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ABSTRACT

The study proposed to discover the optimum protein content and energy-protein ratio in practical diet for
snakehead, Channa striata. The experiment applied complete randomized design, consisted of six treatments with
four replications on each treatment. The treatments were: A (32.5%; 11.82 kcal GE/g), B (32.5%; 13.32 kcal
GE/g), C (37.17%; 10.64 kcal GE/g), D (37.33%; 12.07 kcal GE/g), E (43.08%; 10.02 kcal GE/g), and F (42.88%;
10.66 kcal GE/g). Snakehead with average weight of 6.21 + 0.03 g were reared for 8 weeks. The treatments showed
significant results. Increased protein dietary level had increased the growth rate and treatment with high energy-
protein ratio at the same protein dietary level provided better growth performance. However, increased energy-
protein ratio at E and F treatments caused a decline in growth performance. The improvement of energy-protein
dietary ratio had positive correlation with the level of lipid and protein content in fish body. Similar finding was
found in liver and muscle glycogen. The results also showed that the increament of energy-protein dietary ratio
was significantly and positively correlated with cholesterol, triglyceride, HDL, glucose, and albumin, yet it had no
significant effect on LDL. It can be concluded that excellent growth performance was achieved by protein dietary
level of 37.33% and energy-protein ratio of 12.07 kcal GE/g.
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ABSTRAK

Penelitian ini bertujuan untuk memperoleh kadar protein dan rasio energi-protein pakan buatan yang optimum
bagi performa pertumbuhan ikan gabus. Penelitian ini mengaplikasikan rancangan acak lengkap dengan 6
perlakuan, yaitu: A (32,78%;11,82 kcal GE/g), B (32,56%;13,32 kcal GE/g), C (37,17%:10,64 kcal GE/g), D
(37,33%:12,07 kcal GE/g), E (43,08%:10,02 kcal GE/g), dan F (42,88%:10,66 kcal GE/g) dan masing-masing
terdiri 4 ulangan. Bobot rata-rata ikan gabus yang digunakan dalam penelitian ini yaitu 6,21 £ 0,03 g dan dipelihara
selama 8 minggu. Hasil penelitian menunjukkan bahwa peningkatan kadar protein pakan meningkatkan laju
pertumbuhan, dan perlakuan dengan rasio energi-protein tinggi pada level protein pakan yang sama memberikan
kinerja pertumbuhan yang lebih baik. Namun demikian, pada perlakuan E dan F, peningkatan rasio energi-protein
menyebabkan penurunan kinerja pertumbuhan. Peningkatan rasio energi-protein pakan berkorelasi positif terhadap
kadar lemak dan protein tubuh ikan. Hal yang sama juga terjadi pada glikogen hati dan otot. Hasil penelitian
juga menunjukkan bahwa peningkatan rasio energi-protein pakan berpengaruh nyata (P<0,05) dan berkorelasi
positif terhadap kolesterol, trigliserida, HDL, dan albumin, tetapi tidak berpengaruh nyata terhadap LDL (P>0,05).
Kesimpulan yang didapat adalah kinerja pertumbuhan optimal dihasilkan oleh kadar protein pakan 37,33% dan
rasio energi protein pakan 12,07 kcal GE/g.

Kata kunci: albumin, energi, ikan gabus, pertumbuhan, protein
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INTRODUCTION

Snakehead has become fish culture
commodities with economic benefits. Snakehead
fish is utilized in medical health to cure some
diseases due to high albumin content, besides
being a consumed fish (Mustafa et al., 2012).
Medical health study proved that refined snakehead
fish extract with 3 x 10 g dose could replace 20%
of human albumin (infuse solution) through
the intravenous method with 1 x 100 ml doze,
causing increased albumin level and decreased
blood pH in hypoalbuminemia patient (Nugroho,
2016). Regardless of its benefits, snakehead fish
culture is still lower than any other freshwater fish
culture. This directly indicates that snakehead fish
culture production needs to be improved.

Snakehead fish production data in Indonesia
based on the Ministry of Marine and Fisheries
(2015) only reached 6,490 tons. This number
was very small compared to the production
of freshwater fish such as tilapia fish which
reached 912,613 tons in the same year. The low
production of snakehead culture is due to the
limited availability of snakehead fish seeds. Fish
culturists mostly still rely on snakehead seeds from
nature. In addition to seed availability, feed is also
a major problem in snakehead fish culture. There
has not been any special feed for snakehead fish
as this fish is still given trash fish or commercial
feed specialized for other fish species (Bijaksana,
2012; Yu et al., 2012).

Trash fish as feed material has some
weaknesses, such as qualitative supply and
quality followed with uncertain price, making it
an unreliable source as major feed for rearing.
The use of commercial feed specialized for other
fish that exists in the market has a discrepancy
on the nutrient composition needs for snakehead
fish. This problem should be handled by applying
special feed for snakehead fish. Special feed
formed of pellet is formulated to fulfill the
nutrient needs is an important factor for improving
snakehead fish culture.

Snakehead fish that is given with different
protein levels indicate different growth.
Kusumaningrum ef al. (2014) mentioned that
the highest average growth rate of (0.269 g/day)
was produced by 32% protein feed level, while
the lowest (0.128 g/day) was produced by 26%
protein feed level. Fish growth is influenced by
its nutrient needs fulfillment, i.e. protein, lipid,
carbohydrate, vitamins, and minerals. Protein has
an important role in the growth and development
process in fish body tissues (Lall & Dumas,

2015). In addition, protein is also an efficient
energy source for aquatic animals, particularly
carnivorous fish (Zamora-Sillero et al., 2013).
The number and quality of protein feed will
affect growth. Fish protein requirements are
influenced by various factors, such as fish size,
environmental condition, feed quantity, digested
feed energy content, and protein quality (Farhat
& Khan, 2011). Protein in the fish body will
be used to fulfill vital tissue functions (daily
maintenance) whether feed protein content is
unavailable for fulfilling fish needs. Elsewhere,
the protein will be excreted as metabolic waste,
one of which is in the form of ammonia, whether
protein feed exceeds the fish needs (Kpogue et al.,
2013). Ammonia is excreted into the water that
eventually may increase water ammonia level,
endangering fish life in the environment.

Fish protein requirement regards with the
total energy requirement (protein, carbohydrate,
and lipid). Exceeded energy level in the feed will
lead to fat degeneration in the tissue, reducing
protein, vitamin, and mineral compositions, that
are urgently needed to maintain metabolism and
promote growth (Guo et al., 2012). Low energy
level may cause the protein to become an energy
source in the metabolism process. Therefore,
proper protein-energy ratio for optimized growth
rate and protein utilization should necessarily
be given to the cultured fish (Kaushik & Seiliez,
2010).

Snakehead fish study had been done by
Samantary and Mohanty (1997), who mentioned
that the best growth response in snakehead fish
was obtained from 40% protein and 4,400 kcal/
kg energy level feed treatment with 3% of body
weight per day. However, the feed conversion
ratio was still high, which was 2.1. Aliyu-Paiko
et al. (2010) mentioned that the best growth
response of snakehead fish after commercial
feed given was obtained from the combination of
fish meal and casein as a supplement with 4,440
kcal/g energy, 45% protein, and 6.5% lipid level.
Based on the previous studies presented above,
balanced protein level and protein-energy ratio in
feed formulation was primarily required to fulfill
the nutrient needs on each stadia fish cultured.
Therefore, this study was conducted to determine
the protein content and protein-energy ratio in
commercial feed (artificial feed) formulation for
optimum growth of snakehead fish.
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Table 1. Feed composition

Treatment
A B C D E F

Composition (g 100/g)
Fish meal 24.80 10.00 27.20 10.00 10.00 10.00
Soybean meal 13.60 17.30 28.09 38.30 39.98 37.74
MBM 10.00 10.00 6.30 10.00 14.87 10.30
PBM - 10.00 - 8.00 8.10 10.00
Blood meal - - - - 2.00 5.00
Wheat pollard 35.98 26.38 23.58 - 17,.58 -
Wheat flour - 14.60 5.00 21.61 - 13.14
Cassava flour 5.80 2.90 - - - -
Cassava pulp 5.00 - 5.00 - - -
Sardinella fish oil 1.00 5.00 1.00 8.25 3.63 10.00
Salt 0.50 0.50 0.50 0.50 0.50 0.50
PMC (binder) 0.20 0.20 0.20 0.20 0.20 0.20
Mold inhibitor powder 0.10 0.10 0.10 0.10 0.10 0.10
Phytase 0.02 0.02 0.02 0.02 0.02 0.02
Premix 3.00 3.00 3.00 3.00 3.00 3.00
Feed proximate
Moisture (%) 9.83 9.10 10.58 9.95 8.80 11.22
Protein (%) 32.78 32.56 37.17 37.33 43.08 42.88
Lipid (%) 5.74 9.75 5.52 12.01 8.49 13.20
Crude fiber (%) 4.02 1.35 2.80 1.01 2.61 1.77
Ash (%) 11.95 9.27 11.79 9.36 11.06 9.52
Energy (kcal/kg) 3.873 4.336 3.956 4.505 4.317 4.564
Energi-protein ratio (kcal/g) 11.82 13.32 10.64 12.07 10.02 10.66
Amino acid composition (%)
Methionine 0.80 0.80 0.89 0.80 0.83 1.06
Lysine 1.91 1.98 2.24 2.26 2.38 2.85
Threonine 1.22 1.21 1.44 1.43 1.65 1.67
Arginine 2.09 2.18 243 2.56 291 2.77
Isoleucine 1.22 1.24 1.50 1.54 1.66 1.60
Leucine 2.19 222 2.61 2.67 3.10 3.25
Valine 1.50 1.55 1.75 1.78 2.07 2.18
Histidine 0.82 0.78 0.96 0.90 1.10 1.18
Phenylalanine 1.30 1.35 1.57 1.63 1.87 1.94
Tryptophan 0.35 0.34 0.42 0.40 0.46 0.47
Glycine 2.31 2.50 2.33 2.56 3.07 2.87
Serine 1.38 1.59 1.66 1.87 2.11 2.13
Proline 1.83 2.15 2.02 241 2.66 2.58
Alanine 1.88 1.86 2.05 2.00 241 241
Aspartic acid 2.89 2.83 3.60 3.64 4.17 4.16
Glutamic acid 4.86 5.14 5.93 6.34 6.72 6.58

Total 28.55 29.72 33.40 34.79 39.17 39.70

Note: Gross energy 1 g protein : 5.664 kcal GE, 1 g lipid : 9,48 kcal GE, 1 g non protein extract material : 4.128

kcal GE (Halver et al., 2002)

MATERIALS AND METHODS

Feed formulation

Feed formulation was begun with the
proximate analysis of feed materials used.
Furthermore, based on a formula feed compiled,
all macro materials (fish meal, poultry by-product
meal (PBM), meat bone meal (MBM), soybean
meal (SBM), wheat flour, etc.) were ground and

sifted with mesh size 40. The sifted results were
measured based on the needs for formulation
and mixed with mixer until homogeneous, then
added with sardinella fish oil and micromaterials,
such as premix and anti-mold. Feed dough was
transferred into automatic pellet maker machine
(2 mm size). Pellet made was dried in the oven.
Dried pellet was cooled and packaged in a
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Table 2. feed intake (FI), protein retention (PR), lipid retention (LR), energy retention (ER), specific growth rate
(SGR), feed efficiency (FE), survival rate (SR), and total of ammonia nitrogen (TAN) in snakehead fish on feed

treatments with different protein and energy ratio

Treatment (protein content: energy-protein ratio)

Parameter A B C D E F
(32.78:11.82) (32.56:13.32) (37.17:10.64) (37.33:12.07) (43.08:10.02) (42.88:10.66)
FI (g) 21.24 £ 3412 21.22 £33+ 21.94+2.08 2297 +391¢ 2265+ 1.62«¢ 22.39 +1.53¢
PR (%) 27.83 £0.99¢ 3244 £1.19° 3254 +£0.48 39.58 £3.35¢ 31.31+0.54> 3091 +£0.78"
LR (%) 60.54 £ 6.37® 7210 £7.34¢ 5131 +£4.69° 92.14£9.32¢ 67.90 £5.45>* 74.20 £ 7.40¢
ER (%) 18.94 + 2.30¢ 25.77 £2.84> 22,35+ 1.65% 38.56+3.68! 22.55+0.88 31.59+2.93¢
SGR 1.74 £ 0.04» 1.89 +0.02% 1.87 £0.01° 2.13 £0.02¢ 1.92 £0.01¢ 1.87 £0.01°
(%/day)
FE (%) 52.60 £ 1.34* 60.71 £0.09¢  57.37+0.95> 68.87+1.11° 58.70£0.05¢ 56.38 £0.20°
SR (%) 100 100 100 100 100 100
TAN (mg/ 15.62 £ 1.71® 13.06 £ 1.52* 19.70 £2.78> 12.28+ 1.66* 2223 +4.18 15.61 £2.26=
kg/ hour)

Different superscript letters on the same line indicate significantly different influence treatments (P<0.05); Numbers

shown are average and standard deviation value.

sealed container. Feed was formulated using brill
software program. The formulated feed consisted
six treatments, treatment with the lowest range
protein 32.5% was based on the protein level from
pellet used for snakehead grow-out rearing by fish
culturists, whereas treatment with the highest
protein levels was based on the previous study
by Samantary & Mohanty (1997) and Aliyu-
Paiko et al. (2010). Six treatments given were
A (32.78% protein, 11.82 kcal/g energy-protein
ratio), B (32.56% protein, 13.32 kcal/g energy-
protein ratio), C (37.17% protein, 10.64 kcal/g
energy-protein ratio), D (37.33% protein, 12.07
kcal/g energy-protein ratio), E (43.08% protein,
10.02 kcal/g energy-protein ratio), and F (42.88%
protein, 10.66 kcal/g energy-protein ratio).

Fish rearing

This study used two months snakehead seeds
caught from natural habitat. Snakehead seeds were
obtained from a hatchery in Rengasdengklok,
Karawang, West Java. Fish were acclimatized for
a month and given a feed with low protein level
and protein-energy ratio. Fish weighed 6.21 +
0.03 g were moved to fiber tank (60 cm x 60 cm x
70 cm size) filled with approximately 150 L water
with 10 fish per tank. Each fiber tank was given
Eichhornia that served as shelters and closed using
net (0.5 cm mesh size) to avoid snakehead exiting
the tank. Fish were adapted with formulated feed
for seven days before the experiment began. Feed
was given through determining feeding rate as
much as 4% with four times frequency in a day,
starting at 07.00, 11.00, 15.00, 19.00 during 60
days rearing.

Water quality was maintained by cleaning the
tank from debris using the small hose (siphon)
along with water exchange approximately 75%.
Syphonization and water exchange were done
three times, namely in the morning, afternoon and
evening. Water quality such as temperature, pH,
dissolved oxygen, and total ammonia nitrogen
were measured periodically with the average
value 28-31°C, 7.8-8.1, 3.5-4.5 mg/L, and 0.12-
0.15 mg/L respectively. Fifteen seeds were taken
for initial body sampling. Weight measurement
sampling was done once every 2 weeks to adjust
feeding quantities. Fish were anesthetized using
MS222 with 150 mg/L during sampling.

Fish were not given any feed for 24 hours at the
end of the study. Fish were counted and measured
their body weight from each replication. Four
of ten fish from each replication were taken
randomly for proximate analysis. Blood samples
from four fish were taken for blood biochemical
analysis from each replication. Meat and liver of
four fish were taken for glycogen analysis. Two
fish remains from each replication were used for
ammonia excretion analysis.

Parameter

Parameters obtained were proximate
analysis, blood chemical, glycogen content, and
total ammonia nitrogen level. Proximate analysis
was performed on feed, initial fish body, and final
fish body. The proximate analysis consisted of the
measurement of moisture, protein, fat, ash, crude
fiber, and glycogen level based on AOAC (2005).
Blood biochemical containing plasma protein,
albumin, glucose, cholesterol, LDL, HDL, and
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Table 3. Body proximate composition of snakehead fish on the initial and final experiment (% wet weight)

Treatment (protein content: energy-protein ratio)

Parameter - A B C D E F
Initial 35 78:11.82) (32.56: 13.32) (37.17:10.64) (37.33: 12.07) (43.08: 10.02) (42.88: 10.66)
Moisture  76.23 + 0.66 73.32+ 0.64° 7132+ 028" 72.56+031< 69.87 079" 7222+ 0.83* 71.40 + 0.3
Protein 1525+ 0.17 16.60+0420 1677 044 1743+023% 17.82+1.07 16.77+020: 17.07 +0.32
Lipid 407+005 475+ 007 550+0.16° 4.63+ 0.066 655+ 029¢ 532+ 0.11° 620+ 0.23¢
NTE 035+0.01 0.74+0.03 0.76=0.05° 0.80+0.02 084+ 0.02 077 +0.04% 0.82+0.03
Ash 3834021 443+£0450 4944029 453+040% 456+041 448+ 0710 416 +0.14°

Note: Different superscript letters on the same line indicate significantly different influence treatments (P<0.05); Numbers shown
are average and standard deviation value.

Table 4. Liver and muscle glycogen of snakehead fish (% wet weight)

Treatment (protein content: energy-protein ratio)

Parameter A B C D E F
(32.78:11.82)  (32.56:13.32) (37.17:10.64) (37.33:12.07)  (43.08:10.02)  (42.88:10.66)
Liver glycogen (%) 0.20 +0.01® 2.15+0.21¢ 0.30 £ 0.03¢ 521 +£0.51¢ 3.29 £0.19¢ 0.76 + 0.05°
Muscle glycogen (%)  0.15 £0.01¢ 0.20 + 0.02° 0.16 £ 0.01¢ 0.31 £0.03¢ 0.24 +0.01¢ 0.19 £ 0.02°

Note: Different superscript letters on the same line indicate significantly different influence treatments (P<0.05); Numbers shown
are average and standard deviation value.

Table 5. Blood cholesterol, triglyceride, HDL, LDL, glucose, and albumin content of snakehead fish

Treatment (protein content: energy-protein ratio)

Parameter A B C D E F
(32.78:11.82)  (32.56:13.32)  (37.17:10.64)  (37.33:12.07)  (43.08:10.02) (42.88:10.66)

Cholesterol 1) 75 1 1544 76.75+386° 15450+723 183 +7.96 1744942  187.50 +7.55
(mg/dL)
HDL , ,
31.00£5.16°  54.00 439 3600439  57.00£2.58  55.00+245  59.00 +5.35
(mg/dL)
LDL
88.55+ 6940  90.45+1.70° 90.60+0.71* 9280 +3.46*  90.80+537 9430+ 1.62¢
(mg/dL)
T“glysgil)de(mg/ 126.00 + 18.06° 161.50 £5.92° 139.50+ 11.45 166.00 = 11.05° 141.00 +9.42+  171.00 = 14.51°
Glucose (mg/dL) 104+ 11.89%  112.5+ 18.81* 1071137  115+698 9333+ 13.47% 84+ 3.65
A(lgb/zgn 1.55+0.13¢ 1.85+0.13° 1.6 % 0.08 22+0.18 1.6 % 0.08 175 +0.13»

Different superscript letters on the same line indicate significantly different influence treatments (P<0.05); Numbers shown are
average and standard deviation value.

triglycerides was analyzed using by of enzymatic
colorimetric method with a test kit, while ammonia
excretion content was analyzed using APHA 2005
method.

RESULTS AND DISCUSSION

Results
Growth performance parameters, such as feed
intake (FI), protein retention (PR), lipid retention

Data analysis

This study applied complete randomized design
with six treatments and four replications. Data
results were processed using ANOVA analysis
with a 95% degree of confident level by SPSS 16.0
software analysis. Duncan’s multiple range test was
performed whether the analyzed data showed any
significant difference among treatments.

(LR), energy retention (ER), specific growth rate
(SGR), feed efficiency (FE) (Halver et al., 2002),
and ammonia excretion of snakehead fish during
60 days rearing are presented in Table 2.

Table 2 shows that different protein and protein-
energy ratio significantly influenced FI. FI between
A and B treatment did not differ significantly
(P > 0.05), while C and D treatment differed
significantly (P < 0.05), besides significantly
different from A and B treatment. However, FI
on E and F treatment decreased when compared



Hani Wijianti ef al. / Jurnal Akuakultur Indonesia 18 (1), 70-79 (2019) 75

to D treatment. FI on D treatment was 22.97 *
3.91 g. Feed treatments with different protein and
energy-protein ratio influenced significantly (P
< 0.05) on PR, LR, and ER. Increased energy-
protein ratio on B and D treatment induced the
percentage of PR, LR, and ER. However, the PR
level on E and F treatment decreased significantly
compared to fish fed with D treatment feed (P <
0.05). A, B, C, and D treatment showed increased
SGR along with the increased level of energy-
protein ratio, yet it showed contradiction result
on E and F treatment, whereas high energy-
protein ratio inversely influenced SGR. The same
condition also happened on feed efficiency value.
The lowest feed efficiency was demonstrated by
the fish fed with low protein and energy-protein
ratio (A). The survival rate of the fish on this
study was 100% in each treatment. Ammonia
excretion rates tended to increase in line with
increased feed protein level and decreased on
higher energy-protein ratio. The highest level
of TAN excretion (22.23 + 4.18 mg/kg/hour)
was found on E treatment, while the lowest was
obtained on D treatment.

Proximate composition of snakehead fish body
is presented on Table 3. Different protein and
energy-protein ratio level influenced moisture,
protein, lipid, non-nitrogen material extract (NTE),
and ash content on snakehead fish body (P<0.05).
Feed influence on fish proximate composition in
each treatment showed that increased protein,
lipid, ash, and NTE content on fish at the end of
the study was in line with increased feed protein
and energy-protein ratio. However, high feed
protein and energy-protein ratio level decreased
body moisture content significantly.

Protein content and energy-protein ratio in the
feed also significantly influenced liver and muscle
glycogen (P<0.05). Liver and muscle glycogen
can be seen in Table 4. Treatment A, B, C, and
D increased liver and muscle glycogen content
along with an increased level of protein-energy
ratio. However, increased protein energy ratio
decreased liver and muscle glycogen content on
treatment E and F.

Blood biochemical analysis result containing
cholesterol, triglyceride, low- density lipoprotein
(LDL), high-density liporotein (HDL), glucose,
and albumin content are presented in Table
5. Blood profiles analysis result showed that
different protein content and protein energy
ratio influenced significantly on cholesterol,
triglyceride, HDL, glucose, and albumin content
(P<0.05). Meanwhile, LDL content was not

significantly different (P>0.05) among treatments.

Discussion

Feed treatment with different protein
and energy-protein ratio affected the growth
performance. The growth performance measured
parameters on snakehead fish were feed intake
(FI), protein retention (PR), lipid retention
(LR), energy retention (ER), specific growth
rate (SGR), feed efficiency (FE), and ammonia
excretion. FI on A and B treatment had the lowest
value among other treatments. This was alleged
because of the low level of alanine and glutamic
acid in the feed as the free amino acid, which acts
as an attractant, affecting the decreased level of
feed palatability. This was in accordance with
Tantikitti (2014), who mentioned that free amino
acid, especially taurine, hydroxyproline, glycine,
arginine, glutamic acid, and alanine influenced
increased palatability on shrimp.

C, D, and E treatment showed improved
FI value along with increased protein and
energy-protein level feed. This was in line with
African catfish (Farhat & Khan, 2011) and
rockfish (Sebastes schlegeli) (Cho et al., 2015).
However, feed with 42.5% protein and 10.66 GE
kcal/g energy-protein ratio (F treatment) caused
increased feed lipid content, thus lowering the
feed palatability. This was in accordance with Ng
et al. (2008), who claimed that excess fat in feed
was not recommended as it lowered the amount
of feed consumption. This was also reported
similarly by Cheng et al. (2013) on marble eel
(Anguilla marmorata) and OKorie et al. (2007) on
Japanese eel (A. japonica).

Based on the study result, increased energy-
protein ratio on the same feed protein level could
increase the percentage value of PR, LR, and
ER (B and D treatment). This shows that fish
fed on B and D could depress protein specific
dynamic action (SDA) and catabolism energy,
thus efficiently utilized protein as growing factor
(protein sparing effect) with decreased total heat
increment (Ding et al., 2010; Hasan & Khan,
2013; Suprayudi et al., 2014). This is supported
by Kaushik and Seiliez (2010), who reported
that the utilization of protein and optimized fish
growth could be delivered with certain energy-
protein ratio. Furthermore, Khan & Abidi (2012)
stated that the utilization of proteins depended on
the nonprotein energy source in the feed which
affected growth, feed conversion, feed efficiency,
nutrient retention, and body composition.

Protein requirement and fish growth have a
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proportional relationship. This caused protein
and protein-energy ratio in feed treatment should
be in line with fish requirements, making the feed
given become efficient and produce optimum
growth (Setiawati et al., 2008). Accurate energy-
protein ratio on D treatment showed high protein
utilization stored into the fish body, resulting in
lowered ammonia excretion, i.e. 12.28 + 1.66 mg/
kg/hour. A similar condition was also reported
by Suprayudi et al. (2014) on the bluefin trevally
(Caranx melampygus) and Guo et al. (2012) in
hybrid sturgeon.

Feed PR value containing 42.5% protein
decreased drastically compared to fish fed on
D treatment (P < 0.05). This condition figured
a theory that excess protein content would
reconstruct most of it into energy. The number
of oxidative deaminated protein led to increased
ammonia excretion. High protein given (E and
F treatment) would induce increased protein
catabolism into energy, which reduced growth
and feed efficiency (Kpogue et al., 2013). A
similar condition was also reported by Kim et al.
(2016) on parrot fish (Oplegnathus fasciatus) and
Ozo’rio et al. (2009) on seabream fish (Diplodus
vulgaris). Survival rate during this study was
observed at 100% in all treatments. This indicates
that the feed quality given to the entire treatments
was able to fulfill snakehead fish nutrient
requirements and proved that the feeding rate and
aquatic environment were suitable to meet basic
terms of fish to live and grow (Nawir et al., 2015).

Body protein content increased along with the
increased level of feed protein and energy-protein
ratio, based on Kim et al. (2016) on juvenile parrot
fish (O. fasciatus). Body protein content was
affected by protein feed intake and piled protein
in the body, which was positively correlated with
feed protein content. This result was the same with
Rema et al. (2008) on Senegalese sole, Kim and
Lee (2009) on tiger pufter (Takifugu rubripes), and
Zhang et al. (2010) on black seabream (Sparus
macrocephalus). The analysis result of proximate
body composition also showed increased body
lipid content along with increased feed lipid
content. High body lipid content in fish was
caused by increased lipid consumption from high
feed lipid content. Consumed feed lipid without
utilized as an energy source would be deposited
as body lipid. Rahimnejad et al. (2015) argued
that high lipid content in feed will be deposited
as lipid whether unutilized as an energy source.

Some study suggested that increased feed
lipid content influenced significantly on enhanced
fish body lipid content as reported by Tian et al.

(2012) on grass carp (Ctenopharyngodon idella)
and Adamidou et al. (2011) on sharp snout
seabream (Diplodus puntazzo). The current study
was oppositely different from other studies as
moisture content of the fish body was contradictive
with fish body lipid content. This study result was
reported by Mohseni et al. (2011) on Persian
sturgeon (Acipenser persicus). Increased protein
and energy-protein level significantly lowered
the feed moisture content in fish body. This
suggests that increased energy-protein level in
feed affected fish flesh texture. Moisture level on
fish body reflects as the indicator of assessing
relative energy and lipid content, as well as
protein content. Low moisture content in the fish
body tends to cause high protein and lipid level
(Dempson et al., 2004). High moisture level
affected the fish flesh texture produced, becoming
mushy (Suryaningrum et al., 2010).

Liver and muscle glycogen increased along
with increased feed energy level. This shows that
the energy requirement was fulfilled on high feed
energy content, elevating the synthesis of glycogen
from glucose. Based on the study data on liver
and muscle glycogen value, liver glycogen were
greater than muscle. Increased liver and muscle
glycogen in fish fed with high feed energy was the
same with Enes ef al. (2009) and Wu et al. (2015)
on hybrid striped bass fish.

Lipid in fish is transported as lipoproteins,
involving LDL and HDL. The main function
of HDL is transporting cholesterol from body
tissues to the liver, while LDL was transporting
cholesterol from the liver to the body tissues
(Luo et al., 2014). This study result suggests
that cholesterol, HDL, and LDL were increased
along with increased protein and energy-protein
ratio level. This was in accordance with Jiang et
al. (2015) who mentioned that cholesterol, HDL,
and LDL was influenced by feed protein and
lipid level. In this study, increased triglyceride
aligned with increased lipid level shows that lipid
transportation was more active on feed containing
high lipid content. This was in line with Jiang
et al. (2015) on hybrid grouper and Wang et al.
(2017) on juvenile red-spotted grouper.

Feed protein and energy significantly
affected blood glucose. This was in accordance
with Okorie et al. (2007) on Japanese eel, A.
Jjaponica. Glucose played an important role as an
energy source. Excess glucose is stored as when
the amount of glucose is more than required.
However, the body ability to store glycogen was
limited, thus modifying excess glycogen into
triglycerides (Kersten, 2001). This study result
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demonstrated the glucose level of snakehead fish
was ranging from 84-115 mg/dL. Blood glucose
levels in all treatments were generally still in the
normal range, based on the normal range of blood
glucose approach on Tilapia fish, which is 32-137
mg/dL (Mauel et al., 2007).

The result showed that albumin was affected
significantly by feed protein and energy-protein
ratio level (P < 0.05). Increased level of protein
and energy-protein ratio induced albumin level.
This was in accordance with Balmer (2001) who
stated that albumin is an amino acid deposit and
fish adaptation against high feed protein content
would affect the high synthesis and catabolic of
albumin. The feed with 37.33% protein and 12.07
kcal GE/g energy-protein ratio produced the best
growth performance in snakehead fish.

CONCLUSION

Different protein content and energy-protein
ratio gave a significant influence on growth
performance (feed intake, specific growth
rate, feed efficiency, protein retention, lipid
retention, and energy retention) (P<0.05). The
protein content of 37.33% and energy-protein
ratio of 12.07 kcal GE/g gave optimum growth
performance for snakehead fish.
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