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Abstract: Waste recovery is an important aspect of human and environmental health protection.
Unfortunately, proper food waste management is among the serious challenges in the field of solid
waste management worldwide. Therefore, it is of great importance to conduct studies towards
achieving efficient and cost-effective approaches for food waste management. This study investi-
gated the potential of recovering food waste through maggots’” production as animal feed. The in-
fluence of fly attractant application on maggot production was also investigated. The study also
investigated the potential of maggot production for waste recovery and reduction. Four different
types of food waste (starch food leftovers, rotten bananas and peels, rotten pineapple and peels, and
rotten oranges) were used in the investigation process. From the results, it was observed that the
application of fly attractants had a significant effect on the production of maggots as determined by
the weights after harvesting. An average weight of 94 g/kg of maggot was achieved from banana
materials with an application of fly attractant during the 8th day of the cultivation; which is equiv-
alent to a 32.4% increase from the same day when the material was cultured without applying fly
attractant. Also, from the starch materials, about 77 g/kg of maggot weight was achieved; which is
a 54.6% increase from the same day and the same material but without application of fly attractant.
Moreover, the relative dry weight reduction in the trials varied from 52.5% to 82.4%.

Keywords: food waste recovery; maggot production; environmental protection; animal feed; solid
waste management

1. Introduction

Due to the high population growth around the world, the demand for food has also
been increasing tremendously. However, the growth in food demand goes parallel with
the high production of food waste [1-3]. In that matter, millions of tons of food waste are
generated every day globally. According to the literature, an estimated 1.3 billion tons of
food is wasted worldwide every year, this is approximately one-third of all food produced
for human consumption, as reported by the Food and Agriculture Organization (FAO) of
the United Nations [4].

Unfortunately, the capacity of handling such a huge waste is also highly constrained
by financial capacities [5,6]. This becomes are a serious issue of concern in low-income
communities. There are many approaches currently in use for the management of food
waste such as landfilling [7], composting [8], food waste disposer [9,10], and direct anaer-
obic digestion [11]. However, each approach is linked to a number of drawbacks.

For instance, landfills have been widely used for the disposal of food waste [12-14].
However, the challenge is that food waste that ends up in landfills rots and produces a
large amount of methane which is a highly powerful greenhouse gas [15]. It has to be
noted that, the excess amounts of greenhouse gases such as methane, carbon dioxide, and
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chlorofluorocarbons are associated with the absorption of infrared radiation and heat the
earth’s atmosphere, causing global warming and climate change in general [16-18].

Therefore, it is highly important to investigate and develop readily available, eco-
nomical, and environment-friendly approaches for the recovery of food waste for the pro-
tection of human health and the environment in general. Maggots’ production as animal
feed stands to be among the relatively cost-effective approaches for food waste recovery
[19,20]. Maggots can be defined as fly larvae, typically of the common housefly as well as
the bluebottle [21]. The production mechanism is that flies are attracted to food and other
sorts of rubbish and then they lay their eggs on the rubbish and eventually the eggs hatch
into the so-called maggots [22]. Unfortunately, the information on how maggot produc-
tion can be a useful tool for food waste management is still scarce.

The flies can effectively convert organic waste into a proteins-rich end product that
is an excellent source for animal feed [23]. While the leftover product remaining from the
decomposition process can be used as a high nitrogen organic fertilizer. For example, it is
estimated that producing 1 kilogram of farmed fish in any aquaculture system can require
approximately 1-8 kilograms of feed [24]. Mostly, in the field of fish farming, the fish feed
is made up almost entirely of raw materials such as straw meal [25], soybean cake [26],
peanut cake [27], corn protein powder, rice bran [28], and wheat bran [29], which in turn
has been increasing raw material competition.

Moreover, raising chickens in poultry farms is equally challenging at the moment
from the high feed demand [30]. It is estimated that chickens require double the amount
of grain in comparison to the meat they produce [31]. In general, the demand for feed has
made nearly 40% of all grain produced in the world end up as animal feed [32].

However, many factors can affect the productivity of maggots [33,34] including the
factors related to the substrate initial conditions and the type of material used for the pro-
duction. Unfortunately, there are no sufficient studies yet to provide enough information
on how these factors would affect the productivity of maggots on different food waste
materials. Also, the information on the potential of maggot production for waste recovery
and reduction based on different substrate materials is still scarce.

In this study, the potential of recovering food waste through maggots” production is
investigated. The influence of different factors such as time and application of fly attract-
ants on maggot production are also investigated. Four different types of food waste
(starch food leftovers, rotten bananas and peels, pineapple peels, and rotten oranges) are
used in the investigation process. The breeding vats are divided into those of 5-day har-
vesting, 6-day harvesting, 7-day harvesting, and 8-day harvesting. Also, the amount of
waste reduced by maggots from the investigated substrate materials is computed to in-
vestigate the potential of maggot production for organic waste reduction. Furthermore,
box and whisker plots are developed to evaluate the data distributions among the selected
maggot production parameters.

2. Materials and Methods
Material collection, processing, and experimental setup

In this study, the substrate materials were grouped into four categories; starch food
leftovers (rice, pieces of bread, and corn stiff porridge), rotten bananas and peels, rotten
pineapples and peels as well as rotten oranges. The materials were collected from different
parts of Dar es Salaam, including restaurants and markets. Dar es Salaam is a city located
in Tanzania and former capital city and remains to be the largest city in Tanzania in terms
of population.

The materials were grouped accordingly and ground into smaller particles using a
grinding machine. Also, the materials were properly mixed before introducing into the
breeding vats. The general flowchart is summarized in Figure 1. Before starting the exper-
iments, all the substrates used in this study were placed in an air-tight container for more
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than 12 hours to eliminate the potential fly eggs or larvae that could be present in the
substrate when collecting the materials.

For all the experiments, a substrate of 2 kg was used. For the substrates that contained
fly attractants, approximately 0.25 kg of fly attractants composed of blood, meat debris,
and rotten eggs and placed randomly in the breeding vats. The breeding vats were then
exposed for around 8 hours to attract houseflies as a process of naturally laying their eggs.
After exposing the breeding vats, the substrates were covered using perforated polythene
cover to provide shading. To make sure that moisture is maintained in breeding vats, wa-
ter had to be sprinkled at least once per day.

In general, the study had two main cases; case number one was based on the group
of substrates that was cultured without adding fly attractant. While case number two is
based on the group of substrates mixed with fly attractant. Both cases were investigated
under 5-day harvesting, 6-day harvesting, 7-day harvesting, and 8-day harvesting. Fresh
organic substrates composed of starch food leftovers (rice, pieces of bread, and corn stiff
porridge), rotten bananas and peels, rotten pineapples and peels as well as rotten oranges
were collected around the city.

Raw material
collection

Griding and
mixing

Adding feed to Allow flies to
maggot vats lay eggs

Separate
maggot from
waste

Allow eggs to
hatch

Fertilizer Animal feed

Figure 1. General flowchart of the maggot production processes
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The breeding vats were divided into those of 5-day harvesting, 6-day harvesting, 7-
day harvesting, and 8-day harvesting. The pH in the substrates was measured using Con-
ical-tip electrodes (Mettler Toledo, Columbus, Ohio, United States).

Statistical methods

To investigate the relationship among the studied parameters, correlation matrices
were developed. These matrices were important to evaluate the strength of the relation-
ship among the potential selected parameters affecting maggot production. From the ma-
trices, a high correlation indicated that two or more variables had a strong relationship
with each other. While a weak correlation meant that the variables were hardly related.
Table 1 provides a summary of the interpretation of the correlation indices used in this
study.

Table 1. Interpretation of the correlation coefficients

Range of correlation coefficient Strength of relationship
0-0.29 Weak
0.3-0.49 Moderate
0.5-0.69 Strong
0.7-1 Very strong

Moreover, box and whisker plots were created to evaluate the data distributions
among the selected maggot production parameters. The evaluation is based on the distri-
bution of numerical data and skewness through data quartiles (percentiles) and averages.
In general, box plots show the five-number summary of a set of data: the minimum score,
first (lower) quartile, median, third (upper) quartile, and maximum score.

3. Results and discussion

The investigation of maggot production from food wastes based on the main two
cases (substrates without fly attractant and substrates with an application of fly attractant)
was successfully executed. The weight of the maggots was expressed in terms of g per kg
of dry substrate. The pH levels in the substrates were observed to be fluctuating with no
specific trend with time. The phenomenon led to low correlation indices between pH and
other parameters.

Time was also another important factor investigated for maggot production and
waste reduction. In this study, the maggot production is based on four different groups
of days starting from day 5. In the literature, it has been observed that maggots can shed
or cast off their outer layer twice during the development process and can grow up to 20
mm in length in four days. In that matter, upon being supplied with the necessary food
nutrients that are also determined by the substrate material, they, in turn, retire into their
puparia where the transformation occurs [22].

From banana (day 5), 48 g/kg was recorded as the minimum maggot weight, with 56
g/kg being the maximum recorded weight. While 51.5 g/kg was the average weight
from the banana materials and day 5 when the substrates were cultured without an appli-
cation of fly attractant. From orange materials (day 5) without application of fly attractant;
a minimum value of 46 g/kg maggot weight was recorded; a maximum value of 53 g/kg
was recorded and an average weight of 50 g/kg was achieved from the data series.

From the pineapple materials (day 5); 46 g/kg was recorded as the minimum weight
value and 55 g/kg was recorded as the maximum weight value, while 49.75 g/kg was
the average maggot weight without an application of fly attractant.

Also, from the starch materials without fly attractant; a minimum recorded wight
value of 28 g/kg was recorded with 42 g/kg being the maximum recorded weight value.
While 36 g/kg was the average weight.
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From Figure 2, it can be observed that the starch boxplot median line is closer to the
upper quartile with an indication that the data distribution was “negatively skewed”.
From the banana and pineapple boxplots, the median line is observed to be closer to the
lower quartile meaning that the data distribution had a higher frequency of high concen-
tration values than the low concentration values (“positively skewed”). While, from the
oranges boxplot, it can be observed that the median line closer to the upper quartile with
an indication that the data distribution was “negatively skewed”.
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Figure 2. Day 5 harvesting with the substrate without fly attractant from different waste materials
(a) starch (b) bananas (c) pineapples (d) oranges

Also, some of the substrates were harvested on day 6; From data series, it was ob-
served that the combination of banana material, day 6 and without application of fly at-
tractant, 48 g/kg was achieved as the minimum recorded maggot weight, with 60 g/kg
being the maximum recorded weight. While 54 g/kg was the average weight. From or-
ange materials under day 6 and without application of fly attractant; a minimum value of
49 g/kg maggot weight was recorded; a maximum value of 58 g/kg was recorded and an
average weight of 53 g/kg was recorded from the list of datasets.

When the maggots were harvested from pineapple materials under day 6; 51

g/kg was recorded as the minimum weight value and 59 g/kg was recorded as the
maximum weight value, while 54.5 g/kg was the average maggot weight without an ap-
plication of fly attractant.

From the starch materials under day 6 without fly attractant; a minimum recorded
weight value of 32 g/kg was recorded with 43 g/kg being the maximum recorded weight
value. While 37.75 g/kg was the average weight.

From Figure 3, it can be observed that the starch and banana boxplots have the me-
dian lines to the middle, indicating that the data distribution is symmetric or normal.
However, the median line is observed to be closer to the lower quartile meaning that the
data constitute a higher frequency of high concentration values than the low concentration
values (“positively skewed”).
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(a)

Figure 3. Day 6 harvesting with the substrate without fly attractant from different waste materials
(a) starch (b) bananas (c) pineapples (d) oranges

From banana (day 7), 55 g/kg was recorded as the minimum maggot weight, with 70
g/kg being the maximum recorded weight. While 62.25 g/kg was the average weight
from the banana materials and day 7 when the substrates were cultured without an appli-
cation of fly attractant. From orange materials (day 7) without application of fly attractant;
a minimum value of 52 g/kg maggot weight was recorded; a maximum value of 68 g/kg
was recorded and an average weight of 60 g/kg was recorded from the list of datasets.

From the pineapple materials (day 7); 56 g/kg was recorded as the minimum weight
value and 68 g/kg was recorded as the maximum weight value, while 61.5 g/kg was the
average maggot weight without an application of fly attractant.

Moreover, from the starch materials without fly attractant; a minimum recorded
wight value of 32 g/kg was recorded with 42 g/kg being the maximum recorded weight
value. While 38 g/kg was the average weight.

From banana (day 8), 58 g/kg was recorded as the minimum maggot weight, with

69 g/kg being the maximum recorded weight. While 63.5 g/kg was the average
weight from the banana materials and day 8 when the substrates were cultured without
an application of fly attractant. From orange materials (day 8) without application of fly
attractant; a minimum value of 55 g/kg maggot weight was recorded; a maximum value
of 68 g/kg was recorded and an average weight of 61.25 g/kg was recorded from the list
of datasets.

From the pineapple materials (day 8); 59 g/kg was recorded as the minimum weight
value and 68 g/kg was recorded as the maximum weight value, while 62.5 g/kg was the
average maggot weight without an application of fly attractant.

Moreover, from the starch materials without fly attractant; a minimum recorded
wight value of 35 g/kg was recorded with 42 g/kg being the maximum recorded weight
value. While 39.25 g/kg was the average weight.

From Figure 4 we can understand the median lines for almost all the boxplots are located some-
where closer to the middle of the plots. This means, there were no significant deviations among the
experiments conducted for each material when the substrates were cultured without the application

of fly attractant.
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Figure 4. The substrate without fly attractant from different waste materials (a) day 7 (b) day 8

The relationship among the key factors investigated in this study was also checked
using correlation matrices. From Table 2 it can be observed that, when the substrates were
cultured without an application of fly attractant, there was a very high (positive) correla-
tion between the number of days to harvesting and the average maggot weight with a
correlation index of 0.96. However, the correlation between pH and weight of the maggots
and the number of days is a bit less, and this is probably due to the fact that pH did not
change for some of the days especially during the last days whereby pH remained almost
constant while the weight of the maggots was changing. The observation from this study
is similar to the study that investigated the impact of pH and feeding system specifically
on black soldier fly (Hermetia illucens, L; Diptera: Stratiomyidae) larval development con-
ducted by Marco Meneguz, Laura Gasco, and Jeffery K. Tomberlin [35]. In the study, it
was observed that pH treatments impacted larval weight on some of the days, but not at
the end of the trial.

Table 2. Relationship among maggot weight, number of days to harvesting, and pH from sub-
strates without fly attractants

Number of days  Average maggot pH

weight
Number of days 1
Average maggot 0.96 1
weight
pH 0.66 0.66 1

From Figure 4 it can be observed that the number of days had a significant effect on
the average weights of the maggots. However, the extent to which the number of days
affected the maggot weight differed depending on the type of substrate materials used. In
this study, a gradual effect was observed from starch materials, with a more significant
effect observed from banana and pineapple materials especially during the 7t and 8t day
of the trial. On average, the highest average weight of 63.5 g/kg was achieved from the
banana materials followed by 62.5 g/kg from pineapple materials during the 8t day of the
trial. However, the lowest maggot weight of 36 g/kg can be observed from the 5% day of
the trial under starch materials without fly attractant. In the literature, general feeding
conditions including type of substrate material have also been observed to be among the
crucial decisive factors for maggot production as it affects nutrition during the larvae pe-
riod [36].
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Figure 5. Average maggot weight from the substrates without fly attractant
Similarly, as observed to the substrates with fly attractant, a strong relationship (pos-
itive correlation) between the number of days to harvesting and the average maggot
weight can be observed with a correlation index of 0.87 (Table 3). However, as previously
mentioned, the unpredictable changes in pH led to a moderate correlation between the
pH and average maggot weight with a correlation index of 0.48.
Table 3. Relationship among maggot weight, number of days to harvesting, and pH from sub-
strates mixed with a fly attractant
Number of days Average maggot pH
weight
Number of days 1
Average maggot 0.87 1
weight
pH 0.77 0.48 1

From banana (day 5), 81 g/kg was recorded as the minimum maggot weight, with

92 g/kg being the maximum recorded weight. While 86.25 g/kg was the aver-
age weight from the banana materials and day 5 when the substrates were cultured with
an application of fly attractant. From orange materials (day 5) with an application of fly
attractant; a minimum value of 80 g/kg maggot weight was recorded; a maximum value
of 90 g/kg was recorded and an average weight of 83.25 g/kg was recorded from the list
of datasets.

From the pineapple materials (day 5); 78 g/kg was recorded as the minimum weight
value and 86 g/kg was recorded as the maximum weight value, while 81.5 g/kg was the
average maggot weight with an application of fly attractant.

Moreover, from the starch materials with fly attractant; a minimum recorded wight
value of 69 g/kg was recorded with 86 g/kg being the maximum recorded weight value.
While 78.25 g/kg was the average weight.

From banana (day 6), 88 g/kg was recorded as the minimum maggot weight, with
102 g/kg being the maximum recorded weight. While  92.5 g/kg was the average
weight from the banana materials and day 6 when the substrates were cultured with an
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application of fly attractant. From orange materials (day 6) with an application of fly at-
tractant; a minimum value of 86 g/kg maggot weight was recorded; a maximum value of

90 g/kg was recorded and an average weight of 88 g/kg was recorded from the list of
datasets.

From the pineapple materials (day 6); 75g/kg was recorded as the minimum weight
value and 86 g/kg was recorded as the maximum weight value, while 82.25 g/kg was the
average maggot weight with an application of fly attractant.

Moreover, from the starch materials with fly attractant; a minimum recorded wight
value of 69 g/kg was recorded with 86 g/kg being the maximum recorded weight value.
While 78.25 g/kg was the average weight.

From Figure 6, the substrate from orange materials within day 5 falls under positive
skewness with the median line closer to the lower quartile. While the rest of the materials
within day 5 with an application of fly attractant fall more under symmetric distribution.
From day 6, it can be observed that the banana material falls under positive skewness with
the median line closer to the lower quartile, while starch and pineapple materials fall un-
der negative skewness with medians line closer to the upper quartile. The oranges mate-
rial can be seen falling under symmetric distribution.
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Figure 6. The substrate with fly attractant from different waste materials (a) day 5 (b) day 6

The combination of day 7 and banana materials accompanied by the application of
fly attractant produced 88 g/kg as the minimum recorded maggot weight, with 104 g/kg
being the maximum recorded weight. While 93.25 g/kg was the average weight from the
banana materials and day 7 when the substrates were cultured with an application of fly
attractant. From orange materials (day 7) with an application of fly attractant; a minimum
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value of 83 g/kg maggot weight was recorded; a maximum value of 95 g/kg was rec-
orded and an average weight of 88.5 g/kg was recorded from the list of datasets.

From the pineapple materials (day 7); 83 g/kg was recorded as the minimum weight
value and 96 g/kg was recorded as the maximum weight value, while 88.25 g/kg was the
average maggot weight without an application of fly attractant.

The starch materials with fly attractant during day 8 of culturing produced a mini-
mum recorded weight value of 82 g/kg was recorded with 90 g/kg being the maximum
recorded weight value. While 85.75 g/kg was the average weight.

From Figure 5, it can be observed that from the starch and oranges substrate material
boxplots have the median line closer to the middle, indicating that the data distribution is
symmetric or normal. From the banana and pineapple boxplots, the median line is ob-
served to be closer to the lower quartile meaning that the data constitute a higher fre-
quency of high concentration values than the low concentration values (“positively

skewed”).
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Figure 6. Day 7 harvesting from substrate mixed with fly attractant from different waste materials
(a) starch (b) bananas (c) pineapples (d) oranges

From banana (day 8), 84 g/kg was recorded as the minimum maggot weight, with
112 g/kg being the maximum recorded weight. While 94 g/kg was the average weight
from the banana materials and day 6 when the substrates were cultured with an applica-
tion of fly attractant. From orange materials (day 8) with an application of fly attractant; a
minimum value of 86 g/kg maggot weight was recorded; a maximum value of 108 g/kg
was recorded and an average weight of 93 g/kg was recorded from the list of datasets.

The combination of pineapple materials, day 8 and with an application of fly attract-
ant produced 78 g/kg as the minimum recorded weight value and 96 g/kg was recorded
as the maximum weight value, while 85.5 g/kg was the average maggot weight with an
application of fly attractant.

While from the starch materials with fly attractant; a minimum recorded wight value
of 79 g/kg was recorded with 90 g/kg being the maximum recorded weight value. While
86.5 g/kg was the average weight.

From Figure 6, it can be observed that the starch boxplot has its median line closer to
the upper quartile with an indication that the distribution is “negatively skewed”. This
means the data constituted a higher frequency of low concentration values than the high
concentration values. From the banana, pineapple, and orange boxplots, the median line
can be observed to be closer to the lower quartile meaning that the water quality data
constitute a higher frequency of high concentration values than the low concentration val-
ues (“positively skewed”).
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Figure 7. Day 8 harvesting from substrate mixed with fly attractant from different waste materials
(a) starch (b) bananas (c) pineapples (d) oranges

The application of fly attractant was observed to improve the maggot yield signifi-
cantly. From Figure 7 it can be observed that up to 94 g/kg of maggot weight was achieved
from banana materials from the 8 day of the cultivation. Which is an increase of 32.4%
from the same day, the same material with no application of fly attractant. Also, from the
starch materials, about 77 g/kg of maggot weight was achieved; which is an increase of
49% from the day and the same material when the substrate was cultured without appli-
cation of fly attractant. However, despite the spontaneous increase in the average maggot
weight when the fly attractant was applied to the substrates, the effect of the number of
days to harvesting was minimum for some of the materials compared to when the fly
attractant was not applied to the substrates. An interesting phenomenon can be observed
from day 8 with pineapple materials, where the average maggot weight reduced by ap-
proximately 3%. However, such a phenomenon can be linked to a number of factors, in-
cluding predation, changes in environmental conditions as well as some unknown poten-
tial issues related to the substrate condition in the particular day.
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Figure 8. Average maggot weight from substrate mixed with a fly attractant
In general, the relative dry weight reduction in the trials varied from 52.5% to 82.4%

(Figure 8). As previously observed that, the application fly attractant increased the num-
ber of maggots that affected the weight after harvesting; the amount of the remaining
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waste after harvesting was also observed to be corresponding to the number of maggots
in a breeding vat. Whereby, breeding vats with more maggots ended up with a little
amount of waste remaining. In this study, the highest waste reduction was achieved from
the combination of 8 days and banana waste materials with a waste reduction efficiency
of 82.4%. In the literature, maggots have also been observed to be highly efficient in or-
ganic waste reduction [37].

Moreover, during the experiments, it was observed after some time the cultivation
vats were generating a considerable amount of liquid that in turn created anaerobic and
foul-smelling conditions. Those places with accumulated liquid were observed to be not
conducive for maggots as none of the maggots was observed in those places. In that mat-
ter, it is always important to design cultivation vats with some drainage provision to avoid
an accumulation of liquid that would affect the productivity of the system
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Figure 9. Relative dry weight waste reduction; WOA = without attractant, WA = with
attractant

4. Conclusions

The potential of recovering food waste through maggots’ production as animal feed
has been investigated. The influence of the time and fly attractant application on maggot
production has also been investigated. From the results, it was observed that the applica-
tion of fly attractant improved the maggot yield significantly. Up to 94 g/kg of maggot
weight was achieved from banana materials during the 8th day of the cultivation. Which
is an increase of 32.4% from the same day, the same material with no application of fly
attractant. Also, from the starch materials, about 77 g/kg of maggot weight was achieved;
which is an increase of 49% from the day and the same material when the substrate was
cultured without application of fly attractant. However, despite the spontaneous increase
in the average maggot weight when the fly attractant was applied to the substrates, the
effect of the number of days to harvesting was minimum for some of the materials com-
pared to when the fly attractant was not applied to the substrates. Moreover, the relative
dry weight reduction in the trials varied from 52.5% to 82.4%. In general, the maggots
showed remarkable ability to transform the organic waste (starch, banana, pineapple, and
oranges) into high-quality protein, all while leaving a smaller carbon footprint than it
found.
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