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Abstract. Reduction of aquaculture operations and production cost is key to the success and profitability
of this enterprise, while protein needs, especially the cost of fish meal, are cery expensive. The current
study was conducted to investigate the post-larval production performance of Heteropneustes fossilis using
Lucilia sericata maggot as a fish meal replacer in two ways, namely, live larvae and powder form. A 28
days growth trial was performed where five isonitrogenous diets for Heteropneustes fossilis post-larvae
were experimented using live maggots and maggot meal, respectively. The proximate composition of each
formulated diet, growth parameters of fish post-larvae, such as, weight gain, specific growth rate, protein
efficiency ratio, apparent protein utilization, survival rate and the food conversion ratio were examined.
After the experiment, the carcass composition of the experimental fishes were evaluated. The best final
weight (1.61 g), weight gain (1.418 g), percentage of weight gain (739+1.18%), specific growth rate
(2.63), protein efficiency ratio (2.29), apparent protein utilization (85%), survival rate (90%) and lower
food conversion ratio (2.06) were observed in fish fed with 75% maggot meal as a substitute of fish meal.
This study will help the aquaculture industry, especially the catfish culture in identifying an alternate source
of protein and lowering the cost of aquaculture operation.
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Introduction. There are different types of agro-industries such as sugar mills, fertilizer
factories, poultry farms in Bangladesh which discharge a huge amount of waste matter and
effluent in waterways and other terrestrial places, while management of these wastes
remains a challenge for government and other stakeholders (Alam & Hossain 2009; Ayilara
et al 2020; Modak et al 2019; Reza & Islam 2019; Samad et al 2011). The wastes
discharged from poultry farms may be used to recycle nutrients through production of fly
larvae, microalgae, bacteria and fungus (Boaru et al 2018; Glatz et al 2011; Gold et al
2020; Markou et al 2018). These wastes contain high organic nutrients, biological oxygen
demand (BOD) and chemical oxygen demand (COD), total dissolved solids, total suspended
solids, nitrate-N, Ammonia-N, Phosphate-P and inorganic nutrients (Abdel-Raouf et al
2012; Habib et al 2005; Izzah et al 2020; Kwon et al 2020; Yaseen & Scholz 2019). These
organic and inorganic nutrients in wastes help to grow microalgae as well as the
biosynthesis of high amounts of protein, lipids, carbohydrates and ash (Melo et al 2018;
Su et al 2022). Among the wastes, poultry waste (PW) may be used for high biosynthesis
of protein, lipids and carbohydrates in fly larvae, microalgae, bacteria and fungus
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(Cammack & Tomberlin 2017; Hasnol et al 2020). These nutrients can be utilized by fly
larvae especially common green bottle fly (Lucilia sericata) larvae as an inexpensive
medium (Firoozfar et al 2011; Mazza et al 2020; Parry et al 2020; Zhang et al 2021).

In addition to its attractive deliciousness, stinging catfish (Heteropneustes fossilis)
is very nutritious because of its high protein content (Anwar & Jafri 1995; Bezbaruah &
Deka 2021; Salma et al 2021). The market value of this species was found higher than
most fishes available in the local markets of Bangladesh, and thus aquaculturists labeled
culturing of this catfish as highly profitable (Hasan et al 2022; Samad & Bhuiyan 2017). H.
fossilis is mainly carnivorous, its main diet comprise crustaceans, animal matter and
worms, and the rearing of this fish requires high protein content feed (Bhattacharjee &
Chandra 2016; Fatma & Ahmed 2020; Narejo et al 2016). The aquaculture of this species
is not new in south Asian countries, but the major cost of production of this species lies in
the high protein value feed, as the price of protein has remained consistently high in the
market (Das et al 2021; Samad et al 2017; Zafar 2020). The breeding biology, induced
breeding in captive environment and the sex reversal of this species were well studied (Ali
et al 2016a; Ali et al 2016b; Haniffa et al 2004; Hasan et al 2022; Rahman et al 2013). It
is well established that this carnivorous fish can grow fast if fed with fly larvae, live foods
available in aquatic body as well as good quality diet (Narejo et al 2016). Catfishes can
also feed well and exhibit excellent growth when fed on common green bottle fly larvae,
Chironomus fly larvae and annelids (Bhattacharjee et al 2009; Nogales-Mérida et al 2019;
Tran et al 2015).

Reducing the operating cost was identified among the major challenges in
aquaculture enterprise and business, while most of the cost incurred is for the feed, notably
protein (Dickson et al 2016; Fry et al 2018; Hua et al 2019; Hyuha et al 2011). In addition
to the fact that fish meal is a vital element in the composition of fish feed, the importation
of fish meal from another nation (and occasionally another continent) has caused the price
of raw fish meal to rise significantly (Cashion et al 2017; Choi et al 2020; Tacon & Metian
2008). In today's world, experts are interested in replacing the present protein sources
used in aquaculture with insects, larvae, live feed, plant protein sources, among other
sources (Papuc et al 2020; Al-Thobaiti et al 2018; Chen et al 2019; Egerton et al 2020;
Tippayadara et al 2021). The future of the protein business may be derived from insects,
particularly arthropod species; research is now underway to identify alternative sources of
protein and people in several African nations use insects as their primary source of protein
(Alfiko et al 2021; Gatecki et al 2021; Lange & Nakamura 2021; Nugroho & Nur 2018).
This experiment was carried out to examine the production of Lucilia sericata maggot and
its usage as a fish meal substitute for the production of post-larvae, as well as the growth
of stinging catfish (H. fossilis) when fed with live and powdered maggot, respectively.

Material and Method

Study area and periods. The experiments were conducted from the Wet laboratory,
Department of Aquaculture and laboratory of the Department of Animal Nutrition,
Bangladesh Agricultural University (BAU), Mymensingh from January 2016 to May 2016.
All the analyses such as proximate composition of fly larvae, prepared feed and carcass
composition of fish post-larvae were performed from the Fish Nutrition laboratory,
Department of Aquaculture and Central laboratory, Bangladesh Agricultural University,
Mymensingh, Bangladesh.

Collection of common green bottle fly (L. sericata) larvae. The common green bottle
fly (L. sericata) usually lays eggs on raw PW and their larvae grow in this medium. The
flies were identified following the keys given by Holloway (1991) and Williams and Villet
(2014). The flies were collected from a nearby poultry farm situated at Sutiakhali, three
km away from Bangladesh Agricultural University, Mymensingh.
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Experimental design. Five experimental diets including control were prepared to feed
stinging catfish (H. fossilis) post-larvae. Fifteen rectangular glass aquaria (45 cmx40
cmx35 cm) of 50L capacity containing about 40 L of water were used as experimental
tanks. In each aquarium, water level was maintained by supplying recirculated water.
Water level was controlled by an overflow standpipe placed directly in the drain line at the
middle of the aquarium. Net screens gravels were used as bio-filter to serve dual function:
solid capture and bio-filtration, as well as removing toxic waste products that were
produced by the fish.

Collection of stinging catfish post-larvae. Post-larvae of stinging catfish (H. fossilis) of
the same age group (10 days old) were collected from a farm in Shombhuganj,
Mymensingh, Bangladesh. They were carried to the laboratory through proper handling.

Acclimatization of post-larvae. Upon reception at the laboratory, the fingerlings were
fed an iodine salt treatment with 0.5% NaCl solution for seven days in three aquaria with
sufficient aeration.

Experimental procedure. The experiment was carried out in 15 glass aquaria with five
different treatments, each of which had three replications. The acclimatized fishes were
reared for 28 days. The post-larvae of stinging catfish (H. fossilis) (mean initial weight
0.192 + 0.02g; mean initial length, 5-6mm) was used as experimental animal. The post-
larvae were dispersed at a rate of 40 fish per aquaria in a random manner. During the
removal of uneaten feed and feces from each tank, the water in each aquaria was half
changed every day.

Live feed formulation. Use of maggot as live feed for H. fossilis post-larvae production
was designed where in 20 maggots were fed in treatment 1, 40 maggots were fed in
treatment 2, 60 maggots were fed in treatment 3, 80 maggots were fed in treatment 4,
and fish meal was used in treatment 5 which was also considered as the control treatment
(Table 1).

Table 1
Feed containing four different levels of live maggot, and a control diet
Ingredients
(%)/Treatments 71 72 73 4 7>
Fish meal - - - - 53.57
Live maggot 20 40 60 80 -
Dry matter (on 16% basis) 3.20 6.40 9.80 12.80 -
Wheat flour - - - - 25
Soybean oil - - - - 5
Vitamin premix - - - - 2
Mineral premix - - - - 3
Chromic oxide - - - - 1
a-Cellulose - - - - 10.43
Total - - - - 100
Crude protein (%) 11.20 22.40 33.60 44.80 30

Maggot meal feed formulation. Five isonitrogenous diets were formulated containing
30% protein, 8-10% lipid, 4-6% crude fiber and variable 40% of digestible carbohydrate
source (Habib et al 2001; NRC 1983). When formulating the diet, the necessary fatty acid
content was considered by altering the soybean oil used in cooking. Chromic oxide (0.50%)
was added to each prepared diet for the subsequent study of protein utilization and
digestibility (Austreng 1978; Fernandez et al 1999; Furukawa & Hiroko 1966) (Table 2).
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Table 2
Formulation of diets of 30% crude protein containing four different levels of maggot meal
for stinging catfish (H. fossilis), and a control diet

Ingredients (%)/Treatments T1 T2 T3 T4 T5
Fish meal 40.18 26.79 13.39 - 53.57
Maggot meal 13.25 26.50 44.17 53 -
Wheat flour 25 25 25 25 25
Soybean oil 5 5 5 5 5
Vitamin premix 2 2 2 2 2
Mineral premix 3 3 3 3 3
Chromic oxide 0.50 0.50 0.50 0.50 0.50
a-Cellulose 11.57 11.21 6.94 11.50 10.93
Total 100 100 100 100 100
Protein from fish meal 22.50 15 7.50 - 30
Protein from maggot powder 7.50 15 22.50 30 -

Note: Diet 1 (75% Fish meal + 25% Maggot meal), Diet 2 (50% fish meal + 50% maggot meal), Diet 3 (25%
fish meal + 75% maggot meal), Diet 4 (100% maggot meal) and Diet 5, control diet (100% fish meal).

Feeding strategy. The experimental fish were given the formulated meals three times
daily during the research period: at 9.00 a.m., at 1.00 p.m., and at 5.00 p.m. The
remaining feed was dumped into the tank and then removed by syphoning. Post-larvae in
every aquarium were fed at a rate of 6% of their total body weight. The quantity of food
consumed was recorded to calculate the food conversion ratio and protein efficiency ratio.

Sampling procedure. To evaluate growth performance of the experimental fish, random
individual checking was used to sample the fish at intervals of 7 days. Growth of fish post-
larvae in each sampling was taken by weighing the sampled fish using a weighing electrical
balance (BS 224S; +£0.1mg).

Collection and preparation of fish post-larvae for sample carcass composition. A
total of 200 fishes were gathered and ten fishes from each replication were randomly
selected, sacrificed then chopped, dried in oven at 50°C for two days, grinded, sieved and
packed in polythene bag, kept in freezer and used for proximate composition analysis in
triplicates.

Analytical methods for fly larvae (maggot), feed ingredients, feeds, and carcass
composition of fish. Proximate composition such as moisture, crude protein, crude lipids,
ash and nitrogen free extract (NFE) of feed ingredients, experimental feed and fish carcass
compositions were analyzed according to standard procedures given by Association of
Official Analytical Chemists (AOAC 2005) and Hamli et al (2021). Growth parameters such
as weight gain (%), FCR (Food conversion ratio), SGR (Specific growth rate), PER (Protein
efficiency ratio) and survival rate (%) were analyzed following Enyidi et al (2017), Faruk
et al (2018), Billah et al (2019), and Islam et al (2021).

Analysis of growth parameters of fish post-larvae. The growth parameters such as,
mean weight gain, percent weight gain, SGR %/day, FCR, PER, apparent protein utilization
(APU) and NFE were calculated following formulas:

Mean weight gain = Mean final weight - Mean initial weight

__Mean final weight—Mean initial weight

Percent weight gain = %X 100

Mean initial weight

LnW2-LnW1

AACL Bioflux, 2022, Volume 15, Issue 6.
http://www.bioflux.com.ro/aacl

SGR (%/day)=

T2-T1

3223

x 100



where: W1 = the initial live body weight (g) at time T1 day; and W2 = the initial live body
weight (g) time T2 day.

Feed fed (dry weight t
FCR — (dry g )

Live weight gain

Live weight gain
PER = g -g (8)
Crude protein fed (g)

Nb—.Na % 100
Ni

Apparent Protein Utilization =

where: Na = body nitrogen at the start of the experiment; Nb = body nitrogen at the end
of the experiment; and Ni = Amount of nitrogen ingested.

NFE=100 - (moisture + crude protein + crude lipids + ash + crude fiber)

Statistical analysis. One-way analysis of variance (ANOVA) was used to compare the
variation of proximate compositions and growth parameters of fish post-larvae, fed
different diets using SPSS 25 (IBM SPSS Statistics) (SPSS 25 2016). The means were
compared and identified the presence of significance using Tukey test.

Results

Proximate composition of feed ingredients and fly larvae. The fly larvae (maggot)
contained high crude protein (56.60+£0.25%), crude lipids (15.80+0.10%) and ash content
(15.40£0.07%) with a Nitrogen Free Extract (NEF) value of 1.22+0.02; while the fish meal
comprised 56.0£0.23% of crude protein, 11.21+£0.07% of crude lipid, 13.34£0.08% of
ash content with a 3.25+0.03 value of NEF. On the other hand, the wheat flour comprised
lower protein (10.20£0.105), crude lipid (2.10£0.04%), ash content (2.40+£0.04%), crude
fiber (1.78+£0.03%) and high NFE (73.06+0.45) (Table 3).

Table 3
Proximate composition (%) of fish meal, maggot and wheat flour (dry weight basis)
Name of the Moisture Crude Crude lipids Crude fiber
ingredients (%) protein (%) (%) Ash (%) (%) NFE
Fish meal 10.70+0.10 56.0+0.23 11.21+0.07 13.34+0.08 4.70+0.03 3.25+0.03
Maggot 10.88+0.10 56.60+0.25 15.80+0.10 15.40+0.07 - 1.22+0.02
Wheat flour 10.45+0.10 10.20+0.10 2.10+ 0.04 2.40+0.04 1.78+0.03 73.06+0.45

Post-larval production of stinging catfish (Heteropneustes fossilis) using live fly
larvae. The stinging catfish post-larvae (initial weight 0.192+0.01 to 0.193+0.01g) were
fed four treatments of live maggot and a control diet with fish meal formulation (Table 2).
After 28 days of rearing, it was observed that T3 had the significantly highest (p<0.05)
final weight (1.55g), followed by T5 (1.495g), T2 (1.35g), T4 (1.25g) and T1 (1.16g). On
the other hand, T3 (1.356g) and T5 (1.303g) showed the significantly highest weight gain
during the experimental period, followed by T2 (1.157g), T4 (1.058g) and T1 (0.9679)
(Figure 1).
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Figure 1. The growth parameters of stinging catfish fed four different diets of fresh
maggot, and a control diet. Different alphabet letters between columns indicated
significant differences at p<0.05.

The weight gain percent (%) of stinging catfish fed with live maggot T3 (699+1.50%)
formulation was significantly the highest (p<0.05) among the treatments, followed by T5
(679+1.45%), T2 (600+1.13%), T4 (551+1.12%) and T1 (501+1.12%) (Table 4).

Table 4
Growth performances of stinging catfish (H. fossilis) post-larvae fed with four treatments
of live maggot diet, and a control diet

Growth parameters T1 T2 73 T4 75

Weight gain (%) 501+1.12° 600+1.13° 699+1.50° 551+1.12¢ 679+1.45°

Note: Different alphabet between columns indicated significant at p<0.05.

The weekly growth trends were highest in catfish post-larvae fed with T3 live maggot
formulation; weight gain reached 0.581g in the first week, 0.997g in the second week,
1.334g and 1.55g in the third and fourth weeks respectively. On the other hand, T1 showed
the lowest growth trends amongst all the treatments: 0.437g, 0.712g, 0.972g and 1.16g
in the first, second, third and fourth weeks respectively. Therefore, T1 showed the least
growth (Figure 2).
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Figure 2. Weekly weight gain (g) trends of stinging catfish fed live maggot diets and fish meal
formulation.

The specific growth rate (SGR) of catfish post-larvae fed with live maggot T3 (2.73) and
T5 (2.61) formulations were found to be significantly (p<0.05) higher amongst the
treatments, followed by T2 (2.46), T4 (2.42) and T1 (2.35) whereas the food conversion
ratio (FCR) of T3 (2.08) found to be the significantly lowest followed by T5 (2.14), T4
(2.35), T2 (2.40), and T1 (2.49). On the other hand, the protein efficiency ratio (PER) of
T3 (1.75) and T5 (1.68) were found significantly higher amongst the treatments followed
by T2 (1.51), T4 (1.48) and T1 (1.42) (Figure 3).
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Figure 3. The SGR, FCR and PER of stinging catfish fed four treatments of fresh maggot, and a
control diet. Different alphabet between columns indicated significant at p<0.05.
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The apparent protein utilization (APU) rate of stinging catfish fed with live maggot T3 (85%)
and T5 (82%) formulation was found significantly higher (p<0.05) amongst the
treatments, followed by T2 (77%), and T1, T4 (76%). On the other hand, the survival rate
of stinging catfish fed with T3 (89%) formulation was found significantly highest (p<0.05),
followed by T5 (83%), T4 (82%), T1 (79%), and T2 (78%) (Figure 4).
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Figure 4. The APU and survival rate (S. Rate) of stinging catfish fed four different diets of fresh
maggot, and a control diet. Different alphabet letter between columns indicated significant
differences at p<0.05.

The carcass composition of stinging catfish post-larvae fed with live maggot T3 formulation
showed the significantly highest (p<0.05) protein value (63.50£1.13%) and less amount
of lipid (12.60+0.03%) and ash (10.65+0.03%) percentage than that of other treatments.
No significant difference was observed in moisture content and NFE values amongst the
treatments (Table 8).

Table 5
Carcass composition of stinging catfish post-larvae fed four different diets prepared with
live maggot, and a control diet

Proximate (%) Initial T1 2 73 T4 5
Moisture 9.90+0.02 9.80+0.022 9.85+0.02° 9.80+0.02° 9.95+0.02° 9.80+0.022
Protein 45.20+0.75 58.15+1.12® 59.80+1.12° 63.50+1.13% 60.30+1.10° 59.10+1.10°

Lipid 8.75+0.03 14.73+0.03% 14.45+0.03® 12.60+0.03%® 14.10+0.03° 15.30+0.04°
Ash 26.05+0.24 12.85+0.03® 12.30+0.03® 10.65+0.03® 11.90+0.03* 12.20+0.03°
NFE 9.70+0.03 4.42+0.03? 3.55+0.03? 3.30+0.03? 3.70+0.032 3.55+0.032

Note: Different alphabet letter between columns indicated significant differences at p<0.05.
Post-larval production of stinging catfish using maggot meal

Proximate composition of maggot meal and fish meal formulation. The moisture
content of maggot meal and fish meal formulation for stinging catfish post-larval production
ranged between 10.50+0.04 and 10.75+0.04%, while the crude protein ranged between
29.60+0.30% and 29.80+0.30% with no significant difference (p>0.05). On the other
hand, crude lipid ranged between 10.10£0.02 and 10.25+0.02%, while the ash content
ranged between 12.30+0.02% and 12.50+0.02% with no significant difference (p>0.05).
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Lastly, the crude fiber and the NFE ranged between 5.70+0.02% and 12.85+0.02% and
24.16£0.14% and 31.30+0.17% respectively with no significant difference (p>0.05)
(Table 9).

Table 9
Proximate composition (%) of four isonitrogenous formulated diets prepared with maggot
meal, and a control diet for stinging catfish post-larval production

Components (%) T1 > 3 T4 75
Moisture 10.50+0.04% 10.75+0.04® 10.70+0.042 10.60+0.04® 10.75%0.04°
Crude protein 29.70+0.352 29.80+0.30% 29.60+0.30® 29.70+0.402 29.70+£0.322
Crude lipid 10.15+0.022 10.25+0.022 10.10+0.022 10.20+0.022 10.18+0.022
Ash content 12.50+£0.02% 12.34+£0.02% 12.40+0.022 12.45+0.02%@ 12.30+0.02°
Crude fiber 9.50+0.02° 7.85+0.022 6.60+0.02° 5.70+£0.02° 12.85+0.022
NFE 27.60+0.152 28.95+0.132 30.54+0.162 31.30+0.172 24.16+0.142

Note: Different alphabet letter between columns indicated significant differences at p<0.05.

The maggot meal formulations T3 (1.61g) and T5 (1.51g) showed the significantly highest
(p<0.05) final weight, followed by T2 (1.49 g), T1 (1.42 g) and T4 (1.19 g). On the other
hand, T3 (1.418 g) and T5 (1.319 g) showed the significantly (p<0.05) highest weight gain
during the experimental period, followed by T2 (1.30 g), T1 (1.229 g) and T4 (0.999 g)
(Figure 5).
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Figure 5. Initial weight, final weight and weight gain of stinging catfish fed four different diets
prepared with different inclusion levels of maggot meal, and a control diet. Different alphabet letter
between columns indicated significant at p<0.05.

The percentage of weight gain (%) was highest (p<0.05) in stinging catfish fed with
maggot meal T3 (739+1.18%) formulation, followed by T5 (691+1.15%), T2
(655+£1.14%), T1 (644£1.15%) and T4 (523+1.04%) (Table 6).
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Table 6
Growth performances (Mean+SE) of stinging catfish (H. fossilis) post-larvae fed four
different diets prepared with maggot meal, and a control diet

Growth T1 72 T3 T4 5
parameters

Weight gain (%)  644+1.15° 655+1.14° 739+1.182 523+1.04¢ 691+1.15°

Note: Different alphabet letter between columns indicated significant differences at p<0.05.

The weekly growth trends of catfish post-larvae fed with T3 maggot meal formulation gave
the highest growth trend amongst all the treatments; it reached 0.5569 in the first week,
0.865g, 1.296g and 1.61g in the second, third and fourth week respectively. On the other
hand, T4 showed the lowest growth trends amongst the treatment, while first week
(0.502g), second week (0.822g), third week (1.241g) and fourth week (1.42g) showed the
least growth (Figure 6).
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Figure 6. Weekly weight gain (g) of stinging catfish fed with maggot meal and fish meal
formulation.

The SGR of catfish post-larvae fed with maggot meal T3 (2.63) and T5 (2.60) formulations
were found significantly (p<0.05) highest amongst the treatments, followed by T1 (2.48),
T2 (2.45) and T4 (2.42) while the FCR of T3 (2.06) significantly lowest followed by T2
(2.25), T1 (2.35), T4 (2.45), and T5 (2.46). On the other hand, T3 (2.29) showed the
significantly highest PER amongst the treatments followed by T2 (2.04), T1 (1.85), T5
(1.67) and T4 (1.49) (Figure 7).
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Figure 8. The APU and survival rate (S. Rate) of stinging catfish fed with maggot meal and fish
meal. Different alphabet letter between columns indicated significant differences at p<0.05.
formulation showed the significantly higher (p<0.05) protein value (62.10+£0.50%)
whereas a less value of NFE (3.85+0.03) was observed. No significant differences were

The carcass composition of stinging catfish post-larvae fed with maggot meal T3

observed in moisture content, crude lipid

treatments (Table 7).
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Table 7
Carcass composition of stinging catfish post-larvae fed with maggot meal and fish meal

formulation
Components (%) T1 2 3 T4 T5
Moisture 10.20+0.04® 10.25%0.04® 10.30+£0.04® 10.20+0.03® 10.15+0.032
Crude protein 58.30+£0.55° 59.50+0.65° 62.10+0.50° 60.20+0.50° 58.40+0.50P
Crude lipid 12.15+0.032 12.25+0.03® 12.50+0.04@ 11.10+0.032 12.80+0.042
Ash content 13.50+0.04@ 12.50+0.032 11.20+0.032 12.70+0.032 13.60+0.042
NFE 5.80+0.032 5.45+0.032 3.85+0.03b 5.75+0.032 5.00+0.03b

Note: Different alphabet letter between columns indicated significant differences at p<0.05.

Discussion. The use of live common green bottle fly (Lucilia sericata) maggot as protein
source and maggot meal as the fish meal replacer in the production of the stinging catfish,
Heteropneustes fossilis were the main goals of this research. The fly larvae comprised high
protein, 56.60+0.25%, lipids 15.80+0.10% and ash content 15.40+0.07%, revealing the
potentiality of the maggot as feed material, especially as the protein source for human or
cultured animal (Odesanya et al 2011; Papuc et al 2020). Available literature shows that
the price of protein feed is found always high in the market and considered one of the
greatest challenges for reducing the price of the aquaculture final product (Dickson et al
2016; Fry et al 2018; Hua et al 2019; Hyuha et al 2011). Despite the many different
sources of protein, most of them require culturing in farm and high maintenance standard,
hence the impetus to seek for a cheap yet good standard protein source, presenting fly
larvae as the most inexpensive, low maintenance production and good quality protein
source (Al-Thobaiti et al 2018; Chen et al 2019; Egerton et al 2020; Tippayadara et al
2021).

With a 0.192+0.01 g to 0.193+£0.01 g initial weight and 28 days of post-larval
rearing, H. fossilis showed higher final weight (1.55 g), weight gain (1.356 g), percentage
of weight gain (699+1.50%), specific growth rate (2.73), protein efficiency ratio (1.75),
apparent protein utilization (85%), survival rate (89%) and lower food conversion ratio
(2.08) in the treatment fed with 60 live maggots. The weekly trends of growth rate in
treatments fed with 60 live maggots fed for H. fossilis post-larval production found highest.
Some previous study suggested that, the catfishes showed higher growth rate and other
growth parameters when fed on fresh or frozen maggot (Devic et al 2018; Djissou et al
2016; Okore et al 2016; Saleh 2020). In nature, H. fossilis was found to be a carnivorous
and predatory fish species feeding on insects and crustaceans (Narejo et al 2016); creating
the natural habitat condition and providing the live feed might stimulate H. fossilis growth
rate. The treatments of providing maggot classified according to ascending manner were
aimed at investigating which treatment show the significantly highest result. Protein
efficiency ratio (PER) was found to be one of the most significant indexes for determining
how much protein was consumed throughout the trial period; this ratio is useful in
determining whether one protein source should be replaced with another in catfish
aquaculture (Enyidi et al 2017; Farhat & Khan 2011; Keremah & Alfred-Ockiya 2013; Kim
et al 2014; Sanchez et al 2009). The feed conversion ratio of the live maggot was found
comparatively higher than that of the commercial feed, moreover the live maggot was
cheaper to obtain and the production requires less maintenance, making the overall benefit
for use of live maggot in producing H. fossilis post larvae profitable for the aquaculture
operation (Bosma et al 2017; Olaniyi & Salau 2013). Whereas the study of Aniebo et al
(2009) found lower FCR while replacing fish meal with maggot meal in African catfish
(Clarias gariepinus), the protein requirement and other factors of the current experimental
fish and C. gariepinus are not similar. Observing growth criteria and other investigated
parameters in the current study, feeding H. fossilis with 60 maggots during the post-larval
culture can be suggested the best for growth and aquaculture system.

This study also observed the growth rate of H. fossilis post-larvae using maggot
meal as a replacer of fish meal; the values and concentration of moisture, crude protein,
crude lipids, ash content, crude fiber, and nitrogen free extract were found similar in
proximate analysis. In order to properly create an experimental diet, it is vitally required
to know the approximate composition of such a diet, while the method was to substitute
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one protein source for another (Bhaskar et al 2015; Hua et al 2019; Jahan et al 2021;
Mdhluvu et al 2021). Growth rates in treatments fed with 75% maggot meal for raising H.
fossilis post-larval production were determined to be the fastest on a weekly basis among
all the other experimented treatments. The post-larval, fingerling and production of
different catfish species using maggot meal as a replacer of fish meal showed similar result
(Aniebo et al 2009; Djissou et al 2016; Fasakin et al 2003); however no study on the
presented species could be found to enable comparison with present results.

The carcass composition of stinging catfish post-larvae fed with 60 live maggots
showed the significantly highest protein value of 63.50+1.13%. On the other hand the
carcass composition of post-larvae fed with 75% maggot meal showed the significantly
highest protein value of 62.10+0.50%. The study of Majhi and Das (2014) showed the
protein composition of H. fossilis carcass might reach up to 46.97+£0.9%; the afore-
mentioned author considered 60 days for measuring the proximate composition of the
carcass whereas the present study considered 28 rearing days and fish age difference
might be a factor for changing the protein percentage of the carcass. However a 56 days
trial on different isocaloric and protein composition of another study showed far less protein
content (15.76%£0.15%) in the final product carcass of H. fossilis, which might be the result
of less protein in feed, types of feed, and age of fish (Siddiqui & Khan 2009).

Conclusions. The stinging catfish, Heteropneustes fossilis post-larval feed with 60
maggots and 75% maggot meal as a fish meal replacer showed the best result in the
current experiment. It is recommended to use the live maggot and maggot meal as a
protein source and fish meal replacer, which will be cheaper, yet profitable to the
aquaculture business.
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