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This study was undertaken to investigate the impact of replacement of fishmeal (FM) with soybean meal 
(SBM) in diets of rainbow trout (Oncorhynchus mykiss). A total of 600 rainbow trout, with an initial 
mean body weight of 15.92 ± 0.34 g, were distributed randomly into twelve experimental tanks (50 fish 
per tank). Four isoenergetic and isonitrogenous feed diets were allocated to each treatment, with three 
replicates/treatment (12 fish/replicate). FM and fish oil were replaced gradually by SBM in the four diets. 
The inclusion of SBM in diets 1-4 was at the following respective levels of 0% (control), 29%, 35% 
and 51%. Growth performance of fish fed diet 4 was significantly lower than that of fish fed the other 
diets (P<0.05). The dietary inclusion of SBM up to level of 35% did not affect the blood biochemical 
parameters of rainbow trout, and was associated with acceptable growth performance. In conclusion, the 
SBM can be included in diet of Oncorhynchus mykiss at 35%, while keeping the level of FM and fish oil 
at 51%, and 1%, respectively.

INTRODUCTION

In Pakistan, fishery plays a vital role in the income of 
people, especially those residing around the coastal 

areas. Oceanic and domestic types of fishery are activities 
occurring through the country (Hassan et al., 2007). 
Fishing contributes 2.12% of the agriculture sector, and 
0.41% contribution to national gross domestic product 
(GDP) of Pakistan. During the period of July 2016 to 
March 2017 the total aquaculture production was 520,000 
metric tons (Muhammad et al., 2017).

Trout has multiple species, inhabiting freshwater and 
saltwater, and belonging to the family Salmonidae (Şener, 
2002). Rainbow trout is found in many countries of the 
world including USA, Brazil, Canada, Mexico, France, 
Germany, Nepal and India (Heidarieh et al., 2013). Three 
types of trout are commonly found in Pakistan namely, 
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the brown trout (Salmo trutta), snow trout (Schizothorax 
plagiostomus) and rainbow trout (Oncorhynchus mykiss) 
(Korai et al., 2008). The recommended diet of the rainbow 
trout that meets the NITS nutritional requirement contains 
2.5% crude protein, 15-20% fat, upto 20% carbohydrates 
and 1.5-3.0% crude fiber (Dogan and Bircan, 2015). 
There was an expansion in aquaculture during the last 
two decades, resulting in an increase in demand for their 
feed ingredients (Ávila et al., 2015). The ingredients level 
of the fish diet have to be included according to nutrient 
requirement of the breed (Alp et al., 2005). The fishmeal 
is globally included in these diets as the main source of 
protein. The unavailability and high cost of fishmeal (FM) 
created an impetus for nutritionist to seek for another 
sources of protein to include in the aquaculture meal that 
sustain an acceptable production, while lowering the cost 
of the formulated diet (Antolović et al., 2012).

Numerous studies investigated the replacement 
of FM protein and evaluating such replacement based 
on meeting the nutritional requirement, sustaining an 
acceptable production, and obtaining a cost-effective 
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formulation (Alam et al., 1996; El-Sayed, 1999; Hidalgo 
et al., 1993). Among all the reported studies, the soybean 
meals (SBM) proved as a promising replacement to FM 
in feed of rainbow trout (Refstie et al., 2000). Apart of 
the 30% indigestible carbohydrates in SBM, it still can 
provide good balance of essential amino acids, high 
level of available protein, edibility to most fish species, 
associated with consistent supply in the world market at a 
reasonable price (Fafioye et al., 2005; Tacon et al., 1983).

Previous studies documented the success of replacing 
FM with SBM in aquafeeds (Abdel-Warith and Younis, 
2013; Biswas et al., 2007; Hernández et al., 2007). There 
is a paucity of data availability regarding the replacement 
of FM by SBM in rainbow trout production. This study 
aimed at demonstration of the effect of inclusion of 
SBM in different levels of the rainbow trout on growth, 
hematology and serum biochemical values, hoping to 
determine the acceptable inclusion rate of SBM that can 
lead to normal growth without affecting the homeostasis 
of certain blood parameters.

Table I.- Percentage of the raw material in replacement 
of FM by SBM in the four experimental diets offered to 
rainbow trout.

Raw materials 
(g/100g)

Percentage of raw material in the four diets
1 2 3 4

Fish meal 82 57 51 35
Soybean meal 0 29 35 51
Fish oil 7 2 1 1
Carboxymethyl 
cellulose

5 3 3 1

Starch 3 6 7 9
Mineral premixa 2 2 2 2
Vitamin premixa 1 1 1 1
Total 100 100 100 100

Premix detailed by Jalali et al. (2009).

MATERIALS AND METHODS

Replacement of FM by SBM in four diets
Four isocaloric and isonitrogenous diets were 

prepared with different inclusion rate of SBM. The 
increase in inclusion rate of the SBM was associated with 
a decrease in the inclusion rate of the FM. The protein 
content in all diets was adjusted to 43%. Table I presents 
the composition of all the four diets. Briefly, diet 1 is the 
control with 82% FM and 0.0% SBM. Diet 2, 3 and 4 were 
experimental diets with respective SBM levels of 29%, 
35% and 51%, associated with the following respective 
inclusion rates of FM, equivalent to 57%, 51%, and 35%, 
respectively. Proximate analysis of all diets was performed 

and results are presented in Table II. The level of added 
soybean oil to mixed dried ingredients of the diets is shown 
in Table I. Diets were stored in plastic bags at -20°C before 
administration to the fish.

Table II.- Proximate analysis of diets.

Composition Diets
1 2 3 4

Dry matter 94.43 94.41 94.40 94.42
Crude protein 43.15 43.02 43.11 43.06
Crude fibre 3.97 3.94 3.71 3.84
Lipid 5.2 5.56 5.71 5.42
Ash 10.28 9.92 10.11 9.57
Moisture 4.32 4.31 4.29 4.67
Gross energy (kJ/kg) 21.1 21.4 21.2 21.6

Fish culture and feeding regime
Six hundred rainbow trout fish, with mean body 

weight of 15.92±0.74 g, were obtained from a fish 
hatchery in the Department of Fisheries, University of 
Veterinary and Animal Sciences, Ravi campus Pattoki. 
The fish were randomly allocated four treatments, in 
which each treatment had three replicates (Tanks), each 
containing 50 fish in a volume of fresh water equivalent 
to 1200 L of fresh water. Levels of major characteristics 
of the fresh water in the tanks are presented in Table III. 
Each of the four different diets were offered to the fish 
present in three tanks (three replicates/treatment). Equal 
volume of distilled water was added to each diet before 
administering to fish, in order to make a wet paste that is 
easily digestible. Fish were fed twice a day, at 7:00 am and 
16:00 pm., with a complete consumption by all differently 
treated fish, at each time of the day. The rearing of the 
fish was for a period of 12 weeks. It is worth noting that a 
photoperiod schedule of 12 h light and 12 h dark was set 
throughout the trial.

Table III.- Levels of major characteristics of fresh 
water in the tanks prepared for rearing the rainbow 
trout fish.

Major characteristics of water in tanks Levels
Temperature 13.4 ± 0.7 °C
Dissolved oxygen concentration 8.2 ± 0.3 mg/L
pH level 7.2 ± 0.4
Water salinity 1-6%

Growth performance
The growth performance was assessed by weighing 

all live fish at the end of 12 weeks of rearing, and recording 
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the consumed feed. The percentage weight gain, specific 
growth rate (SGR), feed efficiency ratio (FER), and 
protein efficiency ratio (PER) were calculated according 
to documentation by Choi et al. (2016) and Yıldız et al. 
(2013). More specifically, the following formulae were 
followed in these calculations:

Hematological parameters
The hematological parameters were determined in 

non-coagulated blood that was collected at the end of the 
12 weeks period, from the caudal tail blood vessel over 
heparin. The following hematological parameters were 
quantified namely, the red blood cell count, white blood 
cell count, hemoglobin concentration (Hgb), hematocrit 
percentage (Hct %), erythrocyte indices including the 
mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH) and mean corpuscular hemoglobin 
concentration (MCHC) (Hrubec and Smith, 2010).

Serum biochemical parameters
Plasma was separated from the non-coagulated 

blood by centrifugation at 3000 rpm for 10 min. The 
collected plasma was stored at -20°C for later analysis. 
The following parameters were quantified in the plasma 
namely the alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), 
lactate dehydrogenase (LDH), total protein (TP), serum 

albumin, cholesterol, triglycerides, and glucose level, 
by using commercial clinical chemistry kits (Biorex 
Diagnostics, Antrim, Northern Ireland) and an automated 
analyzer system reader (Roche, COBAS-MIRA Plus CC, 
Basel, Switzerland).

Statistical analysis
The means of measured parameters in the four 

treatments were compared statistically by one-way 
ANOVA at 5% confidence interval (P<0.05). The 
significant difference among the means was deduced from 
the analysis by post hoc Tukey’s test, using the SPSS 
version 23.

RESULTS

Growth performance
At the end of day-84, data indicated that fish fed 

on 51% SBM in diet had least weight gain (P<0.05) as 
compared to other treatments. Similarly, SGR and FER 
were comparable decreased (P<0.05) in trout fed with diet 
4 as compared to other three diets. However, no significant 
variation (P>0.05) was observed regarding PER value of 
trout fed on various types of diet as shown in Table IV.

Hematological and biochemical indices
Data demonstrated that trout fed with diet 4 had 

significantly (P<0.05) lowered WBC count, Hgb, Hct, 
MCV, MCH and MCHC when compared to other groups, 
but no significance difference (P>0.05) was observed on 
the basis of RBC count as shown in Table V.

Table V also revealed the impact of dietary inclusion 
of SBM on serum enzymatic activities such as ALT, AST, 
ALP and LDH as well as on TP, albumin, cholesterol, 
triglycerides and glucose level. No statistical difference 
(P>0.05) was noted in serum biochemical indices of trout 
fed on different concentrations of SBM.

Table IV.- Growth performance factors of the rainbow trout (Oncorhynchus mykiss) fed with different diets with 
increasing SBM and decreasing FM levels.

Parameters Diets
1 2 3 4

Initial weight (g) 15.96 ± 0.85 15.92 ± 0.69 15.88 ± 0.87 15.88 ± 0.82
Final weight (g) 126.56 ± 14.03a 115.92 ± 10.92b 110.78 ± 11.39b 103.24 ± 12.14c

Weight gain (%) 695.11 ± 97.63a 629.75 ± 77.70b 599.36 ± 78.86b 542.46 ± 86.14c

SGR 2.46 ± 0.14a 2.35 ± 0.12b 2.30 ± 0.13b 2.20 ± 0.15c

FER 0.92 ± 0.11a 0.90 ± 0.15b 0.88 ± 0.17b 0.85 ± 0.21c

PER 2.1 ± 0.2 2.0 ± 0.3 1.9 ± 0.1 1.8 ± 0.4

Diet 1 is control, with no inclusion of SBM. Diets 2, 3, and 4 has the following respective inclusion rate of SBM namely, 29%, 35%, and 51%, associated 
with the following respective inclusion rate of FM equivalent to 57%, 51%, and 35%. a-c, within a row, values (means ± SD) with different superscript 
letters were different (P<0.05) significantly. SGR, specific growth rate; FER, feed efficiency ratio; PER, protein efficiency ratio.
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Table V.- Hematological parameters and serum biochemical indices in rainbow trout (Oncorhynchus mykiss) fed 
with different concentrations of soybean meal in diet.

Diets
1 2 3 4

Hematological parameters
RBC (×106µL) 4.44 ± 0.05 4.45 ± 0.04 4.39 ± 0.05 4.35 ± 0.06
WBC (×103µL) 20.80 ± 1.25a 20.27 ± 1.10ab 20.21 ± 0.96ab 20.13 ± 1.22b

Hgb (g/dL) 10.07 ± 0.13a 10.06 ± 0.11a 10.03 ± 0.11a 09.94 ± 0.09b

Hct (%) 37.45 ± 0.39a 37.28 ± 0.63ab 37.24 ± 0.51ab 37.05 ± 0.18b

MCV (fL) 86.07 ± 1.29a 86.43 ± 1.37ab 86.22 ± 1.31ab 85.39 ± 1.19b

MCH (pg/cel) 23.09 ± 0.45a 23.13 ± 0.56a 22.96 ± 0.34ab 22.78 ± 0.50b

MCHC (%) 27.24 ± 0.41a 27.09 ± 0.35ab 26.95 ± 0.33b 26.83 ± 0.58b

Biochemical indices
ALT (U/L) 11.54 ± 1.22 11.98 ± 1.38 11.21 ± 1.15 11.01 ± 1.78
AST (U/L) 307.82 ± 8.96 310.32 ± 7.98 311 ± 6.32 310 ± 9.51
ALP (U/L) 1004.23 ± 124.74 1215.27 ± 35.45 1047.21 ± 112.32 1127.62 ± 93.24
LDH (U/L) 1851.13 ± 105.65 1930.85 ± 67.85 1876.34 ± 113.42 1879.47 ± 98.50
TP (g/dL) 5.22 ± 0.12 5.10 ± 0.50 5.09 ± 0.58 5.05 ± 0.33
Albumin (g/dL) 0.73 ± 0.01 0.72 ± 0.03 0.70 ± 0.03 0.70 ± 0.02
Cholesterol (mg/dL) 346.83 ± 2.73 346.18 ± 7.45 344.91 ± 8.32 343.21 ± 11.26
Triglycerides (mg/dL) 133.25 ± 2.58 132.75 ± 5.66 132.98 ± 4.98 132.56 ± 3.71
Glucose (mg/dL) 57.40 ± 2.88 57.07 ± 2.86 57.04 ± 4.20 56.62 ± 3.91

Diet 1 is control, with no inclusion of SBM. Diets 2, 3, and 4 has the following respective inclusion rate of SBM namely, 29%, 35%, and 51%, associated 
with the following respective inclusion rate of FM equivalent to 57%, 51%, and 35%. a-b, within a row, values (means ± SD) with different superscript 
letters were different (P<0.05) significantly. RBC, red blood cells; WBC, white blood cells; Hgb, hemoglobin; Hct, hematocrit; MCV, mean corpuscular 
volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; TP, total protein.

DISCUSSION

During the last few years, SBM is being used 
extensively as a replacement of FM in aquafeeds (Asche 
et al., 2013; García et al., 2015; Wu et al., 2016). FM is 
a most expensive protein source, let the nutritionist to 
find alternate economical plant protein source. SBM is a 
cost effective and easily available protein source of plant 
origin (Hien et al., 2015). Results of present research 
suggest that inclusion of SBM up to 35% in aquafeed was 
acceptable with no side effects on growth performance 
of rainbow trout. These results are according to previous 
documented literature. Inclusion of SBM up to 34% in diet 
of Juvenile Saddled Bream had no adverse effects on final 
weight gain, FCR and PER (Antolović et al., 2012). As a 
protein source, SBM could be included up to 30% in diet 
of yellowtail (Watanabe et al., 1992). For juvenile tin foil 
barb, diet containing up to 37% SBM could be used as 
an alternative to FM (Elangovan and Shim, 2000). Adding 
SBM up to 40% in diets of gilthead sea bream and of 
small size sharp snout was acceptable with no significant 
negative impact on their growth rate (Venou et al., 2006). 
Replacement of FP (75-90%) with SBM augmented with 
essential amino acids in aquafeed, could have beneficial 

effect on growth performance of hybrid striped bass and 
red drum (Gallagher, 1994).

FM in diet of blue catfish can totally be replaced by 
SBM if supplemented with methionine (Webster et al., 
1992). Fish fed on heat treated soybean had the highest 
FCR, SGR, protein efficiency ratio and weight gain, thus 
confirming the possible use of soybean in aquafeed feed 
(Fafioye et al., 2005). Dietary inclusion of soybean meal 
supplemented with amino acids exhibit no significance 
impact on carcass composition of Nile Tilapia, Oreochromis 
niloticus (Abdel-Warith and Younis, 2013).

Our investigated hematological values in rainbow 
trout are almost similar to previously investigated values, 
which could be attributed to nearby dissolved oxygen 
concentration, freshwater temperature and pH level (Fazio 
et al., 2016). Hematological intervals have key role to 
monitor the health status of farmed channel fish (Tavares-
Dias and Moraes, 2007). In current study, decreasing 
values of WBC count, Hct, MCV, MCH and MCHC were 
reported while increasing SBM level in diet of rainbow 
trout, suggesting that fish may have ability to consume 
fatty acids up to level of 35% in diet. Hgb level was not 
differ significantly in fish fed diet including SBM at level 
of 35%, indicating that oxygen carrying capacity of fish 
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was not disturbed at this level of SBM. For diagnosis of 
anemia, MCH, MCH and MCHC are considered as major 
factors (Demir et al., 2014). Our findings suggest no 
anemic signs and symptoms in rainbow trout fed with SBM 
replacement. Multiple factors such as age, species, size, 
temperature as well as dietary composition are responsible 
for modifications in serum biochemical indices (Brunt and 
Austin, 2005; Li et al., 2015; Yeganeh et al., 2015). To our 
knowledge, very scarce literature has assessed the serum 
biochemical indices in response to partial replacement of 
dietary SBM in rainbow trout. Our results demonstrated that 
dietary inclusion of SBM at different concentration had no 
significant alterations in the levels of serum biochemical 
indices e.g. TP, albumin, cholesterol, triglycerides, glucose 
and in enzymatic activities including ALT, AST, ALP 
and LDH. Liver enzymatic parameters are often used as 
indicators of fish hepatotoxicity and tissue pathological 
changes (Nofouzi et al., 2017). Our results showed that 
inclusion of dietary SBM had no toxic effect on fish liver. 
Cholesterol lowering effects have been investigated in 
Tiger puffer (Takifugu rubripes) fed on SBM, which is in 
agreement to our results (Lim et al., 2011).

CONCLUSIONS

From this preliminary study, it can be concluded that 
partial replacement of SBM with FM up to concentration 
of 35% has beneficial effect on growth performance 
parameters. Moreover, dietary inclusion of SBM has 
no side effect on hematological and serum biochemical 
indices. Additional investigations are needed to be carried 
to evaluate the interaction between vegetable oils and 
various aquatic spices even on the molecular level.
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