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Abstract
Background and Objective: Municipal solid waste management has always been challenging in developing countries. Numerous waste
management technologies, including landfill operations, pyrolysis and incineration are now available. However, these technologies
frequently come with drawbacks (operational and maintenance issues) and have detrimental effects on the environment. In this regard,
ongoing work is being done to create environmentally friendly technologies to address waste management issues. In response to these
difficulties, Black Soldier Fly Larval (BSFL) biodegradation has emerged as an outstanding green waste management strategy. It hasn’t,
however, received much research. Therefore, the current study was to investigate the efficiency of larval treatment on a substrate
containing varying proportions of water hyacinth, fruit waste and manure. Materials and Methods: Five feeding trays with different
proportions of water hyacinth, fruit waste and manure were 65:25:10 (T1), 50:40:10 (T2), 35:55:10 (T3), 15:75:10 (T4) and 10:80:10 (T5),
respectively. The percentage biomass conversion ratio (BCR), the effectiveness of waste reduction and the percentage growth of larvae
were measured. Complete Randomized Design (CRD) was used in the experiment’s design. Results: So, with a 2050% increase in initial
larvae weight, 85.4% waste reduction efficiency and a biomass conversion rate of 30.71%, T3 had the best outcomes, followed by T5, T4,
T2 and T1. The BSFL’s growth performance, waste reduction effectiveness and biomass conversion ratio were remarkably high. The highest
growth performance, reduction efficiency and conversion ratio of larvae reared on water hyacinth, fruit waste and manure may be
attributed to a nutritionally balanced diet. Conclusion: Therefore, the different proportions of water hyacinth, fruit waste and manure
fed to larvae significantly influence the percentage growth performance, waste reduction efficiency and biomass conversion ratio of the
larvae.
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INTRODUCTION

Mass production, mass consumption and mass waste
disposal have undergone significant changes over the past
few decades as a result of the growth of metropolitan area
networks, economic development and consumerist lifestyles1.
All of these elements play a part in the ongoing production of
significant amounts of waste. Global waste production is
expected to reach 3.4 billion tons by 2050, with biodegradable
materials accounting for up to 44% of that combined amount,
with a greater proportion in developing nations. Currently, the
lion's shares of these wastes are disposed of in open dumps
and landfills (37% and 33%, respectively)2. These methods of
handling and disposal of biodegradable waste are considered
to be major environmental threats because they release
pollutants into the atmosphere, contaminate soil and water
with toxic substances and contaminate nutrients with
leachates3. Governments must recognize the adverse effects
that improper waste management has on a nation’s society,
economy and environment and implement more effective
waste management strategies to achieve sustainability and
the improvement of a circular bio-economy4,5. Improved
technologies and procedures are urgently needed to address
the problems related to waste generation.

The CORS (conversion of organic refuse by saprophages)
is  a  potential  and  proven method of treating organic waste
by feeding it to organisms (saprophages) that specialize in
decaying matter. Vermicomposting, which involves worms
and other microorganisms converting organic waste into
nutrient-rich humus, is likely the most well-known application
of CORS6. The Black Soldier Fly (BSF), a straightforward CORS
technology, has been introduced as an organic waste
converter that aims to combine waste treatment and the
generation of a useful by-product, which is actually the
organism feeding on waste. Dairy manure7, food waste8 and
byproducts of the agro-industrial sector9 are a few examples
of the organic-rich waste that BSF larvae (BSFL) feed on. The
essential proteins and fats needed for animal feed can thus be
created from the nutrients in BSFL10,11, reducing the shortage
of conventional animal feed and its rising cost12.

The byproducts of the BSFL bioconversion procedure can
also be turned into fertilizer11,12. Another advantage of this
technology is that BSF adults are not harmful to humans.
Researchers found that harmful bactericidal substances
secreted by BSFL stop house fly from laying eggs and lower
foodborne pathogens like Salmonella enterica and E. coli11,12.
Therefore, there is no worry about BSF farming spreading
diseases on a large scale.

Water hyacinth, on the other hand, has recently begun to
spread throughout the world's water bodies, such as lakes and
rivers, causing significant ecological disruption13. For instance,
since 2011, Lake Tana’s ecological existence in Ethiopia had
been gravely threatened by the abrupt spread and quick
expansion of water hyacinth weed. It is also suffocating Lake
Victoria and endangering investments made there, including
port operations14. Due to the severity of the issue, numerous
coordinated initiatives, studies and campaigns have been
launched to get rid of the weed and save the lakes14,15. The
weed is reportedly posing a threat to rivers in the rift valley
and dams built to generate electricity from these rivers. One
of these rivers being overrun by hyacinths is the Awash River16.
Studies  indicated  that  water  hyacinth  causes  the  cessation
of fishing operations, which therefore lowers fishermen’s
income, employment and wealth, heightens poverty and
decreases fishing efficiency17, waterway blockages that result
in flooding and harm to agriculture and recreational
activities18, greater evapotranspiration and poorer water
quality as huge water hyacinth mats limit oxygen from
reaching the water’s surface or reduce other plants’ and
algae’s ability to produce oxygen19. Water hyacinth floating
mats provide a habitat for organisms that are detrimental to
human health, including an increase in snails that transmit
Bilharzia (schistosomiasis)20, fertile grounds for the mosquito
that transmits malaria21 and an effect on hydropower22,23.

The most popular strategy for managing water hyacinths
is physical control (both manual and mechanical removal), as
biological and chemical methods have negative effects on the
ecology. The harvested weed is discarded, which causes it to
deteriorate and cause loss of aesthetic value, soil degradation
and air pollution24. The waste gas produced by the biomass of
water hyacinth when it is dumped in a landfill is primarily
made up of methane and carbon dioxide25 the main
contributor to environmental pollution and global warming.
Therefore, the weed control strategy should be linked to its
economic gain and be environmental friendly. The larvae of
the black soldier BSFL can grow on water hyacinth. The BSF
breeders have so far used organic waste as growing media,
including market waste, household waste, agricultural waste
and livestock manure. The use of water hyacinth as BSFL feed
is an interesting strategy because the harvested BSF larva can
be used as a source of protein for animal feed and to prevent
water hyacinth from having negative ecological and
socioeconomic effects. The principles of a circular bio-
economy, in which waste from one process is used as a
resource in another product, are upheld by this approach26.
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Several studies have been undertaken on the rearing of
BSFL  using  market  waste,  household  waste,  agricultural
waste and livestock manure10,11,27,28. However, there is little
information available about rearing BSFL using water
hyacinths in combination with fruit waste and manure. This
study was intended to provide answers to the following
questions: 1) How effective is BSFL in reducing substrate
containing water hyacinth and fruit wastes (apple, blackberry,
orange, banana, pineapple, mango, watermelon, avocado and
papaya)  at  different  proportions  and  which  combinations
are the best substrate for BSFL rearing? Therefore, the
objectives of this study were to investigate the BSFL’s growth
performance, identify which substrate is best for rearing the
BSFL and assess the BSFL’s waste decomposition efficiency
and biomass conversion rate (BCR). This research contributes
to a better understanding of waste combinations that improve
the decomposition capability of the BSFL and provide a
reasonably high BSFL yield.

MATERIALS AND METHODS

Rearing of BSFL using water hyacinth, fruit wastes and
manure at different combinations was carried out in the
Protein Master Agricultural Enterprise in Huruma, Nairobi,
Kenya. Huruma Estate is a residential estate in Nairobi, Kenya’s
Capital. The Protein Master Company supplied the six-day-old
BSFL used in the experiment. The experiment ran from May 27
to June 17, 2022 and ended before the larvae reached the pre-
pupae stage.

Sample collection and preparation: The parts of fruits that
weren’t  used  in  food preparation and were thrown in the
trash can are referred to as waste. Apple, blackberry, orange,
banana, pineapple, mango, watermelon, avocado and papaya
were among the fruit wastes that were collected from juice
houses, traditional markets and cafeterias in Huruma, a city in
Nairobi’s Northeast. Water hyacinth samples were taken from
Lake Victoria in Kisumu and transported to the location of the
experiment. Manure was collected from the nearby dairy farms
located in Huruma Estate. Each collected sample was put in a
plastic bag or sack and transported to the experiment site. The
improper materials, such as plastic, glass and paper were
manually separated. Freshwater hyacinth and fruit wastes
were chopped separately into 3-5 cm sizes and were mixed
thoroughly with manure at five different ratios which served
as a source of feed for the BSFL.

Black soldier fly larvae: Protein Master Company in Huruma
Estate provided a population of black soldier fly (Hermetia
illucens)  (Diptera:  Stratiomyidae)  kept in  10  different  cages

(60, 60 and 45 cm each) covered with transparent mosquito
nylon net. An adult colony was kept in a four-feet-by-four-feet
metallic cage inside mosquito nets inside a 20 m by 8 m wide
greenhouse. The green house’s top is made of transparent
polythene paper and the inside is covered with netting.
Furthermore, female adults lay eggs in plastic conduits and
sanded wood joined together with a rubber band. Adult
females were attracted to lay eggs using fermented blood
waste, chicken droplets and pig manure as an attractant
medium. In addition to this substrate, water and sugar were
placed separately in a small container in the cage. The
greenhouse had a temperature range of 28-38EC and a
relative humidity of 40-60%. Eggs laid within two days were
gathered and put in a plastic container with water that had
been thoroughly mixed with an equal amount of fermented
wheat  and  maize  brew  to  achieve  a  moisture  content  of
60%.  Four  to  five  days later, hatching was observed. To
ensure the best possible larval development, at five days old,
the newly hatched neonates were given access to commercial
wheat  and  maize  brew29.  The  larvae  were  sieved  on  the
sixth day using a 1.2 mm-mesh screen and those that passed
were regarded as being the same size and weight. The larvae
were then weighed using an electronic balance and
approximately 200 g of larvae were transferred to each
treatment or feeding tray. Each substrate treatment was
tested in triplicates.

Ethical consideration
Statement of human and animal rights: All of the
experimental procedures involving animals were conducted
in accordance with animal care guidelines and approved by
The Administration Committee of Experimental Animals,
Kenya.

Statement of informed consent: There is no human subject
in this article and informed consent is not applicable.

Ethical  approval:  This  study  was  approved  by  the
administration committee of experimental animals, Kenya.

Experimental design: Complete Randomized Design (CRD)
was used in the experiment’s design. Five feeding trays with
different proportions of water hyacinth, fruit waste and
manure were labeled. The larvae in treatment one (T1) were
fed a substrate containing water hyacinth, fruit waste and
manure mixtures in the ratio of 65:25:10, in treatments 2, 3, 4
and 5, the ratios were 50:40:10, 35:55:10, 15:75:10 and
10:80:10, respectively.

The empty feeding trays were weighed and recorded.
About  200  g  of  larvae  were  added   to   the   feeding   trays
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after  8  kg  of  the  waste  had  been   added.   All   larvae  were
taken out of their containers every five days and the weights
of fifteen randomly chosen larvae were weighed and
recorded. The containers containing residual waste were
weighed and recorded. After ten days of waste decomposition
by the BSF and another 6 kg of fresh waste was added to each
feeding tray. Each container received 14 kg worth of waste in
total. The experiment lasted for 20 days, but it was stopped
before the larvae reached the pre-pupae stage.

Determining growth performance, biomass conversion and
waste reduction efficiency of the BSFL: In the present study,
larval weight and residual weight are important factors for
assessing waste reduction efficiency. The following equations
provide the BSFL growth percentage, G, biomass conversion
rate (BCR) and waste reduction rate (D) following the
methodology of Lalander et al.30. The quantity of substrate
consumed during the larval stage affects reduction efficiency:

T t

t

W WG 100
W


 

where, Wt was the weight of BSFL at time t and WT was the
weight of BSFL after time t

Total weight of larvae (kg)BCR 100
Initial waste weight (kg)

 

W RD 100
W


 

where, W represents the weight of the waste used at time t
and R represents the residue leftover after time t.

Statistical analysis: A One-Way Analysis of Variance (ANOVA)
with a subsequent LSD test was used to determine whether
there was a difference between the treatments (p<0.05). The
growth rate was determined as (weight of BSFL at time t
minus  the  weight  of  BSFL  after  time  t)/weight  of BSFL at
time t. Similarly, the reduction rate (D) was calculated using
the formula (weight of the waste used at time t-the residue
after time t)/weight of the waste used at time t. The SPSS
Version 20 was used for all statistical analyses.

RESULTS AND DISCUSSION

Black soldier fly larvae growth: The weight of the larvae was
recorded every five days in order to assess the percentage of

BSFL growth and identify the appropriate  proportions  of  the
substrate for BSFL rearing. The BSFL growth rate for the
experiment using 200 g of larvae was shown in Fig. 1. The
graph depicted that there is only a slight difference in larval
weight until the fifth day, after which the difference in weight
increases for the following few days. The fact that the weight
of the larvae increased daily suggests that the larvae were
growing daily. The waste treatments differed significantly from
one another in the growth of BSFL (p<0.05). The T3 and T5
larval growth were noticeably greater than T4 and T2, which
came in second and third, respectively. Slower larval growth
was observed on T1, a substrate with a higher proportion of
water hyacinth and a lower proportion of fruit waste. Figure 1
showed that larvae fed a close proportion of water hyacinth
and fruit waste (T3) grew by 2050% of their initial weight,
followed by T5 (1950%), T4 (1850%) and T2 (1800%). On T1,
however, BSFL grew at a slower rate, increasing by 1507.5% of
their initial weight. This implied that the larvae were not
getting the necessary nutrients by decomposing the waste in
treatment one (T1). Slower larval growth appeared to be
associated with poor feed quality31,32. The present result was
supported by Ardiansyah et al.33, who used molasses,
fermented water hyacinth and fruit waste as a substrate for
the rearing of BSFL in their investigation and found that the
lowest yield of BSF larvae flour was produced by using the
lowest proportion of fruit waste and the highest proportion of
fermented water hyacinth.

The results of the present study showed that there was a
close BSFL growth between T4 and T5, where the substrate
contained a low proportion of water hyacinth and a high
proportion of fruit waste. The weight of larvae fed a substrate
containing less water hyacinth and high fruit waste proportion
(T4 and T5) revealed improved BSFL growth but less than T3.
Lalander et al.30 reported that the balanced nutrient in the
mixture  substrates  aids  the  BSFL  in  making  better  use  of
the available nutrients. The elements of life that larvae require
led to the achievement of the optimum BSFL growth34.
Throughout the experiment, the larvae fed a substrate with
lower proportion of fruit waste and a higher proportion of
water hyacinth (T1) grew slowly. The quality of the feed media
will affect how well larvae are nourished during breeding35.

Waste reduction efficiency and biomass conversion rate
(BCR): The residual weight of water hyacinth, fruit waste and
manure shows how well BSFL composting works. Throughout
the 20-day experiment, a total of 14 kg of waste was added to
each feeding tray. The waste reduction efficiency when 200 g
of  larvae  are  used  as  the  starting  weight  was depicted in
Fig.  2.  The  graph  indicates  that  the  weight  of  the  waste
that  the  larvae  composted  changed  relatively  little  at  the
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Fig. 1: Growth percentage of BSFL at different substrate combinations

Fig. 2: Effectiveness of BSFL in waste reduction during 20-days experiment using a substrate containing a mixture of water
hyacinth, fruit waste and manure at different proportion

beginning  of  the  experiment  until  the  fifth  day,  at  which
point the weight difference in the residue became very
noticeable.

The waste reduction efficiency of BSF larvae ranged from
72.8% to 85.4%, with T3 (85.4%±0.05) showing the highest
reduction,  followed  by  T5  (82.6%±0.21),  T4 (79.8%±0.23),
T2 (77.4%±0.14) and T1 (72.8%±1.22) (Fig. 2). The T1 waste
reduction efficiency differed significantly from T2, T3, T4 and
T5 waste reduction efficiency at p = 0.000, df = 4 and F value
= 140 (alpha level, p = 0.05). There was no statistically
significant  difference  between  T4  and   T5   or   T2   and   T4
(p >0.05). However, T3 did differ significantly from T2, T4  and

T5.   The    waste    reduction    efficiency    found    in   this
study was higher than that reported in other research
findings30,36-38.

The bioconversion rate ranged from 22.96% to 30.71%,
with T3 (30.71%) having the highest BCR, followed by T5
(28.57%),  T4  (27.86%),  T2  (27.14%)  and  T1  (22.96%)  (Fig. 3).
The T1 BCR differed significantly  from  T2,  T3,  T4  and  T5  BCR
at p = 0.000, df = 4 and F value = 140 (alpha level, p = 0.05).
There  was  no  statistically   significant   difference   between
T4 and T5 or T2 and T4 (p > 0.05). However, T3 did differ
significantly from T2, T4 and T5. The percent waste reduction
and BCR were found to have a positive correlation because the
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Fig. 3: Waste reduction effectiveness (D) and biomass conversion rate (BCR) of BSFL

maximum waste consumed corresponds to the total larval
biomass. The same patterns were seen, with T3 exhibiting the
highest levels of waste reduction and larval biomass.

The percentage of BCR found in this study exceeded that
reported in the study by Lalander et al.30, which showed that
the maximum BCR for a mixture of abattoir waste and fruits
and vegetables was 14.2 and 13.9% for food waste and the
lowest for sludge and individual fruits and vegetables waste.

CONCLUSION

The   different   proportions   of   water   hyacinth,  fruit
waste  and  manure  fed  to  BSFL  had  a significant effect on
BSFL growth, waste reduction effectiveness and biomass
conversion rate. The T3 produced the best results through
increase  in  initial  BSFL  weight,  waste  reduction  efficiency
and  a  BCR  followed  by  T5,  T4,  T2  and  T1. The  results  of
the current study showed that BSFL is appropriate technology
for  managing  organic  waste  because  of  its  flexibility  in
feeding preferences and the voracious appetite of larvae,
leading to a significant decrease in waste, increased larval
growth and BCR.

SIGNIFICANT STATEMENT

The purpose of this study was to investigate the BSFL’s
growth performance, identify the best substrate for rearing
the BSFL and assess the BSFL’s waste decomposition efficiency
and biomass conversion rate. The results indicated that
treatment three (T3) had the best results, with a 2050%
increase in  initial  larvae  weight,  an  85.4%  waste  reduction

efficiency and a bioconversion rate of 30.71%, followed by T5,
T4, T2 and T1. The results showed that BSFL is an effective
technology for managing organic waste, leading to a
noticeable decrease in waste as well as an increase in larval
growth and bioconversion rate. The findings inform decision-
makers about the potential of BSFL in reducing fruit and water
hyacinth wastes, as well as the best BSFL rearing
combinations.
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