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Abstract

Snakehead (Channa striata) is a type of freshwater fish. Artificial feed generally contains animal and
vegetable protein sources. The use of vegetable protein in snakehead has been carried out but is still not optimal
due to the presence of phytic acid in vegetable materials which makes fish unable to digest food properly.
Therefore, it is necessary to add a phytase enzyme to hydrolyze phytic acid. This study aims to determine the
effect of adding phytase with different doses to artificial feed on growth, protein efficiency ratio, feed efficiency,
feed consumption, and survival of snakehead. This research was carried out at the Fisheries Basic Laboratory in
July — August 2021, this study used a completely randomized design (CRD) which consisted of four treatments
and three replications, namely PO (without the addition of phytase), P1 (addition of phytase 30 mg 100 g*
material). vegetable), P2 (addition of phytase 50 mg 100 g* vegetable material), P3 (addition of phytase 70 mg
100 g* vegetable material). The size of the fish used in this study was 3-4 cm with a stocking density of 2 L™ fish,
the maintenance of the study was 30 days. The results showed that the addition of phytase 70 mg 100 g* vegetable
material (P3) was the best result with absolute weight growth (1.49 g), absolute length growth (2.48 cm), feed
efficiency (79.44%), feed consumption (37.68 g) protein efficiency ratio (2.03%), and survival (100%).
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INTRODUCTION

Snakehead fish (Channa striata) is one type of freshwater fish which is also one of the
most popular consumption fish in Southeast Asia, including in Indonesia (War and Altaff,
2011). The availability of snakehead fish is still dominated by natural catches. Currently,
snakehead fish can be cultivated with artificial feeding, but several factors cause limitations in
cultivation such as low survival and relatively slow growth. This is due to the limited natural
feed, high food competition that gives rise to cannibalism, and the limited space for fish to
move (Muslim, 2007).

Based on Supandi et al, (2015), snakehead fish fed artificial feed with a protein content of
40% resulted in the best growth. Snakehead fish is a carnivorous fish that uses more animal
protein. The use of vegetable protein in snakehead fish has been carried out but is still not
optimal due to the presence of phytic acid in the vegetable material. One of the vegetable
ingredients used is soybean flour and bran. Soybean flour is one of the feed ingredients that
contain high protein. However, soy flour also contains minerals combined with phytic acid,
making it difficult for the body to absorb, as well as bran. According to Cao et al, (2007), the
content of phytic acid in soybean flour reaches 3.88% or 59.9% of the total phosphorus. While
the bran contains about 6.9% phytic acid. Sumiati et al. (2001). Phytic acid is the main storage
form of phosphorus (P) contained in these vegetable raw materials (Amin et al., 2011). Under
natural conditions, this phytic acid will form bonds with minerals (Ca, Mg and Fe) and also
proteins so that minerals and proteins cannot be digested by the fish's body as a whole and
result in lower absorption. As a result, the utilization of soybean flour and bran is not optimal.

Phytic acid can be reduced by heating, but heating can damage the nutrients in the feed to
be given. Another way to reduce phytic acid is to use phytase enzymes which can hydrolyze
phytic acid gradually into its derivative compounds, which can be dissolved and absorbed in
the digestive system (Widowati et al., 2004). Winata et al, (2018) stated that the phytase
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enzyme can break down phytic acid into phosphoric acid in the feed so that the nutrients in the
fish body are absorbed optimally. Several studies on the addition of phytase enzymes in fish-
made feed, among others, in white snapper with the addition of phytase enzymes at a dose of
1.5 g/kg of feed resulted in the highest feed efficiency value of 20.41% (Panjaitan et al., 2019).
The addition of phytase enzymes to an artificial feed of 500 mg/kg of feed resulted in feed
utilization efficiency of 84.55% in sangkuriang catfish (Kosim et al., 2016). The addition of
the phytase enzyme 1000 mg/kg of feed was able to suppress the efficiency of maximum feed
utilization by 28.5% against grouper duck (Zulaeha et al., 2015). The addition of the phytase
enzyme 1,200 mg/kg of feed was able to produce a relative growth rate and optimal feed
utilization efficiency of 11.9%/day and 67.5% for larasati tilapia (Restianti et al., 2016). Based
on the description above, the dose of the phytase enzyme in snakehead fish feed is not yet
known. Therefore, it is necessary to research on the addition of phytase enzymes to feed to
determine its effect on feed utilization, growth, and survival rate of snakeheads.

METHODOLOGY
Time and Place

This research was conducted at the Fisheries Basic Laboratory, Aquaculture Study
Program, Faculty of Agriculture, Sriwijaya University. Feed proximate analysis was carried
out at the Fish Nutrition Laboratory, Department of Aquaculture, Faculty of Fisheries and
Marine Sciences, IPB University. Dissolved phosphorus analysis of feed was carried out at the
Palembang Industrial Center. This research was conducted in July — August 2021.

Research Materials

The materials used in this study were snakehead fish size 3-4 cm, fish meal, soybean
meal, tapioca, bran, fish oil, corn oil, premix, phytase enzyme, potassium permanganate. The
tools used in this research are aquarium, pH meter, thermometer, DO meter, spectrophotometer,
UV-VIS spectrophotometer, digital scale, centrifuge, measuring cup, blender, sieve, basin,
mixer, pellet printer, aerator, and oven.

Research Design
This study used a completely randomized design (CRD) with 4 treatments and 3
replications. The treatment in this study refers to the study of Amin et al. (2011) about the
addition of phytase enzymes in catfish. The treatments included:
PO: feed not added with phytase enzymes
P1: feed added with phytase enzymes at a dose of 30 mg/100g vegetable ingredients
P2: feed added with phytase enzymes at a dose of 50 mg/100g vegetable ingredients
P3: feed added with phytase enzymes at a dose of 70 mg/100g vegetable ingredients

Feed Formulation
The feed formulations used are presented in Table 1.

Working Procedure
Preparation and Preparation of Test Feed

Prepare all the materials used and the feed raw materials are weighed according to the
formulation. Next, the soybean flour and bran are mixed and stirred until homogeneous. The
homogeneous mixture of ingredients is added as much as 350 mL 100g™ of vegetable material.
The material is stirred again until evenly distributed and the phytase enzyme is added according
to the treatment dose. Then incubated for 2 h at 37.C (Matsumoto et al., 2001) the material
mixture was used as the building blocks of feed.
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Making feed is done by mixing all the ingredients starting from the fewest ingredients
to the most until all the ingredients are evenly and homogeneously mixed, after the ingredients
are well mixed add warm water little by little until smooth. Dough feed that has been printed
using a feed printing machine. Feed that has been printed, dried in the sun to dry. After the feed
is dry, it is then put into a container and labeled with the treatment dose.

Table 1. The feed formulations used

Description Treatment (g 1000g™)

Material (g) PO P1 P2 P3
Fish flour 375 375 375 375
Soy flour 402 402 402 402
Tapioca 44 43,84 43,73 43,62
Bran 144 144 144 144
Fish oil 2,5 2,5 2,5 2,5
Cornoil 2,5 2,5 2,5 2,5
Premix 30 30 30 30
Phytase enzyme 0 0,16 0,27 0,38
Jumlah (g) 1000 1000 1000 1000
Nutrient components (%)
Protein (%)** 37,00 37,64 38,68 39,16
Acid (%)* 2,5 2,5 2,5 2,5
Fat (%)** 2,65 3,40 1,56 1,65
Carbohydrates (%)** 31,69 31,68 30,88 29,86
Ash (%)** 13,85 14,62 14,40 15,42
Water (%)** 7,91 6,84 9,67 9,16
Crude fiber (%)** 6,90 5,83 4,81 4,75

Note: *Phytic acid content: 3.88% soybean flour (Cao et al., 2007); bran 6.9% (Sumiati et al., 2001).
** Fish Nutrition Laboratory, Department of Aquaculture, Faculty of Fisheries and Marine Sciences, IPB
University (2021)

Dissolved Phosphorus Content Test

Testing methods phosphorus dissolved from the feed by Matsumoto et al, (2001),
namely vegetable material and the enzyme phytase which was mixed and incubated at 37-C for
2 hours was taken as much as 50 mg and added 5 mL of distilled water, then centrifuged at a
speed of 1700 rpm for 10 minutes. The supernatant formed was used to measure dissolved P
using a spectrophotometer.

Preparation of Test Fish Rearing Media

The container used for the maintenance of snakehead fish is an aquarium measuring 25
x 25 x 25 cme. Before the aquarium was used, it was cleaned and disinfected using potassium
permanganate with a concentration of 1.2 g L+ then the aquarium was rinsed and dried. After
the aquarium is clean, the aquarium is filled with 10 L of water, every In the aquarium, an
aeration hose is connected to the aerator and left overnight and then labeled according to
treatment (Zainuri et al., 2017).

Maintenance

The snakehead fish seeds used were 3-4 cm in size, with a stocking density of 2 L-fish:
(Zainuri et al., 2017). Fish were acclimatized first for 3 days to adjust to the new environment
and were still given treatment feed without the addition of phytase enzymes with the method
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at satiation and given 3 times a day, namely at 08.00 am, 12.00 am, and 4.00 pm (Hidayat,
2013). The adapted fish were weighed and their body length was measured first as initial data.
Fish were kept for 30 days. During rearing the fish were fed with a frequency of three times a
day at (08.00 am, 12.00 am, and 4.00 pm) at satiation. Sampling was carried out every 10 days
during maintenance and sampling was carried out every 3 days.

Parameters
Parameters in this study include dissolved phosphorus content, growth length, absolute
weight, feed efficiency, feed consumption, protein efficiency ratio, and survival.

Data Analysis

The data obtained were analyzed using analysis of variance, at a 95% confidence
interval. If there is a significant difference, it is continued with the Least Significant Difference
(BNT) test.

RESULTS AND DISCUSSIONS
Results

Dissolved phosphorus was measured to determine the action of enzymes that occur in
vitro. The content of dissolved phosphorus in the feed-in each treatment is presented in Table
2.

Table 2. Dissolved phosphorus content in feed at each treatment

Treatment Dissolved Phosphorus (mg L™)
PO 3,87
P1 4,57
P2 5,12
P3 5,26

Based on Table 2. It is known that the highest dissolved phosphorus was found in P3
(addition of phytase enzyme 70 mg/100 g of vegetable matter) and the lowest was found in PO
(without the addition of phytase enzyme).

The absolute growth of length, weight, feed consumption, and feed efficiency of
snakehead fish is presented in Figures 1, 2, and 3.
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Figure 1. Graph of snakehead absolute growth; (a) Absolute weight growth, (b) Absolute length
growth

Information: The letters superscript different show a significantly different effect on the 95% BNT test.
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Figure 2. Graph of snakehead feed consumption
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Figure 3. Graph of snakehead feed efficiency
Information: The letters superscript different show a significantly different effect on the 95% BNT test.

Feed Eficiency (%)

Based on the results of the analysis of variance, it was shown that the addition of phytase
enzyme with different doses had a significant effect on the absolute growth of length, weight,
and feed efficiency of snakehead fish, but had no significant effect on feed consumption. The
results of the Least Significant Difference Test (BNT) showed that the absolute length growth
in P3 was significantly higher than in the other treatments. Likewise, the absolute weight
growth in P3 was significantly higher than other treatments, as well as the feed efficiency value
showed that P3 was significantly higher than PO but not significantly different from P1 and P2.

The protein efficiency ratio (REP) and survival of fish during the study of snakehead
fish are presented in Figures 4, and 5.
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Figure 4. Graph of snakehead ratio efficiency protein
Information: The letters superscript different show a significantly different effect on the 95% BNT test.
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Figure 5. Graph of snakehead ratio efficiency protein

Survival rate (%)

Based on the results of the analysis of variance showed that the addition of phytase
enzymes with different doses significantly affected the protein efficiency ratio of snakehead
fish feed. The results of the Least Significant Difference Test showed that the ratio of protein
efficiency in P3 was significantly higher than PO but not significantly different than P1 and P2.
Based on the results of the analysis of variance showed that the addition of phytase enzymes
with different doses in the feed did not significantly affect the survival of snakehead fish.

Discussion

Phytase which is applied to feed can hydrolyze phytic acid in the feed. This can be seen
from the dissolved phosphorus content of the feed, the higher the dissolved phosphorus content
indicates the better the performance of phytase in hydrolyzing phytic acid. The results showed
that the P3 treatment with a dose of 70 mg 100 g+ vegetable ingredients caused higher dissolved
phosphorus while the lowest phosphorus yield was found in PO (treatment without phytase
enzyme).

Based on the research results of Amin et al. (2011) feed with the addition of the phytase
enzyme was able to increase the mineral P in the body of catfish. Mineral P is needed by the
fish body for metabolic activities. Increased metabolic processes in the fish's body, will spur
fish to consume more feed and fish growth will increase. The results showed that the feed given
the phytase enzyme at a dose of 70 mg/100 g of vegetable matter gave the highest growth
compared to other treatments. According to Khotimah (2020), the more dissolved phosphorus
increases, the more phosphorus is absorbed and less is wasted as feces, it can be seen from the
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results of the study that the higher the dissolved phosphorus, the higher the growth. High
growth indicates an efficient use of feed.

Feed efficiency is the percentage of feed utilization to produce fish growth. The higher
the feed efficiency value indicates that the more efficient the feed is used by fish for growth
(Amin et al., 2020). Feed efficiency is influenced by many factors including feed quality.
According to Isnawati et al. (2015), the feed eaten by fish will be processed in the body and
the nutritional elements or nutrients will be absorbed to be used to build tissues so that growth
occurs. The increase in the efficiency value of feed utilization indicates that the feed consumed
has good quality so that it can be utilized efficiently. Based on the results of the study, the
highest feed efficiency was found in the P3 treatment of 79.44%, however, the value of feed
efficiency was high because according to Craig and Helfrich (2017) the value of good feed
efficiency was more than 50%. This is following the opinion of Tacon (1987) which states that
high feed efficiency indicates that the feed provided can be utilized efficiently so that the
protein is reformed to meet fewer energy needs and more for growth. On the other hand, the
PO treatment had the lowest feed utilization efficiency value, it was suspected that in the PO
treatment the phytic acid content in the test feed did not decompose because it did not contain
phytase enzymes so the availability of P was thought to be insufficient so that its growth was
low. In addition to releasing phosphorus, phytase enzymes are thought to be able to release
proteins bound in phytic acid.

Indicators of protein utilization by fish for growth can be seen in the efficiency of the
protein feed consumed. The results showed that the addition of phytase enzymes to feed,
especially at P3 (70 mg/100g vegetable matter) caused the highest ratio of feed protein
efficiency to snakehead fish. The high value of the protein efficiency ratio can be caused by
the phytase enzyme in the feed which can reduce and decompose phytic acid and break the
bonds between phytic acid and protein and mineral complexes, thus giving an effect on
digestive enzymes, especially protein-breaking enzymes in breaking down protein into amino
acids. Rachmawati and Samidjan, 2014). According to Hoffman and Falvo (2004), the ratio of
protein efficiency determines the effectiveness of protein by measuring weight gain in grams
per gram of protein consumed. Feed protein based on the results of this study, the lowest protein
was found in treatment PO 37.00 and the highest protein was found in treatment P3 which was
39.16. Snakehead fish fed feed without the addition of phytase enzyme (P0) caused lower
growth, feed efficiency, and feed protein efficiency ratio. This is presumably because the phytic
acid in the feed cannot be decomposed, as a result, the nutrients bound to the phytic acid cannot
be absorbed and utilized by fish, and will even be wasted as feces. Amin et al. (2011) stated
that fish cannot digest phytic acid so it will be released into the waters.

Based on the results of the analysis of variance showed that the addition of phytase
with different doses in the feed had no significant effect on the survival of snakehead fish. The
survival of fish is influenced by several factors, one of which is including water quality during
maintenance. The water quality in this study was following the life needs of snakehead fish.
The water temperature during the study ranged from 25.1 to 29.9°C, according to Makmur
(2003), the optimal temperature for the development of snakehead fish life ranged from 26.5
to 31.5°C. The pH of the water ranged from 6.1 to 7.6 and Dissolved oxygen in snakehead fish

rearing water during the study ranged from 4.01 to 4.90 mg L+. According to Muflikhah et al.
(2008), a good pH for the maintenance of snakehead fish fry ranged from 4-9 and dissolved
oxygen at least 3 mg L-.. Ammonia content 0.02 —0.37 mg L+. According to Jianguang (1997),
the good ammonia content for snakehead fish is less than 1 mg L.

CONCLUSION
The addition of phytase enzyme in artificial feed with different doses gave a significant
effect on growth in length, weight, feed efficiency, and protein efficiency ratio of snakehead
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fish. However, it has no significant effect on feed consumption and the survival of snakehead
fish. The best treatment in this study was the addition of the phytase enzyme at a dose of 70
mg 100 g+vegetable ingredients (P3).

REFERENCES

Amin, M., Jusadi, D and Mokoginta, I., 2011., The use of phytase enzyme to increase
phosphorus bioavailability of the diets and growth performance of catfish (Clarias sp.).
Jurnal Saintek Perikanan. 6(2), 52-60.

Amin, M., Tagwa, F. H., Yulisman, Y., Mukti, R. C., Rarassari, M. A., and Antika, R. M. 2020.
The effectiveness of utilization of local raw materials as feed to increase productivity of
catfish (Clarias sp.) in Sakatiga Village, Indralaya District, Ogan Ilir Regency, South
Sumatra. Journal of Aquaculture and Fish Health, 9(3), 222-231.

Cao, L., Wang, W, C., Yang, Y., Yang, J., Diana, A., Yakupitiyage, Z., Luo and Li, D., 2007.
Application of microbial phytase in fish feed. Enzym and Microbial Technology. 40, 497-
507.

Craig, S., and Helfrich, L., 2002. Understanding fish nutrition, feeds, and feeding. Virginia:
Virginia State University, 240 — 256.

Hidayat, D., Sasanti, A. D., and Yulisman., 2013. Survival rate, growth and feed efficiency of
snake head (Channa striata) was feid by golden apple snail (Pomaecea sp) flour. Jurnal
Akuakultur Rawa Indonesia, 1(2), 161-172.

Hoffman, J. R., and Falvo, M. J., 2004. Protein - Which is best? Journal of Sports Science and
Medicine, 3(3), 118-130.

Isnawati, N., Sidik, R., and Mahasri, G., 2015. Papaya leaf powder potential to improve
efficiency utilization of feed, protein efficiency ratio and relative growth rate in tilapia
(Oreochromis niloticus) fish farming. Jurnal limiah Perikanan dan Kelautan. 7(2): 121-
124.

Jianguang, Q., Fast, AW., Denada, D., and Weidnbach, R. P., 1997. Growth and sulvival of
larva snakehead (Channa striata) feed diffrents diets. Jurnal aquaculture. 148, 105-113

Khotimah, R.A.N., 2020. The effect of phytase with different doses in feed on growth and feed
efficiency of kissing gouramy (Helostoma temminckii). Thesis. Universitas Sriwijaya

Kosim, M., Rachmawati, D., and Samidjan, 1., 2016. The effect of phytase enzyme addition in
artificial feed for relative growth rate, feed utilization efficiency and survival rate of
“Sangkuriang” catfish (Clarias gariepinus). Journal of Aquaculture Management and
Technology. 4(2), 95-100.

Makmur, S. 2003. Biologi reproduksi, makanan dan pertumbuhan ikan gabus (Channa
striata Bloch) di daerah banjiran Sungai Musi, Sumatra Selatan. Thesis. IPB University

Matsumoto, T., Tamura, B., and Shimeno, S., 2001. Effects of phytase on bioavailability of
phosphorus in soybean meal-based diet for Japanese flounder Paralichthys olivaceus.
Fisheries Science.67, 1075-1080.

Muflikhah, N., Komang, N., Suryati, S., and Makmur., 2008. Gabus. Palembang: Research
Institute for Public Water Fisheries.

Muslim, 2007. Potensi, peluang dan tantangan budidaya ikan gabus (Channa striata) di
Sumatera Selatan. Proceedings of the National Seminar on Indonesian Public Water
Forum IV 2007. Marine and Fisheries Research Agency, Ministry of Marine Affairs and
Fisheries, Palembang.

Panjaitan, M, N., N. Yulianto, T., and Miranti, S., 2019. The effect of addition of phytase
enzymes in artificial feed on feed efficiency and growth of barramundi (Lates calcarifer,
Bloch). Jurnal Intek Akuakultur. 3 (2), 11-21.



Margin: 2.5 all sides with one space. Beginning of paragraph jutting 1 cm.

Rachmawati, D. and Samidjan, 1., 2014. Addition of phytase artificial feed to increase
digesting, specific growth and survival rate of nile tilapia fingerlings (Oreochromis
niloticus). Jurnal Saintek Perikanan. 10(1), 48-55.

Restianti, A., Diana, R., and Istiyanto, S., 2016. The effect of phytase doses in the artificial diet
to growth and efficiency utilization of feed of larasati tilapia fingerling (Oreochromis
niloticus). Journal of Aquaculture Management and Technology, 4 (4), 95-100.

Sumiati, I., Katsir, and Nani, A., 2001. Pengukuran nilai energi metabolisme kayambang
(Salvinia molesta) pada itik lokal dengan modifikasi metode mcnab dan blair. Journal of
Animal Science and Technology, 24 (3), 70-75.

Supandi, T., I, Tang. U, M., and Putra, I., 2015. Feeding made with different protein content
on growth and survival rate (Channa striata) fingerlings. Jurnal Online Mahasiswa
Perikanan dan limu Kelautan Universitas Riau. 2015

Tacon, A.G.J., 1987. The Nutrition and Fedding of Farmed Fish and Shrimp-A Training
Mannual. Brazil : FAO of the United Nation, 106 — 109 p.

War, M and Altaff, K., 2011. Preliminary studies on the effect of prey length on growth,
survival and cannibalism of larval snakehead, (Channa striatus) (Bloch, 1793). Pakistan
Journal Zoology, 46, 9-15.

Widowati. L. R., Widiati, S., Jaenudin. U dan Hartatik. W., 2004. Pengaruh kompos pupuk
organik yang diperkaya dengan bahan mineral dan pupuk hayati terhadap sifat-sifat
tanah, serapan hara dan produksi sayuran organik. Agribusiness development program
research project report. Soil Research Institute.

Winata, G, A., Suminto, and Chilmawati, D., 2018. The effect of giving enzyme fitase with
different doses in commercial feed on food utilization efficiency, growth and survival
rate of eel fish (Anguilla bicolor). Jurnal Sains Akuakultur Tropis, 2(1), 11-19.

Zainuri, M., Fitrani, M., and Yulisman., 2017. Growth and survival rate of snakehead (Channa

striata) fry fed by various kinds of attractan. Jurnal Akuakultur Rawa Indonesia, 5(1), 56—
69.

Zulaeha, S., Rachmawati, D, and Istiyanto, S., 2017. The influence enzym phytase addition on
antificant toward feed efficiency of feed utilization, and growth of Cromileptes altivelis.
Journal of Aquaculture Management and Technology, 4(4), 95-100.



Bukti Review

@ (WWhet X | ® REINOC x | £ Empower X | @ SK2023p X | % Downloac X | © MySAPKI X | Mi KotakMa X M UAFHIEC X @ Pahlevie: x | + v - a X
€& > C & mailgoogle.com/mail/u/1/#search/jafh/FMfcgzGpGKjbcrPmjsibZqqCbLpTbMph Q2 & & &0 &
= M Gmail Q jafth X ®aifv @ 8 o 3
4 H 22 dari banyak
p/mis ¢« ®m 0 8B 2 0 & 8 D < >
Mail
. [JAFH] Editor Decision (EkSiimal otk Masuk x =3

Kotak Masuk 9

Berbintang R adm,” i = XN

Ditunda e .

Terkirim

Berhati-hatilah dengan pesan ini
Spam 2

Pengirim belum mengautentikasi pesan ini sehingga Email Sriwijaya University tidak dapat memverifikasi bahwa pesan tersebut benar-benar berasal dari dia. Jangan mengkiik link, mendownload
Selengkapnya lampiran, atau membalas pesan dengan informasi pribadi.

Lab ; Lavoon i 5

R Ing

Dear Rinda Julita Pahlevie, Mohamad Amin, Retno Cahya M

We have reached a decision regarding your submission to

nal of A

Efficiency of Feed Utilization and Survival Snakehead Fish (Channa striata)

2nd Fish Health, "The Effect of Additional Phytage Enzymes with Different Dosage on Manufactured Feed on the Growth

unt in the review

Journal of Aquaculture and Fish Health

25°C - 06:48
Searc! 2
< Asap D search A L D - NG 2 DE® e D
@ (WWhat X | ® RETINOC x | 7 Empower X | @ SK2023p X | % Downloac X | © MySAPKI X | M KotakMa X | M DAFHIES X @ Pahlevie x  + & = (=] X
€& > C & ejournalunairacid/JAFH/authorDashboard/submission/34076 B arex 0P

Journal of Aquaculture and Fish Health

« Back to Submissions

34076 | Pahlevieetal. | The Effect of Additional Phytass

zymes with Different Dosages on Feed to Growth. Feed Efficiency, and Sury  Library

Workflow Publication

Review [< Production

Round 1

Round 1 Status
Submission accepted

Notifications

Reviewer's Attachments Q search =
25°C c 5 r 0652
Searct Cul AR =
= asap Of Search ﬂ E rd DO 003 D




@ (Whe: x | & RETNOC x | 7l Empower X | @ SK2023p X | & Downlosc X | © MySAPKT x | M KoakMa X | M DAFHIEd X &

<« c & e-journalunair.ac.id/JAFH/authorDashboard/submission/3.

Journal of Aquaculture and Fish Health

+— Back ta Submissions

Reviewer's Attachments Q Search

34076-136028-4-5M D2.doox

jaf-review-assignment-

076-ArticlesText-142

Revisions Q search Upload File

» | @ | 1e36es | 2 agustus revisi jan-review-2: 076-Articles Text

(1).ecited edi

4 187086

g
E

n 3.docx

21 juni revision.doc

3 229801 28 juli_revision_34076+—+revision{2)[1].docx

Submission Requirements. pdf

229803 Cover _letter JAFH[1].paf

D Search

= 06:52
DE o S 1471072023 o




Margin: 2.5 all sides with one space. Beginning of paragraph jutting 1 cm.

Article Type: Full Paper

The Effect of Additional Phytage Enzymes with Different Dosage on Manufactured Feed
on the Growth, Efficiency of Feed Utilization and Survival Snakehead Fish (Channa
striata)

Abstract

Snakehead (Channa striata) is a type of freshwater fish. Artificial feed generally contains animal and
vegetable protein sources. The use of vegetable protein in snakehead has been carried out but is still not optimal
due to the presence of phytic acid in vegetable materials which makes fish unable to digest food properly.
Therefore, it is necessary to add a phytase enzyme to hydrolyze phytic acid. This study aims to determine the
effect of adding phytase with different doses to artificial feed on growth, protein efficiency ratio, feed efficiency,
feed consumption, and survival of snakehead. This research was carried out at the Fisheries Basic Laboratory in
July — August 2021, this study used a completely randomized design (CRD) which consisted of four treatments
and three replications, namely PO (without the addition of phytase), P1 (addition of phytase 30 mg 100 g*
material). vegetable), P2 (addition of phytase 50 mg 100 g vegetable material), P3 (addition of phytase 70 mg
100 g vegetable material). The size of the fish used in this study was 3-4 cm with a stocking density of 2 L™ fish,
the maintenance of the study was 30 days. The results showed that the addition of phytase 70 mg 100 g vegetable
material (P3) was the best result with absolute weight growth (1.49 g), absolute length growth (2.48 cm), feed
efficiency (79.44%), feed consumption (37.68 g) protein efficiency ratio (2.03%), and survival (100%).

Keywords: Feed, Phytase enzymes, Phytic Acid, Snakehead

INTRODUCTION

Snakehead fish (Channa striata) is one type of freshwater fish which is also one of the
most popular consumption fish in Southeast Asia, including in Indonesia (War and Altaff,
2011). The availability of snakehead fish is still dominated by natural catches. Currently,
snakehead fish can be cultivated with artificial feeding, but several factors cause limitations in
cultivation such as low survival and relatively slow growth. This is due to the limited natural
feed, high food competition that gives rise to cannibalism, and the limited space for fish to
move (Muslim, 2007).

Based on Supandi et al, (2015), snakehead fish fed artificial feed with a protein content of
40% resulted in the best growth. Snakehead fish is a carnivorous fish that uses more animal
protein. The use of vegetable protein in snakehead fish has been carried out but is still not
optimal due to the presence of phytic acid in the vegetable material. One of the vegetable
ingredients used is soybean flour and bran. Soybean flour is one of the feed ingredients that
contain high protein. However, soy flour also contains minerals combined with phytic acid,
making it difficult for the body to absorb, as well as bran. According to Cao et al, (2007), the
content of phytic acid in soybean flour reaches 3.88% or 59.9% of the total phosphorus. While
the bran contains about 6.9% phytic acid. Sumiati et al. (2001). Phytic acid is the main storage
form of phosphorus (P) contained in these vegetable raw materials (Amin et al., 2011). Under
natural conditions, this phytic acid will form bonds with minerals (Ca, Mg and Fe) and also
proteins so that minerals and proteins cannot be digested by the fish's body as a whole and
result in lower absorption. As a result, the utilization of soybean flour and bran is not optimal.

Phytic acid can be reduced by heating, but heating can damage the nutrients in the feed to
be given. Another way to reduce phytic acid is to use phytase enzymes which can hydrolyze
phytic acid gradually into its derivative compounds, which can be dissolved and absorbed in
the digestive system (Widowati et al., 2004). Winata et al, (2018) stated that the phytase
enzyme can break down phytic acid into phosphoric acid in the feed so that the nutrients in the
fish body are absorbed optimally. Several studies on the addition of phytase enzymes in fish-
made feed, among others, in white snapper with the addition of phytase enzymes at a dose of
1.5 g/kg of feed resulted in the highest feed efficiency value of 20.41% (Panjaitan et al., 2019).
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The addition of phytase enzymes to an artificial feed of 500 mg/kg of feed resulted in feed
utilization efficiency of 84.55% in sangkuriang catfish (Kosim et al., 2016). The addition of
the phytase enzyme 1000 mg/kg of feed was able to suppress the efficiency of maximum feed
utilization by 28.5% against grouper duck (Zulaeha et al., 2015). The addition of the phytase
enzyme 1,200 mg/kg of feed was able to produce a relative growth rate and optimal feed
utilization efficiency of 11.9%/day and 67.5% for larasati tilapia (Restianti et al., 2016). Based
on the description above, the dose of the phytase enzyme in snakehead fish feed is not yet
known. Therefore, it is necessary to research on the addition of phytase enzymes to feed to
determine its effect on feed utilization, growth, and survival rate of snakeheads.

METHODOLOGY
Time and Place

This research was conducted at the Fisheries Basic Laboratory, Aquaculture Study
Program, Faculty of Agriculture, Sriwijaya University. Feed proximate analysis was carried
out at the Fish Nutrition Laboratory, Department of Aquaculture, Faculty of Fisheries and
Marine Sciences, IPB University. Dissolved phosphorus analysis of feed was carried out at the
Palembang Industrial Center. This research was conducted in July — August 2021.

Research Materials

The materials used in this study were snakehead fish size 3-4 cm, fish meal, soybean
meal, tapioca, bran, fish oil, corn oil, premix, phytase enzyme, potassium permanganate. The
tools used in this research are aquarium, pH meter, thermometer, DO meter, spectrophotometer,
UV-VIS spectrophotometer, digital scale, centrifuge, measuring cup, blender, sieve, basin,
mixer, pellet printer, aerator, and oven.

Research Design
This study used a completely randomized design (CRD) with 4 treatments and 3
replications. The treatment in this study refers to the study of Amin et al. (2011) about the
addition of phytase enzymes in catfish. The treatments included:
PO: feed not added with phytase enzymes
P1: feed added with phytase enzymes at a dose of 30 mg/100g vegetable ingredients
P2: feed added with phytase enzymes at a dose of 50 mg/100g vegetable ingredients
P3: feed added with phytase enzymes at a dose of 70 mg/100g vegetable ingredients

Feed Formulation
The feed formulations used are presented in Table 1.

Working Procedure
Preparation and Preparation of Test Feed

Prepare all the materials used and the feed raw materials are weighed according to the
formulation. Next, the soybean flour and bran are mixed and stirred until homogeneous. The
homogeneous mixture of ingredients is added as much as 350 mL 100g™* of vegetable material.
The material is stirred again until evenly distributed and the phytase enzyme is added according
to the treatment dose. Then incubated for 2 h at 37.C (Matsumoto et al., 2001) the material
mixture was used as the building blocks of feed.

Making feed is done by mixing all the ingredients starting from the fewest ingredients
to the most until all the ingredients are evenly and homogeneously mixed, after the ingredients
are well mixed add warm water little by little until smooth. Dough feed that has been printed
using a feed printing machine. Feed that has been printed, dried in the sun to dry. After the feed
is dry, it is then put into a container and labeled with the treatment dose.
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Table 1. The feed formulations used

Description Treatment (g 1000g™)

Material (g) PO Pl P2 P3
Fish flour 375 375 375 375
Soy flour 402 402 402 402
Tapioca 44 43,84 43,73 43,62
Bran 144 144 144 144
Fish oil 2,5 2,5 2,5 2,5
Corn oil 2,5 2,5 2,5 2,5
Premix 30 30 30 30
Phytase enzyme 0 0,16 0,27 0,38
Jumlah () 1000 1000 1000 1000
Nutrient components (%)
Protein (%)** 37,00 37,64 38,68 39,16
Acid (%)* 2,5 2,5 2,5 2,5
Fat (%)** 2,65 3,40 1,56 1,65
Carbohydrates (%)** 31,69 31,68 30,88 29,86
Ash (%)** 13,85 14,62 14,40 15,42
Water (%)** 7,91 6,84 9,67 9,16
Crude fiber (%)** 6,90 5,83 4,81 4,75

Note: *Phytic acid content: 3.88% soybean flour (Cao et al., 2007); bran 6.9% (Sumiati et al., 2001).
** Fish Nutrition Laboratory, Department of Aquaculture, Faculty of Fisheries and Marine Sciences, IPB
University (2021)

Dissolved Phosphorus Content Test

Testing methods phosphorus dissolved from the feed by Matsumoto et al, (2001),
namely vegetable material and the enzyme phytase which was mixed and incubated at 37-C for
2 hours was taken as much as 50 mg and added 5 mL of distilled water, then centrifuged at a
speed of 1700 rpm for 10 minutes. The supernatant formed was used to measure dissolved P
using a spectrophotometer.

Preparation of Test Fish Rearing Media

The container used for the maintenance of snakehead fish is an aquarium measuring 25
x 25 x 25 cm:. Before the aquarium was used, it was cleaned and disinfected using potassium
permanganate with a concentration of 1.2 g L+ then the aquarium was rinsed and dried. After
the aquarium is clean, the aquarium is filled with 10 L of water, every In the aquarium, an
aeration hose is connected to the aerator and left overnight and then labeled according to
treatment (Zainuri et al., 2017).

Maintenance

The snakehead fish seeds used were 3-4 cm in size, with a stocking density of 2 L-fish:
(Zainuri etal., 2017). Fish were acclimatized first for 3 days to adjust to the new environment
and were still given treatment feed without the addition of phytase enzymes with the method
at satiation and given 3 times a day, namely at 08.00 am, 12.00 am, and 4.00 pm (Hidayat,
2013). The adapted fish were weighed and their body length was measured first as initial data.
Fish were kept for 30 days. During rearing the fish were fed with a frequency of three times a
day at (08.00 am, 12.00 am, and 4.00 pm) at satiation. Sampling was carried out every 10 days
during maintenance and sampling was carried out every 3 days.
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Parameters

Parameters in this study include dissolved phosphorus content, growth length, absolute
weight, feed efficiency, feed consumption, protein efficiency ratio, and survival.

Data Analysis

The data obtained were analyzed using analysis of variance, at a 95% confidence
interval. If there is a significant difference, it is continued with the Least Significant Difference
(BNT) test.

RESULTS AND DISCUSSIONS
Results

Dissolved phosphorus was measured to determine the action of enzymes that occur in

vitro. The content of dissolved phosphorus in the feed-in each treatment is presented in Table
2.

Table 2. Dissolved phosphorus content in feed at each treatment

Treatment Dissolved Phosphorus (mg L™)
PO 3,87
P1 457
P2 512
P3 5,26

Based on Table 2. It is known that the highest dissolved phosphorus was found in P3
(addition of phytase enzyme 70 mg/100 g of vegetable matter) and the lowest was found in PO
(without the addition of phytase enzyme).

The absolute growth of length, weight, feed consumption, and feed efficiency of
snakehead fish is presented in Figures 1, 2, and 3.

b c
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Figure 1. Graph of snakehead absolute growth; (a) Absolute weight growth, (b) Absolute length
growth

Information: The letters superscript different show a significantly different effect on the 95% BNT test.
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Figure 2. Graph of snakehead feed consumption
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Figure 3. Graph of snakehead feed efficiency
Information: The letters superscript different show a significantly different effect on the 95% BNT test.

Feed Eficiency (%)

Based on the results of the analysis of variance, it was shown that the addition of phytase
enzyme with different doses had a significant effect on the absolute growth of length, weight,
and feed efficiency of snakehead fish, but had no significant effect on feed consumption. The
results of the Least Significant Difference Test (BNT) showed that the absolute length growth
in P3 was significantly higher than in the other treatments. Likewise, the absolute weight
growth in P3 was significantly higher than other treatments, as well as the feed efficiency value
showed that P3 was significantly higher than PO but not significantly different from P1 and P2.

The protein efficiency ratio (REP) and survival of fish during the study of snakehead
fish are presented in Figures 4, and 5.
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Figure 4. Graph of snakehead ratio efficiency protein
Information: The letters superscript different show a significantly different effect on the 95% BNT test.
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Figure 5. Graph of snakehead ratio efficiency protein
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Based on the results of the analysis of variance showed that the addition of phytase
enzymes with different doses significantly affected the protein efficiency ratio of snakehead
fish feed. The results of the Least Significant Difference Test showed that the ratio of protein
efficiency in P3 was significantly higher than PO but not significantly different than P1 and P2.
Based on the results of the analysis of variance showed that the addition of phytase enzymes
with different doses in the feed did not significantly affect the survival of snakehead fish.

Discussion

Phytase which is applied to feed can hydrolyze phytic acid in the feed. This can be seen
from the dissolved phosphorus content of the feed, the higher the dissolved phosphorus content
indicates the better the performance of phytase in hydrolyzing phytic acid. The results showed
that the P3 treatment with a dose of 70 mg 100 g- vegetable ingredients caused higher dissolved
phosphorus while the lowest phosphorus yield was found in PO (treatment without phytase
enzyme).

Based on the research results of Amin et al. (2011) feed with the addition of the phytase
enzyme was able to increase the mineral P in the body of catfish. Mineral P is needed by the
fish body for metabolic activities. Increased metabolic processes in the fish's body, will spur
fish to consume more feed and fish growth will increase. The results showed that the feed given
the phytase enzyme at a dose of 70 mg/100 g of vegetable matter gave the highest growth
compared to other treatments. According to Khotimah (2020), the more dissolved phosphorus
increases, the more phosphorus is absorbed and less is wasted as feces, it can be seen from the
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results of the study that the higher the dissolved phosphorus, the higher the growth. High
growth indicates an efficient use of feed.

Feed efficiency is the percentage of feed utilization to produce fish growth. The higher
the feed efficiency value indicates that the more efficient the feed is used by fish for growth
(Amin et al., 2020). Feed efficiency is influenced by many factors including feed quality.
According to Isnawati et al. (2015), the feed eaten by fish will be processed in the body and
the nutritional elements or nutrients will be absorbed to be used to build tissues so that growth
occurs. The increase in the efficiency value of feed utilization indicates that the feed consumed
has good quality so that it can be utilized efficiently. Based on the results of the study, the
highest feed efficiency was found in the P3 treatment of 79.44%, however, the value of feed
efficiency was high because according to Craig and Helfrich (2017) the value of good feed
efficiency was more than 50%. This is following the opinion of Tacon (1987) which states that
high feed efficiency indicates that the feed provided can be utilized efficiently so that the
protein is reformed to meet fewer energy needs and more for growth. On the other hand, the
PO treatment had the lowest feed utilization efficiency value, it was suspected that in the PO
treatment the phytic acid content in the test feed did not decompose because it did not contain
phytase enzymes so the availability of P was thought to be insufficient so that its growth was
low. In addition to releasing phosphorus, phytase enzymes are thought to be able to release
proteins bound in phytic acid.

Indicators of protein utilization by fish for growth can be seen in the efficiency of the
protein feed consumed. The results showed that the addition of phytase enzymes to feed,
especially at P3 (70 mg/100g vegetable matter) caused the highest ratio of feed protein
efficiency to snakehead fish. The high value of the protein efficiency ratio can be caused by
the phytase enzyme in the feed which can reduce and decompose phytic acid and break the
bonds between phytic acid and protein and mineral complexes, thus giving an effect on
digestive enzymes, especially protein-breaking enzymes in breaking down protein into amino
acids. Rachmawati and Samidjan, 2014). According to Hoffman and Falvo (2004), the ratio of
protein efficiency determines the effectiveness of protein by measuring weight gain in grams
per gram of protein consumed. Feed protein based on the results of this study, the lowest protein
was found in treatment PO 37.00 and the highest protein was found in treatment P3 which was
39.16. Snakehead fish fed feed without the addition of phytase enzyme (P0) caused lower
growth, feed efficiency, and feed protein efficiency ratio. This is presumably because the phytic
acid in the feed cannot be decomposed, as a result, the nutrients bound to the phytic acid cannot
be absorbed and utilized by fish, and will even be wasted as feces. Amin et al. (2011) stated
that fish cannot digest phytic acid so it will be released into the waters.

Based on the results of the analysis of variance showed that the addition of phytase
with different doses in the feed had no significant effect on the survival of snakehead fish. The
survival of fish is influenced by several factors, one of which is including water quality during
maintenance. The water quality in this study was following the life needs of snakehead fish.
The water temperature during the study ranged from 25.1 to 29.9°C, according to Makmur
(2003), the optimal temperature for the development of snakehead fish life ranged from 26.5
to 31.5°C. The pH of the water ranged from 6.1 to 7.6 and Dissolved oxygen in snakehead fish
rearing water during the study ranged from 4.01 to 4.90 mg L. According to Muflikhah et al.
(2008), a good pH for the maintenance of snakehead fish fry ranged from 4-9 and dissolved

oxygen at least 3 mg L-.. Ammonia content 0.02 —0.37 mg L+. According to Jianguang (1997),
the good ammonia content for snakehead fish is less than 1 mg L.

CONCLUSION
The addition of phytase enzyme in artificial feed with different doses gave a significant
effect on growth in length, weight, feed efficiency, and protein efficiency ratio of snakehead
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fish. However, it has no significant effect on feed consumption and the survival of snakehead
fish. The best treatment in this study was the addition of the phytase enzyme at a dose of 70
mg 100 g:vegetable ingredients (P3).
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The Effect of Additional Phytage Enzymes with Different Dosage on Manufactured
Feed on the Growth, Efficiency of Feed Utilization and Survival Snakehead Fish
(Channa striata)

Abstract

Snakehead (Channa striata) is a type of freshwater fish. Artificial feed generally contains animal and
vegetable protein sources. The use of vegetable protein in snakehead has been carried out but is still not optimal
due to the presence of phytic acid in vegetable materials which makes fish unable to digest food properly.
Therefore, it is necessary to add a phytase enzyme to hydrolyze phytic acid. This study aims to determine the
effect of adding phytase with different doses to artificial feed on growth, protein efficiency ratio, feed
efficiency, feed consumption, and survival of snakehead. This research was carried out at the Fisheries Basic
Laboratory in July — August 2021, this study used a completely randomized design (CRD) which consisted of
four treatments and three replications, namely PO (without the addition of phytase), P1 (addition of phytase 30
mg 100 g* material). vegetable), P2 (addition of phytase 50 mg 100 g vegetable material), P3 (addition of
phytase 70 mg 100 g vegetable material). The size of the fish used in this study was 3-4 cm with a stocking
density of 2 L fish, the maintenance of the study was 30 days. The results showed that the addition of phytase
70 mg 100 g* vegetable material (P3) was the best result with absolute weight growth (1.49 g), absolute length
growth (2.48 cm), feed efficiency (79.44%), feed consumption (37.68 g) protein efficiency ratio (2.03%),and
survival (100%).

Keywords: Feed, Phytase enzymes, Phytic Acid, Snakehead

INTRODUCTION

Snakehead fish (Channa striata) is one type of freshwater fish which is also one of the
most popular consumption fish in Southeast Asia, including in Indonesia (War and Altaff,
2011). The availability of snakehead fish is still dominated by natural catches. Currently,
snakehead fish can be cultivated with artificial feeding, but several factors cause limitations
in cultivation such as low survival and relatively slow growth. This is due to the limited
natural feed, high food competition that gives rise to cannibalism, and the limited space for
fish to move (Muslim, 2007).

Based on Supandi et al, (2015), snakehead fish fed artificial feed with a protein content
of 40% resulted in the best growth. Snakehead fish is a carnivorous fish that uses more
animal protein. The use of vegetable protein in snakehead fish has been carried out but is still
not optimal due to the presence of phytic acid in the vegetable material. One of the vegetable
ingredients used is soybean flour and bran. Soybean flour is one of the feed ingredients that
contain high protein. However, soy flour also contains minerals combined with phytic acid,
making it difficult for the body to absorb, as well as bran. According to Cao et al, (2007), the
content of phytic acid in soybean flour reaches 3.88% or 59.9% of the total phosphorus.
While the bran contains about 6.9% phytic acid. Sumiati et al. (2001). Phytic acid is the main
storage form of phosphorus (P) contained in these vegetable raw materials (Amin et al.,
2011). Under natural conditions, this phytic acid will form bonds with minerals (Ca, Mg and
Fe) and also proteins so that minerals and proteins cannot be digested by the fish's body as a
whole and result in lower absorption. As a result, the utilization of soybean flour and bran is
not optimal.

Phytic acid can be reduced by heating, but heating can damage the nutrients in the feed to
be given. Another way to reduce phytic acid is to use phytase enzymes which can hydrolyze
phytic acid gradually into its derivative compounds, which can be dissolved and absorbed in
the digestive system (Widowati et al., 2004). Winata et al, (2018) stated that the phytase
enzyme can break down phytic acid into phosphoric acid in the feed so that the nutrients in
the fish body are absorbed optimally. Several studies on the addition of phytase enzymes in
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fish-made feed, among others, in white snapper with the addition of phytase enzymes at a
dose of 1.5 g/kg of feed resulted in the highest feed efficiency value of 20.41% (Panjaitan et
al., 2019). The addition of phytase enzymes to an artificial feed of 500 mg/kg of feed resulted
in feed utilization efficiency of 84.55% in sangkuriang catfish (Kosim et al., 2016). The
addition of the phytase enzyme 1000 mg/kg of feed was able to suppress the efficiency of
maximum feed utilization by 28.5% against grouper duck (Zulaeha et al., 2015). The addition
of the phytase enzyme 1,200 mg/kg of feed was able to produce a relative growth rate and
optimal feed utilization efficiency of 11.9%/day and 67.5% for larasati tilapia (Restianti et
al., 2016). Based on the description above, the dose of the phytase enzyme in snakehead fish
feed is not yet known. Therefore, it is necessary to research on the addition of phytase
enzymes to feed to determine its effect on feed utilization, growth, and survival rate of
snakeheads.

METHODOLOGY
Time and Place

This research was conducted at the Fisheries Basic Laboratory, Aquaculture Study
Program, Faculty of Agriculture, Sriwijaya University. Feed proximate analysis was carried
out at the Fish Nutrition Laboratory, Department of Aquaculture, Faculty of Fisheries and
Marine Sciences, IPB University. Dissolved phosphorus analysis of feed was carried out at
the Palembang Industrial Center. This research was conducted in July — August 2021.

Research Materials

The materials used in this study were snakehead fish size 3-4 cm, fish meal, soybean
meal, tapioca, bran, fish oil, corn oil, premix, phytase enzyme, potassium permanganate.The
tools used in this research are aquarium, pH meter, thermometer, DO meter,
spectrophotometer, UV-VIS spectrophotometer, digital scale, centrifuge, measuring cup,
blender, sieve, basin, mixer, pellet printer, aerator, and oven.

Research Design
This study used a completely randomized design (CRD) with 4 treatments and 3
replications. The treatment in this study refers to the study of Amin et al. (2011) about the
addition of phytase enzymes in catfish. The treatments included:
PO: feed not added with phytase enzymes
P1: feed added with phytase enzymes at a dose of 30 mg/100g vegetable ingredients
P2: feed added with phytase enzymes at a dose of 50 mg/100g vegetable ingredients
P3: feed added with phytase enzymes at a dose of 70 mg/100g vegetable ingredients

Feed Formulation
The feed formulations used are presented in Table 1.

Working Procedure
Preparation and Preparation of Test Feed

Prepare all the materials used and the feed raw materials are weighed according to the
formulation. Next, the soybean flour and bran are mixed and stirred until homogeneous. The
homogeneous mixture of ingredients is added as much as 350 mL 100g? of vegetable
material. The material is stirred again until evenly distributed and the phytase enzyme is
added according to the treatment dose. Then incubated for 2 h at 37-C (Matsumoto etal.,2001)
the material mixture was used as the building blocks of feed.

Making feed is done by mixing all the ingredients starting from the fewest ingredients
to the most until all the ingredients are evenly and homogeneously mixed, after the
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ingredients are well mixed add warm water little by little until smooth. Dough feed that has
been printed using a feed printing machine. Feed that has been printed, dried in the sun to
dry. After the feed is dry, it is then put into a container and labeled with the treatment dose.

Table 1. The feed formulations used

Description Treatment (g 1000g?)

Material (g) PO P1 P2 P3
Fish flour 375 375 375 375
Soy flour 402 402 402 402
Tapioca 44 43,84 43,73 43,62
Bran 144 144 144 144
Fish oil 2,5 2,5 2,5 2,5
Cornoil 2,5 2,5 2,5 2,5
Premix 30 30 30 30
Phytase enzyme 0 0,16 0,27 0,38
Jumlah (g) 1000 1000 1000 1000
Nutrient components (%)
Protein (%)** 37,00 37,64 38,68 39,16
Acid (%)* 2,5 2,5 2,5 2,5
Fat (%)** 2,65 3,40 1,56 1,65
Carbohydrates (%)** 31,69 31,68 30,88 29,86
Ash (%)** 13,85 14,62 14,40 15,42
Water (%)** 7,91 6,84 9,67 9,16
Crude fiber (%)** 6,90 5,83 4,81 4,75

Note: *Phytic acid content: 3.88% soybean flour (Cao et al., 2007); bran 6.9% (Sumiati et al., 2001).
** Fish Nutrition Laboratory, Department of Aquaculture, Faculty of Fisheries and Marine Sciences, IPB
University (2021)

Dissolved Phosphorus Content Test

Testing methods phosphorus dissolved from the feed by Matsumoto et al, (2001),
namely vegetable material and the enzyme phytase which was mixed and incubated at 37-C
for 2 hours was taken as much as 50 mg and added 5 mL of distilled water, then centrifuged
at a speed of 1700 rpm for 10 minutes. The supernatant formed was used to measure
dissolved P using a spectrophotometer.

Preparation of Test Fish Rearing Media

The container used for the maintenance of snakehead fish is an aquarium measuring
25 x 25 x 25 cne. Before the aquarium was used, it was cleaned and disinfected using
potassium permanganate with a concentration of 1.2 g L+ then the aquarium was rinsed and
dried. After the aquarium is clean, the aquarium is filled with 10 L of water, everyln the
aquarium, an aeration hose is connected to the aerator and left overnight and then labeled
according to treatment (Zainuri et al., 2017).

Maintenance

The snakehead fish seeds used were 3-4 cm in size, with a stocking density of 2 L-
fish: (Zainuri et al., 2017). Fish were acclimatized first for 3 days to adjust to the new
environment and were still given treatment feed without the addition of phytase enzymes
with the method at satiation and given 3 times a day, namely at 08.00 am, 12.00 am, and 4.00
pm (Hidayat, 2013). The adapted fish were weighed and their body length was measured first
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as initial data. Fish were kept for 30 days. During rearing the fish were fed with a frequency
of three times a day at (08.00 am, 12.00 am, and 4.00 pm) at satiation. Sampling was carried
out every 10 days during maintenance and sampling was carried out every 3 days.

Parameters
Parameters in this study include dissolved phosphorus content, growth length,
absolute weight, feed efficiency, feed consumption, protein efficiency ratio, and survival.

Data Analysis

The data obtained were analyzed using analysis of variance, at a 95% confidence
interval. If there is a significant difference, it is continued with the Least Significant
Difference (BNT) test.

RESULTS AND DISCUSSIONS
Results

Dissolved phosphorus was measured to determine the action of enzymes that occur in
vitro. The content of dissolved phosphorus in the feed-in each treatment is presented in Table
2.

Table 2. Dissolved phosphorus content in feed at each treatment

Treatment Dissolved Phosphorus (mg L™)
PO 3,87
P1 4,57
P2 512
P3 5,26

Based on Table 2. It is known that the highest dissolved phosphorus was found in P3
(addition of phytase enzyme 70 mg/100 g of vegetable matter) and the lowest was found in
PO (without the addition of phytase enzyme).

The absolute growth of length, weight, feed consumption, and feed efficiency of
snakehead fish is presented in Figures 1, 2, and 3.
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Figure 1. Graph of snakehead absolute growth; (a) Absolute weight growth, (b) Absolute
length growth

Information: The letters superscript different show a significantly different effect on the 95% BNT test.
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Figure 2. Graph of snakehead feed consumption
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Figure 3. Graph of snakehead feed efficiency
Information: The letters superscript different show a significantly different effect on the 95% BNT test.

Feed Eficiency (%)

Based on the results of the analysis of variance, it was shown that the addition of
phytase enzyme with different doses had a significant effect on the absolute growth of length,
weight, and feed efficiency of snakehead fish, but had no significant effect on feed
consumption. The results of the Least Significant Difference Test (BNT) showed that the
absolute length growth in P3 was significantly higher than in the other treatments. Likewise,
the absolute weight growth in P3 was significantly higher than other treatments, as well as the
feed efficiency value showed that P3 was significantly higher than PO but not significantly
different from P1 and P2.

The protein efficiency ratio (REP) and survival offish during the study of snakehead
fish are presented in Figures 4, and 5.
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Figure 4. Graph of snakehead ratio efficiency protein
Information: The letters superscript different show a significantly different effect on the 95% BNT test.
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Figure 5. Graph of snakehead ratio efficiency protein

Survival rate (%)

Based on the results of the analysis of variance showed that the addition of phytase
enzymes with different doses significantly affected the protein efficiency ratio of snakehead
fish feed. The results of the Least Significant Difference Test showed that the ratio of protein
efficiency in P3 was significantly higher than PO but not significantly different than P1 and
P2.Based on the results of the analysis of variance showed that the addition of phytase
enzymes with different doses in the feed did not significantly affect the survival of snakehead
fish.

Discussion

Phytase which is applied to feed can hydrolyze phytic acid in the feed. This can be
seen from the dissolved phosphorus content of the feed, the higher the dissolved phosphorus
content indicates the better the performance of phytase in hydrolyzing phytic acid. The results
showed that the P3 treatment with a dose of 70 mg 100 g+ vegetable ingredients caused
higher dissolved phosphorus while the lowest phosphorus yield was found in PO (treatment
without phytase enzyme).

Based on the research results of Amin et al. (2011) feed with the addition of the
phytase enzyme was able to increase the mineral P in the body of catfish. Mineral P is needed
by the fish body for metabolic activities. Increased metabolic processes in the fish's body,
will spur fish to consume more feed and fish growth will increase. The results showed that
the feed given the phytase enzyme at a dose of 70 mg/100 g of vegetable matter gave the
highest growth compared to other treatments. According to Khotimah (2020), the more
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dissolved phosphorus increases, the more phosphorus is absorbed and less is wasted as feces,
it can be seen from the results of the study that the higher the dissolved phosphorus, the
higher the growth. High growth indicates an efficient use of feed.

Feed efficiency is the percentage of feed utilization to produce fish growth. The
higher the feed efficiency value indicates that the more efficient the feed is used by fish for
growth (Amin et al., 2020).Feed efficiency is influenced by many factors including feed
quality. According to Isnawati et al. (2015), the feed eaten by fish will be processed in the
body and the nutritional elements or nutrients will be absorbed to be used to build tissues so
that growth occurs. The increase in the efficiency value of feed utilization indicates that the
feed consumed has good quality so that it can be utilized efficiently. Based on the results of
the study, the highest feed efficiency was found in the P3 treatment of 79.44%, however, the
value of feed efficiency was high because according to Craig and Helfrich (2017) the value of
good feed efficiency was more than 50%. This is following the opinion of Tacon (1987)
which states that high feed efficiency indicates that the feed provided can be utilized
efficiently so that the protein is reformed to meet fewer energy needs and more for growth.
On the other hand, the PO treatment had the lowest feed utilization efficiency value, it was
suspected that in the PO treatment the phytic acid content in the test feed did not decompose
because it did not contain phytase enzymes so the availability of P was thought to be
insufficient so that its growth was low. In addition to releasing phosphorus, phytase enzymes
are thought to be able to release proteins bound in phytic acid.

Indicators of protein utilization by fish for growth can be seen in the efficiency of
the protein feed consumed. The results showed that the addition of phytase enzymes to feed,
especially at P3 (70 mg/100g vegetable matter) caused the highest ratio of feed protein
efficiency to snakehead fish. The high value of the protein efficiency ratio can be caused by
the phytase enzyme in the feed which can reduce and decompose phytic acid and break the
bonds between phytic acid and protein and mineral complexes, thus giving an effect on
digestive enzymes, especially protein-breaking enzymes in breaking down protein into amino
acids. Rachmawati and Samidjan, 2014). According to Hoffman and Falvo (2004), the ratio
of protein efficiency determines the effectiveness of protein by measuring weight gain in
grams per gram of protein consumed. Feed protein based on the results of this study, the
lowest protein was found in treatment PO 37.00 and the highest protein was found in
treatment P3 which was 39.16. Snakehead fish fed feed without the addition of phytase
enzyme (P0) caused lower growth, feed efficiency, and feed protein efficiency ratio. This is
presumably because the phytic acid in the feed cannot be decomposed, as a result, the
nutrients bound to the phytic acid cannot be absorbed and utilized by fish, and will even be
wasted as feces. Amin et al. (2011) stated that fish cannot digest phytic acid so it will be
released into the waters.

Based on the results of the analysis of variance showed that the addition of phytase
with different doses in the feed had no significant effect on the survival of snakehead fish.
The survival of fish is influenced by several factors, one of which isincluding water quality
during maintenance. The water quality in this study was following the life needs of
snakehead fish. The water temperature during the study ranged from 25.1 to 29.9°C,
according to Makmur (2003), the optimal temperature for the development of snakehead fish
life ranged from 26.5 to 31.5°C. The pH of the water ranged from 6.1 to 7.6 and Dissolved

oxygen in snakehead fish rearing water during the study ranged from 4.01 to 4.90 mg L-.
According to Muflikhah et al. (2008), a good pH for the maintenance of snakehead fish fry

ranged from 4-9 and dissolved oxygen at least 3 mg L-.. Ammonia content 0.02 —0.37 mg L-

1. According to Jianguang (1997), the good ammonia content for snakehead fish is less than 1
mg L.
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CONCLUSION

The addition of phytase enzyme in artificial feed with different doses gave a
significant effect on growth in length, weight, feed efficiency, and protein efficiency ratio of
snakehead fish. However, it has no significant effect on feed consumption and the survival of
snakehead fish. The best treatment in this study was the addition of the phytase enzyme at a
dose of 70 mg 100 g+vegetable ingredients (P3).
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The Effect of Additional Phytase Enzymes with Different Dosage on Manufactured Feed
on the Growth, Efficiency of Feed Utilization, and Survival of Snakehead Fish (Channa
striata)

Abstract

Snakehead (Channa striata) is a type of freshwater fish. Artificial feed generally contains animal and
vegetable protein sources. The use of vegetable protein in snakehead has been carried out but is still not optimal
due to the presence of phytic acid in vegetable materials which makes fish unable to digest food properly.
Therefore, it is necessary to add a phytase enzyme to hydrolyze phytic acid. This study aims to determine the
effect of adding phytase with different doses to artificial feed on growth, protein efficiency ratio, feed efficiency,
feed consumption, and survival of snakehead. This research was carried out at the Fisheries Basic Laboratory in
July — August 2021, this study used a completely randomized design (CRD) which consisted of four treatments
and three replications, namely PO (without the addition of phytase), P1 (addition of phytase 30 mg/100 g vegetable
material), P2 (addition of phytase 50 mg/100 g vegetable material), P3 (addition of phytase 70 mg/100 g vegetable
material). The size of the fish used in this study was 3-4 cm with a stocking density of 2 fish/L fish, the
maintenance of the study was 30 days. The results showed that the addition of phytase 70 mg/100g vegetable
material (P3) was the best result with absolute weight growth (1.49 g), absolute length growth (2.48 cm), feed
efficiency (79.44%), feed consumption (37.68 g) protein efficiency ratio (2.03%), and survival (100%).

Keywords: Feed, Phytase enzymes, Phytic Acid, Snakehead

INTRODUCTION

Snakehead fish (Channa striata) is one type of freshwater fish which is also one of the
most popular consumption fish in Southeast Asia, including in Indonesia (War and Altaff,
2011). Natural catches still dominate the availability of snakehead fish. Snakehead fish can be
cultivated with artificial feeding. However, several factors cause limitations in cultivation, such
as low survival and relatively slow growth, because of the limited natural feed, high food
competition that gives rise to cannibalism, and the limited space for fish to move (Muslim,
2007).

Based on Supandi et al, (2015), snakehead fish fed artificial feed with a protein content of
40% resulted in the best growth. Snakehead fish is a carnivorous fish that uses more animal
protein. The use of vegetable protein in snakehead fish has been carried out but is still not
optimal due to the presence of phytic acid in the vegetable material. One of the vegetable
ingredients used is soybean flour and bran. Soybean flour is one of the feed ingredients that
contain high protein. However, soy flour also contains minerals combined with phytic acid,
making it difficult for the body to absorb and bran. According to Cao et al, (2007), the phytic
acid content in soybean flour reaches 3.88% or 59.9% of the total phosphorus. While the bran
contains about 6.9% phytic acid. Sumiati et al. (2001). Phytic acid is the primary source of
phosphorus (P) in these raw vegetable materials (Amin et al., 2011). Under natural conditions,
this phytic acid will form bonds with minerals (Ca, Mg and Fe) and proteins so that minerals
and proteins cannot be digested by the fish's body as a whole, resulting in lower absorption. As
a result, soybean flour and bran utilization are not optimal.

Phytic acid can be reduced by heating, but heating can damage the feed's nutrients. Another
way to reduce phytic acid is to use phytase enzymes which can hydrolyze phytic acid gradually
into its derivative compounds, which can be dissolved and absorbed in the digestive system
(Widowati et al., 2004). Winata et al, (2018) stated that the phytase enzyme could break down
phytic acid into phosphoric acid in the feed so that the nutrients in the fish body are absorbed
optimally. Several studies on the addition of phytase enzymes in fish-made feed, among others,
in white snapper with the addition of phytase enzymes at a dose of 1.5 g/kg of feed resulted in
the highest feed efficiency value of 20.41% (Panjaitan et al., 2019). The addition of phytase
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enzymes to an artificial feed of 500 mg/kg of feed resulted in a feed utilization efficiency of
84.55% in sangkuriang catfish (Kosim et al., 2016). Adding the phytase enzyme 1000 mg/kg
of feed suppresses the efficiency of maximum feed utilization by 28.5% against grouper duck
(Zulaeha et al., 2015). Adding the phytase enzyme 1,200 mg/kg of feed produced a relative
growth rate and optimal feed utilization efficiency of 11.9%/day and 67.5% for larasati tilapia
(Restianti et al., 2016). Based on the description above, the dose of the phytase enzyme in
snakehead fish feed is not yet known. Therefore, it is necessary to research the addition of
phytase enzymes to feed to determine its effect on feed utilization, growth, and survival rate of
snakeheads.

METHODOLOGY
Time and Place

This research was conducted at the Fisheries Basic Laboratory, Aquaculture Study
Program, Faculty of Agriculture, Sriwijaya University. Feed proximate analysis was carried
out at the Fish Nutrition Laboratory, Department of Aquaculture, Faculty of Fisheries and
Marine Sciences, IPB University. Dissolved phosphorus analysis of feed was carried out at the
Palembang Industrial Center. This research was conducted in July — August 2021.

Research Materials

The materials used in this study were snakehead fish size 3-4 cm, fish meal, soybean
meal, tapioca, bran, fish oil, corn oil, premix, phytase enzyme, and potassium permanganate.
The tools used in this research are aquarium, pH meter, thermometer, DO meter,
spectrophotometer, UV-VIS spectrophotometer, digital scale, centrifuge, measuring cup,
blender, sieve, basin, mixer, pellet printer, aerator, and oven.

Research Design
This study used a completely randomized design (CRD) with four treatments and three
replications. The treatment in this study refers to the study of Amin et al. (2011) about the
addition of phytase enzymes in catfish. The treatments included:
PO: feed not added with phytase enzymes
P1: feed added with phytase enzymes at a dose of 30 mg/100g of vegetable ingredients
P2: feed added with phytase enzymes at a dose of 50 mg/100g of vegetable ingredients
P3: feed added with phytase enzymes at a dose of 70 mg/100g of vegetable ingredients

Feed Formulation
The feed formulations used are presented in Table 1.

Working Procedure
Preparation and Preparation of Test Feed

Prepare all the materials used, and the feed raw materials are weighed according to the
formulation. Next, the soybean flour and bran are mixed and stirred until homogeneous. The
material is stirred again until evenly distributed, and the phytase enzyme is added according to
the treatment dose. Then incubated for two h at 37 °C (Matsumoto et al., 2001), the material
mixture was used as the building blocks of feed.

Making feed is done by mixing all the ingredients from the fewest to the most until all
the ingredients are evenly and homogeneously mixed. After the ingredients are well mixed,
add warm water until smooth. Dough feed that has been printed using a feed printing machine.
Feed that has been printed, dried in the sun to dry. After the feed is dry, it is put into a container
and labeled with the treatment dose.
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Table 1. The feed formulations used

Description Treatment (g/1000 g)

Material (Q) PO Pl P2 P3
Fish flour 375 375 375 375
Soy flour 402 402 402 402
Tapioca 44 43,84 43,73 43,62
Bran 144 144 144 144
Fish oil 2,5 2,5 2,5 2,5
Corn oil 2,5 2,5 2,5 2,5
Premix 30 30 30 30
Phytase enzyme 0 0,16 0,27 0,38
Jumlah (g) 1000 1000 1000 1000
Nutrient components (%)
Protein (%)** 37,00 37,64 38,68 39,16
Acid (%)* 2,5 2,5 2,5 2,5
Fat (%)** 2,65 3,40 1,56 1,65
Carbohydrates (%)** 31,69 31,68 30,88 29,86
Ash (%)** 13,85 14,62 14,40 15,42
Water (%)** 7,91 6,84 9,67 9,16
Crude fiber (%)** 6,90 5,83 4,81 4,75

Note: *Phytic acid content: 3.88% soybean flour (Cao et al., 2007); bran 6.9% (Sumiati et al., 2001).
** Fish Nutrition Laboratory, Department of Aquaculture, Faculty of Fisheries and Marine Sciences, IPB
University (2021)

Dissolved Phosphorus Content Test

Testing methods phosphorus dissolved from the feed by Matsumoto et al, (2001),
namely vegetable material and the enzyme phytase, which was mixed and incubated at 37 °C
for 2 hours was taken as much as 50 mg and added 5 mL of distilled water, then centrifuged at
a speed of 1700 rpm for 10 minutes. The supernatant formed was used to measure dissolved P
using a spectrophotometer.

Preparation of Test Fish Rearing Media

The container used to maintain snakehead fish is an aquarium measuring 25 x 25 x 25
cm?®. Before the aquarium was used, it was cleaned and disinfected using potassium
permanganate with a concentration of 1.2 g/L. Then the aquarium was rinsed and dried. After
the aquarium is clean, the aquarium is filled with 10 L of water, and an aeration hose is
connected to the aerator, left overnight, and then labeled according to treatment (Zainuri et al.,
2017).

Maintenance

The snakehead fish seeds were 3-4 cm in size, with a stocking density of 2 fish/L
(Zainuri et al., 2017). Fish were acclimatized first for three days to adjust to the new
environment and were still given treatment feed without the addition of phytase enzymes with
the method at satiation and given three times a day, namely at 08.00 am, 12.00 am, and 4.00
pm (Hidayat, 2013). The adapted fish were weighed, and their body length was measured first
as initial data. Fish were kept for 30 days. During rearing, the fish were fed with a frequency
of three times a day (08.00 am, 12.00 am, and 4.00 pm) at satiation. Sampling was carried out
every ten days during maintenance, and sampling was carried out every three days.
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Parameters
Parameters in this study include dissolved phosphorus content, growth length, absolute
weight, feed efficiency, feed consumption, protein efficiency ratio, and survival.

Data Analysis

The data obtained were analyzed using analysis of variance at a 95% confidence
interval. If there is a significant difference, it is continued with the Least Significant Difference
(BNT) test.

RESULTS AND DISCUSSIONS
Results

Dissolved phosphorus was measured to determine the action of enzymes in vitro. The
content of dissolved phosphorus in the feed of each treatment is presented in Table 2.

Table 2. Dissolved phosphorus content in feed at each treatment

Treatment Dissolved Phosphorus (mg/L)
PO 3,87
P1 4,57
P2 5,12
P3 5,26

Based on Table 2. It is known that the highest dissolved phosphorus was found in P3
(addition of phytase enzyme 70 mg/100 g of vegetable matter), and the lowest was found in PO
(without the addition of phytase enzyme).

The absolute growth of length, weight, feed consumption, and feed efficiency of
snakehead fish is presented in Figures 1, 2, and 3.
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Information: Different superscript letters show a significantly different effect on the 95% BNT test.
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Figure 3. Graph of snakehead feed efficiency
Information: Different superscript letters show a significantly different effect on the 95% BNT test.

Feed Eficiency (%)

Based on the analysis of variance, it was shown that the addition of phytase enzyme
with different doses had a significant effect on the absolute growth of length, weight, and feed
efficiency of snakehead fish but had no significant effect on feed consumption. The Least
Significant Difference Test (BNT) showed that the absolute length growth in P3 was
significantly higher than in the other treatments. Likewise, the absolute weight growth in P3
was significantly higher than in other treatments, and the feed efficiency value showed that P3
was significantly higher than PO but not significantly different from P1 and P2.

The protein efficiency ratio (PER) and survival of fish during the study of snakehead
fish are presented in Figures 4 and 5.
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The variance analysis showed that adding phytase enzymes with different doses
significantly affected the protein efficiency ratio of snakehead fish feed. The Least Significant
Difference Test results showed that the protein efficiency ratio in P3 was significantly higher
than PO but not significantly different than P1 and P2. The variance analysis showed that adding

phytase enzymes with different doses in the feed did not significantly affect the survival of
snakehead fish.

Discussion

Phytic acid in the feed can be hydrolyzed by phytase, which is added to it. The
amount of dissolved phosphorus in the feed provides evidence of this. Phytase performs better
at hydrolyzing phytic acid the higher the dissolved phosphorus content indicates. The findings
demonstrated that P3 treatment, which had a dose of 70 mg/100 g of vegetable ingredients, led
to higher levels of dissolved phosphorus, whereas PO treatment had the lowest levels of
phosphorus production (treatment without phytase enzyme).

Based on Amin et al. (2011), feeding with the addition of the phytase enzyme
increased the mineral P in the catfish's body. The fish body needs mineral P for metabolic
activities. Increased metabolic processes in the fish's body will spur fish to consume more feed,
and fish growth will increase. The results showed that the feed given the phytase enzyme at a
dose of 70 mg/100 g of vegetable matter gave the highest growth compared to other treatments.
According to Khotimah (2020), the more dissolved phosphorus increases, the more phosphorus
is absorbed, and less is wasted as feces. It can be seen from the results of the study that the
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higher the dissolved phosphorus, the higher the growth. High growth indicates an efficient use
of feed.

Feed efficiency is the percentage of feed utilization to produce fish growth. The higher
the feed efficiency value indicates that fish use, the more efficient the feed for growth (Amin
et al., 2020). Many factors, including feed quality, influence feed efficiency. According to
Isnawati et al. (2015), the feed eaten by fish will be processed in the body, and the nutritional
elements or nutrients will be absorbed to be used to build tissues so that growth occurs. The
increase in the efficiency value of feed utilization indicates that the feed consumed has good
quality so that it can be utilized efficiently. Based on the study's results, the highest feed
efficiency in the P3 treatment at 79.44%. However, feed efficiency was high because,
according to Craig and Helfrich (2017), the value of good feed efficiency was more than 50%.
Tacon (1987) states that high feed efficiency indicates that the feed provided can be utilized
efficiently so that the protein is reformed to meet fewer energy needs and more for growth. On
the other hand, the PO treatment had the lowest feed utilization efficiency value, and it was
suspected that in the PO treatment, the phytic acid content in the test feed did not decompose
because it did not contain phytase enzymes, so the availability of P was thought to be
insufficient so that its growth was low. In addition to releasing phosphorus, phytase enzymes
are thought to be able to release proteins bound in phytic acid.

Indicators of protein utilization by fish for growth can be seen in the efficiency of the
protein feed consumed. The results showed that adding phytase enzymes to feed, especially at
P3 (70 mg/100 g vegetable matter), caused the highest ratio of feed protein efficiency in
snakehead fish. The high value of the protein efficiency ratio can be caused by the phytase
enzyme in the feed, which can reduce and decompose phytic acid and break the bonds between
phytic acid and protein and mineral complexes, thus giving an effect on digestive enzymes,
especially protein-breaking enzymes in breaking down protein into amino acids. Rachmawati
and Samidjan, 2014). According to Hoffman and Falvo (2004), the protein efficiency ratio
determines protein's effectiveness by measuring weight gain in grams per gram of protein
consumed. Feed protein based on the results of this study, the lowest protein was found in
treatment PO at 37.00%, and the highest protein was found in treatment P3, which was 39.16%.
Snakehead fish fed feed without adding phytase enzyme (PO) caused lower growth, feed
efficiency, and feed protein efficiency ratio. This is presumably because the phytic acid in the
feed cannot be decomposed. As a result, the nutrients bound to the phytic acid cannot be
absorbed and utilized by fish and will even be wasted as feces. Amin et al. (2011) stated that
fish could not digest phytic acid so it will be released into the waters.

The variance analysis showed that adding phytase with different doses in the feed had
no significant effect on the survival of snakehead fish. The survival of fish is influenced by
several factors, one of which is water quality during maintenance. This study's water quality
followed the life needs of snakehead fish. The water temperature during the study ranged from
25.1 to 29.9 °C. Makmur (2003) states that the optimal temperature for developing snakehead
fish life ranges from 26.5 to 31.5 °C. The pH of the water ranged from 6.1 to 7.6, and Dissolved

oxygen in snakehead fish-rearing water during the study ranged from 4.01 to 4.90 mg/L.
According to Muflikhah et al. (2008), a good pH for the maintenance of snakehead fish fry
ranged from 4-9 and dissolved oxygen at least 3 mg/L. Ammonia content 0.02 — 0.37 mg/L.
According to Jianguang (1997), the good ammonia content for snakehead fish is less than 1
mg/L.

CONCLUSION

The addition of phytase enzyme in artificial feed with different doses significantly
affected growth in length, weight, feed efficiency, and protein efficiency ratio of snakehead
fish. However, it has no significant effect on feed consumption and the survival of snakehead
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fish. The best treatment in this study was the addition of the phytase enzyme at a dose of 70
mg/100 g-vegetable ingredients (P3).
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The Effect of Additional Phytase Enzymes with Different Dosages on the Growth,
Efficiency of Feed Utilization, and Survival of Snakehead (Channa striata)

Abstract

Snakehead (Channa striata) is a type of freshwater fish. Artificial feed generally contains animal and
vegetable protein sources. The use of vegetable protein in snakehead has been carried out. However, it is still not
optimal due to the presence of phytic acid in vegetable materials which makes fish unable to digest food properly.
Therefore, it is necessary to add a phytase enzyme to hydrolyze phytic acid. This study aims to determine the
effect of adding phytase with different doses to artificial feed on growth, protein efficiency ratio, feed efficiency,
and survival of snakehead. This study used a completely randomized design (CRD) which consisted of four
treatments and three replications, namely PO (without the addition of phytase), P1 (addition of phytase 30 mg/100
g vegetable material), P2 (addition of phytase 50 mg/100 g vegetable material), P3 (addition of phytase 70 mg/100
g vegetable material). The size of the fish used in this study was 3-4 cm, with a stocking density of 2 fish/L fish.
The rearing of the study was 30 days. The results showed that the addition of phytase 70 mg/100g vegetable
material (P3) was the best result with absolute weight growth (1.49 g), absolute length growth (2.48 cm), feed
efficiency (79.44%), protein efficiency ratio (2.03%), and survival (100%).

Keywords: Feed, Phytase enzymes, Phytic Acid, Snakehead

INTRODUCTION

Snakehead (Channa striata) is one type of freshwater fish which is also one of the most
popular consumption fish in Southeast Asia (Song et al., 2013). Natural catches still dominate
the availability of snakehead. Snakehead can be cultivated with artificial feeding. The main
obstacle in the cultivation of snakehead is maintaining a low life and relatively slow growth
(Triyanto et al., 2020).

Based on Supandi et al. (2015), snakehead-fed artificial feed with a protein content of 40%
resulted in the best growth. Snakehead is a carnivorous fish that uses more animal protein. The
use of vegetable protein in snakehead has been carried out but still needs to be optimal due to
the presence of phytic acid in the vegetable material. One of the vegetable ingredients used is
soybean flour and bran. Soybean flour is one of the feed ingredients that contain high protein.
However, soy flour also contains minerals combined with phytic acid, making it difficult for
the body to absorb and bran. According to Rasyid (2017), the phytic acid content in soybean
flour reaches 0.605mg/g. While the bran contains about 0.370 mg/g phytic acid. Phytic acid is
the primary source of phosphorus (P) in these raw vegetable materials (Amin et al., 2011).
Under natural conditions, this phytic acid will form bonds with minerals (Ca, Mg and Fe) and
proteins so that minerals and proteins cannot be digested by the fish's body, resulting in lower
absorption. As a result, soybean flour and bran utilization could be more optimal.

Phytic acid can be reduced by heating, but heating can damage the feed's nutrients. Another
way to reduce phytic acid is to use phytase enzymes which can hydrolyze phytic acid gradually
into its derivative compounds, which can be dissolved and absorbed in the digestive system
(Sari and Ginting, 2012). Winata et al. (2018) stated that the phytase enzyme could break down
phytic acid into phosphoric acid in the feed so that the nutrients in the fish body are absorbed
optimally. Several studies on the addition of phytase enzymes in fish-made feed, among others,
in white snapper with the addition of phytase enzymes at a dose of 1.5 g/kg of feed resulted in
the highest feed efficiency value of 20.41% (Panjaitan et al., 2019). The addition of phytase
enzymes to an artificial feed of 500 mg/kg resulted in a feed utilization efficiency of 84.55%
in catfish (Kosim et al., 2016). Adding the phytase enzyme 1000 mg/kg of feed suppresses the
efficiency of maximum feed utilization by 28.5% against grouper duck (Zulaeha et al., 2015).
Adding the phytase enzyme 1,200 mg/kg of feed produced a relative growth rate and optimal
feed utilization efficiency of 11.9%/day and 67.5% for tilapia (Restianti et al., 2016). Based on
the description above, the dose of the phytase enzyme in snakehead feed has yet to be
discovered. Therefore, it is necessary to research the addition of phytase enzymes to feed to
determine its effect on feed utilization, growth, and survival rate of snakeheads.



METHODOLOGY
Research Materials

The materials used in this study were snakehead size 3-4 cm, a fish meal with a protein
content of 62.65%, soybean meal with a protein content of 37%, tapioca with a protein content
of 0.5%, bran with a protein content of 13%, fish oil, corn oil, premix, phytase enzyme Bio-
Phytase 5000®, and potassium permanganate. The tools used in this research are aquarium
measuring 25 x 25 x 25 cm?®, pH meter (ATC digital tester®) with an accuracy of 0.1 pH units,
thermometer (Oxygen meter®) with an accuracy of 0.1°C, DO meter (Oxygen meter®) with
an accuracy of 0.01 mg/L, spectrophotometer (Thermo scientific Genesys 150®) (Oxygen
meter®) with an accuracy of 0.001mg/L, UV-VIS spectrophotometer (Unico®) with a
wavelength of 200-750 nm, a digital scale (Mini Digital Platform Scale 1-2000®) with an
accuracy of 0.01 g, centrifuge (Backman coulter®) with speed control £50 rpm, measuring cup
with an accuracy 1 mL, blender (Miyako BL-152 GF®) with a capacity 1,5 L, sieve with size
40-60 mesh, basin with volume 10 L, pellet machine (Mincer Manual VIPOO-A12®) with a
capacity of 5 kg, aerator (Amara®), and oven (Memret®) with maximum temperature +70°C.

Research Design
This study used a completely randomized design (CRD) with four treatments and three
replications. The treatment in this study refers to the study of Amin et al. (2011) about the
addition of phytase enzymes in catfish. The treatments included:
PO: feed not added with phytase enzymes
P1: feed added with phytase enzymes at a dose of 30 mg/100g of vegetable ingredients
P2: feed added with phytase enzymes at a dose of 50 mg/100g of vegetable ingredients
P3: feed added with phytase enzymes at a dose of 70 mg/100g of vegetable ingredients

Feed Formulation
The feed formulations used are presented in Table 1.
Table 1. The feed formulations used

Description Treatment (g/1000 g)

Material (g) PO Pl P2 P3
Fish flour 375 375 375 375
Soy flour 402 402 402 402
Tapioca 44 43.84 43.73 43.62
Bran 144 144 144 144
Fish oil 2.5 2.5 2.5 2.5
Corn oil 2.5 2.5 2.5 2.5
Premix 30 30 30 30
Phytase enzyme 0 0.16 0.27 0.38
Jumlah (g) 1000 1000 1000 1000
Nutrient components (%)
Protein (%)** 37.00 37.64 38.68 39.16
Acid (%)* 2.5 2.5 2.5 2.5
Fat (%)** 2,65 3.40 1.56 1.65
Carbohydrates (%)** 31.69 31.68 30.88 29.86
Ash (%)** 13.85 14.62 14.40 15.42
Water (%)** 7.91 6.84 9.67 9.16
Crude fiber (%)** 6.90 5.83 4.81 4.75

Note: *Phytic acid content: 3.88% soybean flour (Cao et al., 2007); bran 6.9% (Sumiati et al., 2001).

** Fish Nutrition Laboratory, Department of Aquaculture, Faculty of Fisheries and Marine Sciences, IPB

University (2021)



Working Procedure
Preparation and Preparation of Test Feed

Prepare all the materials used, and the feed raw materials are weighed according to the
formulation. Next, the soybean flour and bran are mixed and stirred until homogeneous. The
material is stirred again until evenly distributed, and the phytase enzyme is added according to
the treatment dose. Then incubated for two hours at 37 °C (Matsumoto et al., 2001 in Amin et
al., 2011), the material mixture was used as the building blocks of feed.

Making feed is done by mixing all the ingredients from the fewest to the most until all
the ingredients are evenly and homogeneously mixed. After the ingredients are well mixed,
add warm water until smooth. Dough feed that has been printed using a feed printing machine.
Feed that has been printed, and dried in the sun to dry. After the feed is dry, it is put into a
container and labeled with the treatment dose.

Preparation of Test Fish Rearing Media

The container used to maintain snakehead is an aquarium measuring 25 x 25 x 25 cm®.
Before the aquarium was used, it was cleaned and disinfected using potassium permanganate
with a concentration of 1.2 g/L. Then the aquarium was rinsed and dried. After the aquarium
is clean, the aquarium is filled with 10 L of water, and an aeration hose is connected to the
aerator, left overnight, and then labeled according to treatment (Zainuri et al., 2017).

Fish Rearing

The snakehead was 3-4 cm in size, with a stocking density of 2 fish/L (Zainuri et al.,
2017). Fish were acclimatized first for three days to adjust to the new environment and were
still given treatment feed without the addition of phytase enzymes with the method at satiation
and given three times a day, namely at 08.00 am, 12.00 am, and 4.00 pm (Hidayat, 2013). The
adapted fish were weighed, and their body length was measured first as initial data. Fish were
kept for 30 days. During rearing, the fish were fed with a frequency of three times a day (08.00
am, 12.00 am, and 4.00 pm) at satiation. Sampling was carried out every ten days during
rearing, and sampling was carried out every three days.

Parameters

Dissolved Phosphorus Content Test

Testing methods phosphorus dissolved from the feed by Matsumoto et al. (2001) in
Amin et al. (2011), namely vegetable material and the enzyme phytase, which was mixed and
incubated at 37 °C for 2 hours was taken as much as 50 mg and added 5 mL of distilled water,
then centrifuged at a speed of 1700 rpm for 10 minutes. The supernatant formed was used to
measure dissolved P using a spectrophotometer.

Absolute Length Growth

The absolute length growth of snakehead is calculated using the formula:
L=Lt-LO

Information:

L: Growth in absolute length (cm)

Lt: Fish length at the end of rearing (cm)

LO: Fish length at the beginning of rearing (cm)

Absolute Weight Growth
The absolute weight growth of snakehead is calculated using the:
W =Wt - W0



Information:

W: Absolute weight growth ()

Wi: Fish weight at the end of rearing (g)

WO: Fish weight at the beginning of rearing (g)

Feed Efficiency

Feed efficiency is calculated using the formula:

FE = WEDZWo L4 900y,

Information:

FE: Feed efficiency (%)

Wt: Fish biomass at the end of rearing (g)

WO: Fish biomass at the beginning of rearing (g)
D: Dead fish biomass during rearing (g)

F: Feed consumed (g)

Protein Efficiency Ratio
Calculation of protein efficiency ratio (PER) using the formula:

. .. . wt-w
Protein efficiency ratio = 2

Information:

Wi: Fish biomass at the end of rearing (g)
WO: Fish biomass at the start of rearing (g)
Pi: Weight of feed protein consumed (g)

Survival
The survival of snakehead is calculated using the formula:

Survival (%) = %x 100%
Information:

Nt: Number of live fish at the end of rearing (fish)
NO: Number of fish at the beginning of rearing (fish)

Water quality

The water quality of the snakehead rearing media measured included temperature,
dissolved oxygen, pH, and ammonia. Temperature (°C) was measured every day, dissolved
oxygen (mg/L) and pH were measured once every ten days. Ammonia was measured at the
beginning and end of rearing.

Data Analysis

The data obtained were analyzed using analysis of variance at a 95% confidence
interval. If there is a significant difference, it is continued with the Least Significant Difference
(LSD) test.

RESULTS AND DISCUSSION
Dissolved Phosphorus Content

Dissolved phosphorus was measured to determine the action of enzymes in vitro. The
content of dissolved phosphorus in the feed of each treatment is presented in Table 2.



Table 2. Dissolved phosphorus content in feed at each treatment

Treatment Dissolved Phosphorus (mg/L)
PO 3.87
P1 457
P2 5.12
P3 5.26

Based on Table 2. It is known that the highest dissolved phosphorus was found in P3
(addition of phytase enzyme 70 mg/100 g of vegetable matter), and the lowest was found in PO
(without the addition of phytase enzyme). Phytic acid in the feed can be hydrolyzed by phytase,
which is added to it. The amount of dissolved phosphorus in the feed provides evidence of this.
Phytase performs better at hydrolyzing phytic acid the higher the dissolved phosphorus content
indicates. The findings demonstrated that the P3 treatment, which had a dose of 70 mg/100 g
of vegetable ingredients, led to higher levels of dissolved phosphorus, whereas the PO treatment
had the lowest levels of phosphorus production (treatment without phytase enzyme).

Based on Amin et al. (2011), feeding with the addition of the phytase enzyme increased
the mineral P in the catfish's body. The fish body needs mineral P for metabolic activities.
Increased metabolic processes in the fish's body will spur fish to consume more feed, and fish
growth will increase. The results showed that the feed given the phytase enzyme at a dose of
70 mg/100 g of vegetable matter gave the highest growth compared to other treatments.
According to Khotimah (2020), the more dissolved phosphorus increases, the more phosphorus
is absorbed, and less is wasted as feces. It can be seen from the results of the study that the
higher the dissolved phosphorus, the higher the growth. High growth indicates an efficient use
of feed.

Data on average growth in length and absolute weight, feed efficiency, protein
efficiency ratio, and survival of snakehead during rearing are presented in Table 3.

Table 3. Data on average growth in length and absolute weight, feed efficiency, protein
efficiency ratio, and survival of snakehead during rearing

Parameters Treatments
PO P1 p2 P3
L (cm) 2.25+0.02¢ 2.31+0.04¢ 2.34+0.04% 2.48+0.08°
W () 1.12+0.022 1.39+ 0.05° 1.42 +0.02° 1.49+0.04°¢
FE (%) 62.13+7.06% 74.36+ 3.32° 75.18+ 0.93°P 79.44+0.99°
PER 1.68+0.192 1.98+ 0.09° 1.94+0.02° 2.03+0.03°
SR (%) 91.67 + 7.64 100 £ 0.00 100 £ 0.00 100 £ 0.00

Note: The numbers in the same row, followed by different superscript letters, show
significantly different effects on the 95% LSD test.

Based on the analysis of variance, it was shown that the addition of phytase enzyme
with different doses had a significant effect on the absolute growth of length, weight, and feed
efficiency of snakehead. The Least Significant Difference Test (LSD) showed that the absolute
length growth in P3 was significantly higher than in the other treatments. Likewise, the absolute
weight growth in P3 was significantly higher than in other treatments, and the feed efficiency
value showed that P3 was significantly higher than PO but not significantly different from P1
and P2.

Feed efficiency is the percentage of feed utilization to produce fish growth. The higher
the feed efficiency value indicates that fish use, the more efficient the feed for growth (Amin
et al., 2020). Many factors, including feed quality, influence feed efficiency. According to



Isnawati et al. (2015), the feed eaten by fish will be processed in the body, and the nutritional
elements or nutrients will be absorbed to be used to build tissues so that growth occurs. The
increase in the efficiency value of feed utilization indicates that the feed consumed has good
quality so that it can be utilized efficiently. Based on the study's results, the highest feed
efficiency in the P3 treatment at 79.44%. However, feed efficiency was high because,
according to Craig and Helfrich (2017), the value of good feed efficiency was more than 50%.
Mukti et al. (2020) state the higher the feed efficiency value, the more efficient the feed is for
its growth. On the other hand, the PO treatment had the lowest feed utilization efficiency value,
and it was suspected that in the PO treatment, the phytic acid content in the test feed did not
decompose because it did not contain phytase enzymes, so the availability of P was thought to
be insufficient so that its growth was low. In addition to releasing phosphorus, phytase enzymes
are thought to be able to release proteins bound in phytic acid.

The variance analysis showed that adding phytase enzymes with different doses
significantly affected the protein efficiency ratio of snakehead feed. The Least Significant
Difference Test results showed that the protein efficiency ratio in P3 was significantly higher
than PO but not significantly different than P1 and P2. The variance analysis showed that adding
phytase enzymes with different doses in the feed did not significantly affect the survival of
snakehead.

Indicators of protein utilization by fish for growth can be seen in the efficiency of the
protein feed consumed. The results showed that adding phytase enzymes to feed, especially at
P3 (70 mg/100 g vegetable matter), caused the highest ratio of feed protein efficiency in
snakehead. The high value of the protein efficiency ratio can be caused by the phytase enzyme
in the feed, which can reduce and decompose phytic acid and break the bonds between phytic
acid and protein and mineral complexes, thus giving an effect on digestive enzymes, especially
protein-breaking enzymes in breaking down protein into amino acids. Rachmawati and
Samidjan, 2014). According to Rachmawati et al. (2017), the protein efficiency ratio
determines protein's effectiveness by measuring weight gain in grams per gram of protein
consumed. Based on this study's results, the lowest protein was found in treatment PO at
37.00%, and the highest protein was found in treatment P3, which was 39.16%. Snakehead-fed
feed without adding phytase enzyme (P0O) caused lower growth, feed efficiency, and feed
protein efficiency ratio. This is presumably because the phytic acid in the feed cannot be
decomposed. As a result, the nutrients bound to the phytic acid cannot be absorbed and utilized
by fish and will even be wasted as feces. Amin et al. (2011) stated that fish could not digest
phytic acid, so it will be released into the waters.

The variance analysis showed that adding phytase with different doses in the feed had no
significant effect on the survival of the snakehead. The survival of fish is influenced by several
factors, one of which is water quality during rearing. This study's water quality followed the
life needs of snakehead.

Water Quality

Data on water quality during rearing is presented in Table 4.



Table 4. Data on water quality during rearing

Parameters Treatments
PO P1 P2 P3
Temperature (°C) 25.1-29.9 25.1 -29.7 25.2-2.9 25.2 -29.7
pH 6.3-7.4 6.2-7.6 6.1-75 6.1-75
Dissolved oxygen (mg/L)  4.19-4.81 4.15-4.74 4.08 —4.90 4.01-4.82
Ammonia (mg/L) 0.02 -0.37 0.02-0.25 0.02-0.25 0.02-0.18

The water quality temperature during the study ranged from 25.1 to 29.9 °C, pH ranged
from 6.1 to 7.6, dissolved oxygen from 4.01 to 4.90 mg/L, and ammonia content 0.02 — 0.37

mg/L. Rukmini (2013) states that the optimal temperature for developing snakehead life ranges
from 25 to 30 °C. According to Muslim and Syaifudin (2012), dissolved oxygen for snakehead

from4.2-5.6 mg/L. According to Extrada et al. (2013), the pH of the water to snakehead ranged
from 6.0 to 7.1, and ammonia content was 0.04 — 1,1 mg/L.

CONCLUSION

The addition of phytase enzyme in artificial feed with different doses significantly
affected growth in length, weight, feed efficiency, and protein efficiency ratio of snakehead.
However, it has no significant effect on the survival of snakehead. The best treatment in this
study was the addition of the phytase enzyme at a dose of 70 mg/100 g-vegetable ingredients
(P3).
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The Effect of Additional Phytase Enzymes with Different Dosages on Feed to Growth,
Feed Efficiency, and Survival of Snakehead (Channa striata)

Abstract

Snakehead (Channa striata) is a type of freshwater fish. Artificial feed generally contains animal and
vegetable protein sources. The use of vegetable protein in snakehead has been carried out. However, it is still not
optimal due to the presence of phytic acid in vegetable materials which makes fish unable to digest food properly.
Therefore, it is necessary to add a phytase enzyme to hydrolyze phytic acid. This study aims to determine the
effect of adding phytase with different doses to artificial feed on growth, protein efficiency ratio, feed efficiency,
and survival of snakehead. This study used a completely randomized design (CRD) which consisted of four
treatments and three replications, namely PO (without the addition of phytase), P1 (addition of phytase 30 mg/100
g vegetable material), P2 (addition of phytase 50 mg/100 g vegetable material), P3 (addition of phytase 70 mg/100
g vegetable material). The size of the fish used in this study was 3-4 cm, with a stocking density of 2 fish/L fish.
The rearing of the study was 30 days. The results showed that the addition of phytase 70 mg/100g vegetable
material (P3) was the best result with absolute weight growth (1.49 g), absolute length growth (2.48 cm), feed
efficiency (79.44%), protein efficiency ratio (2.03%), and survival (100%).

Keywords: Feed, Phytase enzymes, Phytic Acid, Snakehead

INTRODUCTION

Snakehead (Channa striata) is one type of freshwater fish which is also one of the most
popular consumption fish in Southeast Asia (Song et al., 2013). Natural catches still dominate
the availability of snakehead. Snakehead can be cultivated with artificial feeding. The main
obstacle in the cultivation of snakehead is maintaining a low life and relatively slow growth
(Triyanto et al., 2020).

Based on Supandi et al. (2015), snakehead-fed artificial feed with a protein content of 40%
resulted in the best growth. Snakehead is a carnivorous fish that uses more animal protein. The
use of vegetable protein in snakehead has been carried out but still needs to be optimal due to
the presence of phytic acid in the vegetable material. One of the vegetable ingredients used is
soybean meal and bran. Soybean meal is one of the feed ingredients that contain high protein.
However, soy meal also contains minerals combined with phytic acid, making it difficult for
the body to absorb and bran. According to Rasyid (2017), the phytic acid content in soybean
meal reaches 0.605mg/g. While the bran contains about 0.370 mg/g phytic acid. Phytic acid is
the primary source of phosphorus (P) in these raw vegetable materials (Amin et al., 2011).
Under natural conditions, this phytic acid will form bonds with minerals (Ca, Mg and Fe) and
proteins so that minerals and proteins cannot be digested by the fish's body, resulting in lower
absorption. As a result, soybean meal and bran utilization could be more optimal.

Phytic acid can be reduced by heating, but heating can damage the feed's nutrients. Another
way to reduce phytic acid is to use phytase enzymes which can hydrolyze phytic acid gradually
into its derivative compounds, which can be dissolved and absorbed in the digestive system
(Sari and Ginting, 2012). Winata et al. (2018) stated that the phytase enzyme could break down
phytic acid into phosphoric acid in the feed so that the nutrients in the fish body are absorbed
optimally. Several studies on the addition of phytase enzymes in fish-made feed, among others,
in white snapper with the addition of phytase enzymes at a dose of 1.5 g/kg of feed resulted in
the highest feed efficiency value of 20.41% (Panjaitan et al., 2019). The addition of phytase
enzymes to an artificial feed of 500 mg/kg resulted in a feed utilization efficiency of 84.55%
in catfish (Kosim et al., 2016). Adding the phytase enzyme 1000 mg/kg of feed suppresses the
efficiency of maximum feed utilization by 28.5% against grouper duck (Zulaeha et al., 2015).
Adding the phytase enzyme 1,200 mg/kg of feed produced a relative growth rate and optimal
feed utilization efficiency of 11.9%/day and 67.5% for tilapia (Restianti et al., 2016). Based on



the description above, the dose of the phytase enzyme in snakehead feed has yet to be
discovered. Therefore, it is necessary to research the addition of phytase enzymes to feed to
determine its effect on feed utilization, growth, and survival rate of snakeheads.

METHODOLOGY
Time and Place

This research was conducted at the Fisheries Basic Laboratory, Aquaculture Study
Program, Faculty of Agriculture, Sriwijaya University. Feed proximate analysis was carried
out at the Fish Nutrition Laboratory, Department of Aquaculture, Faculty of Fisheries and
Marine Sciences, IPB University. Dissolved phosphorus analysis of feed was carried out at the
Palembang Industrial Center. This research was conducted in July — August 2021.

Research Materials

The materials used in this study were snakehead size 3-4 cm, a fish meal with a protein
content of 62.65%, soybean meal with a protein content of 37%, tapioca with a protein content
of 0.5%, bran with a protein content of 13%, fish oil, corn oil, premix, phytase enzyme Bio-
Phytase 5000®, and potassium permanganate. The tools used in this research are aquarium
measuring 25 x 25 x 25 cm?®, pH meter (ATC digital tester®) with an accuracy of 0.1 pH units,
thermometer (Oxygen meter®) with an accuracy of 0.1°C, DO meter (Oxygen meter®) with
an accuracy of 0.01 mg/L, spectrophotometer (Thermo scientific Genesys 150®) (Oxygen
meter®) with an accuracy of 0.001lmg/L, UV-VIS spectrophotometer (Unico®) with a
wavelength of 200-750 nm, a digital scale (Mini Digital Platform Scale 1-2000®) with an
accuracy of 0.01 g, centrifuge (Backman coulter®) with speed control £50 rpm, measuring cup
with an accuracy 1 mL, blender (Miyako BL-152 GF®) with a capacity 1,5 L, sieve with size
40-60 mesh, basin with volume 10 L, pellet machine (Mincer Manual VIPOO-A12®) with a
capacity of 5 kg, aerator (Amara®), and oven (Memret®) with maximum temperature +70°C.

Research Design
This study used a completely randomized design (CRD) with four treatments and three
replications. The feed is made with isoprotein by 38%. The treatment in this study refers to the
study of Amin et al. (2011). The treatments included:
PO: feed not added with phytase enzymes
P1: feed added with phytase enzymes at a dose of 30 mg/100g of vegetable ingredients
P2: feed added with phytase enzymes at a dose of 50 mg/100g of vegetable ingredients
P3: feed added with phytase enzymes at a dose of 70 mg/100g of vegetable ingredients

Feed Formulation
The feed formulations used are presented in Table 1.
Table 1. The feed formulations used

Description Treatment (g/1000 g)

Material (g) PO Pl P2 P3
Fish meal 375 375 375 375
Soybean meal 402 402 402 402
Tapioca 44 43.84 43.73 43.62
Rice Bran 144 144 144 144
Fish oil 2.5 2.5 2.5 2.5
Corn oil 2.5 2.5 2.5 2.5
Premix 30 30 30 30
Phytase enzyme 0 0.16 0.27 0.38

Total (g) 1000 1000 1000 1000




Nutrient components (%)

Protein (%) 37.00 37.64 38.68 39.16
Phytic Acid (%)* 2.5 2.5 2.5 2.5

lipid (%) 2,65 3.40 1.56 1.65
Nitrogen free-extract (NFE) (%) 31.69 31.68 30.88 29.86
Ash (%) 13.85 14.62 14.40 15.42
Water (%) 7.91 6.84 9.67 9.16
Crude fiber (%) 6.90 5.83 4.81 4.75

Note: *Phytic acid content: 3.88% soybean meal (Cao et al., 2007); bran 6.9% (Sumiati et al., 2001).

Working Procedure
Preparation and Preparation of Experimental Feed

Prepare all the materials used, and the feed raw materials are weighed according to the
formulation. Next, the soybean meal and rice bran are mixed and stirred until homogeneous.
The material is stirred again until evenly distributed, and the phytase enzyme is added
according to the treatment dose. Then incubated for two hours at 37°C (Matsumoto et al.,
2001), the material mixture was used as the building blocks of feed.

Making feed is done by mixing all the ingredients from the fewest to the most until all
the ingredients are evenly and homogeneously mixed. After the ingredients are well mixed,
add warm water until smooth. Dough feed that has been printed using a feed printing machine.
Feed that has been printed, and dried in the sun to dry. After the feed is dry, it is put into a
container and labeled with the treatment dose.

Preparation of Test Fish Rearing Media

The container used to maintain snakehead is an aquarium measuring 25 x 25 x 25 cm®.
Before the aquarium was used, it was cleaned and disinfected using potassium permanganate
with a concentration of 1.2 g/L. Then the aquarium was rinsed and dried. After the aquarium
is clean, the aquarium is filled with 10 L of water, and an aeration hose is connected to the
aerator, left overnight, and then labeled according to treatment (Zainuri et al., 2017).

Fish Rearing

The snakehead was 3-4 cm in size, with a stocking density of 2 fish/L (Zainuri et al.,
2017). Fish were acclimatized first for three days to adjust to the new environment and were
still given treatment feed without the addition of phytase enzymes with the method at satiation
and given three times a day, namely at 08.00 am, 12.00 am, and 4.00 pm (Hidayat, 2013). The
adapted fish were weighed, and their body length was measured first as initial data. Fish were
kept for 30 days. During rearing, the fish were fed with a frequency of three times a day (08.00
am, 12.00 am, and 4.00 pm) at satiation. Sampling was carried out every ten days during
rearing, and sampling was carried out every three days.

Parameters

Dissolved Phosphorus Content Test

Testing methods phosphorus dissolved from the feed by Matsumoto et al. (2001) in
Amin et al. (2011), namely vegetable material and the enzyme phytase, which was mixed and
incubated at 37 °C for 2 hours was taken as much as 50 mg and added 5 mL of distilled water,
then centrifuged at a speed of 1700 rpm for 10 minutes. The supernatant formed was used to
measure dissolved P using a spectrophotometer.



Absolute Length Growth
The absolute length growth of snakehead is calculated using the formula according to Lugert
et al. (2014):

L=Lt-LO

Information:

L: Growth in absolute length (cm)

Lt: Fish length at the end of rearing (cm)

LO: Fish length at the beginning of rearing (cm)

Absolute Weight Growth
The absolute weight growth of snakehead is calculated using the formula according to Lugert
et al. (2014):
W =Wt -WO0
Information:
W: Absolute weight growth (g)
Wt: Fish weight at the end of rearing (g)
WO: Fish weight at the beginning of rearing ()

Feed Efficiency

Feed efficiency is calculated using the formula according to NRC (2011):
_ (Wt+D)-Wo

Information:

FE: Feed efficiency (%)

Wi: Fish biomass at the end of rearing (g)

WO: Fish biomass at the beginning of rearing (g)
D: Dead fish biomass during rearing (g)

F: Feed consumed (Q)

Protein Efficiency Ratio
Calculation of protein efficiency ratio (PER) using the formula according to Hardy and
Barrows (2002):

wt-Wo

Protein efficiency ratio =

Information:

Wt: Fish biomass at the end of rearing (g)
WO: Fish biomass at the start of rearing (Q)
Pi: Weight of feed protein consumed (Q)

Survival
The survival of snakehead is calculated using the formula according to Wang et al. (2018):

Survival (%) = %x 100%
Information:

Nt: Number of live fish at the end of rearing (fish)
NO: Number of fish at the beginning of rearing (fish)

Water quality
The water quality of the snakehead rearing media measured included temperature,
dissolved oxygen, pH, and ammonia. Temperature (°C) was measured every day, dissolved



oxygen (mg/L) and pH were measured once every ten days. Ammonia was measured at the
beginning and end of rearing.

Data Analysis

The data obtained were analyzed using analysis of variance at a 95% confidence
interval. If there is a significant difference, it is continued with the Least Significant Difference
(LSD) test.

RESULTS AND DISCUSSION
Dissolved Phosphorus Content

Dissolved phosphorus was measured to determine the action of enzymes in vitro. The
content of dissolved phosphorus in the feed of each treatment is presented in Table 2.

Table 2. Dissolved phosphorus content in feed at each treatment

Treatment Dissolved Phosphorus (mg/L)
PO 3.87
P1 4.57
P2 5.12
P3 5.26

Based on Table 2. It is known that the highest dissolved phosphorus was found in P3
(addition of phytase enzyme 70 mg/100 g of vegetable matter), and the lowest was found in PO
(without the addition of phytase enzyme). Phytic acid in the feed can be hydrolyzed by phytase,
which is added to it. The amount of dissolved phosphorus in the feed provides evidence of this.
Phytase performs better at hydrolyzing phytic acid the higher the dissolved phosphorus content
indicates. The findings demonstrated that the P3 treatment, which had a dose of 70 mg/100 g
of vegetable ingredients, led to higher levels of dissolved phosphorus, whereas the PO treatment
had the lowest levels of phosphorus production (treatment without phytase enzyme).

Based on Amin et al. (2011), feeding with the addition of the phytase enzyme increased
the mineral P in the catfish's body. The fish body needs mineral P for metabolic activities.
Increased metabolic processes in the fish's body will spur fish to consume more feed, and fish
growth will increase. The results showed that the feed given the phytase enzyme at a dose of
70 mg/100 g of vegetable matter gave the highest growth compared to other treatments.
According to Khotimah (2020), the more dissolved phosphorus increases, the more phosphorus
is absorbed, and less is wasted as feces. It can be seen from the results of the study that the
higher the dissolved phosphorus, the higher the growth. High growth indicates an efficient use
of feed.

Data on average growth in length and absolute weight, feed efficiency, protein
efficiency ratio, and survival of snakehead during rearing are presented in Table 3.

Table 3. Data on average growth in length and absolute weight, feed efficiency, protein
efficiency ratio, and survival of snakehead during rearing

Parameters Treatments
PO P1 P2 P3
L (cm) 2.25+0.02° 2.31+0.04° 2.34+0.042 2.48+0.08°
W (g) 1.12+0.022 1.39+0.05° 1.42 +£0.02° 1.49+0.04°¢
FE (%) 62.13+7.06%  74.36+3.32P  75.18+0.93°  79.44+0.99°

PER 1.68+0.192 1.98+ 0.09° 1.94+ 0.02° 2.03+0.03°



SR (%) 91.67 +7.64 100 £ 0.00 100 £ 0.00 100 + 0.00

Note: The numbers in the same row, followed by different superscript letters, show significantly different effects
on the 95% LSD test.

Based on the analysis of variance, it was shown that the addition of phytase enzyme
with different doses had a significant effect on the absolute growth of length, weight, and feed
efficiency of snakehead. The Least Significant Difference Test (LSD) showed that the absolute
length growth in P3 was significantly higher than in the other treatments. Likewise, the absolute
weight growth in P3 was significantly higher than in other treatments, and the feed efficiency
value showed that P3 was significantly higher than PO but not significantly different from P1
and P2.

Feed efficiency is the percentage of feed utilization to produce fish growth. The higher
the feed efficiency value indicates that fish use, the more efficient the feed for growth (Amin
et al., 2020). Many factors, including feed quality, influence the feed efficiency. According to
Isnawati et al. (2015), the feed eaten by fish will be processed in the body, and the nutritional
elements or nutrients will be absorbed to be used to build tissues so that growth occurs. The
increase in the efficiency value of feed utilization indicates that the feed consumed has good
quality so that it can be utilized efficiently. Based on the study's results, the highest feed
efficiency in the P3 treatment at 79.44%. However, feed efficiency was high because,
according to Craig and Helfrich (2017), the value of good feed efficiency was more than 50%.
Mukti et al. (2020) state the higher the feed efficiency value, the more efficient the feed is for
its growth. On the other hand, the PO treatment had the lowest feed utilization efficiency value,
and it was suspected that in the PO treatment, the phytic acid content in the test feed did not
decompose because it did not contain phytase enzymes, so the availability of P was thought to
be insufficient so that its growth was low. In addition to releasing phosphorus, phytase enzymes
are thought to be able to release proteins bound in phytic acid.

The variance analysis showed that adding phytase enzymes with different doses
significantly affected the protein efficiency ratio of snakehead feed. The Least Significant
Difference Test results showed that the protein efficiency ratio in P3 was significantly higher
than PO but not significantly different than P1 and P2. The variance analysis showed that adding
phytase enzymes with different doses in the feed did not significantly affect the survival of
snakehead.

Indicators of protein utilization by fish for growth can be seen in the efficiency of the
protein feed consumed. The results showed that adding phytase enzymes to feed, especially at
P3 (70 mg/100 g vegetable matter), caused the highest ratio of feed protein efficiency in
snakehead. The high value of the protein efficiency ratio can be caused by the phytase enzyme
in the feed, which can reduce and decompose phytic acid and break the bonds between phytic
acid and protein and mineral complexes, thus giving an effect on digestive enzymes, especially
protein-breaking enzymes in breaking down protein into amino acids. (Rachmawati and
Samidjan, 2014). According to Bhilave et al., (2012), the protein efficiency ratio determines
protein's effectiveness by measuring weight gain in grams per gram of protein consumed.
Based on this study's results, the lowest protein was found in treatment PO at 37.00%, and the
highest protein was found in treatment P3, which was 39.16%. Snakehead-fed feed without
adding phytase enzyme (PO) caused lower growth, feed efficiency, and feed protein efficiency
ratio. This is presumably because the phytic acid in the feed cannot be decomposed. As a result,
the nutrients bound to the phytic acid cannot be absorbed and utilized by fish and will even be
wasted as feces. Amin et al. (2011) stated that fish could not digest phytic acid, so it will be
released into the waters.

The variance analysis showed that adding phytase with different doses in the feed had no
significant effect on the survival of the snakehead. The survival of fish is influenced by several



factors, one of which is water quality during rearing. This study's water quality followed the
life needs of snakehead.

Water Quality

Data on water quality during rearing is presented in Table 4. This study's water quality followed
the life needs of snakehead fish.

Table 4. Data on water quality during rearing

Treatments )
Parameters PO P P2 3 Optimum Value
Temperature 251-299 251-29.7 252-2.9 252-29.7 25-30
(°C) (Rukmini, 2013)
pH 6.3-7.4 6.2-7.6 6.1-75 6.1-75 4.0-9.0
(Muflikhah et al.
2008)
Dissolved 419-481 415-474 408-490 4.01-4.82 >3
oxygen (mg/L) (Muflikhah et al.
2008)
Ammonia 0.02-0.37 0.02-0.25 0.02-0.25 0.02-0.18 <1
(mg/L) (Jianguang,1997)

CONCLUSION

The addition of phytase enzyme in artificial feed with different doses significantly
affected growth in length, weight, feed efficiency, and protein efficiency ratio of snakehead.
However, it has no significant effect on the survival of snakehead. The best treatment in this
study was the addition of the phytase enzyme at a dose of 70 mg/100 g of vegetable ingredients
(P3).
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Abstract

Snakehead (Channa striata) is a type of freshwater fish. Artificial feed generally contains animal and
vegetable protein sources. The use of vegetable protein in snakehead has been carried out. However, it is still not
optimal due to the presence of phytic acid in vegetable materials which makes fish unable to digest food properly.
Therefore, it is necessary to add a phytase enzyme to hydrolyze phytic acid. This study aims to determine the
effect of adding phytase with different doses to artificial feed on growth, protein efficiency ratio, feed efficiency,
and survival of snakehead. This study used a completely randomized design (CRD) which consisted of four
treatments and three replications, namely PO (without the addition of phytase), P1 (addition of phytase 30 mg/100
g vegetable material), P2 (addition of phytase 50 mg/100 g vegetable material), P3 (addition of phytase 70 mg/100
g vegetable material). The size of the fish used in this study was 3-4 cm, with a stocking density of 2 fish/L fish.
The rearing of the study was 30 days. The results showed that the addition of phytase 70 mg/100g vegetable
material (P3) was the best result with absolute weight growth (1.49 g), absolute length growth (2.48 cm), feed
efficiency (79.44%), protein efficiency ratio (2.03%), and survival (100%).

Keywords: Feed, Phytase enzymes, Phytic Acid, Snakehead

INTRODUCTION

Snakehead (Channa striata) is one type of freshwater fish which is also one of the most
popular consumption fish in Southeast Asia (Song et al., 2013). Natural catches still dominate
the availability of snakehead. Snakehead can be cultivated with artificial feeding. The main
obstacle in the cultivation of snakehead is maintaining a low life and relatively slow growth
(Triyanto et al., 2020).

Based on Supandi et al. (2015), snakehead-fed artificial feed with a protein content of 40%
resulted in the best growth. Snakehead is a carnivorous fish that uses more animal protein. The
use of vegetable protein in snakehead has been carried out but still needs to be optimal due to
the presence of phytic acid in the vegetable material. One of the vegetable ingredients used is
soybean meal and bran. Soybean meal is one of the feed ingredients that contain high protein.
However, soy meal also contains minerals combined with phytic acid, making it difficult for
the body to absorb and bran. According to Rasyid (2017), the phytic acid content in soybean
meal reaches 0.605mg/g. While the bran contains about 0.370 mg/g phytic acid. Phytic acid is
the primary source of phosphorus (P) in these raw vegetable materials (Amin et al., 2011).
Under natural conditions, this phytic acid will form bonds with minerals (Ca, Mg and Fe) and
proteins so that minerals and proteins cannot be digested by the fish's body, resulting in lower
absorption. As a result, soybean meal and bran utilization could be more optimal.

Phytic acid can be reduced by heating, but heating can damage the feed's nutrients. Another
way to reduce phytic acid is to use phytase enzymes which can hydrolyze phytic acid gradually
into its derivative compounds, which can be dissolved and absorbed in the digestive system
(Sari and Ginting, 2012). Winata et al. (2018) stated that the phytase enzyme could break down
phytic acid into phosphoric acid in the feed so that the nutrients in the fish body are absorbed
optimally. Several studies on the addition of phytase enzymes in fish-made feed, among others,
in white snapper with the addition of phytase enzymes at a dose of 1.5 g/kg of feed resulted in
the highest feed efficiency value of 20.41% (Panjaitan et al., 2019). The addition of phytase
enzymes to an artificial feed of 500 mg/kg resulted in a feed utilization efficiency of 84.55%
in catfish (Kosim et al., 2016). Adding the phytase enzyme 1000 mg/kg of feed suppresses the
efficiency of maximum feed utilization by 28.5% against grouper duck (Zulaeha et al., 2015).
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Adding the phytase enzyme 1,200 mg/kg of feed produced a relative growth rate and optimal
feed utilization efficiency of 11.9%/day and 67.5% for tilapia (Restianti et al., 2016). Based on
the description above, the dose of the phytase enzyme in snakehead feed has yet to be
discovered. Therefore, it is necessary to research the addition of phytase enzymes to feed to
determine its effect on feed utilization, growth, and survival rate of snakeheads.

METHODOLOGY
Ethical Approval
Not applicable.

Time and Place

This research was conducted at the Fisheries Basic Laboratory, Aquaculture Study
Program, Faculty of Agriculture, Sriwijaya University. Feed proximate analysis was carried
out at the Fish Nutrition Laboratory, Department of Aquaculture, Faculty of Fisheries and
Marine Sciences, IPB University. Dissolved phosphorus analysis of feed was carried out at the
Palembang Industrial Center. This research was conducted in July — August 2021.

Research Materials

The materials used in this study were snakehead size 3-4 cm, a fish meal with a protein
content of 62.65%, soybean meal with a protein content of 37%, tapioca with a protein content
of 0.5%, bran with a protein content of 13%, fish oil, corn oil, premix, phytase enzyme Bio-
Phytase 5000®, and potassium permanganate. The tools used in this research are aquarium
measuring 25 x 25 x 25 cm?®, pH meter (ATC digital tester®) with an accuracy of 0.1 pH units,
thermometer (Oxygen meter®) with an accuracy of 0.1°C, DO meter (Oxygen meter®) with
an accuracy of 0.01 mg/L, spectrophotometer (Thermo scientific Genesys 150®) (Oxygen
meter®) with an accuracy of 0.001mg/L, UV-VIS spectrophotometer (Unico®) with a
wavelength of 200-750 nm, a digital scale (Mini Digital Platform Scale 1-2000®) with an
accuracy of 0.01 g, centrifuge (Backman coulter®) with speed control £50 rpm, measuring cup
with an accuracy 1 mL, blender (Miyako BL-152 GF®) with a capacity 1,5 L, sieve with size
40-60 mesh, basin with volume 10 L, pellet machine (Mincer Manual VIPOO-A12®) with a
capacity of 5 kg, aerator (Amara®), and oven (Memret®) with maximum temperature £70°C.

Research Design
This study used a completely randomized design (CRD) with four treatments and three
replications. The feed is made with isoprotein by 38%. The treatment in this study refers to the
study of Amin et al. (2011). The treatments included:
PO: feed not added with phytase enzymes
P1: feed added with phytase enzymes at a dose of 30 mg/100g of vegetable ingredients
P2: feed added with phytase enzymes at a dose of 50 mg/100g of vegetable ingredients
P3: feed added with phytase enzymes at a dose of 70 mg/100g of vegetable ingredients

Feed Formulation
The feed formulations used are presented in Table 1.
Table 1. The feed formulations used

Description Treatment (g/1000 g)

Material (g) PO Pl P2 P3
Fish meal 375 375 375 375
Soybean meal 402 402 402 402
Tapioca 44 43.84 43.73 43.62
Rice Bran 144 144 144 144

Fish oil 2.5 2.5 2.5 2.5



Corn oil 25 2.5 2.5 2.5

Premix 30 30 30 30
Phytase enzyme 0 0.16 0.27 0.38
Total (g) 1000 1000 1000 1000
Nutrient components (%)

Protein (%) 37.00 37.64 38.68 39.16
Phytic Acid (%)* 2.5 2.5 2.5 2.5
lipid (%) 2,65 3.40 1.56 1.65
Nitrogen free-extract (NFE) (%) 31.69 31.68 30.88 29.86
Ash (%) 13.85 14.62 14.40 15.42
Water (%) 7.91 6.84 9.67 9.16
Crude fiber (%) 6.90 5.83 4.81 4.75

Note: *Phytic acid content: 3.88% soybean meal (Cao et al., 2007); bran 6.9% (Sumiati et al., 2001).

Working Procedure
Preparation and Preparation of Experimental Feed

Prepare all the materials used, and the feed raw materials are weighed according to the
formulation. Next, the soybean meal and rice bran are mixed and stirred until homogeneous.
The material is stirred again until evenly distributed, and the phytase enzyme is added
according to the treatment dose. Then incubated for two hours at 37°C (Matsumoto et al.,
2001), the material mixture was used as the building blocks of feed.

Making feed is done by mixing all the ingredients from the fewest to the most until all
the ingredients are evenly and homogeneously mixed. After the ingredients are well mixed,
add warm water until smooth. Dough feed that has been printed using a feed printing machine.
Feed that has been printed, and dried in the sun to dry. After the feed is dry, it is put into a
container and labeled with the treatment dose.

Preparation of Test Fish Rearing Media

The container used to maintain snakehead is an aquarium measuring 25 x 25 x 25 cm?,
Before the aquarium was used, it was cleaned and disinfected using potassium permanganate
with a concentration of 1.2 g/L. Then the aquarium was rinsed and dried. After the aquarium
is clean, the aquarium is filled with 10 L of water, and an aeration hose is connected to the
aerator, left overnight, and then labeled according to treatment (Zainuri et al., 2017).

Fish Rearing

The snakehead was 3-4 cm in size, with a stocking density of 2 fish/L (Zainuri et al.,
2017). Fish were acclimatized first for three days to adjust to the new environment and were
still given treatment feed without the addition of phytase enzymes with the method at satiation
and given three times a day, namely at 08.00 am, 12.00 am, and 4.00 pm (Hidayat, 2013). The
adapted fish were weighed, and their body length was measured first as initial data. Fish were
kept for 30 days. During rearing, the fish were fed with a frequency of three times a day (08.00
am, 12.00 am, and 4.00 pm) at satiation. Sampling was carried out every ten days during
rearing, and sampling was carried out every three days.

Parameters

Dissolved Phosphorus Content Test

Testing methods phosphorus dissolved from the feed by Matsumoto et al. (2001) in
Amin et al. (2011), namely vegetable material and the enzyme phytase, which was mixed and
incubated at 37 °C for 2 hours was taken as much as 50 mg and added 5 mL of distilled water,



then centrifuged at a speed of 1700 rpm for 10 minutes. The supernatant formed was used to
measure dissolved P using a spectrophotometer.

Absolute Length Growth
The absolute length growth of snakehead is calculated using the formula according to Lugert
et al. (2014):

L=Lt-LO

Information:

L: Growth in absolute length (cm)

Lt: Fish length at the end of rearing (cm)

LO: Fish length at the beginning of rearing (cm)

Absolute Weight Growth
The absolute weight growth of snakehead is calculated using the formula according to Lugert
et al. (2014):
W =Wt -W0
Information:
W: Absolute weight growth ()
Wi: Fish weight at the end of rearing ()
WO: Fish weight at the beginning of rearing (g)

Feed Efficiency
Feed efficiency is calculated using the formula according to NRC (2011):

FE = WEDZWo L 1 900y,

Information:

FE: Feed efficiency (%)

Wi: Fish biomass at the end of rearing (g)

WO: Fish biomass at the beginning of rearing (g)
D: Dead fish biomass during rearing (g)

F: Feed consumed (Q)

Protein Efficiency Ratio
Calculation of protein efficiency ratio (PER) using the formula according to Hardy and
Barrows (2002):

wt-Wo

Protein efficiency ratio =

Information:

Wi: Fish biomass at the end of rearing (g)
WO: Fish biomass at the start of rearing (g)
Pi: Weight of feed protein consumed (g)

Survival

The survival of snakehead is calculated using the formula according to Wang et al. (2018):
Survival (%) = %x 100%

Information:

Nt: Number of live fish at the end of rearing (fish)
NO: Number of fish at the beginning of rearing (fish)



Water quality

The water quality of the snakehead rearing media measured included temperature,
dissolved oxygen, pH, and ammonia. Temperature (°C) was measured every day, dissolved
oxygen (mg/L) and pH were measured once every ten days. Ammonia was measured at the
beginning and end of rearing.

Data Analysis

The data obtained were analyzed using analysis of variance at a 95% confidence
interval. If there is a significant difference, it is continued with the Least Significant Difference
(LSD) test.

RESULTS AND DISCUSSION
Dissolved Phosphorus Content

Dissolved phosphorus was measured to determine the action of enzymes in vitro. The
content of dissolved phosphorus in the feed of each treatment is presented in Table 2.

Table 2. Dissolved phosphorus content in feed at each treatment

Treatment Dissolved Phosphorus (mg/L)
PO 3.87
P1 4.57
P2 5.12
P3 5.26

Based on Table 2. It is known that the highest dissolved phosphorus was found in P3
(addition of phytase enzyme 70 mg/100 g of vegetable matter), and the lowest was found in PO
(without the addition of phytase enzyme). Phytic acid in the feed can be hydrolyzed by phytase,
which is added to it. The amount of dissolved phosphorus in the feed provides evidence of this.
Phytase performs better at hydrolyzing phytic acid the higher the dissolved phosphorus content
indicates. The findings demonstrated that the P3 treatment, which had a dose of 70 mg/100 g
of vegetable ingredients, led to higher levels of dissolved phosphorus, whereas the PO treatment
had the lowest levels of phosphorus production (treatment without phytase enzyme).

Based on Amin et al. (2011), feeding with the addition of the phytase enzyme increased
the mineral P in the catfish's body. The fish body needs mineral P for metabolic activities.
Increased metabolic processes in the fish's body will spur fish to consume more feed, and fish
growth will increase. The results showed that the feed given the phytase enzyme at a dose of
70 mg/100 g of vegetable matter gave the highest growth compared to other treatments.
According to Khotimah (2020), the more dissolved phosphorus increases, the more phosphorus
is absorbed, and less is wasted as feces. It can be seen from the results of the study that the
higher the dissolved phosphorus, the higher the growth. High growth indicates an efficient use
of feed.

Data on average growth in length and absolute weight, feed efficiency, protein
efficiency ratio, and survival of snakehead during rearing are presented in Table 3.

Table 3. Data on average growth in length and absolute weight, feed efficiency, protein
efficiency ratio, and survival of snakehead during rearing

Treatments
PO P1 p2 P3
L (cm) 2.25+0.02¢ 2.31+0.04¢ 2.34+0.048 2.48+ 0.08°

Parameters




W (g) 1.12+0.02°2 1.39+0.05° 1.42 £0.02° 1.49+0.04°¢

FE (%) 62.13+7.06%°  74.36+3.32°  7518+0.93°  79.44+0.99°
PER 1.68+0.192 1.98+ 0.09° 1.94+0.02° 2.03+0.03°
SR (%) 91.67 + 7.64 100 + 0.00 100 + 0.00 100 + 0.00

Note: The numbers in the same row, followed by different superscript letters, show significantly different effects
on the 95% LSD test.

Based on the analysis of variance, it was shown that the addition of phytase enzyme
with different doses had a significant effect on the absolute growth of length, weight, and feed
efficiency of snakehead. The Least Significant Difference Test (LSD) showed that the absolute
length growth in P3 was significantly higher than in the other treatments. Likewise, the absolute
weight growth in P3 was significantly higher than in other treatments, and the feed efficiency
value showed that P3 was significantly higher than PO but not significantly different from P1
and P2.

Feed efficiency is the percentage of feed utilization to produce fish growth. The higher
the feed efficiency value indicates that fish use, the more efficient the feed for growth (Amin
et al., 2020). Many factors, including feed quality, influence the feed efficiency. According to
Isnawati et al. (2015), the feed eaten by fish will be processed in the body, and the nutritional
elements or nutrients will be absorbed to be used to build tissues so that growth occurs. The
increase in the efficiency value of feed utilization indicates that the feed consumed has good
quality so that it can be utilized efficiently. Based on the study's results, the highest feed
efficiency in the P3 treatment at 79.44%. However, feed efficiency was high because,
according to Craig and Helfrich (2017), the value of good feed efficiency was more than 50%.
Mukti et al. (2020) state the higher the feed efficiency value, the more efficient the feed is for
its growth. On the other hand, the PO treatment had the lowest feed utilization efficiency value,
and it was suspected that in the PO treatment, the phytic acid content in the test feed did not
decompose because it did not contain phytase enzymes, so the availability of P was thought to
be insufficient so that its growth was low. In addition to releasing phosphorus, phytase enzymes
are thought to be able to release proteins bound in phytic acid.

The variance analysis showed that adding phytase enzymes with different doses
significantly affected the protein efficiency ratio of snakehead feed. The Least Significant
Difference Test results showed that the protein efficiency ratio in P3 was significantly higher
than PO but not significantly different than P1 and P2. The variance analysis showed that adding
phytase enzymes with different doses in the feed did not significantly affect the survival of
snakehead.

Indicators of protein utilization by fish for growth can be seen in the efficiency of the
protein feed consumed. The results showed that adding phytase enzymes to feed, especially at
P3 (70 mg/100 g vegetable matter), caused the highest ratio of feed protein efficiency in
snakehead. The high value of the protein efficiency ratio can be caused by the phytase enzyme
in the feed, which can reduce and decompose phytic acid and break the bonds between phytic
acid and protein and mineral complexes, thus giving an effect on digestive enzymes, especially
protein-breaking enzymes in breaking down protein into amino acids. (Rachmawati and
Samidjan, 2014). According to Bhilave et al. (2012), the protein efficiency ratio determines
protein's effectiveness by measuring weight gain in grams per gram of protein consumed.
Based on this study's results, the lowest protein was found in treatment PO at 37.00%, and the
highest protein was found in treatment P3, which was 39.16%. Snakehead-fed feed without
adding phytase enzyme (PO) caused lower growth, feed efficiency, and feed protein efficiency
ratio. This is presumably because the phytic acid in the feed cannot be decomposed. As a result,
the nutrients bound to the phytic acid cannot be absorbed and utilized by fish and will even be
wasted as feces. Amin et al. (2011) stated that fish could not digest phytic acid, so it will be
released into the waters.



The variance analysis showed that adding phytase with different doses in the feed had no
significant effect on the survival of the snakehead. The survival of fish is influenced by several

factors, one of which is water quality during rearing. This study's water quality followed the
life needs of snakehead.

Water Quality

Data on water quality during rearing is presented in Table 4. This study's water quality followed
the life needs of snakehead fish.

Table 4. Data on water quality during rearing

Treatments .
Parameters PO P p? P3 Optimum Value
Temperature 251-299 251-29.7 252-2.9 252-29.7 25-30
(°C) (Rukmini, 2013)
pH 6.3-7.4 6.2-7.6 6.1-75 6.1-75 40-9.0
(Muflikhah et al.
2008)
Dissolved 419-481 415-474 4.08-490 4.01-4.82 >3
oxygen (mg/L) (Muflikhah et al.
2008)
Ammonia 0.02-0.37 0.02-0.25 0.02-0.25 0.02-0.18 <1
(mg/L) (Jianguang,1997)

The water quality in this study was following the life needs of snakehead fish. The
water temperature during the study ranged from 25.1 to 29.9°C, according to Rukmini (2013),
the optimal temperature for the development of snakehead fish life ranged from 25 to 30°C.
The pH of the water ranged from 6.1 to 7.6 and dissolved oxygen in snakehead fish rearing
water during the study ranged from 4.01 to 4.90 mg/L. According to Muflikhah et al. (2008),
a good pH for the rearing of snakehead fish fry ranged from 4-9 and dissolved oxygen at least
3 mg/L. Ammonia content 0.02 — 0.37 mg/L. According to Jianguang (1997), the good
ammonia content for snakehead fish is less than 1 mg/L.

CONCLUSION

The addition of phytase enzyme in artificial feed with different doses significantly
affected growth in length, weight, feed efficiency, and protein efficiency ratio of snakehead.
However, it has no significant effect on the survival of snakehead. The best treatment in this

study was the addition of the phytase enzyme at a dose of 70 mg/100 g of vegetable ingredients
(P3).
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INTRODUCTION

Abstract

Snakehead (Channa striata) is a type of freshwater fish. Ar-
tificial feed generally contains animal and vegetable protein
sources. The use of vegetable protein in snakehead has been
carried out. However, it is still not optimal due to the presence
of phytic acid in vegetable materials which makes fish unable
to digest food properly. Therefore, it is necessary to add a
phytase enzyme to hydrolyze phytic acid. This study aims to
determine the effect of adding phytase with different doses to
artificial feed on the growth, protein efficiency ratio, feed effi-
ciency, and survival of snakeheads. This study used a com-
pletely randomized design (CRD) which consisted of four
treatments and three replications, namely PO (without the ad-
dition of phytase), P1 (addition of phytase 30 mg/100 g vege-
table material), P2 (addition of phytase 50 mg/100 g vegeta-
ble material), P3 (addition of phytase 70 mg/100 g vegetable
material). The size of the fish used in this study was 3-4 cm,
with a stocking density of 2 fish/L fish. The rearing of the study
was 30 days. The results showed that the addition of phytase
70 mg/100g vegetable material (P3) was the best result with
absolute weight growth (1.49 g), absolute length growth (2.48
cm), feed efficiency (79.44%), protein efficiency ratio
(2.03%), and survival (100%).

Snakehead (C. striata) is one type of
freshwater fish that is also one of the most
popular consumption fish in Southeast
Asia (Song et al., 2013). Natural catches
still dominate the availability of snake-
heads. Snakehead can be cultivated with
artificial feeding. The main obstacle in the
cultivation of snakehead is maintaining a
low life and relatively slow growth (Tri-
yanto et al., 2020).

Based on Supandi et al. (2016),
snakehead-fed artificial feed with a pro-
tein content of 40% resulted in the best
growth. Snakehead is a carnivorous fish
that uses more animal protein. The use of
vegetable protein in snakehead has been
carried out but still needs to be optimal
due to the presence of phytic acid in the
vegetable material. One of the vegetable
ingredients used is soybean meal and
bran. Soybean meal is one of the feed in-
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gredients that contain high protein. How-
ever, soy meal also contains minerals com-
bined with phytic acid, making it difficult
for the body to absorb and bran. According
to Rasyid (2017), the phytic acid content
in soybean meal reaches 0.605mg/g.
While the bran contains about 0.370 mg/g
phytic acid. Phytic acid is the primary
source of phosphorus (P) in these raw veg-
etable materials (Amin et al., 2011). Un-
der natural conditions, this phytic acid will
form bonds with minerals (Ca, Mg, and
Fe) and proteins so that minerals and pro-
teins cannot be digested by the fish's body,
resulting in lower absorption. As a result,
soybean meal and bran utilization could
be more optimal.

Phytic acid can be reduced by heat-
ing, but heating can damage the feed's nu-
trients. Another way to reduce phytic acid
is to use phytase enzymes which can hy-
drolyze phytic acid gradually into its deriv-
ative compounds, which can be dissolved
and absorbed in the digestive system (Sari
and Ginting, 2012). Winata et al. (2018)
stated that the phytase enzyme could
break down phytic acid into phosphoric
acid in the feed so that the nutrients in the
fish body are absorbed optimally. Several
studies on the addition of phytase en-
zymes in fish-made feed, among others, in
white snapper with the addition of phytase
enzymes at a dose of 1.5 g/kg of feed re-
sulted in the highest feed efficiency value
of 20.41% (Panjaitan et al., 2019).

The addition of phytase enzymes to
an artificial feed of 500 mg/kg resulted in
a feed utilization efficiency of 84.55% in
catfish (Kosim et al., 2016). Adding the
phytase enzyme 1000 mg/kg of feed sup-
presses the efficiency of maximum feed
utilization by 28.5% against grouper duck
(Zulaeha et al., 2015). Adding the phytase
enzyme 1,200 mg/kg of feed produced a
relative growth rate and optimal feed uti-
lization efficiency of 11.9%/day and
67.5% for tilapia (Restianti et al., 2016).
Based on the description above, the dose
of the phytase enzyme in snakehead feed
has yet to be discovered. Therefore, it is

doi : 10.20473/jath.v12i3.34076

necessary to research the addition of
phytase enzymes to feed to determine its
effect on feed utilization, growth, and sur-
vival rate of snakeheads.

METHODOLOGY
Ethical Approval
Not applicable.

Place and Time

This research was conducted at the
Fisheries Basic Laboratory, Aquaculture
Study Program, Faculty of Agriculture,
Sriwijaya University. Feed proximate anal-
ysis was carried out at the Fish Nutrition
Laboratory, Department of Aquaculture,
Faculty of Fisheries and Marine Sciences,
IPB University. Dissolved phosphorus
analysis of feed was carried out at the Pa-
lembang Industrial Center. This research
was conducted in July — August 2021.

Research Materials

The materials used in this study
were snakehead size 3-4 cm, a fish meal
with a protein content of 62.65%, soybean
meal with a protein content of 37%, tapi-
oca with a protein content of 0.5%, bran
with a protein content of 13%, fish oil,
corn oil, premix, phytase enzyme Bio-
Phytase 5000®, and potassium permanga-
nate. The tools used in this research are
aquarium measuring 25 x 25 x 25 cm, pH
meter (ATC digital tester®) with an accu-
racy of 0.1 pH units, thermometer (Oxy-
gen meter®) with an accuracy of 0.1°C,
DO meter (Oxygen meter®) with an accu-
racy of 0.01 mg/L, spectrophotometer
(Thermo scientific Genesys 150®) (Oxy-
gen meter®) with an accuracy of
0.001mg/L, UV-VIS spectrophotometer
(Unico®) with a wavelength of 200-750
nm, a digital scale (Mini Digital Platform
Scale I-2000®) with an accuracy of 0.01
g, centrifuge (Backman coulter®) with
speed control +50 rpm, measuring cup
with an accuracy 1 mL, blender (Miyako
BL-152 GF®) with a capacity 1,5 L, sieve
with size 40-60 mesh, basin with volume
10 L, pellet machine (Mincer Manual
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VIPOO-A12®) with a capacity of 5 kg, aer-
ator (Amara®), and oven (Memret®)
with maximum temperature +70 °C.

Research Design

This study used a completely ran-
domized design (CRD) with four treat-
ments and three replications. The feed is
made with isoprotein by 38%. The treat-
ment in this study refers to the study of
Amin et al. (2011). The treatments in-
cluded PO (feed not added with phytase
enzymes); P1 (feed added with phytase

doi : 10.20473/jath.v12i3.34076

enzymes at a dose of 30 mg/100g of vege-
table ingredients); P2 (feed added with
phytase enzymes at a dose of 50 mg/ 100g
of vegetable ingredients); and P3 (feed
added with phytase enzymes at a dose of
70 mg/100g of vegetable ingredients).

Work Procedure
Preparation and Preparation of Ex-
perimental Feed

The feed formulations used are pre-
sented in Table 1.

Table 1.  The feed formulations used.

Description Treatment (g/1000 g)

Material (g) PO P1 P2 P3
Fish meal 375 375 375 375
Soybean meal 402 402 402 402
Tapioca 44 43.84 43.73 43.62
Rice Bran 144 144 144 144
Fish oil 2.5 2.5 2.5 2.5
Corn oil 2.5 2.5 2.5 2.5
Premix 30 30 30 30
Phytase enzyme 0 0.16 0.27 0.38
Total (g) 1000 1000 1000 1000
Nutrient components (%)
Protein (%) 37.00 37.64 38.68 39.16
Phytic Acid (%) * 2.5 2.5 2.5 2.5
lipid (%) 2,65 3.40 1.56 1.65
Nitrogen free-extract (NFE) (%) 31.69 31.68 30.88 29.86
Ash (%) 13.85 14.62 14.40 15.42
Water (%) 7.91 6.84 9.67 9.16
Crude fiber (%) 6.90 5.83 4.81 4.75

Note:
2001).

Prepare all the materials used and
the feed raw materials are weighed ac-
cording to the formulation. Next, the soy-
bean meal and rice bran are mixed and
stirred until homogeneous. The material is
stirred again until evenly distributed, and
the phytase enzyme is added according to
the treatment dose. Then incubated for
two hours at 37°C (Matsumoto et al.,
2001), the material mixture was used as
the building blocks of feed.

Making feed is done by mixing all
the ingredients from the fewest to the
most until all the ingredients are evenly

*Phytic acid content: 3.88% soybean meal (Cao et al., 2007); bran 6.9% (Sumiati et al.,

and homogeneously mixed. After the in-
gredients are well mixed, add warm water
until smooth. Dough feed that has been
printed using a feed printing machine.
Feed that has been printed, and dried in
the sun to dry. After the feed is dry, it is
put into a container and labeled with the
treatment dose.

Preparation of Test Fish Rearing Me-
dia

The container used to maintain the
snakehead is an aquarium measuring 25 x
25 x 25 cm. Before the aquarium was used,
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it was cleaned and disinfected using potas-
sium permanganate with a concentration
of 1.2 g/L. Then the aquarium was rinsed
and dried. After the aquarium is clean, the
aquarium is filled with 10 L of water and
an aeration hose is connected to the aera-
tor, left overnight, and then labeled ac-
cording to treatment (Zainuri et al., 2017).

Fish Rearing

The snakehead was 3-4 cm in size,
with a stocking density of 2 fish/L (Zainuri
et al., 2017). Fish were acclimatized first
for three days to adjust to the new envi-
ronment and were still given treatment
feed without the addition of phytase en-
zymes with the method at satiation and
given three times a day, namely at 08.00
am, 12.00 am, and 4.00 pm (Hidayat et al.,
2013). The adapted fish were weighed,
and their body length was measured first
as initial data. Fish were kept for 30 days.
During rearing, the fish were fed with a
frequency of three times a day (08.00 am,
12.00 am, and 4.00 pm) at satiation. Sam-
pling was carried out every ten days dur-
ing rearing, and sampling was carried out
every three days.

Parameters
Dissolved Phosphorus Content Test

Testing methods phosphorus dis-
solved from the feed by Masumoto et al.
(2001), namely vegetable material and
the enzyme phytase, which was mixed and
incubated at 37 °C for 2 hours was taken
as much as 50 mg and added 5 mL of dis-
tilled water, then centrifuged at a speed of
1700 rpm for 10 minutes. The supernatant
formed was used to measure dissolved P
using a spectrophotometer.

Absolute Length Growth

The absolute length growth of the
snakehead is calculated as follows (Ex-
trada et al., 2013):

L =L-L

Where:

L = growth in absolute length (cm)
L = final length (cm)

Lo = initial length (cm)

doi : 10.20473/jath.v12i3.34076

Absolute Weight Growth

The absolute weight growth of the
snakehead is calculated using the formula
below (Extrada et al., 2013):

W =W.-W,

Where:

W = absolute weight growth (g)
W, = final weight (g)

W, = initial weight (g)

Feed Efficiency

Feed efficiency is calculated using
the formula according to NRC (2011):

FE = MxlOO%

f
Where:
FE = Feed efficiency (%)
W, = Final fish biomass (g)
W, = Initial fish biomass (g)
D = Dead fish biomass (g)
F = Feed consumed (g)

Protein Efficiency Ratio
Calculation of protein efficiency ra-
tio (PER) using the formula according to
Hardy and Barrows (2002):
PER =~
Where:
W, = Final fish biomass (g)
Wy, = Initial fish biomass (g)
P; = feed protein consumed (g)

Survival Rate

The survival rate of snakehead is cal-
culated using the formula according to
Wang et al. (2018):
SR = == x 100%

Where:
SR = survival rate (%)
N, = final number of fish

No = initial number of fish

Water Quality

The water quality of the snakehead
rearing media measured included temper-
ature, dissolved oxygen, pH, and ammo-
nia. Temperature (°C) was measured
every day and dissolved oxygen (mg/L)
and pH were measured once every ten
days. Ammonia was measured at the be-
ginning and end of rearing.
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Data Analysis

The data obtained were analyzed us-
ing analysis of variance at a 95% confi-
dence interval. If there is a significant dif-
ference, it is continued with the Least Sig-
nificant Difference (LSD) test.

doi : 10.20473/jath.v12i3.34076

RESULTS AND DISCUSSION

Dissolved phosphorus was measured
to determine the action of enzymes in
vitro. The content of dissolved phosphorus
in the feed of each treatment is presented
in Table 2.

Table 2.  Dissolved phosphorus content in feed at each treatment.
Treatment Dissolved Phosphorus (mg/L.)
PO 3.87
P1 4.57
P2 5.12
P3 5.26

Based on Table 2, it is known that
the highest dissolved phosphorus was
found in P3 (addition of phytase enzyme
70 mg/100 g of vegetable matter), and the
lowest was found in PO (without the addi-
tion of phytase enzyme). Phytic acid in the
feed can be hydrolyzed by phytase, which
is added to it. The amount of dissolved
phosphorus in the feed provides evidence
of this. Phytase performs better at hydro-
lyzing phytic acid the higher the dissolved
phosphorus content indicates. The find-
ings demonstrated that the P3 treatment,
which had a dose of 70 mg/100 g of vege-
table ingredients, led to higher levels of
dissolved phosphorus, whereas the PO
treatment had the lowest levels of phos-
phorus production (treatment without
phytase enzyme).

Based on Amin et al. (2011), feeding
with the addition of the phytase enzyme
increased the mineral P in the catfish's

body. The fish body needs mineral P for
metabolic activities. Increased metabolic
processes in the fish's body will spur fish
to consume more feed, and fish growth
will increase. The results showed that the
feed given the phytase enzyme at a dose of
70 mg/100 g of vegetable matter gave the
highest growth compared to other treat-
ments. According to Khotimah (2020), the
more dissolved phosphorus increases, the
more phosphorus is absorbed, and less is
wasted as feces. It can be seen from the re-
sults of the study that the higher the dis-
solved phosphorus, the higher the growth.
High growth indicates an efficient use of
feed.

Data on average growth in length
and absolute weight, feed efficiency, pro-
tein efficiency ratio, and survival of snake-
head during rearing are presented in Table
3.

Table 3.  Data on average growth in length and absolute weight, feed efficiency, protein
efficiency ratio, and survival of snakehead during rearing.
Parameters Treatments
PO P1 P2 P3
L (cm) 2.25+ 0.02° 2.31+0.04° 2.34+ 0.04° 2.48 + 0.08"
W (g) 1.12 + 0.02% 1.39 + 0.05" 1.42 + 0.02° 1.49 + 0.04°¢
FE (%) 62.13 + 7.06* 74.36 + 3.32° 75.18 = 0.93° 79.44 * 0.99°
PER 1.68 = 0.19° 1.98 + 0.09" 1.94 + 0.02" 2.03 + 0.03°
SR (%) 91.67 = 7.64 100 + 0.00 100 + 0.00 100 + 0.00
Note: The numbers in the same row, followed by different superscript letters, show signifi-

cantly different effects on the 95% LSD test.
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Based on the analysis of variance, it
was shown that the addition of phytase en-
zyme with different doses had a significant
effect on the absolute grown significantly
affects efficiency of snakehead. The Least
Significant Difference Test (LSD) showed
that the absolute length growth in P3 was
significantly higher than in the other treat-
ments. Likewise, the absolute weight
growth in P3 was significantly higher than
in other treatments, and the feed effi-
ciency value showed that P3 was signifi-
cantly higher than PO but not significantly
different from P1 and P2.

Feed efficiency is the percentage of
feed utilization to produce fish growth.
The higher the feed efficiency value indi-
cates that fish use, the more efficient the
feed for growth (Amin et al., 2020). Many
factors, including feed quality, influence
the feed efficiency. According to Isnawati
et al. (2015), the feed eaten by fish will be
processed in the body, and the nutritional
elements or nutrients will be absorbed to
be used to build tissues so that growth oc-
curs. The increase in the efficiency value
of feed utilization indicates that the feed
consumed has good quality so that it can
be utilized efficiently. Based on the study's
results, the highest feed efficiency in the
P3 treatment at 79.44%.

However, feed efficiency was high
because, according to Craig and Helfrich
(2017), the value of good feed efficiency
was more than 50%. Mukti et al. (2021)
state the higher the feed efficiency value,
the more efficient the feed is for its
growth. On the other hand, the PO treat-
ment had the lowest feed utilization effi-
ciency value, and it was suspected that in
the PO treatment, the phytic acid content
in the test feed did not decompose because
it did not contain phytase enzymes, so the
availability of P was thought to be insuffi-
cient so that its growth was low. In addi-
tion to releasing phosphorus, phytase en-
zymes are thought to be able to release
proteins bound in phytic acid.

The variance analysis showed that
adding phytase enzymes with different

doi : 10.20473/jath.v12i3.34076

doses significantly affected the protein ef-
ficiency ratio of snakehead feed. The Least
Significant Difference Test results showed
that the protein efficiency ratio in P3 was
significantly higher than PO but not signif-
icantly different than P1 and P2. The vari-
ance analysis showed that adding phytase
enzymes with different doses in the feed
did not significantly affect the survival of
snakeheads.

Indicators of protein utilization by
fish for growth can be seen in the effi-
ciency of the protein feed consumed. The
results showed that adding phytase en-
zymes to feed, especially at P3 (70 mg/
100 g vegetable matter), caused the high-
est ratio of feed protein efficiency in
snakehead. The high value of the protein
efficiency ratio can be caused by the
phytase enzyme in the feed, which can re-
duce and decompose phytic acid and
break the bonds between phytic acid and
protein and mineral complexes, thus giv-
ing an effect on digestive enzymes, espe-
cially protein-breaking enzymes in break-
ing down protein into amino acids. (Rach-
mawati and Samidjan, 2014).

According to Bhilave et al. (2012),
the protein efficiency ratio determines
protein's effectiveness by measuring
weight gain in grams per gram of protein
consumed. Based on this study's results,
the lowest protein was found in treatment
PO at 37.00%, and the highest protein was
found in treatment P3, which was 39.16%.
Snakehead-fed feed without adding
phytase enzyme (PO) caused lower
growth, feed efficiency, and feed protein
efficiency ratio. This is presumably be-
cause the phytic acid in the feed cannot be
decomposed. As a result, the nutrients
bound to the phytic acid cannot be ab-
sorbed and utilized by fish and will even
be wasted as feces. Amin et al. (2011)
stated that fish cannot digest phytic acid,
so it will be released into the waters.

The variance analysis showed that
adding phytase with different doses in the
feed had no significant effect on the sur-
vival of the snakehead. The survival of fish
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during rearing is presented in Table 4.
This study's water quality followed the
needs of snakehead fish.

is influenced by several factors, one of
which is water quality during rearing. This
study's water quality followed the life
needs of snakehead. Data on water quality

Table 4.  Data on water quality during rearing.
Parameters Treatments
PO P1 P2 P3
Temperature (°C) 25.1-29.9 25.1 -29.7 25.2-2.,9 25.2 -29.7
pH 6.3-7.4 6.2-7.6 6.1-7.5 6.1-7.5

Dissolved oxygen (mg/L) 4.19-4.81 415-4.74 4.08-4.90 4.01-4.82

Ammonia (mg/1) 0.02-0.37 0.02-0.25 0.02-0.25 0.02-0.18
The water quality in this study was AUTHOR CONTRIBUTION

following the life needs of snakehead fish.
The water temperature during the study
ranged from 25.1 to 29.9 °C, according to
Rukmini (2013), the optimal temperature
for the development of snakehead fish life
ranged from 25 to 30 °C. The pH of the wa-
ter ranged from 6.1 to 7.6 and dissolved
oxygen in snakehead fish-rearing water
during the study ranged from 4.01 to 4.90
mg/L. According to Muflikhah et al.
(2008), a good pH for the rearing of
snakehead fish fry ranged from 4-9 and
dissolved oxygen at least 3 mg/L. Ammo-
nia content 0.02 — 0.37 mg/L. According
to Qin et al. (1997), the good ammonia
content for snakehead fish is less than 1
mg/L.

CONCLUSION

The addition of phytase enzyme in
artificial feed with different doses signifi-
cantly affected the growth in length,
weight, feed efficiency, and protein effi-
ciency ratio of snakehead. However, it has
no significant effect on the survival of
snakeheads. The best treatment in this
study was the addition of the phytase en-
zyme at a dose of 70 mg/100 g of vegeta-
ble ingredients (P3).
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