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Abstract
The use of insects such as black soldier fly (Hermetia illucens) and common housefly (Musca domestica) as an alternative 
source of protein in animal feed has gained interest in recent years. This study investigated the effect of four growing substrates 
on the biomass, crude nutrient and mineral composition of M. domestica larvae. After a 5-day growing period, the total dry 
matter (DM) of maggot yield was 69.70; 59.33; 43.58 and 41.04 g/kg for soybean bran + maize pericarp, pig manure, maize 
bran and chicken manure, respectively. The chemical composition of maggot was significantly influenced by the type of sub-
strate. The highest contents in crude ash (124.90 g/kg DM), crude fibre (167.65 g/kg DM) and sodium (53.47 g/kg DM) were 
obtained from maggots produced with pig manure. Maggots produced with the mixture of soybean bran and maize pericarp 
showed the highest fat (218.40 g/kg DM), crude protein (517.10 g/kg DM), potassium (89.05 g/kg DM) and metabolizable 
energy (4198.52 kcal/kg DM) contents. Maggots from maize bran had more calcium (51.84 g/kg DM) and phosphorus 
(104.55 g/kg DM) than those from others substrates. This study showed that soybean bran + maize pericarp and pig manure 
are the most suitable substrates for maggots’ production to provide high yields of larvae with a good nutrient content.
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Introduction

The use of insects as an alternative source of protein in ani-
mal feed has gained interest in recent years. Insect produc-
tion can potentially enhance food and feed security because 
they grow and reproduce easily, have high feed conversion 

efficiency and can be reared on bio-waste streams (Makkar 
et al. 2014). The most promising insect species are the 
Black soldier fly (Hermetia illucens (L.) 1758) and Com-
mon housefly (Musca domestica L. 1758). These species 
receive increasing attention because they can valorize 
organic waste, contain between 30 and 70% of protein on 
a dry matter basis and are also rich in lipids, minerals and 
amino acids (Veldkamp et al. 2012). Musca domestica is the 
most common fly (Diptera) species on earth. Both the larvae 
(maggots) and the adult flies feed on manure and decaying 
organic matters. House fly maggots can be fed alive, dried 
and ground to livestock and fish (Odesanya et al. 2011; van 
Zanten et al. 2014; Vodounnou et al. 2015).

Many studies have shown that maggot production is pos-
sible by using different substrates like manures, food wastes, 
market wastes, fish offal, viscera, bran, spent grain etc. 
(Boire et al. 1988; Bouafou et al. 2006; Mpoame et al. 2004; 
Ossey et al. 2012). Anene et al. (2013) evaluated the quantity 
of maggots harvested from various substrates such as cow 
blood, chicken, pig and cow manures and concluded that 
maggot production depended on the nature of the substrate. 
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The most productive substrate was chicken manure followed 
by cow blood. Similarly, Larraín and Salas (2008) showed 
that composted swine manure did not allow the development 
of the house fly larvae because of the reduced moisture and 
the low nutritive value of the compost. Moon et al. (2001) 
and Wortman et al. (2006) established that moisture levels 
of substrates below 30–40% do not permit the development 
of the house fly larvae; the optimum moisture being in the 
range of 50 to 80% during the production cycle. It has also 
been shown that the average weight and size of house fly lar-
vae and pupae varied according to the nature of the rearing 
substrate (Agbeko et al. 2014; Djissou et al. 2015; Larraín 
and Salas 2008). Furthermore, maggot quality depends to 
the nutritional composition of the substrate. Thus, protein, 
lipid, minerals, fibre and amino acids contents of maggots 
are known to vary from one substrate to the other (Akpodiete 
et al. 1998; Anene et al. 2013). Many investigations have 
been done on the maggot productivity of some substrates 
and their quality. The substrate which has been most studied 
is chicken manure. But other substrates have to be evalu-
ated to assess their production potential and the chemical 
composition of maggots’ yield. In a previous study, Ganda 
et al. (2019) had evaluated, in natural oviposition systems, 
the potential of several animal manures and agri-food wastes 
for maggot production. They identified soybean bran, maize 
bran, pig manure and chicken manure as the best substrates 
for maggot production. They also showed that house flies, 
black soldier flies and blow flies are the fly species that 
develop in these substrates. But they did not investigate the 
potential of these substrates using housefly eggs through an 
adult fly rearing system, i.e. a system where eggs are pro-
duced in cages and added to the substrate to obtain larvae. 
Nor did they investigate the quality of the maggots produced 
on these substrates.

This work is a comparative evaluation of the quantity 
and the quality of M. domestica larvae produced on chicken 
manure, pig manure, soybean bran and maize bran.

Material and methods

Musca domestica rearing

The tests were conducted at the farm of the Faculty of 
Agronomic Sciences, Abomey-Calavi University in Benin 
(latitude: 6°24’54.6912’’N and longitude: 2°20’40.1892’’E) 
from February to June 2018. The different fly colonies 
used in the study were obtained from fermented corn 
bran exposed to natural fly populations during the same 
period. Adults of M. domestica were reared in gauze cages 
(60 × 60x80 cm). They were provided with water and fed 
with pineapple pulp. The oviposition substrate consisted 
of fermented chicken manure covered by yellow fabric on 

which the females laid their eggs (Charlton et al. 2015). 
The harvested eggs were placed on different substrates 
(Devic 2014; Lomas 2012) for larvae production. All the  
tests were conducted outdoors under a roof to avoid the  
effects of rain and direct sun. Temperatures during the  
tests varied between 24 and 32 °C and relative humidity 
varied from 60 to 70%.

Production of fly larvae

Four different substrates (maize bran, soybean 
bran + maize pericarp, chicken manure and pig manure) 
were tested using a completely randomized design with six 
replicates. The manures used in our study were obtained 
in farms specialized in the production of chicken and pig 
in the township of Abomey-Calavi and were collected the 
day before the tests. Chicken manure came from laying 
hens. Maize and soybean brans came respectively from the 
processing of maize to starch and soybean to tofu. Brans 
were collected three days before the trials. Maize pericarp 
was added to soybean bran (proportion 1:3) to reduce the 
moisture of this substrate and improve its texture (Ganda 
et al. 2019).

To carry out the tests, 1 g of egg was placed on 2 kg 
of each substrate in 500  cm3 plastic containers. Then, the 
containers were covered with a mesh (diameter of 1.2 mm) 
to avoid the oviposition of other flies. Musca domestica lar-
vae were harvested on the fifth day after incubation, using a 
5 mm sieve (Ganda et al. 2019) and weighed. A part of the 
harvested maggots was incubated on the different substrates 
to obtain pupae of which sizes were measured. The second 
part was cleaned with water and killed by plunging them 
during 20 min in hot water. Killed maggots were then sun 
dried during five days and further dried in an oven at 60 °C 
for 72 h to determine the dry matter.

Yield and length measurements

Killed maggots were then taken to the laboratory and 
weighted before being dried to determine the dry matter. 
The average lengths of the larvae and pupae was determined 
from a sample of 50 larvae and 50 pupae per substrate and 
replicated six times.

Sample preparation for chemical analysis

Three samples of 200 g of each substrate were taken before 
egg incubation, to determine their dry matter, protein, fat, 
total ash, fibre, phosphorus, potassium, calcium, sodium and 
metabolize energy contents. Fresh maggots were weighed 
and mixed. Then, three samples of 300 g were dried in open 
air during five days and then dried in an oven at 60 °C for 
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72 h. Dry maggots were used for chemical analyses to deter-
mine their dry matter, protein, fat, total ash, fibre, phospho-
rus, potassium, calcium, sodium and metabolizable energy.

Determination of chemical composition of maggots

The proximal physico-chemical composition of fly larvae 
and substrates were determined to evaluate the nutritional 
quality of fly larvae according to substrate quality. Stand-
ard methods as described in Chemists (2004) were used. 
Dry matter was determined by drying larvae in an oven at 
105 °C. Crude protein content was obtained using the Kjel-
dahl method while fat was extracted by the soxhlet method 
using hexane. Crude fibre contents were determined by the 
Filter Bag Technique using sulfuric acid and sodium hydrox-
ide. Phosphorus was determined as the phosphate using 
molybdovanandate method with a Spectrophotomer (DR 
6000, 880 nm). Metabolisable energy was calculated accord-
ing to the Sibbald equation in Leclercq and Pérez (1989).

ME = Metabolisable energy (Kcal / kg MS); Fat = Fat (%); 
CFi = Crud Fiber (%); CA = Crud Ash (%). 3951; 54.4; 88.7 
and 40.8 are constants.

The determination of potassium and sodium ions was 
carried out by potentiometry with an ion selected electrod. 
For validation, the reference material used was BIOLABO 
multicalibrator REF 95,015/SRM 909b. Calcium was deter-
mined by complexometry with ethylenediaminetetraacetic 
acid (EDTA). The crud ash content was obtained after cal-
cination at 550 °C of the dry sample during six hours. All 
analyses were conducted at the «Laboratoire d’Etude et de 
Recherche en Chimie Appliquée of Ecole Polytechnique 
d’Abomey-Calavi» at University of Abomey-Calavi, Benin.

ME = 3951 + 54.4Fat − 88.7CFi − 40.8CA

Data analysis

The statistical analyses were performed using R 3.5.1 soft-
ware (R Core Team 2018). An analysis of variance follow-
ing the GLM procedure with the substrate as factor was 
performed to compare larvae productivity and size, dry 
matter, protein, fat, total ash, fibre, phosphorus, potassium, 
calcium, sodium and metabolizable energy contents in 
substrates and maggots. The Student Newman and Keuls 
test was used for comparison of means among treatment 
(P ≤ 0.05 level of significance).

To determine the best substrates considering the larval 
yield and their quality, a Principal Component Analysis 
(PCA) was carried out. This PCA considered the four sub-
strates and the fourteen variables linked to the productivity 
of the substrates and the physicochemical characteristics 
of the larvae. It allows to group together all four substrates 
and the fourteen variables linked to the productivity of the 
substrates and to merge the physicochemical characteris-
tics of the larvae into two (02) or three (3) macro variables 
(main components). Principal components analyses were 
performed using the function PCA of package FactoMineR 
(Lê et al. 2008).

Results

Substrates’ chemical composition

The nutrient content varied among substrates (P < 0.0001) 
as shown in Table  1. Pig manure showed the highest 
content (g/kg DM) in crude ash (357.35), crude fibre 
(229.70), phosphorus (10.97) and sodium (5.83). The low-
est contents in crud ash (31.90), crude fibre (74.45) and 

Table 1  Chemical composition 
of the four substrates evaluated 
(means ± standard deviation)

Similar letters in the same row indicate no significant difference between substrates at p = 0.05 level

Parameters Substrates

Maize bran Soybean bran + maize 
pericarp

Chicken manure Pig manure

DM (%) 30.65 ± 0.89b 20.59 ± 0.72c 29.89 ± 0.32b 32.12 ± 0.54a
Ash (g/kg DM) 31.90 ± 7.60d 59.15 ± 8.75c 298.57 ± 8.73b 357.35 ± 8.05a
Lipid (g/kg DM) 41.95 ± 11.15b 79.75 ± 8.15a 4.75 ± 0.35c 08.00 ± 2.90c
Protein (g/kg DM) 166.00 ± 10.30b 196.00 ± 12.60a 136.1 ± 9.0c 84.85 ± 3.35d
Fibre (g/kg DM) 185.10 ± 13.3b 74.45 ± 10.75c 219.70 ± 7.1a 229.70 ± 4.0a
Ca (g/kg DM) 3.75 ± 0.14a 2.47 ± 0.20b 3.44 ± 0.25a 2.46 ± 0.11b
P (g/kg DM) 9.20 ± 0.24b 8.13 ± 0.11c 7.94 ± 0.21c 10.97 ± 0.38a
Na (g/kg DM) 4.35 ± 0.23c 4.77 ± 0.08b 4.33 ± 0.23c 5.83 ± 0.08a
K (g/kg DM) 7.56 ± 0.19b 11.72 ± 1.22a 7.20 ± 0.21b 7.05 ± 0.30b
Energy Kcal/kg DM 2407.2 ± 208.9b 3483,1 ± 122.6a 810.0 ± 36c 499.1 ± 122.7d
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phosphorus (7.935) were registered in maize bran, soybean 
bran + maize pericarp and chicken manure, respectively. 
The mixture of soybean bran and maize pericarp pre-
sented the highest content (g/kg DM) in fat (79.75), pro-
tein (196.00) and potassium (11.72). Maize bran contained 
more calcium (3.749 g/kg DM) than others substrates but 
there was no statistical difference with chicken manure.

Effect of substrates on maggot yield and size

Maggot yield (DF = 3; F = 104.76; P < 0.0001), larvae 
length (DF = 3; F = 28.29; P < 0.001) and pupae length 
(DF = 3; F = 63.62; P < 0.001) of M. domestica were sig-
nificantly influenced by the type of substrate (Table 2). 
The more productive substrate was the mixture of soybean 
bran and maize pericarp (69.70 g of maggot/kg of sub-
strate DM) whereas chicken manure showed the lowest 
productivity (41.04 g/kg DM). The mixture of soybean 
bran and maize pericarp also presented the longest larvae 
(1.06 cm) and pupae (0.52 cm) but there was no statisti-
cal difference between this substrate, maize bran and pig 

manure for larvae length. The shortest larvae (0.98 cm) 
and pupa (0.46 cm) were registered in chicken manure.

Effect of substrates on chemical composition of M. 
domestica larvae

The dry matter content of M. domestica larvae was not 
affected by the type of substrate (DF = 3; F = 1.376; 
P = 0.318) (Table 3). The DM content of substrates was com-
parable for the four substrates with values between 25.23 and 
26.83% (Table 3). However, there were strong statistical dif-
ferences in the chemical composition of larvae among sub-
strates (DF = 3; F = 4.976 to 273.2; P = 0.031 to P < 0.0001) 
(Table 3). The highest content in total ash (124.90 g/kg DM), 
crude fibre (167.65 g/kg DM) and sodium (5.35 g/kg DM) 
where obtained in larvae from pig manure. Larvae produced 
in the mixture of soybean bran and maize pericarp had a 
high content of fat (218.40 g/kg DM), protein (517.10 g/kg 
DM), potassium (8.91 g/kg DM) and metabolizable energy 
(4198.52 kcal/kg DM). Larvae from maize bran contained 
more calcium (5.18 g/kg DM) and phosphorus (10.46 g/kg 
DM) than those from others substrates.

Table 2  Maggot yield, larval 
and pupal size of M. domestica 
(means ± standard deviation)

Similar letters in the same row indicate no significant difference between substrates at p = 0.05 level

Parameters Substrates

Maize bran Soybean 
bran + maize 
pericarp

Chicken manure Pig manure

Yield maggot (g /kg of 
substrate in dry matter)

43.58 ± 4.25c 69.70 ± 1.84a 41.04 ± 3.28c 59.33 ± 3.13b

Larvae length (cm) 1.02 ± 0.01b 1.06 ± 0.02a 0.98 ± 0.02c 1.03 ± 0.01b
Pupae length (cm) 0.52 ± 0.01a 0.52 ± 0.01a 0.46 ± 0.01b 0.51 ± 0.01a

Table 3  Chemical composition 
(means ± standard deviation) of 
M. domestica larvae produced 
from different substrates

Similar letters in the same row indicate no significant difference between substrates at p = 0.05 level

Parameters Substrates

Maize bran Soybean 
bran + maize 
pericarp

Chicken manure Pig manure

DM (%) 26.06 ± 1.34a 25.23 ± 0.38a 26.07 ± 0.63a 26.83 ± 1.17a
Ash (g/kg DM) 61.20 ± 9.60c 55.20 ± 2.90c 97.15 ± 7.05b 124.90 ± 7.20a
Lipid (g/kg DM) 212.35 ± 10.03a 218.40 ± 8.40a 181.20 ± 4.80b 160.80 ± 18.40b
Protein (g/kg DM) 470.95 ± 6.45b 517.10 ± 22.00a 466.15 ± 7.75b 508.55 ± 2.05a
Fibre (g/kg DM) 127.70 ± 9.80c 80.65 ± 6.45d 150.10 ± 5.10b 167.65 ± 6.45a
Ca (g/kg DM) 5.18 ± 0.19a 2.69 ± 0.11c 4.28 ± 0.13b 2.80 ± 0.03c
P (g/kg DM) 10.46 ± 0.24a 9.29 ± 0.23b 8.87 ± 0.17c 10.38 ± 0.09a
Na (g/kg DM) 5.07 ± 0.45ab 4.54 ± 0.08b 4.96 ± 0.25ab 5.35 ± 0.02a
K (g/kg DM) 8.68 ± 0.28a 8.91 ± 0.01a 7.81 ± 0.10b 6.51 ± 0.34c
Energy Kcal/kg DM 3723.79 ± 181.85b 4198.52 ± 23.35a 3208.97 ± 9.64c 2829.10 ± 127.93d
P/Ca 2.02 ± 0.12 3.467 ± 0.222 2.072 ± 0.022 3.697 ± 0.002
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Characterization of substrates according to their 
productivity and the chemical composition of M. 
domestica larvae

The Principal Component Analysis applied to data on 
productivity and chemical composition of M. domestica 
larvae showed that the first two components account for 
85.9% of the initial information, which validates the analy-
sis (Fig. 1). The correlation coefficients between the two 
main components and the initial variables are shown in 
the Table 4. Figure 1 shows the distribution of variables 
and substrates on the two axes. The combined analysis of 
Table 4 and Fig. 1 reveals that:

– The mixture of soybean bran + maize grain pericarp 
allowed a good yield in larvae rich in protein, fat, potas-
sium and metabolizable energy.

– Pig manure also produced a high quantity of larvae rich 
in protein, ash, fibre, sodium and with a high potassium 
/ calcium ratio.

– Corn bran and chicken manure gave larvae with high 
calcium content.

Discussion

In this study, the effect of four substrates (chicken manure, 
pig manure, maize bran and mixture of soybean bran and 
maize pericarp) on the biomass, organic and mineral com-
ponent of M. domestica larvae using housefly eggs through 
an adult fly rearing system was investigated. The crop and 
animal wastes’ substrates used were commonly available in 
the study area. The total M. domestica larvae biomass was 
highest for the mixture of soybean bran and maize pericarp, 
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and lowest for chicken manure. Our results on these sub-
strates are comparable to those reported by Ganda et al. 
(2019) who compared the same substrates in a free oviposi-
tion system. The biomass of M. domestica larvae obtained 
in our study were substantially higher than those obtained 
by Ganda et al. (2019) for all substrates. This difference 
can be explained by the system (free oviposition vs. egg 
incubation) and the quality of substrates as shown by Anene 
et al. (2013) and Koné et al. (2017). Larvae from the mix-
ture of soybean bran and maize pericarp were bigger and 
weightier than those from the other three substrates. Larvae 
from this substrate were respectively followed by those from 
pig manure, maize bran and chicken manure. These results 
(larval biomass, size and weight) imply that the soybean 
bran and maize pericarp mixture was the richest substrate in 
nitrogen and energy. The determination of substrates nutri-
ent composition showed that the soybean bran and maize 
pericarp mixture was the richest substrate in protein, lipid 
and energy whereas chicken and pig manures showed the 
lowest amounts of content of these nutrients. Results regis-
tered with the soybean bran and maize pericarp mixture and 
chicken manure were positively correlated with their nutri-
ent content because these substrates showed respectively the 
highest and lowest larval biomass, size and weight. This 
corroborates the results obtained by Tschirner and Simon 
(2015) who evaluated the effect of rearing substrate on larval 
biomass, weight and chemical composition. These authors 
observed that the total larval yield depended on protein and 
carbohydrates content of the rearing substrate. In our study, 
although maize bran was richer in protein and energy than 

pig manure, larval biomass registered with pig manure was 
equal to 1.36 times that obtained with maize bran. Tschirner 
and Simon (2015) observed similar results and explained 
it by the excessive fungal growth on the substrate. Indeed, 
maize bran and chicken manure developed mycelium dur-
ing larval development. Describing the impact of mycelium 
growth from Mucor spp., Penicillium spp. and Aspergil-
lus spp. on the development of Drosophila melanogaster, 
Wertheim et al. (2002) stated that the development and sur-
vival rate of the younger larvae was negatively affected by 
the degree of mycelium coverage. These observations sug-
gested that substrate’s fungal activity had to be controlled 
during larval production.

The values for the protein content of M. domestica lar-
vae (46–51%) in this study were within the range of those 
reported in the literature (28.63–78.17%). Lipid (16–21%), 
ash (6–12%) and fibres (8–16%) contents were also variable 
and ranged within those reported in earlier reports (Lipid: 4 
to 28%, ash: 0.9 to 23% and fibres: 1 to 18%) by Aniebo et al. 
(2008), Olele (2011), Pretorius (2011), Moreki et al. (2012), 
Okah and Onwujiariri (2012), Olaniyi and Salau (2013), 
Ukanwoko and Olalekan (2015) and Dillak et al. (2019). 
The differences between our results and those reported by 
these researchers were probably caused by the differences 
of the quality and nature of growing substrate, age at har-
vest, the method of drying and the analytical procedures 
employed or the medium (Dillak et al. 2019). Protein (46%), 
ash (9%), lipid (18%) and energy (3209 kcal/kg) contents 
registered in our study with chiken manure are similar with 
those obtained by Odesanya et al. (2011) with the same sub-
strate (48%, 10%, 16% and 3755 kcal/kg respectively for 
these parameters). The mineral composition (P: 1%, Ca: 
0.51%, K: 0.87%, Na: 0.52%) are also comparable to the 
values obtained by these authors (P: 0.9%, Ca: 0.34%, K: 
0.72%, Na: 0.86%). Ukanwoko and Olalekan (2015) reported 
protein (39%) and ash (5%) contents of M. domestica larvae 
produced with chicken manure lower than those found in 
our study. However, when they used raw broken eggs as 
fly attractant, the protein content increased by 6%, demon-
strating the importance of substrate quality on the chemical 
composition of larvae. Regarding the mineral content in the 
housefly larvae, the Ca:P ratio (1:3.7 to 1:2.01) indicates a 
severe deficiency of calcium. For fish species, the optimal 
Ca:P ratio varies between 1:2 and 1.5:1, while, for other ani-
mals like poultry, a Ca:P ratio close to 2.5:1 is recommended 
(Tschirner and Simon 2015). Therefore, maggot meal will 
not be able to compensate the high calcium contents availa-
ble in fishmeal (Table 5), hence the need to enrich calcium in 
food based on house fly larvae to meet the needs of poultry.

In this study, larvae reared on the mixture of soybean 
bran and maize pericarp showed the highest content in 
protein, lipid, potassium and energy. This mixture was 
itself richer in these chemical parameters than the three 

Table 4  Correlations between principal components and initial variables 
and between principal components and substrates

PC1 First Principal Component, PC2 Second Principal Component

Variables PC1 PC2 Substrates PC1 PC2

Dry Matter -0.929 0.262 Maize bran 0.393 -1.925
Ash -0.882 0.416 Soybean 

bran + maize 
pericarp

4.226 1.182

Lipid 0.895 -0.376 Chicken manure -1.825 -2.23
Protein 0.408 0.908 Pig manure -2.794 2.973
Fibre -0.998 0.047
Calcium -0.202 -0.882
Phosphorus -0.249 0.323
Sodium -0.898 0.174
Potassium 0.848 -0.518
Energy 0.974 -0.211
Phosphorus/Cal-

cium
0.16 0.979

Productivity 0.561 0.817
Larvae length 0.735 0.638
Pupae length 0.474 0.511
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others substrates. The contents in ash, fibre, phosphorus 
and sodium were higher in pig manure and larvae produced 
with this substrate. Maize bran and mixture of soybean bran 
and maize pericarp as well as larvae from these substrates 
showed the lowest content in ash. The high phosphorus 
content of larvae reared on the maize bran and pig manure 
(10 g/kg DM) compared to those reared on other substrates 
was surely due to the high level of this nutrient in these 
substrates (9 and 10 g/kg DM). These results revealed a 
positive correlation between chemical composition of the 
substrates and those of the larvae. These results are com-
parable with those of other researchers who obtained vari-
able chemical compositions of larvae with different rearing 
substrates (Spranghers et al. 2017; Tschirner and Simon 
2015). Tschirner and Simon (2015), testing the effect of 
three growing substrates (mixture of middling, dried distill-
ers’ grains with soluble and dried sugar beet pulp) on the 
chemical composition of black soldier fly larvae (Hermetia 
illucens), observed a great variability in the nutrients’ con-
tents of larvae in relation to the growing substrates.

The nutrient composition of M. domestica larvae found 
in this study was closed to those reported for several pro-
tein sources used as animal feed (Table 5) (Adeboye 2014; 
Adesina 2012; Makkar et al. 2014; Newton et al. 2005; Rana 
2014; Spranghers et al. 2017; Tschirner and Simon 2015; 
Yu et al. 2009). The results confirmed that M. domestica 
larvae meal had all the qualities to be classified as high 
protein feed ingredient containing 46 to 51% crude protein. 
The crude protein content is higher than those contained in 
soymeal, earthworm (15–46%) and termites (20–46%) but 
is slightly lower than those reported for fishmeal (65%). The 
lipid content of earthworm, soybean and fish meal is lower 
than that of M. domestica larvae. In contrast, earthworm and 
black soldier fly larvae are richer in ash than housefly larvae. 
Calcium and phosphorus values are important for poultry 
production. Housefly larvae meal is rich in calcium and its 
supplementation is not required when used in animal feed 

(Makkar et al. 2014). All of the invertebrates’ meals dis-
cussed in this paper have low phosphorus content compared 
to fishmeal. Insects, particularly M. domestica larvae, con-
tain significantly higher amounts of fibre compared to fish-
meal, soybean and earthworm as reported by (Anankware 
et al. 2015). The total metabolizable energy for housefly 
larvae meal (2830 to 4200 kcal/kg) was identical to values 
reported for others meals but lower than those reported for 
black soldier fly larvae (5280 kcal/kg) (Makkar et al. 2014). 
Considering the analysed values for crude protein, lipid and 
total metabolizable energy, we conclude that housefly larvae 
meal can be an improved substitute for soybean meal and is 
very comparable to fishmeal as a feed ingredient.

Conclusion

This study has confirmed that M. domestica larvae is a very 
good source of proteins, fibres and minerals but the nutrient 
composition of substrates has an important effect on the lar-
vae yield and nutrient composition of larvae. The mixture of 
soybean bran and maize pericarp and pig manure appear to be 
the best substrates when considering larval productivity and 
chemical composition. These substrates recorded the highest 
M. domestica larvae yield and protein content. Maggot meal 
of M. domestica can be produced with these substrates and 
incorporated into poultry, fish, pig feeds. Musca domestica 
larvae are therefore an alternative protein source that can 
replace conventional protein sources used as feed. Its produc-
tion by small farmers, or small and medium-sized production 
units using suitable substrates should be encouraged.
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