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Abstract A feeding trial was conducted to investigate the effects of the replacement of

dietary fish meal and fish oil with oilseed meals (soybean or canola) and canola oil on growth,

nutrient utilization, body composition, diet digestibility and hematological parameters of

rainbow trout Oncorhynchus mykiss. Seven diets were used; the control diet (designated FM)

contained fish meal and fish oil as the main protein and lipid sources. For the experimental

diets, 40% of fish meal protein was substituted with soybean meal, canola meal or a soybean/

canola meal mixture, and these diets (designated SM, CM and SCM, respectively) contained

fish oil as the lipid source. Three additional diets (SM ? CO, CM ? CO and SCM ? CO)

were formulated with the same vegetable protein meals but with fish oil replaced by canola

oil. Fish were fed twice daily to apparent satiation for 11 weeks. The growth of fish fed the

CM ? CO diet was significantly lower than that of fish fed the FM, SCM, SM ? CO and

SCM ? CO diets. The feed conversion ratio (FCR) was significantly better in fish fed the FM

and SCM ? CO diets than in fish fed the CM and CM ? CO diets. Furthermore, feed intake

was significantly lower for fish fed the CM ? CO diet than in fish fed the SCM diet, and lipid

digestibility of the CM ? CO diet was significantly lower than that of all other diets. No

significant differences of body composition were observed. Circulating leukocyte levels,

leukocyte ratios and serum lysozyme activity remained unaffected by dietary treatment.

However, it was observed that fish fed the CM ? CO diet displayed hematocrit levels sig-

nificantly lower (P \ 0.05) than that of fish fed the other diets. The results indicate that when

diets contain either fish oil or canola oil, canola meal and soybean meal can be incorporated

into rainbow trout feeds at a combined 32% inclusion level (replacing 40% of fish meal

protein) without inducing significant negative effects on growth, nutrient utilization or health.
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Introduction

Rainbow trout are one of the most widely cultured freshwater fish species with over

570,000 mt produced in 2008 (FAO 2010). Compound feeds constitute the most significant

operating cost with protein and lipid being the most costly constituents in aquafeeds (Higgs

and Dong 2000; Li et al. 2000).

Fish meal supports good fish growth and flesh quality because of its high digestibility,

complimentary amino acid profile and high palatability. Cultured rainbow trout have tra-

ditionally been fed diets with high inclusions of fish oil and fish meal, but these raw

materials are unsustainable, expensive and add pressure to wild fish stocks. Therefore,

replacing fish meal and fish oil with alternative plant ingredients has become a major drive

within the aquaculture sector (Gatlin et al. 2007).

Oilseed meal protein sources, such as soybeans, canola and cottonseed, are considered as

potential alternatives for fish meal, due to their competitive prices and relative availability

(Gatlin et al. 2007; Hardy 2010). Soybean and canola meals are used as primary plant protein

sources in fish feeds owing to their relatively high crude protein level, high protein avail-

ability and complimentary amino acid composition compared with other oilseed meals

(Hertrampf and Piedad-Pascual 2000; Lee et al. 2002, 2006). Many researchers have

examined the efficacy of fish meal substitution in aquafeeds with a variety of oilseed meals at

different levels of inclusion for a range of fish including rainbow trout (soybean meal: Refstie

et al. 1997, 2000; Barrows et al. 2007; cottonseed meal: Luo et al. 2006; canola products:

Drew et al. 2007; Shafaeipour et al. 2008). It has been demonstrated that soybean products

(Rumsey et al. 1994) and canola meal (Shafaeipour et al. 2008) can be used to replace up to

30% of fish meal in rainbow trout diets without reducing growth performance.

For the most part, the prior discussed studies have used fish oil as the major lipid source in

the experimental diets tested. But vegetable oils should be utilized in aquafeeds as potential

alternative lipid sources because increasing global fish oil production is not sustainable (Bell

2008). A number of studies have reported that the dietary use of vegetable oils for partial, or in

some cases total, replacement of fish oil is possible for several species without detrimental

impacts on growth performance (Bransden et al. 2003; Torstensen et al. 2004; Izquierdo et al.

2005; Pratoomyot et al. 2008). Despite this however, there is limited information available

regarding the effects of the simultaneous use of both oilseed meal and oilseed oil inclusion in

diets for rainbow trout. Therefore, the aim of the present study was to assess the effects of the

replacement of dietary fish meal and fish oil with various levels of oilseed meals (namely

soybean or canola) and oilseed oil (canola oil) on rainbow trout growth, nutrient utilization,

body composition, diet digestibility and hematological parameters.

Materials and methods

Experimental system and fish

A nutrition trial was conducted in 21 cylindrical fiberglass tanks (150 l) within a

recirculation freshwater system located at Canakkale Onsekiz Mart University, Faculty
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of Fisheries and Fish Nutrition Laboratory. The temperature was maintained at

16 ± 1�C, dissolved oxygen at 8.3 ± 0.02 mg l-1 and pH at 7.4 ± 0.02 throughout the

trial. Water flow rate was approximately 12.0 l min-1 for each tank. A natural photoperiod

was maintained throughout the experimental period, and all tanks had similar light

conditions.

Rainbow trout, weighing 60 g on average, were obtained from a private trout farm and

acclimated to laboratory conditions for 3 weeks, during which, they were fed a commercial

diet (Bagci Feed Company; crude protein: 45%, crude lipid: 16%). Fish (initial

weight *70 g) were randomly distributed into the experimental tanks (12 fish per tank)

and designated to one of the seven dietary treatments. Each treatment was conducted in

triplicate. Fish were batch weighed every 2 weeks to observe growth and feed utilization

parameters. Fish were fed by hand three times a day to apparent satiation, and feed intake

was recorded daily for 11 weeks.

Experimental diet formulation

The formulation and chemical analysis of the experimental diets are shown in Table 1.

The amino acid composition of the feeds and protein sources are displayed in Table 2.

A total of seven diets were formulated; the control diet (FM) contained only fish meal

and fish oil as the main protein and lipid sources, respectively. For the experimental

diets, 40% of the fish meal protein was substituted with either soybean meal (SM),

canola meal (CM) or a soybean meal/canola meal mixture (1:1 ratio on protein basis;

SCM). These diets (FM, SM, CM and SCM) contained fish oil as the lipid source,

while three further experimental diets (SM ? CO, CM ? CO and SCM ? CO) were

formulated with the same vegetable protein meals but with the 100% replacement of

fish oil with canola oil.

Feed ingredients were thoroughly mixed and moistened with deionized water prior to

pelleting (3 mm pellet size) in a meat grinder. The diets were then dried in a forced air

oven (40�C) until the moisture content was reduced to less than 10%. The diets were stored

in sealed plastic bags at -20�C prior to use.

Fish growth performance, nutrient utilization and somatic indices

Fish growth performance and nutrient utilization were calculated according to the fol-

lowing formulae:

Feed conversion ratio ðFCRÞ ¼ FI=WG:

Specific growth rate ðSGRÞ ð% day�1Þ ¼ 100 ðln FBW� ln IBW=TÞ

Protein efficiency ratio ðPERÞ ¼ 100 ðWG=PIÞ

Thermal - unit growth coefficient ðTGCÞ ¼ 100 ððFBW1=3 � IBW1=3Þ=ðTemp� TÞÞ

Net protein utilization ðNPUÞ ð%Þ ¼ 100 ðPG=PIÞ:
Six fish were randomly taken from the initial pool at the beginning of the experiment,

and three fish from each tank (nine fish per group) were randomly sampled at the end of the

trial to determine somatic indices.

The somatic indices were calculated according to the following formulae:
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Condition factor ðKÞ ð%Þ ¼ 100 ðBW=ðFL3ÞÞ

Dress-out ðDOÞ ð%Þ ¼ 100 ððBW� VWÞ=FBWÞ

Hepatosomatic ðHSIÞ ¼ 100 LW=BWð Þ;

Viscerosomatic ðVSIÞ ¼ 100 ðVW=BWÞ

where FBW is the final body weight (g), IBW is initial body weight (g), BW is body weight

(g), FI = feed intake (g), WG = weight gain (g), T = time (days), PI = dietary protein

intake (g), Temp = temperature (8C), PG = protein gain (g), FL = fish length (cm),

LW = liver weight (g) and VW = viscera weight (g).

Table 1 Formulation and proximate composition of experimental diets

FM SM CM SCM SM ? CO CM ? CO SCM ? CO

Ingredients (%)

Fish meala 50.0 35.0 35.0 35.0 35.0 35.0 35.0

Soybean mealb 0.0 29.0 0.0 14.5 29.0 0.0 14.5

Canola mealc 0.0 0.0 35.0 17.5 0.0 35.0 17.5

Corn glutend 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Wheat meale 27.3 11.9 6.5 9.3 11.9 6.5 9.3

Fish oilf 12.0 13.4 12.8 13.0 0.0 0.0 0.0

Canola oilg 0.0 0.0 0.0 0.0 13.4 12.8 13.0

Vitamin premixh 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Mineral premixi 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Celitej 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Proximate composition (%)

Moisture 9.9 9.8 9.8 9.2 9.0 9.1 9.3

Crude protein 46.2 47.4 46.5 46.7 47.0 48.0 45.8

Crude lipid 18.1 18.8 17.8 18.1 18.4 18.0 18.2

Crude ash 9.1 8.4 6.2 7.3 7.5 6.9 7.4

Nitrogen-free extract 26.6 25.4 29.5 27.9 27.1 27.1 28.6

a Anchovy fish meal. Can Kardesler Fish Meal Corporation, Samsun, Turkey
b Abalioglu Ltd, Denizli Turkey
c Agromey Feed Mill Company, İzmir, Turkey
d Agromey Feed Mill Company, İzmir, Turkey
e Kepez Un, Çanakkale, Turkey
f Anchovy fish oil. Can Kardesler Fish Meal Corporation, Samsun, Turkey
g Agromey Feed Mill Company, İzmir, Turkey
h Per g mixture: vitamin A: 342 IU; vitamin D3: 329 IU; vitamin E: 0.0274 IU; vitamin K3: 5.48 mg;
vitamin B1: 2.05 mg; vitamin B2: 3.42 mg; vitamin B3: 20.5 mg; vitamin B5: 5.48 mg; vitamin B6: 2.05 mg;
vitamin B12: 2.74 mg; vitamin C: 24.0 mg, Kartal Chemical Incorporated, Kocaeli, Turkey
i Per g mixture: biotin: 0.411 mg; folic acid: 0.685 mg; Zn: 12.3 mg; Mn: 4.80 mg; Cu: 1.64 mg; I:
0.274 mg; Se: 0.0274 mg; Ca: 125 mg; K: 189 mg, Kartal Chemical Incorporated, Kocaeli, Turkey
j Celite Celite Corporation, World Minerals Co., Lompoc, CA, USA
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Digestibility trial

For the determination of apparent digestibility coefficients (ADCs) of dry matter, protein

and lipid, the remaining fish from the growth trial were anesthetized with MS-222 and

manually stripped of feces 6 h after feeding. All diets contained Celite (10 g kg-1) as the

indigestible marker. Wet fecal samples were collected and dried at 50�C (48 h) before

analysis. Analysis of acid insoluble ash (Celite) in the diets and feces was performed

according to standard AOAC (2000) methodology.

Digestibility coefficients of nutrients were determined by diet and feces analysis using

the following formula:

ADC% ¼ 100 ð1� ðmarker in diet=marker in fecesÞ � ðnutrient in feces=nutrient in dietÞÞ

Proximate composition

Twelve fish were randomly taken from the beginning of the experiment from the initial

batch of fish, and three fish from each tank (nine fish per group) were randomly sampled at

the end of the trial to determine whole-body proximate analysis. Analysis of crude protein,

moisture, and ash in diets and the whole-body of fish was performed according to standard

AOAC (2000) procedures. Dry matter was determined by drying at 105�C until a constant

weight was obtained. Ash content was measured by burning in a muffle furnace at 525�C

for 12 h. Crude protein was analyzed by the Kjeldahl method after acid digestion using the

Gerhardt system. Dietary and whole-body lipids were extracted according to the procedure

of Folch et al. (1957) with chloroform/methanol (2:1 v/v; AOAC 2000). Nitrogen-free

extract (NFE) was calculated by taking the sum values for crude protein, lipid and ash and

then subtracting this from 100.

Dietary amino acid analysis

Sixty milligrams of sample (protein source or diet) was hydrolyzed in 10 ml of 6 M HCl in

screw-capped tubes. The tubes were flushed with nitrogen and then heated at 110�C for

24 h. The hydrolysates were rotary-evaporated to dryness under vacuum at 40�C and then

re-dissolved in a sodium citrate buffer at pH 2.2. The amino acids (AA) were separated by

ion-exchange chromatography on a Shimadzu RF-10AXL sodium column and detected

following post-column derivatization with ninhydrin, by measuring absorbance at

350–450 nm. Identification and quantification of the detected AA were performed using

external standards after adjustments by linear regression. The AA standard was purchased

from Sigma-Aldrich Co, USA as a synthetic AA mixture.

Hematology

Blood was sampled from three fish per tank at the end of the trial. Samples were taken from

the caudal arch using a 25-gauge needle and 2-ml syringe. Hematocrit levels were

determined by drawing fresh blood into microhematocrit tubes and centrifugation at

3,600g for 6 min in a microhematocrit centrifuge. Hematocrit values were measured and

read as % packed cell volume (%PCV). Blood smears were prepared, stained with Giemsa

(BDH) and mounted in DPX (BDH). Total leukocyte levels were quantified as total

number of leukocytes per 1,000 blood cells. Thrombocytes, lymphocytes, monocytes and

granulocytes were identified following the descriptions of Rowley (1990). A minimum of
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100 cells per sample were counted from nine fish per dietary group, and values were

expressed as a percentage of the total leukocytes (Merrifield et al. 2010a). Additional blood

was left to clot for 3 h before serum was removed. Serum samples were stored at -80�C

until analysis of lysozyme activity. Lysozyme activity was assessed using the turbido-

metric assay of Ellis (1990). Briefly, 50 ll of serum was added to 950 ll of the Micro-
coccus lysodeikticus (Sigma, St Louis, MO, USA) solution (200 mg ml-1 in 0.05 M

Na2HPO4 at pH 6.2). Turbidity at 530 nm was measured after 0.5 and 4.5 min at 23�C.

One unit of lysozyme activity was defined as a decrease in absorbance of 0.001 units per

minute.

Statistical analysis

All data were subjected to an analysis of variance (ANOVA) and post hoc LSD using the

statistical software package Statgraphics 7.0 (Manugistics Incorporated, Rockville, MD,

USA; Zar 2001). The mean values for three replicate tanks were used for statistical

analyses with the data, which were analyzed with nested design model using individual

measurements within a tank. All percentage data and ratios were arcsine transformed

before being subjected to the analysis. The results were treated as statistically significant at

the P \ 0.05 level.

Results

The overall growth performance and nutrient utilization data are displayed in Table 3. The

final mean weights of fish at the end of the 11-week feeding trial ranged from 158.8 g

(CM ? CO diet) to 197.1 g (FM diet). Some statistical differences were observed for the

mean final weight, SGR and thermal growth coefficient (TGC) with fish fed CM ? CO

displaying significantly lower final weight (158.8 g), SGR (1.07% day-1) and TGC (0.106)

than fish fed the FM, SCM, SM ? CO and SCM ? CO diets.

The lowest feed intake (g fish-1 day-1) was recorded in fish fed the CM ? CO diet,

which was significantly lower than the FI of fish fed the SCM diet (Table 3). Feed con-

version ratio (FCR) values for all groups ranged from 1.14 (FM and SCM ? CO) to 1.33

(CM and CM ? CO). The lowest FCR of 1.14 for fish fed the FM and SCM ? CO diets

was significantly (P \ 0.05) better than trout fed the CM and CM ? CO diets (1.33).

Rainbow trout fed the FM and SCM ? CO diets displayed a PER of 1.90, which was

significantly higher (P \ 0.05) than the group fed the CM ? CO diet (1.34). However, fish

fed SM, CM, SCM and SM ? CO diets did not produce significant (P [ 0.05) differences

of PER despite general trends toward lower PER values (1.65, 1.63, 1.68 and 1.66,

respectively). Net protein utilization (NPU) of the CM ? CO group (34.27%) was sig-

nificantly lower (P \ 0.05) than that of the FM (42.90%) and the SCM ? CO (41.70%)

fed rainbow trout, respectively.

Data on the apparent digestibility coefficients (ADCs) of the experimental diets are

presented in Table 4. Dry matter digestibility values for all groups varied from 67.8

(CM ? CO Diet) to 70.2% (SCM ? CO Diet). No statistical difference was found among

dietary treatments in terms of the apparent digestibility coefficients of dry matter. On the

other hand, apparent digestibility of protein (ranging from 88.7 to 93.1%) was significantly

affected (P \ 0.05) by the various dietary treatments. The lowest protein ADC value was

found for the CM ? CO diet, but this was only significantly lower than that of the
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SCM ? CO diet. Apparent digestibility of lipid varied from 88.2 to 95.8%, with the

CM ? CO group (88.2%) significantly lower than all other groups.

Data on biometric parameters of fish fed the different diets are displayed in Table 5.

With the exception of condition factor (CF), which was significantly higher (P \ 0.05) in

fish fed the SCM ? CO diet than those fed the CM ? CO diet, no statistical differences of

the biometric parameters were observed.

The whole-body composition of fish fed the experimental diets is presented in Table 6.

No significant differences were observed in body protein (17.9–19.2%), lipid (14.0–16.3%)

moisture (64.2–65.8%) or ash (2.4–2.9%) among the dietary treatments (P [ 0.05).

Hematological and immunological data are presented in Table 7. Rainbow trout fed the

CM ? CO diet had hematocrit levels significantly lower (P \ 0.05) than those fed the

other treatments. Circulating leukocytes levels, differential leukocyte proportions and

serum lysozyme activity were not affected by dietary treatment.

Discussion

The current investigations were performed to test the feasibility of including dietary

soybean or canola meals with canola oil in practical diets for rainbow trout. The data

indicate that the soybean meal can be included at a level of 29.0% in diets with fish oil or

canola oil without significantly reducing growth performance, although it should be noted

that trends toward reduced performance was observed. Several studies have partially, or

fully, replaced fish meal with soybean meal in aquafeeds, and results with rainbow trout

indicate that inclusion rates in the diet of 15 and 20% does not adversely affect growth

performance (Refstie et al. 2000; Hardy 2002; Cheng et al. 2003). Levels above this can be

detrimental due to the presence of antinutritional factors (ANFs), which can retard growth

and induce enteritis in salmonids (Krogdahl et al. 2003, 2010; Merrifield et al. 2009). It is

possible that the presence of ANFs and subsequent enteritis could be at least a partial cause

for the trends toward reduced growth of SM fed fish observed in the present study.

Hilton and Slinger (1986) incorporated canola meal into practical diets (from 13.5 to

40.4% inclusion) for juvenile rainbow trout and concluded that canola meal should not be

included in rainbow trout diets due to observed reductions in growth and poor dietary

digestibility. It must be noted however that during the last 25 years, production technol-

ogies have advanced and present-day canola meals display somewhat different properties

to that used by Hilton and Slinger (1986), generally reflected by higher protein contents,

lower fiber contents and higher digestibility. Indeed, in a more recent study, Thiessen et al.

(2004) replaced 50 (30–33% dietary inclusion) and 75% (45–49% dietary inclusion) of

dietary fish meal in rainbow trout diets with a canola protein concentrate and reported no

significant reductions in growth performance. The present study indicates that although

diets containing 35% canola meal did not significantly reduce growth performance when

using fish oil (CM group), trends toward lower growth performance, PER and NPU were

observed compared with the FM and SCM ? CO groups, and elevated FCR was observed

compared with the FM group. Therefore, the findings of the present study lie somewhere

between those of Hilton and Slinger (1986) and Thiessen et al. (2004), indicating that low-

level canola meal inclusion could be used, but levels of 35% (i.e. 40% fish meal

replacement) begin to cause problems pertaining to higher FCR and trends toward

depressed growth and protein utilization. Furthermore, the use of 35% canola meal in

conjunction with canola oil (CM ? CO group) significantly impaired final weight, SGR,

TGC, PER and NPU. These parameters were all significantly lower in the CM ? CO fed
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fish than the FM and SCM ? CO fed fish. The reason for this does not appear to be due to

limiting essential amino acid (EAA) provision, as all diets in the present study exceed

previously determined rainbow trout EAA requirements (Hardy 2002; Table 2), although

that is not to say that there may not be differences in bioavailability. These reductions

could be attributed to EAA availability and/or the presence of ANFs, reduced feed intake

(daily feed intake of the CM ? CO group was ca. 20% lower than that of FM and

SCM ? CO groups) and/or reduced nutrient digestibility. Indeed, it was observed in the

present study that the ADC values of the CM ? CO diets were the lowest of all the

experimental diets, being significantly lower in the case of lipid (compared with FM and

SCM ? CO) and protein (compared with SCM ? CO). Similar results of low digestibility

have previously been reported in rainbow trout (Hilton and Slinger 1986) and Japanese sea

bass (Cheng et al. 2010) fed canola meal. The lower apparent digestibility could be due to

the higher levels of fiber, phytic acid, sinapine and tannins in canola meal and erucic acid

in canola oil (Mc Curdy and March 1992; Forster et al. 1999; Mwachireya et al. 1999).

The results of Shafaeipour et al. (2008) suggest that the combined use of soybean meal

and canola meal might help to overcome the limitations imposed by the singular use of the

respective ingredients; Shafaeipour et al. (2008) demonstrated that a diet containing 30%

solvent-extracted canola meal and 24.4% soybean meal could be used in rainbow trout

diets without affecting growth rate and nutrient utilization. The present study confirms that

high-level mixtures of these ingredients can be utilized in rainbow trout diets. More

importantly, the present study shows for the first time that canola meal and soybean meal

can be incorporated in the diets of rainbow trout at a combined level of 32.0% (replacing

40% of dietary fish meal) with the full replacement of fish oil with a vegetable oil (namely

canola oil; SCM ? CO group) without effecting growth performance. Little is known

about the effect of a simultaneous replacement of both fish meal and fish oil in rainbow

trout diets, but some studies have shown that vegetable oils can replace 100% of fish oil in

fish meal-based rainbow trout diets, without adverse effects on growth, nutrient utilization

and survival (Caballero et al. 2002). In the present study, the use of canola oil as a

substitute for fish oil in the SM ? CO and SCM ? CO diets did not adversely affect the

growth of rainbow trout over the 11-week experimental period. However, as discussed

previously, the growth performance of rainbow trout fed the canola meal diet with canola

oil (CM ? CO group) was inferior compared with trout fed the canola meal diet with fish

oil (CM group). A number of studies on several fish species have reported no significant

effects of canola oil substitution on growth while using fishmeal as a protein source

(Guillou et al. 1995; Dosanjh et al. 1998; Caballero et al. 2002; Bell et al. 2003; Turchini

et al. 2003; Torstensen et al. 2004; Francis et al. 2006). However, using canola oil to

substitute fish oil in semi-purified diets has been reported to have negative effects on

Murray cod Maccullochella peelii peelii (Francis et al. 2007) and barramundi Lates
calcarifer (Raso and Anderson 2003).

Recently, it has been reported that the partial replacement (33 and 66%) of fish oil by a

combination of vegetable oils (rapeseed, linseed and palm oil) in a plant protein-rich

formulation had no detrimental effects on growth performance of juvenile gilthead sea

bream Sparus aurata (Fountoulaki et al. 2009). A previous study demonstrated that total

replacement of fish oil with a rapeseed, linseed and palm oil blend in a plant meal-based

diet reduced growth indices of gilthead sea bream (Benedito-Palos et al. 2007). In dis-

cussing the limitations of vegetable oil inclusion in aquafeeds, the fatty acid profiles of the

lipid sources and the formulated test diets as well as the fatty acid requirements of the

intended fish species should be considered.
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In the present study, leukocyte levels and the proportions of lymphocytes, neutrophils,

thrombocytes and granulocytes were not significantly affected by the different dietary

treatments. The values reported for the hematological parameters are within the range

reported for normal, healthy juvenile rainbow trout (Merrifield et al. 2010b, c, d). How-

ever, lower hematocrit values were found in the group fed CM ? CO. Similarly,

Dabrowski et al. (2000) and Lee et al. (2002, 2006) have reported lower hematocrit levels

in rainbow trout fed diets containing a high level of oilseed meal (cottonseed meal). The

reason for the observed lower hematocrit level could be the cumulative effect of gossypol

and/or decreased availability of iron in canola meal leading to lower erythrocyte levels or

increased fragility (Colin-Negrete et al. 1996). It is recommended that future studies

assessing the combination of canola meal and canola oil should investigate blood chem-

istry and hematological indices in order to ascertain if it is necessary to elevate dietary iron

levels in canola-based diets. It appears from the present study however that any such

deficiency and subsequent impact on hematology is avoided with the combined use (of

levels of up to 32%) of canola with soybean meal.

The present study suggests that the combination of canola meal and soybean meal can

be incorporated in the diets of rainbow trout at 32.0% when using either fish oil or canola

oil, without detrimentally effecting growth performance, nutrient utilization and the basic

health parameters investigated. Further investigation of the interactions between plant

protein and oil sources on lipid metabolism and deposition is required in order to formulate

effective sustainable production diets for rainbow trout and other carnivorous species.
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