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ABSTRACT: Fishes were offered restricted feeding ( 2% of body weight as maintenance 

requirement ) or apetite feeding subdivided into six equal feeds. The best (P<0.05) moisture content 

was observed in T5 (Restricted 3 days+ Appetite 3 days) during phase 1 (0-45 days )(79.9±3.9) but 

reduced in phase 2 ( 45-90 days )(72.0 3.8) among all treatment groups during experiment. While as 

crude protein among all treatment groups was highest in T5 (Restricted 3 days +Appetite 3 days ) ( 

16.2±1.3) in phase 1 (0-45 days ) and slightly increased in same treatment (16.3±1.4) during phase 2 

(45-90 days )  of the experiment .Like crude protein, the crude lipid was observed highest in T5 

(Restricted 3 days + Appetite 3 days )(6.8±0.6) during phase 1 (0-45 days ) but during phase 2 ( 45-

90 days ), it is valued highest in T6 (resticted 2 days + Appetite 2 days )  (6.9±0.6) among all 

treatment groups. Similarly , the crude fibre was obtained highest in T4 (restricted 5 days + Appetite 

6 days )(0.73±0.13) during phase 1 (0-45 days) but slightly decreased in same treatment (T4), but 

increased in treatments T5 and T6 (Restricted 2 days +Appetite 2 days ) (0.75±0.2)among all 

treatment groups during phase 2 (45-90 days).Ash content was noticed highest in both phases (0-45 

and 45-90 days ) of the experiment in T6 (Restricted 2 days +Appetite 2 days)  (3.9±0.1, 0-45 days 

and 3.6±0.3, 45-90 days).The organ indices study of the rainbow trout (Onchorhynchus mykiss) 

subjected to six feeding schedules showed variation among treatment groups. Eviscerosomatic index 

(EVSI) was observed highest in T5 (Restricted 3 days + Appetite 3 days ) (89.15±3.8) during phase 1 

while as T6 (88.55±4.2) showed increased value in phase 2 among all treatment groups. 

Viscerosomatic index ( VSI) was noticed highest in T1(Restricted 0 days  + Appetite 44 days) 

(5.5±1.1) during phase 1 but at the end of experiment , it was recorded highest in T5 (Restricted 3 

days +Appetite 3 days )  (6.1±0.8) among all treatment groups. Hepatosomatic index (HSI) showed 

decreased value of (1.08±0.2) in T5 (Restricted 3 days +Appetite 3 days ) during phase 1 (0-45 days ) 
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while showed incresased value in T5 (1.21±0.2) at the end of experiment (45-90 days ) among all 

treatment groups. Among all treatment groups, Feeding Schedule 5 (T5), followed by Feeding 

Schedule 6 (T6) and Feeding Schedule 4 (T4) showed better result in terms of compensatory growth, 

Whole body carcass composition and organ indices (P>0.05) in comparison to control group (T1) 

and other feeding schedules (T2 and T3). 

Key words: Rainbow trout (Onchorhynchus mykiss ), EVSI, VSI, HSI and Body Composition. 
 

Introduction: World fish food supply 

has grown dramatically in the last five decades 

with an average growth rate of 3.2 % from 

1961-2010. Capture fisheries and aquaculture 

supplied about 148 millions tonnes, but this 

ratio of same is distributed throughout the 

world.Among the above said ratio, about 128 

millions tonnesare utilised as source of 

food.The ratio (148 million tonnes) of capture 

fisheries and aquaculture increased from 148 

to 154 million tonnes, Of which 131 million 

tonnes utilised as food.In case of developed 

countries ( highest HDI), fish protein 

consumption is high in comparison to 

developing countries (Least HDI).Now a days, 

capture fisheries remains constant while as 

aquaculture fisheries expanding day by day in 

order to counter react with poultry , beef and 

pig farming.According to Krishnan et al., that 

Latin America , India and China contributed 

about 50% of total food production in the 

world especially Inland and aquaculture by 

2020. 

The main focus of aquaculture and inland 

fisheries is to provide food , in order to combat 

malnutrition.Near about 1 million population 

throughtout the world is  dependent upon fish 

nutrition and cut the roots of religion 

(Valdimarson). Throughout the world, one 

billion population  still suffer from hunger 

especially in rural areas because  Shrimp 

culture are given keen consideration in 

comparison to inland fisheries and aquaculture 

mainly in Asia. 

In Asia, main focus is given to finfish 

aquaculture and inland finfish but this don’t 

promote as suggested because of high feed 

cost and expensive ingredients in feed (Saha et 

al., 1998). The main purpose of fish culture is 

to increase  the weight of fish in the shortest 

possible time under economically acceptable 

condition.Thus, extensive fish culture is 

replaced by semi-intensive and intensive 

cultures in order to provide higher yield and 

fasher growth in short time. 

Protein is the most expensive component of 

fish feed and is required by fish for 

maintenance , growth , survival , yield and 

economics of farming industry by determing 

feed cost.Demand of protein level in feeds 

vary from one fish species to another .Growth 

of fish can be adversely affected by both low 

and high protein diet.Excessive protein content 

is wasteful and causes the diets to be 

unnecessarily expensive. 

Thus, in order to get rid from the above facts, 

we must focu son mixed feedind 

schedules.The main concept behind the mixed 

feeding schedule that  digestibility of feed 

varies from day to day.The concept of mixed 

feeding schedules was developed by De silva 

in 1965.According to De silva, when fish are 

provided to high protein diet throughout the 

rearing period, it might not be able to utilised 

the feed effectively to same degree day after 

day.The increasing cost of fish feed has 

focused intensive research not only on the 

manipulation of feed formulation but also on 
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the ceonomic feedinf strategies for reducing 

feed input costs.Thus making aquaculture 

operation more profitable. 

Feed deprivation followed by realimentation 

for compensatory growth may b economic 

feeding strategy suitable for 

aquaculture.Compensatory growth is defined 

as the increased in growth rate following a 

period of under nutrition (Qian et al., 2000) 

.Through this growth spurt , animals that have 

been subjected to previous nutritional 

restriction may partially or completely catchup 

in body size with those that have not 

undergone foof restriction (Kim and Lovell , 

1995).The potential of mixed feeding 

schedules is reducing seed costs improving 

nutrient utilisation has also been pointed out 

for species such as Chana striata and Labeo 

rohita.Mixed feeding schedule also equally 

important to reduce nitrogen and phosphorus 

inputs into the system. 

Most of work on fish nutrition has been in the 

area of feed formulation and nutritional 

requirement, while as the limited has been 

done as far as the feeding strategies.The 

oerformance of a feed is not only dependent on 

its quality but also on feeding 

management.Mixed feeding strategy that 

include the same feed but managed on the 

principal of changed schedule of feeding, it 

doesnot effect lower growth rate or in flesh 

quality. 

MATERIALS AND METHODS 

Experimental systems: 

Experiment was carried out at Laribal Trout 

Culture Dachigam National Park Srinagar in 

May/June/July 2011.All experiments were 

carried out in 18 rearing tanks of 200 L 

capacity fibre glass tank at hatchery units of 

sam fish farm.Fish farm supplies with 

continuously flowing spring water with a 

temperature of 12±1 C and a water flow rate 

of 15 L/min.Rainbow Trout (Onchrhynchus 

mykiss) was used as a model for this 

research.During experiment original Rainbow 

trout were obtained from Dachigam Sanctuary 

as 7 months old, with average weight of 45-

51g (fingerlings).30 fishes in each rearing 

fibre glass tank are randomly assigned in 

triplicate at hatchery units. 

Experimental diets: 

The pellet diet (100 Kg) was prepared using 

composition given in table 1. 0.5% Chromium 

(3) oxide (BDH 277572q) of weight of food 

was used as inert indicator for digestibility 

studies.Dry ingredients were mixed for about 

30 minutes in a Hobart mixer (Beele, Mini 

150; England) to ensure that the mixture was 

well homogenized and then blended with oil 

for about 15 minutes, water was added at 20-

30% v/w to given a pelletable mixture. A 

steam conditioned Ottawinger pellet mill was 

used to pellet the diet.An appreciate diet was 

used to given pellet of desired size (1.0-

4.0mm) depending on fish size. 

Table 1 Ingredient and Nutrient compositions 

of experimental diet for Rainbow Trout 

Ingredient composition   Amount(Kg/100Kg) 

Fish meal                             67 

Soya meal                            9 

Whole wheat       8 

Minerals(a)      1 

Yeast       4 

DL Methionine      1 

Choline Chloride      1 
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Vitamins       2 

Fish Oil        6 

Sodium arginate       1 

             Total         =100.00 

(a)=Trace minerals per mix supplied 

above per Kg of diet 

Nutrient Compositions: 

CP (% estimated)                                42 

EF(% estimated )                                 8.51 

CF (% estimated)        6.21 

Ash(% estimated)         9 

Calcium (% estimated)          2 

Phosphorus(% estimated)          1 

Experimental Practices: 

Fish was acclimated to the experimental 

system using a commercial Trout diet for two 

weeks before the start of experiment.At the 

beginning of experiment, fish was individually 

weighed applying anaesthesia with 1% 

Benzocaine.Then the fish was generally wiped 

dry with soft tissue paper and weighed  on a 

metallar balance to the nearest 0.1 g .Fishes 

were weighed individually at the beginning 

and end of every feeding trial and forenightly 

bulk weight were used to adjust the daily feed 

ration for the following two weeks.All 

experiments were conducted for 90 days in 

two phases, (each phase of 45 days) using 

fishin six treatments and three replicates per 

treatment.Fishes were offered the diet in six 

different treatmentsat two feeding regimes viz. 

restricted (Maintenance) and Appetite 

feeding.In restricted feeding , fishes were feed 

2% f their body weight per day, adjusted after 

fortnightly weighing.The feeding trial continue 

for 45 days.According to following mixed 

feeding schedules. 

T1 = (R/0/D + A/44/D) 

T2 = (R/22/D +A/22/D) 

T3 = (R/11/D+A/11/D) 

T4 = (R/5/D + A/6/D) 

T5 = (R/3/D + A/3/D) 

T6 = (R/2/D + A/2/D) 

T = Treatment (Feeding Schedules) 

A = Appetite 

R = Restricted  

D = Days 

Under resticted feeding, fishes were offered 

the meal by subdividing it into three equal 

parts 10hrs, 14 hrs and 18 hrs everyday.  

Appetite feeding was also offered three times 

(at the same time , at 2% body weight ) and 

was achieved by presenting a small quality of 

feed every few minutes and allowing fish to 

eat until they stop to showing interest.After a 

stipulated peroid of feeding (20-30 minutes) 

unconsumed feed, if any, was collected on a 

fine mesh sieve, dry weighed and collected 

from food offered.Faecal matter was collected 

once a day at about 8 hours before feeding.The 

faeces samples were collected by siphoning 

and dried for further analysis. 

Experimental Analysis: 

Before commencement of the feeding trial, 30 

fishes from acclimated lots were randomly 

sacrified with an overdose of Benzociane.Six 

fishes were taken for organ indices and 

triplicate pooled samples of 10 fishes were 

taken for whole body carcass composition.The 



 

299 | P a g e  

whole body carcass compositionof fishes were 

analysed according to standard peocedure 

given in association of official analytical 

chemists (AOAC 1990).Triplicate samples of 

fishes were used to determined whole body 

carcass composition as follows: 

Moisture: Moisture was determined by 

keeping the samples in a thermostat oven at 

100 degree C for 24 hours. 

Moisture percentage =W1-W2/W1×100 

W1 = Initial weight of sample  

W2 = Final weight of sample 

Crude Protein: 

Sample (200 mg) were digested in digestion 

unit ( Digester,Model 2020) for 45 

minutes.The digesta was then distilled in 

distillation unit (kjeltec system , distilling unit 

;  model 1026).Finally, it was titrated with 0.2 

N HCl and Crude protein was obtained by 

multiplying the total nitrogen by conversion 

factor of 6.25.  

Protein percentage = (Sample titrate –Blank 

titrate) ×0.2
1
×14.007

2
×6.25

3
×100 /Sample 

1 = Normality of HCl 

2 = Molecular weight of Nitrogen 

3 = Nitrogen Factor 

Crude Lipid : 

Crude lipid was determined by extracting a 

weighed quantity of sample with acetone in 

Soxhlet Extraction Unit (Model 1045). 

Crude Lipid Percentage = Extracted 

Lipid/Sample weight ×100 

Ash: 

Sample ( 1g ) was weighed into a pre-weighed 

porcelain crucible and incinerated (Muffle 

furnace ) overnight at 600 degree C.The 

crucible was removed fron muffle furnace , 

cooled in dessicator and weighed. 

Ash percentage = Ash weight/Sample weight 

×100 

Crude Fibre: 

Sample ( 1.2 g) were digested with 0.128 M 

H2SO4 with a few drops of octanol in digestion 

unit (Hot Extractor, Model 1017) for 30 

minutes .Filtering and washing with boiling 

water removed acid.Residue was boiled with 

0.223 M KOH for 30 minutes, then washed in 

boiling water and acetone.The residue was 

dried in an oven at 130 degree C for 2 hours 

and ignited in muffle furnace at 500 degree C 

for 3 hours.The loss of weight represented the 

crude fibre. 

Organ Indices (O.I): 

O.I Percentage = Organ weight/Body 

weight(g)×100 

Statistical Design : 

A completely randomized design (CRD) was 

appled in the present experiment.The Mean 

Values of different parameters (Presented in 

results) were compared by one way analysis of 

variance (ANOVA), where each of the 

different feeding schedule groups was the only 

source of variation.Ducan’s test at 5% level of 

significance was used to find out the effect of 

length of feed deprivation on compensatory 

growth, whole body carcass composition and 

Organ indices in Trout Fingerlings. 

Results : 

During the Present experiment , the results of 

compensatory growth , whole body carcass 
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composition and organ indices was generally 

considered in two parts.The first part deals 

with phase 1 (0-45 days) and the second part 

with Phase 2 (45-90 days). 

Whole Body Carcass Composition: 

During the Phase 1 of the Experiment (0-45 

days) as well as the Phase 2 (45-90 days) , the 

minimum moisture percentage content was 

observed in T1 ( Feeding Schedule 1 , 

Appetite 44 days  +  Restricted 0 days and 0-

45 days) and T5 (Feeding Schedule 5, 

Restricted 3 days + Appetite 3 days and 45-90 

days) are shown in Table 2 and Fig1.Fish on 

feeding schedule 1 (A/44/D +R/0/D) and 5 

(R/3/D + A/3/D) during Phase 1 ( 0-45 days ) 

and Phase 2 ( 45-90 days) of the experiment 

had significantly lower moisture content 

(P<0.05) while sa Feeding Schedule 2 (R/22/D 

+A/22/D),  3(R/11/D + A/11/D), 4 ( R/5/D + 

A/6/D) and 6 (R/2/D + A/2/D) didn’t vary 

significantly (P>0.05) as shown in Table 2 and 

Fig 1. 

Similarly, crude protein, crude lipid and crude 

fibre during the Phase 1 ( 0-45 days) and 

Phase 2 (45-90 days) of the experiment was 

observed minimum in T1( Feeding Schedule 1, 

A/44/D + R/0/D , 0-45 days and 45-90 days) 

given in Table 2 and Fig 2,3 and 4 

respectively.Thus fish on Feeding Schedule 1 

(A/44/D +R/0/D) during phase 1 and phase 2 

of the experiment had significantly lower 

crude protein , crude lipid and crude fibre 

(P<0.05).However slightly higher values for 

crude protein, crude lipid and crude fibre was 

observed for feeding schedules likely 5 (R/3/D 

+ A/3/D), 6 (R/2/D + A/2/D) and 4 (R/5/D + 

A/6/D) during phase 1 and phase 2 of the 

experiment (P>0.05, shown in Table 2 and Fig 

2,3 and 4 ). However, crude protein , crude 

lipid and crude fibre didn’t diifer significantly 

(P>0.05) amongst groups. 

Ash content was observed minimumin in 

T1(Feeding Schedule 1, A/44/D + R/0/D) 

during phase 1 of the experiment (P<0.05, 

Table 2 and Fig 5) while as in phase 2, it was 

observed minimum in T2 (Feeding Schedule 2, 

R/22/D + A/22/D,  P<0.05, Table 2 and Fig 

5).But ash percentage was observed highest in 

T6 (Feeding Schedule 6, R/2/D + A/2/D) 

during both phases of experiment (P>0.05, 

Table 2 and Fig 5).No significant difference 

(P>0.05) was obseved between the 

groups.ANOVA between two phases of the 

experiment for moisture , crude protein , crude 

lipid , crude fibre and ash revealed that 

hypothesis can accepted Fcrit>F. 

Organ Indices: 

In order to enumerate the impact of the mixed 

feeding schedules on the organ indices, three 

parameters were studied during experimental 

period which are Eviscerosomatic Index 

(EVSI), Viscerosomatic Index (VSI) and 

Hepatosomatic Index (HSI) respectively. 

Eviscerosomatic Index (EVSI): 

EVSI was observed lowest in T4 (Feeding 

Schedule 4, R/5/D + A/6/D) during phase 1 of 

the Experiment. While as it was again 

observed lowest in T3 (Feeding Schedule 3, 

R/11/D + A/11/D) but during phase 2 of the 

experimental tenure (P<0.05 and Table 3). But 

EVSI percentage was observed highest in T5 

(Feeding Schedule 5, R/3/D + A/3/D) and T1 

(Feeding Schedule 1, A/44/D + R/0/D) 

simultaneously in both phases of the 

experiment (P>0.05 and Table 3).No 

significant difference (P>0.05) was observed 

between the groups. 
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Viscerosomatic Index and Hepatosomatic 

Index (VSI Percentage and HSI 

Percentage): 

In case of VSI percentage and HSI percentage, 

minimum value was observed in T5 (Feeding 

Schedule 5, R/3/D + A/3/D) during phase 1 

while as during phase 2 , it was observed 

minimum in T1 (Feeding Schedule 1, A/44/D 

+ R/0/D, P>0.05 and Table 3) of the 

experiment.Similarly, both (VSI and HSI) was 

observed highest in T4 (Feeding Schedule 4, 

R/5/D + A/6/D) during phase 1 , but during 

phase 2 both of parameters were highest in T3 

(Feeding Schedule 3, R/11/D + A/11/D, 

P>0.05 and Table 3) during experimental 

tenure.No significant difference (P>0.05) was 

observed between the groups. 
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Discussion: 

The results of the current study demonstrate 

that the length of restricted feeding and 

subsequent appetite feeding periods influenced 

compensatory  growth,whole body carcass 

composition and organ indices in Rainbow 

Trout (Onchorhynchus mykiss).During the 

present experimental setup , the fishes fed 

alternating diets showed highest moisture 

content (79.9±3.9)(Table 2
nd

  ,Fig 1) in T5 

(Feeding Schedule 5, Restricted 3 days 

+Appetite 3 days) during the phase 1 (0-45 

days) of the experiment Whereas during phase 

2 (45-90 days) of the experiment, the moisture 

content reduced to 72.0±3.8 (Table 2
nd

  and 

Fig 1) in the same treatment group (T-5).The 

crude protein values varies in fishes fed 

alternating diets.Out of all treatments, the 

highest crude protein content (16.2±1.3)(Table 

2
nd

 , Fig 2
nd

) was observed in T5 (Feeding 

Schedule 5, Restricted 3 days and appetite 3 

days) during phase 1 (0-45 days) of the 

experiment while as during second phase 2 

(45-90 days) of the experiment , the crude 

protein content didn’t show much change and 

increased slightly to 16.3±1.4 (Table and Fig 

2
nd

 ) in the same treatment group (T-5).No 

significant difference (P>0.05) were observed 

among the treatment groups.  

Like crude protein, the crude lipid values 

varied in fishes fed alternating diets.Out of all 

treatment groups, the highest crude lipid 

content 6.8±0.6 (Table 2
nd

 and Fig 3) was 

observed in T 5 (Feeding Schedule 5 and 

R/3/D + A/3/D) during phase 1 of the 

experiment, whereas during phase 2, the crude 

lipid content didn’t show any change and 

valued to 6.8±0.7 (Table 2
nd

 and Fig 3) in the 

same treatment group (T5), with a slight 

increase in crude lipid in T6 (Feeding 

Schedule 6, R/2/D + A/2/D, Table 2
nd

 and Fig 

3) 6.9±0.6.No significant difference (P>0.05) 

were observed among the treatment groups. 
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Crude fibre values varied in fishes fed 

alternating diets.Out of all treatment groups, 

the highest crude fibre content 0.73±0.13 

(Table 2
nd

 and Fig 4) was observed in T4 

(Feeding Schedule 4 and R/5/D + A/6/D) 

during phase 1 of the experiment while as 

during phase 2 , the crude fibre content 

reduced to 0.70±0.18 (Table 2
nd

 and Fig 4) in 

the same treatment group (T4). But slight 

increase in crude fibre in T5 (Feeding schedule 

5 and R/3/D + A/3/D) and T6 (Feeding 

Schedule 6 and R/2/D + A/2/D) was observed 

during phase 2 of the experiment (Table 2
nd

 

and Fig 4). 

Similarly, the ash content was highest in T6 

(Feeding Schedule 6 and R/2/D + A/2/D) 

3.9±0.1 (Table 2
nd

 and Fig 5) during phase 1 of 

the experiment and 3.6±0.3 (T6, Table 2
nd

 and 

Fig 5) at the end of the experiment. 

Quinton and Chadwick reported that carcass 

analysis of moisture, fat , protein and ash 

showed no significant differences between the 

controls and experimental groups after one 

complete cycle.Lanari and D’Agaro (2002) 

evaluated the carcass composition of Rainbow 

Trout.Xiangli and Jain (2003) observed 

carcass composition in Barra mundi (Lates 

calcarifer), over a period of three weeks.The 

authors reported that at the end of food 

deprivation, the ratio of lipid to lean body 

mass (LBM) and the concentration of lipid, 

energy and moisture in one week , two week 

and three week, fishes were significantly less 

than those in control fish, but the protein 

concentration in the control fish was greater 

than that in 2 week or  3 week fish.After re-

feeding for 5 weeks, no difference in the 

concentration of protein , ash , energy and 

moisture were detected among all 

treatments.However, the lipid concentration in 

2 week and 3 week fish was less than in the 

control fish.There findings more or less 

support the present result,although with a 

contradiction which may be because of 

difference in species.In yet another 

experiment, growth, body composition and 

plasma growth hormone levels were recorded 

weekly for 24 weeks in Rainbow Trout by 

Blake et al., (2006).The authors reported that 

the cyclically fed fish had a significantly 

higher moisture and protein content and lower 

lipids levels relative to fish fed daily.The 

findings of the above author are in complete 

agreement with our findings. 

The Organ indices study of the Rainbow Trout 

subjected to 6 feeding schedules show 

variation among the treatment groups.During 

the phase 1 of the study, starting with an EVSI 

of 91, the highest was observed in T5 (Feeding 

Schedule 5 and R/3/D + A/3/D) 89.15±3.8 

(Table 3), followed by T6 (Feeding Schedule 6 

and R/2/D + A/2/D) 88.55±4.2 (Table 3) in the 

phase 2. Likewise VSI showed decreased 

value 5.42±0.9 (Table 3) in T5 as compare to 

control group 5.5±1.1 (Table 3), which 

showed a rise at the end of the experiment 

6.1±0.8 (Table 3 and T5).In case of HSI,T5 

showed decreased value of 1.08±0.2 (Table 3) 

as compare to the initial value of 1.1, while as 

a rise in HSI was observed at the end of the 

experiment 1.21±0.2 (Table 3 and T5). 

Huseyin et al., (2012) was conducted a study 

to determine the effects of various levels of 

dietry protein restriction for 3 week (Phase 1) 

on compensatory growth, nutrient utilisation , 

whole body carcass composition and organ 

indices of Rainbow Trout during a 9 week re-

alimentation phase 2. 

The authors concluded that compensatory 

growth in Phase 1 linearly decreased specific 

growth rates of weight and Length, body 

weight and length as well as feed 

utilization.The restriction induced a linearly 
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increasing trend in protein retention efficiency, 

feed intake , organ indices such as viscera, 

pyloric caecum and hepatosomatic index, 

whole body lipid and lipid/lean body mass 

whereas it induced a decrease in whole body 

moisture and protein at the end of phase 1.The 

finding of the above author lend complete 

support to our findings. 
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