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ABSTRACT— The objective of the study was to develop a process for the production of a protein concentrate based
on maggots (MC) of domestic fly larvae that can be used in the diet of non- ruminants’ animals as pigs and poultry.
Maggots were first produced from 3 substrates called S1, S2 and S3. They were then harvested and separated from the
substrates using a mesh screen box. Live maggots then incorporated at a rate of 79.15% by weight in a preconcentrate
(20.85%) composed by 64.80% of cotton cake and 35.20% of wheat bran. The resulting MC was then heated in a pan
for 5-10 minutes to neutralize the maggots and dried for 24 hours. The results show that the productivity of the S3
substrate (4.91g of maggots / 100g of substrate) was significantly lower than the substrates S1 (6.60g / 100g) and S2
(5.35¢ / 100g) (p <0.05). The DM content of the MC was 92.56%. Its nutritional values were 37.69% CP, 5.12% FAT
and 11.04% CB. The estimated value in digestible energy was 2238 kcal / kg DM. The production cost of 01kgDM of
MC of 160FCFA was lower than 240FCFA of the selling price of fishmeal and soya cake (400FCFA) in the local
market. MC is an alternative to make low cost protein sources more available. Further studies would evaluate the
essential amino acid content of the concentrate and the effectiveness of diets incorporating it into poultry and pigs’
production.
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1. INTRODUCTION

Livestock Development in Africa is hampered in large part by insufficient food resources, and especially protein
deficiency, which does not always meet the needs of animals [1]. These sources of dietary protein, although very
essential for animal feed, are experiencing a surge in prices and are unsustainable [2]. This situation is aggravated by the
high cost of food and competition between humans and animals for the same food resources [3], [4], [5].

To address the problems of lack of protein of animal origin in non-ruminant breeding, research has focused on
the breeding of insects [7], [2], [8], [9]. They are everywhere, reproduce quickly and are relatively available in all
seasons [10], [11]. In addition, they have high growth and feed conversion rates [12]. In this context, maggots have been
the subject of several studies that have shown the possibility of producing easily in tropical areas [13], [10] and their use
in animal husbandry as a food protein [2]. Orienting research to simple insect breeding techniques will only accelerate
the development and use of this resource that does not require large areas for nutrient benefit [14]. Of all the insects used
as sources of protein in animal feed, the maggot has the advantage that in sub-Saharan Africa, its production in good
quantity is possible from a wide range of household waste, agricultural by-products and animal waste (meat or
excrement) [4].

Several studies have shown the effectiveness of several substrates in the production of maggots [5]. Although
work has been done on the production of maggots and its use in animal feed [4], [15], In Burkina Faso, alongside
Extensive breeding of poultry and pigs, intensified breeding of these 2 species in and around cities is developing. For the
successful production of non-ruminant, the incorporation of animal protein into their diet is essential. Apart concentrates
imported from elsewhere, raw materials sources of animal protein (fishmeal) or vegetable (cotton cakes, soybeans) are
purchased from the provendiers and subsequently incorporated into the rations of animals from intensified farms.
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However, these raw materials are difficult to access because of their high price and especially of frequent breaks in their
availability on the market.

In Burkina Faso, the use of domestic fly maggots in poultry feed is known. Maggots are commonly purchased in
slaughterhouses in the major urban centers of Ouagadougou and Bobo-Dioulasso where they are produced in slaughter
effluents (stomach and intestines contents, blood). They are then distributed alive to poultry from small family farms, as
alternative sources of protein. The latter practice has limits because the distribution is done without rational measures,
which can constitute a health risk for the beneficiary subjects in case of excess [4]. In addition, the purchase of maggots
produced in slaughterhouses can introduce certain diseases on farms, or even entail risks of diseases for the manipulators
of these products. In addition, undocumented observations report cases of perforation of chickens' jaws having consumed
live maggots.

Excluding maggot flours and living maggots that are used information about other forms such as concentrates
are few available. The purpose of this study is to develop a commercially available maggot protein concentrate for partial
or total substitution of conventional animal protein sources to help reduce costs and ensure ease of use in rationing pigs
and poultry.

2. MATERIAL AND METHODS
Presentation of the study site

The study was conducted at the Farako-Ba research station in Bobo-Dioulasso (Hauts Bassins Region) in
Burkina Faso. Farako-ba is one of the stations of the Institute of Environment and Agricultural Research (INERA). It is
located 15 km south of the town of Bobo-Dioulasso on the road Bobo-Banfora border of Céte d'lvoire. These
geographical coordinates are 04 ° 20 west longitude and 11 ° 06 north latitude. It is crossed by the river Houet at an
average altitude of 405 m. The climate of the station is South-Sudanian type between 1000 and 1200 isohyets [17].

Production of maggots of domestic fly larvae
Biological material

The study aimed to mass-produce maggots of houseflies (Musca domestica) as the main component of the
maggot concentrate. To do this, houseflies have been used in the production process. The study aimed to produce a
concentrate that can be used by pigs and poultry. The pig excrement of the Farako-ba - bean pig production unit was used
as a basic substrate. This raw material is daily available. This choice makes it possible to avoid transporting foreign
substrates to the farm in order to avoid contaminating them. It also makes it possible to valorize the excrement of the
farm which makes it possible to reduce the production costs of the maggots. From this raw material, three types of
substrate were composed:

- Substrate 1 (S1): pig excrement + industrial draft. Dust of industrial beer at a rate of 2kg is used for a first
layer arranged in boxes of laying eggs for flies. The dejection of pork (20kg / box) is a second layer above the draft of
beer;

- Substrate 2 (S2): This substrate is composed of excrement of pigs without other additives;

- Substrate 3 (S3): This substrate consists of the residue of the first extraction of maggots from substrates 1 and
2. The residue once obtained is rotten for 24 hours. At the end of this time 22 kg of the substrate / crate is used for the
production of maggots.

Seeding boxes

This is a bottomless wooden box framed (Figure 1) square of 01m side. The depth of each crate is 5cm. Each
box thus formed offers 1m?2 of exhibition space and a volume of 0.05m3. The boxes are placed on the ground on a black
plastic film on which the substrate is deposited (Figure 2).
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Figure 1: seed box Figure 1: Box filled with substrate seeded with domestic fly eggs
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Harvesting maggots from substrates

A sieve box is used to harvest maggots from the substrates. This is a rectangular box mounted at %2 man height
on 4 supports (Figure). The box is equipped with a mesh cover of 1mm mesh, movable by means of pommels to open
and closed at will. The bottom of the box is in plywood. It opens on its front side by a sliding drawer in which are
collected maggots. Two (2) sieve cabinets of different sizes were used: one of 0.77m2 (1.07m x 0.715m) and a second
one of 1.2m? (1.2m x 1m) (Figure 3 and 4). The extraction of the maggots took place on the 4th day of the incubation. At
the time of collection of the maggots, the substrate containing the maggots is progressively trenched with a trowel,
exposing them to the light that causes them to migrate to the bottom of the container. When it is judged that the
maximum of substrate is separated from the maggots, the maggots and the residual substrate are progressively reversed
on the mesh screen of the box. The extraction process is based on the photophobic behavior of maggots that in contact
with light migrate to the bottom. Wanting to migrate to the bottom they cross the fence and fall into the collecting
drawer. After the desiccation of all moving shears, the collecting tray is removed and the fresh larvae harvested per case
are weighed.

Production of maggots of domestic fly larvae

Figure 3: Sieve box seen from Figure 4: Sieve box seen from the front and in
back and profile profile

Production of maggot concentrate

Maggot concentrate is produced on the basis of a premix of 64.75% cotton cake and 35.25% wheat bran. The
maggots collected are weighed and a quantity representing 79.15% of the fresh concentrate is incorporated into the
premix. The fresh concentrate obtained is poured into a skillet which will be brought to the fire for 5 to 10 minutes to
neutralize the maggots under the effect of heat. During heating, a wooden spatula is used to stir the concentrate to ensure
a good mixture while avoiding that the maggots are calcined. The fresh concentrate obtained is then dried in the sun for
24 hours and then finely ground.

3. RESULTS
Productivity in maggots of different substrates

The average productivity in maggots of the different substrates is presented in Table 1. The mean weights of
maggots per box and per 100g of substrates S1, S2 and S3 were in the order significantly different and decreasing (p
<0.05). Figures 5, 6 and 7 show the fly larvae in the substrate, maggot concentrate in the fresh and dried concentrate.
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Figure 5: Fly larvae after Figure 6; Maggot concentrate just Figure 7: Concentrated
stripping superficial substrate after neutralization of the larvae dried maggots

Food values of maggot concentrate and raw materials

The results presented in Table 2 show that maggot concentrate is rich in crude nitrogenous matter (MAT) and
digestible energy (ED). They contain other nutrients such as fat (MG) and crude fiber.

Table 1: Maggot productivity following the type of substrate

Substrates of production

Parameters

S1 S2 S3
Average weight per trap (g) 1,449.89+54.84* 1,175.93+144,37® 1,079.62+66.49°
Average weight / 100g of substrate  6.60+0.252 5.35+0,65% 4,91+0.30°

- S1: Pigs” excrement + industrial draft; - S2: Excrement of pigs without other additives; - S3: Residue of the first extraction of maggots from S1 and
S2.
* Average values with the same letter on the same line are not significantly different (p <0,05)

Food values of maggot concentrate and maggot flour

The results presented in Table 2 show that maggot concentrate has concentrated lower levels of CP and Fat than
of maggot meal. At the fibers level the NDF content was higher for the AC than of the maggot flour. Maggot concentrate
contained more metabolizable energy (+ 23.63%) than of maggot flour.

Table 2: Chemical composition (% DM) of maggot concentrate and maggot meal and their metabolizable energy

content (kcal / kg DM)
Parameters Feed
Maggot concentrated Maggot Floor

Crude protein 37,69 40,97
Fat 5,12 10,3
Crude cellular (%MS) 11,04 16,02
NDF 50,4 36,96
ADF 15,08 18,61
Lignin 4,37 5,54
Mineral matter (%) 12,72 19,01
NaCl 2,14 1,01
Calcium 0,08 0,07
Metabolizable energy (kcal/kgMS) 2731 2227
Phosphorus 0,32 0,27
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4. DISCUSSION AND CONCLUSION

Productivity of maggot’s different substrates

The study led to the development of a feed concentrate production process for mon-ruminant based on larvae of
houseflies (Musca domestica) or maggots. It also made it possible to test the productivity of substrates available in the
pig rearing unit, namely pig excrements (S2) and pig excrements combined with industrial draft distillers (S1). Our
results show that the weight productivity in maggots of the three substrates per 100 g of substrate is higher than that of
4.47 g reported by [15] for a substrate made of pork manure. The productivities of the three substrates were different
from those of many substrates reported by [5]. In fact, they are higher than those of so-called substrates: leftover
pineapple walls, remains of fresh fish and guts of rabbits, mixture of peelings and raw pieces of yam, remains of fresh
fish, fresh guts of rabbits and rest and ripe banana peel, Mix of peelings and raw pieces of yam, leftover ripe pineapple,
leftover fresh fish and peelings. On the other hand, it was less important than those of other substrates made up of fresh
fish remains (guts); raw meat of rat and mixture of fresh fish waste and fresh rabbit guts used by these same authors. The
latter substrates could be coveted because of their higher productivity but we can be dissuaded by the nature of their
components that are almost to look on the market and if hygiene measures are not taken these substrates can be a source
of disease. Unlike pig excrements that are available at the level of the production unit

Food values of maggot concentrate

Nutritional analyzes show that maggot concentrate is an important source of protein. However, its crude protein
(CP) content is lower than the values between 40% and 50% of the DM of maggot meal reported by several authors [17]
and fish. (Letard, undated). This content is also lower than that of vegetable protein sources, such as the cotton cake used
in our process, which accounts for more than 50% DM [18] and peanut cake (Letard, undated). Wheat bran, which is also
one of its components, has a much higher CP content than wheat bran, which is generally between 15 and 16% DM,
according to the results reported by [19]. in CP of the lower MC than those of the main sources of animal and plant
protein mentioned above is due to the weighting of wheat bran with a CP content of more than 1.40 times lower. The CP
content of the CM is not a linear average of the raw materials of which it is composed which would have been less than 7
points. The crude fiber (CF) content of the MC is almost comparable to that of cottonseed meal and bran. Wheat is found
in as the addition of these other two ingredients gives a DC content of the MC that is about 6 percentage points lower
than that of maggot meal. This content of DC maggot meal is close to the limit of 10%, a level not to be exceeded in the
rationing of pigs and poultry. This indicates that MC from this point of view will be more beneficial to monogastric
compared to pure maggot meal (16% DC). The production of MC makes it possible to reduce the contents of ADF, NDF
and CB in better proportions to allow its good incorporation in the monogastric rations. Our results show that MC has a
good digestible energy content (2237.74 kcal / kg DM). This energy content alone is sufficient to meet the energy
requirement of a pork weighing less than 15 kg live weight [20].

In conclusion the study developed a process for the production of a maggot-based protein concentrate for the rationing of
non-ruminants, especially pigs and poultry. It also showed that it was possible to produce the maggots necessary for the
formulation of the concentrate by recycling the available pig excrements on the farm. The process has mainly produced a
concentrate of good nutritional and energy values, but especially at a lower cost than the sources of animal and vegetable
proteins commonly used in intensives pigs and poultry farming. It also allowed to obtain a concentrate with lower
contents of CC and ADF compared to those of the flour of maggot. This last characteristic augurs a good digestibility of
rations that would incorporate them. It would be necessary to evaluate the effectiveness of using diets incorporating
maggot concentrate in the rationing of pigs and poultry.
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