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Dietary valine improved growth, 
immunity, enzymatic activities 
and expression of TOR signaling 
cascade genes in rainbow trout, 
Oncorhynchus mykiss fingerlings
Ishtiyaq Ahmad1, Imtiaz Ahmed1* & Nazir A. Dar2

This study was conducted to determine the effects of dietary valine (Val) on growth, hemato-
biochemical parameters, immunity, enzymatic activities, antioxidant status and expression of 
target of rapamycin (TOR) and 4E-BP genes in rainbow trout, Oncorhynchus mykiss (1.57 ± 0.03 g; 
5.10 ± 0.34 cm). Six isonitrogenous (450 g  kg−1) and isoenergetic (20.90 kJ 100  g−1

, gross energy) diets 
were designed to represent varied Val levels (10.5, 13.0, 15.5, 18.0, 20.5 and 23.0 g  kg−1 dry diet basis). 
Growth parameters improved significantly (P < 0.05) with the amelioration of dietary Val level up to 
18.0 g  kg−1. Highest (P < 0.05) body protein content was noted at 18.0 g  kg−1 dietary Val. Significant 
differences in hematological, intestinal enzymatic activities and antioxidant parameters were noted. 
However, plasma variables did not show any significant differences except aspartate transaminase 
and uric acid. Total protein content increased significantly, while the albumin and globulin content did 
not show any significant (P > 0.05) difference. Moreover expression of TOR mRNA and elF4E-binding 
protein (4E-BP) was observed higher (P < 0.05) at 18.0 g  kg−1 Val. On the basis of results, optimum 
dietary Val requirement for maximal growth of rainbow trout was determined to be 18.19 g  kg−1 of dry 
diet, corresponding to 40.42 g  kg−1 of dietary protein.

Protein is yet to be considered as an expensive dietary supplement that supporting the growth performance of 
fish. However, an understanding of fish protein requirement is of inadequate value devoid of essential amino acids 
(EAAs) requirement  data1. Amino acids are considered as vital biological compounds of animals including fish, 
as they are treated not only as building blocks of proteins, but also participate in various metabolic pathways, 
nutritional physiology, behavior, sexual metamorphosis of fish etc.2–4. Supplement feeding is considered as one 
of the critical factors influencing growth, well-being and physiology of fish, while the commercial viability of 
fish culture mainly depends upon marketability and value of production. The major portion of the production 
cost (40–70%) mainly lies on the fish  feed5–7. The success of fish farming primarily relies upon the accessibility 
of satisfactory amount of nutritionally balanced supplemented feeds in the form which is appropriate for the 
 fish8. The advancement of nutritionally competent and cost-effective diets for cultured fish species is of immense 
concern to the commercial success of  aquaculture9,10. However, the challenges faced in aquaculture are addition-
ally for incorporation of compatible, digestible, less wasteful and cost-effective diets. The development of such 
diets must subject to meet the nutritional requirements of species specific based balanced feed and its appropriate 
feeding  practices11,12.

Valine (Val), isoleucine and leucine represents the family branched chain amino acids (BCAAs). Val is 
known to have a vital role in several physiological and metabolic reactions and in the growth of various pre-
ruminant and monogastric terrestrial  animals9,13, besides take part in the synthesis of protein and amine neu-
rotransmitters  serotonin14. In addition to this, Val is also involved in several processes such as protein syn-
thesis, repairement of tissues and nitrogen balance in  fish1,15. Since, fish cannot synthesize these amino acids 
including Val, therefore it must be supplied through the  diet16. The dietary Val requirements for optimum 
growth have been established for different fish species and are reported in the range from 17.7 to 48.2 g  kg−1 of 
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dietary protein. Some of the noticeable work which has been reviewed by Zhou et al.17 as Lake trout, Salvelinus 
namaycush (17.7–22.3 g  kg−1)18,19, red sea bream, Pargus major (20.0 g  kg−1)1, channel catfish, Ictalurus punc-
tatus (29.6 g  kg−1)20, red drum, Sciaenops ocellatus (32.0–35.0 g  kg−1)21, Indian major carp, Cirrhinus mrigala 
(38.7 g  kg−1)9, blunt snout bream, Megalobrama amblycephala (37.1–38.8 g  kg−1)22, rainbow trout, Oncorhynchus 
mykiss (38.5–41.0 g  kg−1)13, Jian carp, Cyprinus carpio var. Jian (40.0 g  kg−1)23, Nile tilapia, Oreochromis niloticus 
(41.1–45.3 g  kg−1)24, golden pompano, Trachinotus ovatus (46.0–47.0 g  kg−1)25 and grass carp, Ctenopharyngodon 
idella (47.7–48.2 g  kg−1)26. However, it has also been reported that deficiency of Val in the diet can cause weight 
loss, growth retardation and poor feed conversion ratio, while an excess amount of Val in the diet of fish results 
in depressive  effects9.

To determine the metabolic, nutritional and well-being status of fish in response to nutritional enhance-
ments, hematological parameters are considered to be  imperative27–33. Xiao et al.24 found significant variations 
in some hematological parameters in Nile tilapia fed different valine levels. Other than hematology, nutrient 
digestibility as well as its utilization can be determined by monitoring the enzymatic  profile34,35. It has been seen 
that fluctuations in the concentration of plasma protein, glucose, cholesterol and other action in plasma may 
be because of explicit markers of sympathetic activation in response to hypoxic  stress36,37. These parameters are 
likewise recognized as markers of nutritional status of  fish38,39. Xiao et al.24 reported that total plasma protein 
concentration was influenced by the dietary valine levels. They also found significant changes in plasma alanine 
transaminase (ALT) and aspartate transaminase (AST) up to a certain point. Huang et al.25 also found some sig-
nificant variations in serum biochemical parameters in golden pompano, Trachinotus ovatus fed varied levels of 
Val diet. Val is additionally involved in enhancing fish growth by augmenting both digestive as well as absorptive 
capacity and furthermore influencing intestinal microfloral balance. The intestinal immune response is criti-
cally significant for the support of intestinal well-being in  fish40,41 and is additionally related with its structural 
 integrity41. Some previous studies pertaining to intestinal immune responses in fish fed varied concentrations 
of Val showed significant alterations in some  parameters23,25, which confirms that appropriate level of dietary 
Val could improve the fish health.

Branched chain amino acids especially Val performs different immune functions in fish and regulates several 
key metabolic pathways in response to infectious  pathogens42. To the best of our knowledge, only few studies are 
reported about the effects of Val on immunity such as Xiao et al.24 reported that optimum supplementation of 
dietary Val can improve the non-specific immune function of juvenile Nile tilapia. Similar findings were reported 
for juvenile hybrid grouper, Epinephelus fuscoguttatus x E. lanceolatus and juvenile red sea bream, Pargus major 
fed with varied concentrations of  Val1,17. However, some studies revealed that in-deficiency or excess of Val in 
the diet could resultant in the impairment of immune function, besides increasing susceptibility to disease by 
disrupting proliferation of liver-associated lymphocytes and cytotoxic T  lymphocytes43,44. Therefore, appropri-
ate inclusion of Val in the diet could resume defense mechanisms of host i.e., activity of natural killer cells and 
phagocytic function of  neutrophils45.

In mammals, target of rapamycin (TOR) signaling pathway has become a main regulator of the inflammatory 
reaction in monocytes, macrophages and peripheral myeloid dendritic  cells46. However, in fish, protein synthesis 
also involves the activation of the TOR signaling  pathway47. Studies on rainbow trout, O. mykiss48–50 and Jian 
carp, C. carpio var.  Jian35,51,52 have reported that nutritional factors could possibly promote protein synthesis by 
activating the TOR signaling pathway in aquatic animals including fish similar to mammals. It has been reported 
earlier that Val may activate the mTOR signaling pathway through its downstream effectors S6 kinase (S6K1) 
and elF4E-binding protein (4E-BP) in bovine mammary epithelial  cells53, while more recently Zhou et al.17 also 
observed that optimal dietary Val in fish is capable to promote protein synthesis via TOR/S6K1 signaling pathway. 
However, to the best of our knowledge, only one or two studies are reported on the dietary effects of Val on the 
expression of TOR signaling pathway in fish, hence needs further re-validation.

In India, rainbow trout is considered as one of the excellent cultured fish species, and its optimum dietary 
levels of several nutrients including protein requirement (450.0 g  kg−1 of dietary protein)54, leucine (38.77 g  kg−1 
of dietary protein)55 and isoleucine (29.95 g  kg−1 of dietary protein, under publication) have been established in 
our previous studies. However, no such data are presently available on the dietary Val requirement of rainbow 
trout by using current advanced technology and techniques, therefore, the present study aimed to explore the 
impact of dietary Val levels on growth, hemato-biochemical parameters, non-specific immune response, intestinal 
enzymatic activities, antioxidant properties and expression of TOR and 4E-BP genes in rainbow trout fingerlings.

Results
Growth performance. Growth data generated after the end of 8-week feeding experiment are presented 
in Table 1. Survival was not affected with respect to each dietary treatment, except the lowest diet i.e. 10.5 g  kg−1 
Val diet, where 98% survival was recorded. The live weight gain (LWG%) obtained with respect to each diet 
showed significant (P < 0.05) improvement by increasing the concentrations of dietary Val and reported a plateau 
at diet 18.0 g  kg−1, represented highest LWG%, afterwards it showed slightly decreasing trend. Specific growth 
rate (SGR), protein efficiency ratio (PER) and body protein deposition (BPD) showed similar pattern to that of 
LWG%. However, fish fed 18.0 g  kg−1 supported best feed conversion ratio (FCR) followed by 16.0 g  kg−1 Val sup-
plemented diet. Quadratic regression analysis of LWG%, FCR, PER and BPD against dietary Val levels indicated 
that optimal dietary Val levels for rainbow trout was 18.27, 18.14, 18.01 and 18.36 g  kg−1 dietary Val, respectively 
(Fig. 1a,b,c,d). The hepatosomatic index (HSI) values showed significant (P > 0.05) differences with respect to 
different Val containing diets, with highest HSI content was noted at starting diets i.e. 10.5 and 13.0 g  kg−1. 

Whole body composition. Incremental level of dietary Val had affected whole body composition of 
rainbow trout, O. mykiss fingerlings and the data are presented in Table 2. Moisture content showed linearly 
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decreased pattern with increasing concentrations of each dietary Val levels with lowest moisture content 72% 
was recorded with fish fed 23.0  g   kg−1 Val containing diet. The body protein content significantly (P < 0.05) 
increase with the elevated concentrations of each dietary Val level up to 18.0 g  kg−1, and thereafter reduction in 
protein content was noted. Whole body fat content showed an exponential pattern with each incremental Val 
levels and produced maximum fat content at 23.0 g  kg−1 Val fed diet. While, higher body ash content was noted 
in fish receiving lower dietary doses of Val containing diets i.e. 10.5 and 13.0 g   kg−1, while rest of the groups 
showed an insignificant (P ˃ 0.05) lower values of ash content in their body.

Hematological parameters. In the present study, dietary Val levels affected hematological parameters of 
fingerling O. mykiss as indicated in Table 3. Hemoglobin (Hb), hematocrit (Hct) and red blood cell (RBC) count 
significantly (P < 0.05) improved with increasing concentrations of dietary Val up to 18.0 g  kg−1 diet, thereafter 
significant decrease in these three parameters were seen. Likewise, significant (P < 0.05) differences in total leu-
kocyte (WBC) counts were also observed in all the Val fed groups with highest WBC (3.15 ×  104  mm−3) count 
was occurred at lowest Val fed group i.e. 10.5 g  kg−1. Erythrocyte sedimentation (ESR) rate was found lowest 
(1.67 mm  h−1) at fish fed 20.5 g  kg−1 Val diet, while highest ESR content (3.08 and 2.68 mm  h−1) was registered 
in those groups that fed lower dietary Val quantities i.e. 10.5 and 13.0 g  kg−1, respectively. Significant (P < 0.05) 
differences in mean corpuscular value (MCV) was also recorded with highest (175.06 fl) MCV was noted with 
fish fed higher Val level, while lowest MCV value was found for fish fed least Val containing diet i.e. 10.5 g  kg−1. 
However, no significant (P > 0.05) differences in MCHC and MCH values were seen among all the treatments.

Plasma indices. The plasma indices of rainbow trout are shown in Fig. 2, which indicated no significant 
(P > 0.05) differences in plasma cholesterol (CHO), triglycerides (TG), alanine transaminase (ALT), glucose and 
urea contents. While, significant reduction in aspartate transaminase (AST) was seen with increasing Val diet up 
to 18.0 g  kg−1 and afterwards an increase in AST content trend was noted. However, uric acid content increased 
constantly with increasing Val levels and reached its maximum value at 23.0 g  kg−1 Val fed diet.

Non-specific immune response. During the present study, effect of Val on non-specific immune response 
parameters was also analyzed and the findings are presented in Fig. 3. Plasma total protein showed significantly 
(P < 0.05) elevated trend with increasing dietary Val level up to 18.0 g  kg−1 diet, thereafter decrease in plasma 
total protein was noted, whereas as alkaline phosphatase (ALP) content showed a decreasing trend with each 
incremental Val concentrations. Contrary to this, the albumin and globulin contents showed no significant 
(P > 0.05) differences among all the treatments.

Intestinal enzyme activities. The results of digestive intestinal enzyme activities of rainbow trout fed 
varied levels of Val are presented in Fig. 4. Significant (P < 0.05) differences were noted in trypsin, chymotrypsin, 

Table 1.  Growth, FCR, protein deposition and percentage survival of rainbow trout, Oncorhynchus mykiss 
fingerlings fed diets containing varying levels of dietary valine for 8-weeks (mean values of 3 replicates + SEM; 
n = 3)* a Weight gain (%), Final body weight–initial body weight/initial weight × 100. b Specific growth rate (SGR 
%) = 100 × (In final wet weight (g)-In initial wet weight g)/duration (days). c Feed conversion ratio (FCR) = Dry 
weight of feed consumed / Wet weight gain. d Protein efficiency ratio (PER) = Wet weight gain (g) / Protein 
consumed (g, dry weight basis). e Body protein deposition (BPD %) = 100 × (BWf × BCPf) – (BWi × BCPi) 
/ [TF × CP]. Where BWi and BWf = mean initial and final body weight (g), BCPi and BCFf = mean initial 
and final percentage of muscle protein, TF = Total amount of diet consumed and CP = Percentage of crude 
protein of the diet. f HSI, Hepatosomatic index. LWGy = – 881.92287 + 131.22757 X – 3.45508 X2  (R2 = 0.936). 
FCRy = 9.84738 – 0.89376 X + 0.02409 X2  (R2 = 0.951). PERy = –1.62689 + 0.30437 X – 0.00803 X2  (R2 = 0.823). 
BPDy = –38.47152 + 6.02386 X – 0.15135 X2  (R2 = 0.928).

Dietary val levels (g  kg−1)

10.5 13.0 15.5 18.0 20.5 23.0 P-value

Average initial 
weight (g) 1.589 ± 0.02 1.540 ± 0.04 1.527 ± 0.03 1.510 ± 0.05 1.563 ± 0.02 1.583 ± 0.04 0.14029

Average final weight 
(g) 3.597 ± 0.12f 4.708 ± 0.23e 4.907 ± 0.21d 7.416 ± 0.32a 7.032 ± 0.16b 6.435 ± 0.20c 0.13818

Live weight gain 
(%)a 126.190 ± 4.77f 205.33 ± 5.97e 325.170 ± 6.0c 390.63 ± 6.55a 349.76 ± 5.69b 306.23 ± 4.90d 0.04441

Specific growth  rateb 1.46 ± 0.04e 1.99 ± 0.03d 2.58 ± 0.02c 2.84 ± 0.02a 2.68 ± 0.02b 2.50 ± 0.06d 0.02490

Feed conversion 
 ratioc 2.94 ± 0.11a 2.42 ± 0.07b 1.85 ± 0.08d 1.41 ± 0.07e 1.66 ± 0.04f 2.05 ± 0.06c 0.02716

Protein efficiency 
 ratiod 0.76 ± 0.03e 0.91 ± 0.02d 1.20 ± 0.05c 1.58 ± 0.08a 1.33 ± 0.04b 1.08 ± 0.03d 0.01085

Body protein deposi-
tion (%)e 8.39 ± 0.25e 12.27 ± 0.48d 18.88 ± 0.74c 29.21 ± 1.89a 23.36 ± 0.68b 18.26 ± 0.73c 0.01724

HSIf 3.07 ± 0.15a 2.83 ± 0.10b 2.51 ± 0.12c 2.58 ± 0.10c 2.43 ± 0.12d 2.40 ± 0.15d 0.03929

Survival (%) 93 100 100 100 100 100 0.07057
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amylase and lipase activities with increasing concentrations of dietary Val up to 18.0 g  kg−1 Val fed diet, where 
higher activities of these constituents were seen which indicated that at this particular Val level fish utilize this 
amino acid more efficiently for growth and other activities including enzymatic activities. While as glutamate 
oxaloacetate transaminase (GOT) and glutamate pyruvate transaminase (GPT) activities decreased with the 
increase of dietary Val levels up to 18.0 g  kg−1, afterwards decrease in these parameters were noted.

Intestinal antioxidant status. Intestinal antioxidant variables were also carried out and the observations 
are presented in Table 4. The contents of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase 
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Figure 1.  Second-degree polynomial relationship between (a) live weight gain (LWG%), (b) feed conversion 
ratio (FCR), (c) protein efficiency ratio (PER) and (d) body protein deposition (BPD) to dietary valine levels of 
Oncorhynchus mykiss (g  kg−1).

Table 2.  Carcass composition of rainbow trout, Oncorhynchus mykiss fingerlings fed diets containing varying 
levels of dietary valine for 8-weeks (mean values of 3 replicates + SEM; n = 3)*.

Dietary val levels (g  kg−1)

Initial 10.5 13.0 15.5 18.0 20.5 23.0 P-value

Moisture (%) 78.51 ± 0.47 77.76 ± 0.28a 76.50 ± 0.22b 74.49 ± 0.23c 72.80 ± 0.18d 72.56 ± 0.19d 72.10 ± 0.24e 0.00107

Protein (%) 13.51 ± 0.15 12.16 ± 0.08f 13.42 ± 0.10e 15.22 ± 0.12d 17.45 ± 0.14a 16.64 ± 0.70b 16.02 ± 0.80c 0.01346

Fat (%) 3.52 ± 0.06 5.34 ± 0.07f 5.84 ± 0.04e 6.13 ± 0.07d 6.56 ± 0.06c 7.25 ± 0.09b 7.65 ± 0.08a 0.00214

Ash (%) 2.66 ± 0.05 3.27 ± 0.08a 2.76 ± 0.06b 2.34 ± 0.06c 2.10 ± 0.05c 2.24 ± 0.05c 2.30 ± 0.04c 0.01388
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(GPx) and glutathione reductase (GR) showed increased pattern significantly (P ˂ 0.05) with each incremental 
levels of dietary Val up to 18.0 g  kg−1 diet, and thereafter decline in these parameters were also noted. Contrary 
to this, the contents of malondialdehyde (MDA) significantly (P ˂ 0.05) decreased at each incremental level of 
dietary Val with maximum value was reported in fish fed initial diet i.e. 10.5 g  kg−1.

Relative gene expression of target of rapamycin (TOR) and 4E-BP in fish muscle. The effects of 
dietary Val on relative TOR and 4E-BP mRNA expression levels in rainbow trout are presented in Fig. 5,6. The 
relative expression of TOR and 4E-BP mRNA levels in muscle were observed highest in fish fed 18.0 g  kg−1 Val 
diet compared to those fed remaining Val containing diets. 

Discussion
The branched chain amino acid Val along with leucine and isoleucine plays a significant role in protein synthesis 
and optimal growth of the fish. The main function of Val is to produce propionyl-CoA, the glycogenic precursor 
of succinyl-CoA9. It has been used as a supplement for fish growth along with leucine and isoleucine, besides also 
involved in the body to produce several biochemical compounds which mainly help in energy  production9.The 
findings of the present study based on LWG%, FCR and PER indicated that the optimum dietary Val require-
ment was estimated to be 18.19 g  kg−1 dry diet, corresponding to 40.42 g  kg−1 of dietary protein, which is 
very close to the values reported on other fish species such as Cirrhinus mrigala9 38.0 g  kg−1, rainbow  trout13 
38.5–41.0 g  kg−1, Jian  carp23 40.0 g  kg−1 and blunt snout bream 38.8 g  kg−1, but higher than the values reported 
for red sea  bream1 20.0 g  kg−1, Catla catla56 30.9 g  kg−1, red  drum21 32.0–35.0 g  kg−1 and juvenile hybrid  grouper17 
31.6 g  kg−1. However, the Val requirement on trout in the present study is lower than that reported for grass 
 carp26 47.7–48.2 g  kg−1 and golden  pompano25 46.0–47.0 g  kg−1. These data revealed substantial disparity in the 
optimal Val requirement among fish species.

The huge variations recorded in the dietary Val requirement among various fish species could be attributed 
to various factors such as experimental designs, intact source of  protein57, feed formulation, composition of test 
diets and utilization of different mathematical  approaches9,16,34,58,59. Besides these above factors, various other 
attributes are also responsible for variations in optimum requirement of fish like water temperature, dissolved 
oxygen, source of food, size, age of the fish, assimilation rate, amino acids form and the energy utilized from 
feed-stuff and stocking  density60–62. Moreover, several other physiological and metabolic needs for particular 
amino acid could also differ among different species, which may lead to differences in essential amino acid 
 requirements63,64. Bureau et al.65 suggested that different environmental factors can cause a significant impact 
on nutritional requirement of fish.

In the present study, the lower LWG% observed in fish fed 10.5 or 23.0 g  kg−1 dietary Val levels compared 
to that fed 18.0 g  kg−1 dietary Val indicated that either deficient or excessive dietary Val levels could induce a 
decrease in growth performance and feed utilization. Similar observations were also recorded for C. mrigala9; 
C. catla66; Oreochromis niloticus24; Epinephelus fuscoguttatus x E. lanceolatus17. The reduction in growth perfor-
mance due to above facts might be attributed to imbalance of amino acids, the loss of appetite caused by Val 
and poor feed utilization  efficiency9,23. The another reason that could affect growth performance of fish is the 
presence of excess amount of specific amino acid, that is being consumed by the fish, which resulted demand 
of extra energy for the deamination or excess accumulation of extra nitrogen in the body as well as oxidation 
of ketones and harmful  metabolites66–68. For C. mrigala, Ahmed and  Khan9 reported that the reduced growth 
and feed efficiency induced by an excess of one of the BCAAs was due to the extra energy expenditure directed 
towards the deamination and excretion of the BCAAs in excess. In the similar manner, some authors reported 
that the reduction in growth of fish fed excess valine may be due to the antagonistic effects between valine and 
other BCAAs in different fish species including rainbow  trout69,70.

The whole-body composition of fish is always treated as an indicator of fish quality. Several internal and exter-
nal markers like fish size, rearing conditions, strain, season including growth, feeding rate and nature of the diet 

Table 3.  Haematological indices of rainbow trout, Oncorhynchus mykiss fingerlings fed diets containing 
varying levels of dietary valine for 8-weeks (mean values of 3 replicates + SEM; n = 3)* a Hb, Hemaglobin; bHct, 
Hematocrit; cRBC, Red blood cell; dWBC, White blood cell; eESR, Erythrocyte sedimentation rate; fMCV, Mean 
cell volume; gMCH, Mean corpuscular hemoglobin; hMCHC, Mean corpuscular hemoglobin concentration.

Dietary val levels (g  kg−1)

Initial 10.5 13.0 15.5 18.0 20.5 23.0 P-value

Hb (g  dL−1)a 5.05 ± 0.06 6.78 ± 0.04d 8.58 ± 0.06c 9.89 ± 0.07b 10.96 ± 0.12c 9.54 ± 0.11b 9.08 ± 0.13bc 0.01154

Hct (%)b 20.32 ± 0.13 22.40 ± 0.12d 27.10 ± 0.12c 31.16 ± 0.08b 35.12 ± 0.19a 32.09 ± 0.14b 23.25 ± 0.08d 0.00318

RBC (mm  h−1)c 1.45 ± 0.03 1.58 ± 0.06cd 1.89 ± 0.06c 2.18 ± 0.07b 2.63 ± 0.06a 2.36 ± 0.04b 2.13 ± 0.06b 0.01418

WBC (×  103/
mm3)d 2.49 ± 0.12 3.15 ± 0.05a 2.70 ± 0.04b 2.43 ± 0.05d 2.24 ± 0.08e 2.39 ± 0.07d 2.57 ± 0.09c 0.01444

ESR (mm  h−1)e 2.36 ± 0.14 3.08 ± 0.10a 2.68 ± 0.09b 1.95 ± 0.12c 1.87 ± 0.06c 1.67 ± 0.05d 1.71 ± 0.12d 0.01038

MCV (fl)f 161.13 ± 1.30 157.10 ± 1.42d 166.26 ± 1.19b 162.78 ± 1.43c 164.16 ± 1.42b 167.20 ± 1.55b 175.06 ± 1.13a 0.16362

MCH (pg)g 41.50 ± 0.31 40.66 ± 0.54a 37.18 ± 0.58b 38.55 ± 0.27b 37.35 ± 0.33b 36.67 ± 0.48b 37.07 ± 0.22b 0.11748

MCHC (g  dL−1)h 25.52 ± 0.39 26.29 ± 0.28a 23.96 ± 0.22b 24.02 ± 0.25b 24.45 ± 0.36b 24.69 ± 0.22b 24.61 ± 0.34a 0.11992
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are well recognized to influence the fish body  composition71–81. The whole-body composition of rainbow trout fed 
different concentrations of dietary Val in this study varied substantially. Whole body moisture content decreased 
significantly with the elevation of dietary Val concentrations and was maximum at higher level, while whole body 
fat content ameliorated with increasing Val concentrations with maximum fat content was noted at highest Val 
fed diet. Previous studies about the whole body composition of fish revealed that body fat and moisture contents 
are inversely related to each  other82,83. Similar results have also been reported for Indian major carp, C. mrigala8. 
Whole body protein also elevated with increasing Val concentrations up to 18.0 g  kg−1 Val fed diet and thereafter 
decreased in protein content was noted. Our result on fluctuation in body protein with respect to the elevation 
of each testing amino acid is in accordance with the finding on other fish species such as C. mrigala9; L. rohita66 
and C. catla84. This rise in whole body protein content could be because of interest of several proteins or due to 
amino acid transamination responses occurring in fish  body9. Body ash content of rainbow trout did not showed 
any difference with respect to the elevation of Val in the diet and remained constant among all the doses, except 
at lower Val fed diets i.e. 10.5 and 13.0 g  kg−1. Higher ash contents reported at lowest Val level diets may be due 
to lower muscle deposition, which proportionally increases organic and inorganic content in the fish  body85. 
Moreover, HSI is an important indicator applied to studies on nutritional  requirements56,86–88, as it indicates 
the nutritional and physiological status of fish, besides provide an information pertaining to energy reserves in 
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Figure 2.  Blood plasma parameters of rainbow trout, Oncorhynchus mykiss fingerlings fed diets containing 
graded levels of valine (g  kg−1).
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Figure 3.  Non-specific immune response of rainbow trout, Oncorhynchus mykiss fingerlings fed diets 
containing graded levels of valine (g  kg−1).
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Figure 4.  Digestive intestinal enzyme activities of rainbow trout, Oncorhynchus mykiss fingerlings fed diets 
containing graded levels of valine (g  kg−1).
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Table 4.  Effects of dietary valine levels on intestinal antioxidant enzymes of rainbow trout, Oncorhynchus 
mykiss fingerlings for 8-weeks (mean values of 3 replicates + SD; n = 3). a SOD: Superoxide dismutase. b CAT: 
Catalase. c GPx: Glutathione peroxidase. d GR: Glutathione reductase. e MDA: Malondialdehyde.

Dietary val levels (g kg−1)

10.5 13.0 15.5 18.0 20.5 23.0 P-value

SOD (µ  mg−1 
protein)a 45.9 ± 0.72d 47.10 ± 0.82bc 48.06 ± 0.43ab 49.13 ± 0.47a 37.34 ± 0.52e 26.12 ± 0.62f 0.04578

CAT (µ  mg−1 
protein)b 0.56 ± 0.41e 0.96 ± 0.92d 1.22 ± 0.82c 1.52 ± 0.72a 1.40 ± 0.58b 1.20 ± 0.64c 0.02313

GPx (µ  mg−1 
protein)c 20.25 ± 0.97d 24.16 ± 1.02c 25.95 ± 1.06b 27.76 ± 0.94a 25.03 ± 1.04b 21.66 ± 0.93d 0.03962

GR (µ  g−1 protein)d 15.44 ± 0.01d 18.56 ± 0.04bc 20.62 ± 0.04b 22.80 ± 0.07a 19.70 ± 0.09bc 13.05 ± 0.10e 0.01786

MDA (µ  g−1 
protein)e 0.56 ± 0.22a 0.46 ± 0.15b 0.32 ± 0.09c 0.22 ± 0.05d 0.24 ± 0.12d 0.30 ± 0.17c 0.01715
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Figure 5.  Relative expression level of target of rapamycin (TOR) gene in the muscle of rainbow trout, 
Oncorhynchus mykiss fingerlings fed varied dietary Val levels (g  kg−1).
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the  body89. In the present research work, the lowest dietary Val concentrations resulted in higher HSI values in 
fish compared to the fish fed high levels of dietary Val, which could resultant in higher hepatic activity due to 
Val deficiency that resulted in the deamination of unused amino acid or their transamination into intermediate 
metabolic products for use as an energy  source84. Increased HSI content in Val and isoleucine deficient diets 
have previously been documented in C. catla84 and Channa punctatus68, respectively.

Hematological variables are treated as an important markers in response to dietary  manipulations28,90–92. These 
variables in fish can also be a critical indicator to assess alterations in circulatory system by toxic  substances93. 
In the current research work, hematological parameters of rainbow trout fed with varied levels of Val showed 
significant differences. Among them, hematocrit assay is a reliable index in the aquaculture and fishery manage-
ment for checking the anemic condition as well as fish health relative to nutrition, disease and stress  status94. 
Highest Hb, Hct and RBC values were noted in the fish fed 18.0 g  kg−1 Val diet, thereafter reduction in these three 
variables were recorded. The higher values for these variables at optimal dietary Val level might be ascribed to 
expansion in fish growth gave a capable degree of blood oxygen transport framework from respiratory systems 
to  tissues95, as well as due to higher metabolic demand. A diminished trend in ESR was noted with increasing 
concentrations of dietary Val and was least in the fish fed 20.5 g  kg−1 Val diet, which could be attributed to high 
blood consistency, resultant an elevation in erythrocytes count. Erythrocyte indices (MCV, MCH and MCHC) 
have a particular importance in the diagnosis of anemia in most animals including  fish96. In the present study, 
fish fed lower and higher dietary Val containing diets i.e. 10.5 and 23.0 g  kg−1 actuated macrocytic anemia, 
because higher values were noted in these levels. Neverthless, no significant differences in MCH and MCHC 
data were acquired, which is accordance with our previous findings on another amino acids i.e.  leucine55 and 
isoleucine (unpublished).

The blood plasma variables are generally treated as health condition indicators of fish and in response to nutri-
tional  supplements33. In the present study, plasma CHO, TG, ALT, glucose and urea contents were not influenced 
with increased Val concentrations, which is in agreement with the findings for other fish species for example, 
red sea  bream1; blunt snout  bream22 and Nile  tilapia24. In the study, AST parameter demonstrated a decreased 
pattern with augmentation of dietary Val up to 18.0 g  kg−1 diet indicating an enhancement in fish health status, 
which is in agreement with the study for O. niloticus24. Moreover, uric acid contents in the current research work 
constantly increased with increasing Val concentration and reached maximum at 23.0 g  kg−1 Val diet.

In addition, branched-chain amino acids are associated in different immune functions in fish and also up-
regulate critical metabolic pathways in response to infectious  pathogens69,97,98. The total protein concentration 
in plasma has been used as a health indicator, stress marker and to check nutritional condition in  fish99. In the 
present study, significant increase in plasma total protein level was noted by increasing Val levels up to the fish 
fed 18.0 g  kg−1 Val diet. Xiao et al.24 also suggested that appropriate supplementation of Val can positively influ-
ence the non-specific immune reaction of juvenile Nile tilapia. Similar perceptions were reported for juvenile 
hybrid grouper and red sea bream fed with varied concentrations of Val  diet1,17. While ALP as a regulative enzyme 
is associated with many vital functions and take part in the process of nutrients like fat, glucose, calcium and 
inorganic phosphatase  absorption100. We noticed decreased ALP pattern with fish fed elevated Val in the diets, 
which supports the finding of Dong et al.23 for juvenile Jian carp. However, in the present research work, we did 
not found any significant differences in plasma albumin and globulin contents of the fish fed varied concentra-
tions of Val.

Fish have a high adaptability in their digestive processes, where intestine is treated as the main site at which 
fish easily digest and absorb nutrients, and its structural integrity plays a vital role in the maintenance of effective 
digestion and  absorption16,101. Several studies pertaining to the activities of digestive enzymes in fish showed 
that enzymatic activity is influenced by the diet ingested or by feeding  habits102–104. In the present study, there 
were significant improvement in trypsin chymotrypsin, amylase and lipase activities up to the fish fed 18.0 g  kg−1 
Val diet, showing that suitable dietary Val could improve digestion capacity in fish. Similar perceptions were 
accounted for juvenile jian carp, C. carpio in hepatopancreas and  intestine23,35. Moreover, GOT and GPT are 
mainly liver enzymes, but they are also found in several organs or tissues. In the present study, the activities of 
GOT and GPT were decreased with increasing concentrations of dietary Val up to a certain point, thereafter 
reduction in these parameters were observed. To the best of our knowledge, no work has so far been carried out 
on intestinal GOT and GPT activities when fed with varied levels of dietary Val, however, some studies pertain-
ing to these activities in hepatopancreas and muscle have been established on other fish species, where they 
observe significant significant increment in these parameters in hepatopancrease and muscle of Cyprinus carpio 
fed threonine and tryptophan diet,  respectively51,52.

The intestinal epithelial integrity in fish plays a crucial role in maintaining the normal function of physical 
barriers, but intestinal epithelial cells are very sensitive to oxidative  damage105. To fight oxidative damage, fish 
possess several antioxidant enzymes, which includes SOD), CAT, GPx, GR and  MDA106. Among antioxidant 
enzymes, the activity of SOD indirectly reflected the ability of removing the oxygen free radicals in the fish body 
by regulating superoxide radical’s dismutation to hydrogen peroxide, which can be eliminated by  GPx41. SOD 
can efficiently eject the reactive oxygen species (ROS) in the fish body, results in generating hydrogen perox-
ide, which may in turn be detached by the activities of CAT. SOD and CAT also take part in several reactions 
 independently24. In the present research work, SOD, CAT, GPx and GR activities were positively influenced 
with each incremental dietary Val levels up to 18.0 g  kg−1, which indicated an enhancement in the ability of 
scavenging free radical in the intestine of rainbow trout at optimum dietary Val concentration. Similar results 
were also noted in other fish species such as juvenile hybrid grouper, Epinephelus fuscoguttatus ♀ × Epinephelus 
lanceolatus ♂17, golden pompano, T. ovatus25 and Nile tilapia, O. niloticus24. MDA is treated as an important 
biomarker for protein oxidation and lipid  peroxidation107, and it has been reported that MDA levels indirectly 
reflected the severity of fish body cell from free radicals  attack41. Our findings found a significant reduction in 
MDA content up to 18.0 g  kg−1, which demonstrated that appropriate dietary Val concentration could restrain 
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the lipid per-oxidation of rainbow trout. Overall, the above data indicated that appropriate supplementation of 
Val levels could improve non-specific immune response variables of rainbow trout fingerling.

In fish, the activation of TOR signaling cascade by dietary amino acids is reported, thereby promoting protein 
 synthesis108–110. Besides acting as a substrate for protein synthesis, Val has also been considered as a key regulator 
of several biological and physiological processes in fish. For instance, Val plays a crucial role in regulating the 
TOR signaling pathway in response to nutritional status, resultant to protein synthesis and growth of  fish17. In 
the TOR signaling pathway two downstream effectors, 4E-BP and S6K1, are the most important rate determining 
factors in protein  synthesis111,112. Many amino acids, including  tryptophan52,  leucine22,113,114 and  arginine115–117, 
have revealed to up-regulate fish growth performance and promote protein synthesis through the TOR signal-
ing pathway. However, there are only few studies reported on the effect of Val on fish protein synthesis and its 
inter-relationship with TOR signaling pathway. There the present study aimed to explore the influence of dietary 
Val on TOR signaling pathway, which showed that relative expression of TOR gene was positively progressed 
by dietary Val concentrations up to 18.0 g  kg−1 dry diet, and thereafter a reduction pattern was noted. Similar 
trends have been previously observed in our laboratory on rainbow trout fed with graded dietary  leucine55 and 
isoleucine levels (under publication), and also in other fish species such as jian  carp29, blunt snout  bream57 and 
hybrid  grouper44. Wacyk et al.118 also reported decreased trend in rainbow trout fed deficient branched chain 
amino acids diet. However, in this study the fish fed 13.0 and 15.5 g  kg−1 Val containing diets had significantly 
lower relative 4E-BP mRNA expression levels compared to other groups and both TOR and 4E-BP levels were 
highest at 18.0 g  kg−1 Val diet. These resulted is in supportive with the study in hybrid  grouper44 fed varied levels 
of Val diet. The current results suggest that Val probably acts on the growth performance of fish by modulating 
the transcriptional regulation of its downstream effectors 4E-BP and S6K1. However, whether Val affects phos-
phorylation of the target proteins in TOR signaling pathway needs further exploration.

Our findings suggest that diets containing 18.19 g  kg−1 Val in the diet would be useful for the improvement of 
growth performance, hemato-biochemical parameters and enhanced non-specific immune response, antioxidant 
status and digestive enzymatic activities in rainbow trout fingerlings. Besides, it has also been observed that 
optimal dietary Val also up-regulate an expression of TOR signaling pathway through its downstream effector 
i.e. 4E-BP, which can promote protein synthesis. Based on the quadratic regression analysis for growth param-
eters, the requirement of Val for rainbow trout was estimated to be 18.19 g  kg−1 dietary Val, corresponding to 

Table 5.  Composition of experimental diets used for estimating the dietary valine requirement of fingerlings 
rainbow trout, Oncorhynchus mykiss.  a Crude protein (80%),bCrude protein (93%), Loba Chemie, India; 
cEssential amino acids (g  kg−1) arginine 17.71, histidine 4.48, isoleucine 23.80, leucine 22.17, lysine 15.94, 
methionine 11.57, phenylalanine 17.57, threonine 11.72, tryptophan 4.88, valine Variable. Non-essential 
amino acids cystine 9.04, tyrosine 10.83, alanine 15.30, aspartic acid variable, proline 14.34, serine variable, 
glycine variable (Loba Chemie, India). dHalver 2002 mineral  (AlCl3.  6H2O, 150;  ZnSO4.  7H2O, 3000; CuCl,100; 
 MnSO4.4-6H2O, 800; KI,150;  CoCl2.6H2O,1000 mg  kg−1; plus USP # 2 Ca  (H2PO4)2.  H2O, 135.8;  C6H10CaO6 
327.0;  C6H5O7Fe.5H2O, 29.8;  MgSO4.7H2O, 132.0;  KH2PO4 (dibasic), 239.8;  NaH2PO4.2H2O, 87.2; NaCl, 43.5 
(g  kg−1); evitamin mix (choline chloride 5000: thiamin HCL 50; riboflavin 200; pyridoxine HCL 50; nicotinic 
acid 750; calcium pentothenate 500; inositol 2000; biotin 5.0; folic acid 15; ascorbic acid 1000; menadione 40; 
alpha-tocopheryl acetate 400; cyanocobalamine 0.1 (g  kg−1). fCalculated on the basis of fuel values 23.10, 20.21, 
24.27, 16.02 and 37.65 kJ  g−1 for casein, gelatin, amino acids, dextrin, and fat, respectively.

Experimental diets

Ingredients (g  kg−1, 
dry diet) 10.50 13.0 15.50 18.0 20.50 23.0

Caseina 140.0 140.0 140.0 140.0 140.0 140.0

Gelatinb 35.0 35.0 35.0 35.0 35.0 35.0

Amino acid  mixc 336.29 337.09 337.59 338.09 338.59 339.09

Dextrin 197.90 196.70 195.90 195.10 194.40 193.60

Corn oil 50.0 50.0 50.0 50.0 50.0 50.0

Cod liver oil 100 100 100 100 100 100

Mineral  mixd 40.0 40.0 40.0 40.0 40.0 40.0

Vitamin  mixd,e 30.0 30.0 30.0 30.0 30.0 30.0

Carboxymethyl cel-
lulose 60.0 60.0 60.0 60.0 60.0 60.0

Alpha cellulose 10.81 11.21 11.51 11.81 12.01 12.31

Total 1000 1000 1000 1000 1000 1000

Total valine 10.50 13.0 15.50 18.0 20.50 23.0

Calculated crude pro-
tein (g  kg−1) 450.0 450.0 450.0 450.0 450.0 450.0

Analysed crude protein 
(g  kg−1) 449.16 450.80 449.70 450.89 449.56 448.90

Gross  energyf (kJ  g−1, 
dry diet) 20.9 20.9 20.9 20.9 20.9 20.9
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40.42 g  kg−1 of dietary protein. Data from this study would be helpful in developing nutritionally sound complete 
diets for the intensive culture of rainbow trout.

Materials and methods
Experimental diets. Six isonitrogenous (450 g  kg−1) and isoenergetic (20.90 kJ 100  g−1, gross energy (GE)) 
diets having a elevated content of Val 10.5, 13.0, 15.5, 18.0, 20.5, and 23.0 g  kg−1 were supplied in six diet con-
taining casein (fat-free), gelatin and L-crystalline amino acid premix (Table 5). The level of protein content in all 
the diets was fixed at 450 g  kg−1, which was estimated optimum for maximum growth in our previous  study45. 
L-crystalline amino acids in all the diets were used to adjust the amino acid content of the diets similar to that 
of 40% whole egg protein, excluding Val. The quantity of L-Val in all the diet was increased with the increment 
of 2.5 g  kg−1 diet. The ratio of casein and gelatin was selected in all the diets on the basis of criteria that provide 
the lowest quantity of Val. In each incremental level, Val was ameliorated with the replacement of non-essential 
amino acids i.e. aspartic acid, serine and glycine, so as to maintain the uniform nitrogen level in all the diets. 
The doses of Val in all the diets were designed on the basis of previous studies on Val requirement of  fish119. 
The procedure for preparation of experimental diets in this feeding experiment was same as adopted in earlier 
 experiment80. The premixes of vitamin and mineral used in the study were prepared as per  Halver120. Feed pellets 
were made with the help of pelletizer connected with a 2 mm die and were then dried in oven at 40 °C in order 
to decrease the moisture less than 100 g  kg−1. Finally, the dry feed pellets were crushed, sealed in air tight bags 
at 4 °C until used. 

Experimental design and feeding trial. Fingerling rainbow trout of equal size and good health from the 
same lot were obtained from local government hatchery unit to experimental station at University of Kashmir. 
The fish were first mild treated with potassium permanganate  (KMnO4) to rule out any contamination, and were 
stocked under continuous flow through system for a fortnight by feeding a combination of practical diet in pellet 
form. Required number of fish was taken from the lot and was further acclimated to synthetic diet for 2  weeks120. 
After the period of acclimatization, 360 fingerlings (average initial body weight: 1.66 ± 0.02 g/fish; average initial 
length: 5.25 ± 0.34 cm/fish) were then randomly distributed in 70 L circular tanks (water volume 60 L) connected 
with water flow through system (2–2.5  Lmin−1) at the rate of 20 fish per tank for each diets in triplicates. The 
diets were fed at the rate of 5% BW  day−1 on dry to wet-weight basis to each  group80. The experimental period 
was lengthening up to 8 weeks and diets were offered at 09:00 and 17:00 h. Initial and weekly body weights were 
recorded on a top loading balance (Sartorius AG Germany, CPA224S). Troughs were siphoned off to remove 
fecal matters before feeding on daily basis. Accumulation of the diet at the bottom of the trough was avoided. 
Uneaten food, if any was siphoned off immediately, dried in a hot air oven and reweighed to measure the amount 
of food consumed. On the day of weekly measurements, fish were not offered any feed. Troughs were scrubbed 
and disinfected thoroughly with water and  KMnO4 solution on the day they were batch weighed. Mortality, if 
any, was recorded.

Water quality analysis. During the entire feeding trial, various physico-chemical parameters were esti-
mated on alternate day basis. The water samples were taken early in the morning before routine feeding. Water 
temperature (12.7–16.2 °C) was monitored by using a mercury thermometer, while other parameters like dis-
solved oxygen (7.1–8.2 mg  L−1), free carbon dioxide (6.1–15.2 mg  L−1), and total alkalinity (70–83 mg  L−1) were 
analyzed by standard methods of  APHA121. The pH (6.9–7.5) was recorded with the help of digital pH meter 
(pH ep-HI 98,107, USA).

Chemical analysis. At the beginning of the feeding trial, 30 fish specimens were taken up for initial 
whole-body proximate composition. After the completion of 8-week feeding trial, final weight of each tank was 
recorded. Eight fish were taken from each replicate groups and three sub-samples of each replicate (n = 3 × 3) 
were analyzed for final whole-body composition. Whole-body proximate analysis of test diets, initial and final 
body composition of fish samples were determined as per  AOAC122: for moisture determination oven drying 
method at 105 ± 1 °C was employed for 22 h, crude protein was carried out with the help of N-Kjeldhal × 6.25 
Kjeltec 8400 (FOSS Denmark), crude lipid was estimated by solvent extraction method with petroleum ether 
B.P. 40–60 °C using soxlet extraction technique (FOSS Avanti automatic 2050, Sweden), while ash content was 
measured by oven incineration at 650 °C for 2–4 h (Muffle furnace YSPL-532, India).

Hematological analysis and hepatosomatic index (HSI). Three fish were randomly subside from 
each dietary treatment replicate (n = 3 × 3) for hematological parameters and hepatosomatic index. Blood sam-
ples for analysis were collected in heparinized (Na-heparinised) capillary tubes from the haemal arch after sev-
ering the caudal peduncle. Pooled sample of blood was taken from each treatment group and stored in heparin 
coated vaccutainer plastic vials for further analysis. All the hematological analysis was carried out within 2 h 
after each extraction.

Hemoglobin (Hb). Hemoglobin content of blood was estimated by adopting the  Drabkin123 method. 20 μl 
of blood was mixed with 5 ml of Drabkin solution (Loba chemie, India) in a test tube and left to stand for at 
least 15 min. The colour was developed and absorbance of the sample was measured spectrophotometrically 
(GENESYS 10S UV–VIS) at 540 nm and compared to that of hemoglobin standard (Ranbaxy, India).
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Hematocrit (Hct%). Hematocrit was determined on the basis of sedimentation of blood. Heparinised 
blood (50 μl) was taken in a micro-hematocrit capillary (Na-heparinised) and spun in a micro-hematocrit cen-
trifuge (REMI RM-12C, India) at 12,000 rpm for 5 min in order to obtain hematocrit values. The hematocrit 
values were measured with the help of hematocrit reader and the Hct values were presented as percentage by 
adopting the method given by Del Rio-Zaragoza et al.124.

Total red blood cell (RBC) and white blood cell (WBC) count. For red blood cell (RBC) count, a blood 
sample (20 μl) was taken with the help of micro pipette (Finpipette, Finland) and diluted with Natt-Herrick’s125 
diluent (1:200). The diluted sample was placed in a Neubauer improved hemocytometer (Marienfeld-Superior, 
Lauda-Konigshofen, Germany) and then the blood cells were counted under light microscope (Magnus-MLM, 
India). White blood cell count (WBC) was done with the same technique as used during the RBC count.

Erythrocyte sedimentation rate (ESR). ESR was measured by using Wintrobe tube  method126. The 
anticoagulated blood was filled in a Wintrobe tube up to the zero mark on top and kept undisturbed in vertical 
position in a rack. This allows the sedimentation of erythrocytes. After one hour level of fall of the column of 
sediment was noted as ESR and expressed in mm per hour.

Erythocyte indices (MCH, MCHC and MCV). The erythrocyte indices including MCH, MCHC and 
MCV were calculated using standard  formulae127.

After blood collection, the liver was removed from the same sample and weighed subsequently nearby 0.1 mg 
(Sartorius AG Germany CPA224S) for HSI analysis through following formula:

HSI (%) = (Liver weight / Total body weight) × 100  (Rajaguru128).

Plasma analysis and non-specific immune response. Before the start of the experiment (n = 10) and 
after the completion of feeding trial, pooled blood (n = 2 × 3) samples were collected. Clotted blood in eppendrof 
tubes was centrifuged for 10 min using a high-speed centrifuge (REMI-12C) 4100 × g for 10 min at 4 °C. The 
separated plasma was then analyzed for plasma parameters and non-specific immune responses such as ALP, 
ALT, AST, glucose, urea, uric acid, total protein, albumin, globulin, cholesterol and triglycerides by using veteri-
nary biochemistry analyzer (Vetscan VS2 Abaxis, USA).

Intestinal enzyme activities. After dissection, intestine samples (n = 2 × 3) were collected immediately 
and homogenized in a 10 volumes of saline solution and then centrifuged at 6000 × g for 20 min at 4 °C to obtain 
a supernatant and was then freezed at -20 °C for further examination. Trypsin and chymotrypsin activities were 
analyzed as per  Hummel129, while for assaying the activities of amylase and lipase, the technique given by Furné 
et al.130 was employed. GOT and GPT activities were assayed by the method given  by131,132 .

Intestinal antioxidant status. The activities of SOD, CAT, GPx, content of GR and MDA were analyzed 
with the help of kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) and were assayed as per the 
protocol described by Zhang et al.133.

Expression of TOR and 4E-BP genes by Real-Time PCR. For establishing the appropriate Val level, 
TOR signaling pathway mRNA gene expression was analyzed by assessing through real-time52. The extraction of 
total RNA from fish muscle was carried out by Trizol method (Thermo Fisher Scientific, Darmstadt, Germany) 
as per manufacturer´s guidelines followed by the quantification and purification of total RNA by spectropho-
tometer (GENESYS 10S UV–VIS Thermo Scientific). Then, 2  µl total RNA was taken to synthesize comple-
mentary DNA (cDNA) by use of cDNA synthesis kit (iScript™cDNA Synthesis Kit Biorad, Hercules, CA). The 
identified genes (TOR, 4E-BP and β-actin) were synthesized by using specific primers (Table 6). PCR confirma-
tion of identified genes was done by running 2% agarose gel. The real-time PCR was employed for above genes 
(LightCycler 480 Roche, USA). PCR amplication was carried out for these genes with the help of Chromo 4TM 

Table 6.  Real-time PCR primer sequences of rainbow trout. a TOR = Target of rapamycin. b 4E-BP = ELF4E-
binding protein. c F = Forward. d R = Reverse.

Target gene Primer sequence (5′-3′) Amplicon length (bp) Annealing temperature (°C) GenBank accession number

TORa

cF = 5′CAG CCA CAC ACT TTT 
ACA GACC-3′ 22 60.25

NM 001,124,235.1
dR = 5′–AAT CTT GGT GAG GTA 
CGG CTG-3′ 21 59.82

4E-BPb

F = 5′- GAC CAG GCG GAT GAC 
CAT AA-3′ 20 59.35

NM 001,165,149.2
R = 5′- GCA GGA ACT TCC GGT 
CGT AG-3′ 20 61.40

β-actin

F = 5′- CCC AAA CCC AGC TTC 
TCA GT-3′ 20 59.35

XM 021,615,845.1
R = 5′- ATC CGC TGT TTC ACC 
GTT CC-3′ 20 59.35
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fluorescence detector (Bio-Rad, Hercules, CA, USA) under different thermo cycling conditions. Melting curve 
analysis was performed by running a gradient from 95 to 50 0C in order to confirm the presence of single PCR 
products. The  2−∆∆Ct method was carried out to find out the TOR and 4E-BP signaling gene expression com-
parative to those for β-actin as per the method given  by134.

Statistical analysis. The data obtained with respect to various Val fed diets in the form of LWG%, FCR, 
PER, SGR% and body composition parameters were analyzed by one-way analysis of variance (ANOVA)135,136. 
To predict the significant differences (P ˂ 0.05) among the groups, polynomial contrast method i.e. cubic 
 regression137 was applied to analyze the growth data. Second-degree polynomial regression (Y = a + bx +  cx2) 
analysis was also employed in growth data to determine the appropriate breaking points in response to dietary 
Val  levels137. Statistical analyses were made with the help of origin software (version 8.5.1; San Clemente, CA).

Ethical statement. During the present research work, all applicable international, national, and/or institu-
tional guidelines for the care and use of animals were followed. All the protocols used have been approved by the 
Institutional Animal Ethics Committee (IAEC) prescribed by committee for the purpose of control and supervi-
sion of experiments on animals (CPCSEA) under R. No. 801/GO/RE/S/2003/CPCSEA.

ARRIVE guidelines. The present study has been carried out in accordance with ARRIVE guidelines.
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