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Abstract

Black soldier fly (BSF) larvae, Hermetia illucens L. (Diptera: Stratiomyidae), bio-convert organic side
streams into high-quality biomass, the composition of which largely depends on the side stream used.
In the present study, BSF larvae were reared on feed substrates composed of dried brewers’ spent
grains, each supplemented with either water, waste brewer’s yeast, or a mixture of waste brewer’s
yeast and cane molasses to obtain 12 different substrates: barley/water, barley/yeast, barley/yeast/mo-
lasses, malted barley/water, malted barley/yeast, malted barley/yeast/molasses, malted corn/water,
malted corn/yeast, malted corn/yeast/molasses, sorghum-barley/water, sorghum-barley/yeast, and
sorghum-barley/yeast/molasses. The crude protein, fat, ash, and mineral contents of the BSF larvae
fed each feed substrate were quantified by chemical analyses. The effect of substrate, supplementa-
tion, and their interaction on crude protein, fat, and ash contents of BSF larval body composition
was significant. Calcium, phosphorus, and potassium were the most abundant macrominerals in the
larvae and their concentrations differed significantly among substrates. These findings provide
important information to support the use of BSF larval meal as potential new source of nutrient-rich
and sustainable animal feed ingredients to substitute expensive and scarce protein sources such as
fishmeal and soya bean meal.

2017). It is, therefore, a matter of urgency to search for

Introduction

Animal feed is composed of major ingredients such as corn
meal, wheat, rice, soybean, fishmeal, and fish oil; therefore,
animal feed competes with human food requirements
(Rana et al., 2009; van Huis et al., 2013). The growing
human population and demand for food and feed places
continuous pressure on the environment (Foley et al.,
2011). The increasing demand for fishmeal and soybean
meal as major protein sources in animal feeds has led to
their scarcity and increasing market prices. Furthermore,
feed costs represent about 70% of total aquaculture and
livestock production (van Huis et al., 2013; Ssepuuya et al.,
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alternative and sustainable sources of protein for aquacul-
ture and livestock. The potential of insect-based protein
and other nutrients has attracted much interest from sci-
entists and public organizations (van Huis, 2013, 2015,
2016; van Huis et al., 2013, 2015; van Huis & Vantomme,
2014; Dicke, 2018). Among several insect species recom-
mended for animal feed, the black soldier fly (BSF), Her-
metia illucens L. (Diptera: Stratiomyidae), has the highest
potential for large-scale production (van Huis et al., 2013;
Rumpold et al., 2018). Larvae of BSF convert low-grade
organic side streams into high-quality protein and provide
an innovative strategy for waste valorization (Nguyen
et al.,, 2015; Surendra et al., 2016; Nyakeri et al., 2017;
Spranghers et al., 2017; Meneguz et al., 2018). The Food
and Agricultural Organization (FAO) recommends that
insect species suitable for feed are those that can be mass-
reared on an industrial scale, with a minimum reach of
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1, 000 kg per day of insect fresh weight (van Huis et al.,
2013). However, meeting this reccommendation requires a
considerable amount of substrate for insect feeding. More-
over, nutritional composition of BSF larvae is influenced
by the substrate used (Diener et al., 2009; Liland et al.,
2017; Spranghers et al., 2017; Barragan-Fonseca et al.,
2018; Wong et al., 2019).

Availability of sufficient amounts of feedstock is of para-
mount importance for sustainable insect production.
Brewers’ spent grain (BSG) is a by-product from beer pro-
duction and a suitable protein source utilized as feed for
livestock. However, the composition of BSG varies greatly
depending on the grains used and the industrial processes
and conditions such as fermentation, preservation, and
temperature employed. Moreover, wet BSG contains 75—
80% water and deteriorates rapidly because of bacterial
and fungal growth, restricting their utilization as animal
feed to the first few days after collection. Previous studies
have demonstrated that feeding pigs on BSG stored for
more than 1 week results in decreased feed intake and
body weight loss (Aguilera-Soto et al., 2008; Thomas et al.,
2010). Palatability of feed mixed with BSG has also been
shown to decrease with storage time and any uneaten feed
rapidly deteriorates, resulting in feed wasting. Fresh BSG
left in open space spoils quickly and constitutes an envi-
ronmental nuisance (Heuzé et al., 2017). Dehydrating or
ensiling wet BSG can help to prevent spoilage, but these
processes are time- and energy-consuming (Heuzé et al.,
2017). Beer production results in more brewer’s yeast than
required for beer brewing. This is the second most com-
mon by-product of beer production, which is also used as
a protein supplement in animal feed (Huige, 2006).
Brewer’s yeast has a short shelf life and its use as a feed sup-
plement is limited. For prolonged use, drum-drying is
required or it is mixed with BSG and then dried in a
steam-tube drier. Again, these processes require machinery
and energy, and are therefore not economical (Heuzé
et al,, 2018). Refining sugarcane results in a black syrup
called molasses, which is rich in carbohydrates and miner-
als. In Kenya, this by-product is mainly used as a supple-
ment in animal feed. However, when the production of
molasses exceeds the demand for animal feed, it can cause
environmental pollution, especially in water bodies if
major spills or factory effluents drain into rivers or streams
(M’Ndegwa, 2016).

In the context of the above concerns on utilizing BSG,
brewer’s yeast, and molasses in animal feeding, it is impor-
tant to consider alternative ways of utilizing these by-prod-
ucts. Incorporating molasses and brewer’s yeast in BSG
could provide an alternative strategy to manage excess of
by-products. There is limited information on the nutri-
tional quality of BSF larvae reared on BSG (Meneguz et al.,
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2018). An in-depth study of the nutrient content quality of
BSF larvae reared on brewery and sugar by-products can
fill this important knowledge gap. Therefore, the aim of
this study was to assess the nutritional content of BSF lar-
vae reared on BSG, supplemented with either water,
brewer’s yeast, or brewer’s yeast plus cane molasses, which
are generated by the beer brewers and sugar companies in
Kenya. In order to assess the nutritional quality for animal
diets, the crude protein, fat, ash, and mineral contents of
BSF larvae were analyzed. A previous study investigating
the effect of nine semi-artificial diets demonstrated that
body protein content was much less variable than body fat
content (Barragdn-Fonseca et al., 2019). Therefore, the
null hypothesis we set out to test in this study was that pre-
dominantly body crude fat content depends on nutrient
composition of the BSG-based feed substrates.

Materials and methods

Insect rearing and harvesting

Black soldier fly eggs were collected from the BSF colony at
the Animal Rearing and Containment Unit of the Interna-
tional Centre of Insect Physiology and Ecology (icipe),
Nairobi, Kenya. As substrate for the BSF larvae, four BSGs
were obtained from the Kenya Brewery Limited, Nairobi,
Kenya, resulting from the production of major beer
brands, such as Tusker, Guinness, Senator, and Pilsner, as
well as liquid brewer’s yeast. The BSGs obtained were gen-
erated from barley (B), malted barley (MB), malted corn
(MC), and sorghum plus barley (SB). Liquid cane
molasses was obtained from Mumias Sugar Company,
Kakamega, Kenya. Drying and preparation of substrates
and their proximate compositions were previously
described by Chia et al. (2018). In the present study, sub-
strates for rearing BSF larvae were formulated as follows:
500 g of each BSG (moisture content 10%; Chia et al.,
2018) was mixed with 800 ml of water to provide optimal
moisture for larval feeding and growth. Another group of
substrates consisted of 500 g of each BSG, mixed with
900 ml of liquid brewer’s yeast. The last group of sub-
strates consisted of 500 g of each BSG, mixed with 450 ml
of liquid brewer’s yeast plus 450 ml of liquid cane
molasses.

Twenty batches of freshly laid BSF eggs (ca. 500 eggs per
batch) were placed on the surface of each substrate in a 7-1
plastic container in a temperature-controlled room at
28 £+ 1 °C and 70 % 2% r.h., as previously described by
Chia et al. (2018). The experimental containers were
screened with fine mesh and eggs hatched after 3—4 days.
Larvae were provided with 500 g of freshly prepared sub-
strates every 3 days until the fifth instar, recognizable by a
beige color of the larvae; this occurred 2—3 weeks after egg
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hatching. At harvest, larvae were sieved and then manually
separated from the substrate using forceps according to
Spranghers et al. (2017). Harvested larvae were washed
with water and frozen at 0 °C until further analysis. Before
analysis, larvae were oven-dried at 60-70 °C, then ground
to powder using a blender (500-W Trio Mixer Grinder;
Preethi, Chennai, India).

Proximate composition analysis

Larval samples were analyzed to determine their proxi-
mate composition, defined as dry matter, crude protein,
fat, and ash contents according to AOAC (1990). Dry
matter content of larval samples was assessed by oven
drying the samples at 105 °C until constant weight, and
water content was determined as the weight difference
before and after oven-drying. For the crude protein con-
tent, the nitrogen content was determined following the
Kjeldahl method and the value was multiplied by a con-
version factor of 4.76 (Janssen et al., 2017) to obtain the
crude protein value. Fat content of larvae was deter-
mined by diethyl ether extraction in a fat extraction unit
(SER 148; Velp Scientifica, Usmate, Italy) following the
Randall technique, which involves immersion of samples
in a hot solvent (diethyl ether) to ensure rapid solubility,
washing off the solvent after boiling, and recovery by
evaporation and condensation of the solvent. Ash con-
tent was determined by ignition of samples at 550 °C in
a muffle furnace. Three replicate samples were analyzed
for each treatment.

Analysis of minerals

Mineral composition of BSF larvae was assessed by induc-
tively coupled plasma emission spectrometry (ICP-AES).
Sample preparation for mineral analysis involved incinera-
tion at 450 °C until a grey to reddish brown color of the
ash was observed. The ash was then dissolved in a mixture
of nitric acid (65%), hydrochloric acid (37%), and hydro-
gen peroxide (30%) (Manditsera et al., 2019). For each
treatment, three subsamples from one biological replicate
were analyzed for iron (Fe), copper (Cu), zinc (Zn), man-
ganese (Mn), sodium (Na), sulphur (S), magnesium
(Mg), potassium (K), aluminum (Al), phosphorus (P),
and calcium (Ca) contents. The Ca/P ratio was calculated
as the ratio of the concentration of Ca to the concentration
of P in the BSF larval samples.

Statistical analysis

Average crude protein, fat, ash, water, and the mineral
contents of larvae were compared among substrates and
supplements through two-way ANOVA (o = 0.05), with
least significant difference (LSD) test as post-hoc test. The
following model was used:

Y = p + subs + supp + subs: supp,

where Y is the observation, p is the mean nutrient con-
tent of the larvae, ‘subs’ is the substrate on which larvae
were reared, ‘supp’ is the supplement to the substrates
and ‘subs: supp’ is the interaction between substrate and
supplement. The relationship between the rearing sub-
strates, crude protein, fat, ash, water and mineral con-
tents was evaluated using principal component analysis
(PCA). All statistical analyses of the data were imple-
mented in R software (v.3.5.1).

Results

Proximate composition

The main effects of substrate and supplementation on pro-
tein, fat, and ash contents were significant, as was their
interaction effect (Table 1). Larvae reared on SB supple-
mented with brewer’s yeast had the highest protein content
followed by those reared on SB supplemented with brewer’s
yeast plus molasses, whereas larvae reared on MB supple-
mented with brewer’s yeast plus molasses had the lowest
protein content. Overall, larvae reared on substrates sup-
plemented with brewer’s yeast had a higher protein content
than those reared on water or yeast plus molasses-supple-
mented substrates. Fat content of larvae reared on sub-
strates generated from barley, malted barley, and malted
corn supplemented with brewer’s yeast plus molasses was
higher than when supplemented with water only or
brewer’s yeast only. Larvae reared on SB supplemented with
brewer’s yeast or brewer’s yeast plus molasses had the low-
est fat content (Table 1). There were no significant effects
of substrate and supplementation on larval water content.
However, their interaction was significant (Table 1).

The first principal component (PC) in the PCA
accounted for 64.6% of the variance in the data, whereas
the second accounted for 21.6% (total of 86.2%) (Fig-
ure 1). The PCA results revealed a positive correlation
between the crude protein and ash contents, whereas the
fat content was negatively correlated to the crude protein
content (Figure 1). Larvae reared on B, MB, and MC and
supplemented with a mixture of brewer’s yeast and
molasses had a higher fat content than larvae reared on the
other substrates, whereas SB supplemented with either
brewer’s yeast or a mixture of brewer’s yeast and molasses
resulted in higher values for larval crude protein and ash
contents. Overall, larvae grown on brewer’s yeast-based
substrates had higher crude protein contents, whereas lar-
vae fed on substrates supplemented with a mixture of
brewer’s yeast and molasses had higher fat contents com-
pared to larvae fed on water-based substrates, except for
larvae fed on SB supplemented with a mixture of brewer’s



spent barley; MB = spent malted barley; MC = spent malted

Table 1 Mean (+ SD;n = 3) proximate composition (% dry matter) of black soldier fly larvae reared on substrates (B

corn; SB = spent sorghum and barley) composed of agro-industrial by-products, supplemented with water (W), brewer’s yeast (Y), or brewer’s yeast plus molasses (YM)

Two-way ANOVA

Treatment

Substrate*

SB

MC

MB

Substrate Supplementation supplementation

YM YM YM YM

w

Variable

<0.0001

374 £ 419+ 317+ 399+ 413+ 299+ 406 £ 398+ 318+ 403 £ 457+ 446+ <0.0001 <0.0001

Crude

0.53b
114 £+

0.07a
9.5 £

0.17e
29.7 +

0.34e 0.22cd  0.75h 0.07de  0.40e 0.60g
171 &£ 393 £ 255+ 21.1 & 423+

21.1 £+

0.08g
49.0 +

0.62f 1.25¢
225 +

332 £+

protein
Fat

<0.0001

<0.0001

<0.0001

0.711
154 +

0.361
124 +

0.39¢
10.6 +

0.54b
9.2 +

1.16g
82 =+

2.38f
10.0 £

2.54¢

9.1 £

0.29h
8.7 £

0.78g
9.7

0.22a

6.7 £

1.04g
72 +

1.24d
83 £

<0.0001

<0.0001

<0.0001

Ash

0.11a
12.1 +
0.29

0.06b
11.8 £
0.20

0.48¢
99 £

0.26e
84 £

0.05g
104 +

0.41d
113 +
0.24

0.17ef
10.1 +
0.25

0.01f
9.1 £

0.44d
103 +

0.171
11.7 £

0.08h
10.8 =
4.61

0.08g

9.1 +

0.028

0.70

0.13

Water

0.70 0.36

0.02

0.20 0.21

0.46

0.40

content

Means within a row followed by different letter are significantly different (LSD test: P<0.05).
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yeast and molasses, which had a lower fat content
(Table 1).

Mineral composition

Substrate, supplementation, and their interaction had sig-
nificant effects on average concentration of macro- and
microminerals in the larvae (Table 2). Calcium was the
most abundant mineral in larvae across all substrates, fol-
lowed by P, K, S, and Mg. All other minerals such as Na,
Fe, Mn, and Zn were present at low concentrations. The
concentration of Cu was lowest of all minerals in the lar-
vae, independent of substrate on which they had been
reared. Additionally, larvae reared on SB supplemented
with brewer’s yeast or brewer’s yeast plus molasses had sig-
nificantly higher concentrations of all minerals compared
to the other substrates investigated (Table 2). A similar
result was obtained based on the PCA.

The first PC accounted for 56.9% of the variance in the
data, whereas the second accounted for 17.9% (total of
74.8%) (Figure 2). The mineral content of larvae was posi-
tively related with the substrate SB supplemented with
brewer’s yeast or brewer’s yeast plus molasses (Figure 2).
Most other substrates — particularly B, MB, and MC sup-
plemented with brewer’s yeast or brewer’s yeast plus
molasses — resulted in lower larval mineral contents. The
PCA clearly separates mineral content of larvae reared on
water-supplemented, brewer’s yeast-supplemented and
brewer’s yeast plus molasses-supplemented substrates,
except for SB supplemented with brewer’s yeast and
brewer’s yeast plus molasses (Figure 2).

Substrate, supplementation, and their interaction signif-
icantly affected Ca/P ratio in larvae (Table 2). Larvae
reared on substrates supplemented with brewer’s yeast
only had lower Ca/P ratio than those reared on substrates
supplemented with water or brewer’s yeast plus molasses
(Table 2).

Discussion

Our findings revealed that BSF larvae readily fed and grew
on all the tested organic side streams (Chia et al., 2018)
and converted them into nutrient-rich biomass. However,
in contrast with our hypothesis, not only body fat content
but also protein content of larvae was significantly influ-
enced by the substrate type. Our results agree with previ-
ous reports that rearing substrate influences the
nutritional composition of BSF larvae (Spranghers et al.,
2017; Wang & Shelomi, 2017; Barragan-Fonseca et al.,
2018). The supplementation of substrates with brewer’s
yeast, brewer’s yeast plus molasses, or water had significant
effects on several of the recorded nutritional parameters
(protein, fat, ash, and minerals contents). The substrates
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Figure 1 Principal component analysis of proximate composition of black soldier fly larvae reared on substrates (B = spent barley;

MB = spent malted barley; MC = spent malted corn; SB = spent sorghum and barley) composed of agro-industrial by-products,
supplemented with water (W), brewer’s yeast (Y), or brewer’s yeast plus molasses (YM). Substrates depicted on the same side of the vertical
axis as the vector of each of the content variables water, crude protein (CP), fat, or ash have a high value for this variable, whereas substrates
depicted on the opposite side of the vertical axis have a low value for this variable. Each treatment was replicated 3x. Solid symbols
represent the centroid values of the substratet+supplement combinations. [Colour figure can be viewed at wileyonlinelibrary.com]
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Figure 2 Principal component analysis of mineral composition of black soldier fly larvae reared on substrates (B = spent barley;

MB = spent malted barley; MC = spent malted corn; SB = spent sorghum and barley) composed of agro-industrial by-products,
supplemented with water (W), brewer’s yeast (Y), or brewer’s yeast plus molasses (YM). Substrates depicted on the same side of the vertical
axis as the vector of each of the minerals have a high value for this variable, whereas substrates depicted on the opposite side of the vertical
axis have a low value for this variable. Each treatment was replicated 3 x. Solid symbols represent the centroid values of the
substrate+supplement combinations. [Colour figure can be viewed at wileyonlinelibrary.com]

on which larvae were reared in the present study were gen- Chia et al. (2018). It should be noted that the nutrient con-
erated from a combination of agricultural products. The tent of the substrates and the larvae were not analyzed at
nutritional contents of these substrates are reported in the same time. Therefore, it is difficult to directly relate the
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two results. However, in both cases (substrate and larvae),
significant differences were observed in nutrient content
among treatments. Furthermore, the development time of
BSF larvae reared on these substrates was significantly dif-
ferent among substrate combinations and supplements
(Chia et al., 2018). The significant interaction between
substrate and supplementation reveals that the main effect
of substrate on the nutrient content of the larvae is depen-
dent on the type of supplementation or vice versa. The
main effects of substrate and supplementation on water
content were not significant, but their interaction was sig-
nificant. This means that there was no overall effect of
either substrate or supplementation on water content of
the larvae.

The crude protein content of larvae in our study ranged
between 30 and 46%. These values are within the range of
crude protein values for BSF larvae reported in the litera-
ture (Liland et al., 2017; Spranghers et al., 2017; Meneguz
etal., 2018). When larvae were reared on SB supplemented
with brewer’s yeast or brewer’s yeast plus molasses, the
resulting crude protein values were higher than obtained
for the other substrates investigated. The lowest fat content
values were also recorded on these substrates. Further-
more, the addition of brewer’s yeast, which contains high
crude protein and ash (Chollom et al., 2017) might have
contributed to the high nutritional content of the larvae
reared on SB. Low fat contents have previously been
reported in BSF larvae with high crude protein contents
(Finke, 2013; Musundire et al., 2016; Meneguz et al.,
2018). This indicates that these substrates are most suitable
for rearing BSF larvae.

Minerals have structural, physiological, catalytic, and
regulatory functions in the body (Andrieu, 2008; Suttle,
2010). The levels of Ca, Cu, Mg, Na, Mn, Fe, and Zn in
BSF larvae from our study are comparable to those
reported by Spranghers et al. (2017), whereas the levels of
P, K, and S were higher than the levels reported by Spran-
ghers et al. (2017). The mineral levels in BSF larvae from
our study are also similar to the levels reported by Tschir-
ner & Simon (2015) for BSF larvae reared on various sub-
strates. Furthermore, Makkar et al. (2014) reported higher
and similar levels of Ca and P, respectively, in BSF larvae
compared to our study. The differences between studies
might be due to differences in life stage of the BSF ana-
lyzed. For instance, Spranghers et al. (2017) reported val-
ues for BSF pre-pupae, whereas we analyzed fifth instars.
Overall, the mineral levels in BSF larvae in the present
study are in compliance with the requirements of poultry,
pigs, and fish (NRC, 1994, 1998; Davis & Gatlin, 1996).
Therefore, BSF larvae reared on agro-industrial substrates
used in the present study are promising alternatives to
fishmeal and soybean meal in terms of mineral content.

Although all macrominerals are important, Ca and P
are the most abundant macrominerals in the body. Cal-
cium and P are functionally related, they are particularly
implicated in bone formation and eggshell formation
(Pelicia et al, 2009; Li et al, 2017; Yang, 2019; Zotte
et al,, 2019). A deficiency or an excess of either of these
minerals affects the utilization of the other. Animal feed
is often deficient of these two minerals (McDowell, 2003;
Suttle, 2010) and requires supplementation to meet diet-
ary requirements. In the present study, Ca and P were the
predominant macrominerals recorded in BSF larvae. An
optimal Ca/P ratio is important in reducing nutritional
secondary hyperparathyroidism in insectivorous animals
such as cattle egrets, reptiles, amphibians, and cats. This
is a metabolic bone disease that results from insufficient
dietary intake of Ca or excessive intake of P in the diet
(Krook et al., 1963; Phalen et al., 2005; Lock, 2017; Boy-
kin, 2019). The Ca/P ratio in the present study is lower
than the 8.4 value for BSF larvae reported by Makkar
et al. (2014). However, the values found in our study lar-
gely fall within the recommended range (1-2) for animal
diets (Olson & Hale, 2001; Pelicia et al., 2009; Makkar,
2014; Stewart, 2017; Li et al., 2017; Zotte et al., 2019). In
addition, our values are similar to the Ca/P ratio in fish-
meal and higher than values for soybean meal, housefly
maggot meal, mealworm, locust meal, house cricket,
Mormon cricket, silkworm, and pupae meal (Makkar
et al, 2014). Our data agree with previous reports that
BSF larvae contain a higher concentration of Ca than of
P (Dierenfeld & King, 2008; Klaphake, 2010; Finke, 2013;
Boykin, 2019). Larvae reared on BSG supplemented with
brewer’s yeast yielded significantly lower Ca/P values
compared to those reared on substrates supplemented
with water or brewer’s yeast plus molasses. Brewer’s yeast
has been shown to contain lower levels of Ca than of P
(Onofre et al., 2017). This might have contributed to
lower Ca concentrations and high P concentrations in
the larvae and may explain the low Ca/P ratio. However,
Ca/P values are within the recommended range, indicat-
ing that the addition of brewer’s yeast to the substrates
can still result in the production of high-quality BSF lar-
vae with well-balanced Ca/P ratio, which will contribute
to the total dietary Ca/P requirement of farmed animals.
Furthermore, our results show that Ca is the most abun-
dant essential mineral in the larvae. This is consistent
with previous reports (Makkar et al., 2014; Li et al., 2017;
Spranghers et al., 2017; Wang & Shelomi, 2017; Schmitt
et al., 2019). Overall, our data demonstrate that larvae
reared on these substrates represent a promising alterna-
tive source of minerals for animal feeds.

In livestock feed formulation, ingredients are selected
based on their nutrient content, availability, palatability,



and cost (www.poultryhub.org/nutrition/feed-formu
lation/). Key nutrients in feed ingredients are amino acids
(contained in proteins), vitamins, and minerals. Fats and
protein provide energy needed to support metabolic pro-
cesses and growth, whereas minerals are needed for bone
formation, enzyme activation, and egg shell development
in laying hens. Against this background and from an over-
all evaluation of our data, BSF larvae reared on BSG can
successfully provide protein-rich meal for feed. Further-
more, the high content of Ca, P, and other essential
microminerals such as Fe and Zn recorded in the present
study represents a high potential of the larvae as a feed
component in livestock feed. The nutrient-rich larvae are
suitable for several purposes, one of which is animal feed-
ing (van Huis, 2013; Liland et al., 2017; Spranghers et al.,
2017). The inclusion of BSF larval meal can therefore min-
imise Ca supplementation in diets (Dierenfeld & King,
2008). Although all the substrate combinations tested
would produce high-quality larvae in terms of nutrient
composition, substrates generated by sorghum and barley,
and supplemented with brewer’s yeast or brewer’s yeast
plus molasses appear to be more suitable as rearing sub-
strates and result in larvae with higher levels of crude pro-
tein and minerals. Our findings show that BSF larvae may
be mass-produced on these substrates for animal feed,
providing an alternative strategy for managing agro-indus-
trial side streams, when the conventional uses of these sub-
strates such as direct feeding to livestock are not sufficient.

Acknowledgements

SYC was financially supported by the Netherlands Organi-
zation for Scientific Research, WOTRO Science for Global
Development (NWO-WOTRO) (ILIPA — W 08.250.202).
We would like to thank Njowe Kieran Bong Yisa, David
Mutegi Marikah, Isaiah Erick Rachami, and Alexandre Vil-
lela for their substantial contribution during sample analy-
sis and data processing in this study. We sincerely
acknowledge the financial support for this research pro-
vided by NWO-WOTRO, the Canadian International
Development Research Centre (IDRC), the Australian Cen-
tre for International Agricultural Research (ACIAR)
(INSFEED — Phase 2: Cultivate grant no: 108866-001), the
Rockefeller Foundation (SiPFeed — Grant no: 2018 FOD
009), and the Federal Ministry for Economic Cooperation
and Development (BMZ) (ENTONUTRI — 81194993)
through the International Centre of Insect Physiology and
Ecology (icipe). We also gratefully acknowledge the icipe
core funding provided by UK Aid from the Government
of the United Kingdom, the Swedish International Devel-
opment Cooperation Agency (Sida), the Swiss Agency for
Development and Cooperation (SDC), BMZ, Germany,

Nutritional composition of black soldier fly larvae 479

and the Kenyan Government. The views expressed herein
do not necessarily reflect the official opinion of the donors.

References

Aguilera-Soto JI, Ramirez RG, Arechiga CF, Mendez-Llorente F,
Lopez-Carlos MA et al. (2008) Effect of feed additives in grow-
ing lambs fed diets containing wet brewers grains. Asian-Aus-
tralasian Journal of Animal Sciences 21: 1425-1434.

Andrieu S (2008) Is there a role for organic trace element supple-
ments in transition cow health? Veterinary Journal 176: 77-83.

Barragdn-Fonseca KB, Pineda-Mejia J, Dicke M & van Loon JJA
(2018) Performance of the black soldier fly (Diptera: Stra-
tiomyidae) on vegetable residue-based diets formulated based
on protein and carbohydrate contents. Journal of Economic
Entomology 111: 2676-2683.

Barragdn-Fonseca KB, Gort G, Dicke M & van Loon JJA (2019)
Effects of dietary protein and carbohydrate on life-history traits
and body protein and fat contents of the black soldier fly Her-
metia illucens. Physiological Entomology 44: 148-159.

Boykin KL (2019) Assessing the Nutritional Value of Black Sol-
dier Fly Larvae (Hermetia illucens) Used for Reptile Foods.
MSc Thesis 4927, Louisiana State University, Baton Rouge, LA,
USA.

Chia SY, Tanga CM, Osuga IM, Mohamed SA, Khamis FM et al.
(2018) Effects of waste stream combinations from brewing
industry on performance of black soldier fly, Hermetia illucens
(Diptera: Stratiomyidae). Peer] 6: €5885.

Chollom P, Agbo E, Doma U., Okojokwu O & Yisa A (2017)
Nutritional value of spent brewers’ yeast (Saccharomyces cere-
visiae): a potential replacement for soya bean in poultry feed
formulation. Researcher 9: 70-74.

Davis DA & Gatlin DM III (1996) Dietary mineral requirements
of fish and marine crustaceans. Reviews in Fisheries Science 4:
75-99.

Dicke M (2018) Insects as feed and the Sustainable Development
Goals. Journal of Insects as Food and Feed 4: 147—156.

Diener S, Zurbriigg C & Tockner K (2009) Conversion of organic
material by Black Soldier Fly larvae: establishing optimal feed-
ing rates. Waste Management and Research 27: 603—610.

Dierenfeld ES & King J (2008) Digestibility and mineral availabil-
ity of phoenix worms, Hermetia illucens, ingested by mountain
chicken frogs, Leptodactylus fallax. Journal of Herpetological
Medicine and Surgery 18: 100-105.

Finke MD (2013) Complete nutrient content of four species of
feeder insects. Zoo Biology 32: 27-36.

Foley JA, Ramankutty N, Brauman KA, Cassidy ES, Gerber JS et al.
(2011) Solutions for a cultivated planet. Nature 478: 337—342.
Heuzé V, Thiollet H, Tran G, Edouard N, Lessire M & Lebas F
(2018) Brewers Yeast. www.feedipedia.org/node/72 (accessed

25 May 2019).

Heuzé V, Tran G, Sauvant D & Lebas F (2017) Brewer’s Grains.
www.feedipedia.org/node/724 (accessed 25 May 2019).

Huige NJ (2006) Brewery byproducts and effluents. Handbook of
Brewing (ed. by FG Priest & GG Stewart), pp. 656-713. CRC
Press, Boca Raton, FL, USA.


http://www.poultryhub.org/nutrition/feed-formulation/
http://www.poultryhub.org/nutrition/feed-formulation/
http://www.feedipedia.org/node/72
http://www.feedipedia.org/node/724

480 Chiaetal.

van Huis A (2013) Potential of insects as food and feed in assur-
ing food security. Annual Review of Entomology 58: 563-583.

van Huis A (2015) Edible insects contributing to food security?
Agriculture and Food Security 4: 1-9.

van Huis A (2016) Edible insects are the future? Proceedings of
the Nutrition Society 75: 294-305.

van Huis A & Vantomme P (2014) Conference report: insects to
feed the world. Food Chain 4: 184-192.

van Huis A, Dicke M & van Loon JJA (2015) Insects to feed the
world. Journal of Insects as Food and Feed 1: 3-5.

van Huis A, van Itterbeeck J, Klunder H, Mertens E, Halloran A
etal. (2013) Edible Insects: Future Prospects for Food and Feed
Security. FAO Forestry Paper No. 171, Food and Agriculture
Organization of the United Nations, Rome, Italy.

Janssen RH, Vincken JP, van den Broek LA, Fogliano V & Lake-
mond CM (2017) Nitrogen-to-protein conversion factors for
three edible insects: Tenebrio molitor, Alphitobius diaperinus,
and Hermetia illucens. Journal of Agricultural and Food Chem-
istry 65: 2275-2278.

Klaphake E (2010) A fresh look at metabolic bone diseases in rep-
tiles and amphibians. Veterinary Clinics: Exotic Animal Prac-
tice 13: 375-392.

Krook L, Barrett RB, Usui K & Wolke RE (1963) Nutritional sec-
ondary hyperparathyroidism in the cat. Cornell Veterinarian
53:224-240.

Lock B (2017) Nutritional Secondary Hyperparathyroidism in
Reptiles. https://veterinarypartner.vin.com/default.aspx?pid=
19239&catld=102919&id=8012396 (accessed 5 July 2019).

Li X, Zhang D & Bryden WL (2017) Calcium and phosphorus
metabolism and nutrition of poultry: are current diets formu-
lated in excess? Animal Production Science 57: 2304-2310.

Liland NS, Biancarosa I, Araujo P, Biemans D, Bruckner CG et al.
(2017) Modulation of nutrient composition of black soldier fly
(Hermetia illucens) larvae by feeding seaweed-enriched media.
PLoS One 12: e0183188.

M’Ndegwa JK (2016) Diversifying the use of molasses towards
improving the infrastructure and economy of Kenya. Civil and
Environmental Research 8: 37-42.

Makkar HP, Tran G, Heuzé V & Ankers P (2014) State-of-the-art
on use of insects as animal feed. Animal Feed Science and
Technology 197: 1-33.

Makkar HPS (2014) Insect Meals as Animal Feed. www.feediped
ia.org/content/insect-meals-animal-feed (accessed 28 May
2019).

Manditsera FA, Luning PA, Fogliano V & Lakemond CMM (2019)
The contribution of wild harvested edible insects (Eulepida
mashona and Henicus whellani) to nutrition security in Zim-
babwe. Journal of Food Composition and Analysis 75: 17-25.

Mcdowell L (2003) Calcium and phosphorus. Minerals in Animal
and Human Nutrition (ed. by L Mcdowell), pp. 33-100. Else-
vier, Amsterdam, The Netherlands.

Meneguz M, Schiavone A, Gai F, Dama A, Lussiana C et al.
(2018) Effect of rearing substrate on growth performance,
waste reduction efficiency and chemical composition of black
soldier fly (Hermetia illucens) larvae. Journal of the Science of
Food and Agriculture 98: 5776-5784.

Musundire R, Osuga IM, Cheseto X, Irungu ] & Torto B (2016)
Aflatoxin contamination detected in nutrient and anti-oxidant
rich edible stink bug stored in recycled grain containers. PLoS
One 11: e0145914.

Nguyen TTX, Tomberlin JK & Vanlaerhoven S (2015) Ability of
black soldier fly (Diptera: Stratiomyidae) larvae to recycle food
waste. Environmental Entomology 44: 406—410.

NRC (National Research Council) (1994) Nutrient Requirements
of Poultry, 9th revised edn. National Academies Press, Wash-
ington, DC, USA.

NRC (National Research Council) (1998) Nutrient Requirement
of Swine, 10th revised edn. National Academy Press, Washing-
ton, DC, USA.

Nyakeri EM, Ogola HJO, Ayieko MA & Amimo FA (2017) Valori-
sation of organic waste material: growth performance of wild
black soldier fly larvae (Hermetia illucens) reared on different
organic wastes. Journal of Insects as Food and Feed 3: 193-202.

Olson K & Hale C (2001) Mineral Supplements for Beef Cattle.
www.semanticscholar.org/paper/Mineral-Supplements-for-
Beef-Cattle-Olson-Hale/b5e8a1dd7616£cf8270a19115158bc
1045a8654c (accessed 21 May 2019).

Onofre SB, Bertoldo IC, Abatti D & Refosco D (2017) Chemical
composition of the biomass of Saccharomyces cerevisiae -
(Meyen ex E. C. Hansen, 1883) yeast obtained from the beer
manufacturing process. International Journal of Environment,
Agriculture and Biotechnology 2: 558-562.

Pelicia K, Garcia E, Faitarone A, Silva A, Berto D et al. (2009)
Calcium and available phosphorus levels for laying hens in
second production cycle. Revista Brasileira de Ciéncia Avicola
11: 39-49.

Phalen DN, Drew ML, Contreras C, Roset K & Mora M (2005)
Naturally occurring secondary nutritional hyperparathy-
roidism in cattle egrets (Bubulcus ibis) from central Texas.
Journal of Wildlife Diseases 41: 401-415.

Rana K]J, Siriwardena S & Hasan MR (2009) Impact of rising
feed ingredient prices on aquafeeds and aquaculture produc-
tion. FAO Fisheries and Aquaculture, Technical Paper No.
541. www.fao.org/3/i1143e/i1143e00.pdf (accessed 22 May
2019).

Rumpold BA, Speckmann H, Schliiter O, Kloas W & Prochnow
A (2018) Potentials of a biogenic residue-based production of
Hermetia illucens as fish meal replacement in aquafeed for
Oncorhynchus mykiss in Germany. Journal of Insects as Food
and Feed 4: 5-18.

Schmitt E, Belghit I, Johansen J, Leushuis R, Lock EJ et al. (2019)
Growth and safety assessment of feed streams for black soldier
fly larvae: a case study with aquaculture sludge. Animals 9: 189.

Suttle NF (2010) Mineral Nutrition of Livestock, 4th edn. CABI,
Wallingford, UK.

Spranghers T, Ottoboni M, Klootwijk C, Ovyn A, Deboosere S
etal. (2017) Nutritional composition of black soldier fly (Her-
metia illucens) prepupae reared on different organic waste sub-
strates. Journal of the Science of Food and Agriculture 97:
2594-2600.

Ssepuuya G, Namulawa V, Mbabazi D, Mugerwa S, Fuuna P et al.
(2017) Use of insects for fish and poultry compound feed in


https://veterinarypartner.vin.com/default.aspx?pid=19239&catId=102919&id=8012396
https://veterinarypartner.vin.com/default.aspx?pid=19239&catId=102919&id=8012396
http://www.feedipedia.org/content/insect-meals-animal-feed
http://www.feedipedia.org/content/insect-meals-animal-feed
http://www.semanticscholar.org/paper/Mineral-Supplements-for-Beef-Cattle-Olson-Hale/b5e8a1dd7616fcf8270a19115158bc1045a8654c
http://www.semanticscholar.org/paper/Mineral-Supplements-for-Beef-Cattle-Olson-Hale/b5e8a1dd7616fcf8270a19115158bc1045a8654c
http://www.semanticscholar.org/paper/Mineral-Supplements-for-Beef-Cattle-Olson-Hale/b5e8a1dd7616fcf8270a19115158bc1045a8654c
http://www.fao.org/3/i1143e/i1143e00.pdf

sub-Saharan Africa — a systematic review. Journal of Insects as
Food and Feed 3: 289-302.

Stewart L (2017) Mineral Supplement for Beef Cattle. UGA
Cooperative Extension Bulletin 895. https://secure.caes.uga.ed
u/extension/publications/files/pdf/B%20895_4.pdf (accessed
29 May 2019).

Surendra KC, Olivier R, Tomberlin JK, Jha R & Khanal SK (2016)
Bioconversion of organic wastes into biodiesel and animal feed
via insect farming. Renewable Energy 98: 197-202.

Thomas M, Hersom M, Thrift T & Yelich J (2010) Wet Brewers’
grains for Beef Cattle (AN241). University of Florida. Institute
of Food and Agricultural Sciences (IFAS) Extension. http://ed
is.ifas.ufl.edu/pdffiles/ AN/AN24100.pdf (accessed 22 June
2020).

Tschirner M & Simon A (2015) Influence of different growing
substrates and processing on the nutrient composition of black

Nutritional composition of black soldier fly larvae 481

soldier fly larvae destined for animal feed. Journal of Insects as
Food and Feed 1: 249-259.

Wang YS & Shelomi M (2017) Review of black soldier fly (Her-
metia illucens) as animal feed and human food. Foods 6: 91.

Wong CY, Rosli SS, Uemura Y, Ho YC, Leejeerajumnean A et al.
(2019) Potential protein and biodiesel sources from black sol-
dier fly larvae: insights of larval harvesting instar and fermented
feeding medium. Energies 12: 1570.

Yang S (2019) Why is the calcium in our black soldier fly larvae
so important? Symton Black Soldier Fly Blog. https://sym
tonbsf.com/blogs/blog/why-is-the-calcium-in-our-black-sold
ier-fly-larvae-so-important (accessed 2 July 2019).

Zotte AD, Singh Y, Michiels ] & Cullere M (2019) Black soldier
fly (Hermetia illucens) as dietary source for laying quails: live
performance, and egg physico-chemical quality, sensory profile
and storage stability. Animals 9: 115.


https://secure.caes.uga.edu/extension/publications/files/pdf/B%20895_4.pdf
https://secure.caes.uga.edu/extension/publications/files/pdf/B%20895_4.pdf
http://edis.ifas.ufl.edu/pdffiles/AN/AN24100.pdf
http://edis.ifas.ufl.edu/pdffiles/AN/AN24100.pdf
https://symtonbsf.com/blogs/blog/why-is-the-calcium-in-our-black-soldier-fly-larvae-so-important
https://symtonbsf.com/blogs/blog/why-is-the-calcium-in-our-black-soldier-fly-larvae-so-important
https://symtonbsf.com/blogs/blog/why-is-the-calcium-in-our-black-soldier-fly-larvae-so-important

