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Abstract: A study was undertaken to determine the effect of different dietary protein levels on growth, survival
and production of Mystus cavasius (Hamilton-Buchanan 1822) with three experimental diets containing 29%,
32% and 35% protein level applied simultaneously to three treatments T4, T, and T; respectively each with three
replications. The stocking density (1, 11, 150/ha), initial weight (3.00+£00 g) and length (2.00+£0.00 cm) of fish
were same for all the treatments. No significant (P>0.05) difference was found for the mean values of water
quality parameters. A suitable range of water quality parameters were recorded with the environment of
experimental ponds. In terms of growth, production and survival, relatively highest performance was found in
the treatment Ts. After 180 days of rearing, average weight gain was 29.16+0.43 g, 31.17+0.30 g and
37.44+0.32 g with the above three different feeds, respectively. The average daily gain (ADG) and specific
growth rate (SGR) of all treatments showed significant difference (P<0.05) and the highest value (0.21+0.04 and
1.43+0.01%) was found with the 35% dietary protein level containing diet. Feed conversion ratio (FCR)
improved with increase of dietary protein. The findings of FCR were 2.97+0.02 at 29% protein level (T,),
2.64+0.02 at 32% protein level (T,) and 2.20+0.01 at 35% protein level (T3). The results of protein efficiency
ratio (PER) values were fairly similar of 1.17+0.02 and 1.18+0.01 for 29% and 32% protein level containing
diets respectively indicating low efficiency and the highest efficiency (1.30+0.01) was found with 35% protein
level. The findings of condition factor in different treatments for Mystus cavasius were not significantly
(P>0.05) varied with the treatments. Calculated values of condition factor were 1.04+0.00, 1.03+0.03 and
1.09+0.05 in treatment T4, T, and treatment T5 respectively. In pond culture, the performance of treatment T3
was found to be better than the treatment T, and T, The production was of 3616+16.74 kg/ha in T during the
culture period of six months. The best cost benefit ratio (CBR) value (1.98+0.02) was also found with treatment
Ts. The 35% dietary protein level with treatment Ts resulted in best growth performance and was probably
adequate to meet the dietary protein needs of Mystus cavasius (Hamilton-Buchanan, 1822).

Keywords: Mystus cavasius; dietary protein; survival; production

1. Introduction

Mystus cavasius (Hamilton-Buchanan, 1822) is a catfish under family Bagridae of order Siluriformes.
According to IUCN 2015, Mystus cavasius is enlisted as near threatened catfish. It is commonly known as
Gangetic Mystus which has been reported to be distributed in India, Bangladesh, Pakistan, Nepal, Sri Lanka,
Thailand and Myanmar. The fish is usually found in fresh water and is mostly available in rivers (both fast
flowing and slow flowing), canals, beels, ponds, ditches and inundated fields.

It has been found that this fish has high nutritive value. Chemically the flesh of M. cavasius contains 78.99 g
moisture, 16.16 g protein(muscle), 2.26 g fat, 4.77 g ash, protein 13.81 g, and gross energy 4.16 (Hossain et al.
1999). This type of composition is not found in any other fishes like Catla catla, Labeo rohita, Cirrhinus
mrigala etc. This fish has a great consumer preference with its delicious taste and therefore have a great demand
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and high price in the market also. Considering the top ten choices by all categories of consumers, Mystus
cavasius holds second place with 67.50% consumer preference among the recorded small indigenous of the
Padma river (Samad et al., 2010).

In Bangladesh different private and Govt. fish seed firms have developed seed production technology through
artificial propagation This species is reported quite favorable under standard conditions of carp farming
(Hossain et al., 1998) but their monoculture has not yet been available in the country (Kohinoor et al., 2004).
The growth of fish biomass under intensive mono-culture depends upon various factors especially on feed. The
most noticeable problem facing fish culturist is the need to obtain a balance between a rapid fish growth and
optimum use of the supplied feed. In aquaculture nutrition is one of the most critical factors because feed
represent 40-50 % of production cost. (Craig and Helfrish, 2002).

Protein plays a significant role in providing fish growth. Fish consume protein to obtain the essential and non-
essential amino acids, which are necessary for muscle formation and enzymatic function and in part provide
energy for maintenance (Yang et al., 2002). 65-70% of the dry weight of fish muscle comprises with protein
which is the most important and basal constituent among all the nutrients required by fish for growth and
maintenance, and is also metabolized as an energy source by fish. (Wilson and Halver, 1986). Insufficient
protein in the diet results in a delay of growth and a loss of weight whereas diet with excessive protein contents
usually causes energy costs, increased the nitrogenous excretion and reduce the growth of fish. (Monentcham et
al., 2009; Tawwab et al., 2010) Any excess is considered wasteful, biologically as well as economically and
therefore, it is important to minimize the amount of protein used for energy (NRC, 1993; Deng et al., 2011) .The
mixture of ingredients is necessary to contribute a balance of required nutrients. No single ingredients can
provide the total nutritive source; therefore, a high-quality food should contain a mixture of animal and plant
proteins as well as supplemental vitamins and minerals (Rahman et al., 2013). However, the optimum dietary
protein requirements are known to be affected by several factors including the fish species and size, the quality
of the protein source, and the amount of non-protein energy in the diet (NRC, 2011).

Therefore, in the present study attempts were taken to investigate the growth performance in different protein
level containing feed for Mystus cavasius in pond habitat for domestication as well as conservation of this
species.

2. Materials and Methods

2.1. Location and duration of the study

The experiment was carried out for six months during November 2016 to April 2017, crossing both winter and
summer season in three experimental ponds was at Tanore Upzila, Rajshahi All the ponds were well exposed to
sunlight.

2.2. Experimental design

The experiment was carried out in Tanore, Rajshahi. The experiment was designed (Table 1) for rearing Mystus
cavasius in Three treatments (100 decimal and 1.5m depth) of each different dietary protein level containing feed,
they are 29%, 32% and 35% in treatment Ty, T,, and T respectively. To each of the experimental ponds
1,11,150/ha fish seed were released having mean length 2.00 £02 cm and mean weight 3.00+£01 g at the initial
period.

Table 1. Lay out of the experimental design.

Treatment Protein level of feed Stocking density
T,- Diet 1 29 % 450/decimal
T,- Diet 2 32% 450/decimal
Ts- Diet 3 35% 450/decimal

2.3. Experimental fish

Gulsha (Mystus cavasius) fry were used in this experiment. Fish fry were collected from Satata Matsha
Hatchery and Fishery, Tarakanda, Mymensingh. All the fish were the same age group having mean weight of
3.00+0.00g with the treatments T,, T, and Ts, respectively. Prior to start of the experiment, the Gulsha (Mystus
cavasius) fingerlings were acclimatized to the new environment. Then the fish were stocked in the ponds
according to the experimental design.
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2.4. Pond preparation and stocking

Aquatic weeds were removed from the ponds manually. Liming was done at a rate of 1-2 kg/decimal before
seven days of fertilization. All the ponds were fertilized with Cow dung 5-7 kg/dec, urea 100-150 g/dec and TSP
50-75 g/dec as basal dose.

One week after basal fertilization all the ponds were stocked with Mystus cavasius having an average length and
weight of 2cm and 3g, respectively with stocking density of 450 individuals/ decimal.

2.5. Preparation of feed and application

Seven available ingredients which were fish meal, Fish meal, Soyabean meal, Meat and bone meal, Mustard oil
cake, Maize bran, Wheat flour, Rice bran used in preparing feed. The proximate composition of feed has been
presented to calculate different protein level for Mystus cavasius in Table 2. The inclusion rate of different feed
ingredients (Table 3) were calculated using Microsoft excel, 2007.The required quantities of all ingredients mixed
with machine (prepared feed) and spread it to the experimental pond surface.

Feeding adjustment was done every two weeks based on a feeding rate from 10% down to 5% of the average
body weight. The amount of feeds used per treatment was recorded daily.

Table 2. Proximate composition of different feed ingredients.

Ingredients Moisture Protein (%  Lipid (%6on  Fibre (% 0on Ash (% on NFE (% on
(%) on D.M) D.M) D.M) D.M) D.M)

Fish meal 17.63 61.5 7.62 1.54 25.89 3.45

Soyabean meal 14.46 44 13.44 12.12 9.73 20.71

Meat and bone meal 9.93 48 3.90 1.12 1.60 45.38

Mustard oil cake 10.67 31 4.43 9.71 4.93 49.93

Maize bran 11.67 13 10.45 20.85 16.40 39.3

Wheat flour 9.14 14 8.4 18.5 13.5 45.6

Rice bran 10.32 13 6.8 19.6 14.2 46.4

NFE calculated as= 100%- (crude protein + crude lipid + crude fiber + ash)

Table 3. Inclusion rate of different feed ingredients used in the experiment.

Ingredients Inclusion rate (%) in different treatments
T1(29%) T, (32%) T3 (35%)

Fish meal 12 15 20
Soyabean meal 12 15 15
Meat and bone meal 12 15 15
Mustard oil cake 15 15 15
Maize bran 15 13 12
Wheat flour 15 12 10
Rice bran 15 12 10
Binder 1 1 1
Vitamin and Mineral 2 2 2

2.6. Water quality monitoring

Physico-chemical parameters like water temperature (°C), transparency (cm), dissolved oxygen (mg/l), NH3-N
(mg/1), P and alkalinity (mg/l) of each experimental pond were measured fortnightly and data were recorded
carefully on sampling dates. A centigrade thermometer was used for temperature recording, Secchi disc for
transparency and the chemical parameters were recorded using Hack Kit box (FF2, USA). All the recordings
were taken between 9.00 am to 10 am.

2.7. Monitoring of fish growth

In each month 10% of the stocked fishes were caught from each pond with the help of a cast net for the study of
growth performance of fish. The following parameters were used to evaluate the growth performance of fishes
under different treatments-
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2.7.1. Estimation of weight gain
Estimation of weight gain was performed using the following formula,
Weight gain= final weight (g) — initial weight of fish (g)

2.7.2. Average daily gain (ADG)
Average daily gain was defined by the following formula,
ADG= (Mean final body weight-Mean initial body weight)/Time (T,-Ty)

2.7.3. Specific growth rate, SGR (% bwd™)
Specific growth rate (SGR) was calculated as the percentage increase in weight per animal per day.
SGR% = (In WT- InW,)/ (T-t) x 100.

2.7.4. Estimation of feed conversion ration (FCR)
FCR value is one of the most important factor in an aquaculture program. The formula which was used for
obtaining FCR is given below-FCR =Dry weight of feed fed (g)/live weight gain (g).

2.7.5. Protein efficiency ratio (PER)
The PER value was found by using the following formula-wet weight gain of fish (g)/ weight of protein fed (g).
(Dry feed based).

2.7.6. Condition Factor (K)

Condition factor is an indicator of the changes in food reserves and therefore an indicator of the general
fish condition. Condition factor of the Mystus cavasius was calculated by the following formula suggested
by Fulton (1904) as,

= ng, x 100, Where, K = condition factor, W = body weight, L= body Length

2.7.7. Estimation of survival rate
The survival rate of Mystus cavasius for each treatment and replication was estimated at the end of the 180 days.
The survival rate was calculated thus,
Survival rate (%) = No. of actual f[sh survived
No. of actual fish stocked

2.8. Economics

Simple cost-benefit analysis was followed to study the economics of tilapia monoculture under different
treatments for the present study. Data on both fixed and variable costs were recorded to determine the total cost
(Tk/ha/6 months). Total return determined from the market price of fish was expressed as Tk/ha/4 months. Net
benefit calculated by deducting the total return from total cost was expressed as Tk/ ha/6 months. CBR was
calculated as follows:

CBR=Net benefit/total cost.

2.9. Statistical analysis

All the collected data were subjected to using one-way analysis of variance (ANOVA) and tested Duncan's New
Multiple Range Test (DMRT) to identify significant differences among the mean values. This statistical analysis
was performed with the support of the computer software SPSS (Statistical package for social sciences, 16)
program (Zar, 1984).

3. Results

3.1. Monitoring water quality parameters

Water quality parameters were monitored fortnightly. Water temperature varied from 25.01+0.3°C to
26.13+0.76°C; Water transparency, 27.64+0.23 to 28.79+0.58 cm; Dissolved oxygen, 5.05+0.05 to 5.12+0.03
mg/1; PH, 7.02 £0.11 to 7.73+0.02; CO2, 1.05+0.18 to 1.43+0.08; Alkalinity, 137.67+1.53 to 140.00+1.00 mg/I
and NH3-N, 0.016 +0.002 to 0.020+ 0.003 mg/1. Significant differences (P<0.05) were not found among the
water quality parameters of the three treatments (Table 4).



Asian J. Med. Biol. Res. 2020, 6 (4) 663

Table 4. Variation in the mean values of water quality parameters under different treatments.

Treatments parameters T T, Ts Level of significance at 5%
Temperature (°C) 26.13+0.76 25.33+£0.31 25.01+0.34 NS
Transparency (cm) 28.79+0.58 27.64+0.23 28.02+0.22 NS
DO (mg/1) 5.05+0.05 5.14+0.0 5.12+0.03 NS
pH 7.50+0.10 7.02+0.11 7.73+0.02 NS
Alkalinity (mg/1) 137.67+1.53 139.00+1.00 140.00+1.00 NS
NH;-N (mg/1) 0.019+0.004 0.020+0.003 0.016+0.002 NS

NS= Not significant

3.2. Growth performance

Variations in the mean values of growth parameters under different treatments during the study period are
summarized in Table 5. Variations in the monthly values of weight under different treatments during the study
period are shown in Figure 1. In most of the cases treatment T3 varied significantly (P>0.05) from treatment T,
and T,. The values of final weight were 32.17£0.43 in treatment T,, 34.98+0.3 in treatment T, and 40.44+0.32g
in treatment Ts. The results of average weight gain were 29.16+0.43, 31.17+0.30, and 37.44+0.32 in treatment
Ti1, T, and Ts respectively. The average daily gain was found to be ranged from 0.16+0.01 to 0.21+0.04g.
Values of mean SGR were 1.30£0.03, 1.35+0.05 and 1.43£0.01 in treatment T,, T, and T3 respectively. The
mean value of FCR was recorded 2.20+0.01 in treatment T3, 2.64+0.02 in treatment T,, and 2.97+0.02 in
treatment T;. The highest value of PER was 1.30£0.01 in treatment T3z and the lowest (1.17+0.02) value was
found in Treatment T;. The best result (1.09+05) of condition factor was recorded in treatment T3 The results of
survival rate were 72.43+1.20, 75.82+1.15 and 80.45+0.87 in treatment Ty, T, and T3 respectively. The mean
values of production (kg/ha/6 months) were found to be ranged from 2589.40+14.40 to 3616.0+16.74. The
minimum value of production was recorded with the treatment T, whereas the maximum value was recorded
with the treatment Ts.

Table 5. Variation in the mean values of growth parameters under different treatments during the study
period.

Treatments parameters T, T, T,

Initial Weight (g) 3.00+0.00° 3.00+0.00% 3.00+0.00%
Final Weight (g) 32.17+0.43° 34.98+0.30° 40.44+0.32°
Weight Gain (g) 29.16+0.43° 31.17+0.30° 37.44+0.32°
ADG (g) 0.16+0.01% 0.17+0.02° 0.21+0.04°

SGR (%bwd™) 1.30+0.03? 1.35+0.05" 1.4340.01°
FCR 2.97+0.02° 2.64+0.02" 2.20+0.01°
PER 1.17+0.02° 1.18+0.01° 1.30+0.01°
Condition factor (k) 1.04+00? 1.03+03% 1.09+05%
Survival rate (%) 72.43+1.20% 75.82+1.15° 80.45+0.87°
Production 99(kg/ha/6months) 2589.40+14.24% 2948.10+20.70° 3616+16.74°

**Ejgures in the same raw having same superscripts are not significantly different.
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Figure 1. Variation in the monthly values of weight under different treatments during the study period.

3.3. Economics

Economies of different dietary protein level containing feeding on Mystus cavasius for compensatory growth
under different treatments is summarized in Table 6. Variations in the mean values of total cost
(BDT/ha/6months), total income (BDT/ha/6months) and net profit (BDT/ha/6months) among the treatments are
shown in Figure 2. Variations in the mean values of CBR among the treatments are shown in Figure 3. A simple
economic analysis was performed to estimate the Cost Benefit Ratio (CBR) from this culture operation. The
total cost, total income, net benefit and cost benefit ratio were significantly different (p<0.05) among the
treatments. The highest total cost (607110+£1865.14 Tk/ha/6 months) was found with the treatment T; whereas
lowest cost (521380+772.39 was found with the treatment T, Total income varied from 1035700+£5696.78 to
1808000+8361 Tk/ha/6 months. Highest total income was found with the treatment T; whereas lowest income
was found with the treatment Ty, The best result for net benefit (1200900+9807 Tk/ha/6 months) was found with
treatment Ts. Cost benefit ratio (CBR) were found 0.99 + 0.01, 1.40£0.02 and 1.98 £ 0.02 in treatment T1, T,
and Ts respectively.

Table 6. Economies of different dietary protein level containing feeding on Mystus cavasius for
compensatory growth under different treatments.

Testaments economics T T T3

Pond preparation (BDT/ha) 1000+0.00% 1000+0.00% 1000+0.00°

Cost of lime (BDT/ha) 10631+0.00% 10631+0.00% 10631+0.00%

Cost of fertilizer (BDT/ha/6months) 4050+0.00° 4050+0.00° 4050+0.00

Cost of fry (BDT/ha/6months) 75450+0.00° 75450+0.00° 75450+0.00°

Feed cost (BDT/ha/6 months) 324170.00+1412.69° 356100+1394.41° 410380+1481.36°
Harvesting cost (BDT/ha) 20000+0.00? 20000+0.00° 20000+0.00?
Labour cost (BDT 300/day) 35000+0.00° 35000+0.00° 35000+0.00°

Total cost (BDT/ha/6 months) 521380+772.39% 553310+1728.34° 607110+1865.14°
Total return (BDT/ha/6months) 1035700+5696.78° 1326600+9316.30° 1808000+8368.24°
Benefit (BDT/ha/6months) 514370+4967.04° 773330£921.20° 1200900+9807.42°
CBR 0.99+0.01° 1.40+0.02° 1.98+0.02°

**Ejgures in the same raw having same superscripts are not significantly different.
(Fry cost was 1.70 BDT/piece; Market price of Gulsha (Mystus cavasius) was of 400, 450 and 500 for treatment T,, T, and
T, respectively. Leasing cost was not included)
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Figure 2. Variation in the mean values of total cost (BDT/ha/6months), total income (BDT/ha/6months)
and net profit (BDT/ha/6months) among the treatments.
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Figure 3. Variation in the mean values of CBR among the treatments.

4. Discussion

4.1. Water quality parameters

4.1.1. Water temperature (°C)

Temperature is a very important parameter for optimum growth in aquaculture because it affects feed utilization,
growth and maturation of fish. The mean temperature of different treatments was investigated to be ranged from
25.01+0.34 to 26.13+0.76. Mondol et al. (2011) was also found more or less similar result of the mean value of
water temperature and it was 26.0 +5.80. The highest growth was found at 25.01+0.34. The result was found
more or less likely to that of Kohinoor et al. (2004) in the culture pond of Mystus cavasius, Siddigy et al.
(2015) and Begum et al. (2008) in the culture pond of Mystus gulio and in case of whereas Sharma and Dutta
(2012) found the water temperature around 30. Faruk et al. (2012) found water temperature varied from 25 to 33
in tilapia culture pond. Samad et al. (2005) found in cat fish pond water temperature varied from 29.00°C to
30.6 °C that was similar to those obtained in the present study.

4.1.2. Water transparency (cm)
Water transparency is a gross measure of pond productivity. It acts as an index of productivity of a water body.
According to Berger et al. (2006) it is closely related to the phytoplankton abundance. The transparency of
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water in the present study among three treatments were in between 27.64+0.23 to 28.79+0.58. According to
Wahab et al. (1995) the transparency of productive water should be 40 cm or less. This finding was agreed with
the present finding and it is indicating good condition of biological productivity of the study ponds. The present
finding was also agreed with Begum et al. (2008) in Mystus gulio culture pond, but the result found from
Siddiqgy et al. (2015) with Kohinoor and Rahman ((2015) was significantly different to the present findings. The
reason might be due to the difference in type and location of water body. Haque et al. (2005) reported the water
transparency was of 17 to 32 cm and 20 to 35 cm respectively in catfish rearing ponds. This finding was also
agreed to the present findings prominently. Mondal et al. (2010) found the suitable water transparency for the
growth of Tilapia varied from 25 to 30 cm.

4.1.3. Dissolved Oxygen (mg/l)

The single most important parameter in a culture pond is the dissolved oxygen (DO). A general statement of
Ridha (2011) that the suitable dissolve oxygen of water body for fish culture would be 5 to 8 mg/l. The result of
this present study was revailing the acceptable value with this finding strongly. There was no significant
difference of dissolve oxygen among the treatments and the level is above 5mg/l. Kohinoor et al. (2004) and
Begum et al. (2008) found more or less likely similar value to the present study whereas Siddigky et al. (2015)
with Sharma and dutta (2012) found significantly different value to the present study. According to Rahman
(1992) DO content of a productive pond should be 5 mg/l or more. Samad et al. (2005) recorded the DO level
was of 4.70+0.61 to 5.40+0.34 for the better growth of Clarias batrachus. This result was also strongly agreed
with Ferdous et al. (2014) in which the DO content varied from 5 to 6.5 mg/l in Tilapia fry rearing pond.

4.1.4. p"

PH is treated as another important productivity index of a culture pond. Most of the water bodies having good or
moderate aquaculture condition found P within the range of 6.5 to 8.5. Slightly alkaline P™ is most suitable for
fish culture. The P" level of the present study varied from 7.02+0.11 to 7.73+0.02 in the pond water under
different dietary protein level treatments. These findings were above the minimal values or within the acceptable
range, as reported by Begum et al. (2008) in Mystus gulio rearing pond, Sharma and Dutta (2012) in Ompok
Pabo rearing pond, and with Kohinoor and Rahman (2015) in the experiment of Mystus cavasius cage culture in
river water. Boyd (1990) reported the acceptable range was of 6.5 to 9.0. The present result was strongly agreed
within this range. Samad et al. (2005) also recorded alkaline P (8.1 to 8.8) in the experiment of C. batrachus in
ponds. The present findings were also revealing the findings of Saha et al. (2003) and Samad et al. (2017).

4.1.5. Alkalinity (mg/l)

Alkalinity does not play a direct role in aquatic biotic production. It creates a favorable condition for higher
abundance of essential nutrients and this is the most important reason for higher biological productivity in
alkaline waters than in acidic waters. But Rahman (1992) reported that highly alkaline condition was not
favorable for biological production. The total alkalinity values found in the present study were within the
suitable range (137.67+1.53 to 140.00+1.00). Samad et al. (2014) found the alkalinity, 86 to 167 in the
experiment of C batrachus and this finding supports the present findings strongly. Haque et al. (2005) observed
the average total alkalinity result above 100mg/l in their experiments. Samad et al. (2016) also found the total
alkalinity range more or less 96 to 120 in the experiment of Labeo bata. All these experimental findings were
strongly agreed with the findings of the present study. The higher value of Alkalinity during the study period
might be due to low rainfall and evaporation of water. Boyd (1998) found that the natural fertility of pond water
increases with the increase in total alkalinity up to at least 150 mg/I.

4.1.6. Ammonia-Nitrogen (mg/l)

Ammonia nitrogen has a toxic effect on fish, the lower the value better for culture. But the presence of ammonia
in culture pond is a very common phenomena due to natural fish metabolism and microbiological decay of
organic matter. The finding of present study (ranged .016+.002 to .020+0.003) is supported with the observation
of Nahar et al. (2000). According to Boyd (1998) the observed low concentration of total ammonia utilization
by phytoplankton and according to Boyd (2000) the cause might be due to the oxidation of ammonia to nitrate,
especially in high dissolve oxygen conditions. Mensah et al. (2014) found ammonia nitrogen from 0.02 to 0.05
mg/l in Tilapia culture pond. This finding was more or less similar to the finding of this present study. Alim
(2005) recorded the ammonia nitrogen content varied from 0 mg/l to 1.00 mg/l. Milstein et al. (2009) recorded
0.6 to 0.29 mg/l, Alim (2005) recorded the maximum ammonia nitrogen content was of 1.00 mg/l and Kadir et
al. (2007) found 0.11 to 0.52 mg/ I. These findings were higher than the findings of present study. The reason
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might be due to lack of knowledge in feeding regime. The concentration of ammonia of this present study were
within suitable range.

4.2. Fish growth parameters

Understanding the dietary protein requirement of Gulsha (Mystus cavasius) becomes a pre-requisite for the
development of balanced nutrition, cost effective and efficient feed for culturing practice. In the present study
different types of dietary protein containing feed had a significant effect on production.

In the present study, growth and conversion efficiencies increased with increasing dietary protein levels from 29
to 35 %. Although growth of the fish levelled when reared on 35% protein in the diet. The increase in growth
was statistically significant and feeding fish with 35% protein level was economical. However an excellent
conversion efficiency was found with 35% protein level. All the growth parameters estimated here are discussed
below

4.2.1. Final weight (g)

The highest final weight (40.44+0.32) of Mystus cavasius was obtained with the treatment T; receiving 35%
protein level. The harvesting weight showed significant difference in treatment T; followed by T, and Ts.
Kohinoor et al. (2004) had found the same trend of final weight of Mystus cavasius (41.42+6.20) which was
fairly similar to the finding of this present study. Siddiqui and Khan (2008) noted significantly different final
weight (23.65 +0.02) of H. fossilis at 35 % protein level for 8 weeks experimental period. A different trend was
found in this finding with the present study, the cause might be due to species variation and difference in
experimental period.

4.2.2. Weight gain (g)

The highest weight gain (37.44+0.32) was found at Ts. There was significant difference of weight gain among
the treatments. The higher increasing trend of weight gain in this study was obtained in second and last month
of culture period and there was decline in growth in third month. This decline might be due to temperature fall
in water. The highest weight gain of this study was supportive to that of recorded by Kohinoor et al. (2004).
Paul et al. (2012) found the optimum protein level for Ompok pabda was about 33% for maximum weight gain.
The results were in agreement with Horabargus brachysoma fingerlings where crude protein level was 35%
(Giri et al. 2011) as like the present study, but it was higher than C. batrachus where 30% crude protein was in
the diet (Chuapoehuk, 1987). From the study of Ompok pabda the findings of Mollah and Sarowar (2009) also
agreed with the findings of the present study. Comparatively lower protein level in the diets of treatment T, and
T, had lower growth performance of fish, it might be due to higher levels of carbohydrates in their diets which
supports to the observations of Jantrarotai et al. (1994) in hybrid catfish. Amin et al. (2010) reported in case of
Rita rita the highest weight gain result (400.69+1.05) at 45.75% protein level for 1-year culture period. The
finding was different to the present study because of the present study period was about 6 month and dietary
protein level was 35%.

4.2.3. Average daily gain (ADG)

During the investigation of the present study the highest ADG (0.21+0.04) was found in Tz and there was
significant difference found among the treatments. Panase and Mengumphan (2015) also found the same trend
as like in the present experiment. Rahman et al. (2013) found the highest result (0.134+0.024) at 35% protein
level in case of Heteropneustes fossilis for 60 days experiment and the result was lower than that of present
study. Amin et al. (2010) recorded the highest ADG (1.10) at 45% protein level in case of Rita rita for 1 year
culture. This finding was better than present findings because both the culture period and protein level was
prominently higher than present experiment. Samad et al. (2005) found the best ADG, (0.138g) in the
experiment of C batrachus. Sangrattanakhul (1989) found the ADG of A. testudineus fish ranging from 0.100 to
0.120 g and this finding was lower than the findings of present study. Both of the findings were supportive to
the present findings. Samad et al. (2004) found a different result of ADG (10.18 mg) in case of Heteropneustes
fossilis fry in ponds. The variation might be due to difference in culture system and species variation.

4.2.4. SGR (% bwd™)

Among all the investigations of specific growth rate (% per day) of Gulsha (Mystus cavasius) in all the
treatments the highest SGR (1.43+0.01) was found in T3 containing dietary protein level 35%. As water
temperature has direct effect on the growth and metabolism of fish, fish during the culture period of second and
last two months showed major increment in growth until harvesting. More or less like this Kohinoor et al.
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(2004) found the best SGR for Mystus cavasius was of 1.23% and Paul et al. (2012) recorded the SGR value
was of 1.34% at 33% crude protein level and 1.20% at 38% crude protein level in case of Ompok pabda .These
findings resembles to Rahman et al. (2013) and the highest SGR findng (1.45+0.04) was at 35% protein level in
case of Heteropneustes fossilis which was similar to the highest finding of the present study. Unlike this, a
completely different result (109.62%) was obtained by Amin et al. (2010) which was totally different to the
present findings. The reason might be due to the variation of environmental or geographical conditions, higher
protein level and species variation comparison with the present study. Samad et al. (2004) found the best SGR
was of 2.53 in the fry rearing experiment which was better to the findings of present study. The variation
occurred because of the experiment was conducted on fry culture when the present study was for grow out
culture. The highest SGR obtained in the experiment of Hossain et al. (1998) was of 1.80 % for H fossilis by
supplying diet which was comparatively higher than the present findings, the reason might be due to species
variation.

4.2.5. Food Conversion Ratio (FCR)

FCR is the measure of diet efficiency. The lowest the value the best for the culture, and the less amount of feed
is needed to produce 1 unit weight of fish. In this study the best FCR value was found 2.20+0.01 in treatment T;
containing 35% protein level. This finding was concur with those of Siddiky et al. (2015) in which the FCR
value ranged from 1.50 to 2.00 for Mystus gulio and Paul et al.(2012) for Ompok pabda the FCR was of 2.17 at
33% protein level. Samad et al. (2004) recorded the best FCR value for fry rearing of H fossilis was 3.25. This
finding was different to the findings of present study, it occurred because the experiment was on the fry culture
while the present study was for grow out culture of Mystus cavasius. The FCR value of the present experiment
were also in agreement with the report of Webster et al. (1992) in cage reared channel catfish. But Amin et al.
(2010) found the FCR value was of 0.15 in case of Rita rita at 43.50% protein level and which was significantly
different to the findings of present study. The FCR value obtained in this study was decreased with the increase
of Protein level at the range of 29 to 35%.

4.2.6. Protein Efficiency Ratio (PER)

PER is the indicator of protein quantity and quality in the fish diet. In the present study PER is increased with
the increase of dietary protein level. This parameter is used to estimate protein utilization and its conversion into
fish weight gain. In this study PER was recorded 1.17+£0.02, 1.18+0.01, 1.30£0.01 in the treatment T, T, and T3
respectively. The highest value was observed in T (1.30+0.01) where the protein level was 35%. The result of
present study showed that possibly dietary protein was efficiently utilized by fish for protein synthesis which
was an accordance with Kikuchi et al. (1992) and Lee et al. (2000) reported that PER values of olive flounder
increased with increasing dietary protein level. Beside this finding from the experiment of Ompok pabda Paul et
al. (2012) reported the same trend (1.4 at 33% protein level) in his study. Siddiqui and Khan (2008) reported the
value of PER was of 1.51+0.09 in case of Heteropneustes fossilis at 35% dietary protein level and different
patterns of changes in PER in relation to dietary protein level and found the relationship among the dietary
protein level which was increased with the increasing of it. This finding is similar to the trend of the findings of
this study. But different result was found in the experiment of Berger and Halver (1987). Beside this finding in
contrast to present study Bai et al. (1999); Kim et al. (2004); Hossain et al. (2010); Zhang et al. (2010)
recorded different results to the present study. However Dabrowski (1979) reported that the relationship
between dietary protein and PER differs from species to species.

4.2.7. Condition Factor (K)

Fish biometrics in terms of Condition Factor (K) or the well- being of fish indicate the body condition of fish. If
the Condition factor K value is 1, it is considered as standard value. In this study condition factor was increased
with protein level increment in the diets by fish. There was no significant difference among the treatments but
the best value (1.0940.05) was found within the treatment Ts. All the findings of the present study revealed the
value above 1 which suggests that the fish were in good condition; however, condition factor based on the LWR
is an indicator of the changes in food reserves and therefore an indicator of the general fish condition (Hossain
et al. 2012). In general, the seasonal cycle in fish’s condition suggested a relationship to gonadal development.
According to Hossain et al. (2006b), the condition factor of Mystus vittatus (Bloch 1794) (Siluriformes:
Bagridae) was constant during the pre-spawning period, decreased in the period of spawning and was lowest
immediately after spawning. However only the seasonal data were used during his study thus it is difficult to
compare among the condition of fishes throughout the year. Rahman et al. (2013) found the best K value
(1.06+0.04) at 35% protein level in the experiment of Heteropneustes fossilis this finding is supportive to the
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findings of the present experiment. Findings of Panase and Mengumphan (2015) was also reported the same
trend in their hybrid catfish rearing experiment. Kim and Lall (2001) found different result to the present
findings. The reason might be due to variation in geographical condition, water quality parameters and species
variation.

4.2.8. Survival rate (%)

The best survival rate (80.455+0.87) was recorded at treatment Ts. The recorded result of Siddiky et al. (2015)
for Mystus gulio found much higher (94.34%) than this study at 33% protein level whereas Begum et al. (2008)
reared Mystus gulio seed at stocking density 450/decimal and obtained the survival rate more or less 70%.This
finding is prominently lower than findings discussed above. Rahman et al. (2013) found 93.33% survival rate at
35% protein level in case of Heteropneustes fossilis. The result was also significantly different to the present
finding. The difference might be caused due to species variation, environmental factors & stocking size. The
most diversified finding was recorded by Kohinoor and Rahman (2015) in case of Mystus cavasius and the rate
was of 66+3.14 (highest) in which the stocking density was of 500/m3. In case of Rita rita, Amin et al. (2010)
found 88.8% survival rate at 43.50% protein level. Samad et al. (2004) found survival rate varied from 75-86%
In case Heteropouneustes fossilis. This finding was more or less similar to the findings of the present study. In
the experiment of Ompok pabda, formulated feed with the addition of piscimix helps to combat mortality,
enhances survival rate and allows larger growth (Mukherjee et al. 2002). In Clarias batrachus, the artificial feed
was prepared with a mixture of mollluscan meat (70%), egg, (20%) soybean cake (10%) and vitamin B premix
(500mg/kg feed) and then applied in the form of dough balls (Mahapatra, 2004). However all these researchers
concluded with gradual increase of protein level to increase the survival rate. In contrast, Samad et al. (2014)
found the best survival rate (94.5+1.56) of C batrachus which was significantly different to the present findings.
The reason might be due to the species variation and variation in culture system.

4.3. Production (kg/ha)

Higher production and economic solvency is the main target of aquaculture. The best production was recorded
3616.0+16.74 at treatment Ts. Kohinoor et al. (2004) in case of Mystus cavasius observed the highest
production 1535+71 kg/ha at 25% protein level and the total number of fry was 50000 whereas the total number
of fry was 45000 in the present study. This finding is in a slight contrast to the present finding as the protein
level was higher in the present experiment. Some natural phenomena might be play a significant role for this
finding. Similar result with the present experiment was observed with the Production of Mystus gulio (2067
Kg/ha) by Siddiky et al. (2015) at 30% protein level. Rahman et al. (1997) conducted an experiment on effects
of different feeds on the growth of Clarias batrachus and obtained the best result by using 40% protein
containing feed. Culture of small indigenous fish such as Gulsha (Mystus cavasius), pabda, sharpunti, koi, mola,
chela, has not yet been attempt on large scale in this country (Kohinoor 2004). Consequently, published
information’s on production of small indigenous fish species in freshwater ponds are rather little.
Akhteruzzaman (1988) reported that the production of koi (Anabas testudineus) was 450kg/ha/5 months where
the supplementary feeds were rice bran, mustard oil cake, and fish meal. In another study Akhteruzzaman et al.
(1991) reported that in monoculture condition the production of (P sarana) was 1200 kg/ha/6 months. Samad et
al. (2004) obtained the production of 1710 kg/ha in the culture of (Heteropneustes fossilis) during the culture
period of 3 months. However, present study reveals that feeds containing 35% protein level is the best rather
than other feeds. This study is also giving good results which can support fish farmers and can improve the
economics.

4.4. Economics (BDT/ha)

The cost benefit analysis of Gulsha (Mystus cavasius) monoculture was done to estimate the CBR that has been
generated from this type of culture. Significant difference was found among the treatments for the total cost.
The cost of production was higher in treatment Ts. This might be due to increment of feed cost with the
treatment T3 (feeding with 35% protein level).

Highest income was found with treatment T whereas lowest income was found with the treatment T;. Significant
difference was found among the treatments for the total income.

The highest net profit (1200900+9807) was obtained from treatment Ts where the dietary protein level was of
35%. And the lowest net profit was found with treatment T;. which is completely different to the net benefit of
the experiment of Kohinoor et al. (2004) and it might be due to low dietary protein containing feed and
changed marketing condition with the passage of time. Hussain et al. (1989) analyzed the cost and benefit of
Nile tilapia (Oreochromis niloticus) in monoculture condition and got the net benefit of TK 72,827/ha/6 months.
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Where fish were feed with rice bran and mustard oil cake. The net benefit of rajpunti (Puntius gonionotus)
Kohinoor et al. (1993) reported that TK 68,135 to 75,028/ha/6 months could be achieved by applying
supplementary feed and fertilization. Whereas Kohinoor (2000) got the profit of Tk 32910/ha/6 months
monoculture of small indigenous fish punti (Puntius sophore).

However, these findings were not very encouraging for the production and economic return of Gulsha (Mystus
cavasius) in monoculture management comparision with the present study. It might be due to the variation of
culture system and the marketing condition with the passage of time. By the recent period of time culture of
Gulsha (Mystus cavasius) is seems to be profitable in few researches. In the present study the CBR of treatment
T3 was more profitable and it was 1.98+0.02. Samad et al. (2016) found more or less similar best C.B.R (1:1.78)
in the experiment of nursery culture of Labeo bata and this finding was more or less similar to the present study.
But the best finding of Samad et al. (2014) in case of Clarias batrachus was of 1:1.24 which was significantly
different to the present findings. The cause might be due to species variation, variation of study period and
stocking size.

5. Conclusions

In the present study, considering water quality, growth rate, production and economics, treatment T; (used feed
which contains 35% protein) was found the best among the treatments. Thus, the present study indicated that
feed has direct effects on the growth and production of Mystus cavasius culture under pond condition. A feed
that contain more protein is best suited that the farmer can maximize their benefit by culturing Mystus cavasius
providing high protein feeds instead of commonly used low protein feeds for commercial culture.
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