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Abstract

Lack of appropriate animal waste management metimoaiginy smallholder farms
in the tropics often leads to environmental proldeespecially in locations with
high population density such as urban and perirudraas. On farms integrating
pig production to fish farming, manure can be tdrime¢o a valuable feed source of
high quality protein for fish through housefly lasrand contribute to intensify fish
production and reduce cost of fish feed. Three exymnts were carried to optimize
operating conditions for maggot production on ahwestes and industrial
byproducts found in Kinshasa, the capital cityhedf Democratic Republic of
Congo (DRC). The comparisons were: (1) productiopune substrates (manure
or brewer’s grains) or mixtures with lysine or biip@2) exposure time to flies for
the insemination of the substrates: and (3) dynauii¢arvae production. Mixing
brewers’ grains with Lysine or manure and/or blowate than doubled the amount
of larvae that were harvested. Brewers’ grainsaageod source of energy, but are
probably deficient in essential amino acids to supghe growth of maggots. It
also appears that only the first days of layingseg@ important since no difference
was observed between temporary and permanent engpafsthhe substrates to
houseflies. The peak of larvae production was rehéhdays after exposure. The
addition of cow blood in increasing doses to a omtof brewers’ grains and
manure linearly increased the production of maggots
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Introduction

In the tropics, stored wet agricultural and agmuistrial by-products as well as on-
farm wastes such as manure are prone to spoiliadaltihe quick proliferation of
housefly Musca domestigdarvae (maggots) and are also a biohazard foramum
and animal populations. In pig farms, the probleraxacerbated by the
concentration of these facilities in peri-urbanaaravith a limited acreage,
exceeding the assimilation capacity of the envirennCickova et al 2012).
Several technologies of on-farm wastes recyclingeh@een proposed to reduce
their impact on the environment but most of themtap expensive for
smallholders ( kova et al 2012). InterestinglyKinshasa (Democratic Republic of
Congo) where crops and pig production are intedraiéh freshwater aquaculture
(IAA), manure is collected and used to fertilizeedtly the ponds and/or the
vegetable crops (Kinkela et al 2017). For the §shsystem, this method stimulates
the primary production of the pond to produce ppigokton and zooplankton,
which will be an important protein source in th&hftrophic chain. This practice is
however controversial. According to Nuov et al (8P8irect use of pig wastes as
inputs into fish culture systems may be unacceptabhn inferior use of valuable
inputs because non-filter feeding fishes, suchfasan catfish Clarias

gariepinug, may be unable to recover nutrients efficientisotigh the pond food
web and require complete diets. Moreover, orgaratten with high nitrogen
content typically decomposes quickly with releakappreciable ammonia
nitrogen (NH3+NH4), that can lead to water eutrophication. Microloidation

of ammonia nitrogen (NH3+NH} usually called nitrification, removes dissolved
oxygen from the water and produces acidity. Excessitrogen gas in water can
cause gas bubble trauma in fish and some othetiaguéamals (Boyd 2015).

Mafwila et al (2017) observed that despite an ogkimix of subsystems, the
majority of IAA farmers faced lack of commerciakfis such as pellets and high
protein ingredients such as soya bean, blood nmebfish meal to formulate
completed feeds due to their high cost (Charltaad 8015). Moreover, in tropical
Africa, smallholder farmers strive to trap nutrgrespecially N, within their farms
while it is a key limitation to sustain higher prodion levels that are required to
reach food security (Rufino et al 2009). Kinkelakt2017) showed that up to 90
% of farmers feed fish with agricultural and agnostrial by-products such as
brewer’s grains and wheat bran, that are low inganaquality. Therefore

controlled production of housefly larvae by farmensthese substrates could be an
opportunity to provide an important additional smuof high quality protein and to
intensify fish production by concentrating nutreemnt a readily available and cheap
ingredient. Housefly larvae meal contains good iguptotein for poultry and fish
(Bondari and Sheppard 1981; Aniebo and Owen 20Maygot flour has an amino
acid profile comparable to that of fish meal lalso good source of minerals
(Fasakin Balogun and Ajayi 2003; Téguia et al 200B)teover, this strategy

could Kill two birds with one stone. Insects andl®aorms play a significant role



in decomposing many types of wastes preventingrtana release of harmful
forms of nutrients in the environment, for exampyereducing leaching and the
production of volatile organic compounds througlenoibial fermentation
(Hwangbo et al 2009). For several authors, theofigesects such as dipteran
larvae as manure decomposers is a low-input sastignvaste management
technique with potential for innovation to incredéseefficiency (Pastor Velasquez
Gobbi and Rojo 2015).

This study aimed to improve on-farm production mdthof housefly larvae using
as substrates local agricultural and agro-indudiyigoroducts available (pig
manure, brewer’s grains, fresh blood) in integragdculture aquaculture farms in
Kinshasa. To achieve this goal, we ask three relseprestions:

what is the combination of on-farm available agtimal and agro-industrial
by-products that lead to optimal production of matgg

does spawning time of houseflies affect the pradoaif maggots;

what is the optimal duration of the housefly regrycle to maximize the
production of maggots in the main substrates aedadst / benefit ratio?

Material and methods

Three experiments investigating complementary aspddhe production and
growth of domestic housefly larvaklsca domestigavere carried out on a farm
integrating vegetable production to pig and fisimiiaag in ponds in the Funa valley
of Kinshasa (D.R.Congo). The first experiment coragadhe cumulated level of
larvae production on different substrates overysdarewers’ grains (BG), pig
manure (M), an equiproportional mixture of BG andB&G-M), BG with 1%

lysine (BG-LYS), an equiproportional mixture of B{&d cow blood (BG-B) and
an equiproportional mixture of BG, M and B (BG-M:-Bhe second experiment
compared the production of larvae on BG-M and BABMs4th two exposure
methods to the housefly: 18 days of permanent expd®ERM) and 2 days of
temporary exposure followed by 16 days of growtthwio housefly access
(TEMP). The third experiment compared increasing slo$e€ow blood (0%, 10%,
20%, and 30%) in an equiproportional mixture of &Gl M during 9 days of
larvae production. In the first experiment the pres of lysine among substrates
was intended to verify that lysine was a limitimgiao acid in BG. However, there
IS no practical value of its incorporation in thentext of IAA farms.

For all experiments, all substrates were run irdgualicate. The substrates were
placed in plastic baskets maintained in the shemeered in the bottom with a
mosquito mesh screen through which the larvae neidri@m a 30 x 26.5 x 32 cm3
plastic bin placed below for collection (Photo The substrates were daily adjusted
to 77.5% of water content by addition of waterhie morning to allow substrates to
maintain humidity levels around 70% during the dHyis is appropriate water



content to limit fungal populations and to preveesiccation of eggs (Lomas
2012). Holmes et al (2012) proved that with relatnwimidity around 70% the eggs
eclosed faster, the egg eclosion rate was highepuapal mortality was lower, and
the adult emergence and longevity were higherrferiack soldier houseflies.

Photo 1.Growing bed and harvesting bin used in the expamimn

The substrates were thoroughly mixed and an amdun5060 g for experiment 1,
2,500 g for experiment 2 and 3,000 g for experindawere placed in
homogeneous thickness of 3 cm (Lomas 2012). Duhagxperiments, natural
laying of eggs by houseflies on the farm was used.

Several parameters were measured: ambient tempeeatd substrates temperature
were taken three times a day (7:30, 13:00 and LA8B6ight and number of larvae
were measured daily using Kern scale with 0.1 pgretision. After harvest from
plastic bin during daily control, larvae were sdréand grouped into two categories
(maggots and pupae) before being weighed. The mekbsctibed by the
Association of Official Analytical Chemist (AOAC 99), was used to measure dry
mater (DM), nitrogen, fat and gross energy contétearvae. Nitrogen content was
determined by the Kjeldahl procedure using Kjehaito Sampler System 1035
Analyzer (Tecator), and gross energy by the caldrimprocedure using the
Adiabatic Calorimeter 1241 by PARR. Finally, in théd experiment the cost of
larvae produced per kg of substrate used was eadrlitonsidering market prices
of Kinshasa in 2016.

One-factor ANOVA with Average Comparison Test (TuKeyst) were used to
compare mean values of larvae production per satestr the first and second
experiment. The GLM procedure of repeated measunestiate Tests of
ANOVA was used to compare mean values of temperdturdifferent substrates
in SAS for the first experiment. The three-time sweaments were considered as
repeated measurements for the experiment. Firaathgneral linear model of
regression was used to test the effect of blooéglosdifferent mixtures for the
third experiment.

Results

Result of maggot production over a 6-day periodastbthat brewers’ grains and
pig manure used separately provided the lowestyatarh, while highest
production was reached by mixing BG-M-B (Table 1)xikg brewers’ grains with
lysine or manure and/or blood more than doubledtheunt of larvae that were
harvested. No differences were found in substeatgeratures during the 6 days of
larvae productionp=0.97). Temperature greatly varied according tdithe



measured<0.0001) with highest mean temperature values 801®3.3°C).
During the six days of maggot production tempegmtaried from 23.1°C up to
47.9 °C. The highest value was observed on theéHaay with an average value of
40.7 °C.

Table 1. Maggots and pupae production (g/kgsabstrate) during 6 days (g/kg of fre
substrate) reared on different mixtures of brewgr&ns (BG), manure (M), Lysine
(LYS) and fresh cow blood (B) as substrates (N=4).

Maggot production Pupae production Temperature

Substrates (g/kg substrate) (g/kg substrate) (°C)

BG 53.8 0.10 32.7
M 30.6' 0.3 30.9
BG-M 89.3 0.10 32.8
BG-LYS 94.2° 0.00 32.6
BG-B 107 0.00 31.1
BG-M-B 180 0.00 30.8
SEM 10.3 0.05 0.57
p 0.001 0.52 0.79

aMean values in the same column without commorr ketéedifferent at p<0.05

During this first experiment not all the availallgbstrate was consumed by the
maggots (Figure 1). Disappearance of substrateedtan the £'day and
increased from the third to the fourth day and ttiecelerated from the fourth to
the sixth day. The mixture of BG and M was morestoned by maggots than the
other ones (692 g of fresh substrate). BG and nok&G-LY were less consumed
(455 and 439 g of fresh substrate). The secondriexget showed that the peak of
larvae migration was reached after 6 days (Figur@8hsistently with the first
experiment, BG-M-B, whether in the TEMP or the PER&atments presented the
best maggot production, with 112 + 30.3 g/kg antl £ 80 g/kg of substrate
respectively, compared to BG-M which yielded 47.8.23 g/kg and 53.6 + 8.48
g/kg for the TEMP and PERM treatments respectivetydifference was observed
according to the exposure method to the housdfERM vs. TEMP) §=0.515).
Finally, experiment 3 that compared increasing safeow blood (0%, 10%,
20%, and 30%) in the mixes of BG-M-B during 9 daysnaggot production
showed that increasing doses of cow blood imprdwearly the production of
maggots (Figure 4pk0.05). No saturation or plateau effect was obskewi¢h the
doses of blood that were used.

The addition of cows’ blood indicated an optimumueabetween 10 and 20 % of
blood into BG-M since such levels did not affe@ firoduction cost of maggots
per kg. However, the addition of blood to 30% iased the cost of production.



Figure 1. Daily evolution of the mass of the substrates (@/bi

Figure 2. Evolution of the production per kg of substratedanction of time with two contrasting exposutes
the houseflies (N=4)

Figure 3. Production of maggot according to the cow's bloodtent of a BG-M mixture (g / kg of fresh
substrate)

Table 2. Cost of house maggot production according sulestrs¢ with increasing dose of cow blood

Substrates price Maggot production CP
Substrates (6] (g/kg fresh substrate) ®
BG 0.15 30.6 1.82
BG-M 0.14 48.4 1.19
BG-M-B (10%) 0.21 75.9 1.12
BG-M-B (20%) 0.28 108 1.04
BG-M-B (30%) 0.35 127 1.10

CP: cost price to produce 1 kg of maggot

Discussion

This study has shown that the nutrient content @ftibstrate is a determining
factor to optimize maggot production. An ingredisath as brewer’s grains is a
good source of energy but is deficient in sevemdha acids to support the growth
of maggots as showed by Mussatto et al (2006).atladion to the growth
substrates of ingredients that appear to be mdaadxd in amino acids (cow blood
or manure) or that provide specific otherwise deficamino acids (lysine) allowed
doubling the production of maggots on BG. As welbn for other more
conventional single stomached domestic animal spestich as pigs or poultry
(Pérez and Sauvant 2004), BG are deficient in ¢&/&n the growth of maggots
(Mussatto et al 2006). Cow blood is a source ofymessential amino acids (NRC
2000). Nevertheless, it seems that lysine remamsost critical one since no
further improvement as compared to pure lysine etserved. Pig manure can
improve production on BG probably due to the preseasf bacteria from the
digestive tract of pigs that are also rich in es¢@imino acids, among which is
lysine (Metzler et al 2005; Dai Zhang Wu and Zhu J01Ifierestingly, the



combination of BG-M-B was able to sustain the hgjhevels of maggot
production, almost doubling that of BG-LYS. The mase in maggot production
following the increase in cow blood doses in the-RG@nixture supports this
previous argument. Further investigation is nedgdedentify the optimum dose of
cow blood in the mixture combining technical toishaenvironmental and
economical parameters.

Stability in disappearance of substrates obsemaed the &' day onwards shows
that larvae migration begins on th® day of production. Consumption of
substrates decrease because larvae are migratimg piastic bin. The optimal
duration of housefly larvae production is 8 to 9slarhis allowed harvesting of
maximal housefly larvae without harvesting manyamifhat are of lower
nutritional value than larvae (Pieterse and Preso2013). Not all the substrate is
consummed by larvae, since only 30 to 40% are udeslremainder can thus be
use for other purposes on the farm such as comgo#pparently, only the first
days of laying eggs are important to reach thedsghousefly larvae production.
Indeed, no difference was observed between tempergosure and permanent
exposure modalities. Once the first eggs are faitdstrates are less atractive to
houseflies due to the decrease in smell and ntic@tent of the substrates.
Temperature of the substrates during all experimaite/ed a good development
of maggots with a mean value of 31.3°C. The tentpeza below 20°C tend to
slow the development and the transformation ofdheae in adults while
temperatures above 35°C tend to accelerate theevgnotess (Lomas 2012).
Temperatures from 7°C to 43°C are suitable for hitiesebutM. domesticare
most active at about 33°C that is close to the antliemperature in the humid
tropics.

The increasing price of maggot production per kémgifor 30 % of addition of
cow blood suggests that the cost effectivenessndispgtrongly on the level of
blood in the substrate. The most cost-effective tsatesseems to be a mixture of
BG-M with 20% of cow blood following the increaseproduction coupled with
the lower cost of maggot production per kilogramevbrtheless, in the case of cow
blood shortage, the simple mixture of manure tevierés grains is already an
interesting solution although its cost is highearilthe mixture of BG-M with cow
blood. Its strength is that it requires very liftlwestment for farmers by using
available substrates on the farm, especially tigoe@ing pigs in intergrated
agriculture-aquaculture system. In general alledggnts used in the mixtures are
locally available as agricultural by-products, heetecow blood requires the extra
investment of the cost of transportation and thne tiost for purchasing which was
not considered in this economic analysis. Includirgse economic parameters the
optimal amount of cow blood to add in the mixtunewd be lower than expected.

Conclusions



Housefly larvae production is a good alternativentegrated agriculture
aquaculture production to provide high quality pmotto produce fish.

Larvae production using available agricultural agbandustrial by-
products can be further improved by research testigate the nutritive and
the microbiological value for pond fishes, wellthe global economic
balance of the whole operation for large scale pectdn in the farm.
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