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Abstract This study aimed at quantifying leucine requirement of fingerling Catla catla

[3.75 (mean body length) ± 0.15 (SE) cm, 0.66 (mean body weight) ± 0.04 (SE) g] by

conducting a 12-week feeding trial. Six casein- and gelatin-based (33 % crude protein,

14.0 kJ g-1 calculated digestible energy) semipurified diets containing different concen-

trations of leucine (0.73, 0.97, 1.24, 1.46, 1.74 and 1.97 % dry diet) were fed to triplicate

groups of fish to apparent satiation thrice daily at 08:00, 12:30 and 17:30 hours. Maximum

absolute weight gain (AWG, 7.45 g fish-1), protein gain (PG, 1.31 g fish-1), leucine gain

(LG, 85.33 mg fish-1), RNA/DNA ratio (4.62) and best feed conversion ratio (FCR, 1.51)

were recorded at 1.74 % dietary leucine. Hemoglobin, hematocrit and red blood cell counts

count were also found to be optimum in fish fed diet with 1.74 % leucine. Quadratic

regression analysis at 95 % maximum response of AWG and minimum response of FCR

against dietary leucine concentrations reflected the requirement at 1.58 and 1.57 % dry

diet, respectively. Based on above results, inclusion of leucine ranging from 1.57 to 1.58 %

of the dry diet is recommended for developing leucine-balanced commercial feeds for the

intensive culture of C. catla.
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Introduction

The development of nutritionally adequate, cost-effective feeds for all stages of cultured

fish species is of great importance to the commercial success of aquaculture. Formulation

of balanced and cost-effective diets requires complete knowledge of nutritional require-

ments of the cultured species (Wilson 1985; Lin et al. 2013). Dietary intake of essential
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amino acids is required to achieve optimum growth, best feed conversion and desirable

carcass quality. Leucine, a member of aliphatic side chain amino acid family, is essential

for normal growth and reproductive potential of the fish (Abidi and Khan 2007). It plays an

important role in protein synthesis, promotes insulin release and inhibits protein degra-

dation (Nair et al. 1992). Leucine has also been implicated to play a signaling role in

enhancing the availability of specific eukaryotic initiation factors (Anthony et al. 2000) as

well as augmenting the activity of proteins involved in mRNA translation (Davis and

Fiorotto 2009; Wu et al. 2010). It also supplies gluconeogenic precursors via the formation

of alanine in muscle (Brooks 1987). The essential branched-chain amino acid leucine

amounts to about 4.6 % of the total amino acids (Takala et al. 1980).

Dietary requirements of leucine have been developed for various cultivable fish species

such as chinook salmon, Oncorhynchus tshawytscha (Chance et al. 1964); rainbow trout,

O. mykiss (Ogino 1980); Atlantic salmon, Salmo salar (Rollin 1999); Mossambique tilapia,

Oreochromis mossambicus (Jauncey et al. 1983); white sturgeon, Acipenser transmontanus

(Ng and Hung 1995); rohu, Labeo rohita (Murthy and Varghese 1997; Abidi and Khan

2007); mrigal, Cirrhinus mrigala (Benakappa and Varghese 2003; Ahmed and Khan

2006); red sea bream, Pagrus major (Forster and Ogata 1998); European sea bass,

Dicentrarchus labrax, gilthead seabream, Sparus aurata and turbot, Psetta maxima

(Kaushik 1998); yellow croaker, Pseudosciaena crocea (Yan et al. 2010); channel catfish,

Ictalurus punctatus (Wilson et al. 1980); and stinging catfish, Heteropneustes fossilis

(Farhat and Khan 2014).

The Indian major carp C. catla is the most important, fast-growing commercially cul-

tured fish (FAO 2006–2012). Because of its high nutritional value and good taste, it has

greater consumer demand (ICLARM 2001). This fish is used as the integral component in

carp polyculture system. Catla, along with the other Indian major carps, also form the

mainstay of culture practices, contributing approximately 5.4 million tonnes to the total

aquaculture production (59.9 million tonnes) in 2010 (FAO 2012). To improve the pro-

duction process of this species, it is important to understand dietary leucine requirement in

order to prepare leucine-balanced feeds. Although data on leucine requirement of fry C.

catla are available (Ravi and Devaraj 1991), information on leucine requirement for fin-

gerling C. catla is warranted. Therefore, this study was carried out to determine the dietary

leucine requirement of fingerling C. catla using growth, feed conversion ratio, RNA/DNA

ratio, protein gain, leucine gain and carcass composition as the sensitive parameters.

Relevance of hematological indices in assessing the health status of fish has been reported

by several authors (Buentello et al. 2007; Ahmed 2012; Farhat and Khan 2014). Consid-

ering the importance of hematological parameters in assessing the health status of fish in

response to dietary amino acids, these tools were also utilized to estimate the dietary

leucine requirement of this fish.

Materials and methods

Experimental diets

Six isonitrogenous (33 % crude protein) and isocaloric (14.0 kJ g-1 calculated digestible

energy) semipurified diets using casein (fat free), gelatin and L-crystalline amino acids

with graded levels of leucine (0.75, 1.0, 1.25, 1.5, 1.75 and 2.0 % dry diet) were formu-

lated. The experimental diets were designated as L1, L2, L3, L4, L5 and L6. The amino

acids profile of the experimental diets excluding the test amino acid leucine was simulated

578 Aquacult Int (2015) 23:577–595

123



to that of 33 % whole chicken egg protein. The composition of the experimental diets is

given in Table 1. Casein and gelatin served as intact protein sources and provided 0.75 %

leucine in the experimental diets. To make the intended concentrations of dietary leucine in

the semipurified diets, the amount of leucine was increased at the expense of glycine on

protein-to-protein basis (N 9 6.25). Since the protein contributed by glycine is highest

than that by any other nonessential amino acids, we replaced glycine for leucine in this

study. As the levels of leucine increased in the experimental diets, the proportion of dextrin

was decreased correspondingly to maintain the energy content of all diets. The analyzed

amino acid composition of the experimental diets is presented in Table 2. Amino acid

analyses of diets revealed the L-leucine content to be 0.73, 0.97, 1.24, 1.46, 1.74 and

1.97 % of the dry diet. The levels of leucine in the semipurified diets were fixed on the

basis of information available on other Indian major carps (Murthy and Varghese 1997;

Ahmed and Khan 2006; Abidi and Khan 2007; NRC 2011). Level of protein in the

semipurified diets was fixed to be slightly lower than the reported requirement (35 %,

Khan and Jafri 1991; Dars et al. 2010). This reduction was made to ensure maximum

utilization of the limiting amino acid from the diet (Wilson 2002). Method of preparation

of experimental diets was the same as detailed earlier (Zehra and Khan 2013a). Briefly,

pre-weighed quantities of crystalline L-amino acids and salt mixture were thoroughly

stirred in hot water (80 �C) in a steel bowl attached to a Hobart electric mixer (K5SS,

Hobart Corp., Troy, OH, USA). The pH of the resulting mixture was adjusted to neutral

with 6N NaOH solution (Nose et al. 1974). Crystalline L-amino acids (CAA) were coated

with some amount (5 % of the diet) of cooked carboxymethyl cellulose (CMC). Gelatin

was dissolved separately in a volume of water with constant heating and stirring and then

transferred to the CMC-bound pre-coated CAA mixtures. These pre-coated CAA mixtures

were further coated with cooked casein at 80 �C. The mixer bowl was removed from

heating and dextrin added. Vitamin and oil premixes were added to the lukewarm bowl

(50 �C) one by one with constant mixing. Lastly, rest 5 % carboxymethyl cellulose was

added to the above mixture and the speed of the blender was gradually increased as the diet

started to harden. The dough was passed through a pelletizer fitted with a 2-mm die to

obtain pellets that were dried in a hot air oven at 40 �C to reduce the moisture content

below 10 %. The dry pellets thus obtained were crumbled, sieved (500 lm) and stored at

4 �C until used. The coating of amino acids with carboxymethyl cellulose followed by

casein and gelatin provided sufficient water stability. In addition to providing sufficient

water stability, coating of crystalline L-amino acids also reduces the absorption rate of the

amino acids (Cho et al. 1992) and leaching (Alam et al. 2004) and optimizes their use for

protein gain. To determine the leaching loss of the amino acids from the test diets, the dried

samples after immersion in water for 30 min were also subjected to amino acid analysis.

The amino acid analysis of these dietary samples exhibited no significant change in their

amino acid composition.

Estimation of water stability of the diets

Water stability of the diet was estimated by the method of Fagbenro and Jauncey (1995).

Briefly, representative samples (5 g) of semipurified diets were placed on a sieve and

slowly immersed in a 70-L experimental tanks containing deionized water (water volume

55 l) at 27 �C for 10 min. The sieves were removed, and the crumbles were allowed to

drain for 1 min, oven-dried at 105 �C for 2 h, cooled in a desiccators and reweighed. The

water stability of the semipurified diets in all experiments was calculated which was found

to be about 97 %.
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Experimental design and feeding trial

Induced bred fry C. catla were procured from G.B. Pant University of Agriculture and

Technology, Pantnagar, transported to the wet laboratory in oxygen-filled polythene bags,

given a prophylactic dip in KMnO4 solution (1:3,000) and stocked in indoor circular aqua

blue colored fish tanks (1.22 m in diameter; 0.91 m in height; water volume 600 L) for

2 weeks. The tank contained 1,800 fry at a stocking density of 3 fry per liter. Each tank

was supplied with well water. The water temperature was maintained constant at 27 ± 1

(SE) �C and dissolved oxygen at 6.8 ± 0.4 (SE) mg L-1. Water flow rate was maintained

at 1–1.5 L min-1. A natural photoperiod was 12-h dark/12-h light cycle. The fish were

acclimated on a casein- and gelatin (33 % CP)-based H-440 diet (Halver 2002) and reared

to fingerling stage.

Fingerling C. catla [3.75 (mean body length) ± 0.15 (SE) cm, 0.66 (mean body

weight) ± 0.04 (SE) g] were taken from the above acclimated fish lot and stocked in 70-L

circular polyvinyl troughs (water volume 55 L) fitted with a continuous water flow-through

(1–1.5 L min-1) system at the rate of 25 fish per trough in triplicate for each dietary

treatment level. Fish were fed test diets in the form of dry crumbles (500 lm) to apparent

Table 1 Composition of the experimental diets

Ingredients (% dry diet) L1 L2 L3 L4 L5 L6

Caseina (fat free) 7 7 7 7 7 7

Gelatinb 2.33 2.33 2.33 2.33 2.33 2.33

Dextrin 36.68 36.52 36.35 36.18 36.02 35.85

Amino acid mixturec 25.23 25.34 25.45 25.56 25.67 25.78

Corn oil 5 5 5 5 5 5

Cod liver oil 2 2 2 2 2 2

Mineral mixd,e 4 4 4 4 4 4

Vitamin mixe,f 3 3 3 3 3 3

a-Cellulose 4.75 4.81 4.87 4.92 4.98 5.04

Carboxymethyl cellulose 10 10 10 10 10 10

Total 100 100 100 100 100 100

Analyzed crude protein 33.11 33.15 32.95 33.11 33.17 33.12

Added crystalline leucine 0 0.25 0.50 0.75 1.00 1.25

Added crystalline glycine 9.22 9.08 8.94 8.80 8.66 8.52

Calculated digestible energyg (kJ g-1, dry diet) 14.07 14.05 14.02 13.99 13.97 13.95

a Crude protein (76 %); b Crude protein (96 %); c Amino acid mixture (% dry diet) arginine 1.669,
histidine 0.489, isoleucine 0.760, leucine variable, lysine 1.714, methionine 1.111, cystine 0.762, phenyl-
alanine 1.689, tyrosine 1.129, threonine 1.142, tryptophan 0.444, valine 0.521; alanine 1.453; aspartic acid
0.549, glutamic acid 0.637, proline 1.724, serine 0.221, glycine variable (Loba Chemie, India); e Halver
(2002); Loba Chemie, India; d,e Mineral mixture (g 100 g-1 of mineral mixture) calcium biphosphate 13.57;
calcium lactate 32.69; ferric citrate 2.97; magnesium sulfate 13.20; potassium phosphate (dibasic) 23.98;
sodium biphosphate 08.72; sodium chloride 04.35; aluminum chloride. 6H2O 0.0154; potassium iodide
0.015; cuprous chloride 0.010; manganous sulfate�H2O 0.080; cobalt chloride�6H2O 0.100; zinc sul-
fate�7H2O 0.40; e,f Vitamin mixture (g 100 g-1 dry diet) choline chloride 0.500; inositol 0.200; ascorbic
acid 0.100; niacin 0.075; calcium pantothenate 0.05; riboflavin 0.02; menadione 0.004; pyridoxine hydro-
chloride 0.005; thiamin hydrochloride 0.005; folic acid 0.0015; biotin 0.0005; alpha-tocopherol 0.04;
vitamin B12 0.00001; 2.0 g a-cellulose; g Digestible energy was calculated on the basis of physiological fuel
values 18.82, 14.64 and 35.55 kJ/g for protein, carbohydrate and fat, respectively (Jauncey 1982)

580 Aquacult Int (2015) 23:577–595

123



satiation thrice daily at 08:00, 12:30 and 17:30 hours. The fish were carefully observed

during feeding to ensure satiety. Pre-weighed amount of feed was supplied to the fish, and

the unconsumed feed, if any, was collected soon after active feeding, dried and weighed to

measure the actual amount of feed consumed for calculating the feed conversion ratio. Initial

and weekly weights of fish were recorded on a top-loading balance (Precisa 120A; 0.1 mg

sensitivity, Oerlikon AG, Zurich, Switzerland) after anesthetizing the fish with standardized

tricaine methanesulfonate dose (MS-222; 100 lg ml-1). Because of the anesthetic and

handling stress, fish did not accept the feed and hence were not fed on the day they were

weighed. The feeding trial lasted for 12 weeks. Fecal matter was siphoned before every

feeding. The water quality indices including water temperature (27.4–28.2 �C), dissolved

oxygen (6.4–7.2 mg L-1), free carbon dioxide (5.9–9.1 mg L-1), pH (7.3–7.5), total

ammonia nitrogen (0.29–0.32 mg L-1), nitrites (0.04–0.07 mg L-1) and total alkalinity

(74.6–83.5 mg L-1) for this fish were monitored daily during the feeding trial and recorded

following standard methods (APHA 1992). The experiment was conducted with a natural

photoperiod of 12-h dark/12-h light cycle.

Sample collection and chemical analyses

Fishes were fasted for 24 h to empty their guts before sampling. At the beginning of the

feeding trial, 60 fish were randomly sampled, killed and pooled together. Six subsamples of

a pooled sample were analyzed for initial carcass composition. At the end of the experi-

ment, 24 h after the last feeding, 20 fish from each replicate of dietary treatments were

killed with an overdose (200 lg mL-1) of the MS-222 and pooled separately. These

samples were stored at -20 �C for subsequent proximate analysis. Three subsamples of the

Table 2 Analyzed amino acid
composition of the experimental
diets

Determined by Hitachi L-8800
Automatic Amino Acid Analyzer

Amino acid Basal diet (L1)

EAAs

Arginine 2.13

Histidine 0.73

Isoleucine 1.17

Leucine 0.73

Lysine 2.40

Methionine 1.35

Phenylalanine 2.07

Threonine 1.43

Tryptophan 0.51

Valine 1.02

NEAAs

Cystine 0.82

Tyrosine 1.52

Alanine 1.87

Aspartic acid 1.17

Glutamic acid 2.36

Glycine 9.94

Proline 2.79

Serine 0.58
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pooled samples were analyzed for final carcass composition. Proximate composition of

experimental diets, and initial and final carcass was estimated using standard methods

(AOAC 1995). Dry matter of the samples was determined by oven drying at 105 ± 1 �C

for 22 h in a thermostat (Yorko Instruments, New Delhi, India), crude protein by digesting

the dried samples in sulfuric acid (12 mL) at high temperature (420 �C) in the presence of

potassium sulfate (7.0 g) and copper sulfate (0.8 g) as catalysts (Kjeltec TecatorTM

Technology 2300, Hoganas, Sweden), crude lipid by solvent extraction with petroleum

ether (B.P. 40–60 �C) for 2–4 h (Socs Plus equipment, SCS 4, T. Nagar, Chennai, India),

and ash content was determined by incinerating 2 g of dried samples in a Muffle Furnace

(S.M. Scientific Instrument (p) Ltd., Jindal Company, Delhi, India) at 650 �C for 2–3 h.

Amino acid analysis of casein, gelatin, experimental diets and initial and final carcass

sample was performed according to Khan and Abidi (2011). Briefly, 0.3 mg sample was

hydrolyzed in 1 mL of 6N HCl for about 22 h under a nitrogen atmosphere at 110 �C. The

samples thus obtained were diluted in 0.02N HCl. The hydrolyzed samples were filtered

using microfilter (0.45-micron cellulose acetate membrane, Corning, Tokyo, Japan) and

then injected in an automatic Amino Acid Analyzer (Hitachi L- 8800, Tokyo, Japan).

Recovery hydrolysis was performed in 4N methanesulfonic acid instead of 6N HCl for the

analysis of tryptophan which followed the decomposition at 110 �C temperature for 22 h.

After this, 4N NaOH was added to adjust the pH to approximately 2. This was then diluted

again in 0.02N HCl. However, the recovery hydrolysis of sulfur amino acids methionine

and cystine was performed in 2 mL of performic acid for 4–24 h. After this, 0.3 mL of

48 % HBr was added and the decomposition was performed at 110 �C for 22 h. The

samples were then dried solid under reduced pressure. After this, 1 mL of 0.2N NaOH was

added and sample was then left standstill for about an hour. Lastly, the pH and volume of

the sample were adjusted using 0.05N and 0.1N HCl.

Determination of RNA and DNA

At the termination of feeding trial, three fish from each replicate of the treatment group

(n = 3 9 3) were randomly killed with an overdose (200 lg mL-1) of MS-222 and white

muscle was removed. Three subsamples of the muscle samples for each replicate of the

treatment group were taken for the determination of RNA and DNA. RNA and DNA were

determined as per the method adopted by Zehra and Khan (2013a).

Hematological analyses

At the termination of the feeding trial, blood samples were collected in heparinized vials

through cardiac puncture of the fish. The blood from five fish from each replicate of the

treatment group was pooled to obtain enough samples for hematological analysis. Red

blood cell counts (RBCs) and hemoglobin (Hb) were analyzed as per the method adopted

by Vani et al. (2012). Hematocrit levels were determined by drawing fresh blood into

microhematocrit tubes and centrifuged in a microhematocrit centrifuge at 10,000 g for

5 min (Goldenfarb et al. 1971).

Evaluation of growth performance

Growth performance of the experimental diets was measured by calculating the following

parameters:
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Absolute weight gain (g fish-1) = Final body weight (g) - initial body weight (g)

Feed conversion ratio = Dry feed intake (g)/Wet weight gain (g)

Feed efficiency = Wet weight gain (g)/Dry feed intake (g)

Protein gain (g fish-1) = Final body protein (%) 9 final body weight (g) - initial body

protein (%) 9 initial body weight (g)

Leucine gain (mg fish-1) = Final body leucine content (%) 9 final body weight (g) -

initial body leucine content (%) 9 initial body weight (g) 9 1,000

Statistical analyses

All the data were subjected to one-way analysis of variance (Sokal and Rohlf 1981). Dif-

ferences among treatment means were determined by Tukey’s honestly significant difference

(HSD) test at a P \ 0.05 level of significance. Dietary leucine requirement for the fingerling

stage of C. catla was estimated by the quadratic regression analysis of absolute weight gain

and feed conversion ratio against the varying levels of dietary leucine (Shearer 2000). The

quadratic equation employed was Y = aX2 ? bX ? c. The leucine requirement for maxi-

mum growth performance is defined as the point on the abscissa representing 95 % of the

value of the upper asymptote on the ordinate (Dias et al. 2003). Statistical analyses were

done using Origin (version 6.1; Origin Software, San Clemente, CA).

Results

Absolute weight gain (AWG, g fish-1), feed conversion ratio (FCR), protein gain (PG, g

fish-1), leucine gain (LG, mg fish-1) and RNA/DNA ratio of fingerling C. catla fed diets

with different concentrations of leucine are given in Table 3. These parameters improved

significantly with the increasing concentrations of leucine up to a level of 1.74 % dry diet

(L5) and declined significantly thereafter. The leucine requirement of fingerling C. catla was

obtained by quadratic regression analysis of AWG and FCR at 95 % of maximum (Y95 %max)

and minimum responses (Y95 %min). The Y95 %max of AWG (Fig. 1) and Y95 %min of FCR

(Fig. 2) yielded the leucine requirement to be 1.58 and 1.57 % of dry diet, respectively. Feed

intake did not show significant differences (P [ 0.05) among the varying treatment groups

(Table 3). A 100 % survival was recorded in all the dietary treatments.

Carcass composition of fingerling C. catla did not show significant (P [ 0.05) varia-

tions with the increase in dietary leucine levels (Table 4). Moisture content showed a

negative trend to that of the dietary leucine. Carcass protein of fish fed varying levels of

dietary leucine was not significantly affected. Carcass fat increased (P [ 0.05) with the

incremental levels of leucine from 0.73 (L1) to 1.97 % (L6) of the dry diet.

Table 5 reveals the effect of increasing levels of dietary leucine on hematological

indices of fish. Hemoglobin (g dl-1), hematocrit (%) and RBCs (106 9 mm-3) signifi-

cantly (P \ 0.05) increased with the increasing concentrations of leucine up to 1.74 % of

the dry diet (L5) and thereafter (L6), a decline was noted.

Discussion

Leucine is essential for the optimal growth and health of fish because it is abundantly

needed for protein synthesis in muscle tissues (Kim and Lee 2013). Hence, it is crucial to
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establish the leucine requirement to maximize the growth performance of fish. Leucine

requirement of fish has been estimated by implementing different statistical models in

various studies (Ravi and Devaraj 1991; Rodehutscord et al. 1997; Abidi and Khan 2007;

Farhat and Khan 2014). The choice of a statistical model is important in interpreting the

nutritional requirement experiments. Generally, nonlinear models are regarded as most

appropriate for evaluating results from dose–response experiments because the response to

improved dietary concentrations of a limiting nutrient is not linear (Cowey 1992;

Rodehutscord et al. 1997). The efficiency of supplemented individual amino acids was

found to decrease with the increasing dietary concentrations of amino acids, resulting in

plateaus that were described by nonlinear functions (Rodehutscord et al. 1997). Due to the

large variability among nonlinear models, it might be hard to know whether the selected
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nonlinear model is appropriate, particularly if no prior knowledge is available. The choice

of a statistical model is based on coefficient of determination (R2) and sum of squares of

regression (SSR). Models with smaller values of SSR and higher determination coefficient

(R2) are selected to fit the data. The dose–growth response data were subjected to sigmoid,

exponential, four parameter kinetics and quadratic regression analyses in this study. Since

quadratic regression analysis yielded smaller sum of square and highest values of R2 than

that obtained by other models, quadratic model was adopted to estimate the dietary leucine

requirement of fingerling C. catla in this study. The response of fish to an essential nutrient

is not maximal at a single point for a nonlinear function. Therefore, the consensus is that

95 % of maximum response should be used to estimate requirement with nonlinear

function (Rodehutscord et al. 1997; NRC 2011). Thus, 95 % of maximum response

(Y95 %max) of absolute weight gain and feed conversion ratio using quadratic equations was

calculated, and the dietary leucine requirement of fingerling C. catla was found to range

between 1.57 and 1.58 % dry diet, equivalent to 4.75–4.79 % dietary protein that is higher

than the requirement reported for other fish species including chinook salmon, O.

tshawytscha 3.9 % (Chance et al. 1964); coho salmon, O. kisutch 3.4 % (Arai and Ogata

1993); rainbow trout, O. mykiss 4.4 % (Kaushik 1998); white sturgeon, A. transmontanus

4.3 % (Ng and Hung 1995); red seabream, 4.2 %; Japanese flounder, C. major 3.9 %

(Forster and Ogata 1998); common carp, Cyprinus carpio 3.3 % (Nose 1979); mrigal, C.

mrigala 3.9 % (Ahmed and Khan 2006); channel catfish, I. punctatus 4.5 % (NRC 2011);

lower than the requirement of Atlantic salmon, S. salar 5.2 % (Rollin 1999); yellow

croaker, L. crocea 6.8 % (Yan et al. 2010); and approximately equal to the requirement

reported for rohu, L. rohita 4.7 % (NRC 2011) of dietary protein.

The discrepancies in the amino acids requirements may be due to differences in fish

size, age, feeding levels, flow rate, stock density and the environmental and culture con-

ditions adopted by different laboratories (Chiu et al. 1988; Forster and Ogata 1998; Lu-

zzana et al. 1998; Abidi and Khan 2009). Different statistical models adopted may also be

responsible for the variations in the leucine requirement of varying species. Dietary protein

level may be attributed to differences in the leucine requirements among species. Dietary

metabolizable energy, availability of dietary amino acids, antagonism and imbalance

among amino acids may also be responsible for the wide variations in amino acid

requirements (Ishibashi and Ohta 1999).

Leucine requirement of fingerling C. catla determined in this study (4.75–4.79 %

dietary protein) is higher than the requirement reported by Ravi and Devaraj (1991) for fry

stage of this fish (3.70 % dietary protein). Ravi and Devaraj (1991) reported the leucine

requirement by subjecting the weight gain data to broken-line regression analysis which

has been reported to underestimate the requirement (Shearer 2000). However, in this study,

the leucine requirement is worked out on the basis of quadratic regression analysis which is

a good fit as indicated by high R2 values obtained for AWG (0.987) and FCR (0.952).

Adoption of these statistical models may influence the estimate of the leucine requirements

in both the studies. Moreover, leucine requirement reported by Ravi and Devaraj (1991) is

based on weight gain only, whereas in this study, in addition to weight gain, the leucine

requirement is also based on the sensitive parameters such as feed conversion ratio, protein

gain, leucine gain, RNA/DNA ratio, hematological parameters and carcass composition. In

addition to these, the different dietary protein levels adopted in this study (33 % dry diet)

and that fixed by Ravi and Devaraj (1991; 40 % dry diet) might also be responsible for the

variation in the leucine requirements of C. catla.

A number of empirical methods have been applied to establish the quantitative essential

amino acid requirements of fish. Of the various methods used, most quantitative essential

588 Aquacult Int (2015) 23:577–595

123



amino acid requirements have been established by dose–response studies (Bureau and

Encarnacao 2006). The methodological approaches are also based on analyses such as

plasma or tissue amino acid concentration and rates of amino acid oxidation (NRC 2011).

A high correlation between muscle or whole-body amino acid profile and amino acid

patterns for fish has been demonstrated by several investigators (Wang et al. 2005; NRC

2011). A/E ratios have been used as a method of estimating the requirements of all

essential amino acids when only one is known by relating the A/E ratio of each EAA to

that of the A/E ratio of the known amino acid (Wilson 2002; NRC 2011). Estimating amino

acid requirements based on A/E ratios tends to yield higher values than those determined

by dose–response studies (Wilson 2002). This method does not consider important factors

that influence the efficiency of utilization of some amino acids (Rodehutscord et al. 2000;

Encarnacao et al. 2004, 2006). Therefore, the use of amino acid profile from the whole

body or muscle is recommended for feed formulation only when dietary requirement data

determined by dose–response and growth studies are not available (Bicudo et al. 2009).

Since leucine requirement of fingerling C. catla is determined by dose–response study, this

data could be used to determine the other essential amino acid requirements of this fish

based on A/E ratios.

Growth of fish is the most important issue for aquaculturists and it affected by the

various factors in the diets such as protein, amino acids, lipids, fatty acids, carbohydrate,

vitamins and minerals (Zehra and Khan 2014a). Dietary leucine concentrations had an

impact on growth performance of different fish species (Ng and Hung 1995; Forster and

Ogata 1998; Benakappa and Varghese 2003; Ahmed and Khan 2006; Abidi and Khan

2007; Yan et al. 2010). In this study, absolute weight gain showed a quadratic response

(Y95 %max) reaching the highest value at 1.58 % dietary leucine. Further inclusion of

dietary leucine resulted in slight reduction in weight gain. This reduction in growth at

higher level of dietary leucine is probably a consequence of the amino acid toxicity or

dietary amino acid imbalance. Stress due to excess dietary leucine in fish body might have

increased the fish’s overall energy demand leading to diversion of energy toward catab-

olism, therefore, adversely affecting growth. The growth depression in fish fed diets

containing excess level of leucine as evident in this study was also noted by earlier workers

(Murthy and Varghese 1997; Abidi and Khan 2007; Ng and Hung 1995; Forster and Ogata

1998; Benakappa and Varghese 2003; Ahmed and Khan 2006; Yan et al. 2010). In this

study, the weight gain achieved by C. catla fed varying levels of dietary leucine is similar

to that obtained by Zehra and Khan (Zehra and Khan 2013a, b, c, 2014a, b) for the same

species.

Determination of essential amino acid requirements in studies using the dose–response

approach requires addition of large amount of crystalline amino acids to obtain graded

levels of test amino acid. The incorporation, however, often leads to depressed growth

performance and biased amino acid requirement estimates because of crystalline amino

acid leaching, different absorption kinetics of crystalline amino acids and poor diet pal-

atability (Ambardekar et al. 2009). Coating of crystalline amino acids can reduce the

solubility and non-synchronous absorption of free amino acid relative to the protein-bound

ones (Segovia-Quintero and Reigh 2004; Zhou et al. 2012). In this study, crystalline amino

acids were coated with precooked carboxymethylcellulose (CMC) at 50 �C in water fol-

lowed by casein and gelatin which has reduced the leaching. The pre-coating of crystalline

amino acid with CMC also reduced leaching in several studies (Alam et al. 2002, 2004;

Wang et al. 2005; Liu et al. 2014). Coating the amino acid with CMC not only reduces the

leaching of crystalline amino acid but also delays the passage time and absorption of amino

acids.
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Antagonism between branched-chain amino acids generally arises in animals from an

excess of leucine over isoleucine and valine because the requirement of branched-chain

amino acid is affected by each other (De’Mello and Lewis 1971). Choo et al. (1991) have

reported that excessive leucine resulted in depressed growth and protein deposition of

rainbow trout likely due to antagonism among BCAA. Excesses of leucine are extremely

disruptive to utilization of isoleucine and valine, especially when these two amino acids are

marginal or limiting (Smith and Austic 1978; Waldroup et al. 2002). In this study, growth

reduction at surfeit level of dietary leucine (L6) may not be due to the antagonistic effects

of branched-chain amino acids as the levels of isoleucine (1.18 % dry diet) and valine

(1.02 % dry diet) in the experimental diets were fixed as per the reported requirements

(Zehra and Khan 2013b; unpublished data from our laboratory).

Protein synthesis and deposition are known to be the most efficient when all the required

amino acids are present simultaneously at the sites of synthesis (Ng et al. 1996). In the

present study, protein gain improved with the increasing levels of leucine up to 1.74 % of

the dry diet (L5). This improvement suggests that this level of leucine probably prevented

the catabolism of amino acids and led to maximum protein gain at this level of dietary

leucine. Carcass protein was not affected significantly with the increasing levels of dietary

leucine in this study. Carcass fat showed a positive trend (P [ 0.05) with the increasing

concentrations of dietary leucine. This increase in carcass fat may be because of the fact

that leucine is a ketogenic amino acid, the carbon skeleton of which is converted to acetyl-

CoA and acetoacetate in muscle tissue, and these intermediates can be used to synthesize

fatty acids (Hyun et al. 2007; Erwan et al. 2009). Ahmed and Khan (2006) have reported

improvement in protein deposition up to the requirement level and a linear positive cor-

relation in carcass fat with the increase in dietary leucine. However, Yan et al. (2010) have

reported no marked variations in these parameters with the increasing concentrations of

leucine.

The RNA/DNA ratio has been used as a sensitive indicator of nutritional condition in

several fish species (Mustafa and Zofair 1985; Bulow 1987; Mustafa et al. 1991; Buckley

et al. 1999; Abidi and Khan 2009). Cellular RNA is essential for the biosynthesis of protein

(Clemmesen 1994). Since RNA/DNA ratio reflects the cellular ability to produce RNA and

proteins, this parameter measures the potential for growth. Any factor that prevents or

slows down growth is reflected by a reduced RNA/DNA ratio. The reduced values of RNA/

DNA ratio in fish fed diets containing lower levels of dietary leucine (L1–L4) in this study

were mainly due to the imbalanced leucine content in these diets which probably led to

inefficient utilization of leucine for protein synthesis. The highest RNA/DNA ratio at

1.74 % dietary leucine indicates that this level might be optimum to maximize protein

synthesis in fingerling of C. catla. In this study, RNA/DNA ratio registered for fingerling

C. catla ranged from 2.18 to 4.62, which is almost similar to that reported in C. mrigala

(Zehra and Khan 2012), L. rohita (Abidi and Khan 2009) and C. catla (Zehra and Khan

2013a, b, c, 2014a). However, this range is lower than that reported by Mohanta et al.

(2008) in Puntius gonionotus.

Erythrocytes’ membranes have a hydrophobic lipid bilayer with a protein skeletal

meshwork attached to its inner surface by binding to integral (transmembrane) proteins, so

when dietary amino acid deficiency occur, erythropoiesis is affected (Harvey 1997). Low

RBCs count coupled with low hemoglobin content at lower levels of dietary leucine in this

study may be the result of inadequate amount of leucine available for erythropoiesis.

Hematological characteristics of fingerling C. catla attained its peak at 1.74 % (L5) dietary

leucine indicate that optimum level of dietary leucine is essential to support the maximum
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Hb, Hct % and blood cell formation as also reported by Farhat and Khan (2014) in stinging

catfish.

In this study, out of the above 1.74 % leucine requirement, 0.73 % is satisfied by casein

and gelatin and the rest 1.01 % by crystalline leucine. In order to make leucine-balanced

diets, selected feed ingredients should contribute 1.74 % leucine. If the selected feed

ingredients do not contain this amount, then the difference in leucine requirement and that

contributed by the ingredients should be fulfilled by adding crystalline leucine.

A decrease in feed intake may be regarded as the primary factor responsible for reduced

growth in fish fed diets deficient in amino acids in several studies (NRC 2011; Farhat and

Khan 2014). However, in this study, feed intake was found to insignificantly different in all

the treatment groups indicating that reduced growth in fish fed leucine-deficient diets was

not due to the reduced feed intake but because of the deficiency of dietary leucine. It was

stated that fish, like other animals, eat primarily to satisfy their energy demands (Cho and

Kaushik 1985; NRC 2011). In the present study, almost similar digestible energy in all the

diets may explain the similarity in feed intake. Almost constant (P [ 0.05) feed intake with

the increasing levels of dietary amino acids has also been reported by several workers

(Bicudo et al. 2009; Zehra and Khan 2013a, b, c).

Generally, deficiency of most essential amino acids leads to failure of weight gain and

loss of appetite rather than pathological signs. The pathological signs have also been

recorded in several studies. These pathological signs include spinal deformities, bilateral

cataracts and caudal fin erosion (Walton et al. 1982, 1984, 1986; Breck et al. 2003).

However, in this study, no such pathological signs except poor growth and feed efficiency

were observed during the length of this feeding trial. Absence of leucine deficiency signs in

this study may be because of the fact that the lowest level of leucine was adequate to

prevent the nutritional pathologies in this fish species.

On the basis of the quadratic regression analysis of the AWG and FCR against varying

levels of dietary leucine, the requirement of fingerling C. catla is recommended in the

range of 1.57–1.58 % dry diet, equivalent to 4.75–4.79 % dietary protein. The information

generated during this study would be helpful in formulating leucine-balanced feeds for the

intensive culture of this fish species.
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