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Abstract

Objective: The aim of this research is to determine the use of maggot (Heermetia illucens) as a raw material for feed on
the physical quality of fish feed.

Material and method: This research was carried out in September-November 2023. The experimental design in this
research was to make maggot caterpillar flour, fish meal, corn flour and tapioca flour, then formulated using the trial
and error method. The treatments tried included treatment A with 45% fish meal, 35% maggot meal, treatment B with
50% fish meal and 30% maggot meal, treatment C with 55% fish meal and 25% maggot meal and treatment K with 0%
fish meal and maggot meal. 80%. All treatments each added 16% corn flour and 4% tapioca flour as feed adhesive.
Physical test analysis includes tests for feed hardness, solubility and feed color.

Results: The results of the research show that regarding the solubility of the feed, maggot can be used as an ingredient
in making feed because it has good attractiveness for the test fish, even though commercial feed shows better results.
Regarding solubility, feed made from maggots has good solubility, even treatments B and C showed better results than
the control treatment. The hardness level of the feed is better than the control treatment, which means that the fish can
use the feed well because it has a low hardness level and suits the fish's needs.

Conclusion: The use of Maggot (Heermetia illucens) as a feed ingredient can be used as a raw material for feed because
it can have a positive influence on the physical quality of fish feed such as the attractiveness of the feed to fish, the
solubility of the feed, the hardness level of the feed, and the color of the feed.

Keywords: Utilization; Maggots; Fish feed; Physical quality of feed

1 Introduction

Nowadays, development in the fisheries sector is faced with the problem of feed requirements which is an important
component in fish cultivation. Nowadays, development in the fisheries sector is faced with the problem of feed
requirements which is an important component in fish cultivation. Feed as a production component takes up 60-70%
of total production costs (Zaman, 2017). The problem often faced in fish cultivation is the high price of feed so that
production costs are quite high (Fitriani et al., 2023). Because the price of fish feed is relatively expensive, innovative
and alternative feed is needed that is relatively cheap, easy to obtain and contains good nutrition, to reduce the use of
pelleted feed (Murni, 2013).
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Fish food can be divided into two, namely natural food and artificial food. Natural feed is feed that is obtained directly
in nature, while artificial feed is feed that is deliberately made and mixed into feed based on the desired feed
formulation. Artificial feed is made by humans from various kinds of raw materials that contain high nutritional value
according to the needs of fish and in its making it great attention is paid to the characteristics and size (Djarijah, 2001).
Artificial feed has a high selling price for farmers and causes a decrease in water quality such as reducing oxygen levels
in the water and producing ammonia which is a toxic compound for fish (Fahmi, 2015).

Fish feed is a mixture of various feed ingredients, both plants and animals, which are processed in such a way that they
are easy to consume and digest and are also a source of nutrition for fish that can produce energy for living activities
(Wulandari, 2015). According to Abdiguna (2013), fish feed is a component that plays an important role in the success
of cultivation activities because the content of quality feed that suits the fish's needs will determine the growth and
development of the fish. Fish growth can run optimally if the amount of feed, feed quality and nutritional content are
met properly (Zaenuri et al.,, 2014).

The development of commercial feeds for aquatic organisms has traditionally depended on fishmeal as a protein source
(Wang et al,, 2019). However, the reduced availability of fishmeal and the increasing price of fishmeal have encouraged
research to look for substitutes for this protein source. According to Belghit et al. (2019), the choice of ingredients and
formulation of fish feed can influence the environmental impact on the aquaculture industry. Finding suitable and
sustainable nutrition as a substitute for fish meal and fat is the focus of current research where possible alternative
sources of feed ingredients come from plant products, animal waste

In making fish food, it turns out that you not only need the right raw material formulation, both in terms of the type of
raw material and the nutritional composition, what is no less important is the quality of the fish food after being spread
into the water. Many feeds have been successfully made with adequate nutritional quality, but they sink quickly, easily
disintegrate and decompose in water, even though not all of them are eaten by the fish. As a result, the feed given
becomes no longer effective and efficient (Mulia et al.,, 2017). The physical form of fish food is greatly influenced by the
type of material used, printer size, amount of water, pressure, post-processing method, and use of adhesive to produce
fish food with a strong, compact and sturdy structure so that it does not break easily (Jahan et al., 2006).

Attention to insects as feed ingredients for land and aquatic animals continues to develop and grow throughout the
years as shown by the increasing number of journals about feed ingredients derived from insect ingredients. Insects
used as food can provide a solution to overcome the problem of protein deficiency (Wang et al., 2019). Maggots are
organisms that originate from Black Soldier Fly (BSF) larvae. Maggots have a fairly high nutritional content (40%-50%),
do not carry disease agents, do not require high technology to obtain them, and are relatively cheap (Hem et al., 2006 in
Ediwarman, 2008). Meanwhile, according to Azir et al (2017), maggots contain 41.22% protein, this is because maggots
have storage organs called trophocytes which function to store the nutrient content found in the culture media they eat.
Maggots also function as an alternative feed for fish which can be given in fresh form (Subaima et al., 2010).

Maggot larvae are considered an important natural ingredient for use in feed. This species has long been used as a
protein source for animal feed, mainly due to its ability to convert food waste such as vegetables, fruit, industrial waste
and animal tissues into high quality protein. In recent years, research on the production of maggot larvae as feed has
increased (Wang and Shelomi, 2017). The advantage of using maggots as a promising alternative source of protein is
that this organism has the ability to convert organic matter, and only requires a small amount of land and water. Maggot
(Hermetia illunces) is an organism that originates from black soldier fly eggs and is a putrefactive organism because it
consumes organic materials to grow (Silmina et al., 2014 and Mokolensang et al., 2018).

The advantage of the black soldier fly maggot is that it has a chewy texture and has the ability to produce natural
enzymes which can increase the fish's digestibility of feed. Maggots have a high protein content, namely 42.1% (Mudeng,
etal, 2018 and Li et al,, 2019). The high level of nutrition in maggots, their use which does not compete with humans
and their easy-to-make growing media show good potential as natural fish food. It is hoped that maggots can be the
answer to the problem of cheap feed availability that is easy to provide, does not cause damage to water quality and can
increase the fish's immune system (Fahmi, 2015). This research aims to determine the effect of using Maggot (Heermetia
illucens) as a feed ingredient on the physical quality of fish feed.
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2 Material and method

2.1. Research Design and Treatment

The experimental design in this research was to make maggot caterpillar flour, fish meal, corn flour and tapioca tape,
then formulated using the trial and error method. This method is used for small-scale feed production using the Pearson
Square program. After that, a physical test of the feed is carried out, namely fish attractiveness, feed hardness, solubility
and color.

The treatments tried were Treatment A 45% fish meal, 35% maggot flour, 16% corn flour, and 4% tapioca flour.
Treatment B 50% fish meal, 30% maggot flour, 16% corn flour, and 4% tapioca flour. Treatment C 55% fish meal, 25%
maggot flour, 16% corn flour, and 4% tapioca flour. Meanwhile, the Control treatment (K) was 0% fish meal, 80%
maggot flour, 16% corn flour, and 4% tapioca flour. The design used in this research was a Completely Randomized
Design (CRD) which consisted of 4 treatments, each treatment was repeated 3 times to obtain 12 experimental units
(Table 1).

Table 1 Research Design

C2 | C1 | KO
KO | C3 | A1
B2 | A2 | B1
B3 | KO | A3

2.2. Place and time of research

This research was carried out at the Agricultural Technology Education Laboratory, Faculty of Engineering, Universitas
Negeri Makassar, Indonesia. The research was carried out in September-December 2023. As part of the research, maggot
(Hermetia illucens) was reared for 1 month, then maggot processing (drying and starvation) for 3 weeks, while the feed
making and drying process was carried out in 4 treatments, namely for 3 weeks., then physical tests were carried out
for 2 weeks including tests for feed attractiveness, feed hardness, solubility and feed color.

2.3. Media Preparation Stage and Rearing Maggots

The stages in maggot rearing which refer to research by Fauzi & Sari (2018) are preparing all the materials and tools
that will be used as maggot rearing media consisting of commercial fish pellets, coconut fiber, bran, basin and spoon,
crushing the commercial fish pellets until they are half coarse, then add water little by little until the pellets become
moist, put the commercial fish pellets into the rearing basin, put coconut fiber in the rearing basin right above the
commercial fish pellets, and sprinkle bran on the edge of the basin right above the commercial fish pellets.

The stages in maggot maintenance that refer to research by Fauzi & Sari (2018), namely that the maggot is placed in a
basin (maintenance medium). The maggots that are reared are 3 days old after hatching and their size is around 5 mm.
Provide maggot food once a day in the form of fish waste, and add water to the maggot rearing medium little by little if
the rearing medium is dry. The following are several stages in collecting maggots according to Fauzi & Sari (2018),
namely preparing the equipment that will be used in the maggot harvesting/collecting process, including 3 basins, 2 1
x 1 meter wire filters and spoons, first separating the remaining -remaining fish waste found in maggot rearing media.
When the rearing media is clean of maggot food remains, the maggots usually gather in the corners of the basin, scoop
up the maggots using a large spoon, then move them to another basin.

2.4. C(leaning, Drying and Making Maggot Flour

Several stages in cleaning maggots which refer to the research of Putra et al., (2022), namely maggots that are still mixed
with the rearing media are filtered using a wire filter, so that the rearing media (loose pellets) can pass through the
filter through the filter holes, maggots that have collected and divided into 4 containers to facilitate the process of killing
the maggots, before the maggots are doused with hot water (turned off), the maggots are washed first, the process of
killing the maggots is using boiling water which is then poured into the container containing the maggots, after that wait
until the maggots are completely dead.
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Stages in drying maggot maggots which refer to the research of Saleh et al. (2023), namely preparing 4 plastic gutters
which are then lined with plastic, inserting maggots into the gutter, then putting them in a drying room. After that, wait
for the maggots to dry completely, around 5 days or depending on the weather.

The stages in cleaning maggots which refer to research by Pardosi (2022) are preparing the equipment that will be used
in the process of sifting maggots, including a stone mortar, 2 basins, a spoon and a sieve, putting the dried maggots into
the mortar then pounding them until smooth, pouring the maggots. has been ground into a sieve, then the maggot is
filtered, moving the maggot flour to a place far from the reach of water or damp places.

2.5. Fish Meal, Binder and Corn Flour

The fishmeal used in making feed is obtained commercially in Makassar City stores. The steps for making a
binder/adhesive from tapioca flour according to Prihanka & Nuwa (2018) are weighing the tapioca flour, putting it in a
container, then adding hot water, stirring the mixture until it forms white gelatin, cooling it first before using it and
mixing it into the feed mixture little by little. A little. The stage for making corn flour is to buy corn commercially and
then blend the corn until it becomes corn flour.

2.6. Formulation and Making of Fish Feed

The initial stage of feed formulation is preparing the materials and tools that will be used to determine the amount of
ingredient composition in each feed treatment. The materials and tools used to determine the composition of
ingredients in each feed treatment are scales, containers, spoons and plastic bags. Research treatment as in Table 2.

Table 2 Research Treatment

Materials Treatments

Control/K (%) | A (%) | B (%) | C (%)
Fish flour 0 45 50 55
Maggot Flour | 80 35 30 25
Cornstarch 16 16 16 16
Tapioca flour | 4 4 4 4
Amounts 100 100 100 100

The stages of making feed are first preparing the tools and materials that will be used in making feed, putting maggot
meal, corn meal and fish meal into a container according to a predetermined ratio, mixing all the ingredients until evenly
mixed, pour water little by little until smooth, pour water into a container containing tapioca flour according to the
specified ratio, heat the tapioca flour solution until the temperature reaches 100°C (boils), then stir until cooked (forms
gel), Add the binder gel/adhesive made from tapioca flour into the feed mixture, then stir until evenly mixed and smooth,
add it into the pellet press little by little, if the feed that comes out of the pellet press is shaped like crumbles/pellets,
then the feed is ready to dry.

2.7. Data Collection and Analysis

The data collection technique used in this research is by systematically observing and recording the research subjects.
Data was collected through several tests, namely physical tests which included attractiveness, feed solubility, feed
hardness and feed color.

The stage in testing attractiveness (Aslamyah and Fujaya, 2011) is by dropping 10 g of feed into a basin containing
tilapia fish with a distance between the pellet and the fish value of 30 cm. The time it takes for the tilapia to eat the
pellets is calculated using a stopwatch. The time used by the tilapia to eat the pellets is the result of an attractiveness
test using units of minutes.

Measuring the solubility of fish food is in accordance with the opinion of Kurniasari, et al., (2022), solubility or breaking
speed is the length of time it takes for the pellets to become soft or disintegrate in water. A total of 10 pellets of the same
size are put into a measuring cup filled with water. To determine whether the test pellet is soft or not, press it with your
index finger. This observation was carried out by pressing the pellet every 5 minutes.
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The feed hardness level test was measured by inserting 5 g of feed into a paralon pipe with a height of 1 m. Then the
feed is weighed with weights weighing 500 g. The feed that has been weighed is then sieved using a 0.5 mm cyclone.
The level of hardness is calculated in terms of the percentage of feed that is not crushed. The impact resistance formula
is as follows (Aslamyah & Karim, 2012):

Feed Hardness (%) = BB%AX 100 %

Information::
A : Whole pellet weight after dropping
B : Whole pellet weight before dropping

The color of the feed is the color of the feed after the fish feed has been made, then the color is observed, including the
control feed which is a comparison feed obtained commercially.

The data analysis technique used in research to analyze research data is quantitative descriptive analysis

3 Results

Physical testing is a way of initial evaluation of feed, by examining its physical condition. The quality of artificial feed for
fish is not only determined by its nutritional content which is sufficient for the needs of fish growth and development,
however, it is also determined by its physical properties, for example the buoyancy and stability of the feed in water, as
well as several other important physical properties of the feed (Mulia and Maryanto, 2014).

3.1. Attractiveness of Fish Food

Figure 1 shows that the attractiveness of the feed tested on tilapia fish means that the fish are slower to respond to
treatment C fish feed with a value of 17.06 seconds, which means that in only 17.06 seconds, The tilapia has approached
and consumed the feed provided. The next best treatment is treatment A, namely 14.04 seconds, treatment B, namely
9.03 seconds and the control treatment, which is fish food obtained commercially, has the lowest feed attractiveness,
namely 7.07 seconds, which means that the control feed is still better than the feed, artificial fish in this study.

18 17.06
16

Treatmens

Figure 1 Attractiveness of Fish Food (seconds)

3.2. Solubility of Fish Feed

Figure 2 shows that the fish food that dissolves the fastest in water is treatment A, namely 240 minutes, followed by the
control treatment, namely 243 minutes, treatment B, namely 244 minutes and the treatment that dissolves the slowest
in water is treatment C, namely 254 minutes. The faster the food dissolves in water, the more difficult it is for the fish to
use it properly because before it can be used by the fish, the food has already dissolved in water. However, based on the
solubility aspect of the feed, the feed that dissolves the fastest is the feed in treatment A, namely 240 minutes or 4 hours.
Based on several theories, it is stated that the solubility of feed or feed stability in water should be no less than 2 hours
or 120 minutes.

118



International Journal of Life Science Research Archive, 2024, 06(01), 114-123

260

255

250

245 243

240

235

230

240

244

Treatments

254

Figure 2 Solubility of Fish Food (minutes)

3.3. FishFeed Hardness Level

Based on Figure 3, it shows that the highest level of feed hardness occurred in the control treatment, namely 47.70%,
followed by treatment B, namely 27.84%, treatment A, namely 19.21% and the lowest in treatment C, namely 13.62%.

The level of hardness in fish feed will affect the solubility of the feed and the level of feed utilization by the fish.

60.00%

50.00% 47.70%

40.00%
30.00% 27.84%
19.21%
20.00%
10.00%
0.00%
K A B

13.62%

Treatmens

C

Figure 3 Fish Food Hardness Level (%)

3.4. FishFood Color

Based on Figure 4, it shows that the color of the feed made in the study was almost the same for all treatments, namely
brown. The color of the feed is very important because it is related to the level of feed utilization by fish, especially feed
intended for fish that utilize the visual aspect to find food in water.

-

Treatment K

Treatment A
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Treatment B Treatment C

Figure 4 Fish Food Color

4  Discussion

4.1. The Attraction of Fish Food

Feed striking time or feed attractiveness is closely related to the level of attractiveness or aroma of the feed. Saade et al.
(2013) stated that the more pungent the test food was, the quicker the test fish responded with interest by approaching
the food to consume it. The time required for the test animal to first eat the test pellet is expressed as the attractiveness
of the pellet in minutes (Saade et al., 2010). The higher the attractiveness of a feed, the faster the feed will be consumed
before it disintegrates in the water.

4.2. Solubility of Fish Feed

Feed stability in water is the level of feed resistance in water or how long it takes for the feed to become soft and
disintegrate (Aslamyah and Karim, 2012). The effect of binders on the water stability characteristics of pellets (pellet
resistance in water) shows a relatively high value compared to without using binders (Krisnan and Ginting, 2009). If
the feed is too hard it is difficult for the fish to swallow and if it is in the form of a paste, the pellets will crumble easily,
causing wastage of feed and water spoilage. An efficient binder, if very expensive, will make the final cost of feed
production uneconomical (Zaman, 2017).

Feed unit density is similar to feed mass density, but the measurement method is different. The density of a feed unit is
the ratio of mass (g) to the total volume (cm3) of pellet units whose mass is weighed (Fallahi, 2012). According to
Tumuluru and Sokhansanj (2008) in Fallahi (2012) observed that screw speed, barrel temperature, pellet dimensions,
and feed moisture content significantly influence the feed unit density value. This research carried out unit density
without paying attention to how the feed making machine works, but rather observing the optimal level of fermentation
and cutting when making pellets.

The buoyancy of the feed is to determine how long the fish pellets stay above the water surface so that they can be
utilized optimally by the fish when the feed is put into the water (Mulia and Maryanto, 2014). The buoyancy and
integrity of food in the water is important because: (1) food that floats and is not easily destroyed makes it easier to
observe that fish are full and feeding should be stopped (Jauncey et al., 2007); (2) minimizing waste and pond water
pollution due to crushed and inedible food waste (Jauncey et al., 2007). Determination of pellet buoyancy was carried
out to differentiate pellet categories, namely (a) very good with buoyancy > 30 minutes; (b) good at 15-30 minutes of
buoyancy; (c) moderate buoyancy 5-15 minutes; and (d) not good at buoyancy < 5 minutes (Irma, 2008). The
fermentation process can provide buoyancy and other physical properties such as integrity in water that are beneficial
for fish farmers.

Hydrophobicity is the level of rejection of water molecules (Rianto et al., 2011). This test can help explain the buoyancy,
water absorption and water stability of fish pellets. It can be said that hydrophobicity influences the nature of the surface
exposed to water, including whether it is hydrophilic or hydrophobic. Mudjiman (2008) states that the buoyancy of feed
is related to the specific gravity of the feed. The greater the specific gravity of the feed compared to the specific gravity
of water (specific gravity of water = 1), the faster the feed in question sinks, if the specific gravity of the feed is around
1 then the feed will float, whereas if the specific gravity of the feed is less than 1 the feed will float. This shows that feed
A, B and C have a specific gravity of more than 1 and the floating condition experienced by the feed is due to the presence
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of oxygen trapped in the feed, as well as the sinking speed of the pellets, indicating that the specific gravity of the feed
is more than 1 so that the pellets immediately sink. without flying first.

4.3. Fish Food Hardness Level

Ingredients that contain high starch can act as binders, for example cassava flour, corn flour, rice flour, wheat, tapioca
flour, molasses, cassava flour, and other ingredients (Susilawati et al., 2012). Density is the mass of particles that occupy
a certain unit volume (Wirakartakusumah, 1992). Density is used to determine the compactness and texture of feed. A
compact feed texture will be resistant to the effects of the pressing process so that the bonds between the particles that
make up the feed become very strong and the space between the particles of the feed material is not filled with air
cavities (Krisnan and Ginting, 2009). Feed density (g/cm3) is calculated by comparing the mass (g) with the feed volume
(cm3) as explained by USDA (1999).

Water absorption is the ability of an object to absorb water from the surrounding environment (Krisnan and Ginting,
2009). Feed that has a high water absorption capacity will cause the feed to become soft and become destroyed when
exposed to water, so it is said to not withstand long periods of storage (Zaman, 2017). Generally, the water content of
feed rations will increase as the storage time increases (Prabowo, 2003 in Krisnan and Ginting, 2009).

4.4. Fish Food Color

The color of the feed really depends on the type of raw material used (Aslamyah and Karim, 2012). Cahyadi (2006)
states that there are three functions of flavor, namely as a flavoring agent (delicious), maintaining deliciousness and
strengthening acceptability. According to Rusadi (2011), the food is made according to the fish's wishes, so that fish that
smell the fish food are attracted to consuming the food or what is commonly known as the fish's receptivity to the fish
food that is made.

5 Conclusion

Maggot (Heermetia illucens) can be used as a raw material for feed because it can have a positive influence on the
physical quality of fish feed. Regarding the solubility of feed, maggot can be used as an ingredient in making feed because
it has good attractiveness for test fish, even though commercial feed shows better results. Regarding solubility, feed
made from maggots has good solubility, even treatments B and C showed better results than the control treatment. The
hardness level of the feed is better than the control treatment, which means that the fish can use the feed well because
it has a low hardness level and suits the fish's needs.

Compliance with ethical standards

Acknowledgments

This research was possible thanks to the facilities and technical support from the Department of Agricultural
Technology, Makassar State University. This research was also supported by the chemistry and water laboratory of the
Pangkep State Agricultural Polytechnic

Disclosure of conflict of interest

In this research there is no conflict of interest

The all authors declare that they have no conflicts of interest related to this study.

References

[1]  Abdiguna, A. 2013. Use of Meat and Bone Meal as an Alternative Source of Animal Protein in Red Tilapia
(Oreochromis niloticus) Feed. e-Jurnal Rekayasa dan Teknologi Budidaya Perairan 2, ISSN: 2302-3600.

[2] Aslamyah S, Fujaya Y. 2011. Effectiveness of artificial feed enriched with spinach extract in stimulating molting
in soft shell mud crab production. Jurnal Akuakultur Indonesia., 10(1): 8-15.

[3] Aslamyah, S. and M. Y. Karim. 2012. Evaluation of the Quality of Fermentation Products of Various Local Agro-
Industry By-Product Raw Materials: Their Effect on Digestibility and Growth Performance of Juvenile Goldfish.
Jurnal Akuakultur Indonesia., 11(1): 1-10.

121



[12]

[13]

[14]

International Journal of Life Science Research Archive, 2024, 06(01), 114-123

Azir, A. Haris, H and Haris, R.B.K. 2017. Production and Nutritional Content of Maggots (Chrysomya megacephala)
using Different Culture Media Compositions. Jurnal Ilmu - ilmu Perikanan dan Budidaya Perairan. 12 (1) : 34 -
40.

Bambang. 2001. Fish Food Mixing Guidelines. Kanisius. Yogyakarta.

Belghit, [, Liland, N.S., Gjesdal, P., Biancarosa, 1., Menchetti, E., Li Y,Waagbo R., Krogdahl, A., and Lock, E. 2019.
Black soldier fly larvae meal can replace fish meal in diets of sea-water phase Atlantic salmon (Salmo salar).
Aquaculture 503; 609-619.

Cahyadi, W. 2006. Food Additives, Analysis and Health Aspects. PT. Bumi Aksara. Jakarta.

Daniella A. S., Joppy, D. M,, Revol, D. M,, Hariyani, S., Jeffrie, F. M. 2021. Growth performance of nile tilapia
(Oreochromis niloticus) feeding with combination of pellet and dry maggot (Hermetia illucens). Budidaya
Perairan., 9(1): 33 - 44

Djarijah, A.S. 2001. Patin Fish Cultivation. Yogyakarta: Penerbit Kanisius.

Ediwarman., Hernawati, R., Adianto., and W. Moreau, Y. 2008. Use of Maggots as a Substitute for Trash Fish in
Toman Fish Cultivation (Channa micropeltes). ]. Ris. Akuakultur. Vol. 3. No. 3 : 395-400.

Fahmi, M.R. 2015. Optimization of the bioconversion process by using Hermetia illucens mini-larvae to meet fish
feed needs. In Proceedings of the National Seminar on the Indonesian Biodiversity Society. Vol.1:139-
144.https://doi.org/10.130 57 /psnmbi/m010124

Fallahi, P. 2012. Twin-screw Extrusion Processing of Vegetable-Based Protein Feeds for Yellow Perch (Perca
flavescens) Containing DistillersDried Grains (DDG), Soy Protein Concentrate (SPC), and Fermented High Protein
Soybean Meal (FSBM). An ASABE Meeting Presentation., 12 (1337564).

Fauzi, R.U.A. and Sari, E.R.N. 2018. Analysis of Maggot Cultivation Business as an Alternative to Catfish Feed.
Industria: Jurnal Teknologi dan Manajemen Agroindustry 7 91) : 39-46.

Fitriani., Helmi, H., and Rih, L. U. 2023. Utilization of Maggot (Hermetia Illucens) as an Alternative Feed with a
Combination of Pellet Feed on the Growth and Survival of Snakehead Fish (Channa Striata). Jurnal Indobiosains.,
5(1): 13-24

Irma, H. 2008. Techniques for Making Floating Fish Feed at CV. Mentari Nusantara Feedmill. Field practice.
Tulungagung. Jawa Timur.

Jahan, M.S.,, M. Asaduzzaman, and A Sarkar. 2006. Performance of broiler fed on mash, pellet, and crumble. Int J.
Poultry Sci. Vol. 5 No. 3: 265-270.

Jauncey, Kim. Per Lang Sorensen and Foluke Areola. 2007. A Short Handbook - Catfish Feed for Nigeria. Brussels.

Krisnan., Rantan and S.P. Ginting. 2009. Use of Solid Ex-Decanter as an Adhesive for Making Complete Feed in
Pellet Form: Physical Evaluation of Complete Feed in Pellet Form. National Seminar on Animal Husbandry and
Veterinary Technology. Beef Goat Research Workshop, North Sumatra.

Kurniasari, L., Wulandari N.D., Ruschitasari, Z., and Ula, M.K. 2022. Processing Organic Waste to Provide Added
Value Through Maggot Cultivation. Jurnal Pengabdian Kepada Masyarakat., 2(93): 1473-1480.

Li Y, Kortner TM, Chikwati EM, Munang’andu HM, Lock E, and Krogdahl A. 2019. Gut health and vaccination
response in pre-smolt Atlantic salmon (Salmo salar) fed black soldier fly (Hermetia illucens) larvae meal. Fish and
Shellfish Immunology 86; 1106- 1113.

Mokolensang, J.F., Hariawan MGV., and Manu L. 2018. Maggot (Hermetia illunces) as an alternative feed in fish
farming. E-Journal Budidaya Perairan, Vol.6 (3), 32-37.

Mudeng, N.E.G., Mokolensang, ].F, Kalesaran, 0.]., Pangkey, H., and Lantu S. 2018. Cultivating Maggots (Hermetia
illuens) using several media. E-Journal Budidaya Perairan., Vol.6 (3), 1-4.

Mudjiman, A. 2008. Fish food. Revised edition. Jakarta: Penebar Swadaya.

Mulia, D. S and Heri Maryanto. 2014. Physical and Chemical Tests of Fish Feed Using Natural Adhesives.
Proceedings of the LPPM UMP Research Results Seminar. [SBN 978-602-14930-2-1

Mulia, D.S., Fatih, W., and Heri, M. 2017. Physical Test Of Fish Feed Using Cassava Flour Binder. Jurnal Riset Sains
dan Teknologi., 1(1): 37-44.

122



[36]

[37]

International Journal of Life Science Research Archive, 2024, 06(01), 114-123

Murni. 2013. Optimizing the Combination of Maggot with Artificial Feed on the Growth and Survival of Tilapia
(Oreochromis niloticus). Octopus., 2(2): 192-198.

Pardosi, U. 2022. The Effect of Giving Black Soldier Fly Maggot Meal in the Ration on the Performance of Quail.
Journal of Superior Animal Husbandry. Pages 20-24.

Prihanka and Nuwa, 2018. Tapioca Flour as Adhesive in Making Charcoal Briquettes: Tapioca Flour As In
Adhesive Making Of Bricket. Jurnal Ilmiah Pengabdian Kepada Masyarakat 3 91), 34-38, 2018.

Putra, D. F., Ivan, A, Izzuddin, Al-Qossam., Aris, D. M., Gebrina, Z. B., Nabila, I., Windy, M., Jul, A, Annisa, Z., Silvana,
R., Putri, Dyana, H., Wilma, F., Tjut, N. G. G., Nur, A,, Fatha, Y. A, Riqqa, R. S. H., Zulkarnain, ]., and Reki, F. 2022.
Transfer of Organic Feed Technology ‘Maggot’ as an Effort to Increase Freshwater Fish Productivity, Dham Pulo
Village, Ingin Jaya Sub-District, Aceh Besar. Bull. Community. Serv. 2022. 2(1):1-7.

Rianto, Ari. Sudjito Soeparman and Sugiarto. 2011. Characterization of Bending Strength and Hydrophobicity of
Continuous Waru (Hibiscus tiliaceus) Bark Fiber Composite with Cassava Starch Matrix. Jurnal Rekayasa
Mesin, 2(2): 130-136, ISSN 0216-468X

Rusadi. T, 2011. Fish Nutrition and Food. Faculty of Agriculture, Universitas Mataram.

Saade. E,, S. Aslamyah, and N. I. Salam. 2010. Physical and Chemical Tests of Artificial Crustacean Feed Using
Various Doses of Seaweed Flour, Gracillaria gigas as Adhesive Material. Thesis. FIKP. Universitas Hasanuddin,
Makassar.

Saade, E., Zainuddin, S. Aslamyah, and R. Bohari. 2013. Effect of Dosage Level of Euchema cottoni Seaweed Flour
as a Thickening Agent in Gel Feed on the Attractiveness, Taste Level and Daily Feed Consumption of Koi Fish
(Cyprinus carpio). National Seminar on Indonesian Fisheries. Sekolah Tinggi Perikanan, Jakarta.

Saleh, A, A. Ramdani, and Elvathna, S. 2023. Design and Construction of the Transmission System for the Maggot
Drying Machine. Jurnal TEDC,, 17(2): 123-126.

Silmina, D., Edriani, G., and Putri M. 2014. Effectiveness of Various Cultivation Media on the Growth of Hermetia
illucens Maggots. (On line). Accessed from:
http://dosen.narotama.ac.id/wpcontent/uploads/2012/EfektifitasBerbagai-Media-Budidaya-
TerhadapPertumbuhan-Maggot-Hermetiaillucens .pdf [24/05/2019]

Subaima, L.W.,, Nur, B., Musa, A, and Ruby Vidia, K. 2010. Utilization of maggots enriched with color triggers as
feed for Rainbow ornamental fish (Melanotaenia boesemani) native to Papua. Proceedings of the Aquaculture
Technology Innovation Forum. Balai Riset Budidaya Ikan Hias. pp: 125-13.

Susilawati, I., Mansyur and Romi, Z.I. 2012. The Use of Various Binding Materials on the Physical and Chemical
Quality of Animal Forage Pellets (Effect Of Binder On Physical And Chemical Quality Of Grass Pellets). Jurnal [Imu
Ternak., 12(1).

USDA. 1999. Practical procedures for grain handlers: Inspecting Grain. United States Department of Agriculture-
Grain Inspection, Packers andStockyards Administration. Washington, DC.

Wang YS,. and Shelomi M. 2017. Review of Black Soldier Fly (Hermetia illucens) as Animal Feed and Human Food.
Food 6, 91.

Wang G, Peng K, Hu ], Yi C, Chen X, Wu H, Huang Y. 2019. Evaluation of defatted black soldier fly (Hermetia illucens
L.) larvae meal as an alternative protein ingredient for juvenile Japanese seabass (Lateolabrax japonicus) diets.
Aquaculture 507; 144-154.

Wirakartakusumah, M.A. 1992. Physical Properties of Food. Pusat Antar Universitas Pangan dan Gizi. Institut
Pertanian Bogor. Bogor.

Wulandari, F. 2015. Physical and Organoleptic Tests of Feed Using Cassava Flour as an Adhesive Material. Faculty
of Teacher Training and Education. Universitas Muhammadiyah Purwokerto.

Zaenuri.,, Rohmad., Bambang, S., and Alexander, T. S. H. 2014. Quality of Fish Feed in Pellet Form from Agricultural
Waste. Jurnal Sumberdaya Alam & Lingkungan 1 (1) : 31-36

Zaman, A. B. 2017. Physical, Chemical and Biological Characteristics of Floating Fish Feed Fermented Using the
Mold Rhizopus oryzae. Thesis. In the Biology Study Program, Faculty of Science and Technology. Universitas
Islam Negeri Syarif Hidayatullah Jakarta. 103 p.

123



