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Abstract: The use of black soldier flies (BSF) for biofuel production and fish feeding is nowadays presented as an
ecological alternative. Several biomasses have been used to nurture BSF, however Jatropha curcas pressed cake obtained from
biofuel production using jatropha seeds is a nutrient-rich biomass that has not yet been fully used as feed for BSF, probably
due to its toxicity (not used in animal feeding). The aim of this study was to assess the bioconversion of this cake by black
soldier flies (Hermetia illucens) following different detoxification treatments. The study was conducted in a greenhouse. Three
detoxification treatments were applied on Jatropha curcas pressed cakes (whitch was obtained by cold pressing of Jatropha
cusas seeds with a residual oil content of 24.64+0.05%): the treatments consisted of a control, thermal, biological and thermo-
biological treatments. Resulting cake samples were used to feed 4 treatments of 550 BSF larvae in each. Each treatment had 4
repetitions, making a total of sixteen repetitions. The BSF larvae were four-day-old and were fed with 90 g of cakes every 4
days during 15 days. Assessed parameters included survival rate of larvae, meal reduction rate, bioconversion rate, organic
matter, fats, crude protein, and ash contents of larvae. Results showed that the highest (p>0.05) larval survival rate
(98,42+1,22%) was obtained with the biological treatment. The best bioconversion rate (37.1+60.68%) was recorded with the
control treatment. No significant difference was observed between treatments with regard to organic matter (94.25+0.13%),
fats (32.08+0.25%), crude protein (45.33+0.14%) and in ash (5.75+0.13%) contents. It was concluded that Jatropha curcas
cakes, although toxic for monogastric, are appropriate feed material for black soldier fly larvae and can be used without any
prior detoxification treatment.
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has a significant negative impact on the environment [2]
notably; the destruction of forests for the establishment of
new soybean plantations and enormous pressure on marine
fauna for the production of fishmeal.

In the energy field, faced with the environmental problems
caused by the use of conventional energy sources, a renewed
interest is increasingly observed for renewable energy
sources that are more environmentally benign. Among these

1. Introduction

The constantly growing population is affecting human
wellbeing resulting in food insecurity and energy crises
amongst others. On the food level, this demographic growth
increases the need for food rich in proteins and oil
particularly soya and fish meal used for feeding cattle and
even humans [1]. The intensive use of these two ingredients
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sources, Jatropha curcas (whole seed) presents itself as a
very promising raw material for the production of second-
generation biodiesel. These Jatropha cucas pressed cakes are
not edible by humans or animals because of their toxicity.
Investigations are therefore being carried out with the aim of
valuing these cakes.

Several techniques for the recovery of Jatropha cucas
pressed cakes exists notably; biomethanation [3-5],
combustion [6], pyrolysis [7] and bioconversion by black
soldier fly larvae. Amongst these techniques, bioconversion
by black soldier fly larvae seems to be a very promising
alternative because of its triple applications: They do not
only allow the production at a lower cost of a larval biomass
very rich in protein that can replace fish meal and soybean [8]
in livestock feed (poultry [9], pigs [10] and fish [11], but also
provide a better compost (in terms of phosphorus, nitrogen
and potassium) compared to that resulting from conventional
composting systems [10]. This compost is very useful in
organic farming and also allow efficient and ecological
management of organic waste [1, 2, 13].

In view of the triple advantage provided by black soldier fly
larvae, many bioconversions work by these larvae have been
carried out with different substrates [8, 12]. Such as manure
and organic waste [13], food waste, catering waste [14], fruit
waste [15]; agricultural residues, in particular cassava skins
[16]. These studies concluded that the growth performance and
the physicochemical composition of the larvae are a function
of the type of substrate provided. Despite this apparent
potential of black soldier fly larvae in animal nutrition and in
the treatment of organic waste, studies on feeding of black
soldier fly larvae based on Jatropha curcas cakes has not been
conducted. There is therefore a lack of knowledge on the
ability of black soldier fly larvae to degrade Jatropha cakes
despite their toxicity. As a result, several questions arise: are
black soldier fly larvae sensitive to the toxic substances
contained in Jatropha cakes? Do the various detoxification
techniques proposed by the literature improve its
bioconversion? Do they have an impact on the bromatological
properties of the larvae (pre-pupa)? Thus, the aim of this study
was to investigate the effect of treatment of Jatropha cakes on
their bioconversion parameters and the quantity of protein and
fats produced by black soldier fly larvae.

2. Materials and Methods
2.1. Presentation of the Area and Study Site

This study was conducted in a greenhouse at the renewable
energy laboratory of the Department of Agricultural
Engineering of the Faculty of Agronomy and Agricultural
Sciences (FASA) of the University of Dschang, Cameroon.

2.2. Black Soldier Fly Colony

The pre-pupae (two weeks old black soldier fly larvae)
were acquired from AgriBusiness vocational training Center
(ABC), Dschang, Cameroon. These larvae were multiplied
over 3 cycles of 45 days. At the end of this multiplication

stage, the black soldier fly eggs were collected and incubated
according to the method described by Dzepe, et al., (2020a)
[17]. After hatching, 2200 four-day-old larvae were collected
and divided into 4 equal groups (550 larvaes/group) and used
to test the different cakes that had undergone the treatments.

2.3. Jatropha Curcas Cake Processing

Three types of treatment were applied to the cakes of
Jatropha, thermal treatment (TT), biological treatment (TB)
and thermo biological treatment (TTB). The group without
treatment (TO) was used as control. The purpose of these
treatments was to reduce the toxicity of the cakes and to
observe their influences on the bioconversion parameters and
the bromatological properties of the larvae (prepupa).

1) Thermal treatment (TT): In accordance with the
recommendations of Eroarome, ef al., (1998) [32] and
taken up by Treboux, (2013) [33], the following
parameters were retained: water content: 66%, heating
temperature: 121°C and heating time 30 minutes. This
treatment was carried out in a Fisher brand oven, the
maximum temperature is 200°C. The water content of
the meal was determined by the gravimetric method [18]
and adjusted to 66% by adding a volume of water
determined by the equation (1) given by Chung-Yiin et
al (2020) [19].

% (Ms)
VHZO = M_ H,0 (1

1-%mH,0
Where Vy,, represents the volume of water to added,
%p,0 the desired water content which is 66% in this study
(0.66 was introduced in this equation), M the dry mass of the
cake and My, o the initial water content of the cake.

2) Biological treatment (TB): Jatropha cakes were treated
by solid state fermentation. This fermentation took
place in a plastic container (@30 x 12 cm). A mass of 1
kg of cake with a water content of 11.11% was weighed
using a 1 g precision electronic scale. This mass of
substrate was mixed with 0.85 kg of fresh water to have
a humidity level of 70% (as recommended by Brand e?
al (2000) [20]) conducive to the development of
microorganisms. The fermentation tanks were seeded
by exposing the cake and water mixture to the open air
outside for 24 hours. This fermentation took place away
from light for a period of 7 days [21] at a temperature
between 28 and 30°C [20]. The fermentation was
interrupted by drying at a 70°C temperature of for 12
hours [21] in an electric dehydrator.

3) Thermo-biological treatment (TTB): This treatment
consisted of combining biological treatments and heat
treatment. The cakes having undergone a heat treatment
were submitted directly after cooling to the biological
treatment using Aspergellus niger.

2.4. Characterization of Substrates and Pre-Pupae from
Treatments

The cakes and pre-pupae from the different treatments
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were analyzed in the animal production and nutrition
laboratory of the Faculty of Agronomy and Agricultural
Sciences of the University of Dschang. These analyses
made it possible to determine the bromatological
composition (dry matter, ash, organic matter, crude protein
and fat contents) of each type of cake as well as of the pre-
pupae from each treatment following the method described
by AOAC (1990) [22]. The determination of fibers in the
meals was carried out by the protocol developed by Van et
al (1991) [23] for the determination of Neutral Detergent
Fiber, Acid Detergent Fiber, Acid Detergent Lignin,
Cellulose and Hemicellulose.

2.5. Experimentation

The circular plastic containers (@ 30 x 12 cm) were used
to carry out the experimentations. Those containers were
covered with mosquito nets to prevent black soldier fly
larvae predators and to avoid the presence of housefly larvae
in the containers as shown in Figure 1.

Figure 1. Experimental set up.

Four seeded containers of 550 four-day-old larvae (0.0018
g mean weight) each were used for each organic substrate
sample. The different containers were supplied every four
days with 90 g of their respective substrates. Each treatment
was repeated four times and the experimental period was
determined according to the required time of BSF larvae to
reach maturity which was approximately 15 days. The
experiment was stopped when 40% of larvae reached the pre-
pupe stage as reported by Zhenghui (2019) [24]. Table 1
summarizes the different treatments performed in this study.

Table 1. Description of the different treatments performed during the study.

Treatment Control (TO) Biological (TB) Thermic (TT) Thermo-biological (TTB)
Number of lavae (n) 550 550 550 550

Quantity of substrate (g) 90 90 90 90

Feeding occasions (n) Every 4 days Every 4 days Every 4 days Every 4 days

Treatment replicates 4 4 4 4

2.6. Parameters of the Bioconversion of J Curcas Cakes

From each treatment, the larvae were harvested on the 15™
day in the containers, counted and weighed using an
electronic balance with precision 0.01 g, after washing with
fresh water. Residual substrates were also collected from the
containers and weighed using an electronic scale of precision
+0.1 g. Residual substrate was dried in an electrical dryer at
45°C for 24 hours. Outlet was weighed using an electronic

scale of precision 0.1 g to determine the dry weight. To take
into account both the sustainable organic waste recycling and
the larval biomass production, the efficacy of Black Soldier
Fly larvae to thrive in the Jatropha curcas Cake which
undergone each treatments was assessed using parameters
such as Larvae total weight gained (1), waste reduction rate
(3), Residual mixed organics (5), larval survival rate (10),
larval bioconversion rate (6) ... Those all parameters were
calculated using the formulas on Table 2:

Table 2. Parameters of bioconversion and calculated formulas.

Ne parameter unit Formula of calculation
1 Larvae total weight gained g Final larval dry weight (g) - Initial larval dry weight (g)
. Larvae total weight gained (g)
2 Growth rate g/ J rearing duration (day)
9 dry feed served (g)—dry residue remained(g)
3 waste reduction rate (WR) % X 100
dry feed served(g)
. . dry feed served(g)—dry residue remained(g)
0 X 100
4 Waste reduction index (WRI) A’/day dry feed served(g)Xrearing duration (day)
. . . dry residue remained(g)
5 Residual mixed organics % —————————= X100
dry feed served(g)
q 9 Larvae total weight gained (g)
6 Bioconversion rate % %X 100
dry feed served(g)
. . . dry feed served(g)—(dry residue remained(g)+Larvae total weight gained (g))
7 Metabolic loss of mix organics % : : Y % 100
dry feed of fered(g)—dry residue remained(g)
. . dry feed of fered(g)—dry residue remained:
8 Mixed organics removal rate % feed of — - <2
rearing duration (day)
. . . Larvae total weight gained (g)
0 X 100
9 Bioconversion Yield % dry feed served(g)—dry residue remained(g)
q Number of larvae harvested
10 Survival Rate % % 100

Number of four days old larvae added

Like the waste reduction index, a high bioconversion rate indicates good bioconversion efficiency.

2.7. Statistical Analysis

Statistical analysis was conducted using the software 1

IBM SPSS Statistics 20. Means from each treatment were
submitted to a one-way ANOVA after prior confirmation of
homogeneity of variance and normality. If significant
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differences were detected at p < 0.05, then a Tukey’s post-
hoc test was performed to identify differences among the
treatments. All data are presented as means + standard
deviation.

3. Results and Discussion
3.1. Characterization of Substrates

Dry matter content of the different substrates varied
between 94.52% for pressed cakes that had undergone
thermo-biological treatment and 95.16% for pressed cakes
that had undergone heat treatment. The dry matter content
was influenced by these two treatments ( p < 0,05). But on
the other hand, for the other treatments there was no
significant difference.

The organic matter content varied from 92.24% for TTB to
93.61% for TO. Although the values were very close, there
are significant differences between the organic matter
contents between the different treatments except between TB
and TTB (p > 0,05).

The highest protein content was recorded from the TB
treatment (24.02%) and the lowest was recorded from TT
(20.93%) while the meal that had not undergone any
treatment had a protein content of 22.16%. There were
significant differences on crude protein content between the
different treatments except for TO and TTB ( p < 0,05).
The biological treatment had the highest crude protein
content (24.02%) i.e. an increase of 1.96% compared to the
untreated cake which was 22.06% and very close to 24.54%
obtained by Silva and Hesselberrg (2020) [3] and 24.3%
obtained by Kongkasawan et a/ (2016) [27]. This increase

in protein content could be due to the development of fungi,
in particular Aspergillus niger, with which the cake was
seeded for the biological treatment. This increase in protein
content is less than the 7.5% obtained by NESSEIM (2014)
[25]. This difference is mainly due to the type of pressed
cake used in the experiment. In this study, the cake of the
whole seed (almond+shell) was used while NESSEIM
(2014) [25] used an almond cake devoid of the shell. The
jatropha sheaths used in this study has a mass of 61.25%
almond very rich in protein and 38.75% shell rich in lignin
close to those obtained by Becker (2009) [26] which is 65%
almond and 35% hull. This also explains the low crude
protein content close to 24.3% obtained by Kongkasawan et
al (2016) [27] and partly the high residual fat content of the
pressed cakes used in this study in comparison with those
obtained by Sogang et al (2021) [28] which is 22.47% for
the press cakes at 25°C and at a pressure of 422.06 bars.
The presence of shells, which are essentially made up of
lignin, contributes in lowering the crude protein content and
during trituration, it fixes the oil particles and contributes to
increasing the residual oil content in the meal.

In terms of residual fat in pressed cakes, TO recorded
highest content (24.64%) meanwhile TB the lowest (16.91%).
There was a significant (p < 0,05) difference between the fat
contents between the different treatments. This significant
difference between the different treatments was recorded on
crude fiber contents (between 59.35% for TO and 50.07% for
TTB), lignin (between 19.99% for TTB and 24.92% for TT),
cellulose (between 17.18% for TT and 25.24% for TTB) and
hemicellulose (between 4.85% for TTB and 19.93% for TO).
Figure 2 resumes the characterization results of the substrate.
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Figure 2. Comparative study of the bromatological properties and analysis of the fibers of the various pressed cakes from jatropha having undergone various

treatments.

All the treatments contributed to reducing the residual fat
content in the meals. It went from 24.64% in the untreated
pressed cakes to 20.62%, 16.91% and 17.48% in the pressed
cakes having undergone heat treatment, biological treatment
and thermo-biological treatment respectively. There was a
reduction of 4.02%, 7.73% and 7.16% respectively for these
treatments. This can be explained by the fact that the fungi
which developed in the pressed cakes during the biological

treatment operation consumed the fat for their growth.
According to the statistical analyses carried out using the
IBM SPSS Statistics 20 software, there was no significant
difference between the different treatments with regards to
the dry matter except between heat treatment and the thermo-
biological treatment. As for the ash and organic matter
contents, there existed a significant difference at 5% between
the treatments except between the biological and thermo-
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biological treatments. With regard to the crude proteins, there
was a significant difference between the treatments, except
between the themo-biological treatment and the control
which did not present any significant difference. There was
equally a significant difference between the treatments for fat,
crude fiber (NDF), ADF, cellulose and hemi-cellulose
content at the 5% probability level. Moreover, a significant
difference in lignin content was observed between all the
treatments except between the control and the biological
treatment.

3.2. Larval Growth Parameters

At the end of the bioconversion, the biological treatment had
the greatest mass of fresh pre-pupa (100.33 £+ 2.19 g) while
the thermo-biological treatment had the lowest mass
(82.67+7.33 g) (Table 3). Consider a mass of dry pre-pupa of
35.00 £ 0.88 g and 29.00 + 2.51 g for the biological and
thermo-biological treatments respectively. With an average
water content of 64.67 + 0.26%, the total weight gain of the
larvae at the end of bioconversion is 34.49 + 0.69 g and
2846 +2.43 g for Dbiological and thermo-biological
treatments respectively. Thus, according to Tukey's post-hoc
test, there was no significant (p > 0,05) difference between
the treatments. In terms of mass of larval biomass, the
biological treatment seemed more interesting although no
significant differences were obtained between TB, TO and TT.

Although the survival rate of the larvae was highest
(98,42 + 1,22%) in the meal that had undergone the
biological treatment, and lowest (90,30 + 4,82%) in the
thermo-biological treatment, it was not affected by the
treatment (p > 0,05). BSF larvae are very voracious and
have the ability to degrade several types of organic waste
[12]. In this study, the survival rate of the larvae was not
influenced by the different treatments carried out. It was
98.42% maximum for cakes that had undergone biological
treatment, and 90.30% minimum in the thermo-biological
treatment. This suggests that jatropha cake, although toxic for
monogastrics [25] and [29], is not toxic for black soldier fly
larvae. The questions therefore arise as to whether the black
soldier fly larvae are bio-accumulators of the toxin present in
the jatropha pressed cake, or if they are capable of digesting
them, or do they pass through their digestive system?

With an initial mass of 270 g of meal and 1g of fresh larva
for each of the treatments, the greatest mass of fresh pre-pupa
was obtained with the biological treatment (100.65g or
34.85g dry) against 82.72g or 28.81g dry for the thermo-
biological treatment which had the lowest mass. In addition,
the TB presented the lowest metabolic losses (62,79 +
0,85% ) compared to 65.98+ 0.92% to the TO. TB
presented the best characteristics in terms of metabolic loss
although there was no significant difference between the
different treatments.

Table 3. Larval growth parameters.

Setting Untreated Biological treatment Heat treatment Thermo-biological treatment P ANOVA
Mass of fresh pre-pupa (g) 97.00+3.51  100.334+2.18 91.6742.03 82.67+7.33 0.085
Pre-pupal dry mass (g) 34.33+£0.33  35.00+0.56 33.6710.88 29.00+2.51 0.054
Total weight gain (g) 33.75+£0.46  34.3940.69 32.9040.87 28.4612.43 0.052
Daily growth (g/d) 2.4140.033  2.46+0.05 2.3440.06 2.03+0.17 0.052
Metabolic losses (%) 66.33+091 63.16+0.84 65.87+1.23 65.54142.09 0.416
Larval survival rate (%) 92.12+1.49  98.42+1.21 93.81%1.81 90.66%1.48 0.265

These different larval survival rates for the treatments
applied to Jatropha cake in this study are higher than those
obtained by [30]) using household waste (47%) and fruit and
vegetable waste (77%) and comparable to those obtained by
Lalander et a/ (2019) [12] using chicken feed (93.0+2.9%),
chicken droppings (92.7 + 33%) and human faeces
(91.8+4.5%). According to some authors, the survival rate of
the larvae is a function of the access of the larvae to the
source of food and the type of food [31].

In general, with regard to statistical analyses (ANOVA)
with all probabilities less than 5% (Table 3), it can be said
without risk of being mistaken that the growth parameters of
black soldier fly larvae in Jatropha curcas cakes are not
affected by the treatments applied to it.

3.3. Meal Bioconversion Parameters

The rate of conversion of Jatropha pressed cake by the
larvae was higher (37.16+0.68%) in the untreated pressed
cakes and lower (30.4910.80%) in the pressed cakes that had
undergone thermo-biological treatment (7able 4). This range
of conversion rate was less than 48.41% obtained by
Zhenghui et al (2019) [24] with corn straw and those of

Chung-Yiin et al (2020) [19] which varried between 48%
and 53% with coconut flesh waste. This observed difference
can be explained by the fact that the meal which was used in
this study was a whole seed meal. The hulls, representing 35%
of these whole seeds, are difficult to degrade by the larvae
and thus contribute to reducing the rate of bioconversion. The
thermo-biological treatment presented a significant (p <
0,05) difference compared to the 3 other treatments.

The result of the analysis of variance (ANOVA) showed
that there was a significant difference between the treatments
for the conversion rate, the conversion index and the residual
material content of the different cakes from the different
treatments. This suggests that the black soldier fly larvae in
this study had difficulty consuming the meal resulting from
this treatment.

The treatments applied to the meal influenced the biomass
conversion rate by BSF larvac. In terms of biomass
conversion rate, there was no difference between the
untreated meals and those having undergone thermal and
biological treatments ( p > 0,05).

Thus, of the 4 treatments applied to the Jatropha cakes, the
biological treatment presented the best bioconversion
parameters. Indeed, it had the highest bioconversion rate
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(37.28%), the highest bioconversion efficiency and yield of
12.91% and 37.21% respectively. This treatment equally
presented the lowest metabolic losses of 62.79%.

The conversion index followed the same trend as that of
the conversion rate because they are strongly linked (r=1).
After the LMSN bioconversion operation, the highest
residual material content (69.501+0.80%) was recorded with
cakes having undergone the thermo-biological treatment
while the lowest content (62.844+0.68%) was observed with
untreated pressed cakes. The analysis of variance test
(ANOVA) showed that there is a significant difference

between the treatments for the three preceding parameters.
Despite the high conversion rate for the untreated cakes, the
highest bioconversion rate (37.28+0.84%) was obtained with
the pressed cakes having undergone the biological treatment
and the lowest (30.631+2.70%) was obtained for the thermo-
biological treatment. With regard to the analysis of variance
(ANOVA) test, there was no significant difference between
the treatments in terms of bioconversion rate, yield and
efficiency of the bioconversion because the probability
threshold was greater than 5% and the correlation was strong
between these two parameters.

Table 4. Meal bioconversion parameters.

Setting Untreated Biological treatment Heat treatment  Thermo-biological treatment P ANOVA
Material conversion rate (%) 37.1620.68  34.69+0.12 35.80+1.74 30.4940.80 0.009
Conversion index (%/d) 2.6510.05 2.4840.01 2.56%0.12 2.17£0.59 0.008
Residual material content (%) 62.8440.68  65.30+0.12 64.20+1.74 69.50£0.80 0.009
Bioconversion rate (%) 35914130 37.28+0.84 33.9610.71 30.63+2.70 0.81
Bioconversion yield (%) 33.67+0.88  36.67+0.88 34.00£1.15 34.33£2.18 0.45
Bioconversion efficiency (%) 12.504+0.17 12.7840.25 12.184+0.32 10.54+0.90 0.52

3.4. Effect of Treatments on the Bromatological
Composition of Larvae

At the end of the various treatments, although the highest
organic matter content (94.66+0.33%) was recorded for the
thermal treatment and the lowest (94.00%) for the biological
and thermobiological treatment, the analysis of variance
(ANOVA) showed that the organic matter content (the

average of which is 94.2540.13%) of the larvae (pre-pupae)
from different treatments were statistically identical. The
same was true for the ash, crude protein and fat contents, the
average values of which are 5.75+0.13%, 45.33+0.14% and
32.0840.25% respectively. The Table 5 presents the average
bromatological compositions of the jatropha pressed cakes
having undergone treatments and that of the larvae (pre-
pupae) resulting from the bioconversion of these cakes.

Table 5. Average bromatological compositions of Jatropha cakes having undergone treatment and that of the larvae (pre-pupae) resulting from the

bioconversion of these cakes.

Substrate Dry matter (%) Organic matter (%) Ash (%) Crude protein (%)  Fat (%)
Jatropha pressed cake 94.8310.08 92.8610.17 7.1440.17  22.2940.34 19.91+0.93
Larvae from jatropha pressed cakes 95.4240.15 94.2540.13 5.7540.13  45.33+0.14 32.0840.25

The investigations of Purkayastha and Sarkar (2021) [10]
showed that the bromatological composition of soldier fly
larvae varies greatly depending on the feed they received. In
this study, the treatments applied to the meal did not affect
the bromatological composition of the larvae. This comes to
reinforce the idea that the toxic substances (ester of phorbol
and antinutritional) from the jatropha pressed cakes have no
influence on black soldier fly larvae (BSFL). According to
these observations, the high crude protein (45.334+0.14%)
and fat contents (32.08 +0.25%) from these larvae is an
alternative source of protein in animal nutrition [9, 15] and a
very cheap raw material for the production of biofuels.

4. Conclusion

At the end of this study, the main objective of which was
to study the bioconversion parameters of Jatropha curcas
pressed cakes by black soldier fly larvae, it can be concluded
that the waste treatment technology by black soldier fly
larvae is very promising in the reduction and recycling of
jatropha pressed cakes responsible for insalubrities and
environmental pollution. This recycling makes it possible to

transform jatropha pressed cakes into useful products such as
fats for biodiesel production, a biomass rich in protein for
animal feed and an interesting fertilizer for organic farming.
The best bioconversion rate (37.16+0.68%) was recorded
from Jatropha pressed cakes that had not undergone any
treatment. Thus, showing that the toxic substances found in
Jatropha has no influence on the black soldier fly larvae. The
fats and crude protein contents BSFL resulting from this
bioconversion were 32.08 £ 0.25% and 45.33 + 0.14%
respectively. Due to this composition, these larvae constitute
an alternative source of protein for animal nutrition and a
very cheap raw material for the production of biofuels.

5. Recommendations for Follow up

Future studies could focus on the questions whether the
black soldier fly larvae are bio-accumulators of the toxins
present in the Jatropha curcas pressed cake, or if they are
capable of digesting them, or do they pass through their
digestive system. This will permit to know if the black
soldier larvae fed with Jatropha cucas pressed cake can be
safely use to feed animals.



American Journal of Energy Engineering 2023; 11(1): 21-28 27

Acknowledgements

This work was supported by the Renewable Energies

Laboratory of the University of Dschang,

with the

collaboration of Soil analysis and environmental chemistry

Laboratory and the

Animal Production and Nutrition

Laboratory of the Faculty of Agronomy and Agricultural
Sciences of the same University.

References

(1]

(2]

[3]

[4]

(8]

[9]

[10]

[11]

A. S. Siddiqui, B. Ristow, T. Rahayu, N. S. Putra, N. W.
Yuwono, K. Nisa, B. Mategeko, S. Smetana, M. Saki, A.
Nawaz and A. Nagdalian, "Black soldier fl larvae (BSFL) and
their affiity for organic waste processing," Waste Management,
vol. I, no. 140, Pp- 1-13,
https://doi.org/10.1016/j.wasman.2021.12.044, 2022.

G. D. Silva and T. Hesselberrg, "A Review of the Use of
Black Soldier Fly Larvae, Hermetia illucens (Diptera: St
ratiomyidae),to Compost Organic Waste in tropical
Regions," Neotrop Entomol, vol. 1, no. 49, p. 151- 162, 2020.

R. Staubmann, G. Foidl, N. Foild, G. M. Giibitz, R. M.
LafferrtyAFFERr, V. M. V. Arbizu and W. Steiner, "Biogas
Production from Jatropha curcas Press-Cake," Applied
Biochemistry and Biotechnology, vol. 63, no. 65, pp. 457-467,
1997.

R. Chandra, V. Vijay, Subbarao and M. Parchuri, "Study on
Biogas Generation from Non edible Oil Seed Cakes: Potential
and Prospects in India," The 2nd Joint International
Conference on “Sustainable Energy and Environment (SEE
2006) ", pp. Bangkok, Thailand., 2006.

L. Grimsby, K. Fjertoft and A. J. Bernt, "Nitrogen
mineralization and energy from anaerobic digestion of
Jatropha press cake," Energy for Sustainable Development,
vol. I, no. 17, p. 35-39, 2013.

J. Thiagarajan, P. Srividhya and Rajasakeran E., "A Review of
Thermo-chemical Energy Conversion Process of Non-edible
Seed Cakes," Journal of Energy Bioscience, vol. 4, no. 2, pp.
7-15,2013.

C. Biradar, S. K. and D. M. G., "Production and fuel quality
upgradation of pyrolytic bio-oil from Jatropha curcas de-oiled
seed cake," Fuel, vol. I, no. 119, p. 81-89, 2014.

K. C. Surendra, K. Jeffery, Tomberlin, v. H. Arnold, J. A.
Cammack, Lars-Henrik L. Heckmann and K. K. Samir,
"Rethinking organic wastes bioconversion: Evaluating the
potential of the black soldier fly (Hermetia illucens (L.))
(Diptera: ~ Stratiomyidae) (BSF)," Waste Management
(Elsevier), vol.., no. 117, p. 58-80, 2020.

D. Dzepe,. O. Magatsing, M. H. Kuietche, F. Meutchieye, P.
Nana, T. Tchuinkam and R. Djouaka, "Recycling Organic
Wastes Using Black Soldier Fly and House Fly Larvae as
Broiler Feed," Circular Economy and Sustainability, pp.
https://doi.org/10.1007/s43615-021-00038-9, 2021.

D. Purkayastha and S. Sarkar, "Sustainable waste management
using black soldier fy larva: a review," International Journal
of Environmental Science and Technology, pp. 1-26
https://doi.org/10.1007/s13762-021-03524-7, 2021.

J.-b. ZHANG, J. ZHANG, J.-h. LI, J. K. TOMERLIN,. X.-p.

[12]

[15]

[16]

[17]

[18]

[19]

(21]

[22]

(23]

XIAO, K. u. REHMAN, M.-m. CAL,. L.-y. ZHENG and Z.-n.
YU, "Black soldier fl: A new vista for livestock and poultry
manure management," Journal of Integrative Agriculture
(Science Direct), vol. 20, no. 5, pp. 1167-1179 doi:
10.1016/S2095-3119(20)63423-2, 2021.

C. Lalander, S. Diener, C. Zurbriigg and B. Vinneras, "Effects
of feedstock on larval development and process effi ciency in
waste treatment with black soldier fl y (Hermetia illucens),"
Journal of Cleaner Production, vol.., no. 208, pp. 211-219,
doi.org/10.1016/j.jclepro.2018.10.017, 2019.

H. C’ic’kova, . G. L. N. R. C. L. d. ¢ and K. Milan, "The use
of fly larvae for organic waste treatment," Waste Management,
vol. I, no. 35, p. 68-80, 2015.

H. Guo, C. Jiang, Z. Zhang, W. Lu and H. Wang, "Material {l
ow analysis and life cycle assessment of food waste
bioconversion by black soldier fl y larvae (Hermetia illucens
L.)," Science of the Total Environment, vol. 1, no. 750, p.
141656, 2021.

D. Dzepe, P. Nana, H. Mube, L. Mitsue, O. Magatsing, T.
Tchuinkam and R. Djouaka, "Feeding strategies for small-
scale rearing black soldier fly larvae (Hermitia illucens) as
organic waste recycler," SN Applied Sciences. Springer
Nature, vol. 3, no. 252, pp. Http://doi.org/10.1007/52452-
04039-5, 2021a.

S. Ateng, M. Robert, R. E. Rizkita and E. P. Ramadhani,
"Growth of black soldier larvae fed on cassava peel wastes,
An agriculture waste," Journal of Entomology and Zoology
Studies, vol. 6, no. 4, pp. 161-165, 2016.

D. Dzepe, P. NANA, A. Fotso, T. Tchuinam and R. Djouaka,
"Inffluence of larval density, substrate moisture content an
feedstock ratio on life history traits of black soldier fly
larvae," J Insects as Food Feed, vol. 6, no. 2, pp. 133-140,
2020a.

R. Bradley, "Moisture and total solids analysis," Food
Analysis; Springer: Boston, MA, USA, 2010, p. 85-104, 2010.

W. Chung-Yiin, N. M. A. Muhammad, H. D. M. K. L. S. Y.
Ching, A. H. Hadura, S. C. P. L. S. D. H. Oetami, C. H. Yeek,
S. G. Pei, K. Husnul, Guan-Ting and a. et, "In-Situ Yeast
Fermentation to Enhance Bioconversion of Coconut
Endosperm Waste into Larval Biomass of Hermetia illucens:
Statistical ~Augmentation of Larval Lipid Content,"
Sustainability, vol. 12, no. 1558, p. doi: 10.3390/su12041558,
2020.

D. Brand, P. Ashok, R. Sevastianos and R. S. Carlos,
"Biological detoxification of coffee husk by filamentous fungi
using a solid state fermentation system," Enzyme and
Microbial Technology, vol. 1, no. 27, p. 127-133, 2000.

M. A. Belewu and R. Sam, "Solid state fermentation of
Jatropha curcas kernel cake: Proximate composition and
antinutritional components," Journal of Yeast and Fungal
Research, vol. 1, no. 3, pp. 44-46, 2010.

AOAC, The official Method of Analysis, 15th edition ed.,
Washington D. C. 10p: Association of Official Analytical
Chemists, 1990.

S. J. Van, J. Robertson and B. Lewis, "Methods for dietary
fiber, neutral detergent fibre and non-starch polysaccharides in
relation to animal nutrition," Journal of Dairy Science, vol. 1,
no. 74, pp. 3583-3597, 1991.



28

[24]

[25]

[28]

Nono Wandji Brice Leonel ef al.: Productivity, Bioconversion Capacity, Protein and Fat Contents of Black Soldier
Fly Larvae (Hermetia illucens) Fed with Jatropha Curcas Pressed Cake

G. Zhenghui, W. Wangqiang, L. Xiaoheng, Z. Fen and L. Wen,
"Bioconversion performance and life table of black soldier fly
(Hermetia illucens) on fermented maize straw," Journal of
Cleaner Production, vol. I, no. 230, pp. 974-90, 2019.

T. D. T. NESSEIM, A. DIENG, D. MERGEAI and J. L.
HORNICK, "Toxicité et détoxification biologique du tourteau
de Jatropha curcas L. pour une utilisation en alimentation
animale: Synthése bibliographique," Rev ue Africaine de Santé
et de Productions Animales, vol. 12, no. 3-4, pp. 143 - 149,
2014.

K. Becker, "Biofuels from Jatropha curcas oil Perspectives for
tropical regions.," oleagineux, Corps gras, Lipides, vol. 4, no.
16, pp. 236-240, 2009.

J. Kongkasawan, N. Hyungseok and C. C. Sergio, "Jatropha
waste meal as an alternative energy source via pressurized
pyrolysis: A study on temperature effects," Energy, vol. I, no.
113, pp. 631-642, 2016.

S. H. Sogang, T. Nsah-ko, K. M. Djousse and J. Tangka,
"Effect of oil extraction conditions on the anaerobic
fermentation of Jatropha curcas cakes," Science Journal of
energy Engineering, vol. 1, no. 9, pp. 1-7, 2021.
http://dx.doi.org/10.1016/j.energy.2016.07.030, 2016.

[29]

[30]

Y. Li, L. Chen, y. Lin, F. Z. Fang, Q. L. Che, S. Y. Xu and D.
Wu, "Effects of replacing soybean meal with detoxified
Jatropha curcas kernel meal in the diet on growth performance
and histopathological parameters of growing pigs," Animal
Feed Science and Technology, vol. 1, no. 204, p. 18-27, 2015.

T. Nguyen, J. Tomberlin and S. Vanlaerhoven, "Inluence of
resources on Hermitia Illucens (Diptera: Statiomyidae) larval
development," J Med Ethamol, vol. 1, no. 50, pp. 8§98-906,
2013.

T. Ojeda-Avila, W. H. Arthur and R. Raguso, "Efects of
dietary variation on growth, composition, and maturation of
Manduca sexta (Sphingidae: Lepidoptera)," Insect Physiol, vol.
I, no. 49, p. 293-306, 2003.

A. M. Eroarome, M. P. S. Harinder and B. Klaus,
"Assessment of Lectin Activity in a Toxic and a Non-toxic
Variety of Jatropha curcas using Latex Agglutination and
Haemagglutination Methods and Inactivation of Lectin by
Heat Treatments," J Sci Food Agric, vol. 1, no. 77, p. 349-352,
1998.

M. Treboux, "Revue bibliographique sur le tourteau de
jatropha: carractéristiques et valorisation envisageable,"
JatroREF, Paris, 2013.



