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ABSTRACT 

The present study was conducted to investigate the impact of different percentages of animal and plant 

origin dietary lipids level on growth performance and body composition of major carps. Four plant and 

animal origin fats supplemented experimental diets of different levels of lipids viz. 0%, 3%, 6% and 9% 

were made. Twenty-one treatments were made with different levels of animal, plant and combination of 

animal and plant dietary lipids, where twenty fingerlings were stock in each experimental tank. Animal-

based saturated (ABS), unsaturated (ABUS), plant- based monounsaturated (PBMU), polyunsaturated 

(PBPU) and the combination diets were prepared using different percentages of animal and plant based 

dietary lipids. Growth performance (weight gain, total length and fork length)and food conversion ratio was 

recorded monthly. The body composition in terms of crude protein, crude ash, crude fat and moisture were 

determined. Results showed that weight gain, total length and fork length in cirrhinus mrigalawas 

significantly higher as compared to other two carp species.Significant (p < 0.05) increase in both parameters 

at 6% and 9%dietary lipid levels as compared to the fish fed on 0% and 3%. The Cirrhinus mrigala showed 

significantly higher crude protein in 6% ABS dietary lipids followed by Labeo rohita and Catla catla. The 

significant higher moisture content and crude ash were recorded in L. rohita in 3% ABUS and 9% animal 

and 6% plant dietary lipids,whereas, C. catla showed the significant higher crude fat contents in 9% 

ABUSdietary lipids.In conclusion, C. mrigala shows significant improvement in growth performance. 

Similarly, fishes fed on animal-based dietsand in combination diet, showed consistently significant (p < 

0.05) increase in crude protein, crude fat,moisture and crude ash with the increasing levels of dietary lipids 

from 0 to 9%. 
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1. Introduction 

Fish is a significant nutritious food and is 

considered as one of the major sources of quality 

animal protein. It provides approximately 26.2% 

of high-quality protein and is a fast-growing food 

source in Asia as well as other developing 

countries.1 Fish is also considered as an excellent 

source of protein due to its high digestibility i.e., 

85-90% and balanced amino acid profile.2 

Proteins play a vital role in the growth and 

development of body tissues as well as synthesis 

of enzymes and hormones which are essential for 

different biochemical processes of the body. Fish 

is a good source of polyunsaturated fatty acids 

(PUFA) like omega 3 and 6 which produces 

beneficial effects on the health of human beings. 

It is also considered as an efficient source of 

different vitamins and minerals which act as 

important constituents of different biochemical 

processes of the body.3 Due to its high nutritional 

value, it is also involved in resolving the problem 

of malnutrition in humans as well.4   

Aquaculture sector is one of the most 

significant and fastest growing industries in terms 

of fisheries production to meet the increasing 

demands of sea food. The production of 

aquaculture is constantly increasing since 1950 

worldwide. It is estimated that 50% of the total 

fish production comes from aquaculture 

industry.5,6 The total fisheries production is 171 

million metric tons which is constantly increasing 

since 2012.6 

Pakistan has a great potential towards 

aquaculture as this sector is in growth phase. It is 

the most recent practice here. There are 

approximately nine fish species which are 

cultured in Pakistan commercially.7These species 

include seven warm water and two cold water fish 

species. The estimated total aquaculture 

production of major carps is 87%. Aquaculture in 

the developing countries like Pakistan and India 

has a great potential as they are highly dependent 

upon this sector for quality meat production.8 

Major carps are the most extensively 

cultured fish species in Pakistan and India. They 

are also the primary cultured fish species of south 

Asia. Major carps include Labeo rohita, Catla 

catla and Cirrhinus mrigala. Labeo rohita is 

commonly cultured among other major carp 

species due to its high-quality meat, rapid growth 

rate, good taste and resistance against diseases.9 

Cirrhinus mrigala is commonly known as mori. It 

is one of the significant cultured specie in 

Pakistan, it is mainly herbivorous and bottom 

feeder. It is dominant cultured fish specie in 

Indian sub-continent as well as Asia.10 Catla catla 

is a surface feeder and it preferably feeds on 

zooplanktons. It shows maximum feed utilization 

and growth if it is provided with proper 

nourishment and optimum temperature.11 

Lipids are an important group of organic 

compounds which are the derivatives of fatty 

acids. They are only soluble in organic solvents. 

They are considered as one of the most vital 

constituents of diet as energy rich compounds.12 

Dietary lipids play a significant role in improving 

the growth parameters, membrane fluidity, 

breeding, osmoregulation, vision and immunity 

of fish body.  They also play a vital role in 

transportation, metabolism and absorption of 

carotenoids and vitamins. Supplementation of 

lipids in the diet of fish results in enhancing the 

growth and feed efficiency by increasing the 

sparing protein effect.13 Plant oils are very 

important components in aquaculture feed 

formulations as it contains less amount of 

phosphorus than fish oil. They contain high levels 

of monounsaturated, omega 6 and 

polyunsaturated fatty acids. The plants by 

products are considered as a good source of 

vitamin E and proteins which are involved in the 

preparation of high-quality and cost-effective 

diets.14 

Growth is one of the most important 

parameters of cultured fish species as it 

determines their economic value and 

effectiveness. It is affected not only by the diet 
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but also certain water quality parameters like PH, 

temperature and dissolved oxygen. They act as 

the most limiting factors for growth.15 Lipid 

supplementation in the diet of fish is very 

important in maintaining the effective feed 

utilization and good growth rate. Antioxidants are 

usually supplemented to lipid enrich diet in order 

to prevent rancidity in feed. The growth and meat 

contents of the fish production in aquaculture are 

highly affected by the availability of necessary 

ingredients in diet and their digestibility.16  

Body composition is usually measured in 

terms of the percentage of ash, moisture, protein 

and fat contents in aquatic organisms particularly 

fish. The physiological and functional state of 

fish can be determined by using this parameter. 

Omega 3 and omega 6 are the dietary fatty acids 

which plays an important role in enhancing the 

body composition of fish.17 By increasing the 

level of fats in the diet, crude fat, total body fat 

and muscle lipid content also increases in fish 

which in turn contributes towards enhancing its 

nutritional value up to a certain limit.18 

Now a day’s aquaculture sector is 

focusing on the formulation of economical, low 

protein and high energy feeds for fish. However, 

the ratio between protein and non-protein energy 

should be balanced in order to enhance the 

growth and development of fish. One of the most 

important aspects of diet formulation is protein to 

energy ratio which has a direct impact on growth 

performance and body composition of fish which 

varies from specie to specie.19 Therefore, the 

present was planned to evaluate the effect of 

dietary lipid levels (plant & animal origin) on the 

growth performance and body composition of 

major carps (Indian fishes, Catla catla, Cirhinus 

mirigla, Labeo rohitaa). 

 

2. Methodology 

 

2.1. Experimental Conditions: 

Fingerlings of major carps were taken from the 

Government Fish Hatchery, Faisalabad. 

Fingerlings of carps (Labeo rohita, Cirrhinus 

mrigala and Catla catla) were put in tanks where 

they were acclimatized to new experimental 

conditions. Fishes were fed once a day on basal 

diets. Before conducting trial, these fingerlings 

were dipped in 5g/L NaCl solution. By using 

digital meter dissolved oxygen of water medium 

was checked and maintained (HANNA, model HI 

9146). Water quality parameters i.e., temperature 

of water and pH was monitored by AMPROBE 

pH meter. Other water quality parameters like 

total ammonia, total dissolved solids (TDS), 

carbonates, bicarbonates, calcium, magnesium 

and total salinity were also measured periodically 

throughout the experimental trial. Aeration was 

given to experimental tanks by using aeration 

capillary system. 

 

2.2. Experimental Diets and Ingredients: 

Ingredients of experimental diets were taken from 

local market and before making diets these 

ingredients were chemically analyzed according 

to rules of AOAC (1995). Before making 

experimental fat-based diets, ingredients were 

ground and strained for getting specific particle 

size. The diets were formulated on the basis of 

plant origin (monounsaturated and 

polyunsaturated), animal origin (saturated and 

unsaturated) and combination of plant and animal 

origin dietary lipids.  Each experimental diet 

formulated was made by supplementing different 

levels of lipids viz. 0%, 3%, 6% and 9% (El- 

Kasheif et al.2011). 

 

Table 1: Composition of experimental diets with unsaturated animal-based lipid levels 
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Ingredients 

% Animal-based saturated and 

unsaturated lipids in diet and % plant 

based mono and poly unsaturated 

Unsaturated 

animal-based 

lipid 

Saturated 

animal-based 

lipid 

Monounsaturated 

plant-based lipid 

Polyunsaturated 

plant-based 

lipid  

Control 3% 6% 9% 

Fish Meal Fish Meal Fish Meal Fish Meal 45.0g 45.0g 45.0g 45.0g 

Fish oil Beef Tallow Canola oil Sunflower oil 0.0g 1.5g 3.0g 4.5g 

Cod liver oil Poultry fat Olive oil Soybean oil 0.0g 1.5g 3.0g 4.5g 

Wheat bran Wheat bran Wheat bran Wheat bran 29.0g 26.0g 23.0g 20.0g 

Vitamins and 

mineral mix 

Vitamins and 

mineral mix 

Vitamins and 

mineral mix 

Vitamins and 

mineral mix 

1.0g 1.0g 1.0g 1.0g 

Rice bran Rice bran  Rice bran  Rice bran  24.0g 24.0g 24.0g 24.0g 

Ascorbic Acid 

(Antioxidant) 

Ascorbic Acid 

(Antioxidant) 

Ascorbic Acid 

(Antioxidant) 

Ascorbic Acid 

(Antioxidant) 

1g 1g 1g 1g 

Total    100g 100g 100g 100g 

 

Table 2: Composition of experimental diets with combination of (3%, 6% and 9%) plant and 3% 

animal-based lipid levels 

Plant Based lipids Parameters Control 
3% canola oil 

+ soybean oil 

6% canola oil 

+ soybean oil 

9% canola oil + 

soybean oil 

(%) of diet 

3% animal-

based lipid 

levels 

0.0g 1.5 + 1.5 = 3 3 + 3 = 6 4.5 + 4.5 = 9 

Animal Based Fat (3%) 0.0g 3.0g 3.0g 3.0g 

Fish oil 0.0g 1.5 1.5g 1.5g 

Poultry lipids 0.0g 1.5g 1.5g 1.5g 

Fish meal 27.0g 26.0g 26.0g 26.0g 

Rice bran 30.0g 28.0g 28.0g 28.0g 

Wheat Flour 40.0g 40.0g 40.0g 40.0g 

Ascorbic-acid 

(antioxidant) 

1.0g 1.0g 1.0g 1.0g 

Vitamin Mineral 

complex 

2g 2.0g 2.0g 2.0g 

Total 100g 100g 100g 100g 

(%) of diet 

6% animal-

based lipid 

levels 

0.0g 1.5 + 1.5 = 3 3 + 3 = 6 4.5 + 4.5 = 9 

Animal Based Fat (6%) 0.0g 6.0g 6.0g 6.0g 

Fish oil 0.0g 3g 3.0g 3.0g 

Poultry lipids 0g 3.0g 3.0g 3.0g 

Fish meal 27.0g 26.0g 26.0g 26.0g 

Rice bran 30.0g 25.0g 25.0g 25.0g 

Wheat Flour 40g 40.0g 40.0g 40.0g 

Ascorbic-acid 

(antioxidant) 

1.0g 1.0g 1.0g 1.0g 
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Vitamin Mineral 

complex 

2g 2.0g 2.0g 2.0g 

Total 100g 100g 100g 100g 

(%) of diet 

9% animal-

based lipid 

levels 

0.0g 1.5 + 1.5 = 3 3 + 3 = 6 4.5 + 4.5 = 9 

Animal Based Fat (6%) 0.0g 9.0g 9.0g 9.0g 

Fish oil 0.0g 4.5g 4.5g 4.5g 

Poultry lipids 0.0g 4.5g 4.5g 4.5g 

Fish meal 27.0g 24.0g 24.0g 24.0g 

Rice bran 28.0g 24.0g 24.0g 24.0g 

Wheat Flour 40g 40.0g 40.0g 40.0g 

Ascorbic-acid 

(antioxidant) 

1.0g 1.0g 1.0g 1.0g 

Vitamin Mineral 

complex 

2g 2.0g 2.0g 2.0g 

Total 100g 100g 100g 100g 

 

2.3. Feeding Protocol: 

The fingerling was fed according to 2% of their 

wet body weight. 17 fingerlings were stocked in 

each experimental tank and duplicate tanks were 

given for each experimental diet. The feeding 

session was lasted for 3-3.5 hours. After that un-

consumed feed was collected from the tanks and 

tanks were washed and re-filled with fresh water.  

 

2.4. Proximate Composition Analysis: 

Muscle samples of fishes (Labeo rohita, Catla 

catla, Cirrhinus mrigala) were analyzed by the 

standard method of AOAC (1995). Moisture 

content was determined by drying sample at 105o 

C for 12 hours in oven. Crude protein (CP) (N X 

6.25) was determined by micro kjeldahl method. 

Petroleum ether extraction method (Soxhlet 

method) was used for determination of crude fat 

(CF). Crude fiber was determined by loss in 

weight by igniting fat-free sample. This sample 

was made by digesting it with 1.25% H2SO4 and 

1.25% NaOH. Carbohydrates were determined 

by subtracting the crude protein percentage, 

crude fat percentage and crude fiber percentage 

from the dry matter. 

 

2.4.1. Moisture: 

Sample of fish muscle (1 gram) was taken in petri 

dish (W1). This petri dish was placed in the oven 

at 105o C for 12 hours. This dried sample was 

then shifted to desiccator for 5 minutes and 

weight again. This sample was shifted again to 

the oven for 1-2 hours until constant weight was 

observed (W2). The difference in weight was 

determined as moisture. Following formula was 

used for calculation of dry matter percentage. 

 
Where, 

W1= Weight of petri dish + sample before drying 

W2= Weight of petri dish + sample after drying 

Dry matter (%) = 100 – moisture % 

 

2.4.2. Kjeldahl’s method for Crude Protein 

Determination: 

Crude protein of muscle sample was analyzed by 

micro Kjeldahl’s method. Digestion mixture was 

made by mixing K2SO4, CuSO4 and FeSO4 by the 

ratio of 90:7:3. Dried sample of fish muscle (1 

gram) was taken in kjeldahl’s flasks. 5 gram of 

digestion mixture and 30ml of concentrated 

sulphuric acid was added in flask. Then it was 

boiled at low temperature and later at high 

temperature until the color of solution become 
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transparent green (clear). This digested sample 

was cooled, filtered and volume was raised up to 

250ml by using distilled water. 10ml of this 

digested, diluted sample was taken and 10ml of 

NaOH was added and distilled with steam. 

Ammonia was released by this process; it was 

collected in a beaker having 10ml of boric acid 

solution with a drop of indicator (methyl red). 

Ammonia was collected for 2 minutes until the 

colour of boric acid changes from pink to golden 

yellow. Then this was titrated against 0.1N 

H2SO4. The amount of H2SO4 used during 

titration was noted and percentage of nitrogen 

was determined by using it. 

 
 

2.4.3. Crude Fat: 

Crude fat was determined by Soxhlet apparatus 

using petroleum ether. 1-gram dried sample of 

muscles was placed in de-fatted paper and 

weighed. Then it was placed in thimble which 

was joined to adapter. Then this thimble was 

inserted into condenser. The extraction cup was 

weighed and 50-70ml petroleum ether was added 

in it. Extraction cup was placed on hot plate and 

hot plate was turned on. Supply of cold tap water 

was turned on. Ether was kept on boiling for 

about 20 minutes. The thimble was filled with 

solvent. Sample was immersed in solvent as it is 

also present in thimble. Condenser valve was kept 

open at that time. For 30 minutes knob of 

extraction mood was moved to ‘rinsing’. Thimble 

was hung above the solvent surface. The 

condenser valve was kept quarter closed. 

Extraction cup was released after rinsing and for 

collection of ether condenser valves was kept 

opened. Water tap and electricity supply to hot 

plate was stopped at that time. The extraction cup 

was weighed, and fat was determined by 

following formula: 

 
Where,  

W1= Weight of empty extraction cup 

W2= Weight of extraction cup having fat after 

evaporation of ether 

 

2.4.4. Crude Ash: 

Total ash content was calculated by taking 2 

grams of dried sample in crucibles ad weight it. 

Then this sample was put in muffle furnace and 

ignited for 4-5 hours at 550-600℃. Then it was 

cooled by shifting into desiccator and weighed. 

Percentage ash was determined by using 

following formula. 

 
 

2.4.5. Preparation of Fatty Acid Methyl 

Esters (FAMEs) by esterification of fats: 

The required reagents for the Preparation of Fatty 

Acid Methyl Esters (FAMEs) by esterification of 

fats are 1) KOH solution 0.5N, and 2) 

Ammonium chloride methanol H2SO4 mixture. 

For the Preparation of Ammonium chloride 

methanol H2SO4 mixture2g ammonium chloride 

was dissolved in 3ml H2SO4 and 60ml methanol 

was added in this mixture.A sample of fat which 

is 200 to 300 mg was added in the flask and reflux 

this solution with 15ml of KOH which is o.5N for 

3-5 minutes. When the solution become hot then 

15 ml Ammonium chloride methanol H2SO4 was 

added and refluxes it for 15 minutes. Swirled to 

mix and again reflux for 3 minutes. Cool this and 

add light petroleum ether and shake it. When 

ether layer was separated then evaporated the 

ether under the vacuum. For determination of 

fatty acid, the residue was dissolve in 3-10 ml of 

petroleum ether by gas chromatography, by gas 

chromatography the fatty acid methyl esters will 

analyze. They were identified by comparing their 

relatives and the absolute retention time with 

authentic known standards. 

The fingerlings of Major carps were feed 

with the rate of 2% of the live wet weight with 

their daily prescribed diet. Three replicates were 

assigned for each test feed with stocking density 
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of 10 fish per tank. After 3 hours feeding session, 

the uneaten feed was drained out by opening the 

valves of tank. The tanks should be washed 

completely to remove diet particles and again fill 

with fresh water. After this the fishes were 

transformed to the tanks. From the fecal 

collection tube, feces were collected from each 

tank. After the interval of almost 2 hours first 

open the valve 1 and the valve 2. Care was taken 

to avoid breaking the strings of feces which are 

thin in order to less nutrient leaching. Fecal 

material of each treatment was dried in oven then 

ground and was store for chemical analysis. The 

experiment ends at 4-5g fecal material collection 

of each replicate. 

Apparent nutrient digestibility 

coefficients (ADC) of each test diet were 

calculated by this formula reported in NRC in 

1993 

 
Growth performance was determined by 

measuring monthly gross weights of fishes from 

each treatment. Growth performance can be 

determined in terms of absolute weight gain 

(WG), weight gain (%), specific growth rate 

(SGR), survival rate (%). Weight gain was 

determined by following formula: 

 
Absolute weight gain was determined by 

subtracting the final weight from initial weight of 

fish. 

Absolute weight gain (g) = Final weight (g) – 

Initial weight (g) 

Total body length of fish was calculated as: 

Total body length (cm) = Final total 

length (cm) – Initial total length (cm) 

The total fork length of fish was determined as: 

Total fork length (cm) = Final fork length 

(cm) – Initial fork length (cm) 

 

2.4.6. Statistical analysis: 

Statistical analysis of data was done by applying 

ANOVA (One-way analysis of variance).  

Tukey’s Student Newman-Keul test was used for 

comparing means of data (Steel et al. 1997) and 

probability was taken as p < 0.05 (Snedecor and 

Cochran 1991). 
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Results 

 

3.1. Body Growth 

Table 3 demonstrates the effect of saturated and unsaturated animal 

origin fatty acid diets on bodyweight, fork length, and length of Labeo 

rohita, Catla catla and Cirrhinus mrigala. Our study results shows that 

the highest weight gain was observed in Labeo rohita, Catla catla and 

Cirrhinus mrigala at T3 9% (ABS), T6 9% (ABUS), T6 9% (ABUS). 

Lowest weight gain was observed in Labeo rohita, Catla catla and 

Cirrhinus mrigala at T1 3% (ABS). Where’s maximum total length 

was observed in Labeo rohita, Catla catla and Cirrhinus mrigala at T6 

9% (ABUS), T2 6% (ABS), T2 6% (ABS) respectively. Minimum 

total length was observed in Labeo rohita, Catla catla and Cirrhinus 

mrigala at T1 3% (ABS), T4 3% (ABUS), T3 9% (ABS). In 

comparison to that maximum fork length was observed in Labeo 

rohita, Catla catla and Cirrhinus mrigala at T5 6% (ABUS), T3 9% 

(ABS) T2 6% (ABS) respectively and minimum at T0 (control).  In 

overall comparison shows that C. mrigala shows maximum fork 

length. 

 

Table 3: Effect of saturated and unsaturated animal origin fatty acid diets on bodyweight, fork length, and length of Labeo rohita, Catla 

catla and Cirrhinus mrigala 

Major 

Carps 
Parameters 

T0 (control) T1 3% 

(ABS) 

T2 6% 

(ABS) 

T3 9% 

(ABS) 

T4 3% 

(ABUS) 

T5 6% 

(ABUS) 

T6 9% 

(ABUS) 

Avg Gain Avg Gain Avg Gain Avg Gain Avg Gain Avg Gain Avg Gain 

L.rohita 

Weight (g) 

39.21 5.08 40.8 5.40 44.63 5.9 46.53 6.2 42.13 5.5 45.88 6.15 43.25 5.71 

C. catla 35.15 3.16 38.65 3.6 47.36 4.76 42.56 4.11 41.23 3.93 44.85 4.41 48.58 4.88 

C.mrigala 31.79 2.43 34.535 2.78 48.60 4.635 35.49 2.9 34.85 2.87 37.65 3.11 49.195 4.77 

L. rohita Length 

(cm) 

6.86 0.7 7.38 0.73 7.38 0.71 7.58 0.76 7.05 0.71 7.46 0.75 7.56 0.73 

C. Catla 6.63 0.48 8.35 0.7 9.76 0.88 9.05 0.73 8.01 0.65 8.76 0.73 9.4 0.83 

C.mrigala 6.96 0.43 8.46 0.63 10.65 0.88 7.78 0.53 8.28 0.56 8.26 0.6 10.11 0.8 

L. rohita Fork 

Length 

(cm) 

5.86 0.7 6.9 0.73 6.85 0.71 7.18 0.76 6.7 0.71 7.5 0.8 6.8 0.6 

C.catla 8.55 0.78 9.11 0.83 9.63 0.91 9.86 0.91 9.41 0.88 9.61 0.883 9.633 0.916 

C.mrigala 6.58 0.43 8.06 0.63 9.96 0.86 7.51 0.55 7.88 0.56 8.1 0.63 9.94 0.85 

 

Table 4 results show the Effect of monounsaturated and 

polyunsaturated plant origin fats supplementations on body weight (g) 

fork length, and length of Labeo rohita, Catla catla and Cirrhinus 

mrigala. Our study shows that highest weight gain was observed in 

Labeo rohita, Catlacatla and Cirrhinus mrigala at T9 (9%PBMU) and 

lowest weight was observed in Labeo rohita, Catla catla and Cirrhinus 

mrigala at T7 (3%PBMU), T10 (3%PBPU), T10(3%PBPU) Where’s 

maximum total length was observed in Labeo rohita, Catla catla and 

Cirrhinus mrigala at T9 (9%PBMU) and minimum total length of 

Labeo rohita, Catla catla and Cirrhinus mrigala at T10 (3%PBPU).  In 
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overall comparison shows that C. mrigala shows maximum total 

length. In comparison to that maximum fork length of Labeo rohita, 

Catla catla and Cirrhinus mrigala is observed at T2 6% (ABS), T6 9% 

(ABUS), T2 6%(ABS) respectively and minimum at T0 (control). In 

overall comparison shows that Cirrhinus mrigala shows maximum 

fork length. 
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Table 4: Effect of monounsaturated and polyunsaturated plant origin fats supplementations on body 

weight (g) fork length, and length of of Labeo rohita, Catla catla and Cirrhinus mrigala  

Major 

Carps 

Param

eters 

T7 

(3%PBMU) 

T8 

(6% PBMU) 

T9 

(9%PBMU) 

T10 

(3%PBPU) 

T11 

(6%PBPU) 

T12 

(9%PBPU) 

Weigh

t (g) 

Avg Gain Avg Gain Avg Gai

n 

Avg Gai

n 

Avg Gain Avg Gain 

L.rohita 41.6

3 5.46 44.6 6.01 50.53 6.81 41.8 5.43 46.98 6.31 44.16 5.86 

C. catla 42.2

5 4.23 46.08 4.76 49.3 5.25 38.15 3.65 48.96 

5.03

3 43.65 4.41 

C.mrigala 37.9

0 3.19 

37.69

5 

3.148

3 

51.10

5 5.06 

35.29

5 2.8 

45.49

6 4.37 

36.23

3 

2.93

5 

L.rohita 

Lengt

h (cm) 

7.25 0.73 7.53 0.78 8.21 0.85 7.16 0.71 7.93 0.8 7.21 0.68 

C. catla 7.41 0.53 8.31 0.65 8.91 0.8 7.08 0.53 8.4 0.66 7.43 0.58 

C.mrigala 

8.48 

0.58

3 9.05 0.666 10.58 0.81 9.18 0.66 8.9 0.6 8.73 

0.58

3 

L.rohita 
Fork 

Lengt

h (cm) 

6.85 0.73 7.10 0.78 7.80 0.85 6.76 0.71 7.5 0.8 7.36 0.68 

C. catla 
6.93 0.56 7.68 0.63 8.31 0.78 8.35 0.7 9.76 0.88 9.05 

0.73

3 

C.mrigala 8.03 0.56 8.6 0.65 10.1 0.81 8.45 0.61 9.45 0.75 8.56 0.63 

 

Table 5 results show the Effect of animal and 

plant origin combination dietary lipid 

supplementation on body weight (g) of Labeo 

rohita, Catla catla and Cirrhinus mrigala. Our 

study results shows that maximum weight was 

observed in Labeo rohita, Catla catla and 

Cirrhinus mrigala at T19 (A9p3), T14 (A3p6), 

T20 (A9p6) respectively. Minimum weight was 

observed in Labeo rohita, Catla catla and 

Cirrhinus mrigala at T18 (A6p9), T21 (A9p9), 

T21 (A9p9) respectively. Where’s maximum 

total length of Labeo rohita, Catla catla 

andCirrhinus mrigala was observed at T17 

(A6p6) and minimum at T21 (A9p9).  In overall 

comparison shows that C. mrigala shows 

maximum total length. In comparison to that 

maximum fork length (cm) of Labeo rohita, Catla 

catla and Cirrhinus mrigala at T19 (A9p3), T19 

(A9p3), T20 (A9p6) respectively and minimum 

fork length (cm) of Labeo rohita, Catla catla and 

Cirrhinus mrigala at at T17 (A6p6), T20 (A9p6), 

T21 (A9p9) respectively. In overall, comparison 

shows that C. mrigala shows maximum fork 

length. 
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Table 5: Effect of animal and plant origin combination dietary lipid supplementations on body weight (g) of Labeo rohita, Catla catla and 

Cirrhinus mrigala 

Major 

Carps 

Param

eters 

T13 

(A3p3) 

T14 

(A3p6) 

T15 

(A3p9) 

T16 

(A6p3) 

T17 

(A6p6) 

T18 

(A6p9) 

T19 

(A9p3) 

T20 

(A9p6) 

T21 

(A9p9) 

Avg Gai

n 

Avg Gai

n 

Avg Gai

n 

Avg Gain Avg Gain Avg Gai

n 

Avg Gain Avg Gain Avg Gain 

L. rohita 

Weight 

(g) 

41.3

3 
5.2 42.2 4.3 43.4 5.53 40.1 4.66 40.4 4.66 39.4 4.63 43.8 5.16 42.2 4.75 40.7 4.93 

C. Catla 41.4

8 

3.78

3 
43.46 

4.13

3 
42.20 3.69 

42.1

5 
3.82 46.6 4.41 

40.3

7 
3.7 47.5 4.26 

49.9

6 
4.48 37.15 3.08 

C. mrigala 49.5

8 
4.25 50.08 4.2 45.66 3.8 

48.3

3 
4.1 50.4 4.40 

48.0

1 
4.08 53.2 4.76 

56.3

8 
5.05 47.21 3.98 

L. rohita Length 

(cm) 

8.0 0.7 8.5 0.75 7.6 0.7 7.45 0.71 7.6 0.73 8.65 0.76 8.6 0.76 8.0 0.73 7.45 0.71 

C. Catla 9.45 0.73 9.15 0.61 7.66 0.45 8.13 0.46 9.26 0.6 8.33 0.51 8.65 0.51 9.13 0.58 8 0.48 

C. mrigala 
9.16 0.96 10.21 1.05 9.03 0.9 9.26 0.98 

10.4

7 
1.16 9.07 0.9 

11.4

5 
1.28 

12.8

3 
1.56 8.33 0.88 

L. rohita Fork 

Length 

(cm) 

8.01 0.85 8.21 0.8 7.55 0.76 0.13 0.71 6.96 0.63 7.6 0.7 8.31 0.8 7.75 0.73 7.15 0.7 

C. Catla 14.0

5 
1.4 8.33 0.53 7.26 0.45 7.61 0.43 8.5 0.53 7.6 0.5 8.18 0.5 8.88 0.68 7.66 0.55 

C. mrigala 
8.16 0.8 9.01 0.91 8.15 0.76 7.88 0.76 9.46 0.98 

8.26

6 
0.8 

10.9

5 
1.03 

11.3

5 
1.21 8.133 0.75 

 

3.2. Body Growth 

Table 6 demonstrates the Effect of saturated and unsaturated animal 

origin fatty acid diets on the moisture, crude protein, crude fat, and 

crude ash of major carps. Our study results shows that maximum 

moisture contents were observed in Labeo rohita at T4 (3% ABUS) 

and T2 (6% ABS) while minimum moisture contents were observed 

in Catla catla at T2 (6% ABS) and T6 (9% ABUS).  

Where our study illustrates that in Labeo rohita maximum 

crude protein was observed in T5 6% (ABUS) and minimum in T6 9% 

(ABUS). For Catla catla maximum crude protein was observed in T6 

9% (ABUS) and minimum in T0 (control) while maximum crude 

protein was observed in T2 6% (ABS) and minimum in T0 (control) 

in case of Cirrhinus mrigala. Overall comparison showed that 

maximum crude protein was observed in Cirrhinus mrigala. 

In comparison to that in L. rohita maximum crude fat was observed in 

T2 6% (ABS) and minimum in T0 (control). For C. catla maximum 

crude fat was observed in T6 9% (ABUS) and minimum in T0 

(control) while for C. mrigala maximum crude fat was observed in T2 
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6% (ABS) and minimum in T6 9% (ABUS). Overall comparison 

showed that maximum crude fat was observed in C. catla. 
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Table 6: Effect of saturated and unsaturated animal origin fatty acid diets on the moisture, crude 

protein, crude fat, and crude ash of major carps 

Major 

Carps 
Param

eters 

TO 

Control 

T1 

(3% ABS) 

T2 

(6% ABS) 

T3 

(9%ABS) 

T4 

(3% 

ABUS) 

T5 

6% 

ABUS) 

T6 

(9% 

ABUS) 

L.rohita 

Moist

ure 

75.05±0.83

8 

74.12± .09 76.15±1.73

4 

72.02±1.17

7 

77.24± .06 71.9±0.02 73.04±0.79

3 

C. catla 71.66±0.40 71.28±0.16 68.66±0.27 70.88±0.19 71.1±0.20 69.76±0.14 68.66±0.27 

C. 

marigala 

71.71±0.07 71.08±0.12 71.78±0.14 70.39±0.01 71.80±0.08 70.88±0.08 70.21±0.15 

L. rohita 

Crude 

protei

n 

15.60 ± 

0.26 

16.69 ± 

0.02 

17.42 ± 

0.09 

18.04 ± 

0.02 

20.19 ± 

0.26 

19.90 ± 

0.06 

16.52 ± 

0.54 

C. catla 12.66±0.19 13.88±0.24 13.72±0.15 14.02±0.01

5 

13.66±0.01 13.24±0.29 14.76±0.10 

C. mrigala 16.72 ± 0.1 18.55 ± 

0.09 

20.32 ± 0.1 17.29 ± 0.1 18.47 ± 0.1 19.01 ± 

0.01 

19.97 ± 

0.02 

L. rohita 
Crude 

Fat 

4.60 ± 0.07 5.89 ± 0.09 7.18 ± 0.04 7.12 ± 0.02 6.14 ± 0.03 6.99 ± 2.82 5.54 ± 0.12 

C. catla 6.31±0.12 5.89±0.04 6.82±0.11 6.45±0.17 5.95±0.06 5.98±0.02 7.54±0.16 

C. mrigala 3.44 ± 0.09 3.88 ± 0.09 4.26 ± 0.21 3.66 ± 0.20 3.77 ± 0.19 3.83 ± 0.10 4.33 ± 0.21 

L. rohita 
Crude 

Ash 

2.70 ± 0.23 3.11 ± 0.01 2.89 ± 0.09 2.21 ± 0.13 2.77 ± 0.19 1.90 ± 0.08 2.76 ± 0.20 

C. catla 8.11±0.53 7.02±0.53 6.12±0.54 7.08±0.54 5.05±0.015 6.13±0.54 6.09±0.04 

C. mrigala 5.59 ± 0.07 7.41 ± 0.08 6.41 ± 0.08 5.88 ± 0.09 7.46 ± 0.13 6.71 ± 0.18 6.86 ± 0.08 

 

Table 7 illustrates the Effect of monounsaturated 

and polyunsaturated plant origin fatty acid diets 

on the moisture, crude protein, crude fat, and 

crude ash of major carps. Our study shows that 

maximum moisture contents was observed in 

Labeo rohita at T7 (3%PBMU) and T12 

(9%PBPU) while minimum moisture contents 

was observed in Catla catla at T7 (3%PBMU) and 

T10 (3%PBPU).Where our study showed that in 

Labeo rohita maximum crude protein was 

observed in T11 (6%PBPU) and minimum in T7 

(3%PBMU). For Catla catla maximum crude 

protein was observed in T9 (9%PBMU) and 

minimum in T10 (3%PBPU) while maximum 

crude protein was observed in T10 (3%PBPU) 

and minimum in T7 (3%PBMU) in case of 

Cirrhinus mrigala. Overall comparison showed 

that maximum crude protein was observed in 

Cirrhinus mrigala. 

In comparison to that in L. rohita 

maximum crude fat was observed in T12 

(9%PBPU) and minimum in T8 (6% PBMU). For 

C. catla maximum crude fat was observed in T7 

(3%PBMU) and T10 (3%PBMU) and minimum 

in T9 (9%PBMU) while for C. mrigala maximum 

crude fat was observed in T9 (9%PBMU) and 

minimum in T7 (3%PBMU). Overall comparison 

showed that maximum crude fat was observed in 

C. catla. 
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Table 7: Effect of monounsaturated and polyunsaturated plant origin fatty acid diets on the moisture, 

crude protein, crude fat, and crude ash of major carps 

Body 

composition 

Parameters 

Monounsaturated fat Polyunsaturated fats 

Major 

Carps 

T7 

(3%PBMU) 

T8 

(6% 

PBMU) 

T9 

(9%PBMU 

T10 

(3%PBPU) 

T11 

(6%PBPU) 

T12 

(9%PBPU) 

L. rohita 

Moisture 

73.21±0.82 72.26±0.072 71.15±0.135 71.5 ±0.04 72.09 ±.75 74.14±0.11 

C. catla 67.67±0.06 69.88±0.06 69.57±0.10 67.58±0.10 69.22±0.19 68.87±0.08 

C. marigala 70.60±0.09 70.81± 0.30 70.35±0.13 70.68±0.13 70.44±0.11 70.59±0.09 

L. rohita 

Crude 

protein 

16.52 ± 0.1 17.55 ± 0.06 18.64 ± 0.05 16.57 ± 0.1 19.52 ± 0.1 18.59 ± 

0.10 

C. catla 14.34 ± 0.22 15.73 ± 0.21 16.99 ± 0.37 14.98 ± 

0.66 

15.91 ± 

0.47 

16.81 ± 

0.63 

C. mrigala 15.54 ± 

0.528 

16.82 ± 0.17 19.06 ± 0.06 15.69 ± 

0.19 

18.01 ± 

0.01 

17.84 ± 

0.10 

L. rohita 

Crude Fat 

5.20 ± 0.11 4.22 ± 0.07 5.10 ± 0.005 5.28 ± 0.03 4.26 ± 0.05 5.22 ± 0.07 

C. catla 6.10 ± 0.005 5.78 ± 0.02 5.28 ± 0.17 6.10 ± 

0.005 

5.43 ± 0.14 5.02 ± 0.01 

C. mrigala 3.55 ± 0.09 4.22 ± 0.03 4.28 ± 0.14 3.64 ± 0.30 4.25 ± 0.13 4.20 ± 0.01 

L. rohita 

Crude Ash 

2.23 ± 0.112 2.21 ± 0.085 1.23 ± 0.112 1.56 ± 

0.121 

1.49 ± 

0.247 

1.76 ± 

0.121 

C. catla 7.8 ± 0.05 6.02 ± 0.01 6.64 ± 0.30 7.08 ± 0.01 6.72 ± 0.07 6.97 ± 0.02 

C. mrigala 6.48 ± 0.23 6.55 ± 0.13 6.15 ± 0.05 6.60 ± 0.28 6.19 ± 0.08 6.66 ± 0.24 

 

Table 8 stated the Comparison of animal and 

plant origin fats on the moisture, crude protein, 

crude fat, and crude ash of major carps. Our study 

shows that maximum moisture content was 

observed in Labeo rohita, Catla catla and 

Cirrhinus mrigala at T20 (P. Fats: 6%, A. Lipids: 

9%) and minimum moisture content was 

observed at T21 (P. Fats: 9%, A. Lipids: 9%). 

Overall comparison of three major carps showed 

maximum moisture content in L. rohita at T20 (P. 

Fats: 6%, A. Lipids: 9%) while minimum in C. 

catla at T21 (P. Fats: 9%, A. Lipids: 9%). 

Where our study demonstrated that in L. 

rohita maximum crude protein was observed in 

T20: P. Fats: 6%, A. Lipids: 9% and minimum in 

T16: P. Fats: 3%, A. Lipids: 6%. For C. catla 

maximum crude protein was observed in T20: P. 

Fats: 6%, A. Lipids: 9% and minimum in T18: P. 

Fats: 9%, A. Lipids: 6%T10 while for C. mrigala 

maximum crude protein was observed in T20: P. 

Fats: 6%, A. Lipids: 9% and minimum in T18: P. 

Fats: 9%, A. Lipids: 6%. Overall comparison 

showed that maximum crude protein was 

observed in C. mrigala. 

In comparison to that in L. rohita 

maximum crude fat was observed in T20: P. Fats: 

6%, A. Lipids: 9% and minimum in T13: P. Fats: 

3%, A. Lipids: 3%. For C. catla maximum crude 

fat was observed in T19: P. Fats: 3%, A. Lipids: 

9% and minimum in T18: P. Fats: 9%, A. Lipids: 

6% while for C. mrigala maximum crude fat was 

observed in T20: P. Fats: 6%, A. Lipids: 9% T21 

(9%PBMU) and minimum in T13: P. Fats: 3%, 

A. Lipids: 3%. Overall comparison showed that 

maximum crude fat was observed in C. mrigala. 



499  Journal of Positive School Psychology  

 

 

 

Table 8: Comparision of animal and plant origin fats on the moisture, crude protein, crude fat, and crude ash of major carps 

Major 

Carps 

Parameters 

T13: 

P. Fats: 

3%, 

A. Lipids: 

3% 

T14: 

P. Fats: 

6%, 

A. Lipids: 

3% 

T15: 

P. Fats: 

9%, 

A. Lipids 

:3% 

T16: 

P. Fats: 

3%, 

A. Lipids: 

6% 

T17: 

P. Fats: 

6%, 

A. Lipids: 

6% 

T18: 

P. Fats: 

9%, 

A. Lipids: 

6% 

T19: 

P. Fats: 

3%, 

A. Lipids: 

9% 

T20: 

P. Fats: 

6%, 

A. Lipids: 

9% 

T21: 

P. Fats: 9%, 

A. Lipids: 

9% 

Labeo 

rohita 
Moisture 

72.28±0.15 73.26±0.05 74.23±0.08 75.33±0.02 76.37±0.04 77.16±0.08 77.39±0.06 76.41±0.03 71.08±0.01 

Catla catla 71.28±0.10 71.35±0.04 71.43±0.02 71.23±0.05 71.37±0.02 71.26±0.04 71.49±0.12 71.51±0.14 71.18±0.01 

C.marigala 71.78±0.11 71.99±0.08 71.86±0.07 71.82±0.08 72.03±0.05 72.65±0.18 72.65±0.18 72.96±0.12 71.76±0.10 

L. rohita 
Crude 

protein 

17.95±0.02 18.25±0.07 19.14±0.08 17.29±0.16 17.98±0.01 18.16±0.03 19.15±0.09 19.61±0.24 18.19±0.06 

C. catla 16.85± 0.05 17.15±0.05 17.04±0.03 17.11±0.01 17.55±0.13 16.83±0.06 18.05±0.02 18.51±0.36 17.09±0.05 

C. mrigala 17.96±0.01 18.20±0.15 18.08±0.01 18.12±0.02 18.74±0.21 17.94±0.04 19.54±0.19 19.94±0.04 17.96±0.02 

L. rohita 

Crude Fat 

2.81±0.06 3.95± 0.04 2.80±0.05 2.99±1 2.95±0.04 3.78±0.02 4.25 ± 0.13 4.63 ± 0.29 2.89 ± 0.08 

C. catla 2.71±0.20 2.85± 0.05 2.69±0.20 2.76±0.04 2.88±0.08 2.68±0.22 3.15 ± 0.05 3.53 ± 0.31 2.69 ± 0.19 

C. mrigala 3.42±0.15 3.65± 0.31 3.37±0.12 3.81±0.06 3.81±0.06 3.51±0.36 4.02± 0.01 4.17 ± 0.04 3.46 ± 0.27 

L. rohita 

Crude Ash 

6.42±0.13 7.58±0.10 7.66±0.24 7.62±0.25 7.89±0.08 7.68±0.24 8.27±0.15 9.48± .005 1.2±0.17 

C. catla 7.32±0.06 7.58±0.23 7.38±0.07 7.41±0.20 7.81±0.09 7.46±0.27 8.05±0.01 8.38 0.24 1.02±0.01 

C. mrigala 6.65±0.35 6.83±0.06 6.53± 0.14 6.85±0.05 6.85±0.05 6.64±0.36 7.46±0.90 7.21 0.08 6.51±0.18 

 

4. Discussion 

Balanced fatty acid profile is the basic requirement for the growth of 

fish. By combining the animal and vegetable oils for the fish diet, or 

replacement of animal oils with vegetable oils, some fish showed 

increase in growth and other showed retardation in their growth.20 

Growth performance in the three fish species were recorded in terms 

of average weight gain, total body length and fork length. Among the 

three species of Indian major carps, Cirrhinus mrigala showed 

significantly highest growth in terms of weight gain in combination in 

T20 with 9% animal and 6% plant dietary lipids (A9P6) and individual 

animal andplant origin dietary lipids intreatment T9 (9% PBMU) with 

mean values of 56.38±17.26 and 51.10±18.45 followed by Labeo 

rohita and Catla catla with the mean values of 50.53±24.72 and 

49.38±19.48 respectively in T9 (9% PBMU) Cirrhinus mrigala also 

showed highest growth in terms of total length and fork length in T9 

(9% PBMU) with mean values of 10.58±3.35 and 10.16±3.35 

followed by Catla catla and Labeo rohita in T2 6% animal based 

saturated  (6% ABS) and T3 (9% ABS) with  values of 9.76 and 9.86 

followed by Labeo rohita in T18 (A6P9) and T19 (A6P9) with values of 

8.65 and 8.31 respectively.  Such specific species variations in growth 

have also been reported by Sahzadi et al21 and Pradhan et al.22 Growth 

is mainly influenced by the concentration of feed having all the 
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essential nutrients and energy when fed up to satiation Kaushik.23 

Significant higher growth in terms of weight gain, total length and fork 

length of Cirrhinus mrigala towards 9% animal and 6% plant origin 

combination dietary lipids as compared to the other two species and 

the highest total length and fork length in Catla catla  towards 3% 

animal and 3% plant origin combination dietary lipids followed by 

Labeo rohita  with  9% animal and 6% plant origin combination 

dietary lipids may be attributed to the optimum utilization of the both 

plant and animal origin feed nutrients more efficiently by the 

optimization of  the digestion process by fish (Zoccarato et al.24 The 

significant difference in weight gain, total length and fork length of 

Cirrhinus mrigala , Labeo rohita and Catla catla  towards 9% plant 

based monounsaturated , 9% animal based saturated and 9% plant 

based monounsaturated dietary lipids may be attributed to the 

herbivore and omnivore nature of the fish as the monounsaturated 

plant and saturated animal ingredients can be considered nutrient 

content wise adequate for fish growth Ahmed25 and Hixson.26 Among 

animal origin saturated and unsaturated dietary lipids, Cirrhinus 

mrigala showed significant higher growth in treatment T6 (9% ABUS) 

with mean values of 48.78±18.89 followed by Catla catla and Labeo 

rohita in T6 (9% ABUS) and T3 (9% ABS) with the mean values of 

48.58±17.44 and 46.53±22.46 respectively. The results showed the 

non-significant difference in weight gain of the two species Cirrhinus 
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mrigala and catla catla in T6 with 9% animal 

basedunsaturated dietary lipids whereas 

significant difference in Labeo rohita in T3 with 

9% animal based saturated dietary lipids. 

. 

The significant difference in the weight 

gain of two fish species from Labeo rohita may 

be attributed to the inherent ability of Labeo 

rohita to vary its weight gain in response to 

certain feed ingredients with varying 

digestibility. Only animal based unsaturated fatty 

acids with high concentration can’t be used for 

the enhanced growth as lipid peroxidation 

reactions caused the damage of liver cells. 

Similarly, only plant based high concentration of 

lipid levels can disturb the n−3/n−6 fatty acids 

that can disturb the eicosanoid synthesis, 

Fracalossi et al.27 and Sargent et al.28 

The comparative results of the three fish 

species showed that by increasing the level of 

dietary lipids up to a certain percentage (9%) 

increases the values of weight gain than in case of 

using diets containing 3% and 6% supplemented 

lipid. Labib et al29 showed that the Oreochromis 

niloticus fed on diets containing 28% protein and 

three levels of fat (3, 6 and 9 %) showed increase 

in weight from 12.6 to 169.3g, from 10.6 to 

154.39 and from 10.0 to 164.1g. Similarly, 

Hassanen30 reported that the dietary fat when 

increased from 3 to 6% of the diet appeared to 

spare protein as reflected in greater protein 

deposition with higher fat level. Williams and 

Robinson31 described the importance of lipid as 

one of the essential food ingredients is due to the 

fact that it provides a source of concentrated 

energy and essential fatty acids that can be used 

to spare dietary protein for growth. Lipids also 

can be used as a source of protein-sparing energy 

(Mai et al32.  

The results of different percentages of 

combination animal and plant origin dietary 

lipids of the three major carp species showed that 

by combining the animal and vegetable oils for 

the fish diet, or replacement of animal oils with 

vegetable oils, some of the fish showed increase 

growth and other showed retardation in their 

growth. In the present studies, highest significant 

increase in the growth of Cirrhinus mrigala 

towards treatment T20 (9% animal based and 6% 

plant based dietary lipids) with mean value of 

56.38±17.26 was observed as compared to other 

two fish species which showed the decreasing 

trend with the increase in plant origin dietary 

lipids in T21 (9% animal and 9% plant based 

dietary lipids) in Catla catla with minimum mean 

value of 37.15±11.64 respectively. The lower 

performance of Catla catla fed on 9% plant-based 

diets with 9% animal origin dietary lipids may be 

due to the specie specific inherent response 

towards higher percentages of plants and 

presence of anti-nutritional factors present within 

the different plants. Plant evolves these 

substances to protect them and to prevent them 

from being eaten (Inuwa et al33). 

In general, the increasing levels of 

dietary lipid level improve the certain growth 

parameters of fish because of protein sparing 

effect due to the use of lipid (Lee et al34; Skalli et 

al35 and Torstensen et al36. However, no sparing 

effect of protein was observed by the two 

scientists due to the use of dietary lipids but in 

other different species (McGoogan and Gatlin37, 

Thoman et al38. Every species of fish have an 

optimum level of dietary lipids over which that 

quantity of lipid can cause growth retardation Du 

et al39. The higher lipid contents in fish diet 

results in excessive energy can cause reduced 

growth and feed consumption which can also 

reduce the ability of a fish to digest and absorb 

higher levels of lipids Wang et al.40  

The present results showed that the 

increasing levels of dietary lipids increased the 

growth performance of fish. For example, 

condition factor and protein efficiency ratio 

increase with the increasing levels of dietary 
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lipids of all type of treatment diets but these 

dietary lipids improve the feed utilization of fish 

up to certain limits by Peres and Teles.41 An 

experiment on  three dietary lipids levels, 13, 17 

and 21%, was conducted where the diet with 17% 

lipid levels (intermediate slevel of lipids among 

all three diets) had significantly improved the 

body weight, length and growth rate of fish 

Argyrosomus regius, Chatzifotis et al.42. 

Similarly Asian sea sbass and the white sea bass 

(Atractoscion nobilis), also showed the higher 

growth rates on  17% lipid level as compared to 

13% or 23%, and 19.5% or 21.5%, respectively 

(Lopez et al.43). Furthermore, there is also a 

disadvantage to the pelleting quality of food with 

the higher use of dietary lipids in the diet. Hence 

it was also concluded from the present study that 

adequate quantity must be evaluated for specific 

type of fish species. 

During present investigation, the overall 

comparative results showed that four diets, two 

from animal-based (ABUS and ABS) and two 

from plant-based (PBMU and PBPU) origins as 

dietary lipids sources have different types of 

growth trends in the three fish species in terms of 

weight gain in the order: Cirrhinus 

mrigala>Labeo rohita>Catla catla  with mean 

values of 51.10±18.45, 50.53±24.72 and 

49.38±19.48  whereas for total length and fork 

length the pattern followed the order : Cirrhinus 

mrigala>Catla catla>Labeo rohita. The order for 

the growth in combination of animal and plant 

origin dietary lipids was Cirrhinus mrigala>Catla 

catla>Labeo rohita with the mean values of 

56.38±17.26, 47.5±16.34 and 43.8±18.76. The 

diet having soybean and sunflower oil as replacer 

for the fish and cod liver oils showed the 

significantly (p < 0.05) higher values of growth 

in T9, 9% (PBMU).  

Kim and Lee44., also reported that sub-adult olive 

flounderwhen fed with soybean oil mix diet 

showed significantly higher values of final mean 

weight, protein efficiency ratio and 

hepatosomatic index. The present study showed 

that the fishes fed on animal and plant-based diets 

showed highest growth at 9% dietary lipid level 

than 0, 3% and 6% levels, However the retarded 

growth in fish fed on plant-based diets at higher 

level of dietary lipids showed that the lipid may 

limit the protein consumption, higher fat 

accretion and impaired the growth of C. catla 

(Wang et al40.).  

The 6% dietary lipid level may improve 

the digestion as well as absorption of nutrients as 

compared to 9% dietary lipid level (El-Kasheif et 

al45.) Similarly Kheir46 reported the highest 

growth at 6% lipids that subsequently decreases 

with the increasing level of lipid up to 8%. The 

overall results showed the significant higher 

growth in terms of weight gain, total length and 

fork length of Cirrhinus mrigala as compared to 

the other two fish species. T9 (9% PBMU) 

showed the significant growth in all the three fish 

species of Indian major carps and 9% dietary 

lipids showed better growth than 0%, 3% and 6%. 

Hence a trend in increase in growth of Cirrhinus 

mrigala, Labeo rohita and Catla catla was 

measured with an increase in the percentage of 

animal, plant and combination dietary lipids. 

Body composition is used as an indicator 

of the whole flesh quality of the fish. Growth, 

feeding rate and diet are the most important 

factors which effect the body composition of the 

fish (Cho et al47). During present studies, 

Cirrhinus mrigala showed significantly higher 

crude protein in T2 (6% ABS) with the value 

20.32±0.15 followed by Labeo rohita and Catla 

catla with the mean values of 20.19±0.57and 

18.51±0.36 respectively in T4 (3% ABUS) and 

T20 (A9P6).  

The lowest value of crude protein 

followed the pattern of Catla catla<Labeo 

rohita<Cirrhinus mrigala in TO, T7(3% PBMU) 

and T10(3% PBPU) with the mean values of 

12.66±0.19, 15.54±0.528 and 15.69±0.14. The 

significant higher moisture content was recorded 

in Labeo rohita in T4 (3% ABUS) with the value 

77.24±1.06 followed by Cirrhinus mrigala and 
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Catla catla in T20 (A9P6) with the values of 

72.96±0.34 and 71.51±0.14 respectively. The 

minimum values of moisture were recorded in 

Catla catla in T10 (3% PBPU) with mean values 

of 67.58±0.10 in comparison with Labeo 

rohitaand Cirrhinus mrigala in T9(9% PBMU) 

and T21(A9P9) with mean values of 70.35±0.13 

and 71.76±0.14. 

Catla catla showed the significant higher 

crude fat content in T6 (9% ABUS) dietary lipids 

with mean value of 7.54±0.16 as compared to 

Labeo rohita and Cirrhinus mrigala in T2 (6% 

ABS) and T6 (9% ABUS) with the values 7.18 

and 4.33.The minimum values of crude fat were 

shown by Catla catla followed by Labeo rohita 

and Cirrhinus mrigala in T15  (A3P9) with mean 

values of 2.68±0.20 2.80±0.01 and 3.37±0.20  

The higher significant value of crude ash was 

showed by Labeo rohita in T20 (A9P6) with the 

value. 9.48±0.005 followed by Catla catla and 

Cirrhinus mrigala in T0 and T19 (A9p3) with the 

values of 8.11±0.53 and 7.46±0.09 and the 

minimum values were recorded in Labeo rohita, 

Catla catla and Cirrhinus mrigala in T9(9% 

PBMU), T4 (3% ABUS) and T0 with the mean 

values of 1.23±0.02, 5.05±0.015 and 5.59±0.13. 

The whole-body composition of the three 

fish species fed with different plant and animal 

origin dietary lipids in this study varied 

substantially. Body moisture content decreased 

significantly from Labeo rohita>Cirrhinus 

mrigala>catla catla with increasing lipid content 

up to 6% plant based and 9% animal-based 

combination dietary lipids. Further increasing the 

animal and plant origin dietary lipids did not 

result in any significant difference in moisture 

content. Body protein content increased with 

increasing animal origin dietary lipid levels up to 

6% in Cirrhinus mrigala; thereafter a significant 

fall of body protein was noticed in 9% dietary 

lipid levels, However the combination of 9% 

animal and 6% plant dietary lipids showed 

significant growth in Catla catla. This may be 

attributed to the protein spare effect of dietary 

lipids up to a certain level. The elevated growth 

rate of silver barb fingerlings with enhanced 

dietary lipid percentages could be due to protein 

sparing effect of lipids. In fish feed, dietary 

protein utilization is enhanced by enhancing the 

adequate lipid percentages without lowering the 

fish growth (Han et al48).  

This sparing effect of lipids which can 

significantly enhance the use of protein for 

growth and improved protein efficiency ratio has 

been studied in other fish species (Chatzifotis et 

al42).  The fat content of fish fed with different 

types of dietary lipids gradually increased with 

increasing the percentage of animal based 

saturated and unsaturated lipids from 6% to 9% 

and was found to be significantly higher for Catla 

catla with a decreasing trend in Labeo rohita to 

Cirrhinus mrigala. Cirrhinus mrigala showed the 

highest value of crude protein and lowest value of 

Crude fat among other two carp species. This 

corresponds with the findings for Oncorhynchus 

mykiss (Storebakken et al49) and African catfish, 

Clarias gariepinus (Adebayo and Fagbenro50).  

When the percentages of dietary lipids 

were lower the amount of fat was slightly lower, 

although at the same time the fish maintain 

relatively higher and constant amounts of protein 

in their body tissues in comparison to the initial 

value, suggesting that in fish body fat is preferred 

to protein as an energy source. Similar findings 

for body fat were also reported by Khan et al10. 

On the basis of the results from the 

present study, it is concluded that provision of 

dietary lipids in the range 7.0–9.0% is optimum 

for growth and for efficient feed utilization. The 

whole-body lipid content was enhanced and the 

moisture content was decreased with increasing 

dietary lipid levels. This relationship of whole 

body moisture to lipid content was also seen in a 

different fish species, Argyrosomus regius 

(Chatzifotis et al42).  

The whole-body lipid content of the 

major carps was increased as the percentage of 

dietary lipids were increased from 3-9% which 
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also showed the optimum values of lipid content 

in terms of whole-body composition in Catla 

catla in T6 with 9% ABUS dietary lipids. This is 

in line with the previous studies in  Dicentrarchus 

labrax Peres41. The whole-body protein content of 

silver barb was enhanced  by increasing the fish 

oil supplementation in fish feed as reported in 

Oreochromis auraus and Oreochromis niloticus 

(Kheir29 and El-Kasheif et al45). 

 

Conclusion 

Among three fish species, Cirrhinus mrigala 

showed significantly highest growth in terms of 

weight gain in treatment T20 with combination of 

9% animal and 6% plant dietary lipids (A9P6) 

and T9 plant based monounsaturated (9% 

PBMU) with mean values of 56.38 ± 17.26 and 

51.10 ± 18.45 followed by Labeo rohita and Catla 

catla with the mean values of 50.53 ± 24.72 and 

49.38 ± 19.48 in T9 plant based monounsaturated 

(9% PBMU).The total and fork length gain also 

showed the similar trend as weight gain in  

Cirrhinus mrigala in T9 with 9%  plant based 

monounsaturated (9% PBMU) with mean values 

of 10.58 + 3.35 and 10.16 + 3.35 followed by 

Catla catla and Labeo rohita in T3 9% animal 

based saturated  (9% ABS) and T9 9% plant 

based monounsaturated (9% PBMU) with mean 

values of 9.76 + 3.34, 9.70 ± 3.25 and 8.21 ± 3.12, 

7.81 ± 3.12 respectively. Significant higher 

growth in terms of weight gain, total length and 

fork length of Cirrhinus mrigala towards 9% 

animal and 6% plant origin combination dietary 

lipids as compared to the other two species may 

be attributed to the optimum utilization of the 

both plant and animal origin feed nutrients more 

efficiently by optimizing the digestion process. 

The comparative results of growth of the three 

fish species showed that by increasing the level 

of dietary lipids up to a certain percentage (9%) 

increases the values of weight gain than in case of 

using diets containing 3% and 6% supplemented 

lipid may be due to the fact that it provides a 

source of concentrated energy and essential fatty 

acids and can be used to spare dietary protein for 

growth. Lipids also can be used as a source of 

protein- sparing energy. The results of different 

percentages of combination animal and plant 

origin dietary lipids among three fish species 

showed the significant increase in the growth of 

Cirrhinus mrigala as compare to other two fish 

species which showed the decreasing trend with 

the increase in plant origin dietary lipids may be 

attributed to the presence of anti-nutritional 

factors present within the different plants. Plant 

evolves these substances to protect them and to 

prevent them from being eaten. The present 

results showed that the increasing levels of 

dietary lipids increase the growth performance of 

fish. The overall results showed the significant 

higher growth in terms weight gain, total length 

and fork length of Cirrhinus mrigala as compared 

to the other two fish species. T9 (9% PBMU) 

showed the significant growth in all the three fish 

species and 9% dietary lipids showed better 

growth than 0%, 3% and 6%. Hence a trend in 

increase in growth of Cirrhinus mrigala, Labeo 

rohita and Catla catla was measured with an 

increase in the percentage of animal, plant and 

combination dietary lipids. 
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