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Abstract

One thousand and eighty rohu fingerlings with an average size of 8.5 + 0.5 g were
randomly distributed in 6 distinct experimental groups in triplicates, where the first
three groups were exposed to high stocking density (HSD; 20 nos/ 75 L water) with
restricted feeding (RF), viz. THRO (HSD, RF, 0% nutraceutical), THR1 (HSD, RF, 0.1%
nutraceutical) and THR5 (HSD, RF, 0.5% nutraceutical), and second three groups
were exposed to normal stocking density (NSD; 10 nos /75 L water) with satiation
feeding (SF) and designated as TNSO (NSD, SF, 0% nutraceutical), TNS1 (NSD, SF,
0.1% nutraceutical) and TNS5 (NSD, SF, 0.5% nutraceutical). The weight gain (WG) %,
specific growth rate (SGR), protein efficiency ratio (PER) and IGF-1 expression were
significantly lower, whereas feed conversion ratio (FCR), serum superoxide dismutase
(SOD) and catalase activities were significantly higher in fish exposed to HSD with RF
at monthly sampling. Feeding of 0.1% dietary nutraceutical resulted in a significantly
higher WG%, SGR, PER and IGF-1 expression and lower FCR, SOD and catalase activ-
ities at the end of the third and fourth month of feeding in HSD with RF groups. The
present study concluded that 3-month feeding of 0.1% nutraceutical could improve

growth and reduce stress in fish.
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aquaculture is mostly intended to increase in stocking density of the
fish with the aim of enhanced productivity, which has the impact on

The global aquaculture must produce an additional 47.5 million
tonnes of fish to meet the expected consumption demand (FAO,
2016) by 2050. This higher production could only be possible from
the aquaculture sector through either horizontal or vertical expan-
sion. Considering the constraints of natural resources like land and
water, the vertical expansion of aquaculture is the only option left
for augmenting the production to meet the expected demand. This is
possible through innovative strategies and intervention of advanced
technologies to make the aquaculture production sustainable and

eco-friendly with enhanced productivity. Vertical expansion of

growth, survival and yield variation for different species (Khatune-
Jannat, Rahman, Bashar, Hasan, & Ahamed, 2012; M’balaka, Kassam,
& Rusuwa, 2012; Zhu et al., 2005). Nevertheless, it may result in
increased competition for food, aggression and reduced reproduc-
tive performance (Tave, 1986). Higher stocking density or over-
crowding causes a decrease in the availability of sufficient food to
all fish in the group leading to reduced feed intake, feed efficiency
and undergrowth. This can result in changes in normal fish physiol-
ogy and immune functions (Ellis, Hastings, & Munro, 1981). Under

such conditions, body reserves will be channelized to satisfy energy
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FIGURE 1 Experimental design
showing various treatments of
experiment. TNSO, normal stocking
density, satiation feeding, 0%
nutraceutical; TNS1, normal stocking
density, satiation feeding, 0.1%
nutraceutical; TNS5, normal stocking
density, satiation feeding, 0.5%
nutraceutical; THRO, high stocking
density, restricted feeding, 0%
nutraceutical; THR1, high stocking
density, restricted feeding, 0.1%
nutraceutical; and THR5, high stocking
density, restricted feeding, 0.5%
nutraceutical [Colour figure can be viewed
at wileyonlinelibrary.com]

requirements resulting in growth retardation or stunted growth in
fish (Trenzado, Morales, & de la Higuera, 2006).

Crowding along with feed restriction can cause further stress
resulting in an increased reactive oxygen species (ROS) production
at tissue levels, which can directly affect the normal functioning of
the antioxidant and immune system of the fish, thus leading to an
outbreak of disease and mortality. Therefore, crowding and feed
deprivations are considered as chronic stressors in aquaculture
(Wedemeyer, 1997). In order to produce a stunted population and
ensure fish availability throughout the year, farmers expose fish to
high stocking density and feed restriction. These stress exposures
activate the general adaptive syndrome (GAS) in fish and result in
the release of flight hormones. Increase of catecholamine levels in
the body further alters various metabolic and physiological path-
ways and hence results in an increased energy demand. There are
various biochemical responses in fish to mitigate the stress effect by
adjusting the metabolic pathways to meet the increasing energy de-
mand (Mommsen, Vijayan, & Moon, 1999). This may not only affect
the growth performance but also affect the health of the fish. The
increased production of catecholamines and further changes in the
body ultimately weaken the immune system of the fish, and this can
be the reason for disease outbreak often noticed in higher stocking
density ponds (Tejpal et al., 2009).

Growth and health status of fish can be improved by dietary
supplementation of micronutrients (Cho & Blaser, 2012). There are
several studies which indicated that dietary supplementation of vi-
tamins, minerals, amino acids, fatty acids, herbal extract and prebi-
otics could successfully mitigate the severity of stress effects in fish
(Chung et al., 2005; Ciji, Sahu, Pal, Dasgupta, & Akhtar, 2012; Fawole,
Sahu, Pal, & Kumar, 2016; Manush, Pal, Das, & Mukherjee, 2005). In
sturgeon, the stress due to hypoxia could be mitigated by dietary
supplementation of omega-3 fatty acids and vitamin E (Agradi et al.,

1993), whereas, zinc (Zn), selenium (Se), manganese (Mn) and copper

are very well-studied antioxidants in fish (Maret, 2000; Powell,
2000). Decrease in the selenium content in body results in decreased
activity of glutathione peroxidase in erythrocyte, plasma, liver and
other tissues of fish (Bell, Cowey, Adron, & Shanks, 1985; Lall, 2002),
and the deficiency of selenium results in growth reduction in carp,
catfish and rainbow trout (Baidya & Murthy, 2015). However, the
effect of deficiency or supplementation over and above the require-
ment level of these nutrients during stress in fish is not studied yet.
Similarly, from the literature survey, it is well understood that there
is a lack of study on the synergistic effect of the combination of var-
ious micronutrients over and above their optimum requirement on
growth and stress mitigation in fish. Some studies like the feeding
of organic acids and yeast together to tackle stress are found to be
effective (Jha, Pal, Sahu, Kumar, & Mukherjee, 2007). Hence, in the
present experiment, we studied the synergistic effect of zinc, sele-
nium, vitamin E and methionine-containing dietary nutraceutical on
growth, serum superoxide dismutase (SOD) and catalase enzymes
activity, and IGF-1 expression of Labeo rohita, a highly cultured fish
in the South and South-East Asia, subjected to multiple stressors.

2 | MATERIALS AND METHODS
2.1 | Experimental animals

The fingerlings of Labeo rohita (Hamilton, 1822) (8-9 g) were pro-
cured from Prem fish farm, Ankaleshwar, Gujarat, India. Polythene
bags with oxygenated water were used to transport the fish to the
wet laboratory of ICAR-Central Institute of Fisheries Education
(ICAR-CIFE) and carefully transferred to a circular tank (1,000 L).
The fish were left undisturbed the whole night. The stock was ac-
climatized under aerated conditions for a period of 12 days with a

feed containing 30% crude protein.
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TABLE 1 Ingredients and proximate X X X
composition of the experimental diet Ingredient (g/kg) Control (C) 0.1% nutraceutical 0.5% nutraceutical
Casein (vit.free)? 300 300 300
Gelatin® 90 90 90
Dextrin? 100 100 100
Starch soluble? 300 300 300
Cellulose powder?® 108.9 107.9 103.9
Vegetable oil® 30 30 30
Cod liver oil® 30 30 30
Carboxymethyl cellulose® 20 20 20
Vit-min premix® 20 20 20
Butylated hydroxyl 0.1 0.1 0.1
toluene?
Choline chloride? 1 1 1
Nutraceutical® 0 1 5
Proximate composition (g/kg on dry matter basis)
Moisture 84.90 71.50 71.60
Dry matter 915.1 928.5 928.4
Crude protein 354.5 357.8 359.8
Ether Extract 61.20 61.30 61.10
Total Ash 52.00 48.10 47.4
Crude fibre 106.3 102.4 106.8
Nitrogen-free extract 4259 430.3 423.7
Calculated Digestible 15.37 15.50 15.41

energy® (MJ/kg)

@Himedia Laboratories, India.

bProcured from local market.

‘composition (quantity 2.5/kg):vitamin A, 55,00,000 IU; vitamin D3, 11,00,000 IU; vitamin B2,
2,000 mg; vitamin E, 6,750 mg; vitamin K, 1,000 mg; vitamin Bé, 1,000 mg; vitamin B12, 6 mcg;
calcium pantothenate, 2,500 mg; nicotinamide, 10 g; choline chloride, 150 g; Mn, 27,000 mg; |,
1,000 mg; Fe, 7,500 mg; Zn, 5,000 mg; Cu, 2,000 mg; Co, 450; L-lysine, 10 g; DL-methionine, 10 g;
selenium, 125mg; and vitamin C, 2,500 mg.

dComposition of nutraceuticals (quantity per kg): methionine, 360 mg; vitamin E, 21g; zinc,

1,000 mg; and selenium, 50 mg; (patent number—201,821,027,496). 0.1% nutraceutical contained
17.00, 25, 2.5 and 5% extra supplementation of vitamin E, methionine, zinc and selenium,
respectively, whereas 0.5% dietary supplementation contained 80.0, 46.0, 12.5 and 25% extra
supplementation of vitamin E, methionine, zinc and selenium respectively.

®Calculated energy = [16.74 x CP (g/kg) + 37.7 x EE (g/kg) + 16.74 x NFE (g/kg)]/1,000 (Halver,

2002).

2.2 | Experimental setup

One thousand and eighty fingerlings with an average size of
8.5 + 0.5 g were randomly distributed in 6 distinct experimental
groups in triplicates, where first three groups were exposed to high
stocking density (HSD; 20 nos/ 75 L water) with restricted feeding
(RF; 1% feed restriction) and second three groups were exposed to
normal stocking density (NSD; 10 nos /75 L water) with satiation
feeding (SF) (Figure 1). Nutraceutical conglomerates were fed to
both the groups at 0, 0.1 or 0.5%. Hence, the six experimental groups
were designated as THRO (HSD, RF, 0% nutraceutical), THR1 (HSD,
RF, 0.1% nutraceutical), THR5 (HSD, RF, 0.5% nutraceutical), TNSO
(NSD, SF, 0% nutraceutical), TNS1 (NSD, SF, 0.1% nutraceutical) and

TNS5 (NSD, SF, 0.5% nutraceutical). The nutraceutical mix contained
methionine, 360 mg/kg; vitamin E, 21g/kg; zinc, 1,000 mg/kg; and
selenium, 50 mg/kg. The experiment was conducted for 120 days.
No ethical approval was required for conducting this study.

2.3 | Experimental diets

Three purified diets (Table 1), viz a control diet, 0.1% and 0.5% nutra-
ceutical-based diets, were used in the present experiment. All the in-
gredients were thoroughly mixed, and the dough was prepared after
adding the required quantity of water. The dough was subjected

to steam cooking for 15 min in a pressure cooker. Vitamin-mineral
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mix and nutraceutical were added to the cooled dough. The feed
was prepared using a hand pelletizer, and the air-dried pellets were
stored at 4°C until use.

2.4 | Proximate composition of fish and feed

The proximate composition of the whole fish and feed (Table 1) was
done following the standard protocol of AOAC (1995). Moisture (%)
was estimated after drying the samples at 100 + 2°C in a hot air
oven until attaining a constant weight. Crude protein was analysed
in a semi-automatic nitrogen analyzer (Kjeltec-2200, Foss Tecator,
Hoganas, Sweden). Crude lipid was estimated in an ether extrac-
tion unit (Socsplus-SCS-08-AS, Pelican Equipment, Chennai, India).
The crude fibre of the feed was determined in FibroTRON (Tulin
Equipments, India) through acid (1.25% HCI) and alkali (1.25%
NaOH) digestion of sample followed by ashing of fibre. The total
ash estimation was performed through ignition of the sample in a
muffle furnace (550°C for 4 hr). Nitrogen-free extract (NFE) and
total carbohydrate (TC) were calculated based on the following
formulae.

NFE (%) =100 - [CP (%) + EE (%) + TA (%) +CF (%)]
TC (%) = 100 - [CP (%) + EE (%) + TA (%)]

2.5 | Digestible energy value

The digestible energy (DE) was calculated using the formula de-
scribed by Halver (1976) as follows.
Digestible energy (Kcal/100g) = CP (%) x 4 + EE (%)x 9 + NFE (%)x 4

2.6 | Growth parameters

Body weight of the fish was determined at 15-day interval. Fishes
were starved overnight before taking the weight. The growth pa-
rameters were calculated using the following formulas:

Weight gain (%) = (Final live weight - Initial live weight)/Initial live
weight x 100; SGR = (In final live weight - In initial live weight)/
Number of experimental days x 100; FCR = Total dry feed intake/
Body weight gain (wet weight); PER = Body weight gain (wet
weight)/Protein intake (dry weight).

2.7 | Hepatosomatic index and intestinal
somatic index

At the end of each month of feeding trial, three fish were taken from
each experimental tank and anaesthetized using clove oil (50 mg/L).
Immediately, liver and intestine tissues were dissected out and pooled
together and weight was taken for calculation of Hepatosomatic

index (HIS) and intestinal somatic index (ISl) as follows:

HSI (%) = (Wet weight of liver (g))/(Wet weight of fish (g)) x 100
ISI (%) = (Wet weight of intestine (g))/(Wet weight of fish
(g)) x 100

2.8 | Sample collection for gene expression

Liver tissues were used for the gene expression study, and the tis-
sues were collected aseptically with utmost care to avoid any con-
tamination. The samples were collected in cryovials containing 1.5
ml RNA later solution (Ambion Biosciences) and stored according to

the manufacture's instruction.

2.9 | Total RNA extraction

The total RNA was isolated from liver tissue of rohu using TRIzol™
reagent (Invitrogen, USA) by acid guanidinium thiocyanate-phenol-
chloroform extraction method (Chomczynski, 1993). The mRNA
was quantified using BioPhotometer® plus with HellmaTrayCell
(Eppendorf, Hamburg, Germany) at 260 nm. The integrity of RNA

was checked in 1.2% agarose gel.

2.10 | Synthesis of the first-strand cDNA

After the synthesis, the RNA was checked for qualitative and
guantitative integrity, and further, the RNA samples were
subjected to DNase treatment (Fermentas, USA). The first-
strand cDNA synthesis was done with reverse transcriptase kit
(Fermentas, USA) using 2 ug RNA according to the manufacture's
protocol. The reaction mix was subjected to the given tempera-
ture profile: 70°C for 5 min, then 25°C for 5 min, 42°C for 60 min
and 70°C for 10 min in an S1000 PCR machine (Bio Rad, Hercules,
CA, USA).

2.11 | mRNA Expression of IGF-1 in liver tissue by
real-time PCR

The quantification of IGF-1 mRNA in the liver tissue of Labeo
rohita was done in Light Cycler® 480 detection system (Roche,
Switzerland) with p-actin as the reference gene (Acc No.—
EU184877). The total reaction volume used in the study was 10 pl
containing 1 pl (5 pmol) of each gene-specific primer (IGF-1) (Acc
No.—KX455870), 5 pl of 2X Maxima™ SYBR Green qPCR Master
Mix (Thermo Scientific, USA) and 1 ul of cDNA. Real times PCR
was performed after standardizing the primer with different pi-
comol (2.5 pm, 5 pm, 7.5 pm and 10 pm) of RNA and have used
SYBR Green gPCR Master Mix without ROX (Fermentas, USA).
After analysing the melting curve after every cycle, the compara-
tive CT method was used to determine the relative expression of

IGF-1 mRNA. The values were normalized by 224“Tmethod (Livak
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& Schmittgen, 2001) with the reference gene. The calculations
were done using the formulae below:

Act = target gene CT value - reference gene CT value
AAct value = Act value of treatment group-Act value of control

group

2.12 | Serum Superoxide dismutase and catalase

Serum was collected as per the standard procedure, and SOD and
catalase (CAT) activities were measured from serum using Cayman's
SOD assay kit and catalase assay kit respectively (Cayman chemical,
Ann Arbor, USA). The activity of SOD enzyme was calculated based
on the regression equation obtained from the standard graph, and
the calculation was done according to the following formula:

SOD activity (U/ml) = (Sample OD-Y intercept) x 0.23 ml x sam-

ple dilution)/(Slope x 0.01 ml) x 100

The catalase activity in serum was analysed based on the per-
oxidation function of catalase. Reading was taken at 540 nm, and
values were calculated from the following formula and expressed in
nmol min™ mI™ (1 unit = amount of enzyme that causes the forma-
tion of 1nm of formaldehyde/min at 25°C).
CAT activity (U/ml) = (uM of sample/20 min) x sample dilution

2.13 | Statistical analysis

All the data were statistically analysed after checking the normal-
ity and homogeneity of the variance using one-way and two-way
ANOVA in SPSS software version 22. The one-way results were
mentioned in the form of mean + SE, while two-way data expressed
as mean = SEM. The significance level considered in the present

study was at 5% level (p < .05).

3 | RESULTS
3.1 | Weight gain percentage (WG %)

The WG % was significantly lower (p < .05) in stress-exposed groups
than their non-exposed counterpart during 1, 2, 3 and 4 months of
the experimental period (Table 2). Feeding of 0.1% nutraceutical
improved the WG% during each of the four-month feeding trial. In
comparison with non-supplemented (control) and 0.5% nutraceuti-
cal-supplemented groups, feeding of 0.1% nutraceutical significantly
(p < .05) increased the WG % in fish at the end of 3rd and 4th month
of the experiment. There was a significant interaction effect of
stress and nutraceutical on weight gain of the fish.

According to one-way ANOVA analysis, dietary nutraceutical did
not cause any significant variation of WG% in non-stress-exposed
fish at the end of 1 and 2 months of the experiment. However, among

the stress-exposed groups, the fish fed with 0.1% nutraceutical

exhibited significantly higher (p < .05) WG% than its non-supple-
mented counterpart at the end of each experimental period of 1,
2, 3 and 4 months. On the other hand, the stress-exposed fish of
0.5% nutraceutical-fed group (THR5) showed similar WG% to THR1
within the same period (1-4 months) of the experiment. Overall,
0.1% dietary nutraceutical exhibit significantly higher (p <.05) WG%
in fish than the non-supplemented group at the end of 1, 2, 3 and
4 months of experiment.

3.2 | Specific Growth Rate

Stress exposure significantly (p < .05) reduced the specific growth
rate (SGR) of fish at the end 1, 2, 3 and 4 months of experimental
period. Dietary nutraceutical had a significant effect on SGR in 1st,
3rd and 4th month of the experiment with a significantly higher
value recorded in 0.1% nutraceutical-fed groups (Table 2). There
was a significant interaction effect of stressors and nutraceutical
on SGR of the fish. One-way ANOVA revealed that SGR was sig-
nificantly lower in THRO group in 1st and 4th month, while both
0.1 and 0.5% nutraceutical-fed groups showed similar values in
2nd, 3rd and 4th month of stress exposure. Among the non-stress-
exposed groups, 0.5% nutraceutical-fed group (TNS5) showed a
significantly lower SGR in 3rd and 4th month compared to TNSO
and TNS1 groups.

3.3 | Feed conversion ratio

Exposure to stress significantly increased (p < .05) the feed conver-
sion ratio (FCR) of fish at the end of 1, 2, 3 and 4 months of feeding
(Table 3). Dietary nutraceutical did not cause any significant change
in FCR of control group fish (non-stressed), but stress-exposed fish
fed with 0.1% dietary nutraceutical exhibited significantly lower FCR
than the stress-exposed fish of non-supplemented and 0.5% nutra-
ceutical-supplemented groups at the of each experimental period of
1, 2, 3 and 4 months. On the other hand, though the non-stress-
exposed fish of 0.5% dietary nutraceutical group (TNS5) showed
significantly lower (p < .05) FCR at the end 1, 2, 3 and 4 months of
experiment, the stress-exposed fish of same supplemented group
(THR5) showed significantly higher FCR than its non-supplemented
counterpart (THRO) at the end of 3rd month of the experiment.
Overall, dietary nutraceutical did not produce any significant change
in FCRin fish at the end of 3 and 4 months of feeding but a signifi-
cant interaction effect between stress and nutraceutical was seen in

each of the trial period of 1, 2, 3 and 4 months.
3.4 | Protein efficiency ratio
Stress-exposed fish exhibited significantly lower (p < .05) protein

efficiency ratio (PER) than their non-exposed counterpart in all

the four months of the experiment. Dietary nutraceutical had a
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TABLE 3 Effects of stress (high stocking density and feed restriction), level of nutraceuticals and interaction between stress and
nutraceutical on protein efficiency ratio and feed conversion ratio of Labeo rohita fingerlings

One-way ANOVA  Protein Efficiency Ratio (PER) Feed Conversion Ratio (FCR)
Treatments* 1st Month 2nd Month 3rd Month 4th Month 1st Month 2nd Month 3rd Month 4th Month
TNSO 1.11+£0.03 1.36°+0.02 1.37°+0.02 1.47°+0.01 1.89°+0.04 1.989+0.03 2.119+0.03 2.609+0.03
TNS1 1.137+0.02 1.387+0.05 1.52°+0.05 1.48°+0.03 1.869+0.03 1.969+0.01 1.919+0.05 2.56°+0.01
TNS5 1.10°£0.01 1.392£0.01 1.32°+0.01 1.46°+0.01 1.849+0.01 1.98%+0.01 2.199+0.03 2.649%0.02
THRO 0169+0.03 0429+0.05 0.51°+0.05 042°+0.02 6.12%+0.59 7.08%+095 564°+0.16 693%+0.29
THR1 0.20°+0.01 0.519+#0.07 043°+0.07 0.52°+0.07 391°+0.10 3.74°+0.71 4.49°+045 4.77°+0.89
THR5 0.25°+0.04 0.78°+0.05 0.53°+0.05 0.61°+0.02 4.51°+0.21 6.08°+0.22 6.82+0.25 5.80°%0.19
p value <.001 018 <001 .007 027 011 021 042
Effect of stress (Two-way ANOVA)

Without stress ~ 1.12? 1.372 1.412 1.472 1.86° 1.97° 2.07° 2.60°

With stress 0.16° 0.57° 0.49° 0.52° 4.84° 497° 5.12° 5.63
SEM 0.01 0.03 0.01 0.02 0.17 0.34 0.13 0.22
p value <.001 .002 .001 <.001 <.001 .001 <.001 .001
Effect of nutraceutical level

0.0 0.59° 0.89° 0.94° 0.94° 4,01° 4,03 3.58 4,52

01 0.65° 0.94° 0.98° 1.00° 2.89° 2.85% 3.20 3.67

0.5 0.67° 1.09° 0.93° 1.04° 3.18° 3.53° 401 417
SEM 0.01 0.04 0.02 0.03 0.20 0.42 0.16 0.28
p value <.001 .007 046 .040 <.001 041 065 .055

Effect of stress x nutraceutical

p value <.001 .017 <.001 .035 <.001 .004 .007 .047

Note: Data expressed as mean + SE, n = 3 (one-way ANOVA) and mean & SEM, n = 3 (two-way ANOVA); mean values in the same column with
different superscripts differ significantly. Significance of mean value was observed at 5% probability level (p < .05)

*NSO, normal stocking density, satiation feeding, 0% nutraceutical; TNS1, normal stocking density, satiation feeding, 0.1% nutraceutical; TNS5,
normal stocking density, satiation feeding, 0.5% nutraceutical; THRO, high stocking density, restricted feeding, 0% nutraceutical; THR1, high stocking
density, restricted feeding, 0.1% nutraceutical; and THR5, high stocking density, restricted feeding, 0.5% nutraceutical.

TABLE 4 Effect of stress (high stocking
density and feed restriction), level of
nutraceuticals and interaction between Two-way ANOVA 1st Month 2nd Month 3rd Month 4th Month
stress and nutraceuticals on IGF-1
expression in Labeo rohita fingerlings

Insulin-like growth factor-1 (IGF-1) gene expression (liver) (2-AAct)

Effect of stress

Without stress 0.80° 1.09? 1.35% 3.697

With stress 0.09° 0.19° 0.46" 0.49°
SEM 0.04 0.03 0.14 0.20
p value <.001 <.001 .007 .001
Effect of nutraceutical level

0.0 0.47° 0.58 0.69° 0.51°

0.1 0.48? 0.59 1.37° 1.41°

0.5 0.39° 0.57 1.16® 1.02°
SEM 0.03 0.03 0.17 0.24
p value .003 078 .003 <.001

Effect stress x nutraceuticals
p-value .001 <.001 <.001 .003
Note: Data expressed as mean + SE, n = 3 (one-way ANOVA) and mean & SEM, n = 3 (two-

way ANOVA); mean values in the same column with different superscripts differ significantly.
Significance of mean value was observed at 5% probability level (p < .05).
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significant effect on PER in 1, 2, 3 and 4 months of the experiment.
Though, both the levels (0.5 and 0.1%) of nutraceutical showed
higher PER, but 0.1% nutraceutical-fed group showed significantly
higher PER values throughout the experimental period. An interac-
tion effect of stress and nutraceutical on PER was observed, and
one-way ANOVA revealed that PER was significantly lower in THRO
group in 4th month of stress exposure. Overall, both 0.1 and 0.5% di-
etary nutraceutical caused significantly higher PER in fish than their
non-supplemented counterparts at the end of 1, 2 and 4 months
of experiment, whereas, at the end of 3 months of the experiment,
the fish fed with 0.1% nutraceutical resulted in significantly higher
(p < .05) PER than the non-supplemented and 0.5% nutraceutical-
supplemented group.

3.5 | Insulin-like growth factor-1 (IGF-1) expression

Stress exposure significantly reduced the IGF-1 expression in all the
four months of experiment, and feeding of 0.1% nutraceutical in-
creased the IGF-1 expression in 3rd and 4th month (Table 4). There
was a significant interaction effect of stress and level of nutraceuti-
cal on IGF-1 expression. One-way ANOVA showed that feeding of
both 0.1 and 0.5% nutraceutical significantly increased (p < .05) the
IGF-1 expression in stress-exposed fish in comparison with control
group at the end of 1, 2, 3 and 4 months (Figure 2 and supplementary
data). Among the stress-unexposed groups, 0.1% nutraceutical-fed
group exhibited significantly higher (p < .05) IGF-1 expression than
the non-supplemented and 0.5% nutraceutical-fed groups at the end
of 3 and 4 months of experiment, but at the end of 1 and 2 months of
experimental period, no significant variation was noticed among the

groups (i.e. TNS groups). Overall, 0.1% dietary nutraceutical resulted

25 IGF-1 expression
g
20
a —— TNSO
= 15 e TNS 1
2
§ = TNS5
1 -
g = THRO
in === THR1
= 0.5
E e THRS
0 1
Months
FIGURE 2 IGF-1 expression shown by Labeo rohita fingerlings of

different treatments during different culture period with or without
stress exposure; TNSO, normal stocking density, satiation feeding,
0% nutraceutical; TNS1, normal stocking density, satiation feeding,
0.1% nutraceutical; TNS5, normal stocking density, satiation
feeding, 0.5% nutraceutical; THRO, high stocking density, restricted
feeding, 0% nutraceutical; THR1, high stocking density, restricted
feeding, 0.1% nutraceutical; and THR5, high stocking density,
restricted feeding, 0.5% nutraceutical [Colour figure can be viewed
at wileyonlinelibrary.com]

in a significantly higher (p < .05) IGF-1 expression in fish fed nutra-
ceutical than its non-supplemented counterpart at the end of 3 and

4 months of experiment (Table 4).

3.6 | Hepatosomatic and intestinal somatic index

Stress significantly reduced (p < .05) the HSI in fish at the end of
4 months and ISl in fish at the end of 3 and 4 months of experiment
in comparison with non-stress-exposed fish, but at the end of other
experimental period there was no significant variation in HSI and
ISI between the stress exposed and non-exposed groups. Dietary
nutraceutical did not cause any significant variation in HSl and ISl in
non-stress-exposed fish in all the four months. Among the stress-
exposed groups, 0.1% nutraceutical group exhibited significantly
higher HSI than the fish of non-supplemented and 0.5% nutraceu-
tical-supplemented groups at the end of 3 and 4 months of experi-
ment, but at the end of 1 and 2 months of experiment there was no
significant variation of HSI among the different groups of stress-
exposed fish. Moreover, different groups of stress-exposed fish did
not show any significant variation of ISI among themselves at the
end of each experimental period of 1, 2, 3 and 4 months. Overall,
the dietary nutraceutical did not result in any significant changes in
HSI and ISI value compared to the non-supplemented group at the
end of each experimental period. There was no significant effect
of nutraceutical and stress on HSI and ISI values (p > .05) (Table 5).

3.7 | Whole-body proximate composition

The stress-exposed groups showed a significantly higher (p < .05)
moisture level compared to the non-exposed groups at the end of
1, 2, 3 and 4 month of experiment. Compared to non-supplemented
groups with or without stress exposure, the fish of nutraceutical-
supplemented groups did not show any significant variation of
moisture content at the end of 1, 2, 3 and 4 months of experiment.
Furthermore, level of dietary nutraceutical also did not cause any
significant variation of moisture in any group irrespective of duration
of feeding. Stress exposure significantly reduced the CP content in
fish at the end of 3 and 4 months of experiment. Dietary nutraceu-
tical did not produce any significant variation in the CP content in
fish of non-stress-exposed groups, whereas 0.1 and 0.5% nutraceu-
tical-fed groups at the end of 3 month and 0.5% dietary nutraceu-
tical at the end of 4 month of experiment resulted in significantly
higher (p < .05) body protein content than their non-supplemented
counterpart. The whole-body ether extract (EE) content also varied
significantly among the different treatments (p < .05). Compared to
non-stress-exposed fish, stress significantly reduced (p < .05) the
whole-body EE content in fish at the end of 1, 2, 3 and 4 months of
the experiment with an inverse relationship between EE and mois-
ture (Tables 6 and 7) content. Though dietary nutraceutical did not
produce any significant variation in EE content of whole body in

stress-exposed fish at the end of 1 and 2 months of the experiment,
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TABLE 5 Effects of stress (high stocking density and feed restriction), level of nutraceuticals and interaction between stress and
nutraceuticals on hepatosomatic index (HSI) and intestinal somatic index (ISI) of Labeo rohita fingerlings

One-way ANOVA

Hepatosomatic index (HSI)

Intestinal somatic Index (ISI)

Treatments* 1st Month 2nd Month 3rd Month
TNSO 1.51+0.04 1.80+0.23 1.58°+0.24
TNS1 1.92+0.13 1.33+0.10 1.69%+0.11
TNS5 1.56+0.12 1.44+0.14 1.69%+0.08
THRO 1.48 £0.11 1.34+0.13 1.07°+0.30
THR1 1.24+016 1.35%0.16 1.47°£0.11
THR5 1.27+£0.61 1.18+0.39 1.20°° + 0.34
P value .085 126 .020
Effect of stress (Two-way ANOVA)

Without stress 1.66 1.53 2.48

With stress 1.33 1.29 1.24
SEM 0.09 0.10 0.11
p value .230 125 .617
Effect of nutraceutical level

0.0 1.50 1.57 1.47

0.1 1.58 1.34 1.19

0.5 1.41 1.31 1.16
SEM 0.11 0.13 0.13
p value .586 .313 .215
Effect of stress x nutraceutical level

p value 153 421 913

4th Month 1st Month 2nd Month 3rd Month 4th Month
1932+0.15 349+0.21 3.50+0.32 3.56+0.09 3.65+0.21
1.92+0.03 342+019 3.33+0.13 3.52+0.49 3.49+0.13
1.892+0.20 2.85+0.16 292+027 3.15+017 3.07 +0.05
1.05°+0.19 2.81+010 296+033 251+0.08 2.29+0.25
1.21°+0.02 2.62+0.29 2.88+008 2.33+0.18 2.20%0.10
0.83°+0.12 2.69+016 329+038 259+019 2.63+0.63
.001 446 073 058 052
1.92° 3.25 3.25 3.412 3.40°
1.03° 271 3.05 2.48° 2.37°
0.11 0.16 0.15 0.13 0.16
<.001 .310 .348 <.001 .001
1.49 3.15 3.23 3.03 297
1.57 3.02 311 293 2.84
1.36 277 3.11 2.87 2.85
0.12 0.19 0.18 0.16 0.19
629 405 863 762 871

485 186 .357 198

Note: Data expressed as mean + SE, n = 3 (one-way ANOVA) and mean & SEM, n = 3 (two-way ANOVA); mean values in the same column with
different superscripts differ significantly. Significance of mean value was observed at 5% probability level (p < .05).

*TNSO, normal stocking density, satiation feeding, 0% nutraceutical; TNS1, normal stocking density, satiation feeding, 0.1% nutraceutical; TNS5,
normal stocking density, satiation feeding, 0.5% nutraceutical; THRO, high stocking density, restricted feeding, 0% nutraceutical; THR1, high stocking
density, restricted feeding, 0.1% nutraceutical; and THR5, high stocking density, restricted feeding, 0.5% nutraceutical.

the stress-exposed fish of 0.1% nutraceutical-supplemented group
exhibited significantly higher (p < .05) whole-body EE content than
their non-supplemented and 0.5% nutraceutical-supplemented
counterparts at the end of 3 and 4 months of experiment.

The stress-exposed fish exhibited significantly higher (p < .05)
whole-body total ash (TA) content than its non-stress counterpart
at the end of 4 months of experiment (Table 8). Whole-body total
carbohydrate (TC) level of fish was significantly lowered (p < .05)
due to the effect of stress for all of 1, 2, 3 and 4 months (Table 8).
The stress-exposed fish of 0.1% nutraceutical group exhibited sig-
nificantly higher (p < .05) whole-body TC level than its non-sup-
plemented and 0.5% nutraceutical-supplemented counterparts at
the end of 3 and 4 months of experiment. The stress-unexposed
fish of 0.5% nutraceutical (TNS5)-fed group showed significantly
lower (p < .05) whole-body TC content than its non-supplemented
and 0.1% nutraceutical-supplemented counterparts at the end of
4 months of experiment. Overall, the fish of 0.1% nutraceutical
group exhibited significantly higher (p <.05) whole-body TC content
than its non-supplemented and 0.5% nutraceutical-supplemented

counterparts at the end of 4 months of experiment.

3.8 | Serum superoxide dismutase and catalase

The serum SOD activity significantly increased in the fish of stress-
exposed groups during each of all the four months of experiment
(Table 9). But, the effect of nutraceutical on this enzyme in fish was
seen only after 2nd month of the experiment with significantly lower
(p < .05) value in the fish fed 0.1% nutraceutical-supplemented diet
at 2nd, 3rd and 4th month. One-way ANOVA indicated that fish of
THRO and THRS5 groups showed significantly higher serum SOD
activity during all the four months of the experiment. The highest
activity of the enzyme was noted in 2nd month in stress-exposed
groups (Figure 3 and supplementary data). TNS5 groups showed a
significantly higher activity (p <.05) compared to TNSO and TNS1 in
1st and 2nd month of the experimental period.

Serum catalase activity in fish was significantly increased in
stress-exposed groups in 2, 3 and 4 months, and feeding of nutraceu-
ticals at 0.1% reduced the activity at 2nd, 3rd and 4th month of ex-
periment (Table 9). One-way ANOVA analysis revealed that catalase
activity was significantly higher in THRO group in all the four months,

whereas non-stress-exposed groups and 0.1% nutraceutical-fed
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TABLE 8 Effects of stress (high stocking density and feed restriction), level of nutraceutical and interaction between stress and
nutraceutical on total ash and total carbohydrate level of Labeo rohita fingerlings

One-way ANOVA Total ash (TA, %)

Total carbohydrate (TC, %)

Treatments™ 1st Month 2nd Month 3rd Month 4th Month 1st Month 2nd Month 3rd Month 4th Month
TNSO 215+0.02 2.09+0.01 210+0.06 2.26+0.05 4.84+0.77 390+0.01 501°+0.24 3.71°+0.43
TNS1 217+0.06 2.29+0.10 207+0.01 217+0.03 4.80+044 4.82+0.1 5.627 £0.11 3.727£0.38
TNS5 2.26+0.08 225+0.70 2.13+0.05 2.12+0.07 4.56+1.59 567+0.67 4.17°+0.27 3.23°+0.65
THRO 242+008 219+0.05 214+002 2.07+002 391+1.09 4.09+046 273°+022 1.89°+0.79
THR1 2.38+0.09 228+009 218+0.01 211+001 484+077 268+0.09 3.26°+0.13 3.37°+0.42
THR5 2214002 224+009 207+002 209+0.03 324+139 3.07+009 281"+022 1.86°+0.29
p value .532 442 411 312 .069 .066 .011 .001
Effect of stress (Two-way ANOVA)

Without stress 2.34 2.23 2.13 2.09° 4737 5.13% 4.93° 3.55%

With stress 2.19 2.21 2.10 2.18° 3.99° 3.28° 2.93° 2.37°
SEM 0.04 0.04 0.02 0.02 0.30 0.60 0.24 0.12
p value .230 .700 .189 .016 .001 .049 .002 <.001
Effect of nutraceutical level

0.0 2.18 2.16 2.09 2.18 3.87 4.00 3.87 2.30°

0.1 2.30 2.24 2.10 2.12 4.44 3.75 4.02 3.30°

0.5 2.32 2.27 2.15 211 3.49 4.87 3.84 2.55P
SEM 0.05 0.05 0.02 0.03 0.37 0.74 0.29 0.15
p value 107 .372 .082 241 .542 .542 437 .002
Effect of stress x nutraceutical

p value .350 .239 217 195 .583 224 726 <.001

Note: Data expressed as mean + SE, n = 3 (one-way ANOVA) and mean & SEM, n = 3 (two-way ANOVA); mean values in the same column with
different superscripts differ significantly. Significance of mean value was observed at 5% probability level (p < .05).

*TNSO, normal stocking density, satiation feeding, 0% nutraceutical; TNS1, normal stocking density, satiation feeding, 0.1% nutraceutical; TNS5,
normal stocking density, satiation feeding, 0.5% nutraceutical; THRO, high stocking density, restricted feeding, 0% nutraceutical; THR1, high stocking
density, restricted feeding, 0.1% nutraceutical; and THR5, high stocking density, restricted feeding, 0.5% nutraceutical.

stress-exposed groups showed a significantly lower (p < .05) activ-
ity in 1st, 2nd and 3rd month of experiment (Figure 4). Among the
stress-exposed groups, THR1 showed a significantly lower catalase

activity in 4th month of the experiment.

4 | DISCUSSION

4.1 | Growth, nutrient utilization and IGF-1
expression

Fishes reared under high stocking density or feed restriction
alone or in combination for a definite period, resulting in stunting
or growth suppression (Das, Mishra, Mishra, & Jayasankar, 2015;
Wedemeyer, 1997). Similarly, in the present study, the stressors
like high stocking density and feed restriction significantly re-
duced the WG%, SGR, IGF-1 expression and PER with increased
FCR in fish at the end of different experimental period. According
to Tejpal et al. (2009), the growth and nutrient utilization were
significantly reduced in mrigal, when subjected to crowding

stress, while feed restriction or starvation resulted in cessation

of growth and higher FCR in rainbow trout (Sumpter, Le Bail,
Pickering, Pottinger, & Carragher, 1991). The poor growth, lower
IGF-1 expression and high FCR in the stress-exposed groups fed
diet without nutraceutical supplementation (THRO) compared to
stress-unexposed fish (TNSO) might be due to severity of stress
mediated through overcrowding and feed restriction (Multiple
stressor). According to Very, Kittilson, Norbeck, and Sheridan
(2005), growth is mediated by hepatic derived IGF-1 gene ex-
pression and the interaction between growth hormone and its
receptors. Changes during stress, in growth hormone-insulin-like
growth factor-1(GH-IGF-1) axis, resulted in variation in feed in-
take and growth, which in turn causes reduced growth and lipoly-
sis (MacKenzie, VanPutte, & Leiner, 1998). In the present study,
overstocking mediated stress reduced the growth of rohu prob-
ably by the same mechanism, which was aggravated further by
feed restriction. In gilthead seabream, similar condition was ob-
served when fish fed diet with low ration size and energy con-
tent (Company, Calduch-Giner, Kaushik, & Perez-Sanchez, 1999).
Salmons raised under high stocking density and feed restriction
was reported to have lower IGF-1 mRNA and proteins levels in
circulation (Reinecke et al., 2005; Wong, Zhou, Jiang, & Ko, 2006)
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TABLE 9 Effect of stress (high stocking density and feed restriction), level of nutraceutical and the interaction between both on serum
SOD and catalse enzyme activity in Labeo rohita fingerlings

Serum SOD Serum Catalase

Two-way ANOVA 1st Month 2nd Month 3rd Month 4th Month 1st Month 2nd Month 3rd Month 4th Month
Effect of stress

Without stress 7.56° 9.03" 9.51° 10.76° 1.53 1.64° 2.28° 1.63°

With stress 10.812 22.36° 14.08° 12.67° 1.67 1.85° 2.98? 4,06°
SEM 0.753 0.919 1.676 0.416 0.003 0.002 0.026 0.031
P value .010 .002 012 .02 400 .002 .001 013
Effect of nutraceutical level

0.0 9.35 17.80° 13.13? 12.67° 1.60 1.89° 2.79? 3192

01 8.66 12.17° 10.07° 11.52% 1.61 1.69° 2.50° 2.58°

0.5 9.54 17.122 12.18% 10.95° 1.59 1.66° 2.66° 2.77%®
SEM 0.92 1.126 2.053 0.51 0.004 0.002 0.031 0.038
p value 780 .023 019 015 201 .001 023 .031
Effect stress x nutraceuticals

p value 476 .530 .095 131 .001 .002 .001 .827

Note: Data expressed as mean + SE, n = 3 (one-way ANOVA) and mean & SEM, n = 3 (two-way ANOVA); mean values in the same column with
different superscripts differ significantly. Significance of mean value was observed at 5% probability level (p < .05). Serum SOD and catalase are

expressed as nanomoles/min/mg protein.

30 - Serum superoxide dismutase

TNSO
TNS1
TNS5
THRO
THR1
THRS

nanomoles/min/mg protein

Months

FIGURE 3 Serum SOD activity shown by Labeo rohita fingerlings
of different treatments during different culture period with or
without stress exposure; TNSO, normal stocking density, satiation
feeding, 0% nutraceutical; TNS1, normal stocking density, satiation
feeding, 0.1% nutraceutical; TNS5, normal stocking density,
satiation feeding, 0.5% nutraceutical; THRO, high stocking density,
restricted feeding, 0% nutraceutical; THR1, high stocking density,
restricted feeding, 0.1% nutraceutical; and THR5, high stocking
density, restricted feeding, 0.5% nutraceutical [Colour figure can be
viewed at wileyonlinelibrary.com]

and the liver IGF-1 gene expression reduced during fasting of fish
(Fox, Riley, Hirano, & Grau, 2006). This reduction might be owing
to the result of dampening the IGF-1 response to GH probably due
to increased levels of plasma growth hormone and reduced growth
Calduch-Giner, &
Pe'rezSa'Nchez, 2005). Accordingly, in our study, the feed restric-

hormone receptor expression (Saera-Vila,
tion and overcrowding resulted in a growth suppression (stunting)
and lower IGF-1 expression in rohu fingerlings at the end of each

experimental period of 1, 2, 3 and 4 months. In agreement with

61 Serum catalase
£ a
2 54
2
&, TNSO
o0 4 -
g TNSI1
=
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] THRO
s 2]
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=] 1-
g THRS
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Months

FIGURE 4 Serum catalase enzyme activity shown by Labeo
rohita fingerlings of different treatments during different culture
period with or without stress exposure; TNSO, normal stocking
density, satiation feeding, 0% nutraceutical; TNS1, normal stocking
density, satiation feeding, 0.1% nutraceutical; TNS5, normal
stocking density, satiation feeding, 0.5% nutraceutical; THRO, high
stocking density, restricted feeding, 0% nutraceutical; THR1, high
stocking density, restricted feeding, 0.1% nutraceutical; and THR5,
high stocking density, restricted feeding, 0.5% nutraceutical [Colour
figure can be viewed at wileyonlinelibrary.com]

our findings, Wang, Yang, & Cai (2004) reported that hybrid tilapia
when subjected to 2- and 4-week feed restriction showed signifi-
cantly lower body weight gain than the control fish. Similarly, Fox
et al. (2010) observed significantly lower levels of IGF-1 in plasma
of tilapia subjected to three-week feed restriction.

Higher weight gain % and IGF-1 expression in stress-unexposed
fish of 0.1% nutraceutical-supplemented group at the end of 3 and
4 months of experiment indicated growth-promoting effect medi-

ated through long-term feeding of nutraceutical containing zinc
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(2.5%), which probably played major role in protein synthesis and
cell division (Frassinetti, Bronzetti, Caltavuturo, Cini, & Della Croce,
2006); selenium (5%) which played a major role in thyroid functions
(Kohrle, Jakob, Contempre, & Dumont, 2005) and antioxidant action;
vitamin E, which could reduce the metabolic energy requirement
(Randall et al., 1992); and methionine as methyl donor for methyl-
ation of different biomolecules for optimum performance (Kumar
etal., 2012). Similarly, increased weight gain and feed efficiency were
observed in rohu (Sau, Paul, Mohanta, & Mohanty, 2004), seabream
(Tocher et al., 2002) and mrigal (Paul, Sarkar, & Mohanty, 2004) due
to long-term feeding of vitamin E supplemented diet. Additionally,
long-term feeding trial confirmed the growth-promoting effect of di-
etary zinc in common carp (Ogino & Yang, 1979) through the mech-
anism of zinc-gene interaction and protein synthesis as suggested
by Chesters (1991). Moreover, Shan et al. (2017) had reported that
dietary supplementation of encapsulated methionine improved the
overall growth and IGF-1 expression in Jian carp.

Furthermore, the growth depressing effects (lower WG% and
IGF-1 gene expression) of stress (overcrowding and feed restriction)
exposed rohu fingerlings were mitigated by feeding 0.1% nutraceu-
tical (17.0, 25, 2.5 and 5% extra supplementation of vitamin E, me-
thionine, zinc and selenium respectively) at the end of 1, 2, 3 and
4 months of experiment, and this could probably be due to the com-
bined actions of vitamin E, methionine, zinc and selenium present in
the nutraceutical premix. In agreement with our finding, Kumar et al.
(2012) demonstrated that the supplementation of methyl donors
such as methionine, choline, lecithin and betaine improved growth in
stress-exposed rohu. In the present study, growth was significantly
higher in stress-exposed fish of 0.1% nutraceutical-fed group than
their non-supplemented counterpart at the end of each experimen-
tal period, whereas stress-exposed fish of 0.5% nutraceutical group
could exhibit significantly higher growth than their non-supplemented
counterparts only at the end of 1st and 4th month of experiment.
This finding indicated better stress mitigation and growth-promoting
effects of 0.1% dietary nutraceutical, which might contribute the op-
timum dose of nutraceutical to support growth. Higher doses of some
nutraceutical may induce stress rather than its mitigation action. For
example, higher selenium levels such as 13 and 15 mg/kg dry feed
resulted in selenium toxicity in rainbow trout and catfish respectively
(Gatlin & Wilson, 1984; Hilton, Hodson, & Slinger, 1980).

4.2 | Hepatosomatic index and intestinal
somatic index

In the present study, the significantly reduced HSI value recorded
in rohu exposed to overstocking and feed restriction stress at the
end of 4 months of experiment might be due to the mobilization of
stored glycogen and lipid from the liver for energy production dur-
ing stress exposure. In agreement with our finding, Hanna (1962) re-
ported that glycogen could be mobilized from various tissues such
as liver, spleen and muscles of stomach, thus leading to decreased

weight of these organs in Clarias lazera at the end of 2 and 7 months

of feed restriction. In this study, the significantly lower intestinal so-
matic index (ISI) observed in stress-exposed rohu fingerlings at the
end of 3 and 4 months of experiment might be due to less functional
intestine as a result of insufficient availability of nutrients for diges-
tion and absorption, hence leading to reduced growth. Similarly,
reduction in ISl was observed in rohu subjected to diet restriction
(Yengkokpam et al., 2014), feeding with phorbol ester containing
feed (Shamna et al., 2017) and overcrowding (Wang et al., 2019). The
stress-exposed rohu of 0.1% nutraceutical group exhibited signifi-
cantly higher HSI than the fish of non-supplemented and 0.5% nu-
traceutical-supplemented groups. This finding again confirmed that
0.1% nutraceutical appears to be effective dose for mitigating stress
effect caused due to overstocking and restricted feeding in rohu.

4.3 | Whole-body proximate composition

In the present study, stress (overstocking and feed restriction) sig-
nificantly increased the whole-body moisture content whereas the
whole-body CP, EE and TC contents were found to decrease and
this effect could be due to hydration of tissue and mobilization of
lipid, glycogenolysis and breakdown of body protein for fulfilling the
stress-induced enhanced energy need. Inverse relationship between
whole-body moisture and EE levels of rohu was maintained at the end
of each experimental period of 1, 2, 3 and 4 months. In accordance
with the result, Weatherley and Gill (1987) and Quinton and Blake
(1990) also reported that starvation or feed restriction leads to an
increase in moisture content and a decrease in lipid content in fish
tissues. Moreover, Yengkokpam et al. (2014) found the considerable
variation of the body lipids, proteins and moisture levels in rohu with
differential mobilization of both protein and lipid due to food depriva-
tion. In agreement with the current finding, starvation and restricted
feeding resulted in proportionate variation of lipid level in Anguilla
anguilla (Larson & Lewander, 1973), rainbow trout (Quinton & Blake,
1990) and Sparus macrocephalus (Zhang, Wu, Cai, & Zhu, 2007).

Stress exposure (overcrowding and feed restriction) significantly
reduced the whole-body EE and TC level in rohu at the end of 1, 2,
3 and 4 months of experiment, whereas significant reduction of CP
content in fish was recorded at the end of 3 and 4 months of experi-
ment. This indicated that fish utilize lipid and carbohydrate, whereas
body protein break down and mobilization took place later for fulfill-
ing the stress-induced enhanced energy needs. Many authors have
also reported that the lipid mobilizes first and acts as immediate en-
ergy source during starvation in plaice (Jobling, 1980) and rainbow
trout (Reinitz, 1983). Fish have the capacity of converting amino acid
to glucose (Bever & Dunn, 1981) through gluconeogenesis during
stress to fulfil the additional energy requirement (Kumar et al.,
2012). Stress significantly reduces the TA content in rohu only at
the end of 4 months of experiment indicating that long-term stress
exposure only could affect the mineral contents in fish as supported
by the observation of Srijila, Rani, Babu, and Tiwari (2014). Similarly,
there was no significant difference in ash content in juvenile tilapia
starved for 3 weeks (Hsieh & Shiau, 2000).
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Dietary supplementation of nutraceutical containing methi-
onine, vitamin E, Zn and Se did not produce any significant effect on
whole-body proximate composition of non-exposed rohu. Similarly,
diets containing graded levels of vitamin E did not show any signifi-
cant variation in the proximate composition of Labeo rohita (Ciji et al.,
2012), Atlantic salmon (Hamre, Berge, & Lie, 1998), seabass (Pirini,
Gatta, Testi, Trigari, & Monetti, 2000), rainbow trout (Mustafa,
2004) and beluga (Amlashi, Falahatkar, Sattari, & Gilani, 2011).
Moreover, Yang, Liu, Tian, Liang, and Lin (2010) reported that dietary
supplementation of methionine at 0.432% (10.25% extra level over
the requirement) lowered the body lipid composition in grass carp.
On the contrary, it has been reported that under normal condition,
excess consumption of amino acids undergoes catabolism rather
than taking part in body protein synthesis leading to enhanced tis-
sue fat deposition (Chatzifotis, Takeuchi, & Seikai, 1996). Though
whole-body moisture and TA contents of stress-exposed fish were
not significantly affected by dietary nutraceutical, dietary supple-
mentation of 0.1% nutraceutical containing 17.0, 25.0, 2.5 and 5.0%
extra levels of vitamin E, methionine, zinc and selenium, respec-
tively, over their requirement significantly increased whole-body
EE and TC content in stress-exposed rohu in comparison with the
non-supplemented and 0.5% dietary nutraceutical (containing 80.0,
46.0,12.5 and 25.0% extra levels of vitamin E, methionine, zinc and
selenium, respectively, over requirement) groups at the end of 3 and
4 months of experiment. However, both levels of nutraceutical and
only 0.5% dietary nutraceutical significantly increased the whole-
body CP content in stress-exposed rohu in 3 and 4 months of ex-
periment respectively. But the whole-body CP content did not vary
significantly between the stress-exposed fish of 0.1 and 0.5% nutra-
ceutical groups at the end of 4 months of experiment. This finding
indicated that long-term feeding 0.1% nutraceutical is the more ap-
propriate dose over 0.5% for mitigating overcrowding and restricted
feeding induced stress in rohu fingerlings. In accordance with the
results, rohu fed with selenium supplemented diet for 8 weeks did
not show any significant difference in body moisture and dry matter
content, while the lipid level was significantly enhanced in selenium
fed groups in comparison with the control (Baidya & Murthy, 2015).

4.4 | Serum Superoxide dismutase and catalase

There are reports saying that there will be parallel induction of SOD
and CAT during stress (Dimitrova, Tishinova, & Velcheva, 1994). In
the present study, the serum SOD activity significantly increased in
the fish of stress-exposed groups during each of all the four months
of experiment while CAT activity was significantly increased only
after 2nd month. The non-significant activity of catalase in 1st
month stress exposure might be due to the action of glutathione
peroxidase instead of CAT in the first month. Stressors such as feed
restriction and crowding can result in generation of ROS in the sys-
tem which is converted to hydrogen peroxide (H,0,) by superox-
ide dismutase (SOD) and further neutralized by the catalase (CAT)
or glutathione peroxidase (GPx) (Robinson et al., 1997; Tejpal et al.,

2009). The higher activity of SOD enzyme noted on 2nd month in
stress-exposed groups indicates that there can be higher level of
stress response intermediated by enzymatic antioxidants during
this time period. However, the higher value observed in non-stress
exposed group fed 0.5% nutraceutical and stress exposed group
(TNS5 and THR5 groups) indicate that there was some toxic effect
of higher level (25% extra) of selenium. This result is in corrobora-
tion with Hamilton et al. (2002), who reported that selenium is one
of the important trace elements; however, it causes toxicity when
administered in excess. The activity of SOD and catalase enzymes
in 0.1% nutraceutical fed, stress exposed (THR1) and non exposed
(TNS1) groups indicate that at 0.1% level, selenium, methionine, zinc
and vitamin D had a synergistic and positive effect to bring down the
oxidative stress in fish.

5 | CONCLUSION

Feed restriction and overcrowding are common stressors in ag-
uaculture systems that can affect the growth of the cultured spe-
cies. Overcrowding along with restricted feeding for 1, 2, 3 and
4 months period considerably decreased the WG%, SGR, IGF-1
expression, PER and whole-body EE and TC and increased FCR
and whole-body moisture content in rohu, Labeo rohita fingerlings,
whereas long-term stress exposure (3-4 months) only severely
decreased HSI, ISI and whole-body CP contents and increased
TA level in fish. Feeding of 0.1% nutraceutical (containing 17.0,
25.0, 2.5 and 5.0% extra levels of vitamin E, methionine, zinc and
selenium, respectively, over requirement) for 3- to 4-month pe-
riod significantly enhanced WG% and IGF-1 expression in rohu
in comparison with the non-supplemented and 0.5% nutraceuti-
cal groups. Thus, dietary supplementation of 0.1% nutraceutical
was found to be more superior to 0.5% level for mitigation of the
stress-induced (overstocking and restricted feeding) effects in fish
with significantly higher WG%, SGR, IGF-1 expression, PER, HSI
and whole-body CP, EE and TC and, lower FCR, SOD and CAT ac-
tivities than the non-supplemented group.

ACKNOWLEDGMENTS
The authors are thankful to Director/Vice-Chancellor, ICAR-CIFE,
Mumbai, for his constant support and encouragement during the

research work.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

AUTHOR CONTRIBUTION

Shamna N. designed the study, conducted the feeding trial, analysed
the primary data, and wrote the first manuscript draft. Sahu, N.P.
conceptualized, supervised, and corrected the draft and approved
the final version of the manuscript. Femi Fawole and Sarvendra
Kumar conducted the laboratory analysis. Sardar P. contributed to

reviewing the literature and statistical analysis.


Reviewer#
Highlight


NAZEEMASHAHUL ET AL.

DATA AVAILABILITY STATEMENT
The data that support the findings of this paper are available from

the corresponding author upon reasonable request.

ORCID

Shamna Nazeemashahul https://orcid.org/0000-0003-0055-6300

https://orcid.org/0000-0002-7100-731X

https://orcid.org/0000-0003-0126-2486
https://orcid.org/0000-0003-4645-6962

https://orcid.org/0000-0002-6456-3166

Narottam Prasad Sahu
Parimal Sardar
Femi John Fawole

Sarvendra Kumar

REFERENCES

Agradi, E., Abrami, G., Serrini, G., McKenzie, D., Bolis, C., & Bronzi, P.
(1993). The role of dietary n-3 fatty acid and vitamin E supplements
in growth of sturgeon (Acipenser naccarii). Comparative Biochemistry
and Physiology, Part A: Physiology, 105(1), 187-195. https://doi.
org/10.1016/0300-9629(93)90194-9

Amlashi, A. S., Falahatkar, B., Sattari, M., & Gilani, M. T. (2011). Effect of
dietary vitamin E on growth, muscle composition, hematological and
immunological parameters of sub-yearling beluga Huso huso L. Fish
and Shellfish Immunology, 30(3), 807-814. https://doi.org/10.1016/j.
fsi.2011.01.002

AOAC. (1995). Methods of analysis (15th edn.). Washington, DC:
Association of official Analytical Chemists.

Baidya, S., & Murthy, H. S. (2015). Growth performance and body com-
position of rohu, Labeo rohita fed organic selenium supplemented
diets. International Journal of Fisheries and Aquatic Studies, 2(5),
65-68.

Bell, J. G., Cowey, C. B., Adron, J. W., & Shanks, A. M. (1985). Some ef-
fects of vitamin E and selenium deprivation on tissue enzyme levels
and indices of tissue peroxidation in rainbow trout (Salmo gairdneri).
British Journal of Nutrition, 53(1), 149-157. https://doi.org/10.1079/
bjn19850019

Bever, K. N., & Dunn, A. (1981). Amino acid neoglucogenesis and glu-
cose turnover in Kelp bass (Paralabras sp.). American Journal of
Physiology, 240, 246-252. https://doi.org/10.1152/ajpregu.1981.
240.3.R246

Chatzifotis, S., Takeuchi, T., & Seikai, T. (1996). The effect of dietary car-
nitine supplementation on growth of red sea bream (Pagrus major)
fingerlings at two levels of dietary lysine. Aquaculture, 147, 235-248.
https://doi.org/10.1016/50044-8486(96)01403-2

Chesters, J. K. (1991). Trace element-gene interactions with particular
reference to zinc. Proceedings of the Nutrition Society, 50(2), 123-129.
https://doi.org/10.1079/PNS19910023

Cho, I., & Blaser, M. J. (2012). The human microbiome: At the interface of
health and disease. Nature Reviews Genetics, 13(4), 260. https://doi.
org/10.1038/nrg3182

Chomczynski, P. (1993). A reagent for the single-step simultaneous
isolation of RNA, DNA and proteins from cell and tissue samples.
Biotechniques, 15(3), 532-534.

Chung, E., Park, J. M., Oh, S. K., Joung, Y. H., Lee, S., & Choi, D. (2005).
Molecular and biochemical characterization of the Capsicum ann-
uum calcium-dependent protein kinase 3 (CaCDPK3) gene induced
by abiotic and biotic stresses. Planta, 220, 286-295. https://doi.
org/10.1007/s00425-004-1372-9

Ciji, A., Sahu, N. P, Pal, A. K., Dasgupta, S., & Akhtar, M. S. (2012).
Alterations in serum electrolytes, antioxidative enzymes and hae-
matological parameters of Labeo rohita on short-term exposure
to sublethal dose of nitrite. Fish Physiology and Biochemistry, 38(5),
1355-1365. https://doi.org/10.1007/s10695-012-9623-3

Company, R., Calduch-Giner, J. A., Kaushik, S., & Perez-Sanchez, J.
(1999). Growth performance and adiposity in gilthead seabream

(Sparus aurata): Risks and benefits of high energy diets. Aquaculture,
171, 279-292. https://doi.org/10.1016/S0044-8486(98)00495-5
Das, P. C., Mishra, S. S., Mishra, B., & Jayasankar, P. (2015). Influence
of Juvenile stuntimg on grow-out performance of rohu, Labeo rohita
(Hamilton, 1822). Applied Ichthyology, 32(5), 848-858. https://doi.

org/10.1111/jai.13131

Dimitrova, M. S., Tishinova, V., & Velcheva, V. (1994). Combined effect of
zinc and lead on the hepatic superoxide dismutase-catalase system
in carp (Cyprinus carpio). Comparative Biochemistry and Physiology Part
C: Pharmacology, Toxicology and Endocrinology, 108(1), 43-46.

Ellis, A. E., Hastings, T. S., & Munro, A. L. S. (1981). The role of
Aeromonas salmonicida extracellular products in the pathology
of furunculosis. Journal of Fish Diseases, 4(1), 41-51. https://doi.
org/10.1111/j.1365-2761.1981.th01108.x

FAO (2016). The state of world fisheries and aquaculture. Contributing to
food security and nutrition for all (p. 200). Rome: FAO.

Fawole, F. J., Sahu, N. P, Pal, A. K., & Kumar, A. (2016). Haemato-
immunological response of Labeo rohita (Hamilton) fingerlings fed
leaf extracts and challenged by Aeromonas hydrophila. Aquaculture
Research, 47(12), 3788-3799. https://doi.org/10.1111/are.12829

Fox, B. K., Breves, J. P., Davis, L. K., Pierce, A. L., Hirano, T., & Grau, E.
G. (2010). Tissue-specific regulation of the growth hormone/insu-
lin-like growth factor axis during fasting and re-feeding: Importance
of muscle expression of IGF-I and IGF-Il mRNA in the tilapia.
General and Comparative Endocrinology, 166(3), 573-580. https://doi.
org/10.1016/j.ygcen.2009.11.012

Fox, B. K., Riley, L. G., Hirano, T., & Grau, E. G. (2006). Effects of fast-
ing on growth hormone, growth hormone receptor, and insulin-like
growth factor-l axis in seawater acclimated tilapia, Oreochromis
mossambicus. General and Comparative Endocrinology, 148, 340-347.
https://doi.org/10.1016/j.ygcen.2006.04.007

Frassinetti, S., Bronzetti, G. L., Caltavuturo, L., Cini, M., & Della Croce,
C. (2006). The role of zinc in life: A review. Journal of Environmental
Pathology, Toxicology and Oncology, 25(3), 597-610. https://doi.
org/10.1615/JEnvironPatholToxicolOncol.v25.i3.40

Gatlin, D. M. Ill, & Wilson, R. P. (1984). Dietary selenium requirement of
fingerling channel catfish. The Journal of Nutrition, 114(3), 627-633.
https://doi.org/10.1093/jn/114.3.627

Halver, J. E. (1976). The nutritional requirement of cultivated warm water
and cold water fish species. Paper No: 31. FAO Technical conference
on Aquaculture, Kyoto, 26 May-2 June, pp. 9.

Halver, J. E. (2002). Fish Nutrition, 3rd Ed. Chapter 2. In C. S. Harwood
J. Gibson (Eds.), The Vitamins. 1988. San Diego, CA: Academic Press.

Hamilton, S. J., Holley, K. M., Buhl, K. J., Bullard, F. A., Weston, L. K,
& McDonald, S. F. (2002). Toxicity of selenium and other elements
in food organisms to razorback sucker larvae. Aquatic Toxicology,
59(3-4), 253-281.

Hamre, K., Berge, R. K., & Lie, @. (1998). Oxidative stability of Atlantic
salmon (Salmo salar, L.) fillet enriched in a-, y-, and &-tocopherol
through dietary supplementation. Food Chemistry, 62(2), 173-178.
https://doi.org/10.1016/50308-8146(97)00209-4

Hanna, M. Y. (1962). Effect of starvation on carbohydrate content of
tissues and on relative weights of organs of Clarias lazera. Journal
of Comparative Physiology A: Neuroethology, Sensory, Neural, and
Behavioral Physiology, 45(3), 315-321.

Hilton, J. W., Hodson, P. V., & Slinger, S. J. (1980). The requirement
and toxicity of selenium in rainbow trout (Salmo gairdneri). The
Journal of Nutrition, 110(12), 2527-2535. https://doi.org/10.1093/
jn/110.12.2527

Hsieh, S. L., & Shiau, S. Y. (2000). Effects of diets containing different
carbohydrates on starved condition in juvenile tilapia Oreochromis
niloticus x O. aureus. Fisheries Science, 66(1), 32-37.

Jha, A. K., Pal, A. K., Sahu, N. P, Kumar, S., & Mukherjee, S. C. (2007).
Haemato-immunological responses to dietary yeast RNA,
-3 fatty acid and p-carotene in Catla catla juveniles. Fish and


https://orcid.org/0000-0003-0055-6300
https://orcid.org/0000-0003-0055-6300
https://orcid.org/0000-0002-7100-731X
https://orcid.org/0000-0002-7100-731X
https://orcid.org/0000-0003-0126-2486
https://orcid.org/0000-0003-0126-2486
https://orcid.org/0000-0003-4645-6962
https://orcid.org/0000-0003-4645-6962
https://orcid.org/0000-0002-6456-3166
https://orcid.org/0000-0002-6456-3166
https://doi.org/10.1016/0300-9629(93)90194-9
https://doi.org/10.1016/0300-9629(93)90194-9
https://doi.org/10.1016/j.fsi.2011.01.002
https://doi.org/10.1016/j.fsi.2011.01.002
https://doi.org/10.1079/bjn19850019
https://doi.org/10.1079/bjn19850019
https://doi.org/10.1152/ajpregu.1981.240.3.R246
https://doi.org/10.1152/ajpregu.1981.240.3.R246
https://doi.org/10.1016/S0044-8486(96)01403-2
https://doi.org/10.1079/PNS19910023
https://doi.org/10.1038/nrg3182
https://doi.org/10.1038/nrg3182
https://doi.org/10.1007/s00425-004-1372-9
https://doi.org/10.1007/s00425-004-1372-9
https://doi.org/10.1007/s10695-012-9623-3
https://doi.org/10.1016/S0044-8486(98)00495-5
https://doi.org/10.1111/jai.13131
https://doi.org/10.1111/jai.13131
https://doi.org/10.1111/j.1365-2761.1981.tb01108.x
https://doi.org/10.1111/j.1365-2761.1981.tb01108.x
https://doi.org/10.1111/are.12829
https://doi.org/10.1016/j.ygcen.2009.11.012
https://doi.org/10.1016/j.ygcen.2009.11.012
https://doi.org/10.1016/j.ygcen.2006.04.007
https://doi.org/10.1615/JEnvironPatholToxicolOncol.v25.i3.40
https://doi.org/10.1615/JEnvironPatholToxicolOncol.v25.i3.40
https://doi.org/10.1093/jn/114.3.627
https://doi.org/10.1016/S0308-8146(97)00209-4
https://doi.org/10.1093/jn/110.12.2527
https://doi.org/10.1093/jn/110.12.2527

NAZEEMASHAHUL ET AL.

Shellfish Immunology, 23(5), 917-927. https://doi.org/10.1016/j.
si.2007.01.011

Jobling, M. (1980). Gastric evacuation in plaice, Pleuronectes platessa
L.: Effects of temperature and fish size. Journal of Fish Biology,
17(5), 547-551. https://doi.org/10.1111/j.1095-8649.1980.tb027
86.x

Khatune-Jannat, M., Rahman, M. M., Bashar, M. A., Hasan, M. N., &
Ahamed, F. (2012). Effects of stocking density on survival, growth
and production of Thai Climbing Perch (Anabas testudineus) under
fed ponds. Sains Malaysiana, 41, 1205-1210.

Kohrle, J., Jakob, F., Contempre, B., & Dumont, J. E. (2005). Selenium, the
thyroid, and the endocrine system. Endocrine Review, 26(7), 944-984.
https://doi.org/10.1210/er.2001-0034

Kumar, N., Jadhao, S. B., Chandan, N. K., Kumar, K., Jha, A. K., Bhushan,
S.,...Rana, R. S.(2012). Dietary choline, betaine and lecithin mitigate
endosulfan-induced stress in Labeo rohita fingerlings. Fish Physiology
and Biochemistry, 38(4), 989-1000. https://doi.org/10.1007/s1069
5-011-9584-y

Lall, S. P. (2002). The minerals. In J. E. Halver, & R. W. Hardy (Eds.), Fish
nutrition (3rd edn., pp. 259-308). San Diego, CA: Academic Press.

Larson, A., & Lewander, K. (1973). Metabolic effects of starvation in
the eel, Anguilla anguilla L. Comparative Biochemistry and Physiology
Part A: Physiology, 44(2), 367-374. https://doi.org/10.1016/0300-
9629(73)90489-1

Livak, K. J., & Schmittgen, T. D. (2001). Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2-AACT method.
Methods, 25(4), 402-408.

M'’balaka, M., Kassam, D., & Rusuwa, B. (2012). The effect of stocking
density on the growth and survival of improved and unimproved
strains of Oreochromis shiranus. Egyptian Journal of Aquatic Research,
38, 205-211. https://doi.org/10.1016/j.ejar.2012.12.013

MacKenzie, D. S., VanPutte, C. M., & Leiner, K. A. (1998). Nutrient regu-
lation of endocrine function in fish. Aquaculture, 161, 3-25. https://
doi.org/10.1016/S0044-8486(97)00253-6

Manush, S. M., Pal, A. K., Das, T., & Mukherjee, S. C. (2005). Dietary high
protein and vitamin C mitigate stress due to chelate claw ablation
in Macrobrachium rosenbergii males. Comparative Biochemistry and
Physiology Part A: Molecular and Integrative Physiology, 142(1), 10-18.
https://doi.org/10.1016/j.cbpb.2005.07.004

Maret, W. (2000). The function of zinc metallothionein: A link between
cellular zinc and redox state. The Journal of Nutrition, 130(5), 1455-
1458. https://doi.org/10.1093/jn/130.5.1455S

Mommsen, T. P., Vijayan, M. M., & Moon, T. W. (1999). Cortisol in te-
leosts: Dynamics, mechanisms of action, and metabolic regulation.
Reviews in Fish Biology and Fisheries, 9(3), 211-268.

Mustafa, Y. (2004). The Study of Fillet Quality and the Growth
Performance of Rainbow Trout (Oncorhynchus mykiss) Fed with
Diets Containing Different Amounts of Vitamin E. Turkish Journal of
Fisheries and Aquatic Sciences, 4, 81-86.

Ogino, C., & Yang, G. Y. (1979). Requirement of carp for dietary zinc.
Bullet of the Japanese Society for Scientific Fisheries, 45, 1015-1018.
https://doi.org/10.2331/suisan.45.967

Paul, B. N., Sarkar, S., & Mohanty, S. N. (2004). Dietary vitamin E require-
ment of mrigal, Cirrhinus mrigala fry. Aquaculture, 242(1-4), 529-536.
https://doi.org/10.1016/j.aquaculture.2004.08.037

Pirini, M., Gatta, P. P, Testi, S., Trigari, G., & Monetti, P. G. (2000).
Effect of refrigerated storage on muscle lipid quality of sea bass
(Dicentrarchus labrax) fed on diets containing different levels of vita-
min E. Food Chemistry, 68, 289-293. https://doi.org/10.1016/S0308
-8146(99)00190-9

Powell, S. R. (2000). The antioxidant properties of zinc. The Journal
of  Nutrition, 130(5), 1447-1454. https://doi.org/10.1093/
jn/130.5.1447S

Quinton, J. C., & Blake, R. W. (1990). The effect of feed cycling and ra-
tion level on the compensatory growth response in rainbow trout,

Oncorhynchus mykiss. Journal of Fish Biology, 37, 33-41. https://doi.
org/10.1111/j.1095-8649.1990.tb05924.x

Randall, D. J., McKenzie, D. J., Abrami, G., Bondiolotti, G. P., Natiello, F.,
Bronzi, P., ... Agradi, E. (1992). Effects of diet on responses to hy-
poxia in sturgeon (Acipenser naccarii). Journal of Experimental Biology,
170(1), 113-125.

Reinecke, M., Bjornsson, B. T., Dickhoff, W. W., McCormick, S. D.,
Navarro, I., Power, D. M., & Gutiérrez, J. (2005). Growth hormone
and insulin-like growth factors in fish: Where we are and where to
go. General and Comparative Endocrinology, 142, 20-24. https://doi.
org/10.1016/j.ygcen.2005.01.016

Reinitz, G.(1983). Relative effect of age, diet, and feeding rate on the body
composition of young rainbow trout (Salmo gairdneri). Aquaculture,
35, 19-27. https://doi.org/10.1016/0044-8486(83)90067-4

Robinson, M. K., Rustum, R. R., Chambers, E. A., Rounds, J. D., Wilmore,
D. W., & Jacobs, D. O. (1997). Starvation enhances hepatic free radi-
cal release following endotoxemia. Journal of Surgical Research, 69(2),
325-330.

Saera-Vila,A.,Calduch-Giner, J.P.,&Pe'rezSa'Nchez, J.(2005). Duplication
of growth hormone receptor (GHR) in fish genome: Gene organiza-
tion and transcriptional regulation of GHR type | and Il in gilthead sea
bream (Sparus aurata). General and Comparative Endocrinology, 142,
193-2083. https://doi.org/10.1016/j.ygcen.2004.11.005

Sau, S. K., Paul, B. N., Mohanta, K. N., & Mohanty, S. N. (2004). Dietary
vitamin E requirement, fish performance and carcass composition of
rohu (Labeo rohita) fry. Aquaculture, 240(1-4), 359-368. https://doi.
org/10.1016/j.aquaculture.2004.02.008

Shamna, N., Sardar, P.,, Sahu, N. P., Phulia, V., Rajesh, M., Fawole, F. J.,
... Angel, G. (2017). Haemato-immunological and physiological re-
sponses of Labeo rohita fingerlings to dietary fermented Jatropha
curcas protein concentrate. Animal Feed Science and Technology, 232,
198-206. https://doi.org/10.1016/j.anifeedsci.2016.10.020

Shan, L. L., Li, X. Q., Zheng, X. M., Gan, T., Guo, T., & Leng, X. J. (2017).
Effects of feed processing and forms of dietary methionine on growth
and the expression of IGF-1 in Jian carp. Aquaculture Research, 48(1),
56-67. https://doi.org/10.1111/are.12860

Srijila, C. K., Rani, A. B., Babu, P. G., & Tiwari, V. K. (2014). Ration restric-
tion, compensatory growth and pituitary growth hormone gene ex-
pression in Labeo rohita. Aquaculture International, 22(5), 1703-1710.
https://doi.org/10.1007/s10499-014-9775-5

Sumpter, J. P, Le Bail, P. Y., Pickering, A. D., Pottinger, T. G., & Carragher,
J. F. (1991). The effect of starvation on growth and plasma growth
hormone concentrations of rainbow trout, Oncorhynchus mykiss.
General and Comparative Endocrinology, 83(1), 94-102. https://doi.
org/10.1016/0016-6480(91)90109-J

Tave, D. (1986). Genetics of fish hatchery managers. West Port, CT: AVI
publishers. pp. 415.

Tejpal, C. S., Pal, A. K., Sahu, N. P, Jha, A. K., Muthappa, N. A., Sagar,
V., & Rajan, M. G. (2009). Dietary L-tryptophan mitigates crowd-
ing stress and augments the growth in Cirrhinus mrigala finger-
lings. Aquaculture, 293, 272-277. https://doi.org/10.1016/j.aquac
ulture.2008.09.014

Tocher, D. R., Mourente, G., Van der Eecken, A., Evjemo, J. O., Diaz, E.,
Bell, J. G, ... Olsen, Y. (2002). Effects of dietary vitamin E on an-
tioxidant defence mechanisms of juvenile turbot (Scophthalmus
maximus L.), halibut (Hippoglossus hippoglossus L.) and sea bream
(Sparus aurata L.). Aquaculture Nutrition, 8(3), 195-207. https://doi.
org/10.1046/j.1365-2095.2002.00205.x

Trenzado, C. E., Morales, A. E., & de la Higuera, M. (2006). Physiological
effects of crowding in rainbow trout, Oncorhynchus mykiss, selected
for low and high stress responsiveness. Aquaculture, 258(1-4), 583-
593. https://doi.org/10.1016/j.aquaculture.2006.03.045

Very, N. M., Kittilson, J. D., Norbeck, L. A., & Sheridan, M. A. (2005).
Isolation, characterization, and distribution of two cDNAs encod-
ing for growth hormone receptor in rainbow trout (Oncorhynchus


https://doi.org/10.1016/j.fsi.2007.01.011
https://doi.org/10.1016/j.fsi.2007.01.011
https://doi.org/10.1111/j.1095-8649.1980.tb02786.x
https://doi.org/10.1111/j.1095-8649.1980.tb02786.x
https://doi.org/10.1210/er.2001-0034
https://doi.org/10.1007/s10695-011-9584-y
https://doi.org/10.1007/s10695-011-9584-y
https://doi.org/10.1016/0300-9629(73)90489-1
https://doi.org/10.1016/0300-9629(73)90489-1
https://doi.org/10.1016/j.ejar.2012.12.013
https://doi.org/10.1016/S0044-8486(97)00253-6
https://doi.org/10.1016/S0044-8486(97)00253-6
https://doi.org/10.1016/j.cbpb.2005.07.004
https://doi.org/10.1093/jn/130.5.1455S
https://doi.org/10.2331/suisan.45.967
https://doi.org/10.1016/j.aquaculture.2004.08.037
https://doi.org/10.1016/S0308-8146(99)00190-9
https://doi.org/10.1016/S0308-8146(99)00190-9
https://doi.org/10.1093/jn/130.5.1447S
https://doi.org/10.1093/jn/130.5.1447S
https://doi.org/10.1111/j.1095-8649.1990.tb05924.x
https://doi.org/10.1111/j.1095-8649.1990.tb05924.x
https://doi.org/10.1016/j.ygcen.2005.01.016
https://doi.org/10.1016/j.ygcen.2005.01.016
https://doi.org/10.1016/0044-8486(83)90067-4
https://doi.org/10.1016/j.ygcen.2004.11.005
https://doi.org/10.1016/j.aquaculture.2004.02.008
https://doi.org/10.1016/j.aquaculture.2004.02.008
https://doi.org/10.1016/j.anifeedsci.2016.10.020
https://doi.org/10.1111/are.12860
https://doi.org/10.1007/s10499-014-9775-5
https://doi.org/10.1016/0016-6480(91)90109-J
https://doi.org/10.1016/0016-6480(91)90109-J
https://doi.org/10.1016/j.aquaculture.2008.09.014
https://doi.org/10.1016/j.aquaculture.2008.09.014
https://doi.org/10.1046/j.1365-2095.2002.00205.x
https://doi.org/10.1046/j.1365-2095.2002.00205.x
https://doi.org/10.1016/j.aquaculture.2006.03.045

NAZEEMASHAHUL ET AL.

mykiss). Comparative Biochemistry and Physiology Part B, 140, 615-
628. https://doi.org/10.1016/j.cbpc.2004.12.008

Wang, Y., Cui, Y., Yang, Y., & Cai, F. (2004). Partial compensatory growth
in hybrid tilapia Oreochromis mossambicusx O. niloticus following
food deprivation. Journal of Applied Ichthyology, 21(5), 389-393.

Wang, Y. W., Zhu, J., Ge, X. P, Su, Y. L., Li, B., Hou, Y. R., & Ren, M. C.
(2019). Effects of stocking density on the growth performance, di-
gestive enzyme activities, antioxidant resistance, and intestinal mi-
croflora of blunt snout bream (Megalobrama amblycephala) juveniles.
Aquaculture Research, 50(1), 236-246.

Weatherley, A. H., & Gill, H. S. (1987). Growth increases produced by
bovine growth hormone in grass pickerel, Esox americanus ver-
miculatus (Le Sueur), and the underlying dynamics of muscle fiber
growth. Aquaculture, 65(1), 55-66. https://doi.org/10.1016/0044-
8486(87)90270-5

Wedemeyer, G. A. (1997). Effects of rearing conditions on the health and
physiological quality of fish in intensive culture. In K. A. Lockeridge
(Ed.), Fish Stress and Health in Aquaculture (pp. 35-71). Cambridge,
UK: Cambridge University Press.

Wong, A. O., Zhou, H., Jiang, Y., & Ko, W. K. (2006). Feedback regulation
of growth hormone synthesis and secretion in fish and the emerging
concept of intrapituitary feedback loop. Comparative Biochemistry
and Physiology Part A: Molecular & Integrative Physiology, 144, 284-
305. https://doi.org/10.1016/j.cbpa.2005.11.021

Yang, H. J., Liu, Y. J,, Tian, L. X,, Liang, G. Y., & Lin, H. R. (2010). Effects
of supplemental lysine and methionine on growth performance and

body composition for grass carp (Ctenopharyngodon idella). American
Journal of Agricultural and Biological Science, 5, 222-227. https://doi.
org/10.3844/ajabssp.2010.222.227

Yengkokpam, S., Sahu, N. P,, Pal, A. K., Debnath, D., Kumar, S., & Jain, K.
K. (2014). Compensatory growth, feed intake and body composition
of Labeo rohita fingerlings following feed deprivation. Aquaculture,
20(2), 101-108. https://doi.org/10.1111/anu.12056

Zhang, X. D., Wu, T. X,, Cai, L. S., & Zhu, Y. F. (2007). Influence of fast-
ing on muscle composition and antioxidant defenses of market-size
Sparus macrocephalus. Journal of Zhejiang University Science B, 8(12),
906-911. https://doi.org/10.1631/jzus.2007.B0906

Zhu, X., Xie, S., Lei, W., Cui, Y., Yang, Y., & Wootton, R. J. (2005).
Compensatory growth in the Chinese longsnout catfish, Leiocassis
longirostris following feed deprivation: Temporal patterns in growth,
nutrient deposition, feed intake and body composition. Aquaculture,
248(1),307-314. https://doi.org/10.1016/j.aquaculture.2005.03.006

How to cite this article: Nazeemashahul S, Prasad Sahu N,
Sardar P, Fawole FJ, Kumar S. Additional feeding of vitamin-
mineral-based nutraceutical to stress-exposed rohu, Labeo
rohita, enhances the IGF-1 gene expression and growth. Aquac
Res. 2020;51:2649-2666. https://doi.org/10.1111/are.14605



https://doi.org/10.1016/j.cbpc.2004.12.008
https://doi.org/10.1016/0044-8486(87)90270-5
https://doi.org/10.1016/0044-8486(87)90270-5
https://doi.org/10.1016/j.cbpa.2005.11.021
https://doi.org/10.3844/ajabssp.2010.222.227
https://doi.org/10.3844/ajabssp.2010.222.227
https://doi.org/10.1111/anu.12056
https://doi.org/10.1631/jzus.2007.B0906
https://doi.org/10.1016/j.aquaculture.2005.03.006
https://doi.org/10.1111/are.14605

