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displayed a genetic gain of 30.4%, while the

Introduction . .
females showed a gain of 12.8% (Gustiano,

The Nirwana strain of tilapia is a 2008). This superior growth rate

result of selective breeding by the Wanayasa distinguishes the Nirwana strain from other
Freshwater Fish Seed Development Center
(BPBIAT) in Purwakarta, West Java. This

selective breeding aimed to improve the

tilapia strains, reaching 650 grams in just six
months compared to 500 grams for other

strains in the same period (Putri, 2018).

genetic quality of tilapia, which had This growth advantage has led many

lin t xtensive inbreedin . : . o
declined due o extensive breeding, fish farmers to cultivate Nirwana tilapia.

negatively affecting growth rates. The mal ]
egatively attecting gro aes € male However, the cost of feed remains a

F2 Nirwana tilapia from Wanayasa - . .
significant barrier to more extensive
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cultivation. Feed accounts for 70-90% of
total production costs, primarily due to the
high protein content required, which raises
prices and reduces profitability (Efrizal,
2018; Islama, 2020). Therefore, natural feed
alternatives, rich in protein, are needed to
substitute commercial feed and help reduce
these production costs. Maggots, silkworms
(Tubifex sp.), and bloodworms (Chironomus
sp. larvae) have been proposed as natural
feed alternatives due to their high protein
content, which ranges from 37.97% to
44.58% (Indariyanti, 2018), with silkworms
containing up to 57% protein.

Maggots (Hermetia illucens) are the
larvae of the Black Soldier Fly and are
known for being easy to cultivate and rich in
protein, The average crude protein content
of maggots is 414.7 g/kg (Lu et al., 2022). In
addition to their high protein content,
maggots and antimicrobial properties, which
help increase fish resistance to bacterial
infections (Amandanisa, 2020). Hermetia
illucens has been observed to reduce
Escherichia coli 0157 (Liu et al., 2008),
Salmonella enterica Typhimurium, and
Listeria monocytogenes (Grisendi et al.,
2022),

antimicrobial

demonstrating significant

activity. Furthermore,
antimicrobial peptides (AMPs) derived from

maggots can inhibit both gram-positive and
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gram-negative microbes

(Diyantoro et al., 2022)."This high protein

pathogenic

content aids in enhancing fish growth. In a
Balashark
melanopterus) fed with maggots achieved a
rate (SGR) of 6.51%,
compared to 3.88% for fish fed solely with

pellets  (Fahmi,  2009).
Betok (Anabas testudineus)

showed a 35.6% increase in growth when

study, (Balantiocheilus

specific growth

commercial

Similarly,

fed maggots as supplementary feed (Torang,
2013). A 50:50 combination of maggots and
commercial feed was shown to optimally
increase growth rates in tilapia (Sepang,
2021).

Silkworms (Tubifex sp.) are also an
effective natural food, easy to digest and
highly  nutritious, stimulating  growth.
Tubifex contains up to 57% protein, 13.30%
fat, and 2.04% crude fiber (Weisman et al.,
2015). Feeding silkworms has been shown
to increase the absolute growth of fish like
pomfret by up to 3.3950 g over 30 days
(Taufig, 2016). Bloodworms (Chironomus
sp. larvae) are another excellent source of
natural feed with a protein content of
55.62%. Bloodworms have proven to be
effective in juvenile feed, with studies
showing growth improvements when used at
specific feed 2016;

Ndobe, 2017). This study aims to determine

rates (Sulistiyarto,
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the differences in the growth of Nirwana
strain tilapia when fed with three different
natural  feeds:  silkworms  (Tubifex),
bloodworms, and maggots.
Materials and methods

The research was conducted at the
Laboratory of the Faculty of Fisheries and
Marine  Sciences, Jenderal Soedirman
University.
Experimental Design

Nirwana strain tilapia juveniles were
obtained from the Sidabowa Fish Seed
Center in Purwokerto. The average weights
of the fish used in each treatment were as
follows: 9.06 + 0.90 g for the silkworm
(Tubifex sp.) treatment, 8.01 + 1.06 g for the
bloodworm (Chironomus sp.) treatment,
7.98 + 1.63 g for the maggot treatment, and
7.89 + group

(commercial The experimental

142 g for the control
pellets).
design followed a completely randomized
design (CRD) with three treatments, one
control, and three
Control, P1: Tubifex, P2: Bloodworm, P3:

Maggot. Tubifex and Chironomus sp. larvae

replicates each. PO:

were provided directly to the fish, while the
maggots were chopped before feeding. Fish
were fed three times a day at 08:00, 14:00,
and 18:00 at a feeding rate of 3% of the
fish’s body weight. The rearing method was
modified from Salman (2008). Fish were
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reared in 30 x 40 x 30 cm aquariums filled
with 10 liters of water, with a stocking
density of 10 fish per aquarium. Weight and
length measurements were taken every 10
days, while water quality parameters, such
(DO),  pH,
temperature, were recorded daily."

as dissolved oxygen and
Tilapia Growth Parameters

The work procedure was conducted
systematically, starting with data collection
to observe the growth of Nirwana tilapia.
Growth was measured through parameters
such as absolute length gain, absolute
biomass gain, specific growth rate (SGR),
rate (SR).
formulas were used to calculate growth:

Absolute length gain (Effendi, 1979 ):

and survival The following

P=Pt-Po
Where:
P = absolute length growth
Pt = The final length of the fish on day t
Po = Initial length of fish

Absolute Biomass (Effendi, 1979; Suprianto
etal., 2019):

W =Wt - Wo
Where:
W = absolute weight/biomass growth
Wt = Final weight / fish biomass on day
t
Wo = Initial weight/initial biomass of

fish (g)
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Specific growth rate (Abdel-Tawwab et al.,
2010)

SGR =[(In [Wt-InWo ) /t] x 100%
Where:

SGR = Specific growth rate (% days)

Wt = Final average weight of fish on
day t (g/head)

Wo = Average initial weight of fish
(g/head)

t = Day

Survival rate data obtained using the

following formula (Effendie, 2000) :
SR = Nt/No x 100%

Where:

SR = Survival rate (%)

Nt = Number of fish at the end of the
study (tails);

No = Number of fish at the beginning of
the study (tails).

Data Analysis

Growth data were analyzed using

significant differences were found, Tukey's
post-hoc test was performed to further
analyze the data. Data processing was
carried out using SPSS 25 software.
Results
Absolute Biomass Gain

The weight gain of the fish during
each period is shown in Figure 1. The results
indicate that Tubifex feed (P1) significantly
increased the weight gain of the fish
compared to other treatments. The highest
absolute biomass was observed in the
Tubifex group, with a value of 5.23 + 0.89 g,
followed by the Chironomus larvae (P2) at
4.22 +1.01 g, the maggot group (P3) at 3.93
+ 045 g, and the control group (PO,
commercial pellets) at 3.24 + 0.56 g (Table
1). using ANOVA
indicated significant differences among the

Statistical analysis

treatments (p < 0.05). Tukey's post-hoc test

revealed that the Tubifex treatment was

ANOVA to determine any significant significantly different from Chironomus
differences  between  treatments. If larvae, maggot, and control treatments.
Weight gain
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Figure 1. Tilapia nirwana strain weight gain in each time period
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Table 1. Tilapia nirwana strain growth results with different natural feed

Experimental

diets W () P (cm) SGR SR (%)
PO 3,24 + 0,562 29 +£0,34% 11 +0,25° 100
P1 5,23 +0,89° 42 +0,78° 1,53+0,33" 90
P2 4,22 + 1,012 317+0,42% 1,41+0,29° 100
P3 3,93 + 0,452 31 +0,45%  1,33+0,232 70
P-value <0.05 P < 0.0001 P< 0.0001 P< 0.034 -

However, there was no significant difference
between the maggot and control treatments.
Absolute Length Gain

Fish growth was also assessed by
measuring the increase in length. The results
showed that the length of Nirwana tilapia
increased significantly across all treatments
during the experimental period. The highest
absolute length gain was observed in the
Tubifex group at 4.2 + 7.8 cm, followed by
group
(commercial pellets), and the lowest length

Chironomus larvae, the control
gain was observed in the maggot group
(Table 1). ANOVA analysis

significant  differences in

indicated
length gain
(p < 0.05).
According to Tukey’s post-hoc test, the

between the treatments
Tubifex treatment was significantly different

from Chironomus larvae, maggot, and
control treatments. However, no significant
differences were found between the maggot,
Chironomus larvae, and control treatments.

Specific Growth Rate (SGR)
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The Specific Growth Rate (SGR)
results are shown in Figure 4. The SGR was
highest in the Tubifex treatment, with an
SGR value of 1.52 + 0.33%/day, while the
lowest SGR was observed in the control
1.1 £ 0.25%/day. ANOVA

revealed

group at

statistical  analysis significant
differences in SGR among the treatments (p
< 0.05). Tukey's post-hoc test indicated that
the SGR for the Tubifex treatment was
significantly different from the control,
Chironomus larvae, and maggot treatments,
while no significant differences were found
between the control, maggot, and
Chironomus larvae treatments.

Survival rate (SR)

The survival rate (SR) represents the
percentage of fish that survived during the
study period. The SR for the Tubifex group
was 100%, while the lowest survival rate of
70% was observed in the maggot group
(Table 1). The lower survival rate in the
maggot group was likely due to the larger

size of the chopped maggots, which may
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Table 2. Water quality during tilapia maintenance period

Range
Treatment
Temperature (°C) DO (mg/l) pH
Control 25,2-28,5 4,3-7,1 7-8
P1 27,3-28,4 4,1-7,6 7-8
P2 25,2-27,7 4,6-7,3 7-8
P3 25,3-28,3 4,1-7,2 7-8

have made it difficult for some fish to eat,

especially at the beginning of the
experiment. High survival rates are usually
achieved when the nutritional content of the
feed matches the fish's needs. Feeds with
low protein content have been linked to
higher mortality rates (Martinez et al,,
2016).
Water Quality
Water quality parameters were
monitored regularly throughout the study.
Temperature, DO, and pH were measured
daily and remained within optimal ranges
for the rearing of Nirwana tilapia (Table 2).
The temperature ranged from 25.2°C to
28.5°C, DO levels ranged from 4.1 to 7.6
mg/L, and pH remained stable between 7
and 8. These parameters did not fluctuate
significantly during the experimental period
and were suitable for tilapia growth.
According to Monalisa (2010), the optimal
temperature for tilapia growth is 25-30°C,
while a DO

considered optimal (Kordi et al., 2007). The

level above 5 mg/L is
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optimal pH for tilapia rearing is between 6
and 8.5 (Siegers, 2019), and this study's pH
range of 7-8 falls within that optimal range.
Discussion
During
period, fish fed with Tubifex showed the

the 30-day experimental

highest growth in terms of both absolute
biomass, confirming that Tubifex provides
the necessary nutrients for optimal growth in
Nirwana tilapia. The findings are consistent
with previous studies, such as Santos (2019),
like

Tubifex significantly enhance fish growth

which reported that natural feeds
due to their high protein content and easy
digestibility. The absolute biomass gain of
5.23 + 0.89 g (table 1) in this study aligns
with Syahputra (2019), who observed a
notable biomass increase in Carassius
auratus larvae fed with Tubifex over 30 days.
Similarly, Pratama (2021) found that Tubifex
was the most effective natural feed for
zebrafish larvae compared to other natural
feeds like Moina and Chironomid larvae.

The results study of Firli et al., (2021) show
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that commercial feeding with a protein
content of 40% and Tubifex produces the
highest growth performance. Tubifex is
considered the best natural feed because its
nutritional content matches the needs of fish
shrimp (Herawati, 2017). Tubifex
contains protein (50-55%), crude fiber (2-
5%), and moisture (8-10%).
nutritional content is higher than Artemia
2011).

amino acids

and

Tubifex's

and Daphnia's (Oplinger et al.,
Tubifex contains essential
necessary for fish growth, such as lysine,
methionine, threonine, leucine, isoleucine,
valine, histidine, and tryptophan (Herawati
et al., 2016). The balance of amino acids is
crucial for fish growth (Hidalgo et al.,
2002). However, several studies demonstrate
that lysine and methionine play a significant
role in protein synthesis and tissue repair,
contributing to improved growth and feed
efficiency in fish (Li et al., 2009; Wilson,
2002; Francis, 2001; Kaushik, 2010).
Regarding the absolute length gain
of tilapia larvae, there was a statistical
difference between Tubifex feed and other
treatments, with a value of 4.2 £ 0.78 (P1).
This value is the highest compared to the
control or Chironomid and maggot feed. A
combination of 75% Tubifex feed was able
the absolute

to increase length  of

Sangkuriang catfish (Clarias gariepinus)
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larvae by 42.3% compared to commercial
pellet feed (Mullah, 2019). Similarly, the
highest absolute length increase in
Pangasius sp. larvae was obtained from
Tubifex feed 2018). Most

freshwater fish larvae prefer Tubifex due to

(Idawati,

its distinctive aroma, color, and smaller size
compared to other natural feeds.

The specific growth rates (SGR) of
tilapia were found to be the lowest at 1.1 +
0.25 (P0) and the highest at 1.53 + 0.33 (P1),
with a significant difference (p < 0.05)
between the treatments. The precise amount
of feed needed by fish at various growth
stages can be calculated by knowing the
specific growth rate (SGR) (Rahman et al.,
2022). The percentage increase in size and
weight at specific growth stages in relation
to time (SGR) is crucial for determining the
amount of feed required for that stage to
ensure successful aquaculture operations
(Islam, 2023). With a higher SGR, Tubifex
shows that fish can convert feed into body
mass more efficiently compared to maggot
feed. This means that fish can obtain more
energy and building materials from Tubifex
for growth (Ahmad et al, 2004; Wang et al,
2013; Azaza et al, 2008).

Parameters such as absolute biomass,
absolute length, and Specific Growth Rate
(SGR) that Tubifex

indicate treatment
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Table 3. Nutritional content of Maggot, Tubifex sp, and Chironomous sp. larvae.

Test Results

No Natural Feed unit Carbohydrate Protein Fat
1 Maggot %  11,89-24,75  37,97-4458  1,56-6,85
2 Chironomous sp. larvae % 15.40 56.6 2.8
3  Tubifex sp % 20.3 57 13,3

Sources: Indariyanti (2018), Anggraeni (2013), Weisman et al (2015)

provides better growth compared to maggot
and Chironomid larvae. The protein content
of Tubifex is 57%, larvae
55.62%, and The

nutritional needs of tilapia larvae are 50%

Chironomid
maggot  30-45%.
protein and 8% fat, while adult fish require
25-30% protein and 7% fat (Mulgan, 2017).
This indicates that Tubifex can meet the
protein needs of tilapia.

Although Chironomid larvae also
have a protein content of up to 50%, their
heads have hard sucking-type mouths (Indra,
2013). According to Cho et al. (1985), crude
fiber affects protein digestibility, as a larger
in  reduced

portion of excreta results

digestible protein input, which affects
protein digestibility. Tubifex, lacking a hard
exoskeleton and containing less crude fiber,
is more easily digestible by fish (Suprapto et
al.,, 2012). Additionally, Tubifex contains
several digestive enzymes that act as
exogenous enzymes, helping to improve fish
digestion (Prasetya et al., 2020). Tubifex
contains  several

important ~ enzymes

involved in antioxidant defense, including
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catalase and superoxide dismutase (SOD)
(Saha et al., 2024). Tubifex has been shown
to provide better growth in fish. Substituting
15% Tubifex feed can increase the specific
growth rate by 2.15% and length by 2.28
cm, and reduce the FCR value in catfish
2019).

Nirwana tilapia with maggot feed was low

larvae (Islama, The growth of
and did not significantly differ from the
control. In terms of feed application, the
coarsely cut maggot made it difficult for fish
to consume. Additionally, the chitinous shell
of maggots makes digestion more
challenging for fish, causing them to expend
more energy on digestion, leading to less
optimal growth (Murni, 2013).

Tubifex has a high protein content of
up to 57% (Table 2). The protein in Tubifex
is of high quality, containing all essential
amino acids required by fish. This is
important to ensure optimal growth and
2020).

Besides the protein content meeting tilapia

overall health (Herawati et al.,
needs, other nutrients like carbohydrates and

fats should also be balanced for optimal
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growth. Pieper and Pfeffer (1980) state that
carbohydrates are an effective energy
source, as are fats. Lovell (1989) suggests
that the energy provided by feed should be
optimal because growth reduction can occur
if energy is either too high or too low.
Carbohydrates also play a role in saving
protein use as the primary energy source for
the fish body. If protein is used excessively
for energy needs, it can result in reduced
fish growth. Tilapia is an omnivorous fish,
with carbohydrate requirements of 20-40%
(Amarwati, 2015). From Table 2, it can be
seen that Tubifex has a fat content of 13%.
Fat content in feed up to 11% and 13% can
enhance feed utilization efficiency and
protein efficiency (Nyina-Wamwiza et al.,
2005). Maximum fat use in feed can
improve growth and has a protein-saving
effect, reducing production costs (Midelan
Redding, 2000). Fat is an easily digestible
energy source, enhances nutrient absorption,
acts as a carrier for fat-soluble vitamins, and
improves membrane resilience.

Water quality in this study is a
crucial supporting parameter for the survival
of Nirwana strain tilapia. Water, as the fish's
habitat, must meet specific requirements.
Maintaining optimal water quality is
necessary to create a suitable environment

for Nirwana tilapia. Supporting parameters
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in this study included water quality
parameters such as temperature, DO, and
pH. In this study, the temperature ranged
from 25.5 — 28.3°C (Table 3). According to
Monalisa (2010), the optimal temperature
for tilapia is 25-30°C, while Dadiono et al.
(2017) state that 25 — 27°C

temperature

is still
considered a good for
freshwater fish. Optimal temperature will
ensure that digestive enzymes function
effectively (Kelabora, 2010). Temperatures
above the optimal range can cause protein
denaturation, reduce enzyme performance,
membrane

death.

and damage
fish

temperatures below the optimal range can

integrity,
accelerating Conversely,
reduce fish appetite and nutrient intake.
Both excessively high and low temperatures
can decrease fish growth.

Another crucial water quality
parameter affecting fish growth is Dissolved
Oxygen (DO). The oxygen content in water
is closely related to temperature; if the
temperature exceeds the optimal range, DO
content decreases. In this study, DO ranged
from 4.1-7.6 mg/l. According to Kordi et al.
(2007), the optimal DO level for fish is 5
mg/l. Fish can still survive with reduced
appetite even if DO is below 4 mg/l. Oxygen
is not only used for respiration but also as

fuel for metabolism. Fish given more feed
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will require more oxygen for digestion. pH
during tilapia rearing ranged from 7-8,
which is an optimal pH value. The optimal
pH for tilapia cultivation is 6-8.5 (Siegers,
2019). Optimal growth of carp occurs at pH
= 8.5, and the lowest growth occurs at pH =
5.5. Extreme changes in pH can disrupt
respiration (Alabaster and Loyn, 1982).
Growth can be hindered, and fish may
become susceptible to diseases if the water
becomes toxic due to high pH (Khordi,
2010). Ammonia concentrations  can
increase if pH exceeds the optimal range
(Irawan, 2019). pH levels that can cause fish
death are below 4 and above 11 (Tambunan,
2019).
Conclusion

In conclusion, Tubifex proved to be
the most effective natural feed for enhancing
the growth of Nirwana tilapia juveniles in
terms of absolute biomass, length, and SGR.
The superior nutritional content and
digestibility of Tubifex contributed to these
results. Although Chironomus larvae also
provided good growth, their harder
exoskeleton may limit their effectiveness
compared to Tubifex. Maggots, while a cost-
effective  alternative, require  further
refinement in preparation to maximize their
utility as a natural feed. Maintaining optimal

water quality is essential for the success of

aquaculture, as it supports the health and
growth of the fish. Future research could
explore the long-term effects of using these
natural feeds, particularly in larger-scale
tilapia farming operations, and the potential
for combining different natural feeds to
optimize growth and reduce production
costs.
Acknowledgements
This research was supported by
funding from Jenderal Soedirman University
LPPM BLU under the Competency
Improvement Research scheme. We extend
our gratitude to the Faculty of Fisheries and
Marine Sciences at Jenderal Soedirman
University for providing the facilities and
support necessary to carry out this study. We
also thank the Sidabowa Fish Seed Center
for supplying the Nirwana strain tilapia
juveniles used in this experiment.
References
Ahmad, M. H., Abdel-Tawwab, M., &
Khattab, Y. A. (2004). Effect of
dietary protein levels on growth
performance and body composition
of Nile tilapia
niloticus L.). Aquaculture, 231(1-4),
463-468.
Alghifari, M. H., Jumadi, R., & Dadiono, M.
S. (2019). Pengaruh Kombinasi
Pakan Buatan Dengan Tepung Daun

(Oreochromis



Anggraeni

Journal of Artha Biological Engineering, Vol. 2, No. 1, 2024 (73-89)

Mangrove Api — Api (Avicennia
marina) Terhadap Pertumbuhan Ikan
Nila Srikandi (Oreochromis aureus x
niloticus). Jurnal Perikanan Pantura
(JPP), 2(2), 61-67.
https://doi.org/http://dx.doi.org/10.30
587/jpp.v2i2.993

Amandanisa Amira, Prayoga Suryadarma.

2020. Kajian Nutrisi dan Budi Daya
Maggot (Hermentia illuciens L.)
Sebagai Alternatif Pakan lkan di RT
02 Desa Purwasari, Kecamatan
Dramaga,

Kabupaten Bogor.

https://journal.ipb.ac.id/index.php/pi

m/issue/view/2704

Ambarwati Ninik, Riska Aulia Damayanti.

Dan Nada Hanifah. 2019. Respon
Pakan Yang Berbeda terhadap
Pertumbuhan Dan Tingkat
Kelangsungan Hidup Larva Ikan
KOI (Cyprinus carpio). Seminar
Nasional MIPA 2019 Universitas
Tidar

Novita  Mardhia, Nurlita
Abdulgani. 2019.

Pemberian Pakan Alami dan Pakan

Pengaruh

Buatan Terhadap Pertumbuhan Ikan
Betutu (Oxyeleotris marmota) pada
Skala Laboratorium. Jurnal Sains
dan Seni ITS. 2 2).

83

http://dx.doi.org/10.12962/j2337352
0.v2i2.4067

Azaza, M. S., Dhraief, M. N., & Kraiem, M.

M. (2008). Effects of water
temperature on growth and sex ratio
of juvenile Nile tilapia (Oreochromis
niloticus) reared in geothermal
waters in southern Tunisia. Journal

of Thermal Biology, 33(2), 98-105.

Cho, C.Y., C.B. Cowey, and R. Watanabe.

1985. Finfish Nutrition in Asia :
Methodological approaches research
Centre. Ottawa. 154 pp

Dadiono, M. S., & Andayani, Sri, Zailanie,

K. (2017). The Effect of Different
Dosage of Anredera cordifolia (Ten.)
Steenis Leaves Extract towards the
Survival Rate of African Catfish
(Clarias sp.) Infected by Aeromonas
salmonicida. International Journal
of ChemTech Research, 10(4), 669—
673.

Diyantoro, Aliyah Siti Sundari, Rizka

oktarianti Ainun Jariah, Dwi Wahyu
Indriati. 2022. A Potential Insect
Antimicrobial of Black Soldier Fly
Larvae (Hermetia illucens) against
Pathogenic  Bacteria.  Research
Research J. Pharm. and Tech.
15(10).10.52711/0974360X.2022.00

742


https://doi.org/http:/dx.doi.org/10.30587/jpp.v2i2.993
https://doi.org/http:/dx.doi.org/10.30587/jpp.v2i2.993
https://journal.ipb.ac.id/index.php/pim/issue/view/2704
https://journal.ipb.ac.id/index.php/pim/issue/view/2704
http://dx.doi.org/10.12962/j23373520.v2i2.4067
http://dx.doi.org/10.12962/j23373520.v2i2.4067

Journal of Artha Biological Engineering, Vol. 2, No. 1, 2024 (73-89)

Chairul, Anthoni

Nurmiati , Zuhri Syam , Suwirmen ,

Agustien |

dan Ferry Lismanto Syaiful. 2018.
Diseminasi Teknologi Budidaya Ikan
Nila Nirwana Intensif Dalam Upaya
Meningkatkan Produktivitas
Perikanan di Kelurahan Limau
Manis Kecamatan Pauh Kota
Padang. Jurnal Hilirisasi IPTEKS

1(4). http://hilirisasi.lppm.unand.ac.id

Firli, A., Komariyah, S., & Isma, M. F.

(2021). Efektivitas Tubifex sp. dan
pakan komersial dengan kadar
berbeda

pertumbuhan benih ikan gabus

protein terhadap
(Channa striata). Arwana: Jurnal
limiah Program Studi Perairan,
3(2), 82-86.

Francis, G., Makkar, H. P. S., & Becker, K.

(2001).

present in plant-derived alternate fish

"Antinutritional  factors

feed ingredients and their effects in
fish." Aquaculture, 199(3-4)197-227.

Grisendi A, Defilippo F, Lucchetti C,

Listorti V, Ottoboni M, Dottori M,
Serraino A, Pinotti L, Bonilauri P.
Fate of

Salmonella  enterica

Typhimurium and Listeria
monocytogenes in Black Soldier Fly
(Hermetia illucens) Larvae Reared

on Two Artificial Diets. Foods. 2022

84

Jul 25;11(15):2208. doi:
10.3390/fo0ds11152208.

Gustiano Rudy, Otong Zaenal Arifin, dan

Estu Nugroho. 2008. Perbaikan
Pertumbuhan Ikan Nila
(Oreochromis  niloticus) Dengan
Seleksi Famili. Balai Riset Perikanan

Budidaya Air Tawar Bogor.

Herawati Vivi Endar , Johannes Hutabarat,

Ocky Karnaradjasa. (2017).

Performa Pertumbuhan dan
Kelulushidupan Larva lele (Clarias
gariepenus)  dengan  Pemberian
Pakan Tubifex sp. Yang Dikultur
Massal Menggunakan Fermentasi
Limbah Industri. Jurnal Rekayasa
dan Teknologi Budidaya Perairan,

6(L).

Herawati, V.E. A Hutabarat, J.A Pinandoyo,

O. Growth

performance of tilapia (Oreochromis

A Karna Radjasa,

niloticus Linnaeus, 1758) larvae with
feeding Tubifex Tubifex (Miiller,
1774) from different fermentation of
animal manures. 2020. J Iranian
Sciences.

Journal of Fisheries

http://jifro.ir/article-1-3364-en.html

Hidalgo, F., Skalli, A., Abellan, E., Arizcun,

M., & Cardenete, G. (2002). "Dietary
intake of protein, lipid and

carbohydrate for juvenile dentex,


http://hilirisasi.lppm.unand.ac.id/
http://jifro.ir/article-1-3364-en.html

Journal of Artha Biological Engineering, Vol. 2, No. 1, 2024 (73-89)

Dentex dentex; implications for

Mediterranean aquaculture.”

Aquaculture, 208(1-2), 253-265.

Idawati , Cut Nanda Defira , Siska Mellisa .

2018. Pengaruh Pemberian Pakan

Alami yang Berbeda Terhadap

Pertumbuhan dan Kelangsungan
Hidup Benih lkan Patin (Pangasius
sp.). Jurnal Illmiah Mahasiswa
Kelautan dan Perikanan Unsyiah,

3(3):14-22.

Indariyanti Nur dan Epro Barades. 2018.

Evaluasi Biomassa dan Kandungan
Nutrisi Magot (Hermetia illucens)
Pada Media Budidaya yang Berbeda.
Prosiding Seminar Nasional
Pengembangan Teknologi Pertanian
Politeknik Negeri Lampung. ISBN
978-602-5730-68-9 halaman 137-
141.http://jurnal.polinela.ac.id/index.

php/PROSIDING

Indra T Rully, Dulmi’ad Iriana dan Titin

Herawati. (2013).

Pemberian Pakan Alami Tubifex sp,

Pengaruh

Chironomus sp, Moina sp, dan

Daphnia sp Terhadap Pertumbuhan

Benih  lkan  Gurame  Padang
(Osphronemus  gouramy  Lac.).
Jurnal Perikanan dan Kelautan,

4(3).

Irawan Dobi, Suci

Islam,

Islama

Islama

Puspita Sari, Eva

Prasetiyono, Ahmad Farul
Syarifirawan.  (2019).  Performa
Pertumbuhan dan Kelangsungan
Hidup lkan Seluang (Rasbora

einthoyenii) Pada Perlakuan pH yang
Berbeda.
https://doi.org/10.33019/aquatropica.
v4i2.2221

N., Haque, M.M., Rahman, H. &
Arifuzzaman.  (2023).
Growth Rate (SGR) in Different
Stages

Jurnal  Aquatropica.

Specific

of Tilapia (Oreochromis
niloticus)  Production Cycle in
Tank Based

Semilntensive Aquaculture System.

Cemented

European Journal of Theoretical and
Applied 1(6):601-610.
DOI: 10.59324/ejtas.2023.1(6).61
Dini,
Yusran lbrahim, Saputra,
Sufal Diansyah. 2020.  Aplikasi
Kombinasi Tepung Daun Gamal dan
Pada
Terhadap

Sciences,
Nurhatijah, Ismi Rahmi,

Fazril

Telur Pakan  Komersial

Kualitas Pakan Dan
Efisiensi Pakan lkan Nila Nirwana
(Orechromis Jurnal
Akuakultura,4(2).

Dini, Nurul Najmi, Nurhatijah, Yusi
(2019).

benih

niloticus).

Maisara. Evaluasi

Pertumbuahan Patin


https://doi.org/10.33019/aquatropica.v4i2.2221
https://doi.org/10.33019/aquatropica.v4i2.2221

Martinez-Mendez

Journal of Artha Biological Engineering, Vol. 2, No. 1, 2024 (73-89)

(Pangasius hypophthalmus) Yang
Diberi Pakan Tambahan Cacing
Sutra (Tubifex sp). Jurnal Perikanan
Tropis, 6(2).

Kaushik, S. J., & Seiliez, 1. (2010). "Protein

and amino acid nutrition and
metabolism  in  fish:  current
knowledge and future needs."
Aguaculture Research, 41(3), 322-

332.

Li, P., Mai, K., Trushenski, J., & Wu, G.

(2009). "New developments in fish

amino acid nutrition: towards

functional and  environmentally
oriented aquafeeds.” Amino Acids,

37(1), 43-53.

Liu Q, Tomberlin JK, Brady JA, Sanford

MR, Yu Z. (2008). Black soldier fly
(Diptera:  Stratiomyidae) larvae
reduce Escherichia coli in dairy
manure. Environ Entomol.
37(6):1525-30. doi: 10.1603/0046-

225x-37.6.1525.

Lovell Tom. 1989. Nutrition and Feeding

Fish.  Springer Boston MA.
https://doi.org/10.1007/978-1-4757-
1174-5

Yuniel, Yamasaki-
Granados, Marcelo U Guerrero, Luis
R. (2016). Effect of dietary protein

content on growth rate, survival and

86

body composition of juvenile cauque
river prawn, Macrobrachium
americanum (Bate 1868) Martinez-
Cordova, Marta E Rivas-Vega,
Fabiola G  Arcos-Ortega, and
Edilmar Cortes-Jacinto . Aquaculture

Research

Md. Hashibur Rahman, Haque MM, Alam

MA, Flura (2022) A Study on the
Specific Growth Rate (SGR) at
Different ~ Stages of  Tilapia
(Oreochromis niloticus) Production
Cycle in Tank Based Adquaculture
System. Int J Aquac Fish Sci 8(2):
059-065. DOI:
https://dx.doi.org/10.17352/2455-

8400.000079

Mulatsih S, N.U. Hartanti, A. Najib. 2020.

The Effects of
Administration on
(Tubifex sp)
Groowth of Kancra Fish (Tor soro).
IOP  Conf. Earth and
Environmental Science 755 (2021)
012008. doi:10.1088/1755-
1315/755/1/012008

Probiotics
Silkworms

Natural Feed on

Series:

Mullah Atta, Nanda Diniarti, Baiq Hilda

Astriana. (2019).

Penambahan Cacing Sutra (Tubifex)

Pengaruh

Sebagai Kombinasi Pakan Buatan

Terhadap Efisiensi Pemanfaatan


https://doi.org/10.1007/978-1-4757-1174-5
https://doi.org/10.1007/978-1-4757-1174-5
https://dx.doi.org/10.17352/2455-8400.000079
https://dx.doi.org/10.17352/2455-8400.000079

Ndobe Samliok, Madinawwati,

Nyina-wamwiza Laetitia |,

Journal of Artha Biological Engineering, Vol. 2, No. 1, 2024 (73-89)

Pakan dan Pertumbuhan Larva lkan

Lele Sangkuriang (Clarias

gariepinus).  Jurnal Perikanan,
9(2):160-171.

https://doi.org/10.29303/jp.v9i2.163

Mulgan Muhammad, Sayyid Afdhal El

Rahimi, Irma Dewiyanti. (2017).
ertumbuhan  dan  Kelangsungan
Hidup Benih lkan Nila Gesit
(Oreochromis niloticus) Pada Sistem
Akuaponik Dengan Jenis Tanaman
Berbeda.
Mahasiswa Kelautan dan Perikanan

Unsyiah, 2(1): 183-193

Yang Jurnal  llmiah

Novalina
Serdiati, Syukri, dan Abigail Moore.
(2017). Pertumbuhan Ikan Gabus
Channa Striata dengan Pakan Cacing
Darah Beku. Jurnal Sains Teknologi
Akuakultur I (2):104-110.
http://jmai.aquasiana.org/index.php/j
mai/article/view/15/0

Xueliang L
Blanchard,Patrick
Kestemont. (2005). Effect of dietary

Xu,Gersande

protein, lipid and carbohydrate ratio
on growth, feed efficiency and body
composition of pikeperch Sander
lucioperca fingerlings. Aquaculture

Research.

Park SlI,

Pieper.

https://doi.org/10.1111/j.1365-
2109.2005.01233.x
Kim JW, Yoe SM. (2015)

Purification and characterization of a

novel antibacterial peptide from
black soldier fly (Hermetia illucens)
larvae. Dev Comp Immunol. 2015
Sep;52(1):98-106.
d0i:10.1016/j.dci.2015.04.018.

A.E. Pfeffer. (1980). Studies on the
comparative efficiency of utilization
of gross energy from some
carbohydrates, proteins and fats by
rainbow trout (Salmo gairdneri, R.).
Aquaculture.
https://doi.org/10.1016/0044-

8486(80)90093-9

Prasetya, O. E. S., Muarif, M., & Mumpuni,

F. S. (2020). Pengaruh Pemberian
Pakan Cacing Sutera (Tubifex sp.)
dan Daphnia sp. terhadap
Tingkat
Kelangsungan Hidup Larva Ikan
Lele
gariepinus). Jurnal Mina Sains, 6(1),
8-8.

https://doi.org/10.30997/jms.v6i1.27
32

Pertumbuhan dan

Sangkuriang (Clarias

Pratama, A. R. (2021). Pemberian pakan

alami berbeda terhadap pertumbuhan

dan kecerahan warna ikan zebra


https://doi.org/10.29303/jp.v9i2.163
https://doi.org/10.1111/j.1365-2109.2005.01233.x
https://doi.org/10.1111/j.1365-2109.2005.01233.x
https://doi.org/10.1016/0044-8486(80)90093-9
https://doi.org/10.1016/0044-8486(80)90093-9
https://doi.org/10.30997/jms.v6i1.2732
https://doi.org/10.30997/jms.v6i1.2732

Putri

Journal of Artha Biological Engineering, Vol. 2, No. 1, 2024 (73-89)

(Branchyndanio rerio). Jurnal
Pendidikan Fisika dan Sains (JPFS),
4(1), 1-7.

https://doi.org/10.52188/jpfs.v4il.14
3

2018.

Pembenihan Ikan

Intan Pravitasari. Strategi
Pengembangan
Nila Nirwana. Thesis. Universitas

Siliwangi

Saha, S., Saha, S., Mistri, A., & Saha, N. C.

(2024). Antioxidant enzyme activity
and pathophysiological consequences
in the sludge worm Tubifex tubifex
under acute and sub-lethal exposures
to the fungicide Tilt®. Pesticide
Biochemistry and Physiology, 198,
105738.

https://doi.org/10.1016/j.pestbp.2023
105738

Salama, A. J. (2008). Effects of different

feeding frequency on the growth,
survival and feed conversion ratio of
the Asian sea bass Lates calcarifer
juveniles reared under hypersaline
seawater of the Red Sea. Aquaculture
39(6), 561-567.
10.1111/j.1365-2109.2007.01890

Research,

Santos, J. F., Assis, C. R. D., Soares, K. L.

S., Rafael, R. E. Q., Oliveira, V. M.,
de Vasconcelos Filho, J. E., ... &
Bezerra, R. S. (2019). A comparative

88

study on Nile tilapia under different
culture systems: Effect on the growth
parameters and proposition of new
growth models. Aquaculture, 503,
128-138. DOLl:
https://doi.org/10.1016/j.aquaculture.
2018.12.044

Sepang, D. A., Mudeng, J. D., Monijung, R.

D., Sambali, H., & Mokolensang, J.
F. (2021). Pertumbuhan lkan Nila
(Oreochromis niloticus) yang
diberikan pakan kombinasi pelet dan
maggot (Hermetia illucens) kering
dengan presentasi berbeda. E-Journal
Perairan, 9(1).
https://doi.org/10.35800/bdp.9.1.202
1.31090

Budidaya

Siegers, W. H., Prayitno, Y., & Sari, A.

(2019).

terhadap pertumbuhan ikan nila

Pengaruh  kualitas  air
nirwana (Oreochromis sp.) pada
tambak payau. The Journal of

Fisheries Development, 3(2), 95-104.

Sulistiyarto, B., Christiana, I., & Yulintine,

Y. (2014). Developing production
technique of bloodworm
(Chironomidae larvae) in floodplain
waters for fish feed.
https://doi.org/10.5897/1JFA2013.04

02



https://doi.org/10.52188/jpfs.v4i1.143
https://doi.org/10.52188/jpfs.v4i1.143
https://doi.org/10.1016/j.pestbp.2023.105738
https://doi.org/10.1016/j.pestbp.2023.105738
https://doi.org/10.1016/j.aquaculture.2018.12.044
https://doi.org/10.1016/j.aquaculture.2018.12.044
https://doi.org/10.35800/bdp.9.1.2021.31090
https://doi.org/10.35800/bdp.9.1.2021.31090
https://doi.org/10.5897/IJFA2013.0402
https://doi.org/10.5897/IJFA2013.0402

Journal of Artha Biological Engineering, Vol. 2, No. 1, 2024 (73-89)

Sulistiyarto, B. (2016). Pemanfaatan limbah
budidaya ikan lele dumbo sebagai
bahan untuk

sumber organik

produksi bloodworm (Larva
Chironomidae). Jurnal limu Hewani
Tropika (Journal Of Tropical Animal
Science), 5(1), 36-40.

Suprianto, S., Sri Redjeki, E., & Dadiono,

M. S. (2019). Optimalisasi Dosis

Probiotik Terhadap Laju
Pertumbuhan Dan Kelangsungan
Hidup lkan Nila (Oreochromis

niloticus) Pada Sistem Bioflok.

Journal of Aquaculture and Fish

Health, 8(2), 80.
https://doi.org/10.20473/jafh.v8i2.13
156

Syahputra Marlian Eka , Firsty Rahmatia,

Victor David Gultom. 2019. Uji
Berbeda
(Tubifex sp.,Artemia., Daphnia sp.)

Pemberian Pakan Alami

Terhadap Pertumbuhan dan

Kelangsungan Hidup Benih Ikan
Mas  Koki
auratus). Jurnal Satya Minabahari,
05 - 01.

Taufig, T., Firdus, F., & Arisa, 1. 1. (2016).

Pertumbuhan benih ikan bawal air

Mutiara  (Carrasius

tawar (Colossoma macropomum)
pada pemberian pakan alami yang

berbeda. Jurnal llmiah Mahasiswa

89

Kelautan dan Perikanan Unsyiah,
1(3): 355-365.

Torang, I. (2013). Pertumbuhan benih ikan
betok (Anabas testudineus Bloch)
dengan pemberian pakan tambahan
berupa maggot. Jurnal Ilmu Hewani
Tropika (Journal Of Tropical Animal
Science), 2(1), 12-16.

Wallace, J. L. (2015).

exogenous enzymes in low fish meal

Potential of

diets to improve nutrient digestibility
and sustainability of farmed tilapia in
Thailand.
ScotlandCernicova,

M. A., Dragomir, M. M., & Palea, A.
(2015). A students’ and professors’

University of Stirling.

view on the image of their university.
Case study: Politehnica University of
Timisoara. Procedia - Social and
Behavioral Sciences, 191(1), 98-102.
Wang, L., Shi, J., & Xia, Y. (2013). Effects
of live Tubifex worms on the growth

and digestive enzyme activities of

juvenile Chinese sucker
(Myxocyprinus asiaticus).
Agquaculture International, 21(1),

149-159.

Wilson, R. P. (2002). "Amino acids and
proteins." Fish Nutrition (3rd ed.),
Academic Press, pp. 143-179.



