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Abstract

Catfish is a fishery commodity with increasing demand throughout the year. This causes
cultivators to increase production at high densities. As a result, a decrease in air quality and the rate of
growth and survival of fish is one of the challenges. The purpose of this study was to determine the effect
of vitamin E supplementation on growth, feed efficiency, and survival of catfish. This study used
completely randomized design (CRD) method with five treatments and four replications. Whereas, control
treatment (P1); feed without vitamin E, (P2); addition (calcium lignosulfonate + vitamin E 50 mg/kg feed),
(P3); addition (calcium lignosulfonate + vitamin E as much as 100 mg/kg feed), (P4); the addition of
(calcium lignosulfonate + vitamin E as much as 150 mg/kg of feed), and (P5); the addition of (calcium
lignosulfonate + vitamin E as much as 200 mg/kg of feed. Vitamin E administration had a significant effect
(p <0.05) on growth in each treatment. Where, the highest growth rate was obtained in the administration
of vitamin E at a dose of 100 mg/kg of feed of 1.66 + 0.05 % per day Feed conversion ratio and feed
efficiency also obtained the highest values in this treatment, namely 1.2 + 0.07 and 83.46 + 3.24%
respectively. 100 mg/kg of feed did not have a significant effect (p>0.05) on survival compared to other
treatments.
Keywords: Vitamin E, feed supplementation, growth, Clarias sp.

INTRODUCTION metabolism, movement, and the

As of 2018, Indonesia produced a
total of 85,496.85 tons of catfish, making
it the most extensively cultivated species
there (Sitio et al., 2017; KKP, 2018).
Although water quality directly affects
the growth and survival of other fish,
catfish can still be cultivated with high
stocking densities (Conte, 2004). Stress,
which is shown by an excess of the
hormone cortisol, disrupts growth
(Bastien, S., and G. Benjamin, 2019).
Cortisol, which can inhibit growth
hormone (GH/IGF-I) responses, is a key
stress response signal (Liu et al., 2013;
Link et al., 2010; Pujante et al., 2015). A
minimum of 25-30% protein, 5-10% fat,
10-20% carbs, and a small amount of
vitamin A are needed for catfish to thrive
(Amalia et al., 2013). For growth,

replacement of damaged cells, healthy
feed can be received by the body
(Aprilia, 2008). Adding vitamin E-based
supplements to feed is one method of
enhancing its quality (EI-Shebly, 2009).
Vitamin E acts as an antioxidant, keeps
protein in feed and highly unsaturated
fatty acids available in cell membranes,
and prevents intracellular free radicals
(Lamid, 1995). Other benefits of vitamin
E include acting as a protector of
lipoprotein membranes stored in the
body so that lipid oxidation does not
occur, increasing immunity, repairing
DNA, and facilitating metabolic
processes (Mekkawy et al. 2012). On the
other hand, the higher the fatty acids in
the feed, the greater the need for vitamin
E (Watanabe et al., 1991). However, fish
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cannot synthesize vitamin E and must
depend on food intake. Where, a
deficiency of vitamin E can cause lipid
oxidation, liver degeneration, and
damage to cell membranes (Li et al.,
2018).

The addition of vitamin E to feed
has been shown to increase the growth
and survival of Scylla paramamosain
(Winestri et al., 2014). The need for
vitamin E depends on the species and
stage of the fish. Fish feed containing
vitamin E can increase the specific
growth rate, fcr, and feed efficiency of
largemouth bass (Li et al., 2018), cobia
fish (Rachycentron canadum) (Zhou et
al., 2012), snakehead fish (Channa
punctatus) (Hameid et al., 2012), yellow
croaker (Larimichthys crocea) (Yi et al.,
2017), black sea bream (Acanthopagrus
schlegelii). Based on this, we conducted
a study of adding vitamin E with
different doses to feed on catfish fry to
find out the best results on growth, feed
efficiency, and survival.

MATERIAL AND METHOD
Location and time

The study was conducted at the
Wet Laboratory of the Aquaculture
Study Program, School of Health and
Life Sciences, Airlangga University in
Banyuwangi from February to May
2021.
Tools and materials

A total of eight hundred catfish
fry with a size of 5.6 + 0.124 cm and an
average weight of 1.32 + 0.097 grams
(Figure 1) were harvested. Catfish fry
were reared in 20 aquariums measuring
40x30%30 cm with a volume of 20 liters
and aerated (Wardani et al., 2017). Tools
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used in this research are digital scales for
measuring the growth of fish samples,
millimeter bars for measuring the growth
of fish length, thermometers for
measuring the temperature of the water.
Meanwhile, for measurement of the
nitrification parameters using nitrate test
Kits, nitrite test kits, ammonia test Kkits.
Lastly, DO meters (Lutron™) and pH
meters (Hanna™) for measurement of
dissolved oxygen and water pH. In
addition, the diet pellet used is Pro - Vite
781 with 30% protein, Vitamin E, 100
gram packaging of Vitamin E
(Ovagrow™), calcium lignosulfonate
(Progol), and a sterilizer.

Experimental design

This study used a completely
randomized design (CRD) with five
treatments and four replications. Where:
(P1): Pellets + progol (as an adhesive and
vitamin E feed) + without vitamin E;
(P2): Pellets + progol + vitamin E 50
mg/kg feed; (P3): Pellets + progol +
vitamin E 100 mg/kg feed; (P4): Pellets
+ progol + vitamin E 150 mg/kg feed,
and (P5): Pellets + progol + vitamin E
200 mg/kg feed.

Research preparation

All  aquariums used are
thoroughly washed and dried to ensure
that they are pathogen-free. Next, fill
with 20 liters of water and aerate for 24
hours to increase dissolved oxygen. The
catfish seeds used came from the Fish
Seed Center in Genteng Banyuwangi and
were kept in an aquarium with a density
of 2 fish per liter, or 40 fish previously
acclimatized (Putra et al., 2018). Fish
were fasted for one day to eliminate the
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effect of the feed given before starting
rearing and reduce stress conditions in
fish. Fish feed is given at 5% of fish
biomass (Anis and Dyah, 2019). Fish
culture was carried out for 40 days with
a sampling period every week to

April 2023 Vol 8 (1): 49-56

determine growth in length, weight, and
survival. On the other hand, each
sampling period was also carried out
with a water change of 20% due to
siphoning (Muarif and Rosmawati,
2011).
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Figure 1. Box plot a: initial length (cm), b: final length (cm), c: initial weight of biomass (g), d: final weight

of biomass (g)

Parameters measurement
According to Effendie (1991),

the main variables in this study were
absolute length growth and absolute
weight. Hidayat et al. (2019), Effendi
(1997), Ramona et al. (2017), and
Iskandar and Elrifadah (2015) defined
specific growth rate and feed efficiency,
respectively.
Absolute Growth in Length
L=Lt-Lo
Where:

L : total growth length (cm)

Lt : final length (cm)

Lo : initial length (cm)

Absolute Growth in Weight
W =Wt -Wo
Where:
W : absolute growth (g)
W: : final weight (g)

W, : initial weight (g)

Spesifik growth rate

SGR=""2=2"% X 100 %
SGR : Spesifik growth rate
Lt : mean final length (cm)
Lo : mean initial length (cm)
t . rearing period (day)

Survival Rate
Y. final number of fry

S ival (%) =
urvival (%) Y initial number of fry

X 100%

Feed Convertion Ratio
F
FCkR= (Wt+D)—Wo
Where:
F :total feed consumption ()
W:: Final Biomassa (g)
Wo: Initial Biomassa (g)
D : Death biomass(g)
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Feed efficiency (FE)

Wt+D—-Wo
EZ# X 100%

Where:
F : total feed consumption (g)
W:: Final Biomass (g)
Wo: Initial Biomass (Q)
D : Death Biomass ()

Water quality

Temperature, dissolved oxygen,
ammonia, and pH were the water quality
parameters were measured each day.
During weekly evaluation of growth,
ammonia, nitrite, and nitrate levels were
measured once every seven days.

Data analysis

Data analysis was used to
determine the effect of different doses of
vitamin E using (ANOVA), followed by
Duncan's test to determine the different
significance of each  treatment
(Kusriningrum, 2008).

RESULT AND DISCUSSION
Growth

The addition of various doses of
vitamin E to the feed had a large impact
on the total weight (P<0.05) of catfish.
The addition of 100 mg/kg of vitamin E
(P3) obtained the highest yield, namely
57.28 grams. While the treatment
without the addition of vitamin E (P1)
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gave the worst results, namely as much
as 47.58 grams. Furthermore, the best
absolute length growth was found in
(P3), which was 1.85 * 0.39 cm,
followed by (P4) with a length of 1.47 +
0.23 cm. However, it was not
significantly  different from other
treatments. Vitamin E is a fat-soluble
compound a containing - tocopherol, the
most active vitamin (National Research
Council, 1993). Consequently, it is able
to increase fish growth by regulating the
metabolism and preventing tissue
damage during stress (Tocher et al.,
2002; Li et al., 2008). However, vitamin
E needs in fish vary by species and
experimental conditions (Zhou et al.,
2013).

Lack of Vitamin E in the diet of
fish can lead to deterioration of the liver
and muscles and death (Hamre et al.
1994). Conversely, excess vitamin E has
a pro-oxidant effect and allows for
reduced growth (Li et al. 2008). An
excess of vitamin E, which is an
antioxidant, converts anti-oxidants into
pro-oxidants, which accelerates the rate
of oxidation (Margaretta et al., 2011). In
this study, P3 with the addition of 100
mg/kg of vitamin E-containing feed
showed the greatest growth in length and
weight.

Table 1: Feed efficiency of catfish seeds reared with different vitamin E doses and feeds for 6 weeks.

Parameters Uni P1 P2 P3 P4 P5
t (without Vit (VitE 50 (Vit E 100 (Vit E 150 (Vit E 200
E) mg/kg) mg/kg) mg/kg) mg/kg)

Growth performance
Final length cm  1,26°+0,07  1,29°+0,32 1,852+0,39 1,47%+0,23  1,39°+0,28
Final growth g 47,58°+35  48,89°+2,47 57,28°+2,61 50,77°+3,01  48,39°+ 2,69

Sgr gda 155°+0,05 1,57°+0,04 1,66°+0,05 1,63°+0,04 1,58 +0,07
y-

Fer 1,39°+0,08 1,308% +0,08  1,2°+0,07 1,25 40,07 1,31* +0,05

Feed (%) 71,72°4228 76,52 +3,31  83,46°+324 80,28%+2,96 76,40 + 1,83

efficiency

Continued on the next page

JOAS 2023, 8(1): 49-56. pISSN 2550-0910; elSSN 2579-4817 | Page 52




Journal of Aquaculture Science
DOI: https://doi.org/10.31093/joas.v8i1.276

April 2023 Vol 8 (1): 49-56

Parameters Unit P1 P2 P3 P4 P5
(without Vit (VitE 50 (Vit E 100 (Vit E 150 (Vit E 200
E) mg/kg) mg/kg) mg/kg) mg/kg)

Water quality

Temperature °C 27,00 28,00 27,00 27,50 28,00

pH 6,2-78 6,2-79 6,2-7,10 6,2-7,11 6,2-7,11

Dissolve Mg.L'T 5,00 - 8,20 5,00-7,21 5,00-6,42 5,00 - 6,83 5,00 - 6,13

oxygen

Nitrite Mg.L?  0,3-0,8 0,3-0,9 0,3-0,10 0,3-0,11 0,3-0,11

Nitrate Mg.L't  0-25 0-25 0-25 0-27 0-27

Ammonia Mg.Lt 0-0,25 0-0,26 0-0,24 0-0,38 0-0,28

Note: Different superscript letters show significant differences (P < 0.05) based on Duncan's Multiple
Range Test (DMRT). P1 = 0 mg (control); P2 =50 mg ; P3 =100 mg ; P4 = 150 mg ; P5 = 200 mg.

Specific Growth Rate

The specific growth rate of catfish
fry was significantly affected (p < 0.05)
by the addition of vitamin E to the meal
at varied concentrations. The treatment
P3 yielded the greatest value, followed
by P1, P2, and P4. In contrast, the lowest
specific growth rate (P5) did not change
substantially (p > 0.05) from the best
treatment (P3). Growth performance
rose at doses 50-100 mg/kg feed and
declined at doses 150 - 200 mg/kg feed.
At a vitamin E intake of 100 mg/kg of
diet, optimum development occurs. This
is contingent upon the capacity of fish to
absorb and utilize it. Vitamin E is
essential for growth and maintenance of
body condition (Salsabila et al., 2010).

At a vitamin E intake of 212.9
mg/kg, eel development was shown to be
optimal (Shahkar et al., 2018). However,
cobia and Chana punctatus had the best
development when vitamin E was added
at levels of 78 - 101 mg/kg and 140 -169
mg/kg, respectively (Zhou et al., 2013;
Abdel-Hameid et al.,, 2012). In this
investigation, the optimal dose of
vitamin E was lower than in other
carnivorous fish (snakefish). The SGR of
grass carp fish seed supplemented with
100 mg/kg of vitamin E was 1.88%. (Li
et al. 2008).

In this study, the SGR value for
catfish seeds fed at a dose of 100 mg/kg
was 1.66 percent. In addition, Vitamin E
overdose has a pro-oxidant effect on
lipid tissue (Ito et al., 1999), liver
damage that leads in mortality (Halver,
2002), necrosis, and apoptosis in the
liver, resulting in an inability to release
growth hormone (Sudatri et al., 2016; Li
etal., 2014).

Fcr and feed efficiency

The FCR of catfish seeds was
significantly affected (p < 0.05) by the
addition of vitamin E to the meal. The
FCR for P3 is the greatest, followed by
P4 and P5. In contrast, the lowest FCR
was observed in control treatment (P1).
The feed conversion ratio is inversely
proportional to growth; the lower the
FCR, the greater the feed efficiency
(Ardita et al., 2015). Not often does a
high growth rate correspond to a high
traditional feed rate. This is because the
energy in a fish's body is not used for
growth but rather for life support
(Zulkhasyni et al., 2015).

In addition, stocking density
influences water quality, survivability,
fish growth, and immunity (Yarahmadi
et al, 2016). An increase in
adrenocorticotropic hormone (ACTH)
and cortisol levels (Galhardo and
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Oliveira, 2009). Increased cortisol levels
inhibit growth  hormone/insulin-like
growth factor-1 (GH/IGF-1) response
(Pujante et al., 2015). The liver secretes
insulin-like growth factor-1, which is
activated by growth hormone (Hafez et
al. 2000). IGF-I plays a crucial role in the
regulation of physiological processes
including growth, metabolism,
development, reproduction, and
osmoregulation (Kling et al. 2011). In
contrast, the feed efficiency value for
catfish (Clarias spp.) seed during raising
ranged from 71.72 to 83.46 percent
(Table 1). Different vitamin E doses had
a significant (p < 0.05) impact on the
feed efficiency of catfish fry.

The feed efficiency of P1, P2,
and P5 was substantially different (p <
0.05) from that of P3 (83.46%). The P3
treatment did not differ substantially (p >
0.05) from the P4 feed efficiency of
80.28 percent. The highest feed
efficiency was 66.43 in treatment 3. The
dosage of fish food is deemed
appropriate if the feed efficiency is more
than or close to 100 percent (Craig and
Helfrog, 2002; Ahmadi, 2012).

Water quality

In the study, temperature and pH
were measured every morning between
25 and 27.5° C, pH between 6.2 and 7.8,
DO every week between 5 and 8 ppm,
nitrite between 0.3 and 0.8 ppm, nitrate
between 0 and 25 ppm, and ammonia at
0.25 ppm (Table 1). In this investigation,
the water temperature is still ideal for
catfish growth. Catfish can survive
between 23 and 34 degrees Celsius
(Surnama, 2004). In addition, the results
of pH and dissolved oxygen assays are
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still ideal for catfish growth. Whereas the
optimal pH and dissolved oxygen levels
for catfish growth are 6.5-8.5and 6 - 8
ppm, respectively (lgbal, 2011), the
dissolved oxygen (DO) in the water
throughout the maintenance process is
approximately 6 - 8 ppm. The
measurement values of ammonia during
the raising phase ranged from 0-0.25
ppm. In addition, the ammonia
concentration is optimal for catfish
cultivation. According to Trisnawati and
Sudaryono (2014), the optimal ammonia
level for catfish maintenance is 0.1 parts
per million.

CONCLUSION

The addition of vitamin E to
artificial feed for catfish seeds (Clarias
sp.) affects catfish growth, feed
conversion ratio (FCR), feed efficiency,
and survival. The recommended amount
of vitamin E in catfish seed (Clarias
spp.) artificial feed is 100 mg /kg feed.

ACKNOWLEDGMENT

The author's thanks go to the
Faculty of Marine Sciences at Airlangga
University as the supervisor of this
research. All group members in this
study served as supporters during the
research's completion.

REFERENCE

Abdel-Hameid, N. A. H., Abidi, S. F., & Khan,
M. A. 2012. Dietary vitamin E
requirement for maximizing the growth,
conversion  efficiency,  biochemical
composition and haematological status of
fingerling Channa punctatus. Aquaculture
Research, 43(2): 226-238.

Ahmadi, H, Iskandar dan N. Kurniawati. 2012.
Pemberian  probiotik dalam pakan
terhadap pertumbuhan lele sangkuriang
(Claris gariepinus) pada Pendederan II.
Jurnal Perikanan dan Kelautan, 3 (4): 99-

JoAS 2023, 8(1): 49-56. pISSN 2550-0910; elSSN 2579-4817 | Page 54



Journal of Aquaculture Science
DOI: https://doi.org/10.31093/joas.v8i1.276

107.

Amalia, R., Subandiyono., dan E. Arini. 2013.
Pengaruh penggunaan papain terhadap
tingkat pemanfaatan protein pakan dan
pertumbuhan lele dumbo (Clarias
gariepinus). Jurnal Manajemen dan
Teknologi Akuakultur, 2(1): 136-143.

Anis, M. Y., dan Dyah H. 2019. Pemberian
pakan komersial dengan penambahan
EM4 (Effective Microorganisme 4) untuk
meningkatkan laju pertumbuhan lele
(Clarias sp.). Jurnal Riset Biologi dan
Aplikasinya, 1 (1): 1-8.

Ardita, N. A., Budiharjo, S. L. A., Sari. 2015.
Pertumbuhan dan rasio konversi pakan
ikan nila (Oreochromis niloticus) dengan
penambahan prebiotik. Jurnal
Bioteknologi. 12(1): 16-21.

Sadoul, B., & Geffroy, B. 2019. Measuring
cortisol, the major stress hormone in
fishes. Journal of Fish Biology, 94(4):
540-555.

Conte, F. S. 2004. Stress and the welfare of
cultured fish. Applied Animal Behaviour
Science, 86(3-4): 205-223.

Craig, S. R., Helfrich, L. A., Kuhn, D., &
Schwarz, M. H. 2017. Understanding fish
nutrition, feeds, and feeding.

EI-Shebly, A. A. 2009. Protection of Nile tilapia
(Oreochromis  niloticus) from lead
pollution and enhancement of its growth
by a-Tocopherol vitamin E. Research
journal of fisheries and
hydrobiology, 4(1): 17-21.

Galhardo, L., & Oliveira, R. F. 2009.
Psychological stress and welfare in
fish. Annual Review of Biomedical
Sciences, 1-20.

Hafez, E. S. E., Jainudeen, M. R., & Rosnina, Y.
2000. Hormones, growth factors, and
reproduction. Reproduction in  farm
animals, 31-54.

Hardy, R. W., & Barrows, F. T. 2002. Diet
formulation and manufacture—In: Fish
Nutrition 3rd edition (Eds) JE Halver, RW
Hardy.

Hamre, K., Hjeltnes, B., Kryvi, H., Sandberg, S.,
Lorentzen, M., & Lie, @. 1994. Decreased
concentration of hemoglobin,
accumulation of lipid oxidation products
and unchanged skeletal muscle in Atlantic
salmon (Salmo salar) fed low dietary
vitamin ~ E. Fish  Physiology and
Biochemistry, 12: 421-429.

Hidayat, K. W., Prabowo, D. G., & Amelia, D.
2019. Natural Breeding of Snakehead
Fish (Channa striata) On Concrete Ponds
in Cangkringan Center for Aquaculture

April 2023 Vol 8 (1): 49-56

Technology Development Special Region
of Yogyakarta. Samakia: Jurnal IImu
Perikanan, 10(2): 83-93.

Igbal, M. 2011. Kelangsungan hidup ikan lele
pada budidaya intensif sistem
heterotropik.

Iskandar, R., & Elrifadah, E. 2015. Pertumbuhan
dan  efisiensi pakan ikan nila
(Oreochromis niloticus) yang diberi
pakan buatan berbasis
kiambang. Ziraa'ah  Majalah  Ilmiah
Pertanian, 40(1): 18-24.

Kementrian Kelautan dan Perikanan. 2018.
(https://kkp.go.id/djpb/artikel/9004-kkp-
mendorong - kawasan - lele - digital-
pertama — di — Indonesia. Diakses pada:
20 November 2020)

Kling, P., Jonsson, E., Nilsen, T. O., Einarsdottir,
I. E., Rennestad, I., Stefansson, S. O., &
Bjornsson, B. T. 2012. The role of growth
hormone in growth, lipid homeostasis,
energy utilization and partitioning in
rainbow trout: interactions with leptin,
ghrelin and insulin-like growth factor
I. General and comparative
endocrinology, 175(1):153-162.

Kusriningrum, R.S. 2008.  Perancangan
Percobaan. Airlangga University Press.
Surabaya.

Lamid, A. 1995. Vitamin E sebagai
antioksidan. Media ~ Penelitian  dan
Pengembangan Kesehatan, 5(01):
151393.

Liu, L., Jiang, C., Wu, Z. Q., Gong, Y. X.,, &
Wang, G. X. 2013. Toxic effects of three
strobilurins (trifloxystrobin, azoxystrobin
and  kresoxim-methyl) on mRNA
expression and antioxidant enzymes in
grass carp (Ctenopharyngodon idella)
juveniles. Ecotoxicology and
environmental safety, 98: 297-302.

Margaretta, S., Handayani, S. D., Indraswati, N.,
& Hindarso, H. 2013. Ekstraksi senyawa
phenolic Pandanus amaryllifolius roxb.
sebagai antioksidan alami. Widya
Teknik, 10(1): 20-30.

Mekkawy, I. A. A., Mahmoud, U. M., Wassif, E.
T., & Naguib, M. 2012. Protective roles of
tomato paste and vitamin E on cadmium-
induced histological and histochemical
changes of liver of Oreochromis niloticus
(Linnaeus, 1758). Journal of Fisheries
and Aquatic Science, 7(4): 240-265.

Pujante, I.M., Martos-Sitcha, J.A., Moyano, F.J.,
Ruiz-Jarabo, I., Martinez-Rodriguez, G.,
Mancera, J.M., 2015. Starving re-feeding
processes induce metabolic modifications
in thick-lipped grey mullet (Chelon

JOAS 2023, 8(1): 49-56. pISSN 2550-0910; elSSN 2579-4817 | Page 55


https://kkp.go.id/djpb/artikel/9004-kkp-mendorong
https://kkp.go.id/djpb/artikel/9004-kkp-mendorong

Journal of Aquaculture Science
DOI: https://doi.org/10.31093/joas.v8i1.276

labrosus, Risso 1827). Comparative
Biochemistry and Physiology. 180:57-67.

Putra, D.A., Lisdiana., T.A. Pribadi. 2014. Ram
jet ventilation, perubahan struktur
morfologi dan gambaran mikroanatomi
insang ikan lele akibat paparan limbah
cair pewarna batik. Unnes Journal Of Life
Science, 3(1), 53-58.

Shahkar, E., Hamidoghli, A., Yun, H., Kim, D. J.
And Bai, S. C. 2018. Effects of dietary
vitamin e on hematology, tissue -
tocopherol  concentration and non-
specific immune responses of japanese
eel, anguilla japonica. Aquaculture,
484:51-57.

Sitio, M. H. F., Dade J. dan Mochamad S. 2017.
Kelangsungan hidup dan pertumbuhan
benih ikan lele (Clarias sp.) pada salinitas
media yang berbeda. Jurnal Akuakultur
Rawa Indonesia, 5(1): 83-96.

Standar Nasional Indonesia 01-4087. 2006.
Syarat Mutu Pakan Ikan Lele Dumbo.

Sudatri, N. W., Iriani S., Ni Made S., Dwi A. Y.
2016. Penurunan fungsi hati tikus betina
(Rattus norvegivus L) yang diinjeksi
white vitamin ¢ dosis tinggi dalam jangka
waktu lama ditinjau dari kadar sgpt, sgot
serta gambaran histologi hati. Jurnal
Metamorfosa, 3(1): 44-51.

Tocher, D.R., Mourente, G., Van, D.EA,
Evjemo, J.O., Diaz, E., Bell, JG,
Geurden, I., Lavens, P., Olsen, Y., 2002.
Effects of dietary vitamin e on antioxidant
defence mechanisms of juvenile turbot
(Scophthalmus maximus L.), halibut
(Hippoglossus hippoglossus L.) and sea
bream ( L.). Aquaculture Nutrition, 8:
195-207.

Trisnawati, Y., dan Sudaryono, A. (2014).

April 2023 Vol 8 (1): 49-56

Pengaruh kombinasi pakan buatan dan
cacing tanah (Lumbricus rubellus)
terhadap efisiensi pemanfaatan pakan,
pertumbuhan dan kelulushidupan lele
dumbo (Clarias gariepinus). Journal of
Aquaculture Management and
Technology, 3(2): 86-93.

Wardani, R. E., Prayogo dan Agustono. 2017.
Potensi penambahan azolla sp. dalam
formulasi pakan ikan lele (clarias sp.)
terhadap nilai kecernaan protein dan
kecernaan energi menggunakan teknik
pembedahan. Journal of Aquaculture and
Fish Health, 6(2): 94-100.

Watanabe T. 1988. Fish Nutrition and
Mariculture. Department of aquatic
Bioscience, Tokyo  University of
Fisheries. p233.

Winestri, J., Diana R. dan lIstiyanto S. 2014.
Pengaruh penambahan vitamin e pada
pakan buatan terhadap pertumbuhan dan
kelulushidupan kepiting bakau (Scylla
paramamosain). Journal of Aquaculture
Management and Technology, 3(4): 40-
48.

Yarahmadi, P., Miandare, H.K., Hoseinifar, S.H.,
Gheysvandi, N., Akbarzadeh, A., 2015.
The effects of stocking density on
hemato-immunological and  serum
biochemical parameters of rainbow trout
(Oncorhynchus  mykiss).  Aquaculture
international, 23: 55-63.

Zhou, Q. C., L. G. Wang, H. L. Wang, T. Wang,
C. Z. Elmada and F. J. Xie. 2013. Dietary
vitamin e could improve growth
performance, lipid peroxidation and on-
specific immune responses for juvenile
cobia (Rachycentron canadum).
Aquaculture Nutrition, 19 (3): 421-429.

JoAS 2023, 8(1): 49-56. pISSN 2550-0910; elSSN 2579-4817 | Page 56



