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ABSTRACT  

 
 
 

Intensive culture of snakehead fish used artificial feed with high protein content. The impact of the high 
use of artificial feed will cause waste that can cause poor water quality and cause fish mortality. The 
purpose of this research was to know the dynamics of water quality during culture of snakehead fish 
Channa striata in the aquarium. The test animals used were snakehead fish with a length of 6.90 ± 
0.49 cm and weight of 2.57 ± 0.59 g. Fish was maintenanced with a density of 2 fish L

-1
, 4 fish L

-1
 and 

6 fish L
-1

. Fish was cultured for four days in an aquarium  with size of  60x40x40 cm
3
 and water 

volume  of 20 L. Water quality were observed, i.e, temperature, pH, dissolved oxygen, TAN, nitrite, 
nitrate, orthophosphate, hardness and alkalinity. The results showed that pH, temperature, hardness, 
TAN, nitrite, nitrate and ortophosphate were not significantly different between treatments (P>0.05), 
while dissolved oxygen and alkalinity were showed different significantly (P<0.05). On the fourth day of 
culture with a density of 4 fish L

-1
 and 6 fish L

-1 
has led to water saturation in the culture media. 

Dynamic of water quality was started on the third day of culture, whereas nitrites could not be 
converted to nitrate maximally. High levels of nitrate in the snakehead culture indicated that that this 
culture could be combined with an integrated aquaculture with plants.  
 
Keywords: water quality, snakehead fish, aquarium  

 

1. Introduction 

Snakehead fish (Channa striata) is a 
native species of Asia and Africa (Ng and Lim, 
1990). This fish is one of the original fish that 
live in fresh waters in Indonesia, such as 
watersheds in Sumatra, Kalimantan and Java 
(Muthmainnah et al., 2012). In South Sumatra, 
the economic value continues to increase 
because snakehead fish can utilized in the form 
of fresh fish and also been used as the material 
of making crackers, pempek, tekwan and so on 
(Makmur, 2003). Utilization of these fish of 
various sizes, on the seeds size it was used as 
ornamental fish feed (Extrada et al., 2013) and 
on the size of fish consumption is very popular 

because it has a thick meat and a distinctive 
taste (Muthmaninnah et al., 2012).    

While in the form of dried fish is 
processed into asapan fish or salted fish. 
Snakehead contains high enough albumin, 
according to Mustafa et al. (2012), the main 
fraction of fish protein extract of snakehead is 
albumin (64.61% of total protein). Snakehead 
albumin extract is relatively high (2.17 ± 0.14 g / 
100 ml), enough to be used as ingredients to 
increase intake for growing children and 
patients undergoing wound healing treatments. 

According to statistical data of the 
Ministry of Marine Affairs and Fisheries (2012), 
seen from the composition by fish species, the 
volume of capture fisheries production in public 
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waters in 2012 is dominated by snakehead with 
production volume of 40.790 tons (11.08%). 
The high yield of snakehead fishing in nature, it 
is feared will cause the occurrence of over 
fishing so that the stock in nature will decrease. 

Efforts that can be done to overcome 
these problems is to conduct cultivation of 
snakehead fish so that its availability can be 
continuous and sustainable (Yulisman et al., 
2011). Domestication and cultivation of 
snakehead (C. striata) has been done in many 
Asian countries such as Indonesia, China, 
Malaysia, Thailand, Bangladesh, India (Yakob 
and Ali, 1992; Marimuthu et al., 2001; 
Amornsakun et al., 2011; Zhuo et al., 2012; Roy 
et al., 2016). Culture of snakehead fish at this 
time has not received much attention because 
of lack of information about culture technology 
(Astria et al., 2013). Considering the benefits of 
snakehead fish and its role in the world of 
health, the future of its culture will continue to 
grow, therefore it is necessary to do intensive 
culture so as to meet its needs continuously. 
 Research on stocking density of 
snakehead fish has many been done, such as 
Muthmainnah et al. (2012) mentions that the 
snakehead fish culture in karamba in swamp 
lebak produce the best survival rate with 
stocking density of 50 fish m

-2
, but the best 

weight increase with stocking density of 150 
fish m

-2
. Almaniar et al. (2012) also mentioned 

that snakehead fish kept in density of 2, 3, 4, 5 
and 6 fish L

-1
 showed the value of ammonia that 

tended to rise during the study with the increase 
of fish density. The higher the stocking density 
even though it gives lower final weights but can 
provide higher per m

2
 production 

(Muthmainnah, 2013). The survival of 
snakehead seeds in fiberglass tanks with 
recirculation systems using stocking densities 
of 20, 30 and 40 fish m

-2
 was not significantly 

different, but the specific growth rate was 
significantly different between the density of 20 
and 30 fish m

-2
 with a density of 40 fish m

-2
 

(Amin et al., 2015).  
 Highly stocking density of fish at the 
beginning of culture will result in decreased 
water quality especially dissolved oxygen 
content and increased ammonia concentration. 
According to Lin et al. (2002), the accumulation 
of feed residue and fish excreta during culture 
often causes water quality deterioration in 
fishponds, resulting in toxic effects to fish. 
Aquaculture activity discharges contain 
considerable quantities of organic matter, 
nitrogen, and phosphorus and can further 
degrade the water quality in receiving water. 
About 36% of the feed is excreted as a form of 
organic waste (Brune et al., 2003) and around 
75% of the feed N and P are unutilized and 

remain as waste in the water (Piedrahita, 2003). 
Decrease in water quality can cause stress to 
fish, even if water quality degradation has 
exceeded tolerance limits can cause fish 
disease and ultimately can cause death. The 
high number of fish mortality during the culture 
period may lead to a decrease in production 
(Crab et al., 2007). Zhang et al. (2011) 
mentioned that there were a strong association 
between fish production and water quality 
parameters. The spesific relationship were 
between the water quality parameters and 
culture efficacy (i.e., the final weight, survival 
rate, SGR and yield). 
 Research on environmental factors in 
snakehead fish culture in controlled containers 
is still very limited so that information about the 
dynamics of water quality during culture of 
snakehead fish is still very necessary. This 
study aims to evaluated the dynamics of water 
quality during culture of snakehead fish (C. 
striata) in the aquarium. 
 

2. Materials and Methods 

This research was conducted in March, 
2018. Culture of test fish (C. striata) was 
conducted in hatchery of Research Installation 
of Environmental Technology and Toxicology of 
Freshwater Aquaculture, Research Institute of 
Freshwater Aquaculture and Fishery Extension, 
Bogor, Indonesia. Measurement of water quality 
parameters were done in Environmental and 
Toxicology Laboratory, Research Installation of 
Environmental Technology and Toxicology of 
Freshwater Aquaculture, Bogor, Indonesia. 
Measurements of fish blood hematology 
parameters were conducted at the Fish Health 
Laboratory, Research Institute of Freshwater 
Aquaculture and Fishery Extension, Bogor, 
Indonesia (Blood hematology such as 
hemoglobin, red blood cell, white blood cell and 
hematocrit are closely related to individual 
responses to changes in environmental 
paramaters). Measurements of proximate 
analysis of fish feeds were conducted at the 
Laboratory of Animal Biology, Center for 
Biological Resource Research and 
Biotechnology, Bogor Agricultural University, 
Bogor, Indonesia. 

This study was conducted in a hatchery 
using Completely Randomized Design. The 
treatment used in this research consisted of 
three fish density treatments, namely A. 2 fish 
L

-1
, B. 4 fish L

-1
, C. 6 fish L

-1
). Each treatment 

with three replications. The test fish used in this 
study were snakehead fish seeds that were 
average length of 6.90 ± 0.49 cm and the 
average weight was 2.57 ± 0.59 g. Fish kept in 
the aquarium equipped with aeration 
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equipment. The culture container used is nine 
pieces of aquariums measuring 60 x 40 x 40 
cm. Aquariums were filled with source water 
from well water that has been filtered using a 
filter bag. At the top of the aquarium completed 
with a net that function to prevent the fish 
jumping out of the aquarium. Aquarium in water 
content with volume 20 L. Fish culture carried 
out for 4 days without water replacement 
process to see the dynamics of water quality 
during culture of snakehead fish. Fish in all 
treatments fed commercially with feed 
composition based on the results of the 
proximate analysis presented in Table 1, given 
three times per day as much as 2% of biomass 
weight per day.  
 
Table 1. The proximate analysis of commercial 
feed used in the present study 

Chemical composition Content (% dry 
weight) 

Protein 35.24 
Fat 6.98 
Crude fiber 1.47 
Ash 8.97 
Moisture 9.40 

 
Observations and measurements of 
temperature, pH, dissolved oxygen, total 
ammonia nitrogen, nitrite, nitrate, 
orthophosphate, alkalinity and hardness were 
done daily, while analysis of hematological 

parameters of fish blood was done at the 
beginning and at the end of the study. The 
method used for the measurement of such 
parameters is temperature using SNI 06-
6989.23-2005, pH using SNI 06-6989.11-2004, 
dissolved oxygen using SNI 06-6989.14-2004, 
total ammonia nitrogen using SNI 06-6989.30-
2005, nitrite using SNI 06-6989.29-2004, nitrate 
using APHA, orthophosphate using SNI 06-
6989.31-2005, alkalinity using Standard 
Methods 403 and total hardness using SNI 06-
6989.12-2004. 

Sampling and hematological analysis of 
fish blood (red blood cells, white blood cells, 
hemoglobin and hematocrit) and fish blood  
glucose were performed at the beginning and 
end of the observation. 

The analytical methods used for the 
measurement of some parameters were red 
blood cells and white blood cells using Blaxhall 
and Daisley (1973), hemoglobin using 
Wedemeyer and Yasutake (1977), hematocrit 
using Anderson and Siwicki (1995), and blood 
glucose using blood kit. 

All data (physical and chemical water 
parameters and hematology of snakehead fish) 
were analyzed using descriptive. 

 

3. Results and Discussion 
 

Data obtained from measurements of 
physical-chemical parameters are presented in 
Table 2 (dissolved oxygen, pH, temperature, 
alkalinity and total hardness).  
 

 

Table 2. The value of physical-chemical parameters of the water in each treatment during the study 

1)
KKP (2014), 

2) 
Effendi (2003) 

Mean values in the same row with different superscript  letters are significantly different (P<0.05) 

 

Dissolved oxygen value measured at 
each treatment during the study ranged from 
1.94 - 4.43 mg L

-1
, still within the tolerable 

tolerance range of snakehead fish according to 
Ministry of Marine Affairs and Fisheries (2014) 
(0.2 - 8.6). This range is below the value 
obtained by Amin et al. (2015) which states that 

dissolved oxygen on culture medium of 
snakehead fish farming with difference stocking 
density (20, 30 and 40 fish / m

2
) ranges from 

5.21 to 5.32 mg L
-1

. The average DO in 
treatment A of 3.14 mg L

-1
 was not significantly 

different (P> 0.05) with treatment B that is equal 
to 3.85 mg L

-1
 and with treatment C of 2.53 mg 

Parameters 
Treatments Tolerance 

range A B C 

DO (mg L
-1

) 3.14±0.39
ab

 3.85±0.49
a
 2.53±0.64

b
 0,2 - 8,6

1)
 

pH 7.14±0.25
a
 6.97±0.42

a
 7.16±0.41

a
 4 - 9

1)
 

Temperature 
(°C) 

26.25±0.21
a
 26.20±0.29

a
 26.33±0.15

a
 26,8 - 32,5

1)
 

Alkalinity (mg L
-

1
) 

68.65±5.84
a
 64.07±25.65

a
 39.66±2.50

b
 30 – 500

2)
 

Total Hardness 
(mg L

-1
) 

206±62.87
a
 175.75±67.96

a
 149.75±65.17

a
 120 – 500

2)
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L
-1

, whereas DO in treatment B was significantly 
different (P<0.05) with treatment C. This 
indicated that DO at stocking densities of 2 fish 
L

-1
 and 4 fish L

-1
 were still quite high with values 

that were not significantly different (P>0.05), 
whereas at density of 6 fish L

-1
 DO values are 

measured lower. Effendi (2003) mentioned that 

fish and other aquatic organisms require 
sufficient amounts of dissolved oxygen and 
oxygen demand is greatly influenced by 
temperature and varies among organisms. On 
the other hand Boyd (1982) also mentions that 
the rate of oxygen consumption by fish varies 
depending on species, size, activity, 
temperature, nutritional state, and others.  

Snakehead fish are classified as air-
breathing fish that can survive in poor 
environments with low dissolved oxygen 
content and high ammonia content (Marimuthu 
and Haniffa, 2007). In this study where 
snakehead fish were kept in controlled 
environment (aquarium) was proved by feeding 
as much as 2% biomass weight per day giving 
water quality dynamics on medium culture of 
fish significantly until the fourth day. 
  The pH values obtained during the study 
ranged from 6.55 to 7.44, still within the 
tolerance range tolerated by snakehead fish 
according to Ministry of Marine Affairs and 
Fisheries (2014) (4 - 9). The pH value in this 
experiment were not significantly different (P> 
0.05). This pH value is higher when compared 
to the results of research Amin et al. (2015) 
who get pH value ranges from 5.21 to 5.32. 
According to Boyd (1982) most natural waters 
have a pH between 6.5 - 9, but waters are more 
acidic than pH 6.5 or more alkaline than pH 9 - 
9.5 for long periods, reproduction and growth 
will decrease.  

The temperatures in this study are low at 
26.0-26.6°C, the tolerance range according to 
Ministry of Marine Affairs and Fisheries (2014) 
that can be tolerated by snakehead fish ranging 
from 26.8 - 32.5°C. The temperature value in 

this experiment were not significantly different 
(P> 0.05). The snakehead fish in this study can 
tolerate lower temperatures than the Ministry of 
Marine Affairs and Fisheries (2014) is thought 
to be caused by snakehead fish having been 
adapted for a long time in a hatchery in Bogor. 
According to Qin and Fast (1998), snakehead 
fish gained significantly more weight at high 
temperature than at low temperature. 

The value of alkalinity in this study 
ranged from 30.51 - 91.53, still within the 
appropriate tolerance range for fish according 
to Effendi (2003) ranging from 30 to 500. 
Alkalinity in treatment A was not significantly 
different from treatment B (P> 0.05), but 
alkalinity A and B were significantly different 
from treatment C (P <0.05). Boyd (1982) 
mentions natural waters containing 40 mg L

-1
 or 

more of total alkalinity are considered more 
productive than waters with lower alkalinity. The 
greater productivity of waters with higher 
alkalinity is not directly induced by alkalinity, but 
rather caused by phosphorus and other 
nutrients that increase in common with total 
alkalinity.  

The total hardness value in this study 
ranged from 90 - 255, while the total tolerance 
range according to Effendi (2003) ranged from 
120 - 500. The total hardness value in this 
experiment were not significantly different (P> 
0.05). Boyd (1982) mentioned that total 
hardness is usually associated with total 
alkalinity, since the anions of alkalinity and 
cation of hardness usually originate from 
carbonate mineral solutions. If total hardness is 
greater than total alkalinity, some calcium and 
magnesium are associated with anions rather 
than bicarbonates and carbonates. Conversely, 
if the total alkalinity of water exceeds its total 
hardness, some bicarbonate and carbonate are 
more associated with sodium and calcium than 
calcium and magnesium. 

Data of TAN, nitrite, nitrate and 
orthophosphat are presented in Figure 1, 2, 3 
and 4 respectively. 
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Figure 1. TAN value during the study 

 

 

From Figure 1 it can be seen that the 
water quality dynamics during the four days 
culture of snakehead fish in the aquarium show 
significant values on days 3 and 4 in fish 
density of 4 and 6 fish L

-1
 but there were no 

significant different between treatments 
(P>0.05). At the density of 2 fish L

-1
, the TAN 

value tended to rise on day 3, but decreased on 
day 4. At density of 6 fish L

-1
, the TAN value on 

the fourth day reached 2.11 mg L
-1

. Qin et al. 
(1997) mentioned that snakehead fish kept on 
culture medium with pH 8.0 will get TAN value 
of 10.73 mg L

-1
 while tolerance of snakehead 

fish at pH 8.0 to LC50 ammonia at 24, 48, 72 
and 96 hours is >205.7, >203.5, 152.6 and 
107.3 mg TAN L

-1
. The measured TAN value is 

the sum of NH3 and NH4
+
, free ammonia (NH3) 

can not be ionized, while ammonium (NH4
+
) can 

be ionized (Effendi, 2003). NH3 can be toxic for 
aquatic organisms, NH3 toxicity to aquatic 

organisms will increase if there is a decrease in 
dissolved oxygen, pH and temperature (Effendi, 
2003). 

According to Boyd (1982) the effect of pH 
on the concentration of non-ionized ammonia is 
greater than the effect of temperature. Boyd 
(1982) also mentions that if the ammonia levels 
rise in water, the excretion of ammonia by the 
fish decreases and the ammonia levels in the 
blood and tissues increase. This can lead to an 
increase in the fish's blood pH and adversely 
affects the reaction of the enzyme catalyst and 
the stability of the membrane. High ionized 
ammonia concentrations in water affect the 
permeability of fish by water and reduce ion 
concentration in the body. Ammonia also 
increases oxygen consumption by tissues, 
damages gills and reduces the ability of blood 
to transport oxygen. 

  

 

 

Figure 2. Nitrite value during the study 
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The nitrite values in this study showed a 
trend that always increased until the fourth day, 
a significant increase began on the second day, 
where at density 2, 4 and 6 L

-1
 obtained values 

of 7.35 mg L
-1

; 8.4 mg L
-1

; 4.65 mg L
-1

 
respectively. The nitrite values showed no 
significantly different between treatments 
(P>0.05). On the fourth day the value of nitrite 
ranged from 6.1 - 19.2 mg L

-1
, this value is very 

high. According to Boyd (1982), when nitrite is 
absorbed by fish, nitrites react with hemoglobin 
become methemoglobin.  

Methemoglobin is known to be ineffective 
as an oxygen carrier, so the continuous 
absorption of nitrite can lead to hypoxia and 
cyanosis. Blood that contains a lot of 
methemoglobin colored brown, so that nitrite 
poisoning in fish is often referred to as brown 
blood disease. Nitrite comes from the reduction 
of nitrate by bacteria in mud or anaerobic water. 
However, a common opinion is that the 
imbalance in nitrification reactions raises the 
accumulation of nitrite. 
 

 

 
Figure 3. Nitrate value during the study 

The nitrate value in this study is quite 
high, ranging from 11,505 - 24.64 mg L

-1
, but 

there were no significantly different between 
treatments (P>0.05). Nitrate (NO3) is an N form 
which tends to be harmless to fish compared to 
nitrite (NO2) and ammonia (NH3). Inorganic 
form of nitrogen such as NO3 is actually an ionic 
form that can be directly utilized by plants for 
life. According to Effendi (2003) nitrates are 
highly water-soluble and stable, these 
compounds are produced from the perfect 
oxidation process of nitrogen compounds in the 
waters.  

Nitrification which is the process of 
oxidation of ammonia to nitrites and nitrates is 
an important process in the nitrogen cycle and 
takes place under aerobic conditions. The 
presence of excess nitrate in the culture of 
snakehead indicates that the culture of 
snakehead fish with high density can also be 
combined with an integrated aquaculture with 
plants, so that nitrate can be utilized directly by 
the plant and become its own added value in 
the snakehead fish culture. 

 
 

Figure 4. Orthophosphate value during the study 
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The value of orthophosphate in this study 
ranged from 0.88 to 5.9 mg L

-1
 and showed no 

significantly different between treatments 
(P>0.05). The value of orthophosphate 
increased significantly on the second day, 
ranging from 4.14 to 5.9 mg L

-1
, but then on 

days 3 and 4 decreased to 2.51 - 2.71 mg L
-1

. 
According to Effendi (2003), orthophosphate is 
a form of phosphorus that can be utilized 
directly by aquatic plants, whereas 
polyphosphates must undergo hydrolysis to 
form orthophosphate before it can be used as a 
source of phosphorus. Changes in 
polyphosphates into form of orthophosphates 
depending on temperature. 

At the temperature approaching the 
boiling point, the polyphosphate change into 
orthophosphate is rapid. This speed increases 
with decreasing pH value. Changes of 
polyphosphate to orthophosphate in wastewater 
containing bacteria progresses faster than 
changes in clean water. Orthophosphates are 
also forms of ions that can be directly absorbed 
by plants so according to Effendi (2003) the 
presence of excessive phosphorus 
accompanied by the presence of nitrogen can 
stimulate the explosion of algae growth in the 
waters. 

Data obtained from measurements of 
blood hematology of fish and blood glucose 
from snakehead fish culture with density 
treatment are presented in table 3. 

From table 3 it can be seen that 
hemoglobin, hematocrit and blood glucose 
levels of snakehead fish increased after four 
days of culture, while the number of red blood 
cells and white blood cells decreased. The 
blood glucose value of snakehead fish before 
treatment ranged between 49.8 - 50 mg/ 100 
mL and after treatment ranged between 60 -70 
mg / 100 mL. This value tends to be greater 
than that of Purnamawati et al. (2017) which 
states that the snakehead fish kept in the 
culture media condition using sulfuric acid water 
has blood glucose level of 29.99 mg / 100 mL 
and in the condition of culture media using rain 
water of 26.45 mg / 100 mL. The high energy 
needed to survive will stimulate the deployment 
of glucose into the blood. This suggests that the 
stocking density treatment in this study makes 
the snakehead fish mobilize large enough 
energies so that it make blood glucose levels 
rise. 

 
 

Table 3. Fish blood haematology before and after treatment 

Haematology Before treatment After treatment 

Red blood cell (sel/mm
3
) 2.17 x 10

6
 – 2.47 x 10

6
 20 x 10

4
 – 21 x 10

4
 

White blood cell (sel/mm
3
) 7.55 x 10

3 
– 11.1 x 10

3
 2.95 x 10

3
 – 5.7 x 10

3
 

Haemoglobin (%) 8.1 - 11 16.5 – 22.5 
Hematokrit (%) 33 - 55 76 - 78 
Blood glucose  
(mg/100 mL) 

49.8 - 50 60 - 70 

 
Some parameters that can show 

pathological changes in blood are hematocrit, 
hemoglobin, red blood cell count and white 
blood cell count. In this study the number of red 
blood cells of snakehead fish before treatment 
ranged between 2.17 x 10

6
 - 2.47 x 10

6
 cells / 

mm
3
 while after treatment ranged from 20 x 10

4
 

- 21 x 10
4
 cells / mm

3
. The number of white 

blood cell before treatment in this researh were 
ranged from 7.55 x 10

3 
– 11.1 x 10

3 
while after 

treatment ranged from 2.95 x 10
3
 – 5.7 x 10

3
.  

In normal fish, the number of red blood 
cells ranges from 1.05 - 3.00 x 10

6
 cells / mm

3
 

of blood (Roberts, 1978). The number of red 
blood cells of snakehead fish that tends to be 
higher than normal fish blood cell counts is 
thought to be related to the activity of 
snakehead fish that always takes oxygen 
directly from the air. Well et al. (2005) states 
that Tarpon fish that can take oxygen directly 

from the air has a higher red blood cell count 
when compared to salmon catfish. Graham 
(1997) also mentioned that it has been 
observed that blood parameters such as 
haematocrit, haemoglobin concentration and 
red blood cells count are related to 
environmental factors such as water 
temperature and salinity. 

Haemoglobin number before treatment in 
this research ranged from 8.1 – 11, while after 
treatment ranged from 16.5 – 22.5. Weber and 
Wells (1989) mentioned that the relationship 
between haemoglobin and oxygen differs 
between loading and unloading sites and shows 
adaptations not only to environmental 
conditions but also to metabolic requirements, 
both of which govern oxygen availability and 
transport to tissues.  

Haematocrit number before treatment 
ranged from 33 – 55, while after treatment tend 
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to increased ranged from 76 – 78. According to 
Jawad et al. (2004), increased levels of 
hematocrit influenced by two factors, the first 
one is changes in environmental parameters, 
especially water temperature and physiological 
state of the fish associated with the energy 
needed. Jawad et al. (2004) also mentioned 
that several authors have shown how 
environmental factors such as water 
temperature have a direct effect on different 
blood parameters such as haematocrit through 
their effect on the haemoglobin oxygen-binding 
properties and thus on oxygen transport.  

4. Conclusions 
 

The dynamics of water quality during 
culture of snakehead fish (C. striata) in the 
aquarium showed a significant increase in 
nitrite level from the 3

rd
 day, whereas nitrite can 

not be converted to nitrate maximally, so that it 
tend to increased. The surplus of nitrate in the 
culture of snakehead indicated that the culture 
with high density could also combined with an 
integrated aquaculture with plants. 
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