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Effects of ameliorant on the growth of snakehead fish (Channa striata) juvenile reared in acid 
sulfate water 

medium located in tidal land 1 Purnamawati, 1 Nurmala, 1 Mochammad I. Shilman, 2 Eko 
Dewantoro, 3 Diah A. S. Utami 1 

Study Program of Aquaculture, Department of Marine Science and Fisheries, Pontianak State 
Polytechnic, Pontianak, West Kalimantan, Indonesia; 2 Study Program of Aquaculture, Faculty 
of Fisheries and Marine Science, 

Muhammadiyah University of Pontianak, Pontianak, West Kalimantan, Indonesia; 3 Study 
Program of Aquaculture, Marine and Fisheries Polytechnic of Jembrana, Jembrana, Bali, 

Indonesia. Corresponding author: Purnamawati, pur_polnep@yahoo.com Abstract. The aim 
of this study was to evaluate the effects of the use of 

an ameliorant produced from banana stems to increase water pH and improve the growth of 
the snakehead fish (Channa striata). The experiment applied 

a completely randomized design. The treatments applied in this study consisted of three 
treatments 

including ameliorant (300 kg ha -1 ), lime (CaCO 3 ) (180 kg ha -1 ), and control (without 
ameliorant and lime). Each treatment applied four replicates. 

C. striata juveniles with an average initial length of 2.5±0.2 cm and an average initial weight 
of 0.27±0.03 g were reared in 12 units of hapa net cages measuring 2 x 3 x 1.5 m with a 
stocking density of 2 fish per L, for 60 days. The fish were fed commercial feed with a 

protein content of 40%, 

twice a day (morning and afternoon) until to apparent satiation. The 

use of an ameliorant in the experimental medium significantly 

gave better 

results shown by higher survival (70.55%), specific growth rate (6.42% day -1 ), feed efficiency 
(89.07%), protein retention (53.41%), fat retention (89.41%), 

and albumin content (3.12 g per 100 mL) than those of control. Key Words: air-breathing fish, 
banana stems, dolomite, tidal area. Introduction. Indonesia has about 20.11 million ha of 
tidal swamp land consisting of 2.07 million ha of tidal potential land, 6.71 million ha of acid 
sulfate land, 10.89 million ha of peatland, and 0.44 million ha of saline land. The tidal land is 
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spread in several regions, including Sumatera, Kalimantan, Papua, and Sulawesi (Arsyad et al 
2014). Tidal swamp land area of West Kalimantan is around 1.12 million ha, which is spread in 
several districts (BPS Kalbar 2012) and 20,532 ha of it is acid sulfate land (Alwi 2014). 

Most of these lands have been used for fish farming, but in general, the productivity is still 
relatively low. The low productivity 

of fisheries sectors in this area is due to various problems, especially poor water quality. In a 
low water quality condition, there are only certain fish species that can be cultivated, one of 
those species is the snakehead fish (Channa striata). C. striata, is a freshwater fish species, 
classified in Channidae family and Perciformes order (Nakkrasae et al 2015). This fish is a 
potential and important species to be developed as an aquaculture commodity (Mollah 1985; 
Marimuthu et al 2009; Mollah et al 2009; Rahman et al 2013), and has high economic value 
with prices ranging from 3.78 to 4.47 USD kg -1 . Moreover, this fish flesh is used as a 
treatment of post- surgical therapy and can increase body endurance (Gam et al 2006; 
Marimuthu et al 2009; Mohd & Abdul 2012). C. striata usually lives in rivers, rice fields and 
ponds. C. striata relatively prefers calm water (without agitation). Another advantage 
possessed by C. striata is its ability to 
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live in low oxygen environment. But to grow optimally, this species needs to live in a medium 
with optimal water quality ranges. One of limiting factors that influences the C. striata 
cultivation in acid sulfate land is pH. Tidal land has a pH range of 2.53–3.39 (Purnamawati et 
al 2017a), sulfate concentration at 6.91–8.7 mg L -1 , dissolved oxygen less than 5 mg L -1 
(Purnamawati et al 2017b). This water quality condition can be improved by increasing the pH 
of the culture medium. To increase the water pH in fish ponds can be done by adding a 
certain amount of lime into fish ponds (de Queiroz et al 2004; Cavalcante et al 2012). 
However, the required lime is not always available, especially in some locations that are far 
from the centers of agricultural production facilities. To overcome this issue, some local 
based plant materials can be used as ameliorants to substitute the utilization of lime. Banana 
stem is a waste that can be used as an ameliorant. This is caused by banana stem has some 
advantages, including low cost, abundant availability, easy to be processed, and it is not 
harmful for the cultivated organisms. This material is expected to be a solution in 
aquaculture practices conducted in acid sulfate medium, especially in tidal land. This study 
aimed to evaluate the effectiveness of the use of banana stems as an ameliorant in acid 
sulfate medium in order to promote the growth of C. striata juveniles. Material and Method. 
The present 

study was conducted on July-September 2018. The rearing of C. striata was conducted 

in a tidal pond located in Kubu Raya District, West Kalimantan, Indonesia. The measurement 
of plasma glucose levels, albumin 

levels, the proximate analysis of the fish feed and the experimental fish were 

conducted 
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at Environmental and Food Technology Laboratory, Tanjungpura University, Pontianak, 
Indonesia. Experimental design. This study was conducted through a completely randomized 
design (CRD) 

in a tidal pond using hapa net cages. The treatments applied in this study consisted of three 
treatments including ameliorant using banana stems (300 kg ha -1 ), lime (CaCO 3 ) (180 kg 
ha -1 ), and control (without ameliorant and lime). 

Each treatment applied four replicates. Experimental fish. The experimental fish used in this 
study were C. striata juveniles. 

The experimental fish had 

an average initial length of 2.5±0.2 cm and an average initial weight of 0.27±0.03 g. 

Experimental mediums. The experimental mediums used in this study were 12 units of hapa 
net cage with a size of 2 x 3 x 1.5 m. The hapa net cages were set 

in a pond, the top sides were covered with nets to avoid fish jumping out of the rearing 
cages. Experimental procedures. 

The production of ameliorant from banana stems used a bio-activator (EM4: effective 
microorganism 4) to accelerate the composting process. The composting process occurred 
aerobically. After the raw material became a compost, it was then dried under sunlight. The 
chemical composition of a compost from banana stems consisted of Ca (1.54%), Mg (0.86%), 
C-organic (43.39%), N (2.48%), C/N (17.50), pH (8.8), KTK + (41.07 cmoL + kg -1 ), humic acid 
(2.50 ppm), fulvic acid (0.80 ppm), and moisture (68.78%) (Purnamawati 2017). Prior to the 
experiment, the experimental fish were acclimatized to experimental conditions. This step 
was carried out for 7 days in three net cages with a size of 4 x 3 x 1.5 m. C. striata were then 
reared in a tidal pond using hapa net cages with a stocking density of 2 fish per L 
(Vivekanandan 1977; Hidayatullah et al 2015). This study was conducted for 60 days. The 
experimental fish were fed commercial feed with a protein content of ±40%, twice a day to 
apparent satiation. 

Experimental parameters. The measurements of water quality parameters were performed 
following the procedures described by APHA (1989). The 

water quality parameters measured were temperature, pH, dissolved oxygen, sulfate (SO 4 2-
), 
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ammonia. The 
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measurements of temperature, pH and dissolved oxygen level were carried out every 15 
days, while the measurements of sulfate, alkalinity and ammonia were performed at the 
beginning, 

middle and the end of the experiment. 

The measurement of albumin levels followed the method described by Infusino & Panteghini 
(2013), while the proximate analysis of the fish feed and the experimental fish were carried 
out according to the procedure by Takeuchi (1988). The measurement of plasma glucose 
levels was performed using a liquicolor glucose commercial kit GOD-PAP with calorimetric 
method and the results of the measurement were read with a spectrophotometer at a 
wavelength of 500 nm following the procedure 

constructed by Wedemeyer & Yasutake (1977). The daily mortality was recorded to obtain the 
survival data. 

Survival was calculated using a formula according to Kang’ombe & Brown (2008): SR = (N t x N 
0 -1 ) x 100 Note: SR = Survival (%) N t = The number of the fish at the end of the study 
(individual) N o = 

The number of the fish at the beginning of the 

study ( 

individual) The fish weight samplings were done every 15 days to obtain the growth data 
(specific growth rate). 

Specific growth rate was calculated using a formula stated by Weatherley & Gill (1989). SGR = 
[(ln W 2 –ln W 1 )/(t 2 – t 1 )] x 100 

Note: 

SGR = Specific growth rate (% day -1 ) W 1 = The average weight of the fish at the beginning 
of the study (g) W 2 = The average weight of the fish at time t 2 (g) t 2 – t 1 = Experimental 
duration Feed 

intake (F) was obtained by summing the daily amount of the feed consumed during the 
study. The feed efficiency 

was calculated using a formula constructed by Kang’ombe & Brown (2008). ℮ = [((Wt + D) – 
Wo) / F] x 100 

Note: ℮ = 

Feed efficiency W o = The weight of the fish at the beginning of the study (g) W t = The weight 
of the fish at the end of the study (g) D = The weight of the dead fish during the study (g) F = 
The weight of total feed given during the study (g dry weight) Statistical analysis. The water 
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quality parameters were analyzed through descriptive statistic. Survival, specific growth rate, 
albumin content, feed efficiency, protein retention, 

and fat retention were analyzed through ANOVA with a help of SPSS version 22 

to see the differences among treatments. Results and Discussion. The 

water quality ranges in the experimental mediums are shown in Table 1. Water quality 
ranges varied among one treatment and other treatments. Water temperature ranges in the 
experimental mediums were not relatively different among treatments and those were an 
optimal range for the fish growth. The pH, total alkalinity, and sulfate showed differences 
between ameliorant added and lime added treatments to control (without the addition of 
ameliorant and lime). This could be seen from the high pH and total alkalinity, as well as the 
low sulfate levels dissolved in water. There was no difference in dissolved oxygen (DO) and 
ammonia levels among ameliorant, lime and control treatments. 

AACL 
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Table 1 

The values of physical-chemical parameters of the water in each treatment during the study 
Parameters Treatments Tolerance range * and optimum range ** Ameliorant Lime 
(Dolomite) Control pH 6.8–7.2 6.9–7.4 5.3–5.8 4.25–9.4* 3) Sulfate (SO 4 2- ) (mg L -1 ) 
10.2–12.6 10.7–29.6 20.1–48.2 5–150* 1) Alkalinity (mg L -1 ) 85.1–115.8 71.0–110.4 22.1–26.6 
100–150* 1) Ammonia (NH 3 ) (mg L -1 ) 0.01–0.05 0.01–0.07 0.03–0.05 0.54–1.57* 2) DO (mg L 
-1 ) 4.12–5.80 4.15–5.47 4.79–5.12 < 5 3) Temperature ( o C) 29.32–30.12 29.42–30.29 
28.32–30.02 26–32** 3) 1) Wedemeyer (1996), 2 Qin et al (1997), 3) Courtenay, Jr. & Williams 
(2004), *) tolerance range, **) optimum range. 

The growth performance (survival, SGR and feed efficiency) and physiological characteristics 
(protein retention, energy retention, and albumin content) of C. striata in 60-day-experiment 
can be seen in Table 2. The addition of an ameliorant into ponds located in an acid sulfate 
land could produce the highest specific growth rate (SGR) and albumin level of C. striata 
(6.42% day -1 and 3.12 g per 100 mL, respectively), followed by lime added and control 
treatments (p>0.05). The survival (SR) of C. striata juveniles ranged from 54.45 to 70.55%. The 
highest SR was obtained in ameliorant treatment, but it was not significantly different from 
the lime added treatment. The same results were also found in feed efficiency and protein 
retention (PR), while fat retention (FR) does not show a significant difference between among 
treatments tested in this study. 

Table 2 Survival (SR), specific growth rate (SGR), albumin content, feed efficiency, protein 
retention (PR), 

and fat retention (FR) 
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of Channa striata reared in the different mediums during the study 

Parameters Treatments Ameliorant Lime (Dolomite) Control SR (%) 70.55±7.21 a 62.58±3.60 a 
54.45±3.13 b SGR (% day -1 ) 6.42±0.33 a 5.54±0.21 b 4.77±0.39 c Albumin content (g per 100 
mL) 3.12±0.06 a 2.88±0.10 b 2.69±0.08 c Feed efficiency (%) 89.07±6,33 a 79.66±6.98 a 67.61
±6.36 b PR (%) 53.41±4.70 a 47.98±4.48 a 40.79±3.14 b FR (%) 89.41±13.17 a 88.04±14.67 a 
76.79±8.03 a 

Different superscript letters in the same row indicate significant 

different results (p>0.05). C. striata is classified as a fish that is able to live in marginal 
medium, but it is sensitive to extreme environmental changes as well as majority of 
organisms. In relation to environmental conditions, the survival of the fish will be high, if the 
living medium is in a good condition, but when the living medium is not in a good condition, 
it will lead to the increasing of the fish mortality. The survivals of C. striata juveniles in the 
current results using ameliorant and lime were higher than the previous studies conducted 
in the laboratory using acidic sulfate water medium that resulted SR at a value of 54.44% 
(Purnamawati et al 2017a), but those were lower than the nursery phase in soil ponds with an 
SR of 57.33–76.67% (Rahman et al 2013) and the rearing in acidic sulfate water medium 
without aeration (SR 92%) (Purnamawati et al 2017b). The administration of ameliorant is 
able to produce water quality conditions that are appropriate to the habitat of C. striata. The 
improvement of water quality in acidic sulfate water through the addition of an ameliorant 
allows the fish to utilize feed more 
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optimal. The 

pH range of 6.8-7.4 in the ameliorant and lime treatments is still good enough for the growth 
of C. striata juveniles, because it is still in tolerance range of pH for C. striata life (4.25-9.4) 
(Courtenay & Williams 2004), while the optimal pH for the intensive fish farming is 7.0–8.0 
(Wedemeyer 1996). In this pH range, gills can maximally bind oxygen and ions required by 
the body, so that the physiological activities of the fish will be more optimal. The use of 
ameliorant is related to the increase in Ca 2+ needed to bind sulfate (SO 4 2- ) (a source of the 
water acidity) to form gypsum deposits (Fitzpatrick et al 1998). Humic acid, fulvic acid and 
humin acid contained in an ameliorant cause an increase in pH (H + decreases). The sulfate 
level in ameliorant treatment was 10.2–12.6 mg L -1 , this range was still within the tolerance 
range for the fish life. In all treatments, the sulfate levels in the experimental mediums were 
low and still within the tolerance range for fish life according to Boyd (1988). The 
improvement of water quality in ponds located in acid sulfate land through the 
administration of an ameliorant produced from banana stems in C. striata farming provided 
the best results compared to the control and a treatment using lime, because the water's 
toxicity potential became reduced. This was shown by a lower ammonia (NH 3 ) level 
(0.01–0.05 mg L -1 ) in ameliorant treatment compared to other treatments. This level can still 
be tolerated by C. striata, because 
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at ammonia level of 1.57 mg L -1 , C. striata juvenile can still grow (Qin et al 1997). 

Dissolved oxygen (DO) level range during the study was 4.12-5.80 mg L -1 . This range still 
meets the range recommended for the life and the growth of C. striata (Boyd 1988). C. striata 
is categorized in air breathing fish that has diverticula as the additional respiratory organ, so 
the fish can live in poor-oxygen-medium and can tolerate hypoxia by using oxygen derived 
from the air (Huang et al 2011; Song et al 2013). Alkalinity in water is caused by bicarbonate 
(HCO 3 ), carbonate (CO 3 - ), and hydroxide (OH - ) ions. At the ameliorant treatment, the 
alkalinity level was 85.1–115.8 mg L -1 CaCO 3 . This level was slightly higher than those of the 
lime treatment and control, and it was not far from the optimal range (100-150 mg L -1 CaCO 
3 ) (Wedemeyer 1996). In the optimal range, the ability of alkalinity to sustain the pH of the 
water becomes better, but it does not negatively affect the fish growth (Wedemeyer 1996; 
Boyd 1988). The results of statistical analysis showed that the administration of an ameliorant 
and lime significantly affected the survival (SR) of C. striata. The administration of an 
ameliorant at a dose of 300 kg per ha pond and lime at a dose of 180 kg per ha pond 
produced a higher SR compared to control (p>0.05). This was due to the better water quality 
in both treatment mediums compared to control. This caused the stress level of the fish 
decreasing and the fish became healthier. As a consequence, SR in ameliorant and lime 
treatments was also higher. Growth is a complex biological process. Growth can occur when 
there is excess energy and materials derived from the feed. The C. striata juveniles which 
were reared in the ameliorant treated pond produced the highest specific growth rate (SGR) 
(6.42%), followed by the lime and the control groups with SGR values of 5.54% and 4.77%, 
respectively (p>0.05) (Table 2). The difference in growth rates showed that the C. striata which 
were reared in the ameliorant treated pond were better in utilizing the energy sourced by the 
feed. The high SGR in C. striata juveniles reared in the ameliorant treated pond was 
supported by a finding showing the highest albumin content in the fish blood (3.12 g per 100 
mL) found in ameliorant treatment compared to other treatments (p>0.05). A better water 
quality in the ameliorant treated pond will improve the ability of the fish to absorb nutrient 
from the feed. It is reflected in the high albumin content in the fish reared in the ameliorant 
treated pond. By maintaining albumin in the blood plasma, the fish can also maintain blood 
volume. Albumin is one of blood plasma proteins synthesized in the liver (Infusino & 
Panteghini 2013). Albumin plays a role in transporting small molecules through plasma and 
extracellular fluid (Suprayitno 2014), maintaining plasma balance in blood vessels with fluid 
in the interstitial cavity and the formation of cells and tissues (Nugroho 2012). 
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C. striata juveniles which were reared in the medium treated with an ameliorant had higher 
feed intake and feed efficiency than those of control, but those were not significantly 
different from the lime treatment. This showed that the feed given could be properly utilized 
by the fish, so that nutrients contained in the feed could be retained in the fish body 
efficiently. The feed efficiency is determined by several factors such as genetic, nutritional 
content, farming management, and environment (Robinson & Li 2015; Hasan & Soto 2017). In 
normal conditions, physiological processes in the fish's body will run well, so that the feed 
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can be used entirely by the fish and can be converted into the fish flesh (Nelson & Chabot 
2011). Daily feed intake 

is one of factors that influence the potential of the fish to grow optimally and feed 
consumption rate is closely related to the capacity and the emptying of the 

fish gut (Abowei & Ekubo 2011). The high SGR in the ameliorant treatment was not only 
reflected in the albumin content and feed efficiency, but also reflected in protein retention 
(PR). The ameliorant and lime treatments resulted in higher PR (53.41% and 47.98%) than 
that of control (Table 2). Protein retention is affected by the type of the feed, feed quality and 
environmental conditions (Samantaray & Mohanty 1997; Purnamawati et al 2017a). The 
better is the feed quality and the environment, higher is the protein retention. The 
administration of an ameliorant and lime into the pond has a major role in improving water 
quality, so that the utilization of the feed energy becomes more optimal. This causes the 
protein derived from the feed will be retained more in the body 

and decomposed only in a few amount or it will be utilized as energy to maintain 
homeostasis. 

Jobling et al (1991) state that the high energy for body activities will reduce the energy 
budget for the growth. According to Nelson & Chabot (2011), energy in the feed is 
physiologically used for activities and metabolism, 

while the residue will be deposited as body tissue through the growth process and the 
synthesis of reproductive tissue. The difference in water quality conditions as a result of 
different treatments did not significantly influence fat retention (p<0.05). This described that 
the utilization of fat by the fish in three experimental groups was not much different. This is 
thought to occur because the energy derived from the feed, especially derived from protein, 
is widely released by the body for the adaptation to poor environmental conditions. 
Conclusions. An ameliorant from banana stems can be used as a substitute for lime in 
improving water quality of a pond located in acid sulfate land. The use of an ameliorant and 
dolomite resulted in higher survivals of the C. striata than that of without using an 
ameliorant and dolomite, but the best growth was obtained in the ameliorant group. 
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Indonesia. Corresponding author: Purnamawati, 
pur_polnep@yahoo.com Abstract. The aim of this study was to 
evaluate the effects of the use of 

an ameliorant produced from banana stems to increase water 
pH and improve the growth of the snakehead fish (Channa 
striata). The experiment applied 

a completely randomized design. The treatments applied in this 
study consisted of three treatments 

including ameliorant (300 kg ha -1 ), lime (CaCO 3 ) (180 kg ha -1
), and control (without ameliorant and lime). Each treatment 
applied four replicates. 

C. striata juveniles with an average initial length of 2.5±0.2 cm 
and an average initial weight of 0.27±0.03 g were reared in 12 
units of hapa net cages measuring 2 x 3 x 1.5 m with a stocking 
density of 2 fish per L, for 60 days. The fish were fed commercial 
feed with a 

protein content of 40%, 

twice a day (morning and afternoon) until to apparent satiation. 
The 

use of an ameliorant in the experimental medium significantly 

gave better 

treatments applied in this study consisted of three treatments 
including ameliorant (300 kg ha -1 ), lime (CaCO 3 ) (180 kg ha -1
), and control (without ameliorant and lime). Each treatment 
applied four replicates. C. striata juveniles with an average initial 
length of 2.5±0.2 cm and an average initial weight of 0.27±0.03 g 
were reared in 12 units of hapa net cages measuring 2 x 3 x 1.5 
m with a stocking density of 2 fish per L, for 60 days. The fish 
were fed commercial feed with a protein content of 40%, twice a 
day (morning and afternoon) until to apparent satiation. The use 
of an ameliorant in the experimental medium significantly gave 
better results shown by higher survival (70.55%), specific growth 
rate (6.42% day -1 ), feed efficiency (89.07%), protein retention 
(53.41%), fat retention (89.41%), and albumin content (3.12 g per 
100 mL) than those of control. Key Words: air-breathing fish, 
banana stems, dolomite, tidal area. Introduction. Indonesia has 
about 20.11 million ha of tidal swamp land consisting of 2.07 
million ha of tidal potential land, 6.71 million ha of acid sulfate 
land, 10.89 million ha of peatland, and 0.44 million ha of saline 
land. The tidal land is spread in several regions, including 
Sumatera, Kalimantan, Papua, and Sulawesi (Arsyad et al 2014). 
Tidal swamp land area of West Kalimantan is around 1.12 million 
ha, which is spread in several districts (BPS Kalbar 2012) and 
20,532 ha of it is acid sulfate land (Alwi 2014). Most of these 
lands have been used for fish farming, but in general, the 
productivity is still relatively low. The low productivity of fisheries 
sectors in this area is due to various problems, especially poor 
water quality. In a low water quality condition, there are only 
certain fish species that can be cultivated, one of those species is 
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results shown by higher survival (70.55%), specific growth rate 
(6.42% day -1 ), feed efficiency (89.07%), protein retention 
(53.41%), fat retention (89.41%), 

and albumin content (3.12 g per 100 mL) than those of control. 
Key Words: air-breathing fish, banana stems, dolomite, tidal 
area. Introduction. Indonesia has about 20.11 million ha of tidal 
swamp land consisting of 2.07 million ha of tidal potential land, 
6.71 million ha of acid sulfate land, 10.89 million ha of peatland, 
and 0.44 million ha of saline land. The tidal land is spread in 
several regions, including Sumatera, Kalimantan, Papua, and 
Sulawesi (Arsyad et al 2014). Tidal swamp land area of West 
Kalimantan is around 1.12 million ha, which is spread in several 
districts (BPS Kalbar 2012) and 20,532 ha of it is acid sulfate land 
(Alwi 2014). 

Most of these lands have been used for fish farming, but in 
general, the productivity is still relatively low. The low 
productivity 

of fisheries sectors in this area is due to various problems, 
especially poor water quality. In a low water quality condition, 
there are only certain fish species that can be cultivated, one of 
those species is the snakehead fish (Channa striata). C. striata, is 
a freshwater fish species, classified in Channidae family and 
Perciformes order (Nakkrasae et al 2015). This fish is a potential 
and important species to be developed as an aquaculture 
commodity (Mollah 1985; Marimuthu et al 2009; Mollah et al 
2009; Rahman et al 2013), and has high economic value with 

the snakehead fish (Channa striata). C. striata, is a freshwater 
fish species, classified in Channidae family and Perciformes 
order (Nakkrasae et al 2015). This fish is a potential and 
important species to be developed as an aquaculture commodity 
(Mollah 1985; Marimuthu et al 2009; Mollah et al 2009; Rahman 
et al 2013), and has high economic value with prices ranging 
from 3.78 to 4.47 USD kg -1 . Moreover, this fish flesh is used as 
a treatment of post- surgical therapy and can increase body 
endurance (Gam et al 2006; Marimuthu et al 2009; Mohd & Abdul 
2012). C. striata usually lives in rivers, rice fields and ponds. C. 
striata relatively prefers calm water (without agitation). Another 
advantage possessed by C. striata is its ability to 

AACL Bioflux, 2018, Volume 11, Issue 6. 1920 http://
www.bioflux.com.ro/aacl live in low oxygen environment. But to 
grow optimally, this species needs to live in a medium with 
optimal water quality ranges. One of limiting factors that 
influences the C. striata cultivation in acid sulfate land is pH. 
Tidal land has a pH range of 2.53–3.39 (Purnamawati et al 
2017a), sulfate concentration at 6.91–8.7 mg L -1 , dissolved 
oxygen less than 5 mg L -1 (Purnamawati et al 2017b). This water 
quality condition can be improved by increasing the pH of the 
culture medium. To increase the water pH in fish ponds can be 
done by adding a certain amount of lime into fish ponds (de 
Queiroz et al 2004; Cavalcante et al 2012). However, the required 
lime is not always available, especially in some locations that are 
far from the centers of agricultural production facilities. To 
overcome this issue, some local based plant materials can be 
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prices ranging from 3.78 to 4.47 USD kg -1 . Moreover, this fish 
flesh is used as a treatment of post- surgical therapy and can 
increase body endurance (Gam et al 2006; Marimuthu et al 2009; 
Mohd & Abdul 2012). C. striata usually lives in rivers, rice fields 
and ponds. C. striata relatively prefers calm water (without 
agitation). Another advantage possessed by C. striata is its ability 
to 

AACL Bioflux, 2018, Volume 11, Issue 6. 1920 http://
www.bioflux.com.ro/aacl 

live in low oxygen environment. But to grow optimally, this 
species needs to live in a medium with optimal water quality 
ranges. One of limiting factors that influences the C. striata 
cultivation in acid sulfate land is pH. Tidal land has a pH range of 
2.53–3.39 (Purnamawati et al 2017a), sulfate concentration at 
6.91–8.7 mg L -1 , dissolved oxygen less than 5 mg L -1 
(Purnamawati et al 2017b). This water quality condition can be 
improved by increasing the pH of the culture medium. To 
increase the water pH in fish ponds can be done by adding a 
certain amount of lime into fish ponds (de Queiroz et al 2004; 
Cavalcante et al 2012). However, the required lime is not always 
available, especially in some locations that are far from the 
centers of agricultural production facilities. To overcome this 
issue, some local based plant materials can be used as 
ameliorants to substitute the utilization of lime. Banana stem is a 
waste that can be used as an ameliorant. This is caused by 
banana stem has some advantages, including low cost, 
abundant availability, easy to be processed, and it is not harmful 

used as ameliorants to substitute the utilization of lime. Banana 
stem is a waste that can be used as an ameliorant. This is caused 
by banana stem has some advantages, including low cost, 
abundant availability, easy to be processed, and it is not harmful 
for the cultivated organisms. This material is expected to be a 
solution in aquaculture practices conducted in acid sulfate 
medium, especially in tidal land. This study aimed to evaluate the 
effectiveness of the use of banana stems as an ameliorant in 
acid sulfate medium in order to promote the growth of C. striata 
juveniles. Material and Method. The present study was 
conducted on July-September 2018. The rearing of C. striata was 
conducted in a tidal pond located in Kubu Raya District, West 
Kalimantan, Indonesia. The measurement of plasma glucose 
levels, albumin levels, the proximate analysis of the fish feed and 
the experimental fish were conducted at Environmental and 
Food Technology Laboratory, Tanjungpura University, Pontianak, 
Indonesia. Experimental design. This study was conducted 
through a completely randomized design (CRD) in a tidal pond 
using hapa net cages. The treatments applied in this study 
consisted of three treatments including ameliorant using banana 
stems (300 kg ha -1 ), lime (CaCO 3 ) (180 kg ha -1 ), and control 
(without ameliorant and lime). Each treatment applied four 
replicates. Experimental fish. The experimental fish used in this 
study were C. striata juveniles. The experimental fish had an 
average initial length of 2.5±0.2 cm and an average initial weight 
of 0.27±0.03 g. Experimental mediums. The experimental 
mediums used in this study were 12 units of hapa net cage with 
a size of 2 x 3 x 1.5 m. The hapa net cages were set in a pond, the 
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for the cultivated organisms. This material is expected to be a 
solution in aquaculture practices conducted in acid sulfate 
medium, especially in tidal land. This study aimed to evaluate the 
effectiveness of the use of banana stems as an ameliorant in 
acid sulfate medium in order to promote the growth of C. striata 
juveniles. Material and Method. The present 

study was conducted on July-September 2018. The rearing of C. 
striata was conducted 

in a tidal pond located in Kubu Raya District, West Kalimantan, 
Indonesia. The measurement of plasma glucose levels, albumin 

levels, the proximate analysis of the fish feed and the 
experimental fish were 

conducted 

at Environmental and Food Technology Laboratory, Tanjungpura 
University, Pontianak, Indonesia. Experimental design. This 
study was conducted through a completely randomized design 
(CRD) 

in a tidal pond using hapa net cages. The treatments applied in 
this study consisted of three treatments including ameliorant 
using banana stems (300 kg ha -1 ), lime (CaCO 3 ) (180 kg ha -1 ), 
and control (without ameliorant and lime). 

Each treatment applied four replicates. Experimental fish. The 
experimental fish used in this study were C. striata juveniles. 

top sides were covered with nets to avoid fish jumping out of the 
rearing cages. Experimental procedures. The production of 
ameliorant from banana stems used a bio-activator (EM4: 
effective microorganism 4) to accelerate the composting 
process. The composting process occurred aerobically. After the 
raw material became a compost, it was then dried under 
sunlight. The chemical composition of a compost from banana 
stems consisted of Ca (1.54%), Mg (0.86%), C-organic (43.39%), N 
(2.48%), C/N (17.50), pH (8.8), KTK + (41.07 cmoL + kg -1 ), humic 
acid (2.50 ppm), fulvic acid (0.80 ppm), and moisture (68.78%) 
(Purnamawati 2017). Prior to the experiment, the experimental 
fish were acclimatized to experimental conditions. This step was 
carried out for 7 days in three net cages with a size of 4 x 3 x 1.5 
m. C. striata were then reared in a tidal pond using hapa net 
cages with a stocking density of 2 fish per L (Vivekanandan 1977; 
Hidayatullah et al 2015). This study was conducted for 60 days. 
The experimental fish were fed commercial feed with a protein 
content of ±40%, twice a day to apparent satiation. Experimental 
parameters. The measurements of water quality parameters 
were performed following the procedures described by APHA 
(1989). The water quality parameters measured were 
temperature, pH, dissolved oxygen, sulfate (SO 4 2- ), 

AACL Bioflux, 2018, Volume 11, Issue 6. 1921 http://
www.bioflux.com.ro/aacl alkalinity, and ammonia. The 
measurements of temperature, pH and dissolved oxygen level 
were carried out every 15 days, while the measurements of 
sulfate, alkalinity and ammonia were performed at the 
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The experimental fish had 

an average initial length of 2.5±0.2 cm and an average initial 
weight of 0.27±0.03 g. 

Experimental mediums. The experimental mediums used in this 
study were 12 units of hapa net cage with a size of 2 x 3 x 1.5 m. 
The hapa net cages were set 

in a pond, the top sides were covered with nets to avoid fish 
jumping out of the rearing cages. Experimental procedures. 

The production of ameliorant from banana stems used a bio-
activator (EM4: effective microorganism 4) to accelerate the 
composting process. The composting process occurred 
aerobically. After the raw material became a compost, it was 
then dried under sunlight. The chemical composition of a 
compost from banana stems consisted of Ca (1.54%), Mg (0.86%), 
C-organic (43.39%), N (2.48%), C/N (17.50), pH (8.8), KTK + (41.07 
cmoL + kg -1 ), humic acid (2.50 ppm), fulvic acid (0.80 ppm), and 
moisture (68.78%) (Purnamawati 2017). Prior to the experiment, 
the experimental fish were acclimatized to experimental 
conditions. This step was carried out for 7 days in three net 
cages with a size of 4 x 3 x 1.5 m. C. striata were then reared in a 
tidal pond using hapa net cages with a stocking density of 2 fish 
per L (Vivekanandan 1977; Hidayatullah et al 2015). This study 
was conducted for 60 days. The experimental fish were fed 
commercial feed with a protein content of ±40%, twice a day to 
apparent satiation. 

beginning, middle and the end of the experiment. The 
measurement of albumin levels followed the method described 
by Infusino & Panteghini (2013), while the proximate analysis of 
the fish feed and the experimental fish were carried out 
according to the procedure by Takeuchi (1988). The 
measurement of plasma glucose levels was performed using a 
liquicolor glucose commercial kit GOD-PAP with calorimetric 
method and the results of the measurement were read with a 
spectrophotometer at a wavelength of 500 nm following the 
procedure constructed by Wedemeyer & Yasutake (1977). The 
daily mortality was recorded to obtain the survival data. Survival 
was calculated using a formula according to Kang’ombe & Brown 
(2008): SR = (N t x N 0 -1 ) x 100 Note: SR = Survival (%) N t = The 
number of the fish at the end of the study (individual) N o = The 
number of the fish at the beginning of the study (individual) The 
fish weight samplings were done every 15 days to obtain the 
growth data (specific growth rate). Specific growth rate was 
calculated using a formula stated by Weatherley & Gill (1989). 
SGR = [(ln W 2 –ln W 1 )/(t 2 – t 1 )] x 100 Note: SGR = Specific 
growth rate (% day -1 ) W 1 = The average weight of the fish at 
the beginning of the study (g) W 2 = The average weight of the 
fish at time t 2 (g) t 2 – t 1 = Experimental duration Feed intake (F) 
was obtained by summing the daily amount of the feed 
consumed during the study. The feed efficiency was calculated 
using a formula constructed by Kang’ombe & Brown (2008). ℮ = 
[((Wt + D) – Wo) / F] x 100 Note: ℮ = Feed efficiency W o = The 
weight of the fish at the beginning of the study (g) W t = The 
weight of the fish at the end of the study (g) D = The weight of 
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Experimental parameters. The measurements of water quality 
parameters were performed following the procedures described 
by APHA (1989). The 

water quality parameters measured were temperature, pH, 
dissolved oxygen, sulfate (SO 4 2- ), 

AACL Bioflux, 2018, Volume 11, Issue 6. 1921 http://
www.bioflux.com.ro/aacl 

alkalinity, and 

ammonia. The 

measurements of temperature, pH and dissolved oxygen level 
were carried out every 15 days, while the measurements of 
sulfate, alkalinity and ammonia were performed at the 
beginning, 

middle and the end of the experiment. 

The measurement of albumin levels followed the method 
described by Infusino & Panteghini (2013), while the proximate 
analysis of the fish feed and the experimental fish were carried 
out according to the procedure by Takeuchi (1988). The 
measurement of plasma glucose levels was performed using a 
liquicolor glucose commercial kit GOD-PAP with calorimetric 
method and the results of the measurement were read with a 
spectrophotometer at a wavelength of 500 nm following the 
procedure 

the dead fish during the study (g) F = The weight of total feed 
given during the study (g dry weight) Statistical analysis. The 
water quality parameters were analyzed through descriptive 
statistic. Survival, specific growth rate, albumin content, feed 
efficiency, protein retention, and fat retention were analyzed 
through ANOVA with a help of SPSS version 22 to see the 
differences among treatments. Results and Discussion. The 
water quality ranges in the experimental mediums are shown in 
Table 1. Water quality ranges varied among one treatment and 
other treatments. Water temperature ranges in the experimental 
mediums were not relatively different among treatments and 
those were an optimal range for the fish growth. The pH, total 
alkalinity, and sulfate showed differences between ameliorant 
added and lime added treatments to control (without the 
addition of ameliorant and lime). This could be seen from the 
high pH and total alkalinity, as well as the low sulfate levels 
dissolved in water. There was no difference in dissolved oxygen 
(DO) and ammonia levels among ameliorant, lime and control 
treatments. 

AACL Bioflux, 2018, Volume 11, Issue 6. 1922 http://
www.bioflux.com.ro/aacl Table 1 The values of physical-chemical 
parameters of the water in each treatment during the study 
Parameters Treatments Tolerance range * and optimum range 
** Ameliorant Lime (Dolomite) Control pH 6.8–7.2 6.9–7.4 5.3–5.8 
4.25–9.4* 3) Sulfate (SO 4 2- ) (mg L -1 ) 10.2–12.6 10.7–29.6 
20.1–48.2 5–150* 1) Alkalinity (mg L -1 ) 85.1–115.8 71.0–110.4 
22.1–26.6 100–150* 1) Ammonia (NH 3 ) (mg L -1 ) 0.01–0.05 
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constructed by Wedemeyer & Yasutake (1977). The daily 
mortality was recorded to obtain the survival data. 

Survival was calculated using a formula according to Kang’ombe 
& Brown (2008): SR = (N t x N 0 -1 ) x 100 Note: SR = Survival (%) N 
t = The number of the fish at the end of the study (individual) N o 
= 

The number of the fish at the beginning of the 

study ( 

individual) The fish weight samplings were done every 15 days to 
obtain the growth data (specific growth rate). 

Specific growth rate was calculated using a formula stated by 
Weatherley & Gill (1989). SGR = [(ln W 2 –ln W 1 )/(t 2 – t 1 )] x 100 

Note: 

SGR = Specific growth rate (% day -1 ) W 1 = The average weight 
of the fish at the beginning of the study (g) W 2 = The average 
weight of the fish at time t 2 (g) t 2 – t 1 = Experimental duration 
Feed 

intake (F) was obtained by summing the daily amount of the feed 
consumed during the study. The feed efficiency 

was calculated using a formula constructed by Kang’ombe & 
Brown (2008). ℮ = [((Wt + D) – Wo) / F] x 100 

0.01–0.07 0.03–0.05 0.54–1.57* 2) DO (mg L -1 ) 4.12–5.80 
4.15–5.47 4.79–5.12 < 5 3) Temperature ( o C) 29.32–30.12 
29.42–30.29 28.32–30.02 26–32** 3) 1) Wedemeyer (1996), 2 Qin 
et al (1997), 3) Courtenay, Jr. & Williams (2004), *) tolerance 
range, **) optimum range. The growth performance (survival, 
SGR and feed efficiency) and physiological characteristics 
(protein retention, energy retention, and albumin content) of C. 
striata in 60-day-experiment can be seen in Table 2. The addition 
of an ameliorant into ponds located in an acid sulfate land could 
produce the highest specific growth rate (SGR) and albumin level 
of C. striata (6.42% day -1 and 3.12 g per 100 mL, respectively), 
followed by lime added and control treatments (p>0.05). The 
survival (SR) of C. striata juveniles ranged from 54.45 to 70.55%. 
The highest SR was obtained in ameliorant treatment, but it was 
not significantly different from the lime added treatment. The 
same results were also found in feed efficiency and protein 
retention (PR), while fat retention (FR) does not show a 
significant difference between among treatments tested in this 
study. Table 2 Survival (SR), specific growth rate (SGR), albumin 
content, feed efficiency, protein retention (PR), and fat retention 
(FR) of Channa striata reared in the different mediums during 
the study Parameters Treatments Ameliorant Lime (Dolomite) 
Control SR (%) 70.55±7.21 a 62.58±3.60 a 54.45±3.13 b SGR (% 
day -1 ) 6.42±0.33 a 5.54±0.21 b 4.77±0.39 c Albumin content (g 
per 100 mL) 3.12±0.06 a 2.88±0.10 b 2.69±0.08 c Feed efficiency 
(%) 89.07±6,33 a 79.66±6.98 a 67.61±6.36 b PR (%) 53.41±4.70 a 
47.98±4.48 a 40.79±3.14 b FR (%) 89.41±13.17 a 88.04±14.67 a 
76.79±8.03 a Different superscript letters in the same row 
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Note: ℮ = 

Feed efficiency W o = The weight of the fish at the beginning of 
the study (g) W t = The weight of the fish at the end of the study 
(g) D = The weight of the dead fish during the study (g) F = The 
weight of total feed given during the study (g dry weight) 
Statistical analysis. The water quality parameters were analyzed 
through descriptive statistic. Survival, specific growth rate, 
albumin content, feed efficiency, protein retention, 

and fat retention were analyzed through ANOVA with a help of 
SPSS version 22 

to see the differences among treatments. Results and 
Discussion. The 

water quality ranges in the experimental mediums are shown in 
Table 1. Water quality ranges varied among one treatment and 
other treatments. Water temperature ranges in the experimental 
mediums were not relatively different among treatments and 
those were an optimal range for the fish growth. The pH, total 
alkalinity, and sulfate showed differences between ameliorant 
added and lime added treatments to control (without the 
addition of ameliorant and lime). This could be seen from the 
high pH and total alkalinity, as well as the low sulfate levels 
dissolved in water. There was no difference in dissolved oxygen 
(DO) and ammonia levels among ameliorant, lime and control 
treatments. 

indicate significant different results (p>0.05). C. striata is 
classified as a fish that is able to live in marginal medium, but it 
is sensitive to extreme environmental changes as well as 
majority of organisms. In relation to environmental conditions, 
the survival of the fish will be high, if the living medium is in a 
good condition, but when the living medium is not in a good 
condition, it will lead to the increasing of the fish mortality. The 
survivals of C. striata juveniles in the current results using 
ameliorant and lime were higher than the previous studies 
conducted in the laboratory using acidic sulfate water medium 
that resulted SR at a value of 54.44% (Purnamawati et al 2017a), 
but those were lower than the nursery phase in soil ponds with 
an SR of 57.33–76.67% (Rahman et al 2013) and the rearing in 
acidic sulfate water medium without aeration (SR 92%) 
(Purnamawati et al 2017b). The administration of ameliorant is 
able to produce water quality conditions that are appropriate to 
the habitat of C. striata. The improvement of water quality in 
acidic sulfate water through the addition of an ameliorant allows 
the fish to utilize feed more 

AACL Bioflux, 2018, Volume 11, Issue 6. 1923 http://
www.bioflux.com.ro/aacl optimal. The pH range of 6.8-7.4 in the 
ameliorant and lime treatments is still good enough for the 
growth of C. striata juveniles, because it is still in tolerance range 
of pH for C. striata life (4.25-9.4) (Courtenay & Williams 2004), 
while the optimal pH for the intensive fish farming is 7.0–8.0 
(Wedemeyer 1996). In this pH range, gills can maximally bind 
oxygen and ions required by the body, so that the physiological 
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Table 1 

The values of physical-chemical parameters of the water in each 
treatment during the study Parameters Treatments Tolerance 
range * and optimum range ** Ameliorant Lime (Dolomite) 
Control pH 6.8–7.2 6.9–7.4 5.3–5.8 4.25–9.4* 3) Sulfate (SO 4 2- ) 
(mg L -1 ) 10.2–12.6 10.7–29.6 20.1–48.2 5–150* 1) Alkalinity (mg 
L -1 ) 85.1–115.8 71.0–110.4 22.1–26.6 100–150* 1) Ammonia (NH 
3 ) (mg L -1 ) 0.01–0.05 0.01–0.07 0.03–0.05 0.54–1.57* 2) DO (mg 
L -1 ) 4.12–5.80 4.15–5.47 4.79–5.12 < 5 3) Temperature ( o C) 
29.32–30.12 29.42–30.29 28.32–30.02 26–32** 3) 1) Wedemeyer 
(1996), 2 Qin et al (1997), 3) Courtenay, Jr. & Williams (2004), *) 
tolerance range, **) optimum range. 

The growth performance (survival, SGR and feed efficiency) and 
physiological characteristics (protein retention, energy retention, 
and albumin content) of C. striata in 60-day-experiment can be 
seen in Table 2. The addition of an ameliorant into ponds located 
in an acid sulfate land could produce the highest specific growth 
rate (SGR) and albumin level of C. striata (6.42% day -1 and 3.12 g 
per 100 mL, respectively), followed by lime added and control 
treatments (p>0.05). The survival (SR) of C. striata juveniles 
ranged from 54.45 to 70.55%. The highest SR was obtained in 
ameliorant treatment, but it was not significantly different from 

activities of the fish will be more optimal. The use of ameliorant 
is related to the increase in Ca 2+ needed to bind sulfate (SO 4 2-
) (a source of the water acidity) to form gypsum deposits 
(Fitzpatrick et al 1998). Humic acid, fulvic acid and humin acid 
contained in an ameliorant cause an increase in pH (H + 
decreases). The sulfate level in ameliorant treatment was 
10.2–12.6 mg L -1 , this range was still within the tolerance range 
for the fish life. In all treatments, the sulfate levels in the 
experimental mediums were low and still within the tolerance 
range for fish life according to Boyd (1988). The improvement of 
water quality in ponds located in acid sulfate land through the 
administration of an ameliorant produced from banana stems in 
C. striata farming provided the best results compared to the 
control and a treatment using lime, because the water's toxicity 
potential became reduced. This was shown by a lower ammonia 
(NH 3 ) level (0.01–0.05 mg L -1 ) in ameliorant treatment 
compared to other treatments. This level can still be tolerated by 
C. striata, because at ammonia level of 1.57 mg L -1 , C. striata 
juvenile can still grow (Qin et al 1997). Dissolved oxygen (DO) 
level range during the study was 4.12-5.80 mg L -1 . This range 
still meets the range recommended for the life and the growth 
of C. striata (Boyd 1988). C. striata is categorized in air breathing 
fish that has diverticula as the additional respiratory organ, so 
the fish can live in poor-oxygen-medium and can tolerate 
hypoxia by using oxygen derived from the air (Huang et al 2011; 
Song et al 2013). Alkalinity in water is caused by bicarbonate 
(HCO 3 ), carbonate (CO 3 - ), and hydroxide (OH - ) ions. At the 
ameliorant treatment, the alkalinity level was 85.1–115.8 mg L -1 
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the lime added treatment. The same results were also found in 
feed efficiency and protein retention (PR), while fat retention (FR) 
does not show a significant difference between among 
treatments tested in this study. 

Table 2 Survival (SR), specific growth rate (SGR), albumin content, 
feed efficiency, protein retention (PR), 

and fat retention (FR) 

of Channa striata reared in the different mediums during the 
study 

Parameters Treatments Ameliorant Lime (Dolomite) Control SR 
(%) 70.55±7.21 a 62.58±3.60 a 54.45±3.13 b SGR (% day -1 ) 6.42
±0.33 a 5.54±0.21 b 4.77±0.39 c Albumin content (g per 100 mL) 
3.12±0.06 a 2.88±0.10 b 2.69±0.08 c Feed efficiency (%) 89.07
±6,33 a 79.66±6.98 a 67.61±6.36 b PR (%) 53.41±4.70 a 47.98±4.48 
a 40.79±3.14 b FR (%) 89.41±13.17 a 88.04±14.67 a 76.79±8.03 a 

Different superscript letters in the same row indicate significant 

different results (p>0.05). C. striata is classified as a fish that is 
able to live in marginal medium, but it is sensitive to extreme 
environmental changes as well as majority of organisms. In 
relation to environmental conditions, the survival of the fish will 
be high, if the living medium is in a good condition, but when the 
living medium is not in a good condition, it will lead to the 
increasing of the fish mortality. The survivals of C. striata 
juveniles in the current results using ameliorant and lime were 

CaCO 3 . This level was slightly higher than those of the lime 
treatment and control, and it was not far from the optimal range 
(100-150 mg L -1 CaCO 3 ) (Wedemeyer 1996). In the optimal 
range, the ability of alkalinity to sustain the pH of the water 
becomes better, but it does not negatively affect the fish growth 
(Wedemeyer 1996; Boyd 1988). The results of statistical analysis 
showed that the administration of an ameliorant and lime 
significantly affected the survival (SR) of C. striata. The 
administration of an ameliorant at a dose of 300 kg per ha pond 
and lime at a dose of 180 kg per ha pond produced a higher SR 
compared to control (p>0.05). This was due to the better water 
quality in both treatment mediums compared to control. This 
caused the stress level of the fish decreasing and the fish 
became healthier. As a consequence, SR in ameliorant and lime 
treatments was also higher. Growth is a complex biological 
process. Growth can occur when there is excess energy and 
materials derived from the feed. The C. striata juveniles which 
were reared in the ameliorant treated pond produced the 
highest specific growth rate (SGR) (6.42%), followed by the lime 
and the control groups with SGR values of 5.54% and 4.77%, 
respectively (p>0.05) (Table 2). The difference in growth rates 
showed that the C. striata which were reared in the ameliorant 
treated pond were better in utilizing the energy sourced by the 
feed. The high SGR in C. striata juveniles reared in the ameliorant 
treated pond was supported by a finding showing the highest 
albumin content in the fish blood (3.12 g per 100 mL) found in 
ameliorant treatment compared to other treatments (p>0.05). A 
better water quality in the ameliorant treated pond will improve 
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higher than the previous studies conducted in the laboratory 
using acidic sulfate water medium that resulted SR at a value of 
54.44% (Purnamawati et al 2017a), but those were lower than 
the nursery phase in soil ponds with an SR of 57.33–76.67% 
(Rahman et al 2013) and the rearing in acidic sulfate water 
medium without aeration (SR 92%) (Purnamawati et al 2017b). 
The administration of ameliorant is able to produce water quality 
conditions that are appropriate to the habitat of C. striata. The 
improvement of water quality in acidic sulfate water through the 
addition of an ameliorant allows the fish to utilize feed more 

AACL Bioflux, 2018, Volume 11, Issue 6. 1923 http://
www.bioflux.com.ro/aacl 

optimal. The 

pH range of 6.8-7.4 in the ameliorant and lime treatments is still 
good enough for the growth of C. striata juveniles, because it is 
still in tolerance range of pH for C. striata life (4.25-9.4) 
(Courtenay & Williams 2004), while the optimal pH for the 
intensive fish farming is 7.0–8.0 (Wedemeyer 1996). In this pH 
range, gills can maximally bind oxygen and ions required by the 
body, so that the physiological activities of the fish will be more 
optimal. The use of ameliorant is related to the increase in Ca 2+ 
needed to bind sulfate (SO 4 2- ) (a source of the water acidity) to 
form gypsum deposits (Fitzpatrick et al 1998). Humic acid, fulvic 
acid and humin acid contained in an ameliorant cause an 
increase in pH (H + decreases). The sulfate level in ameliorant 
treatment was 10.2–12.6 mg L -1 , this range was still within the 

the ability of the fish to absorb nutrient from the feed. It is 
reflected in the high albumin content in the fish reared in the 
ameliorant treated pond. By maintaining albumin in the blood 
plasma, the fish can also maintain blood volume. Albumin is one 
of blood plasma proteins synthesized in the liver (Infusino & 
Panteghini 2013). Albumin plays a role in transporting small 
molecules through plasma and extracellular fluid (Suprayitno 
2014), maintaining plasma balance in blood vessels with fluid in 
the interstitial cavity and the formation of cells and tissues 
(Nugroho 2012). 

AACL Bioflux, 2018, Volume 11, Issue 6. 1924 http://
www.bioflux.com.ro/aacl C. striata juveniles which were reared 
in the medium treated with an ameliorant had higher feed 
intake and feed efficiency than those of control, but those were 
not significantly different from the lime treatment. This showed 
that the feed given could be properly utilized by the fish, so that 
nutrients contained in the feed could be retained in the fish body 
efficiently. The feed efficiency is determined by several factors 
such as genetic, nutritional content, farming management, and 
environment (Robinson & Li 2015; Hasan & Soto 2017). In normal 
conditions, physiological processes in the fish's body will run 
well, so that the feed can be used entirely by the fish and can be 
converted into the fish flesh (Nelson & Chabot 2011). Daily feed 
intake is one of factors that influence the potential of the fish to 
grow optimally and feed consumption rate is closely related to 
the capacity and the emptying of the fish gut (Abowei & Ekubo 
2011). The high SGR in the ameliorant treatment was not only 
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tolerance range for the fish life. In all treatments, the sulfate 
levels in the experimental mediums were low and still within the 
tolerance range for fish life according to Boyd (1988). The 
improvement of water quality in ponds located in acid sulfate 
land through the administration of an ameliorant produced from 
banana stems in C. striata farming provided the best results 
compared to the control and a treatment using lime, because 
the water's toxicity potential became reduced. This was shown 
by a lower ammonia (NH 3 ) level (0.01–0.05 mg L -1 ) in 
ameliorant treatment compared to other treatments. This level 
can still be tolerated by C. striata, because 

at ammonia level of 1.57 mg L -1 , C. striata juvenile can still 
grow (Qin et al 1997). 

Dissolved oxygen (DO) level range during the study was 
4.12-5.80 mg L -1 . This range still meets the range 
recommended for the life and the growth of C. striata (Boyd 
1988). C. striata is categorized in air breathing fish that has 
diverticula as the additional respiratory organ, so the fish can 
live in poor-oxygen-medium and can tolerate hypoxia by using 
oxygen derived from the air (Huang et al 2011; Song et al 2013). 
Alkalinity in water is caused by bicarbonate (HCO 3 ), carbonate 
(CO 3 - ), and hydroxide (OH - ) ions. At the ameliorant treatment, 
the alkalinity level was 85.1–115.8 mg L -1 CaCO 3 . This level was 
slightly higher than those of the lime treatment and control, and 
it was not far from the optimal range (100-150 mg L -1 CaCO 3 ) 
(Wedemeyer 1996). In the optimal range, the ability of alkalinity 
to sustain the pH of the water becomes better, but it does not 

reflected in the albumin content and feed efficiency, but also 
reflected in protein retention (PR). The ameliorant and lime 
treatments resulted in higher PR (53.41% and 47.98%) than that 
of control (Table 2). Protein retention is affected by the type of 
the feed, feed quality and environmental conditions (Samantaray 
& Mohanty 1997; Purnamawati et al 2017a). The better is the 
feed quality and the environment, higher is the protein 
retention. The administration of an ameliorant and lime into the 
pond has a major role in improving water quality, so that the 
utilization of the feed energy becomes more optimal. This causes 
the protein derived from the feed will be retained more in the 
body and decomposed only in a few amount or it will be utilized 
as energy to maintain homeostasis. Jobling et al (1991) state that 
the high energy for body activities will reduce the energy budget 
for the growth. According to Nelson & Chabot (2011), energy in 
the feed is physiologically used for activities and metabolism, 
while the residue will be deposited as body tissue through the 
growth process and the synthesis of reproductive tissue. The 
difference in water quality conditions as a result of different 
treatments did not significantly influence fat retention (p<0.05). 
This described that the utilization of fat by the fish in three 
experimental groups was not much different. This is thought to 
occur because the energy derived from the feed, especially 
derived from protein, is widely released by the body for the 
adaptation to poor environmental conditions. Conclusions. An 
ameliorant from banana stems can be used as a substitute for 
lime in improving water quality of a pond located in acid sulfate 
land. The use of an ameliorant and dolomite resulted in higher 
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negatively affect the fish growth (Wedemeyer 1996; Boyd 1988). 
The results of statistical analysis showed that the administration 
of an ameliorant and lime significantly affected the survival (SR) 
of C. striata. The administration of an ameliorant at a dose of 300 
kg per ha pond and lime at a dose of 180 kg per ha pond 
produced a higher SR compared to control (p>0.05). This was 
due to the better water quality in both treatment mediums 
compared to control. This caused the stress level of the fish 
decreasing and the fish became healthier. As a consequence, SR 
in ameliorant and lime treatments was also higher. Growth is a 
complex biological process. Growth can occur when there is 
excess energy and materials derived from the feed. The C. striata 
juveniles which were reared in the ameliorant treated pond 
produced the highest specific growth rate (SGR) (6.42%), 
followed by the lime and the control groups with SGR values of 
5.54% and 4.77%, respectively (p>0.05) (Table 2). The difference 
in growth rates showed that the C. striata which were reared in 
the ameliorant treated pond were better in utilizing the energy 
sourced by the feed. The high SGR in C. striata juveniles reared in 
the ameliorant treated pond was supported by a finding 
showing the highest albumin content in the fish blood (3.12 g 
per 100 mL) found in ameliorant treatment compared to other 
treatments (p>0.05). A better water quality in the ameliorant 
treated pond will improve the ability of the fish to absorb 
nutrient from the feed. It is reflected in the high albumin content 
in the fish reared in the ameliorant treated pond. By maintaining 
albumin in the blood plasma, the fish can also maintain blood 
volume. Albumin is one of blood plasma proteins synthesized in 

survivals of the C. striata than that of without using an 
ameliorant and dolomite, but the best growth was obtained in 
the ameliorant group. References Abowei J. F. N., Ekubo E. T., 
2011 Some principles and requirements in fish nutrition. British 
Journal of Pharmacology and Toxicology 2:163–178. Alwi M., 
2014 [The prospect of tidal swamp land for rice crops]. The 
Proceeding of the National Seminar “Location-Specific 
Technological Innovation”, 2014 August 6-7; Banjarbaru, 
Indonesia, pp. 45-59. [In Indonesian]. Arsyad D. M., Saidi B. B., 
Enrizal, 2014 [Development of agricultural innovations in tidal 
swamp land for increasing food sovereignty]. Pengembangan 
Inovasi Pertanian 7:169-178. [In Indonesian]. Boyd C. E., 1988 
Water quality in warmwater fish ponds. Alabama Experiment 
Station, Auburn, 359 p. Cavalcante D. H., da Silva S. R., Pinheiro P. 
D., Akao M. M. F., e Sá M. V. C., 2012 Single or paired increase of 
total alkalinity and hardness of water for cultivation of Nile 
tilapia juveniles, Oreochromis niloticus. Acta Scientarium 
34:177–183. Courtenay Jr. W. R., Williams J. D., 2004 Snakeheads 
(Pisces, Channidae) - A biological synopsis and risk assesment. 
U.S. Geological Survey, Denver, 143 p. 

AACL Bioflux, 2018, Volume 11, Issue 6. 1925 http://
www.bioflux.com.ro/aacl de Queiroz J. F., Nicolella G., Wood C. 
W., Boyd C. E., 2004 Lime application methods, water and 
bottom soil acidity in fresh water fish ponds. Scientia Agricola 
61:469- 475. Fitzpatrick R. W., Merry R. H., Williams J., White I., 
Bowman G., Taylor G., 1998 Acid sulfate soil assessment: coastal, 
inland and minespoil conditions. National Land and Water 
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the liver (Infusino & Panteghini 2013). Albumin plays a role in 
transporting small molecules through plasma and extracellular 
fluid (Suprayitno 2014), maintaining plasma balance in blood 
vessels with fluid in the interstitial cavity and the formation of 
cells and tissues (Nugroho 2012). 

AACL Bioflux, 2018, Volume 11, Issue 6. 1924 http://
www.bioflux.com.ro/aacl 

C. striata juveniles which were reared in the medium treated 
with an ameliorant had higher feed intake and feed efficiency 
than those of control, but those were not significantly different 
from the lime treatment. This showed that the feed given could 
be properly utilized by the fish, so that nutrients contained in the 
feed could be retained in the fish body efficiently. The feed 
efficiency is determined by several factors such as genetic, 
nutritional content, farming management, and environment 
(Robinson & Li 2015; Hasan & Soto 2017). In normal conditions, 
physiological processes in the fish's body will run well, so that 
the feed can be used entirely by the fish and can be converted 
into the fish flesh (Nelson & Chabot 2011). Daily feed intake 

is one of factors that influence the potential of the fish to grow 
optimally and feed consumption rate is closely related to the 
capacity and the emptying of the 

fish gut (Abowei & Ekubo 2011). The high SGR in the ameliorant 
treatment was not only reflected in the albumin content and 
feed efficiency, but also reflected in protein retention (PR). The 

Resources Audit Methods Paper. National Land and Water 
Resources Department, Canberra, 18 p. Gam L. H., Leow C. Y., 
Baie S., 2006 Proteomic analysis of snakehead fish (Channa 
striata) muscle tissue. Malaysian Journal of Biochemistry and 
Molecular Biology 14:25–32. Hasan M. R., Soto D., 2017 
Improving feed conversion ratio and its impact on reducing 
greenhouse gas emissions in aquaculture. FAO Non-Serial 
Publication, Food and Agriculture Organization of the United 
Nations, Rome, 33 p. Hidayatullah S., Muslim, Taqwa F. H., 2015 
[Rearing of snakehead larvae (Channa striata) in plastic lined 
pond with different stocking density]. Jurnal Perikanan dan 
Kelautan 20:61-70. [In Indonesian]. Huang C. Y., Lin C. P., Lin H. 
C., 2011 Morphological and biochemical variations in the gills of 
12 aquatic air-breathing anabantoid fish. Physiological and 
Biochemical Zoology 84:125–134. Infusino I., Panteghini M., 2013 
Serum albumin: accuracy and clinical use. Clinica Chimica Acta 
419:15-18. Jobling M., Knudsen R., Pedersen P. S., dos Santos J., 
1991 Effects of dietary composition and energy content on the 
nutritional energetics of cod, Gadus morhua. Aquaculture 
92:243-257. Kang’ombe J., Brown J. A., 2008 Effect of salinity on 
growth, feed utilization, and survival of Tilapia rendalli under 
laboratory conditions. Journal of Applied Aquaculture 
20:256-271. Marimuthu K., Jesu Arokiaraj A., Haniffa M. A., 2009 
Effect of diet quality on seed production of the spotted 
snakehead Channa punctatus (Bloch). American-Eurasian Journal 
of Sustainable Agriculture 3:344–347. Mohd S. M. A., Abdul M. M. 
J., 2012 Therapeutic potential of the haruan (Channa striatus): 
from food to medicinal uses. Malaysian Journal of Nutrition 
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ameliorant and lime treatments resulted in higher PR (53.41% 
and 47.98%) than that of control (Table 2). Protein retention is 
affected by the type of the feed, feed quality and environmental 
conditions (Samantaray & Mohanty 1997; Purnamawati et al 
2017a). The better is the feed quality and the environment, 
higher is the protein retention. The administration of an 
ameliorant and lime into the pond has a major role in improving 
water quality, so that the utilization of the feed energy becomes 
more optimal. This causes the protein derived from the feed will 
be retained more in the body 

and decomposed only in a few amount or it will be utilized as 
energy to maintain homeostasis. 

Jobling et al (1991) state that the high energy for body activities 
will reduce the energy budget for the growth. According to 
Nelson & Chabot (2011), energy in the feed is physiologically 
used for activities and metabolism, 

while the residue will be deposited as body tissue through the 
growth process and the synthesis of reproductive tissue. The 
difference in water quality conditions as a result of different 
treatments did not significantly influence fat retention (p<0.05). 
This described that the utilization of fat by the fish in three 
experimental groups was not much different. This is thought to 
occur because the energy derived from the feed, especially 
derived from protein, is widely released by the body for the 
adaptation to poor environmental conditions. Conclusions. An 

18:125–136. Mollah M. F. A., 1985 Effects of stocking density and 
water depth on the growth and survival of freshwater catfish 
(Clarias macrocephalus Gunther) larvae. Indian Journal of 
Fisheries 35:1–17. Mollah M. F. A., Mamun M. S. A., Sarowar M. 
N., Roy A., 2009 Effects of stocking density on the growth and 
breeding performance of broodfish and larval growth and 
survival of shol, Channa striatus (Bloch). Journal of the 
Bangladesh Agricultural University 7:427-432. Nakkrasae L., 
Wisetdee K., Charoenphandhu N., 2015 Osmoregulatory 
adaptations of freshwater air-breathing snakehead fish (Channa 
striata) after exposure to brackish water. Journal of Comparative 
Physiology B 185:527–537. Nelson J. A., Chabot D., 2011 General 
energy metabolism. In: Encyclopedia of fish physiology: from 
genome to environment, volume 3. Farrell A. P. (ed), pp. 1566- 
1572, Academic Press, San Diego. Nugroho M., 2012 [The 
isolation of albumin and characteristics of molecular weight 
from extraction result by steaming of fish gabus (Ophiocephalus 
striatus)]. SAINTEK PERIKANAN: Indonesian Journal of Fisheries 
Science and Technology 9:40–48. [In Indonesian]. Purnamawati, 
2017 [The growth performance of snakehead Channa striata 
Bloch. on tidal land through water quality engineering]. Bogor 
Agricultural University, Bogor, 78 p. [In Indonesian]. 
Purnamawati, Djokosetiyanto D., Nirmala K., Harris E., Affandi R., 
2017a Survival and growth of striped snakehead fish (Channa 
striata Bloch.) juvenile reared in acid sulfate water and rainwater 
medium. AACL Bioflux 10:265–273. Purnamawati, Djokosetiyanto 
D., Nirmala K., Surawidjaja E. H., Affandi R., 2017b Survival and 
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ameliorant from banana stems can be used as a substitute for 
lime in improving water quality of a pond located in acid sulfate 
land. The use of an ameliorant and dolomite resulted in higher 
survivals of the C. striata than that of without using an 
ameliorant and dolomite, but the best growth was obtained in 
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