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Introduction 

Mahseer (Tor soro) and several other types of tor fish are grad-
ually decreasing in number (Haser et al., 2022). Such a decrease 
in Tor soro is the result of overfishing and substantial damages 

to its original habitat (Muchlisin et al., 2022). The cultivation 
of Tor soro faces several obstacles such as a slow growth rate 
and difficulties in adapting to the environment (compared to 
exotic fish) (Mohapatra et al., 2017). Another obstacle is the 
high mortality rate due to environmental stress, especially in 
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Abstract
Mahseer (Tor soro) growth performance tends to be slow, necessitating further development and intensification of cultivation. 
One way to develop aquaculture intensification is to manipulate cultivation containers to create optimal environmental condi-
tions for the mahseer to grow. This study aimed to examine the body performance and growth performance of mahseer reared 
in different colored containers. Experimental research with completely randomized design was employed, with four colored con-
tainer treatments namely treatment A (transparent), B (green), C (blue), and D (black), with four replications in each treatment. 
Findings indicate that different rearing media colors had significant effect on absolute length (4.68 ± 0.24 cm), absolute weight 
(1.58 ± 0.35 g), specific growth rate (2.17 ± 0.38%), feed conversion ratio (2.87 ± 0.04), survival rate (100 ± 0.00%), gross energy 
(3,816 ± 65.05 cal/g), and body proximate. Physiologically, mahseer fish bred using blue and black containers tend to be more 
resistant to stress.The best body performance and growth performance were observed in the blue and black colored containers.
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the juvenile stage (Khan et al., 2017). In addition to controlled 
environmental elements such as water quality, increased growth 
performance can also be achieved through coloring the rearing 
media (containers). Such color manipulation in culture is essen-
tial, especially in reducing stress (McLean, 2021). 

The container’s color manipulation influences the water’s light 
intensity so that the amount of light penetrating rearing media 
could affect visual feeding (Rahmawati & Kadarini, 2018). Mc-
Lean (2021), mentioned that colors can represent a fish’s original 
environment affecting fish physiology, body color, and behavior. 
He further adds that the use of container colors must be adjusted 
to conform to the characteristics of cultivated fish. These accounts 
suggest that each type of fish will represent the color of the con-
tainer according to its properties and characteristics, including 
mahseer. In fish culture, several studies have been conducted in 
regards to container color manipulations, such as black-colored 
container to increase the growth of peled fish Coregonus (Sebesta 
et al., 2018), blue for increasing growth and larval synthesis of 
tilapia (Brian, 2015), black for increasing growth of larvae and 
seeds of Macrobranchium amazonicum (Mallasen & Valenti, 
2007), cream in rainbow fish Onchorhynchus mykiss (Üstündag 
& Rad, 2015), and yellowfin tuna (Thunnus thynnus) (Yúfera et 
al., 2014). Furthermore, according to McLean (2021), fish kept in 
dark colored containers have better growth than fish kept in light 
colored containers because fish kept in light colored containers 
tend to have higher cortisol levels than fish kept in dark colored 
containers, meaning that fish tend to be more susceptible to stress 
in brightly colored containers, and this will cause growth to be 
disrupted because stressful conditions can inhibit the fish’s endo-
crine system and result in inhibited growth hormone secretion.

These findings indicate that rearing media’s color is one of 
the environmental factors that play a role in stimulating physio-
logical stress especially in diurnal fish with schooling behaviour 
such as mahseer. The appropriate cultivation model provides the 
opportunity to reduce stress and in turn indirectly affects fish 
behavior (Kalkhundiya et al., 2021). This study was conducted to 
obtain the best color (of rearing media) to support the synthesis 
and growth performance of mahseer (Tor soro), with the major 
purpose of selecting the best container color(s) as the promising 
production technology for mahseer’s intensive cultivation.

Materials and Methods

Time and place of study 
This research was conducted at the Fish Hatchery and Farming 

Laboratory, Nutfah Plasma Installation, Center for Freshwater 
Aquaculture Fisheries (BBPBAT) from March–July 2021. Water 
quality measurements were carried out at the BBPBAT Environ-
mental Toxicology Laboratory and the Environmental Aqua-
culture Laboratory of the Department of Aquaculture, Faculty 
of Fisheries and Marine Sciences (FPIK), IPB University. While 
the gross energy and proximate analysis was performed at the 
IPB Inter University Central Laboratory.

Experimental conditions
The study used completely randomized design with four treat-
ments (container colors), and four replicates. The color treat-
ments were colorless (transparent), green with the colorimeter 
code L* 43.77 Toca Color 4215, blue with the colorimeter code 
L* 25.46.09 Toca Color 3304, and black with the colorimeter 
code L* 25.39 Toca Color 5318.

Experimental fish and rearing media (containers)
The fish samples were Mahseer (Tor soro) seeds with an average 
length of 3.48 ± 0.07 cm and an average weight of 0.60 ± 0.02 
g. The juveniles were hatched from artificial spawning at the 
Freshwater Fishery Nutfah Plasma Research Installation, Cije-
ruk, Bogor. The rearing media were 16 aquariums measuring 48 
cm × 48 cm × 30 cm, equipped with aeration stones with 2 cm 
in diameter and 3 cm in length. The aquariums were washed, 
disinfected by chlorine, and dried for three days. The aquariums 
were then wrapped with paperboardwhose color was measured 
using a colorimeter CR-400 (Konica Minolta, Osaka, Japan) and 
a Toca Color Finder (TCF). These aquariums had no recircula-
tion system, with water volume of 40 L each. The stocking den-
sity was 1 individual/L (40 individuals per aquarium). Juvenile 
mahseer were fed PF1000 pellets commercial feed three times 
a day at 7:00 a.m., 12:00 p.m., and 5:00 p.m. The experimental 
period lasted for 80 days. 

Blood profile and blood glucose
Blood was collected by cutting the tail with 0.1 mL as the sam-
ple; and it was taken from the venous caudalis using a syringe. 
Blood was sampled to measure blood profile and blood glucose, 
and measurements were carried out at 80 days of mahseer fish 
rearing. Three individuals per replicate were taken randomly 
and previously anesthetized using tricaine MS-222 at a dose 
of 75 mg/L. Blood was taken using a syringe (which had been 
rinsed with 1 mL of 3.8% sodium citrate) through caudalis vein 
and immediately centrifuged at 1,409×g for 10 minutes. The 
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supernatant was also collected for biochemical plasma mea-
surement. The overall plasma was collected on a polyethylene 
tube, which was then labeled and stored at –23℃ before being 
analyzed. Plasma glucose was determined using Glucose Ox-
sidase–Peroxidase Aminoantypirin (GOD-PAP) to examine 
colorimetric enzymatic of the commercial kit glucose liquicolor 
(Human mbH, Wiesbaden, Germany), as per the procedure de-
scribed in the kit. Absorbance measurement was performed by 
a spectrophotometer with a wavelength of 500 nm.

Gross energy and proximate composition analysis
Gross energy values were obtained from the results of testing 
fish samples using the Parr 6200 bomb calorimeter method. 
Moisture content was measured using 1 g of sample weighed in 
a bowl, heated in the oven at 105℃ for 8 hours, and followed 
by weighing the moisture content. Ash content was measured 
by placing 1 g of sample in a porcelain crucible, burned until it 
was not smokey, then ignited in a furnace at 600℃ for 6 hours. 
Protein content was measured by adding 0.25 gram sample to 
a 100 mL Kjeldahl flask, along with 0.25 grams of selenium and 
3 mLof concentrated H2SO4. It was heated to boil (destructed) 
for 1 hour until the solution is clear/colorless. Upon cooling, 50 
mL of Aqua Dest and 20 mL of 40% NaOH was added to it be-
fore being distilled. The distillation results were poured into an 
Erlenmeyer flask containing a mixture of 2% of 10 mL of H3BO3 
and 2 drops of pink Brom Cresol Green-Methyl Red indicator. 
Once the distillate reached 10 mL and turned bluish green, the 
distillation was halted. It was then titrated with 0.1 N HCl until 
it turned pink. The measurement of crude fiber content was 
carried out by dissolving 1 gram of sample in 100 mL of H2SO4 
to a concentration of 1.255, which was heated to a boil and dis-
solved for 30 minutes.. It was then filtered through a paper with 
the aid of a Buchner funnel. The filtered residue was rinsed with 
20–30 mL of boiling water then successively rinsed with 25 mL 
of water along with 25 mL of 1.25% boiling H2SO4; three times 
for 2 hours. After cooling, the residue and porcelain crucible 
were weighed, then ignited in a furnace at 600℃ for 30 minutes, 
which later was cooled off and weighed again. The total carbohy-
drate was measured by the carbohydrate by difference method.

Sampling and data collection
Growth parameters were observed once in 20 days by measur-
ing the fish body weight and total length. Fish fingerlings were 
sedated with an anesthetic solution to prevent fish stress during 
observation. Body weight was measured using a digital scale 

(accuracy: 0.1 mg), and total length was measured using a block 
micrometer (accuracy: 0.05 to 0.1 mm). The fish body samples 
were taken for proximate analysis, gross energy analysis, and 
blood profiles (erythrocytes, leukocytes, hemoglobin, hemato-
crit, and glucose) of Mahseer. Meanwhile, the specific growth 
rate (SGR), survival rate (SR), and feed conversion ratio (FCR) 
were calculated with the formula:

Ln  (Final body weight) Ln  (Initial body weight)SGR (% / day)
 Duration of rearing period (days) 

−
=

× 100

 Number of final survived larvae  SR (%) 100
 Number of initial stocked larvae 

= ×

 Total quantity of food intake FCR
 Total weight during the whole rearing period 

=

Water quality was measured every 2 days; dissolved ox-
ygen (DO) was measured using Milwaukee; pH values were 
measured using Horiba pH 110; and turbidity was measured 
using Lutron TU-2016. while nitrites, nitrates, ammonia, total 
ammonia (total ammonia nitrogen [TAN], measured using the 
spectrophotometer method), alkalinity, and hardness (measured 
using a titrometer) were measured every 20 days. Water was 
changed at a maximum of 60% of the total volume of water ev-
ery 5 days to maintain quality.

Statistical analysis
Growth parameters, namely SGR, SR, FCR, absolute weight, 
absolute length, final weight, and final length were analyzed 
with an analysis of variance (ANOVA) at 95% confidence level. 
If there were any significant difference, data were analyzed con-
tinuously using the Duncan’s multiple range test (DMRT). For 
body proximate analysis, gross energy, blood profiles of Mah-
seer, the data were analyzed descriptively. The statistical analysis 
of the data was performed with Microsoft Excel and Minitab 19 
softwares.

Results

Growth performance and body performance of juvenile 
mahseer 
The growth of mahseer during hatchery measured by their 
weight and length is presented in Table 1. Before treatment, 



Effect of rearing tank colors for Tor soro growth

286  |  https://www.e-fas.org https://doi.org/10.47853/FAS.2024.e28

Fisheries and Aquatic Sciences

the initial length and weight (in each treatment) were relatively 
similar, with the average initial length of 3.48 ± 0.07 cm and 
the average initial weight of 0.60 ± 0.02 g. After treatment, 
mahseer exhibited increased growth with 4.78–5.54 cm as 
the final length, and 1.48–2.37 g as the final weight. Absolute 
length growth parameter ranged between 3.96–4.68 cm, abso-
lute weight ranged from 0.59–1.58 g, and SGR ranged between 
1.17%–2.17%. Table 1 further shows that the highest growth 
parameter in terms of absolute length and absolute weight was 
found in treatment C (blue), with 4.68 cm and 1.58 g respective-
ly. Meanwhile, the highest SGR was found in treatment C (blue) 
at 2.17% and treatment D (black) at 1.83%. ANOVA and post 
hoc DMRT with 95% confidence interval revealed that rearing 
mahseer in aquariums of different colors showed significant dif-
ference (p < 0.05) in final length, final weight, absolute length, 
absolute weight, and SGR parameters. 

Body performance of mahseer can be examined by FCR 
and SR. As Table 1 demonstrates, the highest FCR value was 
found in treatment B (green) at 3.63, while the lowest was in 
treatment C (blue) at 2.87. Meanwhile for the SR of mahseer, 
the highest was recorded in treatment B (green) with 100%, C 
(blue) at 100%, and D (black) at 99.4%, while the lowest was in 
treatment A (transparent). ANOVA and subsequent Duncan 
post-hoc test (with a 95% confidence interval) revealed that 
mahseer reared in variously colored aquariums showed signifi-
cant difference (p < 0.05) in FCR and SGR.

Blood profile of juvenile mahseer 
Results from blood tests are presented in Table 2. Parameters 
tested in blood profile included total number of erythrocytes 

(red blood cells), total number of leukocytes (white blood cells), 
hemoglobin concentration, hematocrit value, and blood glucose 
level. Treatment C (blue) had the highest number of erythro-
cytes (0.74 × 106 cells/mm3), while treatment A (transparent) 
had the lowest (0.40 × 106 cells/mm3). For leucocytes, treatment 
A (transparent) had the highest total number of leucocytes (3.05 
× 104 cells/mm2), while the lowest was found in treatment D 
(black) (2.11 × 104 cells/mm2).

Each treatment had different hemoglobin concentra-
tions, with treatment C (blue) having the highest (5.45 g/dL) 
and treatment A (transparent) having the lowest (4.05 g/dL). 
Further, the highest hematocrit value was found in treatment 
D (black) at 25.83%, and the lowest was found in treatment 
A (transparent) at 12.79%. Blood glucose levels also differed 
in each treatment, with treatment A (transparent) having the 
highest glucose level (81.00 mg/dL), while treatment C (blue) 
had the lowest (47.33 mg/dL).

Gross energy and nutritional analysis of masher body
The result of the gross energy or energy retention test in mah-
seer reared in containers of different colors is presented in Table 
3. Each treatment had different gross energy content, where 
the highest found in treatment A (transparent) with 3,816 cal/
g and the lowest found in treatment C (blue) with 3,092 cal/
g. ANOVA further revealed that different aquarium colors (as 
the rearing media for mahseer) showed significant difference in 
gross energy (p < 0.05).

The body nutrition of Mahseer was examined through the 
amount of moisture, ash, fat, and protein content. Proximate 
composition analysis was performed on both Mahseer samples 

Table 1. Growth and survival rate of juvenile mahseer reared in variously colored aquariums
Parameters Aquarium color

A (Transparent) B (Green) C (Blue) D (Black)

Initial length (cm) 3.51 ± 0.05a 3.44 ± 0.09a 3.41 ± 0.18a 3.56 ± 0.10a

Initial body weight (gr) 0.59 ± 0.01a 0.60 ± 0.06a 0.59 ± 0.08a 0.63 ± 0.05a

Final length (cm) 4.78 ± 0.15a 5.11 ± 0.21bc 5.54 ± 0.31a 5.37 ± 0.25ab

Final body weight (gr) 1.48 ± 0.14a 1.69 ± 0.19a 2.37 ± 0.37b 2.15 ± 0.21b

Absolute length (cm) 3.96 ± 0.09a 4.07 ± 0.10ab 4.68 ± 0.24 d 4.25 ± 0.06bc

Absolute weight (gr) 0.59 ± 0.01a 0.76 ± 0.12ab 1.58 ± 0.35 d 1.25 ± 0.06c

Specific growth rate (%) 1.17 ± 0.03a 1.37 ± 0.22a 2.17 ± 0.38b 1.83 ± 0.14b

Feed conversion ratio (FCR) 3.14 ± 0.08b 3.63 ± 0.10c 2.87 ± 0.04a 3.03 ± 0.09b

Survival rate 82.5 ± 8.42a 100 ± 0.00b 100 ± 0.00b 99.4 ± 1.25b

Numbers followed by the same letter indicate that no significant difference found in the Duncan test (DMRT) at α = 5%.
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before treatment and samples at the end of the rearing pro-
cess. Samples before treatment were examined to determine 
the pre-existing proximate composition to be compared with 
the post-treatment composition. The results of the nutritional 
analysis of juvenile mahseers are presented in Table 4. At the 
beginning of rearing, moisture content in juvenile mahseer 
exhibited the highest value of 72.67. After rearing, treatments 
C (blue) and D (black) had the lowest moisture content, with 
66.40 and 66.39, respectively. The highest ash content found in 
the pre-treatment samples was 2.49, while the highest ash con-
tent was found in treatment B (black) with 2.22 and the lowest 
was in treatment A (transparent) with 1.36 after treatment. The 
lowest fat content in pre-treatment samples was 9.04, while 
treatment D (black) had the highest fat content (15.38), and 
treatment C (blue) had the lowest (15.09) after treatment. Final-
ly, protein content in pre-experiment samples was 13.63, while 
the highest protein content was found in treatment D (black) 
(13.31) and the lowest was found in treatment B (green) (12.33) 
after treatment.

Water quality during experiment
Water quality measurements for the 80-days mahseer culture are 
presented in Table 5. Measurements were carried out regularly 
to examine water conditions contained in the rearing media. 
The parameters measured were water temperature, DO, turbidi-

ty, pH, nitrite, nitrate, alkalinity, total hardness, and TAN. Water 
temperature observed during the experimental period in each 
treatment tended to have an identical average range (24.6℃ to 
26.5℃). In the case of oxygen content, treatment A (transparent) 
had the highest difference in oxygen content (7.50–8.02 mg/L), 

Table 2. Blood profile of juvenile mahseer reared in variously colored aquariums
Parameters Aquarium color

Transparent Green Blue Black

Total erythrocytes (cells/mm³) 0.40 × 10⁶ ± 0.13 0.58 × 10⁶ ± 0.07 0.74 × 10⁶ ± 0.15 0.58 × 10⁶ ± 0.04

Total leukocytes (cells/mm³) 3.05 × 10⁴ ± 0.64 2.70 × 10⁴ ± 0.85 2.25 × 10⁴ ± 0.49 2.11 × 10⁴ ± 0.49

Hemoglobin (g/dL) 4.05 ± 1.48 4.15 ± 0.07 5.45 ± 0.78 4.65 ± 2.19

Hematocrit (%) 12.79 ± 4.84 12.95 ± 3.44 16.66 ± 1.81 25.83 ± 2.04

Blood glucose (mg/dL) 81.00 ± 1.00 65.00 ± 0.00 47.33 ± 0.58 49.63 ± 0.58

Table 4. Nutrient analysis of juvenile mahseer bodies in 
aquariums of different colors
Treatment Proximate body of fish seeds mahseer 

Moisture 
content

Ash Fat Protein

Before treatment 72.67 ± 0.16a 2.49 ± 0.11b 9.04 ± 0.48a 12.63 ± 0.24ab

A (transparent) 68.06 ± 0.01b 1.36 ± 0.16a 14.34 ± 0.13b 12.70 ± 0.08b

B (green) 69.79 ± 0.91a 2.04 ± 0.14b 13.47 ± 0.62b 12.33 ± 0.10a

C (blue) 66.40 ± 0.06c 1.95 ± 0.13ab 15.09 ± 0.54c 13.96 ± 0.06c

D (black) 66.39 ± 0.26c 2.22 ± 0.07b 15.38 ± 0.75c 13.31 ± 0.33bc

Table 5. Water quality of juvenile mahseer cultivation with 
differently colored aquariums
Parameters Aquarium color

Transparent Green Blue Black

Temperature (℃) 24.6–26.3 24.6–26.2 24.6–26.5 24.7–26.5

Dissolved oxygen 
(mg/L)

7.50–8.02 7.53–7.87 7.63–7.82 7.76–8.03

Turbidity (NTU) 0–0.01 0–0.02 0–0.04 0–0.03

pH 7.10–7.42 7.10–7.36 7.10–7.57 7.10–7.61

Nitrite (mg/L) 0.043–0.044 0.042–0.046 0.041–0.043 0.041–0.043

Nitrite (mg/L) 4.69–5.02 4.76–4.83 4.63–5.39 4.38–4.80

Alkalinity (mg/L 
CaCO3)

74.42–85.05 75.92–85.32 75.33–87.48 74.22–85.23

Total Hardness 
(mg/L CaCO3)

70–80 70–80 68–77 68–80

TAN (mg/L) 0.04–0.05 0.04–0.05 0.04–0.05 0.04–0.05

TAN, total ammonia nitrogen.

Table 3. Gross energy of juvenile mahseer reared in aquariums 
of different colors
Aquarium color Gross energy (cal/g)

Transparent 3,092 ± 16.26a

Green 3,463 ± 15.55b

Blue 3,816 ± 65.05c

Black 3,537 ± 15.55b

This is data on energy stored in the fish's body.
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while treatment C (blue) exhibited the lowest (7.63–7.82 mg/L). 
Further, the highest turbidity range was found in treatment C 
(blue) with 0.0–0.04 NTU, while the lowest was in treatment A 
(transparent) with 0.0–0.01 NTU. Water pH of each treatment 
tended not to show much difference, where the highest amount 
ranged from 7.10 to 7.61 in treatment D (black), and the lowest 
ranged from 7.20 to 7.36 in treatment B (green). Nitrite concen-
tration of all treatments tended to be identical, with 0.041–0.046 
mg/L as the general lowest range. The smallest difference be-
tween nitrite concentration was found in treatment A (trans-
parent) (0.043–0.044 mg/L), while the biggest was found in 
treatment B (green) (0.042–0.046 mg/L). Meanwhile for nitrate, 
treatment C (blue) had the biggest difference in nitrate con-
centration (4.63–5.39 mg/L) while treatment B (green) had the 
smallest (4.76–4.83 mg/L). Alkalinity measurements recorded 
that the smallest to biggest difference in alkalinity level during 
rearing process ranged from 74.42 to 87.48 mg/L CaCO3. The 
largest difference in alkalinity level was recorded in treatment 
C (blue) with 75.33–87.48 mg/L CaCO3, while the smallest was 
found in treatment B (green) with 75.92–85.32 mg/L CaCO3. 
Treatments showed not much difference in total hardness levels, 
with the biggest difference between total hardness level found in 
treatment D (black) with 68–80 mg/L CaCO3, while the lowest 
in treatment C (blue) with 68–77 mg/L CaCO3. Furthermore, 
differences in measurements of TAN parameter tended to be 
identical for all treatments, ranging from 0.04 to 0.05 mg/L.

Discussion

Growth
The intensification of mahseer cultivation continues to be de-
veloped to effectively increase their growth and production 
effectively. In line with the attempt, the present study intensified 
mahseer cultivation by manipulating the aquariums’ colors to 
obtain appropriate rearing media backgrounds that is in ac-
cordance with their natural habitat. Findings showed that the 
growth parameters of mahseer were positively influenced by 
color differences in rearing media. This finding is in line with 
previous reports where (black) colored tank rearing resulted in 
the best growth of Cyprinus (Jalila et al., 2021), and manipula-
tion of container colors had positive effects on both body and 
growth performance of fish (Solomon & Ezigbo, 2018). Based 
on the results of the study, the highest SGR was in the blue con-
tainer at 2.17%, followed by the black container at 1.83%. The 
best FCR value was obtained in the color of the blue container 

(2.87) and the color of the black container (3.03), among all 
treatments. Meanwhile, the lowest SGR, FCR, and SR values 
were obtained for the color of the transparent container. This 
proves that colored containers can increase fish growth com-
pared to transparent containers. This proves that dark-colored 
containers can increase fish growth compared to light con-
tainers. According to several pieces of literature, the responses 
of different species of fish to the light-color container and 
dark-color container appear to be governed by changes in ener-
gy metabolism and hormone secretion (Ruchin, 2004). Base on 
the cortisol levels, which are a stress parameter in fish, it shows 
that the cortisol levels of fish kept in light-colored containers 
(transparent and green) are higher than those of fish kept in 
dark-colored containers (blue and black). Accordingly, high 
levels of cortisol indicate that the fish are experiencing stress. 
Based on other statements, stress conditions in fish will disrupt 
the entire endocrine system in the fish’s body (Schreck & Tort, 
2016). If stress occurs, the body will respond by secreting anti-
oxidant enzymes to suppress stress so that death does not occur. 
In this condition, the body will use a lot of energy and carry out 
changes to stop the secretion of growth hormone (Won & Bor-
ski, 2013), which causes the growth process to not occur, so that 
fish kept in dark containers have better growth than fish kept in 
dark containers.

The results of research on mahseer reared in blue and 
black containers showed the highest growth performance and 
The lowest FCR, while the fish reared in transparent and green 
containers showed the lowest growth and FCR. Acccording to 
Ninwichian et al. (2018), juvenile guppies (Poecilia reticulata), 
had a higher SGR in blue light (Ruchin, 2004), blue color light-
ening or background in aquaculture techniques can be used 
to maximize the growth rates of juvenile tilapia, reduce their 
stressful behaviors, and minimize their mortality to the lowest 
rate (Brian, 2015). The present study’s findings demonstrated 
that adjustments to rearing environment for mahseer yielded 
positive results in terms of body and growth performance. 
Several characteristics and problems may hinder such perfor-
mances. Mahseer are surrounded by certain characteristics of 
their original habitat and are very sensitive to such surrounding 
environments (Mohapatra et al., 2017). The issue often faced 
by mahseer culture is the risk of stress instances. Indeed, based 
on observations before treatment, stress instances in mahseer 
could cause mass death. The main cause of stress is environ-
mental changes that are intolerable by fish; both physiologically 
and anatomically. 
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Based on parameters examined in this study (growth per-
formance, SR, and FCR), blue and black colored aquariums 
yielded the best results in mahseer rearing. Blue and black are 
considered natural as they resemble surrounding colors in 
mahseer habitat (Solomon & Ezigbo, 2018). Accordingly, mah-
seer reared in blue and black containers as rearing’s background 
environment responded positively to such colors, which then 
resulted in better survival. The color of the environment can 
influence the contrast between food and the background inside 
the tank, and thus influence its capture and consumption and, 
consequently, the growth of fish. Several studies have revealed 
that the rearing tank color influences the growth performance, 
feed utilization, stress responses, behavior, and skin color of fish 
(Kesbiç et al., 2016). Color vision requires at least two types of 
photoreceptors with different spectral sensitivities in blue, green 
and yellow spectral regions. Different colors have different 
contrasts against background color and influence the efficien-
cy of detecting and catching the prey or feeds by sight. A high 
contrast leads to higher visibility and more prey ingestion (Bera 
et al., 2019). Such positive response can further be confirmed 
through the positive results of parameters tested in this study 
including blood profile, gross energy, and nutritional (proxi-
mate) analysis, which will be detailed below.

Blood profile
The blood profile of mahseer can be used as an indicator of 
fish health and as a means of confirming the state of fish body 
reared in containers with predetermined colors. Blood profile 
parameters examined in this study included total erythrocytes, 
total leukocytes, hemoglobin, hematocrit, and blood glucose. 
Total erythrocytes were the total number of red blood cells 
contained in the body of mahseer after examination, and total 
erythrocyte of mahseer in all treatments was sufficient. Accord-
ing to Nainggolan et al. (2021), total erythrocytes for fish are 
normally 2–300 × 105 cells/mm3. Based on such an account, 
mahseer in this study had fairly sufficient red blood cells. As the 
main function of erythrocytes is to carry oxygen and hemoglo-
bin from the gills and lungs to the body’s tissues, hemoglobin 
levels are also strongly influenced by the number of erythro-
cytes. The higher the number of erythrocytes, the higher the 
hemoglobin level (Hb).

Normal hemoglobin level in fish ranges between 4.16–5.70 
g.dL–1 (Fekri et al., 2018). Based on such accounts, treatment C 
(blue) and D (black) had normal-range hemoglobin level, while 
treatment A (transparent) and B (green) had below-normal he-

moglobin levels. Low hemoglobin level causes disturbances in 
fish metabolic processes, resulting in energy decline. Lethargic 
fish tend to stay at the bottom or on the surface of water, lead-
ing to a weakened body and reduced appetite. As a result of this 
reduced appetite, fish will experience immunodeficiency since 
the body requires food intake in metabolic processes for nutri-
ent absorption which is used as activity and repair of disrupted 
cells. Environmental stressors, such as inappropriate tank color, 
may induce changes in the epigenome resulting in life-long im-
pacts on transcriptional regulation (Uren Webster et al., 2018).

Hematocrit is the percentage of red blood cell volumes 
(erythrocytes), and it is an indicator in measuring erythrocytes 
level. The normal level of hematocrit in healthy fish ranges from 
20% to 30% (Yanuhar et al., 2021). Results presented in this 
study showed that hematocrit values of treatment C (blue) and 
D (black) were at the normal range (16%–25%), while treatment 
A (transparent) and B (green) were below the normal range. A 
decrease in hematocrit value indicates erythrocyte deficiency 
which may cause abnormalities and discomfort in the body. 

White blood cells (leucocytes) are cells functioning as the 
defense against abnormalities in the body. The normal num-
ber of leukocytes in fish is 20,000–150,000 cells/m3 (Holladay 
et al., 2010). As presented in the result section, mahseer in all 
treatments had total leukocytes above 20,000 cells/m3 (Table 4). 
However, a significant difference in leukocytes count between 
treatment A (transparent) and the rest of the treatments may in-
dicate an increase in the number of leukocytes in the transpar-
ent aquarium. Increase in the number of leukocytes may signal 
abnormalities experienced by fish such as stress and infections 
(Witeska et al., 2022). The environmentally sensitive mahseer 
when reared in an environment such as treatment A (trans-
parent) had a high probability of stressing the fish, because a 
transparent container allows the fish to see movements around 
it (of either human, animal, or light). Similarly argued that the 
number of blood cells will quickly change following conditions 
of disturbances and discomforts experienced by the fish body 
(Zahangir et al., 2015).

Blood glucose is the next component that plays a very 
important role, namely as the main fuel supplier in cell metab-
olism especially brain cells. Glucose is one of stress indicators 
in fish, according to Nasichah et al. (2016), the normal blood 
glucose level in fish ranges from 40 to 90 mg/dL. The blood test 
showed that glucose of mahseer in all treatments was still at 
the normal level. However, treatment A (transparent) had the 
highest glucose level compared to other treatments. Hence it 
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can be presumed that there was an increase in glucose level in 
treatment A (transparent); suggesting that mahseer in this treat-
ment might have experienced stress. Fish that experience stress 
will have primary and secondary responses, where an increase 
in glucose is the secondary response following the primary ones 
(i.e., an increase in stress hormones such as catecholamines and 
cortisol). Fish experiencing stress will need more energy, which 
is utilized in the secretion of catecholamine, regulating cortisol, 
and activating enzymes for the catabolism of proteins. These 
proteins form and increase amino acids in the blood, activating 
insulin capable of transporting glucose to normal.

Gross energy
Gross energy is an energy level in the body that can be obtained 
from feed consumed by the Mahseer fish in appropriate nutri-
ent requirement. Each fish species has similar energy intake and 
utilization for various activities, except when fish are exposed 
with environmental (external) or their body internal disorders. 
The gross energy of fish in treatment C (blue) obtained the 
highest level, while in treatment A (transparent) obtained the 
lowest gross energy level. This condition was associated with the 
blood profiles found in treatment A, which indicates that Mah-
seer fish in the treatment group are stressed. According to Ab-
del-Tawwab et al. (2019), fish requires more energy to suppress 
stress, so the total energy of fish in treatment A has been deplet-
ed in a low level, compared to the B (green), D (black), and C 
(blue) treatments. Therefore, container color background selec-
tion is important to prevent stress risk and minimize the energy 
utilization (Rodgers et al., 2013). A proper habitat may also rep-
resent an optimal container color background for growth and 
physiological condition. Thereby, experiment regarding color 
preference becomes way more efficient to determine an optimal 
aquarium color for fish (Li et al., 2016).

Body proximate composition analysis
Body proximate analysis is used to measure crucial contents 
in the body, such as water, ash, fat, and protein. Such analysis 
is very important to determine the state of these contents after 
the fish were cultivated in aquariums of different colors. Body 
proximate analysis revealed that Mahseer had a normal amount 
of moisture content before treatment, yet they exhibited a be-
low-normal level of moisture content after treatment (Table 4). 
Moisture content in fish generally lies between 70% and 80% 
(Suwandi et al., 2014); hence, moisture content in mahseer fish 
that has been maintained in clear, green, blue, and black con-

tainers was less than that of pre-treatment samples. 
High moisture content in fish indicates detached water 

contents in body tissues. Moisture content in fish greatly affects 
the meat texture; fish with a normal moisture content tend to 
have denser meat compared to those with high moisture. The 
high or low moisture content in fish is affected by the osmot-
ic pressure between body fluids and the environment, where 
the balance of body substances and the environment involves 
osmoregulation. Osmoregulation is the regulation of moisture 
content in the body, where sensory cells monitor ion changes or 
water balances in the body and the environment (Baldisserotto, 
2019). Experimental fish in all treatments had sufficient mois-
ture content, even though it was less than the normal moisture 
content of fish in general. Therefore, it can be concluded that 
mahseers reared in transparent, green, blue, and black-colored 
aquariums did not experience poor physical conditions.

Ash content is an inorganic residue that integrates organic 
components in a biological Ash content in fish is strongly af-
fected by their habitat and diet, and it is further influenced by 
the mineral content in their body and habitat. The present study 
analysis showed that ash content differed between treatments, 
suggesting that the ash content of a biological material indicates 
its total mineral. Ash and minerals are typically derived from 
the biological material itself (indigenous). Ash content in fish is 
affected by their habitat, which is related to the mineral content 
in their bodies. Another important parameter is fat content. Fat 
mainly functions as both a source of formation and reparation 
for damaged body tissues and as a food reserve; hence, body 
fat should be kept at a normal level; excess body fat will further 
cause abnormalities (Pratama et al., 2018). This study’s fat prox-
imate analysis showed that each treatment had different levels 
of fat content, and it exhibited an increase after the experiment. 
Treatments C (blue) and D (black) had the highest fat content 
compared to other treatments, indicating that mahseers raised 
in blue and black aquariums experienced increased appetite; 
hence, they consumed feed thoroughly and none remained at 
the base of the aquarium. This finding is in line with the best 
growth rate obtained by blue and black containers.

Further, protein and fat are connected; they are essential 
components for growth enhancement in the fish body. Fish 
protein contains many essential amino acids, which vary great-
ly depending on the fish type. Quantitatively, proteins mainly 
function as a source of essential amino acids to synthesize 
non-essential amino acids and proteins in the body (Hou et al., 
2015). Table 4 shows that treatments C (blue) and D (black) had 
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higher protein content compared to other treatments, implying 
that there was a difference in protein absorption among the 
experimental groups. In each treatment, experimental fish were 
fed the same type of feed with the same protein content and at 
the same frequency. Such a discrepancy in protein content may 
suggest that treatments of certain container colors may resem-
ble habitat-like environments for mahseer. Hence, adjustments 
to the aquariums (colored with these certain colors) increased 
fish appetite and did not obstruct the digestion process, so pro-
tein absorption was more optimal in treatments C (blue) and D 
(black) compared to treatments A (transparent) and B (green). 
Fish experiencing stress need a lot of energy to suppress stress 
so that the fat and protein content in the fish’s body will de-
crease. If this is related to the cortisol levels in the fish’s body, 
fish kept in green and transparent containers have higher corti-
sol levels (under stress), which proves that more fat and protein 
are stored in the bodies of fish that do not experience stress, 
whereas fish that experience stress have lower levels of fat and 
protein (Pfalzgraff et al., 2021).

Water quality
In general, water quality parameters during the experiment 
were considered to be the optimum range for cultivating 
mahseer (Table 5). The optimal water quality parameters for 
cultivating mahseer for DO ranges at 6.78–7.71 mg/L, 4.5–5.8 
mg/L (Prihadi et al., 2022), pH ranges at 7.0–7.5 (Sudarmaji 
& Sundari, 2018), water temperature ranges at 21.0℃–25.0℃, 
22.1℃–27.3℃ (Subagja et al., 2021), nitrite at 0.016–0.022 mg/
L, nitrate at 0.71–1.40 mg/L, and alkalinity at 84.8–86.8 mg/L 
(Radona et al., 2017). Water quality is one of the most import-
ant parameters in examining water conditions, and water qual-
ity management must be carried out to support the success of 
cultivation, which subsequently increases production. Findings 
showed that colored containers did not have any adverse effects 
on overall water quality during cultivation.

Water quality decline is caused by several factors, namely 
the increase in ammoniac content (TAN), extreme pH con-
tent, low DO content, and fluctuating temperature (a drastic 
increase or decrease in temperature). Water quality parameters 
are indirectly interrelated (Pratama et al., 2022). For instance, 
fluctuating temperatures will cause digestive disorders where 
the digestion process slows down and results in a decreased 
appetite. In turn, decreasing appetite can increase the amount 
of uneaten feed lying at the base of the container, which will 
then be mixed with fish feces, increasing ammonia content. 

An increase in ammoniac content affects fish growth through 
reduced oxygen and increased carbon dioxide (CO2), where 
fish will instantly experience oxygen deficiency, disturbing the 
function of the body organs and then damaging body tissues 
(Pratama et al., 2022). Thus, water quality management is very 
essential to reduce residual metabolic waste, which may turn 
into harmful substances like ammonia. Optimal water quality 
parameters allow for a satisfactory cultivation system, while 
poor water quality may accumulate harmful substances such as 
toxins or toxic substances derived from the food waste lying at 
the base of the container, causing diseases in fish (Asaduzzaman 
et al., 2018).

Competing interests 
No potential conflict of interest relevant to this article was re-
ported.

Funding sources
Not applicable.

Acknowledgements
Author would like to thank the New State University Affirma-
tion Postgraduate Education Scholarship (BPPDN Affirmasi 
PTNB) for the funding support. Authors also would like to 
thank the Freshwater Aquaculture Research Center for Fish-
eries and Fishery Extension, the Ministry of Maritime Affairs 
and Fisheries of the Republic of Indonesia, the Fish Health 
Laboratory, Department of Aquaculture, Faculty of Fisheries 
and Marine Sciences of IPB University, the Animal Nutrition 
Laboratory, and the Inter-University Central Laboratory of IPB 
University for providing facilities and infrastructure during the 
research.

Availability of data and materials
Upon reasonable request, the datasets of this study can be avail-
able from the corresponding author.

Ethics approval and consent to participate 
Research ethic clearance supplied by Fish Health Laboratory 
IPB University (Bahasa Indonesia). 

ORCID
Teuku Fadlon Haser https://orcid.org/0000-0002-0673-2603 
Eddy Supriyono https://orcid.org/0000-0003-3032-317X
Kukuh Nirmala https://orcid.org/0000-0001-8997-196X 



Effect of rearing tank colors for Tor soro growth

292  |  https://www.e-fas.org https://doi.org/10.47853/FAS.2024.e28

Fisheries and Aquatic Sciences

Widanarni https://orcid.org/0000-0002-0821-3225 
Tri Heru Prihadi https://orcid.org/0000-0003-0599-6145 
Tatag Budiardi https://orcid.org/0000-0002-6703-1608 
Reza Syamsudin https://orcid.org/0000-0002-0513-8549 
Muh Saleh Nurdin https://orcid.org/0000-0003-0875-7211

References  

Abdel-Tawwab M, Monier MN, Hoseinifar SH, Faggio C. 
Fish response to hypoxia stress: growth, physiological, 
and immunological biomarkers. Fish Physiol Biochem. 
2019;45:997-1013.

Asaduzzaman M, Iehata S, Akter S, Kader MA, Ghosh SK, 
Khan MNA, et al. Effects of host gut-derived probiotic 
bacteria on gut morphology, microbiota composition and 
volatile short chain fatty acids production of Malaysian 
Mahseer Tor tambroides. Aquac Rep. 2018;9:53-61.

Baldisserotto B, Mancera JM, Kapoor BG. Fish osmoregulation. 
Boca Raton, FL: CRC Press; 2019. p. 540.

Bera A, Kailasam M, Mandal B, Sukumaran K, Makesh M, 
Hussain T, et al. Effect of tank colour on foraging capacity, 
growth and survival of milkfish (Chanos chanos) larvae. 
Aquaculture. 2019;512:734347.

Brian O. Effect of tank background colour on the hatchability of 
O. niloticus eggs and survival of fry. Int J Fish Aquat Stud. 
2015;2:81-6.

Fekri L, Affandi R, Rahardjo MF, Budiardi T, Simanjuntak CPH, 
Fauzan T, et al. The effect of temperature on the physiologi-
cal condition and growth performance of freshwater eel el-
ver Anguilla bicolor bicolor McClelland, 1844. J Akuakultur 
Indones. 2018;17:181-90.

Haser TF, Nurdin MS, Supriyono E, Radona D, Azmi F, Nirmala 
K, et al. Reproductive biology of mahseer (Tor tambroides) 
from Atu Suasah and Lawe Melang rivers in Aceh province 
to support sustainable fisheries management. Pak J Zool. 
2022;54:561-7.

Holladay SD, Smith BJ, Gogal RM Jr. Exposure to formaldehyde 
at therapeutic levels decreases peripheral blood lympho-
cytes and hematopoietic progenitors in the pronephros of 
tilapia Oreochromis niloticus. Aquat Biol. 2010;10:241-7.

Hou Y, Yin Y, Wu G. Dietary essentiality of “nutritionally 
non-essential amino acids” for animals and humans. Exp 
Biol Med. 2015;240:997-1007.

Jalila RS, Scabra AR, Cokrowati N. The effect of differences in 
container color on KOI production performance (Cyprinus 

carpio). J Media Akuakultur Indones. 2021;1:83-97.
Kalkhundiya A, Chand J, Kumar Bhatt P, Chandra Pathak B, 

Serajuddin M. Effects of different photoperiodic regimes 
on the body mass, behavioural and stress responses in 
golden mahseer, Tor putitora. J Ecophysiol Occup Health. 
2021;21:7-15.

Kesbiç OS, Yiğit M, Acar Ü. Effects of tank color on growth 
performance and nitrogen excretion of European seabass 
(Dicentrarchus labrax) juveniles. Proc Natl Acad Sci India 
Sect B Biol Sci. 2016;86:205-10.

Khan KU, Zuberi A, Nazir S, Ullah I, Jamil Z, Sarwar H. Syn-
ergistic effects of dietary nano selenium and vitamin C on 
growth, feeding, and physiological parameters of mahseer 
fish (Tor putitora). Aquac Rep. 2017;5:70-5.

Li X, Chi L, Tian H, Meng L, Zheng J, Gao X, et al. Colour pref-
erences of juvenile turbot (Scophthalmus maximus). Physiol 
Behav. 2016;156:64-70.

Mallasen M, Valenti WC. Comparison of artificial and natural, 
new and reused, brackish water for the larviculture of the 
freshwater prawn Macrobrachium rosenbergii in a recircu-
lating system. J World Aquac Soc. 2007;29:345-50. 

McLean E. Fish tank color: an overview. Aquaculture. 2021; 
530:735750.

Mohapatra BC, Sahoo SK, Das Gupta S, Gupta SD. Biology 
of mahanadi mahseer, Tor mosal mahanadicus (David) 
reared in freshwater pond culture system. Curr Agric Res J. 
2017;5:244-51.

Muchlisin ZA, Fadli N, Batubara AS, Nur FM, Irham M, Mu-
hammadar AA, et al. Taxonomic diversity of the genus 
Tor (Cyprinidae) from Aceh Waters in Indonesia based on 
cytochrome oxidase sub-unit I (COI) gene. Zoodiversity. 
2022;56:195-202.

Nainggolan TN, Harpeni E, Santoso L. Non-specific immune 
response and growth performance of Clarias gariepi-
nus (Burchell, 1822) feeded with Moringa oleifera leaf 
flour suplementation (Lamk, 1785). J Perikan Kelaut. 
2021;26:102-14.

Nasichah Z, Widjanarko P, Kurniawan A, Arfiati D. Analysis of 
blood glucose levels of Barbonymus gonionotos from the 
Rolak Songo weir downstream of the Brantas river. In: Pro-
siding Seminar Nasional Kelautan; 2016; Madura, Indone-
sia.

Ninwichian P, Phuwan N, Jakpim K, Sae-Lim P. Effects of tank 
color on the growth, stress responses, and skin color of 
snakeskin gourami (Trichogaster pectoralis). Aquac Int. 



https://doi.org/10.47853/FAS.2024.e28 https://www.e-fas.org |  293

Teuku Fadlon Haser, et al.
Fisheries and Aquatic Sciences

2018;26:659-72.
Pfalzgraff T, Lund I, Skov PV. Cortisol affects feed utilization, 

digestion and performance in juvenile rainbow trout (On-
corhynchus mykiss). Aquaculture. 2021;536:736472.

Pratama AR, Supriyono E, Nirmala K, Widiyati A. Effect of fil-
ter media recirculation differences on water quality, growth 
and survival rate of juvenile soro fish (Tor soro). J Salamata. 
2022;4:1-7.

Pratama RI, Rostini I, Rochima E. Profile of amino acids, fatty 
acids and volatile components of fresh and steam gurame 
fish (Osphronemus gouramy). J Pengolah Perikan Indones. 
2018;21:218-31.

Prihadi TH, Haser TF, Pantjara B, Widyastuti YR, Arifin OZ, 
Cahyanti W, et al. Determining oxygen consumption of 
Indonesian mahseer (Tor soro) fingerlings at different size 
and stocking density. J Hunan Univ Nat Sci. 2022;49:60-7.

Radona D, Subagja J, Kusmini II. Growth performance and feed 
efficiency of Thai mahseer fed commercial diets with dif-
ferent protein levels. Media Akuakultur. 2017;12:27-33.

Rahmawati R, Kadarini T. The effects of tank colors on growth 
and development of kurumoi rainbow fish (Melanotaenia 
parva) larvae. J Ris Akuakultur. 2018;13:137-46.

Rodgers GM, Gladman NW, Corless HF, Morrell LJ. Costs of 
colour change in fish: food intake and behavioural deci-
sions. J Exp Biol. 2013;216:2760-7.

Ruchin AB. Influence of colored light on growth rate of juve-
niles of fish. Fish Physiol Biochem. 2004;30:175-8.

Schreck CB, Tort L. 1 - The concept of stress in fish. In: Fish 
physiology. New York, NY: Academic Press; 2016. p. 1-34.

Sebesta R, Stejskal V, Matousek J, Lundova K. The effect of light 
intensity and tank wall colour on survival and growth of 
peled Coregonus peled Gmelin 1788 larvae. Turk J Fish 
Aquat Sci. 2018;19:541-9.

Solomon RJ, Ezigbo MN. Effects of background tank colour on 
the growth and survival of juvenile (Heterobrachus bidorsa-
lis) fed with coppens commercial floating pellets and (Cy-
perus esculentus) meal. Direct Res J Public Health Environ 
Technol. 2018;3:17-33.

Subagja J, Imanudin EM, Kurniawan K, Soeprijanto A, Maemu-
nah Y. Determining the optimum temperature for growth, 
feed efficiency and survival of domesticated Indonesian 
mahseer, Tor soro larvae. Indones Aquac J. 2021;16:91-7.

Sudarmaji, Sundari S. Production of Tor soro seeds in research 
installations of Cijeruk Freshwater Fisheries Nutfah Re-
search. Bul Tek Litkayasa Akuakultur. 2018;16:87-91.

Suwandi R, Nurjanah N, Margaretha M. Body parts proportion 
and proximate levels of snakehead on various sizes. J Pen-
golah Perikan Indones. 2014;17:22-8.

Uren Webster TM, Rodriguez-Barreto D, Martin SAM, Van 
Oosterhout C, Orozco-terWengel P, Cable J, et al. Contrast-
ing effects of acute and chronic stress on the transcriptome, 
epigenome, and immune response of Atlantic salmon. Epi-
genetics. 2018;13:1191-207.

Üstündag M, Rad F. Effect of different tank colors on growth 
performance of rainbow trout juvenile (Oncorhynchus my-
kiss Walbaum, 1792). J Agric Sci. 2015;21:144-51.

Witeska M, Kondera E, Ługowska K, Bojarski B. Hematologi-
cal methods in fish – not only for beginners. Aquaculture. 
2022;547:737498.

Won ET, Borski RJ. Endocrine regulation of compensatory 
growth in fish. Front Endocrinol. 2013;4:74.

Yanuhar U, Raharjo DKWP, Caesar NR, Junirahma NS. Hema-
tology response of catfish (Clarias sp.) as an indicator of 
fish health in Tuban regency. IOP Conf Ser Earth Environ 
Sci. 2021;718:012059.

Yúfera M, Ortiz-Delgado JB, Hoffman T, Siguero I, Urup B, 
Sarasquete C. Organogenesis of digestive system, visual sys-
tem and other structures in Atlantic bluefin tuna (Thunnus 
thynnus) larvae reared with copepods in mesocosm system. 
Aquaculture. 2014;426–427:126-37.

Zahangir MM, Haque F, Mostakim GM, Sadiqul Islam M. Sec-
ondary stress responses of zebrafish to different pH: evalua-
tion in a seasonal manner. Aquac Rep. 2015;2:91-6.


