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Abstract

The increasing demand for alternative feed sources for livestock has evolved, owing to quest for efficient and sustainable use of
resource channeled towards achieving food security. Breeding and biomass conversion of selected insects therefore, is imperative
to complement existing sources. This study investigated the developmental parameters, and nutritional composition of Black
soldier fly (BSF) (Hermetia illucens) larvae reared on chicken feed (CF), brewery waste (BW), food remains (FR) and fruits’
waste (FR). Proximate compositions (%) of prepupae and substrates were analyzed for dry matter (DM), crude protein (CP), ether
extracts (EE), ash, fibre and mineral composition. Data were analyzed using analysis of variance (ANOVA) tests and Tukey
(homoscedasticity) using SPSS statistical package. CF recorded the highest prepupal weight (0.30 g), length (2.18 c¢m), and
shortest development time (21 days) across the different substrates. CP content was highest in prepupa fed on CF and BW at
48.93% and 44.52% respectively (p < 0.05). The ash contents and EE of the prepupae differed significantly across the different
substrates. Prepupae reared on CF were low in EE and high in ash content (4.12% and 9.24%, respectively) compared to those
reared on FW (13.90% and 5.24%, respectively), BW (11.23% and 10.29%, respectively) and FR (9.52% and 5.24, respectively).
BSF larvae fed on different substrates exhibited different mineral accumulation patterns, with FW resulting in the largest turnover
of minerals (Potassium 46.94 g/kg). The rearing of BSF larvae can be optimized on identified organic substrates into edible
biomass suitable for use as an alternative protein source.
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Introduction

The earth’s biodiversity is under threat due to the increase in the
dedication of arable land and natural resources to food produc-
tion. Over the next 50 years, food demand is expected to double.
is poses huge challenges to the sustainability of food production
(Tilman and Clark 2014). A new tactic of food production such
as sustainable insect production which adopts large improvement
in recycling available resources and waste can be introduced to
reduce their environmental impact and also achieve higher yields
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with less waste per hectare of productive land (Stamer 2015).
Around 90 million tons of foods from private households, re-
tailers and the food industry are discarded each year in the
European Union alone (Stamer 2015). In Nigeria, 0.65—
0.95 kg/capita of waste is produced daily, culminating to an
average of 42 million tonnes of wastes generated annually (Tke
et al. 2018). It is against this background that insect farming for
food and feed are envisaged to mitigate the effects of some of the
afore-mentioned challenges (Babarinde et al. 2020).

Insect farming is a viable new source of animal protein
which can be done in high densities with small space require-
ments as they have a high bioconversion ratio (Oonincx and
De Boer 2012). Farming of insects is important
and contributes to the economic growth of developing coun-
tries as many farmers derive their sources of income from this
enterprise (Naseem et al. 2020). Furthermore, many insects
can be reared on waste streams, which keep the environmental
footprint low and assists in recycling of refuse (Smetana et al.
2016). Insects contain high amounts of energy, protein and
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essential amino acids, fatty acids and micronutrients (e.g. cop-
per, iron, zinc). (van Huis et al. 2013; Verkerk et al. 2007;
Rumpold and Schliiter 2013).

Black soldier fly (BSF) (Hermetia illucens) larvae have
already been used as a component of complete diets for poul-
try, swine, and several commercial fish species (Hale 1973;
Newton et al. 1977; Sheppard et al. 2002). The results showed
that breeding of BSF larvae support good growth, hence the
conclusion that they can be a suitable protein source for live-
stock feed. At the pre-pupal stage, the larva stops feeding and
empties its digestive tract. Then, the prepupae migrate to a dry
and protected site. The adults do not feed and rely on the
nutrients accumulated and stored during the larval stage
(Sheppard et al. 2002). So far, an in-depth analysis of the
nutritional value of BSF larvae reared on commercially avail-
able organic waste streams has not been reported in Nigeria. In
this study, the proximate and nutrient composition of the
prepupae reared on different organic waste substrates and their
relationships with substrate composition were investigated.

Materials and methods
Rearing and harvesting of black soldier fly larvae

BSF eggs were purchased from Tucur BSF Farms at Ibadan,
Oyo State, Nigeria. The eggs were hatched in 250 ml plastic
containers containing chicken feed (broiler’s mash) mixed
with distilled water (60% moisture content) in order to ensure
a favorable moisture content for growth of the larvae. After
five days, the first instar larvae were sieved through a 1.2 mm
diameter mesh screen and sorted into the various rearing sub-
strates and replicated for the duration of the experiment.

The larvae were fed two grams (2 g) of substrate per gram
of larvae and feeding took place every two days or until their
feed was finished. In accordance with European Commission
(EC) Regulation No 1069/09, none of the substrates contained
animal products EC (2009). Distilled water was added to the
chicken feed and brewer’s mash (50 mL/100/ g of substrate) in
order to guarantee an optimal moisture content for growth of
the larvae.

Preparation of substrates

Four (4) different rearing substrates were evaluated for their
influence on the development and proximate composition of
BSF larvae: chicken feed (CF), brewery waste (BW), fruits’
waste (FW) and food remains (FR). The chicken feed (Animal
Care® brand of broiler’s starter mash) was obtained from
Funfas Feed Depot, Mushin, Lagos, Nigeria. Brewery waste
was obtained from Nigerian Breweries Plc, Iganmu, Lagos,
Nigeria. The food remains were made up of mainly rice,
beans, plantain and vegetables, while fruits’ waste consisted
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mostly of discarded pawpaw, pineapple, orange, watermelon
and banana sourced from Mavise Restaurant and various
fruits’ sellers in the University of Lagos, Nigeria. The wastes
were shredded into finer pieces using a Kenwood™ grinder.

The larvae were fed two grams (2 g) of substrate per gram
of larvae and feeding took place every two days. In accor-
dance with EC Regulation No 1069/09, none of the substrates
contained animal products EC (2009). Water was added to the
chicken feed and brewer’s mash (50 mL/100/g of substrate) in
order to guarantee an optimal moisture content for growth of
the larvae.

Experimental setup

A total of 500 5- to 8-day old larvae per replicate were placed
in triplicates with 300 g fresh material of each substrate type in
the plastic containers (250 ml). The larvae were subjected to a
feeding regime of two grams (2 g) of substrate per gram of
larvae, and feeding took place every two days until the first
few prepupae were sighted in each container (Diener et al.
2009). All larvae and prepupae were harvested 6 days after
the first prepupae appearance, which was about 2—4 weeks
after the start of the experiment. The length of time of devel-
opment was recorded for each substrate, while the length and
weight of five randomly selected pre-pupae from each repli-
cate were measured and recorded. The pre-pupae were har-
vested by sieving through 3 mm diameter mesh screen.

The collected prepupae were washed with water and placed
in sample collection tubes and stored at —20 °C in a freezer
pending proximate analysis. While freeze-drying may result in
less complete moisture removal compared to oven drying, this
difference is minimal and freeze-drying guarantees a better
preservation of nutrients (Spranghers et al. 2017). Handling
of prepupae was done with forceps and 50 g of prepupae and
substrate were collected manually from each replicate and
placed into sample containers.

Proximate analyses

The proximate analyses consisted of analytical determinations
of water (moisture), dry matter, crude protein, crude fat (ether
extract), crude ash and crude fibre as described by Greenfield
and Southgate (2003). Moisture content (MC) was determined
by difference after freeze-drying. Dry matter was calculated
by the weight difference before and after drying the sample in
the oven at 100 °C for 24 h. Crude ash was determined by
incineration of samples at 550 °C for 6 h. in a combustion
oven. Crude protein was determined using Dumas-Gaudot
et al. (2002) method, using a nitrogen-to-protein conversion
factor of 6.25. Ether extract (EE), a measure of crude fat, was
analyzed gravimetrically after extraction with diethyl ether
using a Soxhlet system. Crude fiber content was determined
using Driemeyer (2016) method. The content of soluble,
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insoluble and total dietary fibre in the substrates were deter- ~ %Dry Matter = 100—~%Moisture (2)
mined using the Megazyme total dietary fibre assay procedure here:
k-tdfr 05/12.27. This method is a simplified modification of " <'®
the AACC total dietary fibre (TDF) method, 32-05.01, and A  Weight of empty and dry crucible (g)
the AACC soluble/insoluble dietary fibre method. These anal- B~ Weight of air dried test sample (g)
yses were performed in duplicates and according to method ~ C  Weight of crucible and moisture free test sample (g)
reported by AOAC (2012). The proximate parameters were
calculated using the following formulae:
A+B)-C 100 Crude Protein (%) = Nitrogen (%) x 6.25 3
%Moisture = (A+B)=C, 100 (1) (%) gen (%) ®)
B 1
Ether Extract (%) (Mass of soxhletbeaker + Fat)—( Mass of soxhletbeaker) , 100 (4)
Mass of Sample 1

A-B 1
S

Crude Fibre (%)= Sample mass g)

where:

A Mass of residue in crucible after drying (g)
B Mass of residue in crucible after ashing (g)

Mineral composition

The mineral composition of the substrates and the prepupae
was determined using inductively coupled plasma optical
emission spectrometry (ICP-OES) (BSI 2001). The samples
were incinerated until the ash grey turns red—brown and
digested in diluted nitric acid (7 mol/L) British Standard
Institution (2001). The extraction of iron was performed sep-
arately using aqua regia (International Organization for
Standardization 2002).

Statistical analysis

All data were analysed using one-way analysis of variance
(ANOVA) in SPSS 23.0 IBM (2015) (SPSS Inc., Chicago,
IL, USA), with 95% confidence interval performed to identify
statistically significant differences between developmental pa-
rameters and proximate composition. Where a significant dif-
ference was found, Tukey post-hoc test with 95% confidence
interval was performed. P-values below 0.05 were considered
statistically significant.

Results
Larvae bred on fruits’ waste recorded lowest mean prepupal

weights (0.12 £0.02 g) at the same feeding rate of 2g of feed/
lg of larva similar trends were also observed for the length for

fruits” waste (1.52 cm +0.08) and longest time (38 days) for
emergence of larvae (p <0.05). After 21 days, the first few
prepupae were observed in plastic containers with chicken
feed, whereas on brewery waste, it took 23 days for the first
prepupae to emerge. These developmental time, were howev-
er significantly different (p <0.05) from one another
(Table 1).

Proximate composition of BSF prepupae and
substrates

The dry matter (DM) content were comparable in two of the
four substrates with values between 76.57 and 76.60%
(Table 2). Only the food remains was substantially higher in
moisture with a DM value of 82.82%. However, contents of
crude protein, ash and fibre were highly variable among the
substrates. The crude protein content varied from 32.97 +0.50
to 48.93 +0.61% among the substrates (Table 2). The crude
protein content of the prepupae were low (32.97-44.52%)
with the exception of chicken feed (48.93%) (Table 3). The
food remains and fruits’ waste contained low amounts of
phytic acid (12.66 and 15.53 mg/g), respectively (Table 3).

Mineral composition of black soldier fly prepupae

The four substrates demonstrated different accumulation pat-
terns of minerals. Potassium levels were very variable ranging
from 26.63 g/kg DM for those fed on brewery waste to
46.94 g/kg DM for substrate reared on food remains
(Table 4). Magnesium contents were between 17.35 and
26.47 g/kg DM. The calcium content of prepupae fed brewery
waste was equal to that of prepupae fed food remains (5.21%),
while the calcium levels of the respective substrates were
markedly different (5.18 vs. 5.42% respectively).
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Table 1 Length and weight of

BSF prepupae reared on different Parameter Chicken Feed Brewery Waste Food remains Fruits’ Waste
substrates
Length (cm) 2.18 + 0.08" 2.16 + 0.08" 1.96 + 0.07%° 1.52 + 0.08"
Weight(g) 0.30 £ 0.29* 0.28 + 0.00° 0.20 + 0.24° 0.12 +0.02°
Larval Development Time (days) 21.00 + 0.00% 23.00 + 0.00° 28.00 + 0.00° 38.00 + 0.00¢

*Values are means =+ standard deviation. Means followed by different superscripts within a row are significantly

different using Tukey HSD (p < 0.05)

The values recorded for the Zinc and Copper content of
both substrates and prepupae were all within a small range
(0.018t0 0.18 g/kg DM) and (0.02 and 0.11 g/kg DM) respec-
tively for larvae bred on the all the feed substates.

Discussion

The developmental parameters and nutrient composition of dif-
ferent organic wastes used as substrates in rearing BSF larvae to
prepupae were investigated in this study. These findings are
valuable to improve the mass breeding and biomass conversion
of BSF larvae, complementing existing channels of adequate
protein sources to meet exponential increase in human popula-
tion. The high larvae body weight, development time and av-
erage biomass observed for chicken mash (CM) and brewery
waste (BW) in this study can be attributed to superior nutritional
content of the diets. Previous work in support of this assertion
includes that of Tschirner and Simon (2015). Comparatively,
chicken mash consists of a heterogeneous mixture of maize,
wheat offal and concentrates. Also, the brewery waste (BW)
is a mixture of spent grains and yeast cells used for grain fer-
mentation, and proximate composition shows that it contains
44.52% crude protein, 10.29% crude fibre and higher amounts
of metabolisable energy (Munguti et al. 2006), which explains
its superior performance (Oonincx et al. 2015).

According to Diener et al. (2009), the preference for a
substrate at different instars may be related to the structure
of the raw material. This could have accounted for the high
larval growth rate response for chicken feed and brewery
waste, within 21 and 23 days respectively. The fine particle
size, coupled with nutrient composition are perhaps the basis
for recommending special starter diets in insect production
systems (Oonincx et al. 2015). On the other hand, fruits’ waste
(FW) showed poor performance as rearing substrate for BSF
larvae. Documented proximate analysis of banana peels which
is a component of fruits” waste shows that they contain crude
protein of 7.2-8.6%, crude lipids (7.9% - 8.5%), crude fiber
(11.3%), nitrogen free extracts (53.8% - 62.7%), and ash
(7.8%—10.9%) irrespective of variety or locality of collection
of banana (Munguti et al. 2006). The poor performance of the
substrate can therefore be attributed to its low crude protein to
carbon content ratio and high crude fiber content (Tschirner
and Simon 2015). The low protein content may have adverse-
ly affected both the larval growth rate and the total prepupal
yield while high dietary fibre is known to cause poor growth
as it causes delayed feeding, reduced feed intake, digestibility
and nutrient utilization (Tomberlin et al. 2009).

The crude protein content of the prepupae from different
substrates generally reflected the nutrient content of the sub-
strates used. In addition, the observed protein content of the
biomass produced from all the tested substrates ranged from

Table 2 Mean values of

proximate composition of the Parameter Chicken Feed Brewery Waste Food remains Fruits’ Waste

substrates used in rearing BSF

larvae Dry Matter (%) 75.58 £ 0.47° 80.21 + 0.39¢ 70.70 + 0.26 74.93 £ 0.37°
Moisture (%) 24.42 + 047° 19.79 + 0.38* 29.30 + 0.25¢ 25.07 £ 0.37°
Crude protein (%) 18.18 + 0.31° 13.47 £ 0.43* 20.07 + 0.02¢ 15.20 = 0.67°
Ether extract (%) 542 +1.55° 7.46 + 0.47° 723 + 0.80% 6.67 £0.51°
Crude ash (%) 10.10 + 0.17° 6.53 £ 0.41° 8.23 + 0.40° 8.29 + 0.43%
Crude Fiber (%) 7.5+ 0.03° 8.98 £ 0.37¢ 6.80 + 0.45° 3.07 £ 0.33°
Soluble fibre (%) 4.06 + 0.29° 2.26 +0.15° 2.73 + 047 223 +0.11°
Insoluble fibre (%) 145 + 027" 1.26 + 0.05° 2.19 +0.02° 1.11 £0.07°
Total dietary fibre (%) 551 +0.15° 3.52 +0.15% 492 £0.17° 334 +£0.14°
Phytate mg/100 g 2538 + 0.89¢ 24.63 +091° 15.16 + 0.30° 22.88 + 0.86°
Carbohydrate (%) 5432 + 0.56° 55.25 + 0.85¢ 42.8 + 026 4728 +0.22°
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Table 3 Proximate composition

of the BSF prepupae reared on Parameter Chicken Feed Brewery Waste Food remains Fruits’ Waste

different substrates
Dry Matter % 76.60+0.24% 76.57+0.18a° 82.82 £ 0.18° 72.26 £ 0.33°
Moisture % 23.40+0.24% 23.43+0.19%° 17.18 + 0.18% 27.74 + 0.32°
Crude protein % 48.93+0.61¢ 44.52+0.25° 32.97 + 0.50° 38.27 £ 0.21°
Ether extract % 31.30£0.16° 33.21+0.17° 34.26 +0.12° 34.05 + 0.13°
Crude ash % 4.12+0.33" 11.23+0.05° 9.52 +022° 13.90 + 0.06"
Crude Fiber % 9.24+0.02° 10.29+0.13° 524 + 0.46° 5.24 + 0.30°
Soluble fibre % 5.86+0.29¢ 2.78+0.09° 3.61 +022° 1.67 + 0.36
Insoluble fibre % 2.00+0.06™ 1.72+0.02° 229 +0.03° 133 +0.07°
Total dietary fibre % 7.86+0.15¢ 4.50+3.62° 5.90 +0.18° 3.00 + 0.14°
Phytate mg/100 g 22.92+0.35¢ 23.65+0.58° 12.66 + 0.68° 15.53 = 0.76°
Carbohydrate % 56.94+0.83° 51.75+0.68" 43.99 + 1.17° 46.97 + 0.62°

*Values are mean = standard deviation within a row followed by different letters are significantly different

(P<0.05)

32.97 to 48.93% which is slightly higher than the range (33 to
41%) reported by Marwa et al. (2019). This is due to the fact
that the larvae were reared on almost the same range of same
feed substrate (food remains and brewery waste) with excep-
tion of chicken feed and fruits” waste, harvested at the same
stage (prepupae) and processed by the same method. These
values are sufficient to recommend the use of the larval prod-
uct as protein source in the animal feed industry (Liu et al.
2008) and can replace fishmeal and soybean meal in conven-
tional livestock feeds (Bosch et al. 2019).

The link between composition and diet suggests the possi-
bility of rearing BSF larvae on specialized substrates in order
to customize resultant biomass nutrient content to meet needs
of targeted animals (St-Hilaire et al. 2007). All the substrates
in this study yielded prepupae having high fat and variable
crude protein contents. This shows that BSF larvae are

Table 4 Mineral composition of the substrates (Subst.) and the black
soldier fly prepupae (Prep.) (g/Kg)

Chicken Feed Brewery Waste Food Waste  Fruits’ Waste

Element Subst. Prep. Subst. Prep. Subst. Prep. Subst. Prep.

Ca 11.38 12.85 5.18 521 542 521 949 946
Cu 0.03 0.03 0.5 002 011 0.03 005 0.06
Fe 003 031 197 297 241 297 292 19

K 23.87 2256 26.63 2501 4694 2502 3635 26.6
Mg 1936 18.14 2198 1735 21.14 1735 2094 2647
Mn 0.01 0.19 0.1 032 019 032 003 0.16
Na 1.59 061 007 006 726 006 738 059
497 462 457 213 242 176 217 412
S 075 018 38 019 063 021 1.09 0.15
Zn 0.18 0.5 0.018 0.04 0.02 0.04 0.06 0.06

*Subst. for Substrates; Prep for Prepupae

efficient at bioconversion and valorization process as they
are able to convert low nutrient substrates into high value
biomass with sufficient nutrient quantities. In addition to CP,
other nutritional components of livestock feed can greatly en-
hance the quality of animal production, including several min-
erals and vitamins such as calcium, magnesium, phosphorus,
copper, cobalt and vitamins A or D). For example, calcium
and phosphorous play important roles in physiological func-
tions of animals including muscle mass reductions, neuro-sig-
naling, enzymatic activity, metabolic reactions, construction
of proteins, maintenance of osmotic and acidic-alkaline equi-
libria and construction of membranes (Ewing and Charlton
2007).

With reference to bone and egg formation in layer
hens, calcium in particular plays a crucial role as it
contributes to more than 90% of the mineral matrix.
Therefore, deficiencies in calcium and phosphorus can
result in bone loss, growth retardation and abnormal
posture (Hafeez et al. 2015). The range of calcium con-
centrations reported in this study (5.21 to 12.85%) was
higher than that (1.7 to 3.2%) in Marwa et al. (2019).
Potassium levels in BSF prepupae from our experiments
were high compared to the levels reported in Marwa
et al. (2019). The prepupal contents of other minerals
with importance for animal feed, such as copper, potas-
sium and manganese, appear to be unaffected by rearing
substrate type. Moreover, phosphorus levels are in com-
pliance with the requirements of pigs (NRC 2012.; and
poultry (CVB 2012). In this regard, edible insects with
abundant minerals are likely to reduce the consumption
of dairy, meat and animal protein products (Van Huis
et al. 2013; Oonincx et al. 2015).

The variability in the range of values of mineral content of
BSF larvae can be ascribed to the impact of the rearing sub-
strate using these prepupae could have some shortcomings.
This may be an issue for concern especially in feed
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formulations for young animals like piglets. High feed calci-
um levels may increase the stomach pH, increasing the risk of
bacterial infection (Lawlor et al. 2005). Moreover, extracting
fat from the prepupae would increase the mineral content of
black soldier fly larvae.

Conclusion

Black soldier fly (Hermetia illucens) larvae has the potential
to convert organic waste streams to high quality protein, re-
duce pollution and complement increasingly expensive pro-
tein sources used in livestock diet formulation. The nutritional
composition of BSF larvae varied according to different rear-
ing substrates. The quality of this resource would be constant
in terms of crude protein content depending on the type of
substrate the larvae were offered which is suitable for use in
animal feed production. The biomass, breeding and nutritional
profile of black soldier fly larvae reared on different organic
waste streams can be employed for inclusion in feed rations
for animal feed.

Based on these findings, it is necessary to evaluate nutri-
tional components of BSF fed on other categories of organic
wastes during its various life stages. One of these is evaluation
of the fatty acid content which could facilitate more accurate
use of larvae in feed production. This will help to establish a
database of eligible substrates for BSF larvae production and
develop economically feasible inclusion levels in animal
feeds.
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