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Abstract
Purpose Objective of this study is the valorisation of mass rearing waste of fruit flies from sterile insect technique facilities 
by black soldier flies into high quality and quantity products as a sustainable utilisation concept.
Methods Different ratios of medfly rearing waste in hen feed were used for rearing black solder fly (BSF) larvae. The growth 
rate and insect survival were determined. Moreover, the mass gains were determined and bioconversion rates were assessed. 
Furthermore, the nutritional compositions of BSF pupae were analysed to evaluate the product quality.
Results The omnivorous BSF larvae were highly efficient at converting digested waste into body mass as compared to the 
control treatment (hen feed). High weight of pre-pupae was recorded for all experimental diets. The efficacy of larvae to reach 
pupae ranged from 92.5 to 98.5%, while the efficacy of pupae to reach adults ranged from 81.7 to 89.0%. All experimental 
diets exhibited high rates of prepupal weight, metabolism and efficiency of conversion of digested food. A nutritional analysis 
revealed that the protein and fat contents were high, while the bioaccumulation of heavy metals was low,
Conclusion Medfly rearing waste is a potential feed ingredient for the production of BSF pre-pupae and could be applied to 
valorise this rearing waste into high-value feed.
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Statement of Novelty

With the amassing of insect rearing waste due to the ster-
ile insect technique for biological insect control, efficient 
valorisation concepts for this nutrient-rich substrate are 
urgently needed. While it has been shown that the omnivo-
rous black soldier fly Hermetia illucens has the poten-
tial to convert and valorise food and other organic wastes 
including manure and faecal sludge, valorising insect rear-
ing waste by black soldier fly is a novel approach. It was 
shown that black soldier fly could be reared on experimen-
tal diets containing medfly rearing waste and that it has 
potential for its valorisation into valuable feed.

Introduction

The black soldier fly (BSF), Hermetia illucens (L., 1758), 
is one of the beneficial edible insects that has been con-
sidered to be native in almost 80% of the world between 
latitudes in particular tropical and sub-tropical areas. It is 
indigenous to many regions, including America, Europe, 
India, Asia, Australia, and Africa [1, 2]. BSF larvae have 
a high potential for organic waste management and have 
been promising for bio-waste processing e.g., in landscap-
ing in the recent decade [3]. Because they are polyphagous 
and contain a high quality of nutrients, BSF are excellent 
candidates for a range of applications [4]. In particular, 
BSF have the potential to contribute to solving two of 
modern agriculture's challenges: serving as an alternative 
protein source for animal feed and managing organic waste 
[5]. Moreover, BSF could provide novel antimicrobial 
compounds [6] and a source of chitin [7]. Furthermore, 
BSF have been proposed as a promising species for use in 
the entomo-remediation of heavy metal-polluted organic 
biomass [8, 9]. Generally, BSF waste is non-hazardous to 
the environment, moreover it has the potential to be an 
organic fertilizer for promoting plant growth because it 
contains several essential plant nutrients [10, 11], and it 
was also proposed as an interesting substrate for biogas 
generation due to its high biomethane potential [2]. It 
was shown that the BSF has the potential to convert vari-
ous agricultural by-products associated with a significant 
reduction in organic matter volumes, such as coffee. [12], 
manure [13] and palm kernel meal [14] or organic waste 
materials like market waste, municipal organic waste [15] 
or dewatered faecal sludge [16]. These different organic 
wastes can be transformed by BSF larvae into high valua-
ble nutrients [17]. Evidently, organic waste has been man-
aged by BSF on a large scale in many regions around the 
world [18] Few studies have focused on the utilization of 

mass rearing insect waste from various species and appli-
cation programs, particularly waste from fruit fly mass 
rearing facilities [19]. The use of cricket and locust rearing 
waste as a feed substrate for BSF with the goal to estab-
lish a circular food economy and improve the efficiency 
of insect farms has been investigated by Jucker et al. [20]. 
Moreover, BSF larvae had successfully converted silk-
worm pupae, a by-product of the sericulture industry, into 
safe and highly nutritious products [21]. They showed that 
cricket and locust as well as silkworm rearing waste could 
be used as feed substrate for BSF. This implies that the 
rearing waste of fruit flies produced from the insect facili-
ties of sterile insect technique (SIT) programmes could 
also be recycled by BSF. SIT involves releasing high num-
bers of sterile flies in nature to induce sterile mating in a 
natural population that reduces its reproduction to a level 
below population maintenance. In order to achieve this, 
the production of sterile flies in sufficient numbers and of 
adequate quality is one of the principal requirements for 
the success of this technique. SIT programmes of Mediter-
ranean fruit flies Ceratitis capitata (Wiedemann) (Medfly) 
are widely used in many countries around the world in 
different facilities, producing e.g., 6 million sterile males/
week in South Africa [22], 130 million sterile males/week 
in Morocco [23] and 200 million sterile male per day in 
Guatemala [24]. The SIT programme in Queensland, 
Australia, producing the fruit fly, Bactrocera tryoni, was 
reported to result in the disposal of tonnes of rearing waste 
each year. However, the crude protein and fat contents 
were increased in the spent media as compared to fresh 
one which may due to the presence of larvae residues [19]. 
Accordingly, the valorisation of organic waste from rear-
ing these large numbers of insects is a prerequisite that 
requires a sustainable solution. Attempt has been done to 
use the medfly rearing waste as ruminant feed whereas low 
levels of tannin and phenolic, good nutritional constitutes 
and degrades quickly [25]. However, a novel concept for 
the valorisation of fruit fly rearing waste is desperately 
needed. The purpose of our study was to determine the 
potential of BSF for the conversion of waste of Medfly 
rearing facilities and to assess the efficacy of this BSF-
assisted waste management, while considering the nutri-
tional benefits of BSF.

Material and Methods

Insect Rearing

BSF were reared and maintained under laboratory conditions 
at 27 ± 2 °C and 65% R. H. Full grown pupae were supplied 
in the adult rearing screen cages (2 m × 2 m × 2 m) installed 
in an adult rearing room with a 14 L: 10 D photoperiod. The 
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cages were provided by plastic cups containing pieces of cot-
ton wool soaked with 10% sugar for drinking the emerged 
flies. Attractant substrate comprised of different organic 
waste that was placed inside the cage. Strips of wood were 
provided near the substrates to provide egg laying sites for 
the flies. The egg masses were collected daily and trans-
ferred to plastic containers (70 × 30 × 15  cm3) containing a 
medium comprised of hen feed (90% humidity) for feeding 
the newly hatched larvae. The containers were covered with 
muslin cloths for 5 days. Then, the young larvae were trans-
ferred to the larval rearing cages until pupation.

Feed Substrate

The hen feed was purchased from the local market. While 
medfly rearing waste was obtained from the mass rearing of 
Mediterranean fruit fly Ceratits capitate. The rearing diet 
composition per 1 kg diet was 300 g wheat bran as bulking 
agent, 70 g yeast, 130 g sucrose, 2 g sodium benzoate, 15 ml 
HCl and 500 ml water. The residual diet was collected after 
the last instar larvae (third instar) pupates within seven to 
eight days inside sand below the rearing trays. The larval 
rearing waste was collected which consists of wheat brain, 
sugar residue, yeast residue and residues of medfly larvae 
(dead larvae, molting residues, un-hatched eggs and residue 
of larval feed).

The waste was oven-dried at 40 °C for 24 h and then irra-
diated with a dose rate of 800 Gy using Cobalt 60 gamma 
cell at a dose rate of 1.0 Gy/min. Irradiation treatment is an 
effective phytosanitary treatment against different pathogens 
or unfavorable pests that could infect the waste with minimal 
adverse effects on the quality of most fresh products [26]. 
The dried waste was stored at room temperature until use.

The experimental diets were prepared using hen feed as 
a control diet and different ratios of medfly rearing waste as 
described in Table 1.

Bioassay

BSF larvae were fed on different diets at feeding rate aver-
age of 100 mg/larvae/day. The larvae were kept inside con-
tainers (20 × 10 × 15 cm), wrapped with a black plastic 
sheet at side and lid. Ten holes, with size of 15 mm each, 

were punctured at the lid to provide oxygen. For six days, 
1.4 g larvae (about 200–220 larvae) were kept in the con-
tainer. All treatments were carried out in triplicate and 
were repeated in two times. The daily amount of feed was 
adapted in accordance to the number of remaining larvae 
in each container. Every 3 days, the larvae were transferred 
to new containers filled with the appropriate amount of 
feed, which was prepared on the same day. At each trans-
fer, the weight of the larvae was measured. Resultant pre-
pupae from each treatment were collected daily, counted, 
weighted and stored in waxed paper cups on moist sawdust 
and covered with muslin cloth until pupation. The pupae 
were collected daily and placed inside plastic cups until 
adult emergence. The emerged flies were placed inside 
wooden cages (30 × 30 × 30 cm) to calculate the adult sur-
vival in each treatment. The larval growth, developmental 
time to pre-pupation, pupation, emergence and longevity 
were measured.

Larval growth was measured by biomass gain of larvae 
until developed into pre-pupae and expressed in growth 
rate (GR) following the Eq. 1:

The bioconversion rate (BR) was calculated using Eq. 2 
[27], which is the ratio of larval weight gain (W) to the 
total amount of feed offered (F) minus the residue in the 
experimental container (R) (larval frass).

Feed reduction efficiency was measured by the reduc-
tion index (RI) (Eq. 3) [15] and was calculated using the 
overall degradation D (see Eq. 4) per duration t (in days) 
of larvae fed on the substrate.

The overall degradation D was calculated by the total 
feed offered (F) without the residue in the experimental 
container (R) divided by the total feed offered (F).

The amount of feed consumed that was used as energy 
by the larvae to maintain body homoeostatic balance is 
referred to Metabolism (M) that was calculated using Eq. 5 
[28]. It is defined as ingested food that is calculated by the 
difference of the total feed offered (F) and the residue in 
the experimental container (R) (larval frass) divided by 
pre-pupal weight gain (PW).

The conversion efficiency of ingested food was deter-
mined by conversion efficiency index (ECI) that refers 

(1)GR (mg∕day) = (final weight − initial weight)∕time

(2)BR(g) = W∕(F − R) ∗ 100

(3)RI(g∕days) = D∕t

(4)D = (F − R)∕F

(5)M(%) = (F − R)∕PW ∗ 100

Table 1  Inclusion percentage of feed ingredients of Hermetia illucens 
based on hen feed and medfly rearing waste

Experimental Diets Diet-  H25 Diet-W

Ingredients (%) Diet-H Diet-H75 Diet-H50

Hen food (H) 100 75 50 25 0
Medfly rearing 

waste (W)
0 25 50 75 100
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to the ratio of pre-pupal weight gain to the amount of 
ingested food and calculated using Eq. 6 [29]

The approximate digestibility (AD) is the difference 
between the weight of offered feed (F) and the residue of 
the offered feed (R) divided by the residue R and calculated 
using Eq. 7 [30, 31].

The ability of larvae to convert the waste into their body 
mass was calculated by efficiency of conversion of digested 
food (ECD) using Eq. 8 [32, 33].

Biochemical Analysis

Proximate analyses (Protein, fat, ash and carbohydrate) 
of Diet-H and Diet-W were conducted by the methods of 
AOAC [34]using 100 mg dry matter, respectively. The 
protein and fat contents of the experimental Pupae-H and 
Pupae-W were determined using 50 mg soft tissues from 
respective pupae. The samples were homogenised in 1 ml 
distilled water and centrifuged at 8000 rpm for 15 min at 
2 °C using a refrigerated centrifuge; the resulted superna-
tants were stored at 3 °C to use for biochemical analysis 
for a few days (one week maximum). All experiments were 

(6)ECI(%) = PW∕(F − R) ∗ 100

(7)AD(%) = (F − R)∕R ∗ 100

(8)ECD = ECI∕AD

conducted in triplicate and were repeated in two times. 
The crude protein content was analysed according to Hor-
witz [35], lipids were extracted and purified according to 
Christie [36]. The Ash and carbohydrate contents were 
analysed according to (AC, 1995). The nitrogen, carbon 
and trace elements contents were analysed by an Energy 
Dispersive X-ray analyzer (EDX, Jeol, Japan) supplied by 
a scanning electron microscope model HEOL-JSM 4500 
(Jeol, Japan).

The bioaccumulation of respective elements was 
assessed by the bioaccumulation factor (BF) according to 
Eq. 9 [37].

where CP is the concentrations of elements in BSF pupae 
and CF is the concentration of elements in the feed.

Data Analysis

Bioassay and biochemical analyses were evaluated statis-
tically by one way analysis of variance (ANOVA) tech-
nique. Duncan multiple range test was used to analyze the 
means. The ANOVA statistics were defined as significant 
[38] when P < 0.01. The means and standard errors of feed 
performance, larval development, and longevtiy were cal-
culated from original data. The data of pupation, adult 
emergence, bioconversion, and digested efficiency were 
transformed by arcsine tables.

(9)BF(ppm) = CP(ppm)∕CF(ppm)

Fig. 1  Averages of mass yield 
of larvae (gm) ± SE of Hermetia 
illucens fed on five diets based 
on different percentages of hen 
feed and medfly rearing waste
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Results and Discussion

Insect Development and Growth

The mass yields of BSF larvae varied during their life 
span by different experimental diets (Fig. 1). At 9 days 
old, the mass yield of larvae fed on Diet-H75 was not 
significantly higher (16.8 ± 0.5 g) than fed on Diet-H50 
and Diet-H (14.8 ± 0.7 and 14.75 ± 1.2 g), respectively, 
while it was significantly higher as compared to larvae 
fed on Diet-H25 and Diet-W (13 ± 1.2 and 12.2 ± 1.2 g), 
respectively (F(4,29) = 3.5, P = 0.02). The same trend was 
observed for the mass larval weight at 12 days old where 
the highest yield was recoded at the Diet-H75 (35.0 ± 1.0 g) 
as compared to a yield of 31.0 ± 2.4, 30.9 ± 0.6, 27.3 ± 2.5, 
25.7 ± 2.4 g of Diet-H50 and Diet-H, Diet-H25 and Diet-
W, respectively (F(4,29) = 3.4, P = 0.03). At 15 days old, 
the average of mass yield of larvae fed on Diet-H75 was 
significantly higher (39.7 ± 1.3  g) than fed on Diet-
H50 and Diet-H and Diet-W (36.4 ± 1.4, 35.6 ± 1.2 and 
34.2 ± 1.2 g), respectively (F(4,29) = 3.6, P = 0.01), respec-
tively, while, it was not significantly higher than fed on 
Diet-H25 (36.8 ± 0.5). Additionally, the larval biomass was 
greatly increased during the sigmoidal growth phase from 
6 to 12 days old as compared to 12 to 15 days. Our findings 
inferred that the BSF larvae were capable to metabolise 

medfly-rearing waste into high mass yield as compared to 
the control treatment (hen feed).

The duration of BSF larvae fed on Diet-W to reach pre-
pupal stage was significantly prolonged (18.3 ± 0.2 days) as 
compared to Diet-H75 (16.6 ± 0.3), while, the difference was 
not significant as compared to Diet-H, Diet-H50 and Diet-
H25 (17.9 ± 0.8, 17.6 ± 0.5 and 17.3 ± 0.6 days), respectively 
 (F(4,29) = 3.0, P = 0.04) (Fig. 2). Moreover, the adult longev-
ity produced on Diet-W was significantly lower (9.3 ± days) 
than on Diet-H75, Diet-H50 (10.2 ± 0.3 and 10.1 ± 0.4), 
respectively  (F(4,29) = 6.4, P = 0.01). Our obtained results 
indicated that the larvae developed with 16.3–18.3 days 
faster than on dairy manure (28–30 days) [39] and on meat 
meal (33 days) [40]. Furthermore, the results of adult lon-
gevity (9.3–10.2 days) are in accordance with Bertinetti et al. 
[41] who determined a longevity of 8–11 days which was 
increased by 1 day by feeding adults on milk. This is con-
tradictory to findings by Nakamura et al. [42] who found a 
longevity of 21–37 days and by Tomberlin et al. [43] who 
reported 14–17 days for adult longevity.

Figure 3 shows the pupal percentages derived from the 
larvae fed different experimental diets. The percentages 
of pupation in Diet-H (98.5%) were significantly higher 
as compared to of Diet-H75, Diet-H50, Diet-H25 and Diet-
W (96.6, 94.7, 94.0 and 92.5%); (F = 9.7, P = 0.002), 
respectively. Similarly, the adult emergence after having 
fed on Diet-H was with 89.0% significantly the highest as 

Fig. 2  Averages of Hermetia 
illucens larval and pupal dura-
tions in response to the use of 
five dietary larvae based on dif-
ferent percentages of hen feed 
and medfly rearing waste



98 Waste and Biomass Valorization (2023) 14:93–104

1 3

compared to all other diets (F(4,29) = 12.7, P = 0.001) and 
the percentages decreased with increasing percentages of 
med fly rearing waste in the diet. It has been proposed that 
different diets during larval stage caused differences in 
larval and pupal mortalities, which also affected pupation 
and adult emergence, respectively [44–46]. The efficacy 
of larvae to reach pupae after being fed on medfly rearing 
waste (Diet-W) was in the current study with 92.5% higher 
as compared to 71.0–84.0% on dairy manure (Myer et al. 

2008), 82.2% on chicken manure [31], and 40% on meat 
meal [40]. Moreover, the adult emergence of the present 
study was with 81.7–89.0% lower compared to 93.0–97.0% 
as determined by Holmes et al. [47]. However, adult emer-
gence may be influenced by other factors as well such as 
moisture and type of pupation substrates [48, 49]. The 
BSF pupae in our study were not subjected to substrates 
or moisture.

Fig. 3  Percentages of pupa-
tion and adult emergence of 
Hermetia illucens reared on 
five respective larval diets with 
varied percentages of hen feed 
and medfly rearing waste

Table 2  Means of various feed performance and growth rate parameters in response to using five different diets for rearing Hermetia illucens 
larvae

Experimental Diets fed to larvae

Parameters (± SE) Diet-H Diet-H75 Diet-H50 Diet-H25 Diet-W

Avg. larval weight (mg) 163.5 ± 6.3b 185.6 ± 6.2a 162.1 ± 13.5b 157.6 ± 8.9b 175.7 ± 11.6ab
Avg. growth rate (mg/day) 3.0 ± 0.2b 3.6 ± 0.4a 3.1 ± 0.3b 2.9 ± 0.1b 2.8 ± 0.3b
Avg. pre-pupal weight (mg) 128.7 ± 6.1b 156.7 ± 7.1a 127.0 ± 2.1b 116.2 ± 1.0c 136.1 ± 2.3b
Bioconversion rate (BR) (%) 13.5 ± 0.9b 16.3 ± 0.8a 14.1 ± 0.7b 16.1 ± 1.0a 14.3 ± 0.7b
Reduction index (RI) (%) 8.8 ± 0.2a 7.8 ± 0.2bc 8.2 ± 0.1b 7.5 ± 0.4cd 7.0 ± 0.1d
Metabolism (M) (%) 68.8 ± 2.0a 58.7 ± 1.8bc 63.2 ± 1.3b 56.4 ± 3.8c 53.7 ± 0.7c
Approximate Digestibility (AD) (%) 74.1 ± 2.4a 57.0 ± 3.8bc 64.1 ± 1.9b 49.6 ± 8.8cd 40.6 ± 1.3d
Conversion Efficiency Index (ECI) (%) 13.5 ± 0.9 b 16.3 ± 0.8 a 14.1 ± 0.7 b 16.1 ± 1.0a 14.3 ± 0.7b
Efficiency of Conversion of
Digested-Feed (ECD) (%)

18.3 ± 1.8b 29.0 ± 2.9ab 22.2 ± 1.8b 37.3 ± 10.1a 35.5 ± 2.2a
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Insect Performance and Bioconversion

Table 2 shows the weight averages of larvae (16–17 days 
old, mg/larvae). It was shown that the larval weight pro-
duced from Diet-H75 was significantly higher than from 
Diet-H, Diet-H50 and Diet-H25, while there was no sig-
nificant difference as compared to Diet-W (F(4,29) = 2.6, 
P = 0.06). Similar results were recorded for the growth rate 
(mg/day). The growth rate of larvae fed on Diet-H75 was 
significantly higher than of larvae fed on Diet-H, Diet-H25 
and Diet–W, while there was no significant difference as 
compared to on Diet-H50 (F(4,29) = 2.4, P = 0.08). Our results 
of larval weight (157.6–185.6 mg/larvae) and growth rate 
(2.8–3.6 mg/day) were in line with previous studies on dif-
ferent feed substrates where larval weight and growth rate 
ranged from 154–271 mg/larva and 2.3–3.7 mg/day, respec-
tively [50–52]. The average weight of pre-pupae ranged from 
116.2 ± 1.0–156.7 ± 7.1 mg/pupa) and it was clearly lower 
than larval weight. The lower pupal weight is due to the fact 
that the larvae stop feeding and rely on their own biomass 
to meet their energy requirements to develop into pupae [53, 
54]. Data showed that the average pre-pupal weight was sig-
nificantly higher for Diet-H75 as compared to the other diets 
(F(4,29) = 21.4, P < 0.001) (Table 2). The obtained pre-pupal 
weights in our study were high compared with previous find-
ings in other studies on different diets [15, 55, 56]. The high 
weight of pre-pupae has a positive impact on the biological 
traits related to reproduction of adult flies that could increase 
the BSF mass rearing quality [40, 57].

As also shown in Table 2, the bioconversion rates (BR) of 
the larvae produced from Diet-H75 and Diet-H25 were signifi-
cantly higher than Diet-H, Diet-H50 and Diet-W (F(4,29) = 4.7, 
P = 0.007). The BR ranged from 13.5 to 16.8%. These rates 
were higher in comparison to rates that had been found for 
BSF rearing on other types of organic waste [27, 53]. Data 
also showed that the bioconversion of medfly waste by BSF 
was high as compared to hen feed, and could be considered 
as a BSF substrate in the BSF industrial process. However, it 
was lower than the 16.0–22.0% reported by Banks et al. [56] 
for fresh human faeces. The high BRof Diet-W (14.3%) that 
has 100% medfly waste in our current study indicated that 
BSF larvae were converting the medfly rearing waste effec-
tively. Results indicated that the combinations diets were 
highly efficient to be converted to body mass by BSF and the 
combinations of the medfly waste could make more suitable 
diets [30]. The diet efficiency of an insect species could be 
determined by its feed conversion rates. By-products with a 
lower monetary value than the main product are thought to 
have a lower environmental impact when considering eco-
nomic allocation [31].

The reduction index (RI) ranged from 7.0 ± 0.1 to 
8.8 ± 0.2%. The RI for Diet-W was significantly lower than 
for the other experimental diets, while the highest reduction 

index was recorded for Diet-H (F(4,29) = 17.8, P < 0.001). 
These results are in line with those found by [20] who found 
that the reduction index of BSF larvae fed on cricket and 
locust wastes were lower than the standard diet. Data of RI 
presented high rates of medfly waste reduction which were 
similar to other organic waste studied by [20, 27], these data 
indicated that it is possible to use BSF to reduce the amount 
of medfly waste. The data revealed that the BSF larvae were 
able to consume the medfly rearing waste without negative 
impact on feeding efficiencies, however, significant differ-
ences in bioconversion and feed reduction were observed 
between the diets containing waste in different ratios and 
the control diet.

The metabolized feed to energy (M) by BSF larvae 
ranged from 53.7 to 68.8% and it was significantly higher 
for Diet-H than the other experimental diets (F(4,29) = 13.7, 
P < 0.001).The obtained results of M were lower than the 
77.3% reported by Mahmoud et al. for household biowaste 
[18]. However, the results are comparable with Gligorescu 
et al. who mentioned that BSF larvae can prioritise their 
energy allocation and adjust their metabolism to secure fur-
ther development [54]. The high rates of both bioconversion 
and metabolization in the present study show the ability of 
BSF larvae to bioconvert medfly rearing waste effectively. 
From a waste management point of view, the higher propor-
tion of metabolized waste and lower proportion of residue 
are beneficial, and both quality and quantity of feed have an 
impact on the metabolic rates, [28, 54].

The approximate digestibility of the different diets by 
BSF larvae expressed as assimilation efficiency (AD) was 
calculated to estimate the accurate quantification of actu-
ally digested food. AD ranged in the present study from 
40.6 ± 1.3 to 74.1 ± 2.4%. The percentage of Diet-HW was 
significantly higher as compared to the other experimen-
tal diets (F(4,29) = 15.1, P < 0.001) (Table 2). The efficacy 
of larvae to convert the ingested diets to biomass (ECI) 
ranged from 13.5 ± 0.9 for Diet-H to 16.3 ± 0.8 for Diet-H75, 
whereas the ECI Diet-H75 and Diet-H25 were significantly 
higher as compared to Diet-H50 and Diet-W and Diet-H 
(F(4,29) = 4.5, P = 0.007). The obtained results revealed that 
the BSF larvae reared on medfly rearing waste had ECI com-
pared to brewer waste [58], cropstraw waste [51] and animal 
manure [31], and was similar to household kitchen waste 
[18]. It has been reported that the ECI of most insects ranged 
from 11 to 17 [59].

Both AD and ECI were used to calculate ECD that 
refers to the ability of BSF larvae to convert the digested 
diet into biomass where many essential nutrients may not 
be absorbed into larval bodies. The ECD for Diet-W and 
Diet-H25 were significantly lower as compared to the other 
diets (F(4,29) = 5.2, P = 0.004). The ECD in the present study 
(18.3–35.5%) were high values as compared to 16.6% on 
household waste [18], 5–10% on Rice straw [60] and 5% on 
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spent coffee ground [61]. Our findings revealed an inverse 
relationship between ECD and both M and AD, with the 
highest M and AD corresponding with the lowest ECD and 
vice versa. A higher ECD value indicates that the larva is 
more efficient at converting digested waste into body mass. 
The availability of sufficient concentrations of essential 
nutrients, as well as the preservation of homeostatic bal-
ance within larval bodies, have an impact on ECD values. 
[31, 59].

Biochemical Analysis

The chemical compositions of the experimental feeding 
trials revealed that the fat (F(1,11) = 960.2, P < 0.001) and 
ash (F(1,11) = 23.2, P = 0.007) contents of Diet-W were sig-
nificantly higher than of Diet-H (Fig. 4). While, the pro-
tein and carbohydrates contents of Diet-H were signifi-
cantly higher (F(1,11) = 240.5, P < 0.001) and (F(1,11) = 6.7, 
P = 0.03), respectively. Although most of the nutrients of the 
diet should be consumed by med fly larvae during their life 
span to reach pupae, high nutrients contents were recorded 
in the rearing waste (see Fig. 4) as compared to hen feed. 
These high contents are caused by the presence of wheat 
bran (bulking agents) that was not consumed by med fly 
larvae and the presence of frass, un-hatched eggs and the 
larvae which were dead or developed late. It was found 
that the nutritional composition of wasted medfly diet was 
relatively similar to the initial diet, however a decrease in 

organic matter and digestibility of organic matter has been 
recorded [25], while Dominiak and Fanson [19] found that 
the wasted diet of Queensland fruit fly, Bactrocera tryoni 
larvae was higher in the crude fat and protein contents than 
the initial diet.

The chemical compositions of the two BSF pupae, Pupae-
H and Pupae-W, previously fed as larvae on hen diet Diet-H 
and medfly rearing waste Diet-W, respectively are shown in 
Fig. 5. The protein content of Pupae-W was un-significantly 
higher than Pupae-H (F(1,11) = 0.88, P = 0.36). While, the fat 
content of Pupae-W was lower than Pupae-H (F(1,11) = 0.90, 
P = 0.37). In the same figure, the percentage of carbon (C) 
in Pupae-W was with 41.7% significantly higher than 38.2% 
of Pupae-H (F(1,11) = 19.2, P = 0.001). While the percentage 
of nitrogen in Pupae-W was with 29.3% significantly lower 
than 31.9% of Pupae-H (F(1,11) = 11.6, P = 0.007).

The concentrations of trace elements due to bioaccu-
mulation by BSF pupae fed on the two tested diets are 
presented in Table 3. As could be expected, the differ-
ences in the bioaccumulation not only observed in the 
physiologically essential heavy, some metalloids and 
non-metals showed significant differences. The bioac-
cumulation factors (≥ 1) of the pupae-H were (1.0, 1.1, 
1.4, 1.6, 1.6, and 7.0) in Hg < Ca < K < Cl = Cd < Zn, 
respectively, while they were (1.0, 1.1, 1.8, 2.6 and 6) of 
Fe < K < Zn < Ca < Mn, respectively of the pupae-W. Our 
results revealed that the concentration of elements con-
tents of BSF pupae were varied depending on the larval 

Fig. 4  Analytical composition 
(%) of the two experimental 
diets, Diet-H and Diet-W
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diets which are in line with that found by [1] who analysed 
the mineral composition of BSF prepupae reared on dif-
ferent organic waste as larvae. The two tested diets in the 
current study exhibited different mineral accumulation of 

BSF pupae which are in line with findings of Purschke 
et al. [62] and Shumo et al. [63] who reported that the 
BSF larvae could accumulate heavy metals when fed with 
contaminated feeds.

Fig. 5  Analytical composi-
tion (%) of the of Pupae-H and 
Pupae-W produced by the usage 
of Diet-H and Diet-W, respec-
tively, as feed of Hermetia 
illucens larvae

Table 3  Concentration of 
elements (ppm) in Diets-H, 
Diet-W, Pupae-H and Pupae-W 
and the bioaccumulation 
factors (BA) in the pupae of of 
Hermetia illucens previously 
fed on the two experimental 
diets as larvae

Essential Ele-
ments (ppm)

Diet-H Pupae-H BA (pupae-H) Diet-W Pupae-W BA (pupae-W)

P 24,600 13,200 0.5 17,500 8600 0.5
K 14,600 20,000 1.4 20,800 21,900 1.1
Mg 6200 3200 0.5 3400 1900 0.6
Cl 2500 4100 1.6 17,300 2300 0.1
Ca 20,100 23,100 1.1 4600 12,000 2.6
Mn 1100 100 0.1 0.02 1200 6.0
Fe 1100 700 0.6 700 700 1.0
S 1900 1200 0.6 800 100 0.1
Zn 100 700 7.0 17,500 8600 1.8
Se 1300 20,000 0.5 20,800 21,900 0.0
Non-essential elements (ppm)
Si 1900 1200 0.6 80 1 0.0
Cd 0.08 0.13 1.6 700 0.9
Mo 0.53 0.4 0.8 9700 0 0.0
Hg 0.16 0.16 1.0 0.48 0.12 0.3
Pb 1.8 0.1 0.1 0.24 0.03 0.1
Bi 0.06 0.04 0.7 0.44 0.01 0.0
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The obtained result also indicated that BSF pupae had 
a low accumulation of non-essential elements, since their 
contents were lower in the pupae than those obtained from 
the two experimental treatments Diet-H and Diet-W. Our 
obtained results of bioaccumulation factor of Cd (1.6 and 
0.9) of Pupae-H and Pupae-W, respectively are coincident 
with Proc et al. [64] who presented a value 1.74 in BSF 
pupae, while higher bioaccumulation factors of 2.32 and 
2.94 and of 5.60–5.90 have been reported by Diener et al. 
[65] and Bulak [8], respectively.

Conclusions

High amounts of rearing waste are amassed daily due to 
insect mass rearing as a component of SIT for pest manage-
ment such as the Mediterranean Fruit fly. Sustainable utili-
zation concepts are required for this organic waste and its 
nutrients. It is suggested that the omnivorous BSF could be 
applied to valorise this rearing waste into high-value feed. In 
this study, it was shown that Medfly rearing waste is a poten-
tial feed ingredient for the production of BSF pre-pupae. 
Generally, BSF larvae were able to convert the medfly rear-
ing waste without negative impact on feeding efficiencies. 
However, significant differences in bioconversion and feed 
reduction were observed between the diets containing Med-
fly rearing waste in different ratios and the control diet. At 
15 days old, the mass yield was the highest for larvae fed 
on Diet-H75. And although percentages of pupation and 
emergence decreased with increasing medfly-rearing waste 
content in the experimental diets, pupation was above 90% 
and emergence above 80% for all diets. The bioconversion 
rates of BSF larvae on diets containing Medfly rearing waste 
were with up to 16.3% higher than on other organic wastes 
as seen in literature. A nutritional analysis revealed that the 
bioaccumulation of heavy metals was low, especially from 
the Diet-W derived from Medfly rearing waste.

More research is required to determine the optimum 
inclusion of Medfly rearing waste in diets of BSF. Moreover, 
chemical analyses with regard to nutritional profiles would 
complement the current study. In addition, legal as well as 
ethical issues need to be cleared before Medfly rearing waste 
can be used as a sustainable diet for the production of BSF 
larvae.
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