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ABSTRACT

The production and supply of animal protein are dropping with the increasing world population, especially
in developing countries like Nigeria. Some alternatives such as several edible insects are challenged by
people’s unwillingness to engage in entomophagy. Therefore, the need to improve animal protein
production and supply has necessitated measures that can curb the major issue in this sector, which is the
high feed cost occasioned by the scarce and expensive fishmeal used as the animal protein source in feeds.
Black soldier fly which feeds on low-cost organic wastes can bridge the gap between entomophagy and
animal protein supply as an indirect source of animal protein by substituting the expensive fishmeal in
animal feed. However, though the larva of the black soldier flies can thrive in almost all organic substrates,
it has its moisture requirement for survival, growth and development. In this research poultry droppings
were used at three different moisture levels of 30%, 50% and 70% to rear the larva. The larvae reared at
70% moisture level had the best growth performance in terms of length, weight and width gain, although the
length increase did not vary significantly between the larvae reared at 50% moisture and those reared at 70%
moisture level. The lowest performance for all growth parameters examined was observed from larvae
reared at 30% moisture level. The survival rate for larvae reared at 50% and 70% moisture levels did not
vary significantly but were both significantly higher than that of those reared at 30% moisture level. The
results showed that the larvae black soldier flies thrive better at substrate moisture levels above 50%.
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INTRODUCTION

The geometric increase in the world’s population which has outmatched the supply of animal protein is
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worrisome [1]. The conventional animal protein supply sources have failed to meet the current rising
demand for animal protein in Nigeria exacerbated by the ever-increasing cost of animal feed. For this
reason, protein-energy malnutrition is still common in Nigeria as a result of low protein intake due to scarce
and expensive animal protein sources [2]. Insect proteins could be a solution to the nation’s animal protein
shortage because they provide cheap, high amino-acid protein with little or no impact on the environment
[3]. To augment animal protein supply, farmers have been urged to adopt mini-livestock farming, such as
insect farming [4]. However, the acceptance of entomophagy still stands in the way, as many people still
perceive insect consumption as disgusting. To this effect, the use of larva of Black Soldier Fly (BSF) as a
protein source in animal feed seems to be a good choice as an indirect alternative to direct entomophagy
while reducing the cost of animal feed by replacing the high-cost fishmeal conventionally used in animal
feed formulation. There is therefore need to intensify research into mass-producing the BSF larva for
sustainable use as fishmeal alternative in animal feeds. Since BSF larvae are photophobic [5], they are
usually found underneath the substrates (organic materials), away from bright light.

Several reports have been published on the production of BSF using different organic wastes as substrates
[6], [7], [8]. Such organic wastes include poultry droppings, pig manure, brewers waste and kitchen waste.

However, moisture content in the rearing substrate is an important variable in the BSF larvae production [9].
BSF larvae have been shown to grow and develop into pupae at substrate moisture contents of 30-70%
(based on weight) [10]. Other studies suggest that substrate moisture contents in the range of 50-80% are
optimal for larval development, final weight, feed conversion efficiency, and yield [11], [12], [13], [14],
[15]. However, BSF larvae have even been grown at substrate moisture contents of 90-97.5%, but with
lower survival rates and reduced body weights than at 75-88% substrate moisture [16]. The substrate
moisture content influences substrate texture and affects larval movement, feed consumption, growth and
survival [17], [18], [13]. In this research, different moisture rates were applied to the rearing medium
(poultry droppings) to access the growth performance of the larva in each treatment.

The present study therefore presents the effect of the black soldier fly larva meal diet on the carcass quality
of Clarias gariepinus.

MATERIALS AND METHOD

1. Processing of Rearing Substrate

The substrate, Poultry Droppings (PD,) was wet at the point of collection and was therefore spread out to air-
dry under a shade. The dried substrate was ground to fine particles of 2-5mm size using a Silver Crest
electric blender (Model: 2030D). The grinding of the substrate to smaller particle size was to enhance the
waste processing since the BSF larvae do not have appropriate mouthparts to break apart large chunks of
waste [19]. The different dried substrates were thereafter packaged and stored in dry bags at room
temperature. Before the commencement of the experiment, the substrate for each treatment was weighed
and the required volume of water for the different moisture ratios was added. The moisture: substrate ratios
used in the experiment were 30% moisture: 70% substrate (30:70), 50% moisture: 50% substrate (50:50)
and 70% moisture: 30% substrate (70:30).

A. Management of BSF Larvae

Two thousand (2000) five-days old (5-DOL) larvae were transferred into each replicate container of the
various rearing containers (30 x 15 x 10cm) containing 3kg (wet-weight) each of the substrate at different
moisture ratios. About eighteen thousand (18,000) 5-DOL larvae with an average weight of 0.03g were used
for the growth experiment. The number of 5-DOL larvae was estimated by counting the number of larvae in
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a small sample (approximately 2g), which then was extrapolated based on the total weight of all 5-DOL
required per treatment [19]. The rearing containers (larveros) used were white transparent containers
measuring 40 x 20 x 15cm. These containers were used because of their availability and affordability in the
market. The rearing containers were kept in the dark cage for the 12 days rearing duration, since BSF larvae
are photophobic [5].

B. Harvesting of BSF Larvae

BSF larvae were harvested after twelve (12) days when data collection was ended at the observation of the
first prepupae. Boiled water was poured into rearing containers to kill the larvae and to also clean and purge
them of their gut contents [19]. The dead larvae floated on the water while the substrates settled below. The
dead larvae were scooped with a plastic sieve of mesh size 3mm.

C. Data Collection

20 larvae were sampled from each replicate and weighed with an electronic scale (Ming Heng Digital Scale-
777) once every three (3) days to get the mean weight per larva. At day 12 of the experiment, the final mean
weight per larva was used to divide the total weight of larvae per treatment to get the number of larvae
surviving per treatment at the end of the experiment. Body length was measured by placing the ends of a
pair of compasses one at the tip of the head and the other at the rear end of the body of the larva and then
tracing out the measurement value on a centimeter measurement ruler. The same method was used to
measure body width increase after placing the pair of compasses each on the two ends of the body girth.
Larval growth was followed till the first prepupae emerged from the substrate.

D. Survivability

As was done at the beginning of the experiment, the number of larvae surviving at the end of the experiment
was obtained and recorded. This was done by first weighing a sample size of 20 larvae per replicate. The
weight was then divided by the number of larvae (20) to get the average weight of a larva. The weight of the
entire larvae per replicate was taken and then divided by the average weight of a larva to get the total
number of larvae per replicate. Survivability was calculated by dividing the initial number of larvae by the
final number of larvae and multiplying by hundred (100).

E. Statistical Analysis

Analysis of variance (ANOVA) was used to analyse the data generated and differences in means separated
using Duncan Multiple Range Test. The statistical analysis was carried out with IBM SPSS version 23.

RESULTS

A. Length Increase (mm) of Black Soldier Fly Larvae Reared at Different Moisture: Substrate Ratios

The results of length gain as shown in Figure 1 revealed that there was a statistically significant difference
between the effects of the different moisture levels on the length gain of BSF larvae, P = 0.000. The length
increases varied across the moisture: substrate ratios. Larvae reared on 70:30 moisture: substrate ratio (T3)
recorded the highest statistically significant mean length gain (12.7733 + 0.0819), whereas larvae reared on
30:70 moisture ratio (T1) had the lowest statistically significant mean value (7.9800 + 0.01732). However,
the length increase obtained for larvae reared on moisture: substrate ratios of 70:30 (T2) was not statistically
different from that of larvae reared on moisture: substrate ratio of 50:50 (12.6833 £ 0.0273).
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Figure 1: Length Increase (mm) of Black Soldier Fly Larvae Reared at Different Moisture: Substrate Ratios
B. Weight Gain (g) of Black Soldier Fly Larvae Reared at Different Moisture: Substrate Ratios

The result of the mean weight gain of larva reared at the different moisture: substrates ratios (Figures 2)
showed that there was a statistically significant effect of the moisture levels on the weight gain of larva
(P<0.05). The larvae reared on a moisture: substrate ratio of 70:30 (T3) performed best among the moisture:
substrates ratios (0.1133 + 0.0009), followed by those of treatment T2, (0.1067 + 0.0015) which had 50:50
moisture: substrate ratio. The least weight gain (0.0487 = 0.0018) was observed for larvae reared on a 30:70

moisture substrate ratio (T1).

11 12 13

Treatment

0.12

<
'_]

<
o
00

Weight gain
o O
= =
F=1 jop]

&
=
[t

=

Figure 2: Weight Gain (g) of Black Soldier Fly Larvae Reared at Different Moisture: Substrate Ratios
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C. Width Gain (mm) of Black Soldier Fly Larvae Reared at Different Moisture: Substrate Ratios

The result of the width gain of the BSF reared at the different moisture: substrate ratios is shown in Figure 3.
The result showed that the different moisture levels (P = 0.000) had a significant effect on the width gain of
BSFL. The larvae reared in moisture: substrate ratio of 70:30 (T3) gained the highest statistically significant
mean width value (0.1133 £ 0.0009), and the lowest value was recorded for larvae reared on T1 (0.6533 +
0.1102) which had moisture: substrate ratio of 30:70.
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Figure 3: Width Gain (mm) of Black Soldier Fly Larvae Reared at Different Moisture: Substrate Ratios
D. Survivability of Black Soldier Fly Larvae Reared at Different Moisture: Substrate Ratios

The result of statistical analysis showed that the survivability of BSFL varied significantly at the different
moisture: substrate ratios (P = 0.000). Survivability of larva across the three moisture: substrates ratios was
high. However, the separation of means using the Duncan Multiple Range Test showed that the larvae
reared at 30:70 moisture: substrate ratio had significantly lowest value (94.43 + 0.8622), whereas the
survivability for larvae reared at 50:50 and 70:30 moisture: substrate ratios did not vary significantly.
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Figure 4: Survivability of Black Soldier Fly Larvae Reared at Different Moisture: Substrate Ratios
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DISCUSSION
A. Length Increase

Literature is scarce on the use of length as a measurement parameter for larval growth. However, the study
on length increase of the larvae at the different moisture rates revealed that the moisture level of rearing
substrate had significant effect on the length increase of larvae. BSF larvae in T3 (70%
moisture:30%nsubstrate) recorded the highest value of length increase, which was found not to be
significantly different from that of larvae reared at 50% mpositure:50% substrate (T2). On the other hand,
BSF larvae reared at 30% moisture:70% substrate (T1) recorded 7.9800 £ 0.01732 length increase, which
was statistically found to be significantly lower than the values obtained for T3 and T2. This agrees with the
reports of Makkar et al. (2014) [17] and Palma et al. (2018) [13] that the substrate moisture content
influences substrate texture and affects larval movement and feed consumption which are necessary for
growth and development.

B. Weight Gain

As shown in Figure 2, there were significant differences in weight gain of the larvae among the treatments.
Larvae reared at the 70:30 moisture: substrate ratio (T3) had the highest statistically significant weight gain,
followed by T2 (50% moisture:50% substrate). However, the least larval weight gain was recorded at T1
(30% moisture:70% substrate). This agrees with Barragan-Fonseca et al. (2017) [18], who reported that the
larval growth of H. illucens depends on several factors including substrate mositure. It is also in sync with
Cammack and Tomberlin (2017) [12] who reported better growth and development at 70% substrate
moisture than at 55% moisture.

C. Width Gain

Width gain was affected by the varying moisture levels. The trend of growth and development was observed
to continue with larvae reared in moisture: substrate ratio of 70:30 (T3) having the highest statistically
significant mean width gain, and the least value recorded for larvae reared on T1 which had moisture:
substrate ratio of 30:70. This buttresses the report of Bekker et al. (2021) [9] of better growth and
development at substrate moisture level of 45% and above. Though the increased values of width gain at
70% and 50% agrees with the opinions of several authors [11], [12], [13], [14], [15] that the optimal
substrate moisture content for growth and development of BSF larva is 50 and above.

D. Survivability

The larval survivability at the different moisture: substrate ratios agrees with the report of Fatchurochim et
al. (1989) [10] that BSF larva can grow and develop in substrate moisture content of 30-70%. However, the
reduced survivability of larvae at the moisture:substrate ratio of 30:70 agrees with the reports of Makkar et al
. (2014) [17] and Palma et al. (2018) [13] that the substrate moisture content influences substrate texture and
affects larval movement, feed consumption, growth and survival.

CONCLUSION AND RECOMMENDATION

The results obtained in this study showed that though the larvae of black Hermetia illucens can survive and
grow at low substrate moistures levels of below 50% to 30%; they thrive better at moisture levels of 50%
and above with the best performance observed at 70% substrate moisture level. Therefore, substrate
moisture levels above 50% can be used to rear BSF larvae for optimum performance.
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