larvae and its meal
(Hermetia illucens L) has been widely used as an ingredient because of its richness in fat (7-
39% DM), protein (37-63% DM) and having a better amino acid profile as compared to
soybean meal (Barragan-Fonseca et al., 2019) Bl. An attempt was made to incorporate and
evaluate the effect of inclusion of balck Soldier fly larvae meal in broiler diet on carcass
characteristics, physico-chemical attributes and protein solubility of commercial broilers.

Materials and Methods

A total of one hundred and twenty (120) day old commercial broiler chicks were procured
from Venkateshwara Hatcheries Pvt. Ltd. Bengaluru and all the chicks were weighed and
wing banded individually. The study was carried out with permission from Institutional
Animal Ethics Committee, Veterinary College, Hebbal, Bangalore. The chicks were
allocated to four different treatment groups each consisting of three replicates with 10 chicks
each (30 chicks per treatment).
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Each of the treatment groups were fed with different types
of experimental diets. The control group T; was fed with
soybean meal based basal diet as per BIS (2007) standards.
Black Soldier Fly Larvae meal was procured from Sri
Kalleshwari feeds Pvt Ltd, Kerala. The composition of BSF
larvae meal is Metabolizable energy (kcal/kg): 3970.1,
Crude protein (%):59.7, Calcium (%): 2.3, Phosphorus (%):
1.6, Lysine (g/100 g): 2.8, Methionine (g/100 g): 1.0. Birds
in treatment groups T, T3, T4 were fed diet with 5, 10 and
15 percent of black soldier fly larvae meal respectively and
all the diets will be formulated to meet isocaloric and
nitrogenous by manipulating the diet inclusion level in the
basal diet as per Chidanandaiah et al., 2026 9. The chicks
were reared in deep litter system and maintained under
standard managemental practices till 6™ weeks of age. Feed
and water was provided ad libitum throughout the
experimental period. At the end of the 6 week, six (6) birds
from each treatment were slaughtered as per standard
protocol to evaluated the carcass characteristics (dressing
percentage, yield of edible offals, yield of cut up parts),
physico-chemical attributes [pH 4s5min, PH 24nrs, Drip loss%,
Cooking loss (%),Water holding capacity (%),Rigor value
(24hrs)] and protein solubility [Sarcoplasmic Protein
(mg/g), Myofibrillar Protein (mg/g) and Total Protein
(mg/g)]

The dressing percentage was calculated on the basis of hot
carcass weight (HCW) and pre-slaughter weight (PSW)
using the formula:

Dressing percent = (Hot carcass weight/Pre slaughter
weight) x 100

The pH of breast muscles was estimated after 45min and
24hrs of slaughter using a digital pH meter (Labman,
LMPH-10, India) as described by Naveena et al. (2004) ?21,
Water holding capacity (WHC) was determined according
to the protocol of Wardlaw et al. (2006) B!, Drip loss was
calculated and expressed as the percentage of the initial
weight (Remignon et al., 1996) 2%, The percent cooking
loss was determined by weight loss after cooking of meat
for 1 h in water bath at 80 °C (Babiker et al., 1990) 2.

Cooking loss (%) = (Weight of cooked meat/Weight of raw
meat) x 100.

Protein extractability was determined according to the
procedure given by Joo et al. (1999) U4,

Statistical analysis

The descriptive statistics for the different types of data were
determined as per Snedecor and Cochran (1994) 12 and the
SPSS 20 statistical software. The differences between the
mean values were evaluated using Tukey's Range Test at a
significance level of 0.05 (p<0.05).

Results and Discussion

Carcass characteristics: The data on effect of feeding
Black soldier fly larvae meal on carcass characteristics were
presented in Table 1. It was evident that T, (5%) and T3
(10%) had significantly (p<0.05) higher body weight among
the groups with no significant difference between them and
in similar way control (T;) and T4 did not differ
significantly. The findings of the present results were in
agreement with Dabbou et al. (2018) B! who observed that
the inclusion of Black soldier fly larvae meal had a
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significant (p<0.05) effect on body weight at 6™ week of age
in broilers. Similalry, Moula et al. (2018) 12" also found an
improvement in Ardennaise chicken fed with 8 percent
Black soldier fly larvae meal. The increase in body weight
at 5 and 10 percent inclusion level in this study may be
attributed to higher nutrient content, higher palatability and
beneficial changes in gut morphology and gut microflora
which in turn would have resulted in better digestion and
absorption (Dabbou et al., 2018) B8, The lower body weight
gain in 15 percent inclusion level in this study may be
attributed to the increasing level of chitin which is a
component of the exoskeleton of the larvae which might
have hindered digestion as well as absorption of the
nutrients. The Mean + SE of carcass weight of commercial
broilers of Ty, T, T3z and T4 were 1431+15.57, 1498+31.38,
1530+15.74 and 1424+20.55, respectively. The Mean + SE
of dressing percentage in groups Ti, T, T3 and Ts were
67.94+1.036, 73.15£0.584, 73.42+1.440 and 67.16£1.567,
respectively. The Mean + SE of breast yield of commercial
broilers in Ty, Ts, T3 and T4 were 24.14+0.27, 25.35+0.24,
25.46+0.34 and 24.04+0.21, respectively. The treatment
group T, and Tz showed significantly (p<0.05) higher
dressing percentage and breast yield than T; and T4. The
results of this study are in concurrence with the findings of
Raju et al. (2023) 2! who observed that graded levels of
Black soldier fly larva meal (0, 5, 7.5 and 10%) inclusion
resulted in increased dressing yield, breast weight, and
abdominal fat content with higher levels of BSF larvae meal
in the diet. Longvah et al. (2011) "9 also opined that higher
levels of inclusion of silk worm pupae and pre pupae meal
in broiler diets resulted in a significant decrease in carcass
weight and they attributed this to the level of chitin present
in the exoskeleton of the meal. In similar lines, Gasco et al.
(2023) "2 reported that the broiler birds that were fed with
black soldier fly larvae meal exhibited higher dressing
percentage and higher breast yield compared to that of
control. It was observed that BSF larvae meal inclusion at 5
percent resulted in higher carcass weight and breast meat
yield as compared to higher (15%) levels of inclusion
(Popova et al., 2020) 4. The researchers have opined that
BSF larvae meal inclusion at optimal levels resulted in
better carcass yield and meat quality. However, no
significant differences could be observed in percent neck
yield, back yield, wing yield, thigh yield, drumstick yield
recorded between all the four treatment groups. However,
no negative impact on carcass weight, dressing percent and
different cuts in broilers due to replacement of soybean meal
by BSF larvae meal has been reported by Murawska et al.
(2021) 211 in broiler (50, 70 and 100% substitution), Cullere
et al. (2016) " in broiler (10 and 15%), Schiavone et al.
(2019) 1?7 in broiler (up to 15%), Altmann et al. (2018) M in
broilers fed insect meal (50%), Loponte et al. (2017) "1 in
Barbary partridge (25 to 50%), Dahiru et al. (2016) "1 in
spring chicken (5, 7.5 and 10%), Heita et al. (2023) U3 in
broilers (10%). Overall, the results verify that insect meals
contain sufficient nutrients for broiler production. These
studies have clearly indicated that BSF larvae meal could be
used as a cost effective and sustainable alternative to
conventional feed sources such as soyabean meal without
much adverse effect on the carcass and yield of different
cuts in broilers.

Physico-chemical attributes: The Mean + SE of pHasmin,
PHoanrs, drip loss, cooking loss, water holding capacity and
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rigor value of breast meat from commercial broilers fed
different levels of Black soldier fly larvae meal are
presented in the Table 2. pH is one of the key factors
influencing the quality of the meat which governs several
physico-chemical properties of meat such as water holding
capacity, colour, shear force and tenderness (Ma er al,
2019) 81 In the present study, it was observed that
inclusion of BSF larvae meal at different levels did not have
any significant effect on pH at 45 minutes and ultimate pH
at 24 hours. The pH45mins in this study ranged from 6.11 to
5.95 and the pHaunrs (ultimate pH) ranged from 5.53 to 5.61
in all the treatment groups. The results are in accordance
with Van Laack et al. (2000) % who reported that the
normal broiler breast meat ultimate pH was 5.56 to 5.75.
Similar to our results Schiavone et al. (2019) *”! reported
that the ultimate pH of the breast muscle ranged from 5.98-
6.03 at different level of inclusion of BSF larvae meal up to
15 percent. However, contrary to the findings of our study
Bovera et al. (2016) ' and Murawska et al. (2021) 2!
observed a significant increase in pH of the breast muscle in
broilers fed 70 percent BSF larvae meal and diet
supplemented with Tenebrio molitor larvae meal in broilers.
No significant difference in cooking loss, water holding
capacity and drip loss was observed in the present study
between the different treatments. Our findings corroborate
with the results of Kim et al. (2021) 5! who reported that
replacing soybean meal with BSF larvae meal at 25 and 50
percent did not cause any changes in cooking loss and drip
loss. No statistically significant effect on cooking losses was
observed in partridges fed BSF (Hermetia illucens) and
Tenebrio molitor larvae meal (Secci et al., 2018) 8. In
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similar lines, Pieterse et al. (2019) ?3 observed that
inclusion of BSF larvae meal up to 15 percent did not cause
any significant variations in pH at 45 minutes, pH at 24
hours, cooking loss, thaw loss and water holding capacity of
the meat.

Protein solubility: The Mean + SE of Sarcoplasmic Protein
(mg/g), Myofibrillar Protein (mg/g) and Total Protein
(mg/g) values of breast meat from commercial broilers fed
with Black soldier fly larvae meal are presented in the Table
3. The Mean + SE of the Sarcoplasmic Protein of breast
meat in Ty, To, Tz and T4 were 56.4+0.38, 57.79+0.45,
58.90+0.55 and 56.47+1.61 respectively. No significant
differences in Sarcoplasmic protein were recorded between
all four treatments. However, highest Sarcoplasmic Protein
was observed in T3 among all the treatments. The Mean +
SE of the Myofibrillar Protein of breast meat in Ty, T2, T3
and T, were 74.05+0.89, 75.56+1.5, 75.83+1.7 and
73.57+0.91 respectively. No significant differences in
Myofibrillar protein were recorded between all four
treatments. The Mean + SE of the Total Protein of breast
meat in Ty, T, T3 and T4 were 130.49+1.07, 133.36%1.2,
134.73+1.6 and 130.04£1.9 respectively. No significant
differences in Total Protein were recorded between all four
treatments. No significant difference could be observed with
respect to solubility of sarcoplasmic, myofibrillar and total
protein in breast muscle between different treatments.
However, no literatures are available with respect to
inclusion of insect meal and its effect on protein solubility in
broilers or other poultry species to compare with the results
of this study.

Table 1: Effect of feeding Black soldier fly larvae (BSF) meal on carcass characteristics (Mean + SE) in commercial broilers

TRAITS Ti T2 T3 Ty
Live weight (g) 2068+16.11° 2168+25.022 2170+9.68* 2090+23.49°
Carcass weight (g) 1431+15.57° 1498+31.38% 1530£15.74* 1424420.55°
Dressing percentage (%) 67.94+1.04° 73.1540.58° 73.24+1.44° 67.16+1.56"
Breast yield (%) 24.14+0.27° 25.35+0.24* 25.46+0.34* 24.04+0.21°
Neck yield (%) 5.25+0.09 5.5340.08 5.4240.09 5.30+0.08
Back yield (%) 21.8340.19 21.50+0.32 21.92+0.32 22.26+0.37
Wing yield (%) 10.66+0.17 10.88+0.45 11.42+0.40 10.74+0.17
Thigh yield (%) 17.61+0.15 17.42+0.33 17.37+0.28 17.61+0.24
Drumstick yield (%) 16.58+0.23 16.83+0.22 16.84+0.28 17.08+0.18

Means bearing different superscripts (a, b, ¢) between the columns differ significantly (p<0.05)

Ti represents control (Basal diet), T2 represents (5% BSF larvae meal inclusion), T3 represents (10% BSF larvae meal inclusion) and T4

represents (15% BSF larvae meal inclusion).

Table 2: Effect of feeding Black soldier fly larvae meal on physico-chemical attributes in (Mean + SE) in commercial broilers

Parameters Ti T T3 Ty
PH 45min 5.95+0.10 6.04+0.11 6.11+0.10 5.97+0.14
pH 24nrs 5.56+0.15 5.53+0.04 5.61+0.04 5.53+0.03
Drip loss% 1.51+0.03 1.4340.04 1.58+0.03 1.56+0.02
Cooking loss (%) 20.22+0.31 19.43+0.23 20.16+0.55 20.02+0.46
Water holding capacity (%) 10.39+0.27 10.37+0.07 10.63+0.07 10.79+0.18
Rigor value (24hrs) 0.5008+0.03" 0.6015+0.022 0.6535+0.03* 0.6627+0.02°

Means bearing different superscripts (a, b, ¢c) between the columns differ significantly (»p<0.05)

T represents control (Basal diet), T2 represents (5% BSF larvae meal inclusion), T3 represents (10% BSF larvae meal inclusion) and T4

represents (15% BSF larvae meal inclusion).

Table 3: Effect of feeding Black soldier fly larvae meal on protein solubility in commercial broilers

Parameters T T2 T3 T4
Sarcoplasmic Protein (mg/g) 56.4+0.38 57.79+0.45 58.90+0.55 56.47£1.61
Myofibrillar Protein (mg/g 74.05+0.89 75.56£1.5 75.83+1.7 73.5740.91
Total Protein (mg/g) 130.49+1.07 133.36+1.2 134.73£1.6 130.04+1.9

Ti represents control (Basal diet), T2 represents (5% BSF larvae meal inclusion), T3 represents (10% BSF larvae meal inclusion) and T4

represents (15% BSF larvae meal inclusion).
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Conclusion

Feeding Black soldier fly larvae meal at level of 5% (T>)
and 10% (T5) had significantly (»p<0.05) improved the body
weight, dressing percentage and breast yield. The increase in
body weight at 5 and 10 percent inclusion level in this study
may be attributed to higher nutrient content, higher
palatability and beneficial changes in gut morphology and
gut microflora which in turn would have resulted in better
digestion and absorption. However, no negative impact on
carcass weight, dressing percent and different cuts in
broilers due to replacement of soybean meal by BSF larvae
meal. Feeding Black soldier fly larvae meal had no
significant difference in cooking loss, water holding
capacity and drip loss between the different treatments.
However, highest Sarcoplasmic Protein was observed in T3
(at 10% level) among all the treatments.

References

1.

10.

Altmann BA, Neumann C, Velten S, Liebert F, Morlein
D. Meat quality derived from high inclusion of a micro-
alga or insect meal as an alternative protein source in
poultry diets: A pilot study. Foods (Basel).
2018;7(3):34.

Babiker SA, El Khider IA, Shafie SA. Chemical
composition and quality attributes of goat meat and
lamb. Meat Sci. 1990;28(4):273-277.

Barragan-Fonseca KB, Gort G, Dicke M, Van Loon
JJA. Effects of dietary protein and carbohydrate on life-
history traits and body protein and fat contents of the
black soldier fly (Hermetia illucens). Physiol Entomol.
2019;44(2):148-159.

Bureau of Indian Standards (BIS). Poultry feeds
specification. S5th rev. New Delhi: Manak Bhavan, 9
Bahadur Shah Zafar Marg; 2007.

Bovera F, Loponte R, Marono S, Piccolo G, Parisi G,
Taconisi V, et al. Use of Tenebrio molitor larvae meal
as a protein source in broiler diet: Effect on growth
performance, nutrient digestibility, and carcass and
meat traits. J Anim Sci. 2016;94(2):639-647.
Chidanandaiah, Biradar V, Ruban SW, Indresh HC.
Effect of feeding black soldier fly larvae meal on colour
parameters, structural attributes and sensory evaluation
scores of breast meat in commercial broilers. Int J Adv
Biochem Res. 2026;10(1):1014-1019.

Cullere M, Tasoniero G, Giaccone V, Miotti-Scapin R,
Claeys R, De Smet S, et al. Black soldier fly as dietary
protein source for broiler quails: Apparent digestibility,
excreta microbial load, feed choice, performance,
carcass and meat traits. Animal. 2016;10(12):1923-
1930.

Dabbou S, Gai F, Biasato I, Capucchio MT, Biasibetti
E, Dezzutto D, et al. Black soldier fly defatted meal as
a dietary protein source for broiler chickens: Effects on
growth performance, blood traits, gut morphology and
histological features. J Anim Sci Biotechnol. 2018;9:49.
Dahiru S, Azhar B, Asmara B. Performance of spring
chicken fed different inclusion levels of black soldier
fly larvae meal. Entomol Ornithol Herpetol.
2016;5(4):185-188.

Elahi U, Xu CC, Wang J, Lin J, Wu SG, Zhang HJ, et
al. Insect meal as a feed ingredient for poultry. Anim
Biosci. 2022;35(2):332-346.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

~774~

https://www.biochemjournal.com

Foley JA, Ramankutty N, Brauman KA, Cassidy ES,
Gerber JS, Johnston M, et al. Solutions for a cultivated
planet. Nature. 2011;478(7369):337-342.

Gasco L, Renna M, Bellezza Oddon S, Rezaei Far A,
Naser El Deen S, Veldkamp T. Insect meals in a
circular economy and applications in monogastric diets.
Anim Front. 2023;13(4):81-90.

Heita D, Mupangwa J, Shipandeni MNT, Charamba V,
Kahumba A. Effects of dietary inclusion of black
soldier fly (Hermetia illucens) larvae meal on growth
performance and carcass yield of broilers. Int Sci
Technol J Namibia. 2023;16:5-23.

Joo ST, Kauffman RG, Kim BC, Park GB. The
relationship of sarcoplasmic and myofibrillar protein
solubility to colour and water-holding capacity in
porcine longissimus muscle. Meat Sci. 1999;52(3):291-
297.

Kim B, Kim HR, Lee S, Baek YC, Jeong JY, Bang HT,
et al. Effects of dietary inclusion level of microwave-
dried and press-defatted black soldier fly (Hermetia
illucens) larvae meal on carcass traits and meat quality
in broilers. Animals (Basel). 2021;11(3):665.

Longvah T, Mangthya K, Ramulu P. Nutrient
composition and protein quality evaluation of eri
silkworm (Samia ricinii) prepupae and pupae. Food
Chem. 2011;128(2):400-403.

Loponte R, Nizza S, Bovera F, De Riu N, Fliegerova K,
Lombardi P, ef al. Growth performance, blood profiles
and carcass traits of Barbary partridge (Alectoris
barbara) fed two different insect larvae meals
(Tenebrio molitor and Hermetia illucens). Res Vet Sci.
2017;115:183-188.

. Ma X, Wang L, Shi Z. Mechanism of continuous high

temperature affecting growth performance, meat quality
and muscle biochemical properties of finishing pigs.
Genes Nutr. 2019;14:23-31.

Makkar HPS, Tran G, Heuzé V, Ankers P. State of the
art on use of insects as animal feed. Anim Feed Sci
Technol. 2014;197:1-33.

Moula N, Scippo ML, Douny C, Degand G, Dawans E,
Cabaraux JF, et al. Performances of local poultry breed
fed black soldier fly larvae reared on horse manure.
Anim Nutr. 2018;4(1):73-78.

Murawska D, Daszkiewicz T, Sobotka W, Gesek M,
Witkowska D, Matuseviéius P, et al. Partial and total
replacement of soybean meal with full-fat black soldier
fly (Hermetia illucens L.) larvae meal in broiler chicken
diets: Impact on growth performance, carcass quality
and meat quality. Animals (Basel). 2021;11(9):2715.
Naveena BM, Mendiratta SK, Anjaneyulu ASR.
Tenderization of buffalo meat using plant proteases
from Cucumis trigonus Roxb (Kachri) and Zingiber
officinale Roscoe (ginger rhizome). Meat Sci.
2004;68(3):363-369.

Pieterse E, Erasmus SW, Uushona T, Hoffman LC.
Black soldier fly (Hermetia illucens) pre-pupae meal as
a dietary protein source for broiler production ensures a
tasty chicken with standard meat quality for every pot. J
Sci Food Agric. 2019;99(2):893-903.

Popova T, Petkov E, Ignatova M. Effect of black
soldier fly (Hermetia illucens) meals on the meat
quality in broiler. Agric Food Sci. 2020;29:177-188.
Raju MVLN, Rao SR, Paul SS, Prakash B, Reddy MR,
Kannan A, et al. Source variation in nutrient profile and


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research https://www.biochemjournal.com

the effects of black soldier fly (Hermetia illucens) larva
meal at graded levels in diet on performance, carcass
traits, serum biochemical profile and cellular immune
response in broiler chicken. Int J Trop Insect Sci.
2023;44:105-115.

26. Remignon H, Desrosiers V, Marche G. Influence of
increasing breast meat yield on muscle histology and
meat quality in the chicken. Reprod Nutr Dev.
1996;36(6):523-530.

27. Schiavone A, Dabbou S, Petracci M, Zampiga M, Sirri
F, Biasato I, et al. Black soldier fly defatted meal as a
dietary protein source for broiler chickens: Effects on
carcass traits, breast meat quality and safety. Animal.
2019;13(10):2397-2405.

28. Secci G, Moniello G, Gasco L, Bovera F, Parisi G.
Barbary partridge meat quality as affected by Hermetia
illucens and Tenebrio molitor larva meals in feeds.
Food Res Int. 2018;112:291-298.

29. Snedecor GW, Cochran WG. Statistical methods. 6th
ed. Ames (IA): Iowa State University Press; 1994.

30. Van Laack RLJM, Liu CH, Smith MO, Loveday HD.
Characteristics of pale, soft, exudative broiler breast
meat. Poult Sci. 2000;79(7):1057-1061.

31. Wardlaw FB, MacCaskill LH, Acton JC. Effect of
postmortem muscle changes on poultry meat loaf
properties. J Food Sci. 1973;38(2):421-424.

~775~


https://www.biochemjournal.com/

