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ABSTRACT 

The purpose of this project was to determine the suitability of pea and canola 

products, and of thin distillers' solubles, for use in salmonid diets with the ultimate aim 

of enhancing market opportunity for these agricultural crops and byproducts produced in 

western Canada. Four experiments were conducted with rainbow trout to evaluate the 

palatability, digestibility and nutritional value of pea and canola products. The ability of 

thin distillers' solubles to increase feeding activity, and the effect this product has on 

nutrient and dry matter digestibility ofpea products, was also evaluated. 

Experiments one and two were conducted with the objective of comparing feed 

consumption, time to satiation and feeding aggressiveness in fish fed four diets 

containing canola meal or air-classified pea protein, with or without the presence of a 

palatability enhancer (Finnstim™). Feed consumption of a diet containing 15% canola 

meal was equal to that of a commercially available trout ration (P~0.05). Feed 

consumption of a diet containing 30% air-classified pea protein, although being lower 

than the commercial ration (P~0.05), did not indicate severe palatability problems. It was 

concluded that these two ingredients offer potential as alternative plant protein sources 

for feeding rainbow trout. Feed consumption of neither plant protein source was 

increased with supplementation of a commercial palatability enhancer. However, feeding 

response was significantly increased (P~0.05) with supplementation of thin distillers' 

solubles at a level;::: 3.30/0 of the diet. 

Experiment three determined the effects that various milling and heat treatments 

had on nutrient, dry matter and energy digestibility of four pea ingredients as follows: 

autoclaved air-classified pea protein, raw/whole peas, raw/dehulled peas and 

extruded/dehulled peas. Digestibility of the protein component was uniformly high for all 

pea ingredients (apparent digestibility coefficient (ADC) of 90.0-94.6%), regardless of 

the processing treatment, and compared favourably to protein digestibility values from 

other plant sources. Heat treatments achieved by autoclaving or extrusion greatly 

increased starch digestibility by 41-75% (P~0.05), which consequently increased energy 
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and dry matter digestibility of whole and dehulled peas. Autoclaved air-classified pea 

protein had superior protein (ADC of 94.6%), energy (ADC of 87%) and dry matter 

(ADC of 84%) digestibility that compared favourably with other plant sources currently 

utilized in aquafeeds. Thin distillers' solubles was a highly digestible ingredient and 

supplementation with this product did not adversely affect digestibility values of the 

various pea ingredients. 

Experiment four compared the growth performance of rainbow trout fed diets 

containing soybean meal, dehulled peas, air-classified pea protein or canola meal fines as 

the primary plant ingredient in the diet, and evaluated the effectiveness of thin distillers' 

solubles as a feed enhancing compound for rainbow trout over a 12 week period. Feed 

intake, weight gain, feed conversion, specific growth rate, protein efficiency ratio, 

hepatosomatic index and dressout percentage were similar for the four plant protein 

sources (P~O.05). It was concluded that dehulled peas, air-classified pea protein and 

canola meal fines are suitable ingredients for use in trout diet formulation. Addition of 

thin distillers' solubles, while increasing feed intake in the short term, did not increase 

feed intake (P~O.05) ofpea and canola diets over the 12 week trial period. 

It can be concluded that further processing ofpeas and canola meal is ofbenefit in 

producing palatable, nutritious ingredients suitable for rainbow trout diet formulation. 

Peas, regardless of processing treatment, were a palatable ingredient. However, 

digestibility of the nutrient and energy fraction of peas varied with processing treatment. 

Air classification of dehulled peas produced a highly desirable pea ingredient with a 

concentrated protein, low starch content which resulted in superior digestibility relative to 

whole, dehulled or extruded peas. Similarly, sieving of conventional canola meal 

produced a palatable, high protein ingredient. Thin distillers' solubles were not effective 

as a palatability enhancer over a long-term period. The failure of this product to increase 

feed intake may be attributed to the destruction of amino acids during thermal processing 

or due to a decrease in gustatory stimulation with time. In conclusion, the overall results 

of these experiments show that there is great opportunity for utilization of pea and canola 

products in aquafeeds provided adequate processing treatments are used to concentrate 

the protein constituents and to remove components which inhibit digestion, absorption 

and utilization of these alternative protein sources by salmonid species. 
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1. INTRODUCTION 

Aquaculture has been one of the fastest growing food production systems in the 

world, with an average annual growth rate of 9.4% over the past ten years (GEeD 1997). 

In the past fifteen years world aquaculture production has more than doubled by weight 

and tripled in value (FAG 1998). The search for appropriate aquafeed ingredients has 

become paramount with the pressure of a rapidly growing aquaculture industry and the 

desire to produce low pollution feeds. The sustainability of intensive aquaculture activity 

is receiving increased scrutiny due to concerns over the heavy reliance on fish meal, a 

finite resource, as the main protein source used for aquafeeds, and concern over the 

environmental impact ofnutrient rich effluent water from intensive rearing sites. 

Salmonids are one of the three primary finfish species cultured worldwide, with 

Atlantic salmon and rainbow trout accounting for the majority of salmonid production 

(Rana 1995). Salmonids are classified as a luxury species that require high capital inputs 

for culture but also command a high market value in return. It is for these reasons, plus 

the fact that salmonid fish are highly adaptable, that rainbow trout and salmon are widely 

used in nutritional studies. The carnivorous nature of salmonid fishes dictates the type of 

ingredients that can be utilized in diet formulation. Typical trout grower rations contain 

44 to 480/0 protein with 16 to 200/0 lipid. Fish meal, a primary ingredient in aquatic diets, 

provides a high protein level, optimal amino acid balance, high digestibility and high 

palatability. However, the limited supply and high cost of marine fish protein has led to 

utilization of alternate protein sources including oilseed meals, oilseed protein 

concentrates, rendered animal byproducts, and recovered fisheries by-catch and 

processing wastes. 

Several important factors affect the ability of plant protein to be substituted for 

fish meal. These include the protein level and amino acid balance, the type and level of 

antinutritional factors, fiber and phosphorus levels, palatability, and cost per unit protein. 

Several plant protein sources offer potential for partial or total replacement of fish meal 
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in rainbow trout diets (Higgs et al. 1995a, Stickney et al. 1996, Adelizi et al. 1998). The 

most widely used has been soybean meal, due to its favourable protein level and 

availability. Canola meal has excellent protein quality in relation to the requirements of 

fish, and has been successfully utilized in trout diets despite concerns with respect to 

palatability, fiber, glucosinolates and phytate content (Higgs et al. 1995a). Peas, although 

lower in protein than oilseed meals, have also been successfully fed to trout and sea bass 

with no negative effects (Kaushik et al. 1993, Gouveia et al: 1991, Gouveia and Davies 

1998; 2000). 

Processing is an important consideration in the incorporation of plant protein 

sources into aquafeeds to increase their nutritional value. Processes range from simple 

procedures such as dehulling, to decrease fiber levels, to more advanced treatments 

involving fine grinding and air classification. Thermal treatments, such as micronization, 

extrusion and expansion, are beneficial in reducing heat-labile antinutritional factor levels 

(Lienar 1994) and in increasing nutrient availability (Kaushik et al. 1993, Gomes et al. 

1995, Orne et al. 1998). 

Both grains and legumes contain starch which, in its raw form, is poorly digested 

by carnivorous fish (Steffens 1989). Salmonids do not require carbohydrates, although 

they can be a relatively inexpensive source of energy which can be used to spare protein 

and lipid (Pieper and Pfeffer 1980a). Starch is also useful in binding pellets and 

improving the physical characteristics of the diet (De Silva and Anderson 1995). 

The carnivorous nature of salmonids often leads to problems with acceptance of 

plant ingredients in diets and, as a result, dietary levels of these ingredients are kept to' a 

minimum. A relationship has been established between the chemical composition of 

compounds which illicit strong chemosensory stimuli and the feeding habits of fish in the 

wild (Higgs et al. 1995b). Prey, consumed in the natural environment, contain betaine, 

nitrogenous materials, nucleic acids and trimethylamine oxide, which have been found to 

be highly effective olfactory and gustatory stimulators in many species of fish (Atema 

1980, Caprio 1984, Jones 1990). Often commercial diets, particularly larval diets, contain 

feed stimulants and palatability enhancing compounds that contain mixtures of the above 

substances to encourage adequate feed intake. 
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Thin distillers' solubles are a byproduct of industrial ethanol production that 

provide a concentrated protein source, high in glutamic acid and proline (Mustafa et al. 

2000), in addition to yeast cells which are a rich source of nucleic acids (Tacon and 

Jackson 1985). Proline, leucine, alanine and phenylalanine have been observed to be 

potent stimulators of trout gustatory receptor cells (Marui et al. 1983), while proline and 

glutamic acid have been reported to be highly palatable substances for rainbow trout 

(Jones 1989). This product may, therefore, improve palatability and ensure better feeding 

response when used in conjunction with plant protein sources exhibiting low palatability. 

The purpose of this project was two-fold. With the aim of adding value to two 

significant agricultural crops of Saskatchewan, the first objective was to see whether pea 

and canola products hold promise for being palatable, nutritious ingredients suitable for 

salmonid diets. The second objective of this project was to evaluate the potential of thin 

distillers' solubles as a palatability enhancer in trout diets containing significant levels of 

plant ingredients. 
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2. REVIEW OF LITERATURE 

2.1 Aquaculture 

Aquaculture encompasses the culturing of a wide range of fish, shellfish and 

aquatic plant species. Aquaculture is practiced for a variety of reasons, the principal 

reason being for human consumption. Aquaculture also plays a vital role in the 

enhancement of wild stocks, the lucrative ornamental fish production business and, more 

recently, the production of nutraceutical and specialty health products such as marine 

oils, chitin and chitosan, glucosamine, microalgae and shark cartilage from marine fishes 

and algal species (MolYneaux and Lee 1998). 

2.1.1 Economically Important Cultured Species 

There are approximately 25,000 living species of fishes, which account for more 

than half of all living vertebrates in the world (Nelson 1994). Fifty eight percent of fishes 

are marine, 41 % of species live in freshwater, and 1% are anadromous and move between 

salt and fresh water during their life cycle (Helfman et al. 1997). Despite the enormous 

number of fish species, a select few are commonly used for aquaculture purposes. The 

aquaculture industry is divided into four major groups: finfish, crustaceans, molluscs and 

aquatic plants (FAD 1998). By far the largest group cultured is finfish, which include 

freshwater, marine and diadromous species. Among the finfish, the freshwater species are 

the major category produced worldwide. 

There are 92 species of finfish cultured worldwide. Of these, the majority belong 

to the orders Cypriniformes (carp), Salmoniformes (salmon, trout), Siluriformes (catfish), 

Perciformes (sea bass, tilapia) and Anguilliformes (eel) (De Silva and Anderson 1995). 

The Food and Agriculture Organization (FAD 1998) indicate that 82% of world 

production of finfish, shellfish and aquatic plants is carried out in "low-income food

deficit" countries including China, India, Philippines, Indonesia, Korea and Bangladesh. 

The species cultivated are non-carnivorous, primarily the carps and tilapian species, 
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which have a low economic value but provide a valuable nutrient resource. These species 

are raised easily and inexpensively in extensive culture systems with little capital input. 

In contrast, advanced industrial countries such as Japan, Europe and North 

America produce carnivorous species, many of which are labeled as luxury items. 

Shrimp, oysters, trout, salmon and catfish are a few examples of aquaculture products 

that are high in economic value (Stickney 1994). Most of these aquaculture ventures are 

intensive in nature and require high capital input as well as skilled husbandry practices. 

The total volume of fish produced is lower, but rates of return are much higher. 

Salmonids are one of the three primary finfish species cultured worldwide, the 

others being carp and tilapia. There are eight families within the order Salmoniformes 

which includes the family Salmonidae. Trout, salmon and charr belong to this family, and 

it is these species which are referred to as salmonids. Salmonids are native to cool water 

habitats within the Northern Hemisphere, but have been widely introduced outside their 

native range. Most of the species are restricted to freshwater environments for their entire 

life cycle. However, a few species are anadromous and spend the majority of their life 

cycle in salt water. 

Groot (1996) lists 15 important species of salmonids used for aquaculture (Table 

2.1). Global production of salmonids from culture and wild harvest was two million 

tonnes in 1995 with Europe and North America being the major producing countries of 

these species (Rana 1995). The top four species farmed are Atlantic salmon (50%), 

rainbow trout (39%), coho salmon (6.2%), and chinook salmon (1.3%) (Rana 1995). 

Slightly less than half of the total production was from cultured stocks. World production 

of farmed salmon surpassed total wild catch world wide for the first time in 1997 (FAO 

1998). The expansion of cultured fish is expected to continue as new innovations lead to 

the production of better, less costly fish to meet market demands (FAO 1998). 

2.1.2 The Rainbow Trout 

After carp, rainbow trout is probably the species of fish cultured for the longest 

time (GaI11992). Prior to 1989, the rainbow trout were considered to be part of the trout 

genus Sa/rno gairdneri. They are now classified as a member of the Pacific salmon 
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Table 2.1 Species of salmonids important for aquaculture 

Oncorhynchus spp. 
o. clarki 
o. gorbuscha 
o. keta 
o. kisutch 
o. masou 
o. mykiss 
o. nerka 
o. rhodurus 
o. tshawytscha 

Salmo spp. 
S. salar 
S. trutta 

Salvelinus spp. 
S. alpinus 
S. fontinalis 
S. malma 
S. namaycush 

Source: Groot 1996 

Pacific salmon and Pacific trouts 
cutthroat trout 
pink salmon 
chum salmon 
coho salmon 
masu salmon 
rainbow trout and steelhead 
sockeye salmon 
amago salmon 
chinook salmon 

Trouts 
Atlantic salmon 
brown trout or sea trout 

Charrs 
Arctic charr 
brook charr or brook trout 
Dolly Varden charr 
lake charr or lake trout 
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family Oncorhynchus mykiss (Groot 1996). There are two forms of rainbow trout - the 

anadromous steelhead trout, and the non-anadromous rainbow trout. Any strain of 

rainbow trout is capable of adapting to salt water conditions if the need arises (Gall 

1992). However, there are differences in the level of performance in salt water based on 

genetic predisposition of the strains. 

2.1.2.1 Geographical Distribution 

The original habitat range of the rainbow trout was the Pacific coast of Asia 

(Kamchatka trout) and North America, with some populations reaching the eastern slope 

of the Rocky Mountains in Canada (MacCrimmon 1971). For many years the rainbow 

trout native to North America (Salmo gairdneri) was thought to be a different species 

than the trout native to Kamchatka (Sa/mo mykiss), but they are now considered to be the 

same species. 

Salmonids, particularly rainbow trout, are renown for their adaptability. Of the 

salmonids cultured, rainbow trout exhibit the greatest geographical range. They spawn in 

water temperatures from 2-15°C and grow in temperatures from 6-25°C. Rainbow trout 

are cultured in 48 countries with France, Chile, Denmark and Italy being the top four 

producing countries (Rana 1995). 

2.1.2.1 Life History 

Under natural conditions trout are coldwater, carnivorous fish. They are primarily 

bottom feeders with their diet consisting of invertebrates including plankton, crustaceans, 

insects, and fish eggs. Rainbow trout spawn from October to April depending on the 

strain of fish. Females deposit between 500 and 2500 eggs in gravel nests called redds. 

After hatching, the fry are negatively phototaxic and stay hidden in the gravel until their 

yolk sac is absorbed (Helfinan et al. 1997). Male trout mature around two to three years 

of age while female fish mature a year later. Rainbow trout can live up to three or four 

years in lakes or streams where they.reach weights of eight kilograms. Steelhead trout 

mature slightly later and live from six to eight years in saltwater where weights of up to 

16 kilograms can be achieved. 
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2.1.2.2 Culture Systems 

Ninety eight percent of trout landings (cultured and captured landings combined) 

are from cultured origin (Rana 1995). Fanning systems for rainbow trout are similar 

throughout the world. Fish are usually reared in earthen or concrete raceways with the 

stocking density dependent on water quality and water flow. Hatching of eggs occurs 

indoors utilizing upwelling water with hatching success often being 95%. As the fry grow 

they are sorted according to size and moved to tanks, with outdoor raceways being 

stocked with fish seven to ten centimeters in length. 

North America, Britain, Denmark, France and Italy raise trout solely in freshwater 

systems. European countries harvest fish weighing one to two kilograms while the United 

States harvest trout at 600 grams (Hardy et aI. 1999). Trout meat is expected to be white 

in the Uniteq States, and as a result, trout diets are not supplemented with the carotenoid 

pigments normally used for salmon rations. Chile, Norway, Sweden and Finland culture 

trout in freshwater and then transfer the fish to marine cages for grow-out. Rainbow trout 

are harvested at a weight of three to five kilograms in these countries (Hardy et al. 1999). 

Trout raised in Europe and Chile are fed diets supplemented with astaxanthin (from krill, 

yeast or algae sources) or cantaxanthin (a chemically produced pigment source) to 

produce a red coloured fillet. 

2.1.3 Future Developments in Aquaculture 

2.1.3.1 State of Fisheries Resources 

The FAD (1998) predicts that supply of capture fisheries - both marine and inland 

landings - will not increase in the future. The decline in wild fish stocks is a result of 

overexploitation of wild populations, environmental damage due to human activity, as 

well as natural events such as EI Nino affecting the availability of pelagic species used 

for the production of fishmeal and fish oil (FAD 1998). 

Aquaculture has been one of the fastest growing food production systems in the 

world, with an average annual growth rate of 9.4% (GECD 1997). From 1984 to 1994 

total world aquaculture production more than doubled by weight and tripled in value 

(DECD 1997, FAG 1998). Even with this phenomenal growth rate the aquaculture 

industry is expected to continue to grow as production and marketing skills improve 
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worldwide. However, this growth is expected to proceed at a slower rate than was 

experienced over the past ten years (FAO 1998). 

2.1.3.2 Demand for Fish and Fish Products 

The consumption of cultured fish products has increased significantly over the 

past five years in the United States (Aquaculture Outlook 1999). Demand for fish and 

fish products is determined by consumer numbers, eating habits, disposable income, and 

by the price of the fish (FAO 1998). Growing awareness of the health benefits of eating 

fish, efforts to open new markets, and the development of novel products has increased 

per capita consumption of seafood products. In addition, the harvesting of nutraceutical 

products from cultured species, is expected to increase with a growing interest in 

alternative health care (Molyneaux and Lee 1998). 

2.1.3.3 Addressing Environmental Concerns 

The sustainability of intensive aquaculture activity is receiving increasing 

scrutiny. There has been much debate regarding environmental concerns associated with 

intensive rearing of fish. Water flowing from fish farming areas is enriched with nutrients 

from uneaten food and feces which impact detrimentally on local environments. Danish 

and American fishfarmers must comply with strict regulations restricting the amount of 

total phosphorus that can be discharged into the water (Hardy 1999). The extensive use of 

antibiotics to control diseases, which are prevalent when fish are reared in high density 

situations, is also a concern (FAO 1998). Consideration must also be given to the 

sustainability of carnivorous fish production, due to its reliance on fish meal, a finite 

resource, as the main protein source for feeds. 

These concerns are being addressed with research into the production of 

environmentally friendly aquafeeds which reduce the amounts of nitrogen, phosphorus 

and fibre excreted by fish and thereby reduce pollution in rearing water. Advances in 

nutrition, genetics, disease control and technological advances in equipment needed for 

intensive culture systems will be necessary for the aquaculture industry to sustain and/or 

increase in future years. 
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2.2 Considerations in Aquafeed Production 

There are several factors, unique to aquatic environments, that must be 

considered in the formulation and processing of aquafeeds. Aquafeeds must not only 

meet the nutrient requirements of the fish but must also maintain an environment 

conducive for a high level ofproduction. One important factor is the effect environmental 

conditions have on fish metabolism and nutrient requirements. Temperature is the most 

important environmental determinant of feed conversion, growth, and metabolite 

production (Barton 1996). Other parameters such as oxygen concentration, salinity, pH, 

ammonia levels and turbidity levels are considered limiting factors (Barton 1996). 

The method of presentation of the feed to the fish is a second factor unique to 

aquafeeds. Feed that is not consumed immediately is susceptible to nutrient loss, 

ultimately affecting growth performance of the fish. Small feed particles, from feed not 

ingested or disintegrated pellets, decrease water quality. To minimize these undesirable 

effects commercial feeds are normally extruded (Hardy 1999). Extruded feeds form a 

more durable pellet due to the almost complete gelatinization of the starch component 

which results in fewer fines and longer water stability than conventionally pelleted feeds. 

2.2.1 Nutrient Requirements of Fish 

Nutritional requirements of fish do not vary greatly among species (Lovell 1998). 

Where differences do occur, such as in requirements for essential fatty acids, sterols, and 

the ability to assimilate carbohydrates, they exist primarily between marine and 

freshwater species, warm and coldwater species, or between finfish and crustacean 

species (Lovell 1998). 

2.2.1.1 Energy 

A key difference in fish metabolism compared with land animals is the efficiency 

of energy use in fish, which are poikilothermic, as opposed to homeothermic mammals 

(Steffens 1989, De Silva and Anderson 1995, Lovell 1998). Maintenance energy, 

required to maintain functions of the body that are essential to life, consists of energy for 

basal metabolism, thermoregulation and involuntary or resting activity (Cho et al. 1982). 

Fish do not maintain a constant body temperature, hence maintenance requirements are 
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10 to 30 times lower than those of mammals (Cho et al. 1982). Fish have the added 

advantage of living in water where the energetic cost of maintaining body position is low 

(De Silva and Anderson 1995). Factors which affect the basal metabolic rate of fish 

include body size, oxygen availability, environmental temperature, osmoregulation, level 

of stress, and the physiological state of the fish (De Silva and Anderson 1995, Mommsen 

1998). 

In addition to having a lower maintenance requirement, fish also have a lower 

heat increment. Heat increment is defined as the increase in heat production following 

feed ingestion. This heat increment arises from the digestion and absorption processes, 

transformation and interconversion of food substrates, and the formation and excretion of 

metabolic wastes (Cho et al. 1982). A major component of the heat increment involves 

the deamination and excretion of ingested amino nitrogen not used for growth (Cho and 

Kaushik 1990). In mammals and birds, the heat increment of feeding is greater for high 

protein diets than for low protein diets due to the deamination of amino acids and the 

need to detoxify the ammonia by synthesis of urea or uric acid (Cho et al. 1982). Urea 

and uric acid must also be concentrated in the kidneys, which further increases the heat 

increment. In contrast, ammonia is the primary waste product of protein catabolism in 

fish and this waste product is excreted directly through the gills (Cho and Kaushik 1990). 

Cho et al. (1982) estimated that the heat increment for rainbow trout at a temperature of 

15°C was approximately five to fifteen percent of the gross energy consumed in the diet, 

and decreased as the ratio ofprotein to energy decreased. 

Fish, like other animals, eat to satisfy their energy requirement. However, protein 

and lipid are the principal energy sources in the diet of salmonid fishes. Approximately 

50% of dietary protein is used for energy (Cho 1990). Carbohydrates contribute only a 

small fraction of the natural diet of salmonid fishes and, therefore, are not preferentially 

used as an energy source. 

Dietary energy requirements depend on fish size, or age, and on the growth rate. 

The maintenance energy requirement per kilogram body weight is higher for small fish in 

relation to large fish (DeSilva and Anderson 1995). However, the energy cost of growth 

or fattening is higher for large fish compared with small fish (18 MJ for 5 kg fish, 10 MJ 

for fry) (Cho 1992). The optimal energy to protein ratio in fish (8-10 kcal digestible 
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energy per gram of protein) reflects the lower energy cost of protein gain in relation to 

other animals (14-20 kcal digestible energy per gram of protein), which translates into 

superior feed conversion ratios (Cho and Kaushik 1990). 

2.2.1.2 Protein 

The protein content of fish diets is substantially higher than terrestrial 

vertebrates, and can range from 25 to 50% of the diet. Because of this, it is generally 

considered that fish require more protein for maintenance and growth than terrestrial 

animals. Fish and terrestrial vertebrates have about the same absolute protein 

requirement, but there are differences in the relative protein concentration in the diet 

required for maximum growth rate (Bowen 1987). Because of the lower energy 

requirements of fish, the protein requirement, as a percentage of the diet, is higher. 

Much research has been conducted over the past fifty years on the gross protein 

requirement of salmonids and the factors that affect this requirement. There are four 

factors that influence protein utilization by fish (Steffens 1981). The first factor is the 

type of fish. While it is generally agreed that most species have similar protein growth 

efficiencies, there are genetic differences among strains (Bowen 1987). Significant 

differences in the chemical composition of the body, as well as in protein digestibility, 

were found among different families of rainbow trout (Austreng and Refstie 1979). 

The size of the fish is a second factor that impacts protein utilization. Like 

terrestrial species, the protein requirements of fish decrease with increasing body size and 

age (Cowey 1994). Fry require 45 to 50% dietary protein, fingerlings or juvenile fish 

require 40%, and older fish require about 35% dietary protein (Halver 1996). 

Water quality is a third factor affecting protein utilization. Temperature, oxygen 

level, pH, and ammonia level have been shown to alter the physiological state of fish, 

which in turn affects the metabolism and utilization ofnutrients (Mommsen 1998). 

A final factor that affects protein utilization is the composition of the diet. 

Important considerations are the quality and quantity of protein, the dietary energy 

content and the energy source of the diet (Steffens 1981). The ratio of digestible protein 

to digestible energy in the diet is especially significant (Cho 1992). The amount of 

protein retained and the amount of protein lost as nitrogenous waste - through the gills 

12



(>80%) or urine and feces «20%) - depends upon the biological value (or amino acid 

balance) and digestibility of the protein, as well as the digestible energy content in the 

diet. Current recommendations for grow-out salmonid diets are a digestible protein level 

of 35-45%, 15-17 MJ/kg of digestible energy, with a dietary digestible protein:digestible 

energy ratio of22-25 g/MJ (Cho and Cowey 1991). 

2.2.1.2.1 Amino Acid Requirement 

The amino acid composition of the whole fish closely resembles the profile of 

amino acids required for maximum growth (Wilson and Halver 1986). All finfish studied 

to date require the same ten amino acids considered essential for other animals - arginine, 

histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, 

and valine (NRCINAS 1993). Table 2.2 lists the recommended level of essential amino 

acids to be included in trout diets. Arginine is required at a higher level for fish than for 

mammals due to the fact that arginine is a byproduct of the ornithine cycle when urea is 

synthesized (Lovell 1998). Since fish do not produce urea, arginine must be included in 

the diet at a higher rate. 

Deficiencies of the essential amino acids result in reduced performance rather than 

specific pathologies - with the exception of a deficiency of tryptophan or methionine 

(Wilson and Halver 1986, Cowey 1994). A deficiency of tryptophan can lead to scoliosis, 

cataracts, and caudal fin erosion, while a dietary deficiency in methionine will lead to 

cataracts in rainbow trout (Cowey 1994). 

There is some controversy regarding the benefit of amino acid supplementation of 

trout diets where plant protein sources totally, or partially, replace protein from fish meal. 

Proteolytic activities in the stomach, intestine, and pyloric caeca of trout fry are weak in 

comparison to older fish, and small trout fingerlings have demonstrated greater sensitivity 

to trypsin inhibitor present in many plant materials (Murai 1992). This led Murai (1992) 

to conclude that rainbow trout fry (less than 5 g body weight) do not respond to amino 

acid supplementation, whereas fingerlings (8.9 g and larger) and older trout respond 

positively. 
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Table 2.2 Amino acid requirements of rainbow trout compiled fro~ an 
assessment of published data 

Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine + Cystine 
Phenylalanine + TYrosine 
Threonine 
Tryptophan 
Valine 

Source: Cowey 1994 

Percent of diet 
1.45 
0.65 
0.85 
1.35 
1.75 
0.95 
1.75 
0.75 
0.20 
1.15 
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2.2.1.3 Lipid 

Salmonid fish require 15 to 20% lipid in their diet (Cho 1990). Carnivorous species 

require higher lipid levels than non-carnivorous species because of their poorer ability to 

utilize starch as an energy source (DeSilva and Anderson 1995). Diets are formulated to 

the optimal digestible protein to digestible energy ratio for the species considered, and 

include an adequate level of lipid to minimize protein being metabolized for energy. The 

optimal digestible energy level in the diet of rainbow trout is 15-17 MJ/kg, with 22-25 g 

digestible proteinlMJ digestible energy (Cho 1990, Cho and Cowey 1991). Too much 

dietary lipid can result in excessive fat deposition in the visceral cavity and tissues, which 

can ultimately adversely affect yield, product quality and storage stability (Wilson 1995). 

2.2.1.3.1 Fatty Acid Requirement 

Fish have requirements for particular fatty acids in addition to total fat. Essential 

fatty acids are important structural constituents of cell membranes, and salmonids have a 

unique requirement for the maintenance ofmembrane fluidity in cold water environments 

(NRCINAS 1993). Essential fatty acids are necessary for reproduction and early larvae 

development (Wilson 1995, Sargent et ale 1999). Eicosanoids are paracrine hormones that 

. are formed from C20 polyunsaturated fatty acids (PUFA) (Ackman and Kean-Howie 

1995, Sargent et al. 1999). Eicosanoids are especially important in species which undergo 

stressful transitions during their Iifecycle, as in the case of salmonids which undergo 

smoltification and migration (Cho and Cowey 1991, Sargent et al. 1999). 

Not only the quantity but also the quality of lipid is important in fish diets. All 

fish species, like other vertebrates, require linoleic acid and linolenic acid (Beitz 1993b). 

Fish species vary in their ability to chain elongate and desaturate linoleic and linolenic 

acids to PUFA, notably docosahexaenoic acid (DHA 22:6n-3), eicosapentaenoic acid 

(EPA 20:5n-3) and arachidonic acid (AA 20:4n-6). The long chain PUFAs are referred to 

as highly unsaturated fatty acids (HUFA) because they contain 20 or more carbon atoms 

and three or more double bonds. 

The lipids in aquatic ecosystems, particularly marine environments, are 

predominantly long chain HUFA that originate in phytoplankton at the base of the food 

web (Halver 1989, Ackman and Kean-Howie 1995). The long chain HUFA are retained 
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as they move through the various tropic levels. Twenty percent of marine phytoplankton 

dry weight is lipid, with 50% of this as long chain HUFA (Halver 1989). In contrast, 

freshwater algae are more abundant in linolenic acid. In their natural habitat, freshwater 

fish ingest large quantities of aquatic insects which contain high amounts of EPA (Halver 

1989). Fish reared in intensive systems do not have access to sufficient natural sources of 

HUFA. As a result, marine fish oils are always included in aquafeeds. 

The essential fatty acid requirements differ according to an individual species' 

ability to synthesize HUFAs from linoleic and linolenic acids (Wilson 1995). There are 

important differences in the essential fatty acid requirement of wannwater, coldwater, 

and marine and freshwater fishes. Freshwater fish require linoleic acid and linolenic acid. 

However, they are capable ofproducing DHA and EPA from linolenic acid, and AA from 

linoleic acid (Ackman and Kean-Howie 1995). Marine fishes are unable to convert 

linoleic and linolenic acid to HUFA in sufficient quantity and, as a result, AA, EPA, and 

DHA are dietary essential fatty acids (Sargent et al. 1999). 

Rainbow trout require 0.8% linolenic acid for optimal growth (NRC/NAS 1993). 

However, since the essential fatty acid requirement increases with the lipid in the diet, the 

linolenic acid requirement is preferably expressed as 20% of total dietary lipid (Wilson 

1995). It is not known whether linolenic acid conversion to HUFA is sufficient in rapidly 

growing salmonids (Ackman and Kean-Howie 1995). Therefore, it is recommended for 

rainbow trout that 10% of total dietary lipid be n-3 HUFA (Wilson 1995). 

The quality of the marine oil is very important because it is included in the diet at 

high levels. HUFAs are very susceptible to oxidation and rancidity (DeSilva and 

Anderson 1995). Rancid lipid destroys fat soluble vitamins and can interact with protein 

to decrease its nutritional value (Cho 1990). Rainbow trout are very susceptible to lipoid 

liver degeneration, which results from ingestion of rancid lipid sources (Cho 1990). 

Rainbow trout can recover from lipoid liver disease, but they never regain former feed 

efficiencies. 

2.2.1.4 Carbohydrate 

Carbohydrate is not a required nutrient in the diet of salmonid fish (Walton and 

Cowey 1982). Glucose needs may be met through gluconeogenesis; the activity of 
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gluconeogenic enzymes is higher for trout which receive a protein-rich diet than for fish 

which consume a carbohydrate-rich diet (Steffens 1989). Furthermore, energy 

requirements are preferentially met through protein and lipid catabolism (Steffens 1989, 

De Silva and Anderson 1995, Lovell 1998). However, the inclusion of limited 

carbohydrate in the diet of salmonids is desirable because of its low cost and its ability to 

spare protein for growth (Pieper and Pfeffer 1980a). In addition, carbohydrate is a useful 

binding agent in the preparation ofwater stable diets (De Silva and Anderson 1995). 

Carbohydrate utilization differs among fish species (Wilson 1994). Warmwater 

omnivorous or herbivorous species, such as carp, tilapia, channel catfish and shrimp, 

utilize carbohydrate reasonably well since their natural diet often consists of a large 

proportion of carbohydrate. Carnivorous fish ingest very little carbohydrate in their 

natural diet and generally utilize protein and lipid to meet their energy requirement. 

Carbohydrates in fish nutrition may be discussed in terms of monosaccharides, 

oligosaccharides and polysaccharides. The ability to utilize these as a source of 

metabolizable energy depends on several factors: molecular weight, inclusion rate in the 

diet, and the extent of thermal disruption of starch granules. 

2.2.1.4.1 Monosaccharide and Polysaccharide Utilization 

Digestibility of carbohydrates ranged from 100% in the case of monosaccharides, 

to 79% for dextrin, and approached zero in the case of raw starch (Pieper and Pfeffer 

1980a, Spannhof and Plantikow 1983). Fish growth rate corresponded to carbohydrate 

utilization, . decreasing with increasing molecular size (Buhler and Halver 1961). 

Inclusion of 30% glucose for trout promoted superior weight gain, feed conversion and 

protein efficiency, but also increased fat deposits in the viscera and glycogen level in the 

liver (Bergot 1979). While lactose, glucose, sucrose and gelatinized starch were equally 

effective in increasing weight gain of rainbow trout, sucrose and gelatinized maize starch 

resulted in higher efficiencies of energy use (similar to a lipid source) in sparing dietary 

protein (Pieper and Pfeffer 1980a). 

Polysaccharides fulfill two functions in plants and animals: structural (cellulose, 

hemicellulose, pectic substances, chitin) or storage (starch, glycogen). Salmonids 

encounter very little fibre in their natural diet. Like other monogastric animals, dietary 
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fibre is indigestible to fish, although some fish secrete chitinase to break down chitin 

from the exoskeletons of crustaceans and insects (Helfman et aI. 1997). Fibre has no 

functional value in aquafeeds except to control the rate of movement of ingesta through 

the digestive tract (Hilton et al. 1983). Insoluble fibre (lignin, cellulose, pectic 

substances) increases gut transit rate of feed and inhibits digestion of nutrients, while 

soluble fibre (hemicellulose, pentosans) slows the passage of chyme and inhibits 

digestive enzymes (Mwachireya et aI. 1999). Dietary fibre levels greater than 8-10% 

depress growth and nutrient digestibility (Hilton et al. 1983). 

2.2.1.4.2 Starch Digestion 

As interest in the utilization ofplant proteins in saImonid diets increases, research 

has focused on the ability of fish to utilize starch because of its occurence in many cereals 

and legumes. Starch digestibility depends on starch type, treatment, and dietary level 

(Bergot and Breque 1983, Pfeffer et al. 1991, Pfeffer 1995). 

2.2.1.4.2.1 Effect of Hydrothermal Treatment 

Hydrothennal treatment of starch resulted in increased digestibility (Bergot and 

Breque 1983, Kim and Kaushik 1992). Native starch resists hydrolysis by a-amylase and 

dextrins are released slowly. With starch granule disruption, a-amylase hydrolysis occurs 

much more rapidly and overall starch digestion is enhanced (Bergot and Breque 1983). 

Raw starch adsorbs amylase such that endogenous protein loss is also increased. Raw 

starch increased the intestinal passage rate of chyme, thus reducing absorption time 

(Spannhof and Plantikow 1983). In contrast, inclusion of soluble starch products 

increased the volume of intestinal juices and allowed prolonged amylase activity 

(Spannhof and Plantikow 1983). 

Hydrothermal treatment of starch results in a corresponding improvement in 

growth performance (Bergot 1979, Hilton et aI.1981, Kaushik and de Oliva-Teles 1985, 

Kaushik et al. 1989, Pfeffer et al. 1991). Rainbow trout fed a diet containing 20% 

digestible carbohydrate had superior weight gain and feed conversion compared to trout 

fed a raw starch source, with protein efficiency ratio and protein retention efficiency 

being greatest when 30% digestible carbohydrate was utilized (Kaushik and de Oliva
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Teles 1985, Kim and Kaushik 1992). Kaushik et al. (1989) concluded that levels of up to 

30% of extruded cereals and extruded starch did not adversely affect growth of rainbow 

trout. 

2.2.1.4.2.2 Effect of Dietary Level of Starch 

Because digestive capacity is challenged, the digestibility of gelatinized cereal 

and legume starch does not remain constant as dietary levels vary. Pfeffer (1995) 

reviewed research on the effect of inclusion levels of starch on digestibility in rainbow 

trout and concluded that as dietary levels increased, digestibility of the starch fraction 

decreased. An inclusion level of up to 20% digestible carbohydrate is considered 

acceptable for marine and coldwater fish whereas higher levels (30-40%) are acceptable 

for freshwater and warmwater fish (NRC/NAS 1993, DeSilva and Anderson 1995). 

2.2.1.4.2.3 Effect of Level of Feed Intake 

The digestibility of cooked starch relates to the level of feed intake (Bergot and 

Breque 1983, Pfeffer et al. 1991). Reducing feed intake increased the digestibility ofboth 

raw and gelatinized starch. Feeding to satiation yielded the maximum digestible energy 

per unit time, while feeding at a restricted level maximized digestible energy in terms of 

gross energy utilization (Pfeffer et al. 1991). 

2.2.1.4.3 Glucose Metabolism 

Blood glucose levels following ingestion of raw starch were identical to those 

measured after ingestion of a protein-rich diet (Spannhof and Plantikow 1983). 

Substantially higher glucose levels occurred with more digestible forms of carbohydrates 

(Spannhof and Plantikow 1983, Kaushik and de Oliva-Teles 1985, Kaushik et al. 1989). 

Monosaccharides may have a deleterious physiological effect due to the sudden influx of 

glucose, compared to a more even influx with di- or polysaccharides (Pieper and Pfeffer 

1980a). 

The utilization of glucose during metabolism occurs very slowly in fish (Higgs et 

al. 1995b). Plasma glucose levels rise quickly and remain high for many hours compared 

with mammals (Walton and Cowey 1982), despite the fact that plasma insulin 
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concentration in fish tends to be higher than in mammals (Mommsen and Plisetskaya 

1991). Insulin secretion in response to glucose is not impaired in fish, although amino 

acids, particularly lysine and arginine, are more potent stimulators of insulin secretion 

than is glucose (Mommsen and Plisetskaya 1991). However, insulin receptor numbers 

and the quantity of insulin bound in fish skeletal muscle is much lower than in 

mammalian muscle (Parrizas et al. 1994). A comparison of omnivorous fish species 

(carp) with carnivorous fish species (trout) revealed that omnivorous fish have more 

numerous insulin receptors, with higher tyrosine kinase activity, than do carnivorous 

species, leading to an improved tolerance for carbohydrates in the diet (Parrizas et al. 

1994). Although salmonids have fewer insulin receptors, it has been proposed that trout 

skeletal white muscle insulin and IGF-I receptors increase in number in response to 

highly digestible, carbohydrate-rich diets (Banos et al. 1998). However, Higgs et al. 

(1995b) caution against utilization of diets high in digestible carbohydrate content (>200 

g kg-I) for salmonids, since high plasma glucose levels enhance somatostatin release 

which, in tum, inhibit insulin release and may lead to non-insulin-dependent diabetes 

mellitus, where tissues become desensitized to insulin. 

2.2.1.5 Vitamins 

Fifteen vitamins, eleven water soluble and four fat soluble vitamins, are required 

in the diet by some, but not all, fishes (De Silva and Anderson 1995, Lovell 1998). Fish, 

like other animals, are capable of synthesizing many vitamins depending on the 

microflora present in the gut (Ewan 1993). One notable exception is vitamin C. Fish lack 

the enzyme necessary for synthesis of vitamin C from glucose (Lovell 1998). Three 

vitamins, vitamin C, inositol and choline, are generally required in larger quantities 

(Steffens 1989). Quantitative requirements of vitamins depend on the type of culture 

system utilized and on the growth rate of the fish. Table 2.3 lists the dietary requirements 

and the vitamin deficiency signs in salmonids. 
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Table 2.3 Vitamin requirements and deficiency signs in rainbow trout 

Vitamin Requirement Deficiency sign 
(per kg of diet) 

A 2,500 ill Skin depigmentation, corneal thinning, retinal degeneration, 

edema, ascites 

D 2,400 ill Impaired calcium homeostasis, tetany of skeletal muscle, 

increase in liver lipid 

E 50 ill Skin depigmention, ascites, muscular dystrophy 

K R Prolonged blood clotting, anemia, hemorrhagic gills and 

eyes 

Thiamin 1 mg Nervous disorder, loss of equilibrium, hyperirritability, 

convulsions 

Riboflavin 4 mg Lethargy, dark pigmentation, spinal defonnities, 

photophobia, corneal vascularization 

Pyridoxine 3 mg Nervous disorder, convulsions, hyperirritability, erratic 

spiral swimming 

Pantothenic 20 mg Clubbed gills, distended operculum, atrophied pancreatic 

acid acinar cells, mortality 

Niacin 10 mg Skin, fin and colon lesions, photosensitivity, sunburn, ascites 

Biotin 0.15 mg Degenerative gill lamellae, skin lesions, muscle atrophy, 

spastic convulsions 

Folic acid 1 mg Lethargy, slow growth, dark skin, anemia, binucleated 

erythrocytes 

B12 0.01 mg Microcytic hypochromic anemia, fragmented erythrocytes 

Choline 1,000 mg Fatty liver, extended abdomen, hemorrhagic kidney and 

intestine 

Inositol 300 mg Dark skin coloration, distended abdomen, anemia, rm 
erosion 

Ascorbic acid 50 mg Intramuscular hemorrhage, distorted gill filaments, lordosis, 

scoliosis, ascites 

Source: NRCINAS 1993, Lovell 1998. R = required but level unknown. 
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The primary processing technique used in the preparation of salmonid feeds is 

extrusion (Hardy 1999). Moisture, temperature and shear forces involved in the 

conditioning and extrusion process are extremely harsh and destructive to vitamin K, 

thiamin, folic acid, vitamin C and the carotenoids (Anderson 1999, Marchetti et al. 1999). 

Research into replacing the commonly used crystalline form of some vitamins with other 

forms such as adsorbates, beadlets, spray-dried forms, and agglomerates has led to higher 

retention values and, therefore, lower inclusion levels within the diet (Anderson 1999). 

Marchetti et al. (1999) found that fat-coated forms of water soluble vitamins greatly 

reduced losses from pelleting, extrusion and leaching in water and led to significant 

savings in aquafeed formulations. 

2.2.1.6 Minerals 

Fish are unique In regards to mineral nutrition because many minerals are 

absorbed across gill membranes and skin (Steffens 1989). There is no dietary need for 

calcium because it is supplied in sufficient quantities from the water - whether salt water 

or fresh water (Lovell 1998). Osmoregulatory functions may influence mineral 

requirements. Sodium, potassium and chloride are involved in osmoregulation within and 

between tissues in fish (Halver 1996). Supplementation with sodium and potassium salts 

may assist with smoltification in anadromous salmonids (Halver 1996). Table 2.4 lists the 

mineral requirements and deficiency indications for rainbow trout. 

Environmental concerns have often focused on the excess level of phosphorus in 

aquacultural effluent water, which can lead to excessive aquatic weed and algal growth. 

Fish meal, made from whole fish, is a rich source of phosphorus (from bone), supplying 

levels in excess of the mineral requirement for trout. The overall phosphorus content of 

plant feedstuffs is low in comparison to fish meal and is, therefore, of potential benefit 

(NRC/NAS 1993). There is concern, however, over the low availability of dietary 

phosphorus because the phosphorus is present mainly as phytic acid phosphorus in plant 

material. Recent studies have demonstrated that phosphorus output can be reduced by 

partial replacement offish meal with low-phosphorus plant protein feedstuffs (Kaushik et 
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Table 2.4 Mineral requirements and deficiency signs in rainbow trout 

Mineral Requirement Deficiency sign 
(per kg ofdiet) 

Macrominerals: 

Calcium NR Reduced growth 

Chlorine 9000mg 

Magnesium 500mg Cataracts, degeneration of muscle fibers and 

epithelial cells of intestine and gill filaments, 

skeletal deformities 

Phospho~s 6000mg Reduced growth, poor bone mineralization 

Potassium 700mg Anorexia, convulsion, tetany 

Sodium 6000mg 

Microminerals: 

Copper 3.0 mg 

Iodine 1.1 mg ThYroid hyperplasia 

Iron 60 mg Anemia 

Manganese 13 mg 

Selenium 0.3 mg Muscular dystrophy, reduced glutathione 

peroxidase activity 

Zinc 30 mg Reduced growth, short-body dwarfism, fin 

erosion 

Source: NRCINAS 1993, Lovell 1998. 

NR = dietary calcium not required unless water is unusually low in calcium; 
E = estimated. 
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al. 1993), utilization of low-phytate grains (Sugiura et al. 1999), and feed treatment with 

phytase (Hardy 1999). 

2.2.2 Utilization of Plant Protein Sources 

In the very early days of intensive trout reanng, feeds were made from 

slaughterhouse byproducts and dairy and food processing wastes, and fashioned into wet 

clumps or noodles. As production increased and nutrient requirements were refined, fish 

meal became the primary dietary ingredient due to its high protein level, excellent amino 

acid balance, high digestibility, and high palatability (Hardy 1999). 

The average percentage of fish meal used in trout grow-out feeds in 1975 was 

40% (Hardy 1999). The crash of the Peruvian fish meal industry in the 1970s led to 

massive research efforts into finding alternative protein sources for fish feeds due to 

greatly inflated fish meal prices (Hardy 1999). The research emphasis in these years was 

directed towards creating cheaper aquafeeds. Today, fish meal levels in trout feeds have 

dropped to 30% and levels of25% are expected to be common shortly (Hardy 1999). 

Renewed efforts aimed at reducing fish meal content are once again evident 

(Hilton and Slinger 1986, Dabrowski et al. 1989, Gouveia et al. 1991, Kaushik et al. 

1995, Teskeredzic et al. 1995, Stickney et al. 1996, Allan 1997, Adelizi et al. 1998). 

Today, the emphasis is not so much on producing cheaper feeds, but rather on addressing 

environmental concerns by producing sustainable, low polluting feeds that do not rely on 

a single, finite protein source such as fish meal. Ideally, alternative protein sources must 

be palatable, have a high protein content with an amino acid profile properly suited to 

maximize fish growth, be highly digestible, contain low fibre levels and low phytic 

phosphorus, have low levels of antinutritional factors, and be economically competitive 

on a price per unit protein basis. 

2.2.2.1 Soybean Products 

As is the case for animal feeds in general, soybean meal (Glycine max) is a 

primary plant protein source utilized in aquafeeds (Dabrowski et al. 1989, Refstie et al. 

1999). It is widely available and has an acceptable amino acid profile for meeting the 

essential amino acid requirements of fish (Lovell 1998). Dehulled, solvent extracted, 
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toasted soybean meal typically contains 48.5% crude protein (NRC/NAS 1993). There 

has been interest in using soybean protein concentrates and soybean isolates for 

aquafeeds due to their higher protein levels, and reduced levels of oligosaccharides, fibre, 

and other antinutritional factors (Kaushik et ale 1995, Adelizi et al. 1998, Refstie et al. 

1999). Soybean protein concentrates contain a minimum protein level of 65% (DM 

basis), while soybean isolates contain a minimum of 90% crude protein. (DM basis) 

(Refstie et al. 1999). 

2.2.2.1.1 Amino Acid Prorde 

Soybean meal has been the primary plant protein utilized in aquafeeds, although 

the amino acid profile is acceptable, it is not particularly well suited to the needs of 

salmonid fish relative to other plant protein sources (Tacon and Jackson 1985). 

Methionine is the first limiting amino acid in soybean meal (Gupta 1983). Absorption of 

methionine, leucine and threonine was demonstrated to decrease with increasing levels of 

soybean meal in the diet of rainbow trout fry (Dabrowski et al. 1989). Trout fry showed 

no response to amino acid supplementation of soybean meal-based diets, but fingerling 

trout responded positively to methionine, leucine, lysine, valine, and threonine 

supplementation (Rumsey and Ketola 1975, Marui 1992). 

2.2.2.1.2 Antinutritional Factors 

Several antinutritional compounds occur in soybeans. These include protease 

inhibitors, Iectins, oligosaccharides, saponins, glycinin, f3-conglycinin, and phytate 

(Liener 1994). 

Trout pancreatic proteases are more sensitive to protease' inhibitors than those of 

mammals or birds (Dabrowski et ale 1989, Rumsey et al. 1993). Researchers assumed that 

fish responded to increased levels of protease inhibitors by increased pancreatic secretion 

and increased levels of intestinal protease secretion, as in mammals (Cheeke 1998). 

Dabrowski et al. (1989) measured chymotrypsin secretion activity and observed that 

pancreatic exocrine function may be significantly impaired in trout that had been 

subjected to long-term feeding of protease inhibitors. It was further suggested that larger 

rainbow trout (33 g) might be better able to utilize soybean meal than fry (1 g). Trypsin 

25



inhibitors below a critical level of 5 mg g-l did not affect fish growth (Rumsey et al. 

1993). 

A reduction in feed intake and growth perfonnance from diets containing high 

levels of soy products was attributed to the saponin content (Bureau et al. 1998). 

Rainbow trout were more tolerant than Chinook salmon to diets where half the fish meal 

protein was replaced with soy products. Feed intake was severely reduced with salmon 

and growth ceased, whereas feed intake was not affected in rainbow trout, although 

growth was still depressed (Bureau et al. 1998). Rainbow trout rapidly adapted to a diet 

in which 60% of fish meal was replaced with soybean meal. Although the initial growth 

rate of trout on the soybean meal diet was lower than that of trout on a fish meal diet, by 

the fifth week, growth rates of the two dietary treatments were similar (Refstie et al. 

1997). 

Oligosaccharides have been implicated in reduced growth perfonnance of fish fed 

soy products (Refstie et al. 1999). However, growth rate and feed conversion for 

conventional soybean meal and ethanol-extracted soybean meal were similar (Rumsey et 

al. 1993). Protein and energy digestibility also did not differ significantly for diets 

utilizing soybean meal, soy flour or soy protein concentrate, indicating that 

oligosaccharides were not a concern (Kaushik et al. 1995). 

Proteins with antigenic potential in soybeans may pose a more serious threat than 

the above antinutritional factors (Rumsey et al. 1993). These antigens cause 

gastrointestinal hypersensitivity reactions and major digestive disturbances in susceptible 

species. Diets composed solely of soy protein stimulated trout nonspecific immune 

mechanisms, which in turn damaged gut and villi morphology, and led to suppressed 

growth, feed conversion and poor nitrogen utilization (Rumsey et al. 1993). 

Plant proteins contain less phosphorus than does fish meal, which is beneficial. 

However, there is concern over the level of phytate phosphorus present (60-70%). Fish 

lack phytase, the enzyme necessary to hydrolyse phytate. Therefore, much of the 

phosphorus is unavailable for utilization (Riche and Brown 1996). It is necessary to 

ensure the minimum phosphorus requirement is met when utilizing significant levels of 

plant protein. 
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2.2.2.1.3 Processing to Reduce Levels of Antinutritional Factors 

Processing techniques that reduce antinutrients in soybean products for use in 

aquafeeds is essential. Toasting of soybean meal, accomplished by controlled 

steamheating, destroys protease inhibitors and lectins and reduces the allergenicity 

associated with glycinin and ~-conglycinin (Lienar 1994). Extracted, heat-treated 

soybean meal, however, retained considerable trypsin and chymotrypsin inhibitor activity 

(Dabrowski et al. 1989). Most other antinutritional factors are heat stable and can reduce 

performance (Lienar 1994). 

Production of soybean protein concentrates and soybean isolate may involve 

extraction with ethanol to remove additional antinutritional factors such as saponins and 

oligosaccharides (Refstie et al. 1999). A comparison of glycinin and ~-conglycinin levels 

in conventional soybean meal, ethanol-extracted soybean meal and alkali-treated (sodium 

hydroxide, pH 10.5) soybean meal revealed that processing treatment had little effect on 

soy antigenicity (Rumsey et al. 1993). Phytase treatment of soybean meal has been used 

to convert undige~ted phytate to available inorganic phosphorus, thereby improving the 

bioavailability of phosphorus and protein as well as reducing phosphorus discharge into 

effluent water by 88%. (Cain and Garling 1995). 

2.2.2.1.4 Digestibility of Soy Products 

Digestibility of the protein from soybean products has been found to be equal to 

(Cho et al. 1974), or superior to, that of protein from fish meal (Oliva-Teles et al. 1994, 

Stickney et al. 1996, Refstie et al. 1997). However, energy digestibility ofplant sources is 

inferior to animal sources, largely due to the starch and fibre components of plant 

ingredients. Rumsey et al. (1993) noted that dietary levels of soy protein greater than 

40% resulted in lower dietary nitrogen and energy digestibility than diets based solely on 

fish meal. Further processing of soybean meal to produce higher protein soy products 

resulted in increased nutrient digestibility in rainbow trout and salmon (Hajen et al. 

1993b, Stickney et al. 1996, Refstie et al. 1999). 
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2.2.2.1.5 Growth Performance of Trout Fed Soy Products 

Many reports have indicated satisfactory growth performance and nutrient 

utilization in rainbow trout fed soy products. Similar or improved growth performance 

resulted from replacement of 20 to 47% of fish meal protein with soybean meal protein 

(Cho 1974, Rumseyet al. 1993, Oliva-Teles et al. 1994). While trout fed a commercial 

diet had superior weight gain and feed conversion compared with diets in which total 

dietary protein came from a mixture of plant proteins, diets with soybean meal or low

allergen soy flour (incorporated at 40% of the diet in combination with com products) 

produced favourable growth and a high efficiency of protein utilization (Adelizi et al. 

1998). However, replacement of 50% fish meal protein with soybean meal protein led to 

inferior performance, and 100% replacement resulted in cessation of growth and high 

mortalities (Dabrowski et al. 1989, Rumseyet al. 1993). 

Equal or superior growth, feed conversion and apparent protein utilization 

resulted from substitution of soy protein concentrate for 33 to 50% of fish meal protein 

(Kaushik et al. 1995, Rumseyet al. 1993, Stickneyet al. 1996). Total replacement of fish 

meal protein with soy protein concentrate produced variable results, ranging from no 

deleterious effect on growth performance or nutrient utilization (Kaushik et al. 1995) to 

slower growth and poorer feed conversion and apparent protein utilization (Rumsey et al. 

1993). 

It is evident that a significant percentage of soybean products may be substituted 

for fish meal in diets fed to rainbow trout. The deficiency of sulfur amino acids and the 

presence of antinutritional factors do not pose problems if soybean products are properly 

heat treated and are not the sole protein source. Rainbow trout, apparently,' are readily 

able to adapt to partial substitution of fish meal with soybean products, without a 

negative effect on feed intake, digestibility or growth. 

2.2.2.2 Canola Products 

Canola is the name given to selected varieties of rapeseed that are low in 

glucosinolates «30 J-lmoles of alkenyl g}ucosinolates per gram of oil-free dry matter of 

seed) and erucic acid «2% of total fatty acids in the oil)(Bell 1993). Canola products 

offer an alternative protein source to fish meal and soybean products in rainbow trout 
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diets. Canola meal, resulting from the solvent extraction of canola oil, is readily available 

worldwide, and has a much lower cost of protein per kilogram than fish meal 

(Mwachireya et al. 1999). The protein content of canola meal is reported as 38% 

(NRCINAS 1993), although typically levels of 34% are encountered. Removal of the 

seed hulls, which remain with the meal after the oil extraction process, and further 

treatment with aqueous methanol/ammonia, ethanol, or acidified water may concentrate 

the protein fraction by 8 to 22% and remove antinutritional factors (McCurdy and March 

1992, Mwachireya et al. 1999). 

2.2.2.2.1 Amino Acid Pronle 

Canola displays a favourable essential amino acid profile for meeting the 

requirements of rainbow trout (Mwachireya et ale 1999). Canola meal and canola protein 

concentrate amino acid profiles are equivalent to herring fish meal and superior to 

soybean meal relative to the requirements of rainbow trout, provided that the amino acids 

are fully available (Higgs et al. I995a). Blending of canola protein with other protein 

sources has been reported to be beneficial in developing complementary sources of 

essential amino acids and phosphorus to best meet trout requirements (Yurkowski et al. 

1978, Forster et ale 1999). 

2.2.2.2.2 Antinutritional Factors 

As with other plant protein sources, canola products contain antinutritional factors 

that may restrict growth performance and protein utilization. The major factors include 

fibre, oligosaccharides, phenolic compounds, phytic acid and glucosinolates (Bell 1993, 

Higgs et ale 1995a). 

Fiber levels are comparatively high in canola meal, three fold higher than in 

soybean meal (Table 2.5). Dietary fiber levels above 10% increase feed intake, gastric 

evacuation time and stomach distensibility in rainbow trout in their attempt to 

compensate for lower energy intake and lower protein and energy digestibility (Hilton 

and Slinger 1986). Canola meal contains soluble sugars (10% of dry matter), cellulose 

(5%), pectins (5%), hemicellulose (3%) and starch «1 %) (Higgs et al.1995a). The 

negative effects of indigestible carbohydrates on the nutritive value of cano1a products 
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Table 2.5 Nutrient analysis, energy content and apparent digestibility 
coefficients (measured with rainbow trout) for fish meal, soybean, 
canola and pea products 

Fish Soybean Soybean Canola Canola Peas 
meal meal protein meal protein (with hull) 
(herring) (dehulled) concentrate (solvent concentrate 

extracted) 
Nutrient analysis (% DM) 

Dry matter 92.0a 93.0a 91.7b 93.0a 96Aa 93.5e 

Crude 72.0 48.5 67.9 38.0 63.0 25.5 
protein 
Lipid 8.4 0.9 0.1 3.8 8.0 1.4 

Crude 0.6 3.4 2.8 11.1 4.7 5.6 
Fiber 
Nitrogen 0.6 3404 33.3 14.8 
free extract 
Ash lOA 5.8 6.3 6.8 5.9 2.9 

Gross 20.5 18.3 18.1 21.4 17.0 
energy 
(MJ/kg) 
Apparent digestibility coefficient (% DM) 

Dry matter 85c 74c 77c 35c 66e 

Crude 92 96 97 77 96d 80 
protein 
Lipid 97 

Gross 91 75 84 45 81 59 
energy 
Digestible 18.8 13.5 1504 8.1 18.2 
energy 
(MJ/kg) 

Source: aRiggs et al. 1994 
bRefstie et al. 1999 
cCho et al. 1982 
dRiggs et al. 1994 (values for Chinook salmon) 
eAllan 1997 
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may be greater than the negative effects of antinutritional factors such as phenolic and 

glucosinolate compounds (Mwachireya et aI. 1999). 

Phenolic compounds, notably sinapine and tannins, also occur in canola 

products. Sinapine, found at concentrations of 0.6-1.8% in canola meal, has a bitter 

flavour and may decrease palatability if canola products are included at high levels (Bell 

1993). Tannins, 1.5-3.0% of canola meal, occur in the seed coat of canola, especially dark 

seed coats (Be111993). Condensed tannins precipitate protein, including both feed protein 

and digestive enzymes (Cheeke 1998). 

Phytic acid content range from 3.1-3.7% in canola meal to 5.3-7.5% in canola 

protein concentrate, while soybean meaI contains only 0.7-1.8% (Higgs et aI. 1995a). 

Due to the ability of phytic acid to complex with proteins at acidic pH and with 

polyvalent cations at intestinal pH, feed and protein utilization may be adversely affected 

and growth depressed (Spinelli et al. 1983, Forster et aI. 1999). Phytic acid has a specific 

effect on fish in that it can lead to increased incidence of cataracts (due to low zinc 

levels) and structural changes in the pyloric ceca of rainbow trout (due to low magnesium 

bioavailability) (Higgs et aI. 1995a). 

While glucosinolate level is considerably reduced in canola relative to rapeseed, 

there is still concern over the effect this factor has on thyroid function, feed acceptance, 

liver and kidney function and growth performance in fish (Hardy and Sullivan 1983, 

Higgs et al. 1983, Hilton and Slinger 1986, Leatherland and Hilton 1988, McCurdy and 

March 1992). Myrosinase, found in the plant seeds, is activated when canola is crushed, 

resulting in the hydrolysis of glucosinolates to yield glucose, isothiocyanate, progoitrin 

(which is converted to goitrin), nitrile and thiocyanate (Bell 1993, Cheeke 1998). 

Application of heat, during the commercial processing of canola, inactivates myrosinase 

and, as a result, the predominant form ofglucosinolate in the meal is the intact compound 

(Campbell and Schone 1998). Intact glucosinolates may be partially hydrolyzed by 

intestinal microorganisms (Bell 1993). The hydrolytic products, isothiocyanate and 

goitrin, affect the thyroid gland where they interfere with iodine uptake by the thyroid, 

iodination of tyrosine, suppression of thyroxine (T4) secretion (which may affect 

metabolic rate) and act as metabolic antagonists to thyroxine in the tissues (Campbell and 

Schone 1998, Cheeke 1998). Nitrile, another hydrolytic product of glucosinolate, affects 
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the liver and kidney, causing lesions, liver necrosis, and poor growth (Cheeke 1998). 

2.2.2.2.3 Processing to Reduce Levels of Antinutritional Factors 

Various chemical and enzymatic treatments can be applied to whole canola seed 

and canola meal to alter protein content and decrease the level of antinutritional factors 

(McCurdy and March 1992, Mwachireya et aI. 1999). Sieving of commercial canola meal 

[36.3% crude protein (CP)] through a 0.425 mm screen reduced crude fiber levels by 

31.6%, cellulose by 16.6%, and hemicellulose levels by 56.4%, although CP content 

(37.1 %) was increased only slightly (Mwachireya et al. 1999). McCurdy and March 

(1992) improved this process by first tempering canola meal to 16% moisture, and then 

sieving the product through a 70 mesh screen. The authors reported a 50% reduction in 

crude fibre level (to 7% CF) and a 16% increase in protein level (to 47% CP) for the 

sieved product. 

Solvent washing of canola meal is effective in removing many antinutritional 

factors and concentrating protein (McCurdy and March 1992). Aqueous 

methanol/ammonia washing of sieved canola meal removed approximately 90% of 

glucosinolates and phenolic compounds, soluble sugars, and oligosaccharides with a 

resulting concentration of protein, phytate and fibre (McCurdy and March 1992, 

Mwachireya et al. 1999). Washing of canola meal with acidified water (pH 4.5) reduced 

glucosinolate and sinapine levels by approximately 40%, and reduced phytate levels 

slightly (McCurdy and March 1992). Ethanol washing of canola meal removed 

glucosinolate (~80%) and sinapine (~90%) but increased phytate levels (~25%)(McCurdy

and March 1992). Washing of sieved canola meal with methanol/ammonia or ethanol was 

the most effective in increasing protein content, while a combination of acid and ethanol 

washing was most effective in removing antinutritional factors (McCurdy and March 

1992). 

Phytate may be reduced significantly by two methods. Teskeredzic et al. (1995) 

and Mwachireya et al. (1999) used phytase to treat canola meal before mixing 

experimental diets, whereas Forster et al. (1999) supplemented the diet with increasing 

increments of phytase. Treatment of canola meal with phytase plus an acidified water 

washing of canola meal used in conjunction with two carbohydrases (to remove 
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oligosaccharides) resulted in almost complete destruction of phytate (Mwachireya et al. 

1999). 

2.2.2.2.4 Digestibility of Canola Products 

Canola protein isolate, prepared by extraction of canola meal with an aqueous salt 

solution, was found to have the lowest level of antinutritional factors and the highest 

nutrient concentration (90.8% CP, 24.4 MJ/kg gross energy) (Mwachireya et aI. 1999). In 

rainbow trout, apparent digestibility coefficients of canola protein isolate for dry matter, 

protein, and gross energy were 77.1, 97.6, and 84.7% respectively (Mwachireya et aI. 

1999). 

Canola protein concentrates (63% CP, 21.4 MJ/kg gross energy) (Higgs et aI. 

1994) contained lower levels of antinutritional factors than did canola meal, with the 

exception of an elevated phytate level (Higgs et al. 1995a). The apparent digestibility 

coefficients for protein (95.6%) and gross energy (80.5%) of canola protein concentrate 

were higher than for canola meal (77% and 45%, respectively) in trout (Cho et al. 1982, 

Higgs et al. 1994). Increasing the level of canola protein concentrate from 25 to 50% of 

the diet, with a relative decrease in the level of fish meal, led to an increase in protein 

digestibility of the diet, suggesting that canola protein was more digestible than fish meal 

protein (Stickney et al. 1996). Forster et al. (1999) also reported a significantly higher 

protein digestibility value for diets with 41.6% canola protein concentrate inclusion 

relative to a diet based solely on fish meal protein. 

Commercial canola meal digestibility coefficients for dry matter, protein and gross 

energy range from 49.8-60.4, 87.1-88.1, and 55.4-75.4%, respectively (Hilton and Slinger 

1986, Mwachireya et al. 1999). The low dry matter digestibility values are attributed to 

the level of fibre in the meal (Higgs et al. 1995a). Solvent washing and enzymatic 

treatments of canola meal reduced dry matter digestibility and energy digestibility (only 

with methanol/ammonia/water washing and carbohydrase treatments), but did not affect 

protein digestibility (Mwachireya et aI. 1999). 

2.2.2.2.5 Growth Performance of Trout Fed Canola Products 

Canola meal can be included at levels up to 20% of the diet, replacing soybean 
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meal for trout (105 g size) without affecting weight gain, or feed conversion (Hardy and 

Sullivan 1983). End product quality, as measured by odour, flavour, texture and overall 

acceptability, was not affected by the level of canola meal fed to the fish (Hardy and 

Sullivan 1983). 

Replacement of soybean meal or fish meal content in the diet of trout fry (2 g) 

with 13.5-40.4% and 35% canola meal, respectively, decreased feed intake and final body 

weight (Hilton and Slinger 1986). Supplemental arginine, lysine, zinc and energy had no 

effect on the growth of fish fed canola meal diets, indicating that these compounds were 

not limiting to growth (Hilton and Slinger 1986). Utilization of fibre-reduced, acid

washed canola meal, as 40% of the dietary protein for trout (6 g), resulted in superior 

growth performance relative to commercial canola meal and equal growth performance 

relative to a control fish meal diet (McCurdy and March 1992). 

Canola/rapeseed products processed to increase protein content, as in the case of 

canola protein concentrates, contain higher levels of phytic acid due to the removal of 

soluble fractions during processing (Higgs et al. 1995a, Mwachireya et al. 1999). 

Decreased growth performance has been reported with diets containing phytic acid, 

attributable to reduced protein availability (Spinelli et al. 1983). Other research has 

indicated no advantage to utilization of dephytinized rapeseed/canola protein concentrate 

or supplemental phytase in improving growth performance of trout (Teskeredzic et al. 

1995, Forster et al. 1999). However, supplemental phytase did significantly increase 

phytate digestibility and phosphorus availability and, therefore, reduced dietary 

phosphorus excretion (Forster et al. 1999). While trout grew equally well on a fish meal 

diet relative to a diet with 39% of protein derived from rapeseed protein concentrate, feed 

efficiency, protein utilization and growth rate were increased by a reduction in rapeseed 

protein concentrate content to 19% of dietary protein (Teskeredzic et al. 1995). A diet 

comprised of canola protein concentrate (59% of dietary protein) and fish meal (30% of 

dietary protein) produced growth rate, feed efficiency and protein utilization comparable 

to those ofa commercial trout diet (Forster et aI. 1999). 

Much research has focused on the negative effect glucosinolates have on growth 

performance (Yurkowski 1978, Higgs et al. 1983, Hardy and Sullivan 1983, Hilton and 

Slinger 1986, Leatherland and Hilton 1988, and McCurdy and March 1992). 
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Compensatory thyroid activity to counteract impairment of thyroid hormone synthesis 

and conversion of thyroxine (T4) to triiodothyronine (T3) has been demonstrated in 

salmon (Higgs et al. 1983) and in rainbow trout (Yurkowski 1978, Hilton and Slinger 

1986, Leatherland and Hilton 1988). The changes in thyroid tissue and activity have been 

demonstrated to be irreversible regardless of removal of canola products from the diet 

(Leatherland and Hilton 1988). Trout fry appear to be more sensitive to glucosinolates 

(Hilton and Slinger 1986). Elevated thyroid activity in young fish likely results in a 

greater response to high glucosinolate levels (Hardy and Sullivan 1983). 

Less than 158 J.1g!g of glucosinolates (13.5% canola meal in the diet) produced an 

increased number of follicles and amount of follicular epithelium in thyroid tissue - these 

changes increased with increasing content of canola meal in the diet (Hilton and Slinger 

1986). An increase in thyroid follicular epithelial cell height was observed in fish 

receiving all levels of canola meal (Hardy and Sullivan 1983). Lower plasma T3 and T4 

levels were observed in fish fed canola meal diets (Higgs et a1. 1983, Leatherland and 

Hilton 1988). However, plasma T3 and. T4 levels in fish fed canola meal increased after 

week 12 of a feeding trial and, by week 20, levels were similar to fish fed a soybean meal 

diet (LeatherIand and Hilton 1988). The authors indicated this type of thyroidal 

compensatory activity could be explained by an increase in the numbers of receptors in 

thyroid-hormone-regulated cells and, therefore, increased hormone stimulation. 

Utilization of canola meal for broodstock was questioned since thyroid hormones may 

influence ovarian development (Hardy and Sullivan 1983). 

Canola products potentially offer excellent quality protein for use in salmonid 

feeds. Levels of fibre, glucosinolates and phytate may restrict full utilization of this 

protein source, however (Spinelli et a1. 1983, Leatherland and Hilton 1988, Higgs et a1. 

1995a, Forster et a1. 1999, Mwachireya et a1. 1999). Trout fry appear to be unable to 

tolerate canola meal as well as older fish; in particular fry are more sensitive to 

glucosinolate levels (Hilton and Slinger 1986). 'Upgrading' canola meal, by fibre 

removal and solvent washing to minimize the adverse effects of the antinutritional factors 

present and to increase the protein concentration in conventional canola meal, offers 

potential for utilization of this widely available protein source for salmonid fish. 
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2.2.2.3 Pea Products 

Peas (Pisum sativum) have become an ingredient of major importance in animal 

feeds, particularly for the expanding hog industry. The primary incentive for expanded 

utilization has been the large increase in production of peas in western Canada over the 

past decade. 

The average protein content ofpeas is 23.5%, higher than that of cereal grains but 

lower than that of oilseed meals, which limits their utilization in salmonid feeds. Peas 

may be processed to produce pea flour, pea protein concentrate, or pea protein isolate. 

Pea flour is produced by dry milling of dehulled peas. Fine grinding, such as pin milling, 

produces flour with particles of different size and density. Air classification may be used 

to separate the light fraction (protein) from the coarse fraction (starch) in the production 

of pea protein concentrate (Vose et ale 1976). Pea protein concentrate may contain 60% 

or more of protein, plus some starch. Wet processing methods may be used to obtain a 

highly purified pea protein fraction. With this method, the proteins are solubilized and 

then precipitated by pH adjustment. Alternatively, ultrafiltration may be utilized to obtain 

pea protein isolate containing 90% protein with negligible antinutritional factor and 

starch content (Vose 1980). 

2.2.2.3.1 Amino Acid Profile 

About 65-800/0 of the protein present in peas is storage protein (globulins) made 

up of legumin, vicilin and convicilin (Owusu-Ansah and McCurdy 1991). The remainder 

of the protein consists of enzymic and metabolic proteins (albumins). Albumins contain a 

more favorably balanced amino acid composition than do globulin protein, especially 

with regard to the sulfur amino acids (Owusu-Ansah and McCurdy 1991). It is because of 

the low albumin content that peas have the disadvantage of being deficient in methionine 

and cystine. Regardless, the essential amino acid profile in peas is considered to be quite 

favourable nutritionally and pea protein is acknowledged to be a rich source of lysine 

(Cerioli et al. 1998). 
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2.2.2.3.2 Antinutritional Factors 

Peas contain similar antinutritional factors to many plant protein sources, namely 

phytic acid, condensed tannins, oligosaccharides (raffinose, stachyose, verbascose), 

trypsin and chymotrypsin inhibitors, lectins and the antigenic proteins (legumin, vicilin 

and convicilin) (Owusu-Ansah and McCurdy 1991, Lalles and Jansman 1998, Orne et al. 

1998). However, levels of these factors are negligible in the spring-seeded Canadian 

varieties (Castell et al. 1996). Raw peas are generally acknowledged to contain lower 

levels of antinutritional factors than raw soybeans. 

The hull of the pea contributes 7 to 14% of total weight as fibre, primarily being 

xylan and cellulose (Castell et ale 1996). As the dietary proportion of peas increase, 

consideration must be given to dietary fibre levels as a strong inverse correlation exists 

between the digestibility of organic matter and the fibre content of the diet (Hilton and 

Slinger 1986, Steffens 1989). 

Peas differ from soybeans and canola in that the energy fraction of the seed is 

comprised of starch rather than oil. Dehulled peas contain approximately 52% starch 

(DM basis) (Castell et al. 1996). While not considered a typical antinutritional factor, 

proper treatment of the starch component is necessary because raw starch is poorly 

digested and nutrient utilization can be affected by high levels in carnivorous fish diets. 

2.2.2.3.3 Processing to Reduce Levels of Antinutritional Factors 

Dehulling of peas removes indigestible xylans and cellulose and increases starch 

and protein proportionally, to 52% starch and 25% protein (DM basis) (Castell et ale 

1996). Dry processing (air classification) of peas concentrated protease inhibitors, phytic 

acid (Owusu-Ansah and McCurdy 1991) and the a-galactosides (Vose et al. 1976). 

However, wet processing treatments, involving solubilization of the proteins in water, 

alkali or acid, to increase the protein fraction of peas, had a different effect on 

antinutritional factors, with trypsin inhibitor, lectin and the a-galactoside levels being 

reduced (Owusu-Ansah and McCurdy 1991). 

Attention has often focused on protein-related factors in pulse and legume 

ingredients. Heating, water and/or alcohol extraction depressed the levels of most 

antinutritional factors (Lalles and Jansman 1998), with the optimal treatment [65% (v/v) 
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aqueous ethanol at 65°C] resulting in decreased trypsin inhibitor activity and lectin 

content with only a small weight and protein loss (Tolman 1995). 

Alternatively, heat treatment is useful for protein denaturation and alteration of 

the starch fraction in legwne and cereal ingredients. Extrusion processing significantly 

decreased all levels of antinutritional factors with the exception ofphytic acid (Orne et al. 

1998). Conditions during extrusion detennine the degree of change in pea protein 

structure, solubility and function which ultimately effect water holding and oil absorbing 

capacity (Alonso et al. 1998). These same conditions act upon the starch matrix, causing 

gelatinization and increasing digestibility of the starch fraction. Extrusion was beneficial 

in allowing incorporation of a high oil product (whole rapeseed) in addition to decreasing 

the glucosinolate content of the rapeseed product (Gomes et al. 1993). 

2.2.2.3.4 Digestibility of Pea Products 

Meat protein sources typically have superior digestibility to plant sources in fish 

(Sugiura et al. 1998). However, heat treatments reduced antinutritional factors and 

increased the digestibility of selected plant proteins (maize gluten, full-fat soybean, 

whole-seed rapeseed/pea blend) to levels comparable to those in meat and fish meals 

(Gomes et al. 1995). There has been interest in the use of a co-extruded whole-seed 

rapeseed/pea product (Colzapro) as a protein source, which provides an amino acid 

profile rich in lysine and methionine, and has high energy due to its high lipid content 

(23%) (Gomes and Kaushik 1989). Inclusion of this product in trout diets, at 15% of 

dietary protein, resulted in similar apparent dry matter, energy, protein and lipid 

digestibility to a fish meal diet. Increasing the inclusion level of this product to 45% of 

dietary protein resulted in decreased dry matter and energy digestibility, attributed to the 

higher fibre level in the diet (Gomes et al. 1993). 

Heat treatment (autoclaving at 121°C, 20 min, or extrusion) had little effect on the 

protein digestibility of raw peas for rainbow trout, regardless of the level of inclusion 

(25-50% of total diet) (Kaushik et al.·1993, Pfeffer et al. 1995). Energy digestibility of 

raw peas increased from 47 to 65% (at an inclusion level of 25% of the total diet) with 

autoclaving. However, as dietary inclusion of peas increased to 50% (of the total diet), 

energy digestibility decreased to 40%, regardless of heat treatment (Pfeffer et al. 1995). 

38



In contrast, extrusion treatment of peas (included at 25% of the total diet) significantly 

increased starch, and consequently, energy and dry matter digestibility from 0-96%, 29

72%, and 25-72%, respectively (Kaushik et al. 1993). 

Digestibility of pea protein appears to be favourable, regardless of heat 

processing. However, the level of inclusion of peas for rainbow trout is limited by the 

energy fraction of this ingredient. Raw peas seem to be unsuitable ingredients for 

salmonid diets due to low digestible energy content. Heat treatment drastically improved 

starch digestibility. However, inclusion of a high level (50%) ofpeas still resulted in poor 

energy digestibility. 

2.2.2.3.5 Growth Performance of Trout Fed Pea Products 

Superior growth performance and nutrient utilization ofblended protein sources is 

often attributed to the improved amino acid profile resulting from the complementarity of 

protein sources. Inclusion of 20-24% of a co-extruded whole-seed rapeseed/pea product, 

as a replacement for fish meal in the diet of rainbow trout, led to equal, or superior, 

specific growth rate, feed conversion, nutrient utilization and n-3/n-6 ratio in muscle 

tissue (Gomes and Kaushik 1989, Gomes et ale 1993). Inclusion of this product at a 

higher level, 45% of the total diet, while improving protein efficiency, decreased growth 

rate and feed conversion due to a reduction in the digestible protein to digestible energy 

ratio (Gomes et al. 1993). 

Incorporation of up to 38% raw pea seed meal (20% of dietary protein in 

substitution of fish meal) produced superior weight gain and specific growth rate in 

rainbow trout, and similar feed intake, feed conversion and hepatosomatic index relative 

to a fish meal basal diet (Gouveia et al. 1991). Prior expansion of the pea seed meal, 

before dietary inclusion, had no effect on fish growth parameters but slightly increased 

dry matter digestibility of the diet (Gouveia et ale 1991). Subsequent experiments with 

inclusion of up to 40% raw pea seed meal in the diet of European sea bass resulted in 

similar feed intake, growth performance and nutrient utilization to a fish meal basal diet 

(Gouveia and Davies 1998), as did inclusion of up to 30% extruded pea seed meal 

(Gouveia and Davies 2000). Apparent nitrogen utilization increased with increasing 

increments of extruded pea seed meal in the diet such that at the 30% inclusion rate, 
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nitrogen utilization increased by 5% (Gouveia and Davies 2000); apparent nitrogen 

utilization was unaffected by the addition ofraw peas (Gouveia and Davies 1998). 

In contrast, extrusion processing of raw peas (included at 25% of the total diet) 

significantly increased growth of rainbow trout and resulted in better feed conversion, 

higher protein, lipid and phosphorus retention, and significantly reduced the loss of 

nitrogen and phosphorus relative to a diet containing 25% raw peas (Kaushik et al. 1993). 

No published studies have considered pea protein concentrate or pea protein 

isolate in salmonid feeds. These products are appealing in terms of the criteria set out by 

Hardy (1999) for alternative protein sources: attractive amino acid quantity and balance, 

highly digestible, low level of antinutritional factors, low fiber level, low indigestible 

nitrogen and phosphorus content, will not decrease pellet quality, economically 

competitive with fish meal and, potentially, a readily available supply. These products 

offer potential for substitution of fish meal or soybean products in fish diets. 

2.2.3 Utilization of Palatability Enhancing Substances 

Feed consumption frequently declines as plant and other alternative protein 

sources are substituted for fish meal in aquafeeds (Stickney et al. 1996, Refstie et al. 

1997, Bureau et al. 1998). Replacement of fish meal in the diet not only removes a 

valuable protein source, but also an ingredient which the fish find extremely palatable 

(Refstie et al. 1997). Most of the substances identified as gustatory (taste) and olfactory 

(smell) stimulants are necessary for the basic metabolism of organisms upon which fish 

prey and are, therefore, found in high concentration in these tissues (from 10-1 to 10-3 

mole). Palatability enhancing substances may also have an indirect effect on nutrient 

utilization by stimulating secretion of gastric juices and hepatic enzymes early in the 

digestive process (Giduck et al. 1987). Studies with Japanese eels indicated supplemental 

palatability enhancers increased both digestion and absorption of nutrients (Takeda and 

Takii 1992). A proposed mechanism was enhancement of secretion of gastric juices 

through the cephalic reflex response due to gustatory stimulation. Hepatic glycolytic 

enzyme activity also increased early in the digestive process, facilitating increased 

carbohydrate utilization (Takeda and Takii 1992). 
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2.2.3.1 Chemoreception in Fish 

The chemoreceptive system in fish consists of three components: olfaction, 

gustation and a common chemical sense. The two major systems of chemical recognition 

are olfaction and gustation (Caprio 1984). Each has a different detector mechanism and a 

different nerve connection to the brain (Caprio 1988). The common chemical sense is a 

very broadly defined system consisting of free nerve endings in the skin, as well as single 

chemoreceptor cells located throughout the body surface of the fish (Whitear 1992). 

There is a definite distinction between olfactory and gustatory chemoreceptors of 

terrestrial animals. With fish, this distinction is complicated due to all chemical stimuli 

being delivered through the water. Generally, fish rely upon the olfactory system for prey 

detection and recognition, and the gustatory system for deciding whether to accept or 

reject food (Laverack 1988). 

2.2.3.1.1 Olfaction 

The olfactory organs are found in the paired nares or olfactory pits located on the 

dorsal surface of the snout (Caprio 1988). The size and shape of the olfactory organs vary 

greatly among fish species and are dependent on the importance of the sense of smell for 

that species (Helfinan et al. 1997). The chemosensory receptor cells are located on 

lamellae, epithelium folded and arranged into olfactory rosettes. The average teleost fish 

has approximately 5 to 10 million receptor cells in each nare (Hara 1994). Odour 

molecules bind to proteins in the membranes of the receptor cells (Laverack 1988). 

Two types of olfactory receptor neurons exist, ciliated and microvillous. The 

neurons have axons which extend into the central nervous system and terminate in the 

olfactory bulb. In salmonid species, microvillous neurons are extremely sensitive to 

amino acids, whereas ciliated neurons are more sensitive to bile acids (Caprio 1988). Bile 

acids are thought to be important cues for homing behavior in salmonids. This receptor 

neuron specificity does not exist in non-migratory fish (Caprio 1988). Within the 

olfactory bulb, the chemical information from odour molecules is sorted and then 

transmitted via nerve fibers arranged into bundles to the brain. Mapping of the nerve 

bundles has shown that information sent to the lateral regions of the brain stimulates 
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feeding behavior, while stimulation of the medial areas initiates courtship behaviors 

(Hara 1994). 

The olfactory system of fish is extremely sensitive to very low concentrations of 

amino acids (Hara 1994). Olfactory sensors respond strongly to L-oc-amino acids and 

derivatives containing three to six carbons and consisting of linear, unbranched, 

uncharged side chains (Caprio 1988). The presence and position of carboxyl and amino 

groups determines the degree of stimulatory effectiveness. Carbon chain lengths greater 

than five reduce effectiveness as does the addition of an hydroxyl group (Hara 1973). 

Hara (1973) found that for rainbow trout, glutamine was the most effective olfactory 

stimulant, followed by methionine, leucine, homoserine, asparagine, alanine, cystine, 

cysteine and glycine. 

2.2.3.1.2 Gustation 

The receptor organs of the gustatory system consist of taste cells located in taste 

buds. Taste buds are epidermal and are located primarily around the mouth region, but 

they also occur on fins, barbels and other areas of the body surface (Helfman et al. 1997). 

There is great variety in the total number and distribution of taste buds among fish 

species. Catfish can have in excess of 175,000 taste buds over the entire body surface, 

while salmonids only possess 3000-4000 taste buds, located primarily on the lips and 

central ridge of the palate (Marui et al. 1983, Hara 1994). This variability reflects 

differences in feeding behavior - visual vs nonvisual feeders (Caprio 1988). 

Each taste bud consists of 5 to 60 receptor cells. Chemical stimuli bind to the 

receptor cells and gustatory information is transmitted to the central nervous system 

through three separate cranial nerves, the facial (VII), glossopharyngeal (IX), or vagal 

cranial nerves (X) (Hara 1994). All nerves terminate in the medulla region of the brain. 

The nervous system acts as a filter selecting compounds with distinct structural 

arrangements to induce feeding behavior (Caprio 1988). 

Amino acids are the most studied gustatory stimuli in fish. The range of 

sensitivity of gustatory and olfactory receptors to amino acids is similar but the 

specificity for different amino acid side chains is very distinct between the two systems. 

Specific nucleotides and bile acids and two potent neurotoxins, tetrodotoxin and 
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saxitoxin, also induce gustatory sensor stimulation (Hara 1994). 

Stimulatory amino acids are species specific and relate directly to the organisms 

upon which fish prey (Caprio 1984). Most fish respond positively to two or three carbon, 

neutral amino acids (glycine, alanine, serine), basic amino acids (arginine, lysine), the 

amino acid derivative, betaine, and an imino acid (proline) (Caprio 1984, 1988). These 

fish respond to many different amino acids and are classified as having a wide response 

range (ie catfish, marine species). Salmonid species, in contrast, respond positively to 

fewer amino acids and exhibit a limited response range to amino acids (Hara 1994). 

Proline, hydroxyproline, betaine, leucine, alanine and phenylalanine are potent 

stimulators ofgustatory receptors in trout (Marui et al. 1983). 

Palatability is measured by the length of time a cotton pellet, soaked in the 

compound under question, is retained in the mouth (Jones 1989). Palatability was found 

to be very dependent on the structure of the amino acid, with proline being the most 

effective amino acid, even at low concentrations (Adron and Mackie 1978, Jones 1989, 

1990). L-forms of amino acids induced feeding behavior, whereas D-forms did not 

(Caprio 1984, 1988). 

Excitement of taste receptors does not always lead to initiation of feeding 

behavior, although in general, behavioral results (Jones 1989) were in close agreement to 

electrophysiological results (Marui et al. 1983). Proline and hydroxyproline excited 

gustatory sensors (Marui et al. 1983), but only proline was palatable to trout (Jones 

1989). Glutamic acid was very palatable to trout (Jones 1989), but had very little 

stimulatory effect (Mariu et al. 1983). Betaine and alanine were non-palatable substances 

to trout (Jones 1989) despite being highly effective taste sensor stimulants (Marui et al. 

1983). 

Mixtures of compounds may modify the action of a single compound through 

inhibition or sYnergistic action (Adron and Mackie 1978, Jones 1989). In a natural 

setting, receptor cells are presented with mixtures rather than individual amino acids. 

Amino acid mixtures are typically more effective at stimulating feeding behavior than 

pure amino acids (Adron and Mackie 1978). It is not known whether interaction between 

compounds produces an effect at the receptor site, thereby increasing neural stimuli, or 
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whether the effect is in the brain, where the chemical information is processed and 

feeding behavior is initiated. 

2.2.3.2 Thin Distillers' Solubles 

2.2.3.2.1 Production Process 

Thin distillers' solubles are a byproduct of industrial ethanol production 

(Ingledew 1999). The production of ethanol involves the' process of fermentation by 

microorganisms, which convert simple sugars to ethanol and carbon dioxide. Sugar crops, 

lignocellulosic residues (Beauchemin et ale 1997) and grain and tuber crops may be 

utilized in the process. The preferred feedstock in the United States is com, while 

Saskatchewan utilizes primarily wheat due to its availability, price, continuous supply 

and its potential byproduct use. 

The first step of the process involves conversion of the gelatinized starch fraction 

of the milled, hydrothermally treated feedstock to soluble dextrins by oc-amylase 

followed by subsequent conversion to simple sugars with the addition of 

amyloglucosidase during the saccharification process (McKechem 1998). Yeast 

(Saccharomyces cerevisiae), added to the liquefied mash, utilize glucose as an energy 

source to produce ethanol, new yeast cells, carbon dioxide and heat. The fermentation 

process produces 10.8 to 11.5% alcohol by volume with approximately 20% total solids 

remaining. The alcohol is purified as it progresses through stripping and rectifying 

columns during the distillation step, with final passage through a molecular sieve 

resulting in 99.5 percent pure ethanol (McKechem 1998). 

The product remaining after the ethanol has been distilled from the fermented 

mash is whole stillage, and is composed mainly of residual starch, sugars, protein, and 

minerals, which are concentrated approximately three-fold relative to the feedstock, and 

yeast cells (Barney and Chang 1980). This product may be sieved, centrifuged or pressed, 

resulting in wet distillers' grains and a liquid fraction (thin distillers' solubles)(Wu et al. 

1982). Distillers' wet grains with solubles are made by condensing the thin distillers' 

solubles and adding it back to the distillers' grain fraction. 

The thin distillers' solubles contains approximately five percent dry matter. Of 

this, two percent is dissolved solids and two to three percent is suspended solids 
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(NAS/NRC 1981). Thin distillers' solubles may be concentrated into a syrup or dried 

(Salonek 1995). 

2.2.3.2.2 Nutritive Value of Thin Distillers' Solubles 

The chemical composition of ethanol byproducts is determined by the cereal used 

as the feedstock for the fermentation process and the production process employed 

(Barney and Chang 1980). Wheat thin distillers' solubles is a valuable protein source 

since the protein, as well as the lipid, minerals and trace elements are concentrated with 

removal of starch in the fennentation process (Table 2.6). The amino acid composition of 

thin distillers' solubles closely resembles the original cereal grain with glutamic acid 

(35.6% of DM) and proline (12.8% of DM) being the most abundant amino acids 

(Mustafa et al. 2000). 

Due to the high fibre content, distillers' grains and distillers' grains with solubles 

have been used primarily in ruminant rations where they have been shown to stimulate 

rumen microbial action and provide a valuable source of bypass protein (Klopfenstein 

1985). The use of thin distillers' solubles has been more restricted, primarily due to the 

high moisture content (95%). Transportation is uneconomical and there is also a danger 

of spoilage if this product is not fed within one to two days. However, thin distillers' 

solubles has been successfully fed (as is, diluted with water, or in a condensed fonn) to 

cattle which have shown improved growth perfonnance (Mustafa et al. 2000). 

The use of distillers' byproducts in aquafeeds has been limited, but the existing 

results are very supportive of their use. The use of 35% com distillers' grains with 

solubles, included with soybean meal, in the diet of channel catfish successfully replaced 

the entire fish meal content without affecting growth and feed utilization (Webster et al. 

1992). Com distillers' solubles (30-35% of diet) replaced soybean and com products in 

the diet of channel catfish without an effect on growth perfonnance, body composition or 

organoleptic quality of the finished product (Webster et al. 1993). Inclusion ofhigh levels 

of com distillers' byproducts (70%) necessitated supplementation with crystalline L

lysine (Webster et al. 1991). 
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Table 2.6 Chemical composition of wheat thin distillers' solubles 

Nutrient level (% DM basis) 
Ash 7-8 
Ether Extract 6-14 
Neutral Detergent Fiber 34-35 
Acid Detergent Fiber 4-9 
Crude Protein 37-46 
Starch 2-3 

Source: Mustafa et al. 2000. 
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Fish meal in tilapia diets was replaced with 19 to 29% com distillers' grains with 

solubles, resulting in higher weight gain relative to a commercial tilapia diet formulation 

(Wu et al. 1994). Tilapia fry utilized com distillers'grains with solubles, com gluten 

meal and com gluten feed (protein levels varying from 32-40%) with similar efficiency to 

produce equal weight gain and feed conversion ratio relative to a commercial diet (36% 

protein). Similarly, fish meal was partially or totally replaced with soybean meal and com 

distillers' grains with solubles in the culture of freshwater prawns (Tidwell et al. 1993). 

Replacement of fish meal led to arginine, lysine and methionine being limiting. However, 

natural foods in the ponds were supplementary such that survival, feed conversion and 

yield were not affected. 

Fish meal and fish oils also provide n-3 fatty acids. Replacement of fish meal 

significantly increased polyunsaturated and n-6 fatty acids and decreased n-3 fatty acids. 

These differences~ however, had little impact on growth and survival of freshwater 

prawns. Com distillers' grains with solubles had an additional indirect benefit of 

providing valuable nutrients for naturally occurring pond organisms upon which prawn 

subsequently fed (Coyle et al. 1996). 

2.2.3.2.2 Palatability Enhancing Characteristics of Thin Distillers' Solubles 

Distillers' byproducts have a valuable nutritive content, are palatable and have no 

significant antinutritional factors for fish. Inclusion of distillers' grains with solubles 

significantly increased concentrations of glutamine, proline, alanine, leucine and 

phenylalanine when included at 40% of the diet (Tidwell et al. 1993), the same amino 

acids that were reported as potent stimulators of trout gustatory receptor cells (Marui et 

al. 1983). In addition, proline and glutamic acid were reported to be highly palatable 

substances for trout (Jones 1989). 

Yeast, produced during ethanol production, is a waste product in the mash and 

thin stillage that is collected after distillation (Ingledew 1999). A significant portion of 

the nutritional value of distillers grains and thin stillage, proteins, growth factors, 

vitamins and beneficial minerals, is contributed by the yeast cells, not just the cereal grain 

utilized as the feedstock (Ingledew 1999). Yeast cells also contain approximately five to 
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twelve percent nucleic acids (Tacon and Jackson 1985). Amino acids, nucleotides and 

quaternary amines are the mixtures that produce the greatest behavioral responses in fish 

(Hara 1994). Thin distillers' solubles may contribute more than just a concentrated 

protein source. Because plant proteins are not favoured by carnivorous fish, the use of 

thin distillers' solubles may prove complementary because of its appetite stimulatory 

effect. 
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3. EXPERIMENTS 

3.1 Utilization of Thin Distillers' Solubles as a Palatability Enhancer in Rainbow 
Trout Diets Containing Canola Mealor Air-Classified Pea Protein 

3.1.1 Introduction 

Rainbow trout are carnivorous fish whose natural diet consists of aquatic and 

terrestrial insects, zooplankton, small fish, and benthic fauna (Barton 1996). Typical diets 

for intensively cultured rainbow trout utilize fish meal, fish oil, grains, and various 

byproducts from the food oil industry and meat and poultry industry, with fish meal being 

a key ingredient (Hardy 1999). Research has focused on reducing the dependency on fish 

meal by formulating diets with the majority of the protein fraction originating from plant 

sources. This effort is driven by a growing aquaculture industry and a finite fish meal 

resource (FAO 1998). Additionally, the production of low pollution feeds that minimize 

phosphorus and nitrogen excretion also favour plant-based alternatives to fish meal. 

Several plant protein sources appear to offer potential as partial or total 

replacements for fish meal in rainbow trout diets (Higgs et al. 1995a, Stickney et al. 

1996, Adelizi et al. 1998). In the past, protein substitution in aquafeeds has centered on 

soybean products, primarily due to its wide availability and suitable amino acid profile in 

meeting the requirements of fish (Lovell 1998). More recently, canola and pea products 

have been used in aquafeeds and are reported to be potential protein-rich ingredients 

(Higgs et al. 1995a, Allan 1997, Gouveia and Davies 1998, 2000). The quantity and 

quality of protein in canola meal is favourable for salmonid utilization, but there is 

concern over the level of fiber and specific antinutritional factors known to inhibit 

digestion and affect fish metabolism and palatability. It is generally acknowledged that 

peas contain negligible levels of antinutritional factors. However, the lower content of 

protein in peas, relative to oilseed meals, restricts the utilization of this ingredient in 

salmonid diets. 

Various processing procedures can decrease levels of most antinutritional factors 

and, concurrently, increase the protein content of conventional canola meal and peas. 
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Protein and starch in peas can be separated by dry milling and air classification (Owusu

Ansuh and McCurdy 1991). The resulting pea protein fraction, while not pure, is more 

appropriate for aquafeed formulation due to the concentrated protein level and lower 

starch content. 

Feed formulations must satisfy both nutritional and palatability requirements. 

Replacement of fish meal not only removes a valuable protein source, but also an 

ingredient which fish find extremely palatable. Plant proteins have been used in many 

grower rations but the inclusion level is restricted, often for palatability concerns. Poor 

palatability may be linked to antinutritional factors found in plant ingredients. Palatability 

can be increased by removal of the antinutritional factor or factors, or alternatively, 

palatability enhancing compounds may be added to the diet to simulate natural prey. 

Prey consumed in natural environments contain considerable amounts of 

nitrogenous material, betaine, nucleic acids, and trimethylamine oxide (Higgs et al. 

1995b) which have been found to be highly effective olfactory and gustatory stimulators 

in many species of fish (Atema 1980, Caprio 1984, Jones 1990). Amino acids, 

nucleotides and quaternary amines are compounds that produce the greatest behavioral 

responses in fish (Hara 1994). Proline, leucine, alanine and phenylalanine are potent 

stimulators of trout gustatory receptor cells (Marui et al. 1983), while proline and 

glutamic acid are reported to be highly palatable substances for trout (Jones 1989). 

Thin distillers' solubles are a byproduct of industrial ethanol production that 

provide a concentrated protein source with high levels of glutamic acid and proline 

(Mustafa et al. 2000), in addition to yeast cells which are a rich source of nucleic acids 

(Tacon and Jackson 1985). This product may offer potential as a palatability enhancer for 

rainbow trout to be used in conjunction with plant protein sources exhibiting low 

palatability. 

The first objective of the present experiment was to determine the palatability of 

canola meal and air-classified pea protein for their potential value to the aquafeed 

industry. A second objective was to evaluate wheat-based thin distillers' solubles as a 

palatability enhancer in trout diets containing significant levels of plant protein. To 

accomplish this, canola meal or air-classified pea protein was substituted for soybean 
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meal in a trout ration, and the effect of supplementation with or without wheat-based thin 

distillers' solubles was evaluated. 

3.1.2 Materials and Methods 

Fish Management 

Fish were maintained in tanks that were part of a semi-closed, recirculating 

system utilizing biological filtration. Water temperature was maintained at 15 ± 1°C. 

Dissolved oxygen, nitrate, nitrite, ammonia and pH were monitored daily. Photoperiod 

was a 14 hour light, 10 hour dark cycle. Trial one utilized thirty (20 ± 3 g) fish per tank, 

while trial two utilized twenty (226 ± 11g) fish per tank. The fish were maintained in 

accordance with the guidelines of the Canadian Council on Animal Care (Canadian 

Council on Animal Care 1984). Fish were fed by hand to satiation twice daily for four 

days. Feed consumption, time to satiation and aggressiveness to feed were measured at 

each feeding period. Satiety was determined by visual observation of first feed refusal. 

Aggressiveness to feed was visually determined on a scale of one to five with one 

indicating no feeding activity and five indicating aggressive feeding activity. 

Diet Preparation 

Samples of thin distillers' solubles were collected from Pound-Maker Agventures 

Ltd. in Lanigan, SK. The feedstock was a mixture of Canadian Prairie Spring wheat (AC 

Karma), winter wheat and durum wheat. Air-classified pea protein (Prestige protein) was 

obtained from Parrheim Foods (Saskatoon, SK). The air-classified pea protein was 

sprinkled with water, enclosed in an autoclave bag and autoclaved (124° C, 15 min) 

before addition to the diet. 

Two palatability trials were conducted each using five diets (Table 3.1 and 3.2) 

containing canola meal (trial one) or autoclaved air-classified pea protein (trial two). 

Both protein sources were fed with and without a commercial palatability enhancer (1 % 

Finnstim™) or thin distillers' solubles at two levels (3.3 or 6.6% for trial one, 1.9 or 3.9% 

for trial two). A commercial trout grower ration (ProForm Feeds Inc., Chilliwack, BC) 

was included as a control diet. 

Both palatability trials used the Guelph Salmonid C-203 diet (NRC/NAS 1993) as 

the reference diet, replacing the soybean meal component with canola meal in trial one 
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Table 3.1 Formulation and nutrient analysis of canola meal-based diets and commercial diet used for palatability trial 1 

Canola meal diet 

Ingredient composition (g kg-I) 
Fishmeal 
Canola meal 
Com gluten meal 
Wheat flour 
Whey 
Fish oil 
Palatability enhancer 
Thin distillers' solubles 
Vit./Min. premix 

VI DP:DE (g MJ-I)b 
tv Pellet density (kg L-I) 

316 
150 
100 
214 
100 
110 
-
-
9 

20.9 
0.67 

Nutrient analysis (g kg-· dry mattert 
Crude protein 
Ether extract 
ACid detergent fiber 
Ash 
Gross energy 
(kcal kg- I DM) 

411 
179 
39 
85 

5447 

Canola meal 
with palatability 
enhancer diet8 

316 
150 
100 
214 
100 
110 

10 
-
9 

20.9 
0.67 

419 
183 
36 
83 

5459 

Canola meal 
3.3% thin distillers' 
solubles diet 

312
150
100
187
100
109

33
9

20.9 
0.67 

414
180
39
85

5439

Canola meal 
6.6% thin distillers' 
solubles diet 

309
150
100
158
100
108

66
9

21.0 
0.67 

413
177
39
85

5432

Commercial 
diet 

Proprietary 

0.69 

432
196
57

101
5377

8Finnstim

bz>p = digestible protein, DE =digestible energy; Values were calculated from published values for the diet ingredients (NRCINAS 1993).
'1'he moisture content of the diets (g kg-I) are as follows: canola meal (70), canola meal-with palatability enhancer (87), canola meal-with 3.3% TDS (71), canola
meal-with 6.6% TOS (66), commercial diet (58).



Table 3.2 Formulation and nutrient analysis of air-classified pea protein-based diets and commercial diet used for 
palatability trial 2. 

Air-classified pea 
protein diet 

Ingredient composition (g kg-I) 
Fishmeal 
Air classified pea 
protein 
Corn gluten meal 
Wheat flour 
Whey 
Fish oil 
Vit./Min. premix 
Thin distillers'solubles 
Palatability enhancer 

til DP:DE (g MJ"I)b 
VJ Pellet density (kg L-I) 

300 
305 

180 
50 
50 

105 
10 
-
-

22.6 
0.68 

Nutrient analysis (g kg-· DMt 
Protein 525 
Lipid 180 
PJDF 22 
Ash 83 
Gross energy 5640 
(kcal kg D~fl)

Air-classified pea 
protein with 
palatability enhancer 
dieta 

300
305

175
45
50

105
10
-
10
22.5 

0.70 

515 
184
22
84

5642 

Air-classified pea 
protein with 
1.9% thin distillers' 
solubles diet 

300 
305 

175
36
50

105
10
19

22.6 
0.65 

519 
179

21
84

5648 

Air-classified pea 
protein with 
3.9% thin distillers' 
solubles diet 

300 
305 

170
21
50

105
10
39

22.6 
0.70 

513 
193
27
87

5652 

Commercial 
diet 

Proprietary 

0.69 

501 
209

31
87

5700 

aFinnstim
bop =digestible protein, DE =digestible energy; Values were calculated from published values for the diet ingredients (NRCINAS 1993).
t:rhe moisture content of the diets (g kg-I) are as follows: air-classified pea protein (113), air-classified pea protein with palatability enhancer (126), air-classified
pea protein with 1.9% TDS (98), air-classified pea protein with 3.9% TDS (123), commercial diet (105).



and with air-classified pea protein in trial two. Other ingredient levels were modified 

slightly to obtain similar protein and caloric levels and to obtain a DP:DE ratio between 

21-23 g/MJ for all diets in a trial (Table 3.1 and 3.2). Thin distillers' solubles (6.7% total 

solids) were mixed with the com gluten meal and wheat flour, dried (forced air oven, 

55°C) and ground (Christie Norris hammennill, 1.0 mm screen). The dried mixture was 

then added to the remaining dietary ingredients, moistened and cold-extruded using a 

sausage maker attachment (3.0 or 4.0 mm die) connected to a Hobart mixer. The fonned 

strands were dried (forced air oven, 55°C, 1.5 h), chopped and screened to obtain an 

appropriately sized pellet. 

Analytical Methods 

Thin distillers' solubles samples were freeze dried and ground (Retsch mill, 

Brinkmann Corp., 1.0 mm screen) prior to analysis for moisture (AOAC 1990, method 

no. 934.01), ether extract (AOAC 1990, method no. 920.39), ash (AOAC 1990, method 

no. 924.05), acid detergent fibre (AOAC 1990, method no. 973.18), and neutral detergent 

fibre (Van Soest et al. 1991). Nitrogen content was detennined by the Kjeldahl method 

(AOAC 1990, method no. 984.13). Protein was estimated by multiplying nitrogen content 

by 5.7. Proximate constituent results are reported in Table 3.3. Total amino acid 

composition and free amino acid content were determined using a Biochrome 20 Amino 

Acid Analyzer (Pharmacia Biotech (Biochrome) Ltd., Cambridge, UK). Analysis of total 

amino acids occurred after hydrolysis for 22 hours with 6 N HCI (Table 3.4 and 3.5). 

Free amino acids were analyzed after 1 g of sample was dissolved in 10 mL ofbuffer and 

deproteinated with sulphosalicylic acid. 

The experimental diets were analyzed for moisture, protein, acid detergent fibre, 

and ash using the previously documented methods. Fat content was detennined according 

to AOAC (1995) method no. 954.02 using acid ether hydrolysis. Gross energy was 

determined by oxygen bomb calorimetry (Parr Adiabatic Calorimeter, Model 1200). 

Nutrient composition of the diets are reported in Table 3.1 and Table 3.2. 

Statistical Analysis 

The results were analyzed as a completely random experimental design with six 

replicates for each of the five treatments in trial one and trial two. Due to the length of 

time required for feeding, each trial was divided into two parts, with each part consisting 
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of three replicates of the five treatments. Dietary treatments were randomly assigned to 

three replicate tanks for both part a and part b of trial one and trial two. Individual tanks 

were treated as the experimental unit. Part a and part b of trial one and trial two were 

separated by a four day period during which time the fish were fed a commercial trout 

ration. 

All data were subjected to analysis of variance using the General Linear Model 

procedure of the Statistical Analysis System (SAS Version 8.0). An initial analysis 

indicated significant time and diet effects between part a and b (for both trial one and 

two), but no significant time by diet interactions. Mean values were separated using the 

Student-Newman-Keuls test with the accepted level of significance at P < 0.05. 

3.1.3 Results 

Analysis ofThin Distillers' Solubles 

Wheat-based thin distillers' solubles had a concentrated crude protein fraction 

(42.5%) with an ether" extract level of 5.0% (Table 3.3). The fibre level, as measured by 

neutral detergent fibre and acid detergent fibre, was 20.0 and 3.0% respectively, with an 

ash content of 8.4%. Glutamic acid (32% of protein) and proline (11 % of protein) were 

the predominant amino acids in wheat-based thin distillers' solubles (Table 3.4). Other 

prevalent amino acids were leucine (7%), serine (5%), aspartic acid (5%), phenylalanine 

(4%) and glycine (4%). Alanine (0.3% ofprotein) was the most abundant free amino acid 

present in thin distillers' solubles with leucine, proline, serine, valine and taurine present 

in lower concentrations (0.06-0.14% ofprotein)(Table 3.5). 

Trial 1 - Canola Meal-based Diets 

Daily feed consumption (as a percentage of body weight) of the unsupplemented 

canola meal diet (4.3%) was similar to daily feed consumption of the commercial trout 

ration (4.5%)(Table 3.6). The addition of a commercial palatability enhancer to the 

canola meal diet did not increase daily feed consumption (4.6%) relative to the canola 

meal diet. Likewise, supplementation with thin distillers' solubles at the higher level 

(6.6%) did not increase daily feed consumption (4.6%) relative to the canola meal diet. 

However, supplementation with thin distillers' solubles at 3.3% of the diet significantly 

increased daily feed consumption (5.2%) relative to the canola meal diet. Daily feed 
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intake was highest for the canola meal diet with 3.3% thin distillers' solubles (5.2%) and 

lowest for the unsupplemented canola meal diet (4.3%). 

Time to reach satiation did not differ for the canola meal diet (9.2 minutes) and 

the commercial trout ration (9.4 min). Supplementation of the canola meal diet with the 

commercial palatability enhancer did not have a significant effect on the time to reach 

satiation (9.6 min). Likewise, supplementation with 3.3 or 6.6% thin distillers' solubles 

did not affect time to reach satiation (9.6 and 9.0 min, respectively) relative to the canola 

meal diet. 

Upon presentation of the feed, the fish in the tanks consuming the canola meal 

diet responded with feeding aggressiveness (3.5) similar to that of fish consuming the 

commercial trout ration (4.0). Supplementation with the commercial palatability enhancer 

did not increase feeding aggressiveness (3.2) relative to the unsupplemented canola meal 

diet (3.5). Likewise, supplementation with 3.3 and 6.6% thin distillers' solubles did not 

increase feeding aggressiveness (3.5 and 3.3, respectively) relative to the unsupplemented 

canola meal diet (3.5). The commercial trout ration produced the highest level of feeding 

aggressiveness (4.0). Interestingly, the canola meal diet supplemented with the 

commercial palatability enhancer (3.2) produced the lowest level of feeding 

aggressiveness; this was significantly lower than the feeding response to the commercial 

diet. 

There was a significant time effect (between period a and b) for daily feed intake 

(as a percent of body weight), time to reach satiation, and feeding aggressiveness such 

that the fish were consuming more feed (5.10/0) for a longer period of time (10.0 min) 

with greater enthusiasm (3.8) in part b. During part a, fish consumed 4.2% of their body 

weight daily reaching satiation in 8.7 min with an average feeding aggressiveness rating 

of3.2. 

Trial 2 - Air-Classified Pea Protein-based Diets 

Daily feed consumption (as a percentage of body weight) of the air-classified pea 

protein diet (1.6%) was significantly lower than daily feed consumption of the 

commercial trout ration (1.9%)(Table 3.7). Supplementation of the air classified pea 

protein diet with a commercial palatability enhancer did not increase daily feed 
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consumption (1.8%) relative to the unsupplemented air-classified pea protein diet (1.6%). 

Likewise, supplementation with 1.9% thin distillers' solubles did not increase daily feed 

consumption (1.6%) relative to the unsupplemented air-classified pea protein diet (1.6%). 

However, daily feed consumption of the air-classified pea protein diet was significantly 

increased with supplementation of 3.9% thin distillers' solubles (1.9%). Daily feed intake 

was highest for the air-classified pea protein diet with 3.9% thin distillers' solubles 

(1.9%) and the commercial trout ration (1.9%); which was significantly higher than daily 

feed intake of the unsupplemented air-classified pea protein diet (1.6%) and the air

classified pea protein with 1.9% thin distillers' solubles diet (1.6%). 

Time to satiation did not differ for the air-classified pea protein diet (13.7 min) 

and the commercial trout ration (14.5 min). Supplementation of the air-classified pea 

protein diet with a commercial palatability enhancer had no effect on time to satiation 

(15.1 min) relative to the air-classified pea protein diet. Likewise, supplementation with 

1.9 and 3.9% thin distillers' solubles did not affect time to satiation (14.5 and 14.4 min, 

respectively) relative to the air-classified pea protein diet. 

Upon presentation of the feed, feeding enthusiasm for the air-classified pea 

protein diet (3.7) was similar to that of the commercial trout ration (4.0). 

Supplementation of the air-classified pea protein diet with a commercial palatability 

enhancer did not increase feeding aggressiveness (3.8) relative to the unsupplemented air

classified pea protein diet (3.7). Supplementation with 1.9% thin distillers' solubles 

decreased feeding aggressiveness (3.2) relative to the unsupplemented air-classified pea 

protein diet. Supplementation with 3.9% thin distillers' solubles did not increase feeding 

aggressiveness (3.8) relative to the unsupplemented air-classified pea protein diet (3.7). 

Feeding aggressiveness was similar for all diets except for the diet supplemented with 

1.9% thin distillers' solubles, which produced significantly less feeding aggressiveness 

upon presentation of the feed. 

There was a significant time effect (between part a and part b) for feed intake (as 

a percent of body weight) and time to satiation, such that the fish were consuming less 

feed daily (1.7%) and reaching satiation quicker (13.6 min) in part b. During part a of the 

trial, fish consumed 1.9% of their body weight daily and reached satiation in 15.3 min. 

Feeding enthusiasm did not differ between part a and b. 
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Table 3.3 Nutrient analysis 
feedstocks 

of thin distillers' solubles from wheat-baseda 

Crude protein 
Ether extract 
Neutral detergent fiber 
Acid detergent fiber 
Ash 

Nutrient level (g kg- i DM)b 
425 
50 

200 
30 
84 

aCanadian Prairie Spring wheat (AC Kanna), winter wheat, durum wheat. 
bAnalysis performed on freeze dried sample; 67 g kg- l dry matter. 

58



Table 3.4 Total amino acid composition of wheat-based thin distillers' solubles 

Sample l a 
Sample 26 

% ofprotein % of total % ofprotein % of total 
(DM basis) (DM basis) (DMbasis) (DMbasis) 

Essential 
Arginine 3.85 1.66 3.54 1.50 
Histidine 1.93 0.83 1.85 0.79 
Isoleucine 3.28 1.42 2.29 0.97 
Leucine 7.00 3.02 6.25 2.65 
Lysine 2.61 1.12 2.24 0.95 
Methioninec 1.60 0.69 1.52 0.65 
Phenylalanine 4.45 1.92 4.28 1.82 
Threonine 2.96 1.27 3.21 1.36 
Valine 4.23 1.82 3.32 1.41 
Nonessential 
Alanine 4.04 1.74 3.68 1.56 
Aspartic acid 4.91 2.12 4.64 1.97 
Cysteinec 2.39 1.03 2.43 1.03 
Glycine 3.96 1.71 3.84 1.63 
Glutamic acid 32.35 13.94 31.59 13.43 
Proline 11.21 4.83 10.59 4.50 
Serine 5.18 2.23 5.17 2.20 
Tyrosine 2.47 1.06 2.49 1.06 
Other 
Ammonia 3.66 1.58 3.51 1.49 

arrhin distillers' solubles obtained February 1999 (43.1 % CP), analysis performed on 
freeze dried sample 
t>nun distillers' solubles obtained May 1998 (42.5% CP), analysis performed on freeze 
dried sample 
cPerformic acid hydrolysis was not used for methionine and cysteine detection 
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Table 3.5 Free amino acid composition of wheat-based thin distillers' solubles 

Sample 1a Sample 26 

% ofprotein % of total % ofprotein % of total 
(DMbasis) (DM basis) (DM basis) (DM basis) 

Essential 
Arginine 0.06 0.03 
Histidine 0.03 0.01 0.02 0.01 
Isoleucine 0.05 0.02 0.01 
Leucine 0.07 0.03 0.03 0.01 
Lysine 0.01 0.01 0.01 0.01 
Methioninec 0.02 0.01 
Phenylalanine 0.05 0.02 0.04 0.02 
Threonine 0.07 0.03 0.02 0.01 
Valine 0.09 0.04 0.01 0.01 
Non essential 
Alanine 0.63 0.27 0.27 0.11 
Asparagine 0.10 0.04 0.02 0.01 
Aspartic acid 0.02 0.01 0.03 0.01 
Glycine 0.07 0.03 0.05 0.02 
Glutamine 0.03 0.01 0.01 0.01 
Glutamic acid 0.05 0.02 0.01 0.01 
Proline 0.07 0.03 0.10 0.04 
Serine 0.06 0.03 0.04 0.02 
Taurine 0.14 0.06 0.06 0.03 
Tyrosine 0.02 0.01 0.02 0.01 
Other 
Aminobutyric 0.64 0.28 0.02 0.01 
acid 
Ammonia 0.01 0.01 0.01 0.01 
Ethanolamine 0.02 0.01 0.01 

aThin distillers' solubles obtained February 1999 (43.1 % CP), analysis performed on 
freeze dried sample 
bThin distillers' solubles obtained May 1998 (42.5% CP), analysis performed on freeze 
dried sample 
cPerformic acid hydrolysis was not used for methionine detection 
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Table 3.6 Comparison of feed intake, time to satiation and feeding aggressiveness of rainbow trout fed canola meal-based 
diets with and without supplemental palatability enhancing compounds and a commercial grower diet (n=6). 

Canola meal Canola meal Canola meal Canola meal Commercial SEM 
diet with with 3.3 % thin with 6.6 % thin diet 

palatability distillers' solubles distillers' solubles 
enhancer diet diet diet 

Fish weight} 619.0 609.9 606.9 599.2 594.8 15.81 
(grams) 
Feed intake2 26.6b 27.9b 31.4a 27.4b 26.6b 1.00 
(grams day-t) 
Feed intake3 4.3b 4.6ab 5.2a 4.6ab 4.5ab 0.17 
(% body wt day-I) 

0\Ti~e to satiation 9.2 9.6 9.6 9.0 9.4 0.37 
-(minutes) 

Feeding 3.5ab 3.2b 3.5ab 3.3ab 4.Oa 0.19 
aggressiveness 
(1 - low,S - high) 

a,b,c Means in the same row with different superscripts are different (P<O.OS).
SEM =Standard error of the mean.
130 fish per tank
2Mean value ofdaily feed intake for four days
3Feed intake (% ofbody weight day-I) = (feed intake day-I/tank weight) x 100



Comparison of feed intake, time to satiation and feeding aggressiveness of rainbow trout fed airTable 3.7 
classified pea protein-based diets with and without supplemental palatability enhancing compounds 
and a commercial grower diet (n=6). 

Air-classified Air-classified Air-classified Air-classified Commercial SEM 

pea protein pea protein pea pro~ein pea protein diet 

diet with with 1.9% thin with 3.9% thin 
palatability distillers' solubles distillers' solubles 
enhancer diet diet diet 

Fish weighe 4703.0 4471.1 4464.3 4413.6 4S08.4 113.81 

(grams) 
Feed intake2 74.Sbc 79.2abc 72.2c 83.2ab 8S.2a 2.S6 

(grams dai1 
) 

Feed intake3 1.6b 1.8ab 1.6b 1.9a 1.9a 0.OS9 

0'\ 
tv 

(% body wt day-I) 
Time to satiation 13.7 IS.1 14.S 14.4 14.S 0.74 

(minutes) 
Feeding 3.7a 3.8a 3.2b 3.8a 4.0a 0.16 

aggressiveness 
(1 -low, S - high) 

a,b,c Means in the same row with different superscripts are different (P<O.OS). 
SEM = Standard error of the mean. 
120 fish per tank 
2Mean value of daily feed intake for four days 
3Feed intake (% ofbody weight day-I) = (feed intake day-l/tank weight) x 100 



3.1.4 Discussion 

Fish meal, in addition to its nutritive value, is considered an attractant in many 

fish feeds. Since the trend has been to reduce levels of fish meal in aquafeeds, other 

compounds have been used to improve palatability and ensure better feeding response. 

The commercial palatability enhancer (Finnstim™; produced by Finnsugar Bioproducts, 

Helsinki, Finland), contained 94% betaine (anhydrous) in combination with 3% of an L

amino acid mixture containing primarily alanine, serine, isoleucine, leucine, valine and 

glycine (Clarke et al. 1994). This commercial product has several recommended 

applications in fish culture; one application being its reported palatability enhancing 

characteristics (Teskeredzic et al. 1995). In addition to its chemosensory stimulating 

effects, Finnstim™ may act as an osmoprotectant. Betaine is an osmolyte that 

accumulates in animal, plant and bacterial cells in response to osmotic stress. In this role, 

betaine functions by increasing cell osmolality so that water balance is maintained 

(Yanceyet al. 1982, Tramontano and Jouve 1997). Addition of 1% Finnstim™ in the 

diets of yearling chinook salmon undergoing seawater adaptation was reported to 

improve growth performance (Clarke et al. 1994). 

Antinutritional factors have been suggested as a cause of palatability problems 

when utilizing plant protein sources in many species. Specifically in canola meal, 

sinapine (0.6-1.8%), tannins (1.5-3.0%), and glucosinolates « 30 Ilmol per gram meal) 

may have an affect on feed acceptance if canola products are included at high levels in 

the diet (Higgs et al. 1983, McCurdy and March 1992, Bell 1993). Peas contain 

antinutritional factors similar to those of other plant protein sources, however, anti

proteases, lectins, phytic acid and tannins are reported to be at negligible levels in spring

seeded Canadian varieties (Castell et al. 1996). Feed acceptance of peas may be affected 

by the bitter, astringent taste which is attributed to soyasaponin I, an antinutritional factor 

that is concentrated into the protein-rich fraction during air classification (Owusu-Ansuh 

and McCurdy 1991). The presence of lipoxygenase, found throughout raw pea tissues, 

may be associated with off-flavours developed during storage. Lipid oxidation products 

such as esters, aldehydes, ketones and alcohols all contribute to off-flavour in peas 

(Owusu-Ansuh and McCurdy 1991). 
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Previous research has shown reduced feed consumption and growth in chinook 

salmon fed diets where canola meal partially replaced herring meal, despite the amino 

acid composition of the diets being similar (Higgs et al. 1983). Feed intake levels were 

reduced as soybean meal and fish meal were replaced with canola meal in trout diets 

(Hilton and Slinger 1986). In contrast, weight gain and feed conversion values were 

unaffected by replacement of soybean meal in trout diets with 22 percent rapeseed meal 

(Yurkowski et al. 1978) or 20 percent canola meal (Hardy and Sullivan 1983), indicating 

no palatability differences. In the present study, fish fed diets containing 15 percent 

canola meal had feed intake values statistically similar to fish fed a commercial diet. Feed 

intake values during trial one were slightly higher than published feeding rates of3.8% of 

body weight per day for 20 g fish (Hilton and Slinger 1981), indicating that feed 

consumption levels of all diets were at a suitable level and comparable to industry 

standards. On this basis, it can be concluded that substituting canola meal for soybean 

meal in trout diets did not reduce palatability. 

Inclusion of 38 percent raw or cooked/expanded pea seed meal did not affect 

palatability and intake of diets for rainbow trout (Gouveia et al. 1991). Likewise, 

palatability was not affected with inclusion of up to 40% native pea seed meal or 30% 

extruded pea seed meal in the diet of European sea bass (Gouveia and Davies 1998, 

2000). No published studies have considered pea protein concentrate or pea protein 

isolate in aquafeeds. In trial two, feed intake values for the commercial diet, the air

classified pea protein supplemented with the commercial palatability enhancer, and the 

air-classified pea protein with 3.9% cent thin distillers' solubles diet were comparable to 

published feeding rates of 1.9% ofbody weight per day for 200 g fish (Hilton and Slinger 

1981), indicating that consumption of these diets was at a suitable level and comparable 

to industry standards. However, feed intake values for the air-classified pea protein and 

air-classified pea protein with 1.9% thin distillers' solubles diets were the lowest and 

were slightly lower than recommended feeding rates. Since fish were fed to satiation, the 

results are indicative of a slight palatability problem with substitution of air-classified pea 

protein for soybean meal without using a feed enhancing compound. 

In the present study, there was no benefit to supplementation of the canola meal 

diet or the air-classified pea protein diet with the commercial palatability enhancer in 
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terms of increasing feed consumption. This observation seems to be in agreement with 

Jones (1989) who concluded that betaine did not initiate feeding activity in trout despite 

being a highly effective gustatory sensor stimulant (Marui et al. 1983). 

There was, however, a significant increase in feed intake of the canola meal diet 

and the air-classified pea protein diet supplemented with 3.3 and 3.9% thin distillers' 

solubles, respectively. Thin distillers' solubles contains high levels of glutamic acid and 

proline, with leucine, serine and phenylalanine also being present in significant amounts 

(Table 3.4). The free amino acids present in the highest concentration are alanine, 

leucine, proline, serine, valine and taurine (Table 3.5). Proline, alanine, leucine and 

phenylalanine were reported to be potent stimulators of gustatory receptors in trout when 

presented as free amino acids at concentrations of 10-3 or less (Marui et al. 1983). Proline 

and glutamic acid were also reported to be highly palatable substances to trout (Jones 

1989). Proline is the most effective amino acid in illiciting a gustatory sensory stimulus 

and in producing a behavioral response in rainbow trout (Marui et al. 1983, Jones 1989). 

Additionally, proline is one of the most abundant amino acids in invertebrate tissues and, 

therefore, seems to be of significant value in terms of feed enhancing ability. 

In addition to the presence of pertinent amino acids, thin distillers' solubles 

contains considerable amounts of yeast cells. Ingledew (1999) estimated that 3.9% of the 

total biomass of distillers' dried grains with solubles is yeast, with 5.3% of the protein 

content of this product being contributed by yeast protein. Yeast cells contain 5 to 12% 

nucleic acids from which inosine-5'-monophosphate is derived (Tacon and Jackson 

1985). This nucleotide has been shown to stimulate gustatory sensory cells in rainbow 

trout (Hara 1994). 

The abundance of glutamic acid, proline and nucleic acids in thin distillers' 

solubles undoubtedly will have an appetite stimulating effect when included in the diet in 

sufficient quantity. In the present study, there was no benefit to supplementation of the 

air-classified pea protein diet with 1.9% thin distillers' solubles in terms of increasing 

feed consumption. It is probable that thin distillers' solubles was added at a level too low 

to induce feeding behavior. The lack of response to a higher inclusion rate of 6.6% thin 

distillers' solubles, as in trial one, is not readily explained. 

65 



The commercial diet was used as a standard to which diets containing the novel 

plant ingredients could be compared. Ideally, fish fed the most palatable diet would have 

reached satiation more abruptly since they would have been eating more aggressively. 

Time to satiation between the five treatments for trial one and trial two, however, did not 

differ. However, since all diets were consumed in equal or greater quantity, as compared 

to the commercial diet, it can be assumed that all diets were palatable to the fish, giving 

further indication that canola meal and air-classified pea protein, even when included at a 

significant level, could offer potential as an ingredient suitable for trout diet fonnulation. 

The rating of aggressiveness to eat was based on the eagerness or enthusiasm to 

feed, and considered whether the fish actively swam up to the food pellet or remained 

near the tank bottom and let the food pellet drift to them. Additionally, the length of 

active feeding behaviour was measured. Rating was on a scale of one to five, with one 

indicating passiveness and five indicating very aggressive behavior. Fish consuming the 

commercial diet displayed significantly higher aggressive eating behaviour than fish 

consuming the canola meal diet supplemented with the commercial palatability enhancer. 

Rainbow trout are visual feeders; therefore, feed attractants are nonnally not utilized 

(Halver 1996). However, the commercial diet had an external application of fish oil to the 

pellets, unlike the other treatments which incorporated the oil within the pellet. This 

difference may have led to a greater awareness of the presence of food and, therefore, 

more aggressive feeding behaviour. However, this more aggressive feeding behaviour 

resulted only in more rapid swimming and splashing, not in increased feed consumption. 

In trial two; the commercial diet had the highest rating in tenns of the intensity of feeding 

response, but was statistically similar to all diets except the air-classified pea protein diet 

containing 1.9% thin distillers' solubles which had a significantly lower level of feeding 

enthusiasm. It is most probable that the difference in age or size of the fish between the 

two trials resulted in the apparent differences in feeding enthusiasm, with the younger 

fish displaying greater feeding activity. 

In conclusion, the overall results of these trials show that canola meal and air

classified pea protein are palatable ingredients suitable for inclusion in rainbow trout 

diets. Feed consumption of a canola meal diet (15% of total diet) was equal to that of a 

commercially available trout ration. Feed consumption of an air-classified pea protein 
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diet (30% of total diet), while being lower than that of the commercial ration, did not 

greatly reduce palatability. Feed consumption of neither plant protein source was 

increased with supplementation of a commercial palatability enhancer. Thin distillers' 

solubles offer potential as an ingredient with feed enhancing characteristics for inclusion 

in rainbow trout diets. Repeatable results indicate that feeding response was significantly 

increased with the supplementation of thin distillers' solubles at a level ~ 3.3% of the 

diet. 
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3.2 Digestibility of Pea Products and Thin Distillers' Solubles by Rainbow Trout 

3.2.1 Introduction 

Field peas (Pisum sativum) are an important Saskatchewan crop. Seeded acreage 

in 2000 was slightly over two million acres making it the largest specialty crop produced 

in the province (Sask. Ag. and Food 2000). The majority of production is exported, either 

as an edible food product or into the European feed market (Pratt 2000). As a feed, field 

peas compete successfully with soybeans in delivering comparable animal performance. 

Pea usage has not been common in aquafeeds. However Europe, particularly France, has 

begun to incorporate low levels ofpea products into aquafeeds (McCallum 1997). 

Peas possess many attractive features that make them a preferred ingredient for 

salmonid diets. The average protein content (N. x 6.25) of Canadian field peas is 23.5 

percent with a high lysine content, but they are deficient in sulfur-containing amino acids 

(methionine and cystine)(Cerioli et al. 1998, Stefanyshyn-Cote et al. 1998). Peas contain 

a moderate fibre level (crude fiber, 5.5%), with the fibre primarily associated with the 

seed coat (Vose 1976). Environmental concerns have often focused on the excess level of 

phosphorus in aquacultural effluent which can lead to excessive aquatic weed and algal 

growth. Peas contain low calcium (0.1 %) and phosphorus (0.4%) levels, relative to fish 

meal, making this another attractive feature for the utilization of peas in aqaufeeds 

(Marquardt and Bell 1988, NRCINAS 1993). In common with all plants, peas contain 

factors that act as natural defenses against pests; these include phytic acid (27-41 % of 

total phosphorus, Marquardt and Bell 1988), condensed tannins, trypsin/chymotrypsin 

inhibitors, lectins and the antigenic proteins legumin and vicilin (Lalles and Jansman 

1998, Orne et al. 1998). A further advantage ofpeas is the reduced levels of these factors 

relative to other legumes. Because of this, antinutritional factors in peas are thought to be 

ofminimal nutritional significance - at least in terrestrial animals (Castell et al. 1996). 

Determination of the nutritional and economic value of any feedstuff requires an 

accurate measurement of digestibility. Because of the carnivorous nature of salmonids, 

animal protein sources typically have superior protein and energy digestibility relative to 

plant sources (Cho et al. 1982, Cho and Kaushik 1990, Hajen et al. 1993b, Gomes et al. 

1995). Protein digestibility, regardless of animal or plant origin, is usually very high 

unless adversely affected by harsh processing treatments, by the physical state of the 
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protein source (i.e., the presence of hulls) or by the presence of antinutritional factors 

(Hilton and Slinger 1986, Hardy 1999). A primary concern with inclusion of grains and 

legumes is the level of starch, which is poorly digested (Steffens 1989). Starch 

digestibility by salmonids depends on inclusion level in the diet and on adequate 

hydrothermal treatment (Bergot and Breque 1983, Spannhof and Plantikow 1983, Kim 

and Kaushik 1992). Salmonids do not require carbohydrate, although it provides an 

inexpensive alternative energy source to protein and lipid (Pieper and Pfeffer 1980a). 

Starch is also important in binding pellets for physical presentation to the fish (DeSilva 

and Anderson 1995). 

Peas are routinely fed in an unprocessed form. However, further processing can 

be employed for specialized food and feed applications. Processing is an important 

consideration in the utilization of peas, or any other plant protein source used in 

aquafeeds. Procedures range from simple dehulling to decrease fiber levels, to more 

advanced treatments such as fine grinding and air classification. Heat treatments, such as 

micronization, extrusion and expansion of ingredients, reduce antinutritional factor levels 

and alter the carbohydrate matrix, thereby increasing digestibility (Kaushik et al. 1993, 

Gomes et al. 1995, Orne et al. 1998). 

Peas may be separated into their components (protein, starch and fibre) by dry or 

wet processing techniques, with the protein fraction being of particular interest for 

aquafeeds. In dry processing, fine grinding of dehulled peas produces pea flour with 

particles of various sizes and densities (Vose et al. 1976). Subsequent air classification 

separates the less dense protein fraction from the coarser starch fraction to produce a 

concentrated protein source containing approximately 56% protein. Some protein adheres 

to the starch granules, even with multiple fine grinding and air classification passes, 

resulting in two to five percent residual starch in the protein fraction (Vose et al. 1976, 

Tyler et al. 1981). Wet processing methods involve milling of peas followed by 

solubilization of the proteins in water, alkali or acid washings (Vose 1980, Owusu-Ansah 

and McCurdy 1991). This method results in a more pure protein fraction, producing a pea 

protein concentrate (65-70% protein) or a pea isolate (90% protein). Negligible levels of 

antinutritional factors and starch remain in the protein isolate (Vose 1980). 
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Limited information is available on the digestibility of processed pea ingredients 

by rainbow trout. This study was undertaken to determine the effect that various milling 

procedures and heat treatment had on nutrient and energy digestibility of pea ingredients 

in trout. Of particular interest was the evaluation of air-classified pea protein. Thin 

distillers' solubles was also evaluated due to interest in the use of this product as a 

palatability enhancer in trout diets incorporating significant levels of plant proteins 

(Section 3.1, pg 50). 

3.2.2 Materials and Methods 

Pea Products 

Four pea ingredients were evaluated: air-classified pea protein, raw/whole peas, 

raw/dehulled peas and extruded/dehulled peas. The peas consisted of a composite lot of 

commercial dry peas of mixed Canadian prairie varieties (Dr. I. McCallum, Aylsham, 

SK). The air-classified pea protein (Prestige) was obtained from Parrheim Foods 

(Saskatoon, SK). The various processing treatments applied to each ingredient are 

described in Table 3.8. The air-classified pea protein was autoclaved (125°C, 15 min) 

prior to being fed. Dehulled peas were pin milled to produce a raw flour which was 

preconditioned (Wenger model 2 DOC) prior to extrusion using a co-rotating twin screw 

extruder (Werner and Pfleiderer ZSK-57) equipped with a 5.0 mm die. The product 

temperature reached 145°C with pressure ranging between 620 and 740 psi. The extruded 

material was then dried (fluid bed dryer, 110°C) and pin milled. 

Samples of thin distillers' solubles were collected from Pound-Maker Agventures 

Ltd. in Lanigan, SK. The feedstock was a mixture of Canadian Prairie Spring wheat (AC 

Karma), winter wheat and durum wheat. The thin distillers' solubles were evaluated 

independently and in combination with three pea ingredients. Thin distillers' solubles 

were added to air-classified pea protein, raw/dehulled peas and extruded dehulled peas at 

a concentration of four percent (dry matter basis). The liquid thin distillers' solubles/pea 

mixture was dried (forced air oven, 55°C) and ground (Retsch mill, Brinkmann Corp.;1.0 

mm screen) before addition into the diet. The processing treatments applied to these four 

test ingredients are described in Table 3.8. 
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Fish Management 

Fish were maintained in tanks that were part of a semi-closed, recirculating 

system utilizing biological filtration. Water temperature was maintained at 15 ± 1°C. 

Dissolved oxygen, nitrate, nitrite, ammonia and pH were monitored daily. Photoperiod 

was a 14 hour light, 10 hour dark cycle. Eighteen (300 ± 15 g) fish per tank were utilized. 

Fish were fed by hand to apparent satiation twice daily for the duration of the experiment. 

The fish were maintained in accordance with the guidelines of the Canadian Council on 

Animal Care (Canadian Council on Animal Care 1984). 

Digestibility Measurements 

Apparent digestibility coefficients (AD~, %) were measured using an indirect 

method with diets containing 1% celite as the indicator. Fish were adapted to the 

experimental diets for seven days and feces collected over a four day period using a 

settling column which separated the fecal material from the effluent water. Following 

collection, feces were centrifuged (Beckman, model J2-21, USA; 5000 x g, 20 min), 

frozen and freeze-dried. 

A reference diet was formulated (Table 3.9) according to Bureau and Cho (1994). 

Eight experimental diets were made containing 70% of the reference diet and 30% of 

each test ingredient under evaluation. The diets were cold-extruded using a sausage 

maker attachment (4.0 mm die) connected to a Hobart mixer. The formed strands were 

dried (forced air oven; 55°C, 1.5 h), chopped and screened to obtain an appropriate size 

ofpellet. 

The ADC of the reference and experimental diets were calculated as follows: 

ADC = 1 - (F/D x Di/Fi) (2.1) 

The ADC of the test ingredient was then calculated as follows: 

ADC = (ADC of test diet - 0.7 ADC ofreference diet)/O.3 (2.2) 

Where: D = % nutrient in diet 

F = % nutrient in feces 

Di = % indicator in diet 

Fi = % indicator in feces 
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Analytical Methods 

Experimental diets and feces were ground (Retsch mill, Brinkmann Corp.; 1.0 

mm screen) and analyzed for moisture, crude protein, amino acids, and gross energy as 

described previously (section 3.1.2, pg 55). Acid ether extract analysis was performed 

according to AOAC 1995, method no. 954.02. Total starch was analyzed according to 

AOAC 1995, method no. 996.11 using the Megazyme total starch analysis kit. Analysis 

of phosphorus included the digestion procedure according to AOAC 1990, method no. 

965.17 and photometric reading according to AOAC 1984 method no. 7.125. 

Determination of acid insoluble ash was performed according to the following 

procedure. Samples were charred (250°C, 18 h), followed by a gradual increase in 

temperature to 500°C (3 h), and then ashed (48 hours). Four mL of 4N HCl was added 

and the samples were heated at 120°C for a minimum of one hour. Samples were then 

centrifuged (3000 x g , 10 min) followed by aspiration of the supernatant. Five mL of 

water was added, vortexed, centrifuged and aspirated two times. The samples were then 

dried overnight (80°C) followed by ashing (500°C, 24 h). 

Statistical Analysis 

Dietary treatments were randomly assigned to four replicate tanks. Only 15 tanks 

were fitted with settling columns, requiring the trial to be divided into three periods. 

Individual tanks were treated as the experimental unit. All data were subjected to analysis 

of variance using the General Linear Model procedure of the Statistical Analysis System 

(SAS Version 8.0). An initial analysis indicated no significant period effects or period X 

diet interactions; therefore, only treatment effects were analyzed. Mean values were 

separated using the Student-Newman-Keuls test with the accepted level of significance at 

P < 0.05. 

Data for the effect of the addition of thin distillers' solubles on apparent 

digestibility coefficients were analyzed as a 2 X 3 factorial treatment design - two levels 

of thin distillers' solubles (0 and 4%) and three pea ingredients (air-classified pea protein, 

raw/dehulled peas, extruded/dehulled peas). Orthogonal contrasts were used to detect 

treatment effects when significant interactions were detected. 
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Table 3.8 Processing treatment applied to test ingredients for digestibility evaluation 

Diet 
Control 

Test ingredient 
Reference diet 

Processing treatment 

1 Air-classified pea protein Dehulled, pin milled, 

2 
3 
4 
5 

Raw/whole peas 
Raw/dehulled peas 
Extruded!dehulled peas 
Thin distiller's solubles 

autoclaved (125°C, 15 minutes) 
Pin milled 
Dehulled, pin milled 
Dehulled, extruded, pin milled 
Freeze dried 

6 

7 

8 

Air-classified pea protein 
with 4% thin distillers' solubles 
Raw/dehulled peas 
with 4% thin distillers' solubles 
Extruded!dehulled peas 
with 4% thin distillers' solubles 

Oven dried (55°C, 26 hours), 
fine grind 
Oven dried (55°C, 18 hours), 
fine grind 
Oven dried (55°C, 14 hours), 
fine grind 
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Table 3.9 Composition of reference diet utilized in 
digestibility study 

Ingredient Inclusion (g kg-i) 
Fishmeal 300 
Soybean meal 170 
Com gluten meal 130 
Wheat flour 280 
Vit./Min. premixa 10 
Celite 10 
Fishoil 100 
(Total) 1000 
arhe vitamin/mineral premix was a commercial (closed formulation) 
premix formulated to meet the requirements ofjuvenile rainbow trout. 
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3.2.3 Results 

Effect ofProcessing Treatment on Nutrient Composition ofPea In~redients

Removal of the fibrous pea hull had minimal effects on most nutrients in peas 

(Table 3.10). The protein content of raw/whole pea (21.2%) was increased slightly to 

23.5% by dehulling. Ether extract (1.4%) and ash (3.0%) content were unaffected by 

dehulling. The most apparent effects of dehulling were seen in the fibre and starch 

contents of the pea ingredient. Fibre content, measured as crude fibre, decreased from 

6.3% in raw/whole peas to 1.5% in raw/dehulled peas. Starch was concentrated with 

removal of the hull such that the starch content of raw/dehulled pea increased to 58.3% 

relative to 55.7% in raw/whole pea. 

Subsequent air classification of dehulled peas concentrated protein further from 

23.5% in raw/dehulled pea to 50.2%. This protein fraction was enriched in ether extract 

(4.1%) and ash (6.4%) relative to raw/dehulled pea (1.4% and 3.1%, respectively). The 

crude fibre content of air-classified pea protein (2.0%) was similar to that of the 

raw/dehulled pea product (1.5%). Air classification of dehulled peas removed the 

majority of the starch, leaving only 6.8% starch relative to 58.3% starch In the 

raw/dehulled pea product. 

Effect ofProcessing Treatment on Apparent Digestibility ofPea Ingredients 

Dehulling of pea had no effect on apparent protein, amino acid, acid ether extract, 

starch, energy or dry matter digestibility or phosphorus retention (Table 3.11). Pea 

protein was highly digestible for raw/whole and raw/dehulled pea (90.0% and 91.4%, 

respectively), as confirmed by high individual amino acid digestibility (88.8-96.8%). 

Acid ether extract digestibility was moderate (68.8-71.8%), with starch digestibility of 

raw/whole and raw/dehulled pea being extremely low (14.3 and 24.7%, respectively). 

This resulted in low energy digestibility (54.6-56.8%) and very low dry matter 

digestibility (42.1-46.6%) for both raw/whole and raw/dehulled pea. Phosphorus 

retention did not vary with removal of the fibrous pea hull (54.1-64.9%). 

Subsequent air classification of dehulled peas, with autoclaving, increased 

protein, acid ether extract, starch, energy and dry matter digestibility. The increase in 

protein digestibility (to 94.6% compared to 91.4% in raw/dehulled pea) was minimal, 

with individual amino acid digestibility unaffected by this processing treatment. The 
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improvement in acid ether extract digestibility (68.8 to 86.0%) and starch digestibility 

(24.7 to 66.2%) was large, with a resultant large increase in energy (56.8 to 87.0%) and 

dry matter (46.6 to 84.0%) digestibility between raw/dehulled pea and autoclaved air

classified pea protein. Phosphorus retention was unaffected by air classification and 

autoclaving. 

Thermal treatment of raw/dehulled pea to produce extruded/dehulled pea 

increased acid ether extract, starch, energy and dry matter digestibility, but had no effect 

on protein and individual amino acid digestibility or phosphorus retention. The increase 

in acid ether extract digestibility with extrusion was substantial (68.8 to 84.0%), with an 

even larger increase ~n starch digestibility (24.7 to 100.7%). The improved digestibility of 

these two components resulted in higher energy and dry matter digestibility in the 

extruded/dehulled pea ingredient (78.4 and 73.7%, respectively), relative to the 

raw/dehulled pea ingredient (56.8 and 46.6%, respectively). Extrusion had no effect on 

phosphorus retention. 

Effect ofThin Distillers' Solubles on the Apparent Digestibility ofPea Ingredients 

The app~ent digestibility of freeze-dried thin distillers' solubles was very 

favourable (Table 3.12). The high protein digestibility (92.3%) was confirmed by 

individual essential amino acid digestibility (88.8-98.3%). Acid ether extract digestibility 

was also high (101.1 %) with moderate digestibility of the starch fraction (77.3%), 

resulting in an ingredient with high energy (87.0%) and dry matter (81.6%) digestibility. 

Wet thin distillers' solubles were mixed (0 or 4%) with the various pea products 

prior to drying in a forced-air oven (55°C). Analysis of variance (2 x 3) indicated 

treatment effects as follows: digestible protein, plant protein source (P<O.OOOl); 

digestible acid ether extract, plant protein source (P<0.05), thin distillers' solubles 

(P<O.Ol); digestible starch, plant protein source (P<O.OOOl); digestible energy, plant 

protein source (P<O.OOOl), thin distillers' solubles (P<0.05); digestible dry matter, plant 

protein source (P<O.OOOl). Orthogonal contrasts (Table 3.13) indicated that although thin 

distillers' solubles had very favourable digestibility, the addition of this product (4%) to 

autoclaved air-classified pea protein, raw/dehulled peas and extruded/dehulled peas was 

insufficient to produce any major benefit. The sole notable effect was an increase in acid 
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Table 3.10 Nutrient composition of pea ingredients 

Nutrient level (g kg-I) 
Raw/whole Raw/dehulled Extruded! Air classified 

a a apea pea dehulled pea pea protein 
Crude protein 212 235 231 502 
Ether extract 14 14 16 41 
Ash 30 31 30 64 
Crude fiber 63 15 20 20 
Starch 557 583 595 68 

aNutrient composition values (excluding starch) supplied by Dr. I. McCallum. 
The moisture contents of the ingredients (g kg-I) were as follows: raw/whole pea (75), 
raw/dehulled pea (79), extruded!dehulled pea (83), air-classified pea protein (132). 

77



Table 3.11 Apparent digestibility coefficients (ADC,%) of pea ingredients and reference 
diet for rainbow trout (n=4) 

Pea Ingredient 
Reference Raw/whole Raw/dehulled Extruded! Autoclaved air SEM 
diet peas peas dehulled peas classified 

Crude protein 94.38 90.96 91.46 93.586 
pea protein 
94.68 0.72 

Amino acia 
Essential 

Arginine 98.3 96.0 96.8 96.3 97.8 0.94 
Histidine 96.8 92.3 92.8 94.0 93.8 1.49 
Isoleucine 96.8 94.0 90.3 93.8 96.3 1.64 
Leucine 97.5 93.0 93.5 93.5 97.8 1.30 
Lysine 97.3 93.5 94.3 95.5 98.3 1.02 
Methionine 97.8 95.0 91.3 94.5 93.5 1.85 

-.l 
00 

Phenylalanine 
Threonine 

97.0 
96.3 

93.3 
89.3 

92.5 
88.8 

93.0 
92.0 

98.3 
91.8 

1.54 
2.12 

Valine 96.0 92.8 90.8 93.3 95.5 1.52 
Non essential 96.8 91.5 91.9 92.8 94.8 1.64 

Acid ether extract 89.28 71.8b 68.8b 84.08 86.08 3.01 
Starch 52.9b 14.3c 24.7c 100.78 66.2b 5.64 
Energy 82.88b 54.6c 56.8c 78.4b 87.08 1.60 
Dry matter 75.3b 42.1 c 46.6c 73.7b 84.08 2.08 
Mineral retention 

Phosphorus 65.3 64.9 54.1 51.5 61.2 4.57 

a-cDifferent letters denote significant differences within a row (P~O.05).
·Consists of alanine, aspartic acid, glycine, glutamic acid, proline, serine and tyrosine. 



Table 3.12 Apparent digestibility coefficients (ADC,0/0) 
of thin distillers' solubles for rainbow trout (n=4) 

Thin distillers' SDa 

solubles 
Crude protein 92.3 1.30 
Essential amino acid 
Arginine 93.8 0.96 
Histidine 92.0 0.82 
Isoleucine 90.3 0.96 
Leucine 92.5 1.00 
Lysine 91.3 0.50 
Methionine 92.0 1.41 
Phenylalanine 93.3 1.50 
Threonine 89.5 0.58 
Valine 92.0 1.41 

Non essential amino acid 
Alanine 91.8 0.96 
Aspartic acid 89.3 0.96 
Glutamic acid 96.3 0.50 
Glycine 90.0 2.16 
Proline 96.1 0.82 
Serine 91.0 1.63 
Tyrosine 93.8 0.50 

Acid ether extract 101.1 1.76 
Starch 77.3 10.25 
Energy 87.0 3.25 
Dry matter 81.6 4.14 
Mineral retention 
Phosphorus 59.6 8.56 

aSD = Standard deviation 
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Table 3.13 The effect of thin distillers' solubles (TDS) on nutrient and energy apparent digestibility coefficients (ADC, 0/0) 
of air-classified pea protein, raw/dehulled peas and extruded/dehullcd peas for rainbow trout (n=4) 

Autoclaved air-classified Raw/dehulled peas Extruded/dehulled peas Contrasta 

pea protein 
(ACP) (ROP) (EDP) 

Parameter 0% 4% 'SEMb 0% 4% SEM 0% 4% SEM ACP RDP EOP 
TOS TOS TOS TOS TOS TOS 

Crude protein 94.6 94.7 0.60 91.4 92.2 1.00 93.5 94.4 0.60 NSc NS NS 
Amino acid 

Essential 
Arginine 97.8 96.8 0.99 96.8 96.3 0.40 96.3 97.3 1.20 NS NS NS 
Histidine 93.8 95.0 2.28 . 92.8 93.8 0.63 94.0 95.5 1.06 NS NS NS 
Isoleucine 96.3 94.3 1.55 90.3 93.5 0.99 93.8 95.8 1.44 NS NS NS 
Leucine 97.8 95.0 1.40 93.5 93.3 0.40 93.5 95.5 1.00 NS NS NS 
Lysine 98.3 96.0 1.60 94.3 94.3 0.63 95.5 96.5 1.15 NS NS NS 
Methionine 93.5 94.3 2.50 91.3 94.3 1.07 94.5 93.5 1.32 NS NS NS 

00 
0 

Phenylalanine 
Threonine 

98.3 
91.8 

94.5 
92.8 

1.60 
2.56 

92.5 
88.8 

93.8 
89.3 

0.70 
0.69 

93.0 
92.0 

95.8 
92.8 

1.13 
1.37 

NS 
NS 

NS 
NS 

NS 
NS 

Valine 95.5 96.0 1.67 90.8 93.3 0.69 93.3 96.0 1.20 NS NS NS 
Non essentiaF 94.8 94.5 1.58 91.9 92.4 0.43 92.8 94.4 1.25 NS NS NS 

Acid ether extract 86.0 89.2 2.79 68.8 87.8 4.39 84.0 94.8 3.99 NS <0.01 NS 
Starch 66.2 78.3 12.45 24.7 23.0 4.84 100.7 117.6 8.15 NS NS NS 
Energy 87.0 86.1 1.32 56.8 62.4 1.43 78.4 82.0 1.96 NS <0.05 NS 
Orymatter 84.0 81.6 1.63 46.6 51.0 1.66 73.7 77.0 2.46 NSc NS NS 
Mineral retention 
Phosphorus 61.2 59.7 5.13 54.1 58.8 6.06 51.5 60.7 5.67 NS NS NS 

aOrthogonal contrasts were: air-classified pea protein: 0% thin distillers' solubles addition vs. 4% thin distillers' solubles addition 
raw/dehulled peas: 0% thin distillers' solubles addition vs. 4% thin distillers' solubles addition 
extruded/dehulled peas: 0% thin distillers' solubles addition vs. 4% thin distillers' solubles addition 

bSEM denotes standard error of the mean. eNS denotes non-significance (P > 0.05) dConsists of ala, asp, glu, gly, pro, ser, tyro 



ether extract digestibility (68.8 to 87.8%; P<O.Ol) with a concurrent increase in energy 

digestibility (56.8 to 62.4%; P<0.05) for raw/dehulled peas. 

3.2.4 Discussion 

Constraints on the use of plant protein sources in salmonid diets have focused on 

the level of antinutritional factors present, the level of dietary fibre, and the low starch 

digestibility. Processing techniques attempt to reduce these factors and improve the 

nutritional value. In the present study, peas were subjected to three processing treatments: 

dehulling, further fractionation using air classification to obtain a concentrated pea 

protein fraction, and heat treatment (extrusion processing). 

The high fibre content of many plant ingredients has often been considered an 

antinutritional factor (Hilton et al. 1983, McCurdy and March 1992, Mwachireya et al. 

1999). Pea cotyledon cell walls are fibrous and thick, composed primarily of soluble and 

insoluble arabinose polysaccharides and uronic acids with some cellulose. In contrast, the 

pea seed coat contains a large amount of insoluble uronic acids, xylans and cellulose, 

with some lignin (Reichert and MacKenzie 1982, Marquardt and Bell 1988). It was 

observed that dehulling reduced the crude fibre level ofpeas from 6.3 to 1.5%, which was 

similar to results reported by Vose (1976). Dietary fibre levels in excess of 10% inhibit 

nutrient availability for, and significantly reduce growth performance of, rainbow trout 

(Hilton et al. 1983). While dehulling reduced the fibre level, in the present study, neither 

apparent nutrient, energy nor dry matter digestibility differed between raw/whole pea and 

raw/dehulled pea, indicating that the fibre level ofwhole pea was not a major concern. 

The observed apparent protein digestibility for raw peas (90.1-91.4%) was 

slightly higher than published values (81.9-86.0%)(Kaushik et al. 1993, Gomes et 

al.1995, Pfeffer et al. 1995). Reported values for energy and dry matter digestibility are 

extremely variable in the literature, ranging from 14.4-59.2 and 9.8-66.0%, respectively 

(Kaushik et al. 1993, Gomes et al. 1995, Pfeffer et al. 1995). Nevertheless, the observed 

energy digestibility (54.6-56.8%) was comparable to that reported by Gomes et al. 

(1995), who used a fecal collection method similar to that used in the present study. It is 

possible that digestibility results vary due to the difference in method of fecal collection. 

Collection of feces from the lower part of the intestine by stripping, as used by Pfeffer et 
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al. (1995), results in the underestimation of protein digestibility due to contamination of 

fecal material with endogenous protein (Hagen et al. 1993a). While energy and dry 

matter digestibility were not improved with dehulling in the present study, Kaushik et al. 

(1993) observed a large increase in energy (14.4 to 28.8%) and dry matter (9.8 to 24.7%) 

digestibility with dehulling of raw peas; their reported values were extremely low relative 

to other literature, and the method of fecal collection was not reported. 

Further reduction of the carbohydrate component of peas by air classification 

concentrated the protein from 23 to 50 percent, representing the removal of a large 

fraction of the starch and non-starch polysaccharides. Air classification also significantly 

increased the apparent protein, acid ether extract, starch, energy and dry matter 

digestibility. The higher digestibility can be a~buted to starch removal, as well as 

gelatinization of the residual starch and antinutrient destruction with autoclaving. The 

digestibility of pea protein concentrate (42.4% CP), and the noted improvement in 

digestibility relative to dehulled peas, was similar in silver perch, a native Australian 

freshwater omnivorous fish (Allan 1997). 

While heat treatment is instrumental in the destruction of proteinaceous 

antinutrients (trypsin inhibitor, chymotrypsin inhibitor and lectins), in some instances 

indigestible polysaccharides have had a greater adverse effect on the nutritive value of 

plant ingredients than the level of antinutritional factors present (Hilton and Slinger 1986, 

Mwachireya et al. 1999). The principal advantage of heat treatment with peas is matrix 

structure and starch granular disruption via gelatinization. Gelatinization involves several 

processes, including the loss of birefringence and crystallinity, absorption of water, 

swelling, solubilization of amylose/amylopectin, and an increase in viscosity (Whistler 

and Daniel 1985). Swollen starch granules allow easier and more rapid attack by 

amylases and higher digestibility. 

Results of the present study indicate that extrusion of dehulled peas increased 

acid ether extract, starch, energy and dry matter digestibility. Heat treatment had the 

greatest effect on starch, with digestibility of less than 25% for raw peas increasing to 

complete digestibility for extruded/dehulled peas. Noteworthy is the fact that pea starch 

differs from cereal starch in containing up to 34% amylose, a higher proportion than 

cereal starch which contains approximately 25% amylose (Vose 1977), and is generally 
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considered to give a greater improvement in digestibility with heat treatment. Extrusion 

also increased lipid (acid ether extract) digestibility of the dehulled peas. The lipids of 

pea consist primarily of phospholipid, with a smaller amount of neutral lipids 

(triglycerides, sterols and some free fatty acids) present in all parts of the pea (Hoover et 

al. 1988). The lipids occur as non-starch lipids (found as oil droplets and components of 

membranes and organelles) or as internal starch lipids (lipids associated with the amylose 

helix or trapped in spaces between amylose and amylopectin). The observed increase in 

digestibility may be due to the greater degree of rupture of cells and oil bodies during 

extrusion. 

Autoclaving (125°C for 15 min) of air-classified pea protein, having a starch 

content of 6.8%, resulted in only 66.2% starch digestibility in trout. This is most likely 

indicative of insufficient water for adequate gelatinization. The extent of gelatinization is 

dependent not only on temperature, but also on the moisture level (Whistler and Daniel 

1985). The starch component of the extruded/dehulled peas was completely digestible 

attributing to the fact that gelatinization of the pea starch was more extensive. The 

extrusion process involved a preconditioning phase where mixing, hydration and heating 

resulted in the partial cooking of the raw pea flour prior to extrusion. Additionally, shear 

forces in extrusion undoubtedly contribute to granular disruption. 

Phosphorus retention is important in fish nutrition as well as in addressing 

environmental concerns. The phosphorus contents of the pea diets (with 21 % fish meal 

and 30% pea ingredient) were similar, ranging from 0.86 to 0.98%; the reference diet 

(with 300/0· fish meal) had the highest phosphorus content (1.1 %). Numerically, the 

phosphorus retention of the raw/whole peas was superior (64.9%) to that of the other pea 

ingredients (51.5-61.2%). However, the large variability within treatments negated the 

statistical significance of this difference. A comparison of the phosphorus retention of the 

reference diet (65.3%) relative to the pea diets (61.3-66.3%) revealed no differences in 

phosphorus discharge with the inclusion of 30% peas to the diet. These values are all 

considerably higher than those reported by Kaushik et al. (1993) where phosphorus 

retention for a control diet (35% fish meal) was 21 %. It was also reported that inclusion 

of 15% extruded peas in the diet of rainbow trout increased phosphorus retention to 38%. 
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Distillers' byproducts have traditionally been used as an ingredient with nutritive 

value in warmwater aquatic rations (Webster et al. 1992, 1993, Tidwell et al. 1993, Wu et 

al. 1994). In a different capacity, thin distillers' solubles have previously been shown to 

have an indirect effect on the nutritional value of a ration, having potential application as 

a palatability enhancing compound for rainbow trout (Section 3.1, pg 55). Despite being 

highly digestible, inclusion of thin distillers' solubles (4% of total diet) failed to enhance 

digestibility. Interestingly, acid ether extract digestibility and digestible energy m 

raw/dehulled peas was increased when supplemented with thin distillers' solubles. 

Results from the present study. indicate that raw/whole pea protein was highly 

digestible in rainbow trout, but that the large starch component was essentially 

indigestible, resulting in an ingredient with poor digestible energy and an overall low dry 

matter digestibility. Removal of the fibre-rich hull through dehulling had no effect on the 

digestibility of raw peas. Subsequent air classification and autoclaving of dehulled peas 

proved to be beneficial by concentrating the protein and removing the majority of the 

indigestible starch, ultimately producing an ingredient with exceptional protein, energy 

and dry matter digestibility. Extrusion of dehulled peas greatly increased digestibility of 

the starch fraction, but this was not expressed in digestible energy to any large extent. As 

a result, extrudedldehulled peas had only moderate energy and dry matter digestibility 

relative to the autoclaved air-classified pea protein. 

Among the plant ingredients suitable for salmonid feeds, soybean meal and com 

gluten meal are generally recognized as having high digestibility values and high 

potential for utilization (Cho et al. 1982, Cho and Kaushik 1990, Gomes et al. 1995). 

Protein and dry matter digestibility of extrudedldehulled peas and autoclaved air 

classified pea protein compare very favourably to soybean meal and com gluten meal in 

rainbow trout (Sugjura et al. 1998). Air-classified pea protein has the added advantage of 

protein content over extrudedldehulled peas - a necessity for an ingredient used as a 

substitute for fish meal and soybean meal in aquatic diets. Results also indicate that thin 

distillers' solubles were a highly digestible ingredient whose inclusion, at a low level, had 

no effect on pea digestibility. 
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3.3 Growth Performance of Rainbow Trout Fed Pea or Canola Meal 
Products With Thin Distillers' Solubles 

3.3.1 Introduction 

Soybean meal, canola meal and peas have been used to replace fish meal in 

salmonid feeds with varying degrees of success (Hilton and Slinger 1986, Dabrowski et 

al. 1989, McCurdy and March 1992, Kaushik 1993, Adelizi et al. 1998). Inclusion levels 

above 25-50% of. the total diet frequently resulted in reduced growth, which was 

attributed to an improper balance of essential amino acids, the presence of antinutritional 

factors, and/or poor palatability (Hilton and Slinger 1986, Dabrowski et al. 1989, Gomes 

et al. 1993, Rumseyet al. 1993, Stickneyet al. 19~6, Bureau et al. 1998). 

The amino acid composition of the whole body of fish closely resembles the 

profile of amino .acids required for maximum growth (Wilson and Halver 1986). 

Replacement of fish meal in the diet poses a challenge since other plant or animal protein 

sources do not closely approximate the essential amino acid requirements of fish. Tacon 

and Jackson (1985) compared the value of several protein sources by calculating a 

chemical score with reference to the dietary essential amino acid requirements of rainbow 

trout. Fish meal (depending on variety) scored a value of 76 to 81, soybean protein had a 

very low score of 46, while rapeseed/canola had a very favourable score of 74. No value 

was given for peas. Despite having a lower score (methionine and cystine are deficient), 

soybean protein has been one of the most extensively used plant proteins in aquafeeds 

primarily due to its wide availability in world markets (Refstie et al. 1999). The relatively 

high score of canola protein can be misleading; despite a favourable balance of amino 

acids, their availability may be low. 

Antinutritional factors also contribute to the inferior performance of plant 

ingredients. Raw legumes, including soybean, canola and peas, contain protease 

inhibitors, lectins, phytates, tannins and oc-galactosides (Cheeke 1998). Most attention 

has focused on protease inhibitors in soybeans and peas (Rumsey et al. 1993), and 

glucosinolates in canola products (Hardy and Sullivan 1983). Heat treatment of oilseeds 

and pulses reduce heat-labile, usually proteinaceous antinutritional factors (Cheeke 

1998). Of seemingly greater importance for carnivorous species, such as salmonids, is the 
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effect moist heat treatment has on starch - especially in pulse crops which contain a 

substantial amount of starch. In its raw form, starch is very poorly digested by salmonids 

(Steffens 1989, Thiessen 2000; section 3.2, pg 67). Undigested starch acts as an inert 

filler, limiting feed intake and impeding proper digestion of other nutrients. With 

hydrothermal treatment, gelatinized starch allows more rapid degradation by amylase, 

resulting in higher digestibility (Bergot and Breque 1983, Spannhof and Plantikow 1983, 

Thiessen 2000; section 3.2, pg 67). 

Antinutritional factors have also been implicated in palatability problems, 

ultimately reducing intake and restricting growth of fish fed significant levels of plant 

protein. Sinapine, tannins, and glucosinolates may have an affect on feed acceptance if 

canola products are included at high levels in the diet (Higgs et al. 1983, McCurdy and 

March 1992, Bell 1993). While tannin levels are low in white-flowered Canadian peas, 

the presence of soyasaponin I contributes to the bitter, astringent taste of peas. This 

antinutrient is concentrated in the protein-rich fraction during air classification (Owusu

Ansuh and McCurdy 1991). Additionally, the presence of lipoxygenase, found 

throughout raw pea tissues, may be associated with off-flavours developed during 

storage. Lipid oxidation products such as esters, aldehydes, ketones and alcohols all 

contribute to the flavour in peas (Owusu-Ansuh and McCurdy 1991). 

Oilseeds and pulses may be processed to provide concentrated protein fractions 

with negligible levels of some antinutritional factors (Hardy and Sullivan 1983, McCurdy 

and March 1992, Kaushik et al. 1995, Allan 1997, Mwachireya et al. 1999, Refstie et al. 

1999). Although processing ingredients offers potential nutritional benefits, many 

methods are not cost effective (Bureau and Cho 1994, Hardy 1999). Fine grinding and 

subsequent air classification of peas concentrates the protein component by removal of a 

large fraction of starch and non-starch polysaccharides (Section 3.2.1, pg 70). Sieving of 

oil-extracted, toasted canola meal removes a considerable amount of fiber, producing a 

protein-rich 'fines' fraction. 

There is interest in developing pea and canola products for aquafeeds since both 

crops have significant acreage in western Canada. It has been demonstrated that canola 

meal and peas can be used successfully to replace fish meal and soybean meal in trout 

diets (Hardy and Sullivan 1983, Gouveia et al. 1991, Kaushik et al. 1993). Further 
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processing of canola meal, by fiber removal and solvent washing, has proved beneficial 

in promoting superior growth performance in rainbow trout (McCurdy and March 1992). 

Likewise, concentration of pea protein increased digestibility of peas for silver perch 

(Allan 1997). The first objective of this trial was to compare the growth of juvenile 

rainbow trout fed processed pea or canola products as a replacement for soybean meal in 

the diet. The three processing treatments included dehulling or air classification of peas 

and sieving of canola meal. A second objective was to evaluate the effectiveness of thin 

distillers' solubles as a long-term feed enhancing compound when used with processed 

pea and canola products in rainbow trout diets. Thin distillers' solubles have previously 

been shown to have potential application as a short-term palatability enhancer for diets 

containing canola meal or air-classified pea protein (Section 3.1, pg 50). 

3.3.2 Materials and Methods 

Diet Preparation 

Seven dietary treatments were evaluated in this growth study: a reference diet 

(with soybean meal as the primary plant protein source), a dehulled pea diet, an air

classified pea protein diet, a canola meal fines diet and three diets consisting of dehulled 

peas, air-classified pea protein or canola meal fines with thin distillers' solubles added at 

a concentration of 4% (dry matter basis). Canola meal fines, obtained from Saskatchewan 

Wheat Pool (Saskatoon, SK), were produced by sieving conventional canola meal 

through a 60 mesh screen. A mixture of yellow and green peas, obtained from 

Saskatchewan Wheat Pool (Saskatoon, SK), were dehulled at the Department of 

Agricultural and Bioresource Engineering, University of Saskatchewan. Air-classified 

pea protein (Prospect) was obtained from Parrheim Foods (Saskatoon, SK). Thin 

distillers' solubies were collected from Pound-Maker Agventures Ltd. in Lanigan, SK. 

The feedstock for the industrial ethanol system was a mixture of Canadian Prairie Spring 

wheat (AC Karma), winter wheat and durum wheat. Liquid thin distillers' solubles were 

mixed with the dehulled pea, air classified pea protein or canoia meal fines product and 

the mixture was drum dried (drum temperature, 112°C; drum rotation, Y2 RPM). The 

subsequent products were then dried (forced air oven; 55°C, 2 h) and ground (Retsch 

mill, Brinkmann Corp.; 1.0 mm screen) before incorporation into the diet. 
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Diets were fonnulated (Table 3.14) to obtain similar protein and caloric levels 

with a digestible protein to digestible energy ratio of 21-23 g Mr1
• Essential amino acid 

and mineral levels met NRCINAS (1993) requirements. The dry dietary ingredients were 

mixed, preconditioned (Wenger model 2DDC) and extruded with a co-rotating twin 

screw extruder (Werner and Pfleiderer ZSK-57) equipped with a two mm die. The 

product temperature reached 116°C with the pressure ranging between 350·and 510 psi. 

The extruded diets were dried using a fluid bed dryer (110°C for 10-12 min). The entire 

oil content of the diets was added after the extrusion process using a vacuum tumbler 

(Roschennatic model TU-250). 

Fish Management 

Fish were maintained in tanks that were part of a semi-closed, recirculating 

system utilizing biological filtration. Water temperature was maintained at 15 ± 1°C. 

Dissolved oxygen, nitrate, nitrite, ammonia and pH were monitered daily. Photoperiod 

was a 14 hour light, 10 hour dark cycle. The fish were maintained in accordance with the 

guidelines of the Canadian Council on Animal Care (Canadian Council on Animal Care 

1984). Thirty (36.2 ± 3 g) fish per tank were utilized. Fish were fed by hand to apparent 

satiation three times daily for the twelve week experiment. Total fish weight per tank 

were recorded at 28 day intervals for the duration of the experiment. 

Growth Measurements 

Growth perfonnance was detennined by percentage weight gain ([final weight 

initial weight]/initial weight x 100), specific growth rate ([In final weight - In initial 

weight]/time (days) x 100), feed conversion ratio (feed intake/wet weight gain), protein 

efficiency ratio (wet weight gain/protein intake) and total feed intake for the twelve week 

period. Immediately following the final weighout, three fish per tank were randomly 

selected and dressout percentage (dressout weight/whole wet weight x 100) was 

detennined by removing internal organs and viscera. Liver weights were also obtained 

for calculation ofhepatosomatic index (liver weight/body weight x 100). 

Analytical Methods 

Experimental diets were ground (Retsch mill, Brinkmann Corp.; 1.0 mm screen) 

and analyzed for moisture, ash, crude protein, acid ether extract, acid detergent fibre, 
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Table 3.14 Growth trial experimental diet formulation and nutrient analysis comparing soybean meal, dehulled peas, air-classified 
pea protein and canola meal fines as an alternate protein source with/without thin distillers' solubles for rainbow trout 
(n=4) 

Reference Dehulled Dehulled peas/ Air-classified Air-classified Canola meal Canola meal 
peas thin distillers' pea protein pea protein! fines fines/thin

solubles thin distillers' distillers' 
solubles solubles

Ingredients (g kg-I)
Fishmeal 330 375 375 310 310 337 337
Dehulled pea 250 250
Air classified pea protein 200 200 
Canola meal fines 200 200
Thin distillers' solubles 40 40 40
(4%DM)

Soybean meal 180 40 55 15 
Com gluten meal 115 115 115 115 115 115 75
Wheat flour 118 73 73 121 121
Blood meal 90 90 90 90 90 90 90
Fish oil 155 118 11800 145\0 145 125 125
Choline 5 5 5 5 5 5 5
Vitamin premixa 5 5 5 5 5
Mineral premixb 2 2 2 

5
2

5
22 

21.4DP:DE (g Mrl
) 21.6 21.8 21.7

2
21.0 22.2 21.7

Nutrient analysis (g kg-) dry matter)
Crude protein 523 525 508 529 518 517 506 
Acid ether extract 212 178 182 208 203 213 200 
Acid detergent fiber 17 12 11 15 15 22 27. 
Ash 79 90 80 74 75 86 88 
Phosphorus 11 11 11 11 10 12 12 
Starch 115 162 169 134 141 129 126 
Gross energy (kcal kg DM- I 

) 5619 5408 5450 5662 5521 5626 5524
8The moisture contents of the diets were as follows: reference (86), dehulled.peas (104), dehulled peas/thin distillers' solubles (87), air-classified pea protein 
(103), air-classified pea protein/thin distillers' solubles (98), canola meal fmes (102), canola meal fmes/thin distillers' solubles (98). 



aVitamin premix (mg/kg dry diet): vitamin A (as acetate), 7500 IU/kg dry diet; vitamin D3 (as cholecalcipherol), 6000 IU/kg dry diet; vitamin E 
(as dl-a-tocopheryl-acetate), 150 IU/kg dry diet; Vitamin K (as menadione Na-bisulfate) 3; vitamin B12 (as cyanocobalamin), 0.06; Ascorbic acid 
(as ascorbyl polyphosphate), 150; d-biotin, 42; choline (as chloride), 3000; folic acid, 3; niacin (as nicotinic acid), 30; pantothenic acid, 60; 
pYridoxine, 15; riboflavin, 18; thiamin, 3; carrier (wheat middling or starch). 

bMineral premix (mg/kg dry diet): NaCI (39%, 61% CI), 6.15; ferrous sulfate (FeS04.7H20, 20% Fe), 0.13; copper sulfate (CuS04.5H20, 25% 
eu), 0.06; manganese sulfate (MnS04, 36% Mn), 0.18; potassium iodide (24% K, 76% I), 0.02; zinc sulfate (ZnS04.7H20, 40% Zn), 0.3; carrier 
(wheat middling or starch). 
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starch, phosphorus and gross energy as described previously (Section 3.1.2, pg 55; 

Section 3.2.2, pg 71). 

Statistical Analysis 

Dietary treatments were randomly assigned to four replicate tanks. Individual 

tanks were treated as the experimental unit. All data were subjected to analysis of 

variance using the General Linear Model procedure of the Statistical Analysis System 

(SAS Version 8.0). Mean values were separated using the Student-Newman-Keuls test 

with the accepted level of significance at P < 0.05. 

Data for the effect of the addition of thin distillers' solubles on growth parameters 

were analyzed as a 2 X 3 factorial treatment design - two levels of thin distillers' solubles 

(0 and 4%) and three ingredients (dehulled peas, air-classified pea protein and canola 

meal fines). Orthogonal contrasts were used to detect treatment effects when significant 

interactions were detected. 

3.3.3 Results 

Comparison ofPlant Protein Sources 

Removal of the fibrous pea hull had minimal effect on the concentration of most 

nutrients in peas with the exception of the fibre and starch components (Table 3.15). The 

protein content of whole peas (20.7%) increased to 22.5% due to dehulling, while ether 

extract (1.2%) and ash (3.1 %) content were virtually unaffected. The most obvious effect 

of dehulling was seen in the fiber and starch fractions of the pea. Fibre content, as 

measured by neutral detergent and acid detergent fibre, decreased from 18.0 and 9.1 % 

respectively, in whole peas, to 8.6 and 2.3% respectively, in dehulled peas. ·Starch was 

concentrated by removal of the hull such that the starch content of dehulled pea increased 

to 58.3% from 54.0%. 

Air classification of dehulled peas yielded a protein fraction containing 40.9% 

protein compared to 22.5% in dehulled pea. This protein fraction was slightly enriched in 

ether extract (2.5%) and ash (4.8%) relative to dehulled peas (1.3% and 3.0%, 

respectively). The fibre content of air-classified pea protein, as measured by neutral 

detergent and acid detergent fibre (12.5% and 4.5%, respectively), was also enriched 

relative to dehulled peas (8.6% and 2.3%, respectively). Air classification removed a 
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large proportion of the starch, leaving 23.3% starch in the protein fraction relative to 

58.3% starch in the dehulled peas. 

Sieving of canola meal had a different effect on nutrient levels than did dehulling 

of peas. Sieving of canola meal resulted in greater protein concentration from (38.8 to 

42.9%) than dehulling of peas. Canola meal fines also had an enriched ether extract 

(5.4%) and ash (13.0%) content relative to canola meal (4.6 and 8.5%, respectively). The 

acid detergent fibre level (21.6%) decreased to 14.7% with sieving, while the neutral 

detergent fibre level was unaffected. Additionally, sieving produced a minimal increase 

in the starch content of canola meal fines (1.1 to 1.4%). 

The protein content of dehulled peas (22.5%) was very low relative to air

classified pea protein and canola meal fines (40.9 and 42.9%, respectively), with soybean 

meal having the highest protein content (51.4%). The lower protein level of dehulled peas 

necessitated a higher inclusion level of this ingredient and fish meal in the diet relative to 

soybean meal, air-classified pea protein and canola meal fines, to meet similar dietary 

protein levels. The ether extract level (1.3 to 5.4%) varied little between the four plant 

protein sources, while the ash content was more variable (3.0 to 13.0%). The acid 

detergent fibre content was similar for the pea ingredients and soybean meal (2.3 to 

6.2%), with canola meal fines having the greatest concentration of acid detergent fiber 

(14.7%). Additionally, starch content varied greatly between plant protein sources with 

canola meal fines and soybean meal having minimal starch (1.4 to 1.8%), and air

classified pea protein and dehulled peas having much larger starch contents (25.1 and 

58.3%, respectively). 

Thin distillers' solubles was added to the diets at a concentration of 4% (dry 

matter basis). This ingredient was not expected to contribute to the nutritional value of 

the diet at this level. It was included to be the source of valuable amino acids which are 

reported to stimulate feeding behaviour at low concentrations. Nevertheless, thin 

distillers' solubles contained 42.5% crude protein and 5.0% ether extract (Table 3.15). 

The fibre level, as measured by neutral detergent fibre and acid detergent fibre, was 20.0 

and 3.0% respectively, with an ash content of 8.4%. 
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Growth Performance ofTrout 

The growth parameter data was separated on the basis of age, weeks 1 to 4 (36 g 

fish) and weeks 9 to 12 (177 g fish), in order to detect the existence of an age effect on 

feed intake and growth performance between the four plant protein sources. Additionally, 

an analysis of the total 12-week trial period was performed. 

Weeks 1-4 

Analysis of growth parameters for weeks 1 to 4 (Table 3.16) did not reveal 

significant differences among dietary treatments. Weight gain, expressed as a percentage 

increase (68.3 to 71.0%) or kilograms gained (0.73 to 0.78 kg) for weeks 1 to 4, was 

similar for the four pl.ant protein sources. The specific growth rate for the first 28 days of 

the experiment (1.9%) was identical for all dietary treatments. Tank weights at the end of 

week 4 ranged from 1.80 to 1.88 kg (30 fish/tank). Similarly, total feed intake for weeks 

1 to 4 did not differ among plant protein sources (1.21 to 1.28 kg), indicating that 

soybean meal, dehulled peas, air-classified pea protein and canola meal fines were 

equally palatable for trout of this age. Because weight gain and feed intake did not differ 

among dietary tr~atments, feed conversion was also similar, ranging from 1.6 to 1.8. 

Additionally, protein efficiency for weight gain was similar for the four plant protein 

sources (1.1 to 1.2). 

Weeks 9-12 

Analysis of growth parameters for weeks 9 to 12 (Table 3.17) did not reveal 

significant differences among dietary treatments. Weight gain, while numerically lowest 

for soybean meal (176.0% increase or 1.90 kg/28 days gain) and highest for air-classified 

pea protein (207.1 % increase or 2.29 kg/28 days gain), was statistically equivalent for the 

four plant protein sources. The specific growth rate for the final 28 days of the 

experiment was essentially identical for all treatments (3.9-4.0%). Similarly, total feed 

intake for week 9 to 12 did not differ among plant protein sources (1.96-2.21 kg), 

indicating that trout of this size found soybean meal, dehulled peas, air-classified pea 

protein and canola meal fines to be equally palatable. Feed conversion (1.0-1.1) and 

efficiency ofprotein use (1.8-2.0) were similar for all dietary treatments. 
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Weeks 1-12 

Numerically, the final weight (30 fish/tank) of fish fed air-classified pea protein 

(5.63 kg) and dehulled peas (5.55 kg) was superior to fish fed soybean meal (5.19 kg) and 

canola meal fines (5.18 kg) (Table 3.18). However, this difference was not significant 

(P>O.I). Weight gain, expressed as percentage increase or kilograms gain over 84 days, 

was numerically higher for air-classified pea protein (410.4% and 4.53 kg, respectively) 

and dehulled peas (405.3% and 4.30 kg, respectively) and similar for canola meal fines 

(381.9% and 4.10 kg, respectively) and soybean meal (379.2% and 4.10 kg, respectively). 

Statistically, this difference was not apparent (P>O.l). Growth of the trout, expressed as 

specific growth rate, was identical (1.9%) for all four plant protein sources over the 12

week period. Feed intake for 84 days was numerically highest for air-classified pea 

protein (4.78 kg), similar for dehulled peas and canola meal fines (4.59 and 4.56 kg, 

respectively) and lowest for the soybean meal (4.34 kg) diet; however, these differences 

were not statistically significant (P>O.l). Feed conversion for the entire trial was very 

favourable for all plant protein sources (1.1). Similarly, protein efficiency for weight gain 

was essentially equivalent for all treatments (1.7-1.8). The hepatosomatic index (1.0-1.1) 

and dress out percentage (86.3-88.3%) did not vary among protein sources. 

Effect ofAddition ofThin Distillers' Solubles 

Data on the effect of addition of thin distillers' solubles was separated according 

age, weeks 1 to 4 (36 g fish) and weeks 9 to 12 (177 g fish), to detect the existence of an 

age effect with the use of thin distillers' solubles as a feed palatability enhancer with 

dehulled peas, air-classified pea protein or canola meal fines on feed intake and growth 

performance. Additionally, an analysis of the total 12-week trial period was performed. 

Analysis of variance (2 x 3) for weeks 1 to 4 indicated treatment effects as 

follows: % weight gain, plant protein source (P<0.05), thin distillers' solubles (P<0.05); 

feed conversion, plant protein source (P<0.05); specific growth rate, plant protein source 

(P<0.05), thin distillers' solubles (P<0.05); weight gain (kg/4 weeks), plant protein 

source (P<0.05), thin distillers' solubles (P<0.05). Analysis of variance (2 x 3) for weeks 

9 to 12 indicated treatment effects as follows: % weight gain, plant protein source 

(P<0.05); feed conversion, plant protein source (P<0.05); specific growth rate, plant 

protein source (P<0.05); weight gain (kg/4 weeks), plant protein source (P<0.05). 
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Analysis of variance (2 x 3) for weeks 1 to 12 indicated treatment effects as follows: % 

weight gain, plant protein source (P<0.05); feed conversion, plant protein source 

(P<0.05); protein efficiency ratio, thin distillers' solubles (P<0.05); specific growth rate, 

plant protein source (P<0.05); weight gain (kg/12 weeks), plant protein source (P<0.05). 

Weeks 1-4 

Analysis of feed intake and growth parameters for the first 28 days of the trial 

using orthogonal contrasts failed to detect differences (P::;0.05) in feed intake and growth 

performance of trout fed dehulled peas, air-classified pea protein or canola meal fines 

with/without supplementa~ion of thin distillers' solubles (Table 3.19). Weight gain (kg 

gained/28 days) and final weight did not vary for the plant protein source supplemented 

with or without thin distillers' solubles, regardless of plant protein source (ranging from 

0.65 to 0.78 kg/28 days and 1.73 to 1.88 kg total gain). Weight gain, expressed as 

percentage gain, revealed greater differences for dehulled peas with or without 

supplementation (65.2 and 69.9%, respectively) and canola meal fines with or without 

supplementation (60.8 and 68.3%, respectively); these differences were not statistically 

significant (P~O.l ). Weight gain (percentage gain) was similar for air-classified pea 

protein with or without supplementation (71.4 and 71.0%, respectively). Specific growth 

rate was similar with or without thin distillers' solubles for all three plant protein sources 

(1.7 to 1.9%). Feed intake was similar for canola meal fines with or without 

supplementation (1.29 and 1.28 kg, respectively) and air-classified pea protein with or 

without supplementation (1.20 and 1.25 kg, respectively), but was numerically higher for 

dehulled pea protein without supplementation (1.22 and 1.08 kg). This difference was not 

statistically significant (P=O.l). Similarly, feed conversion did not vary greatly for air

classified pea protein with or without supplementation (1.5 and 1.6, respectively), varied 

slightly for dehulled peas with and without supplementation (1.4 and 1.6, respectively), 

and was better for canola meal fines without supplementation (2.0 and 1.8, respectively). 

These differences were not statistically significant (P>O.l). Protein efficiency was 

essentially identical with or without supplementation for all three plant protein sources 

(1.1 to 1.3). 
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Weeks 9-12 

Analysis of feed intake and growth parameters for the final 28 days of the trial 

using orthogonal contrasts revealed no differences (P::;0.05) in feed intake and growth of 

trout fed air-classified pea protein or canola meal fines with or without supplementation 

of thin distillers' solubles. Significant differences were detected for dehulled peas with 

and without supplementation (Table 3.20). Weight gain (kg gained/28 days) and final 

weight did not vary for the plant protein source supplemented with or without thin 

distillers' solubles, regardless ofplant variety. Weight gain, expressed as percentage gain, 

was identical for air-classified pea protein with and without supplementation (207%), 

while there was greater variability for dehulled peas with and without supplementation 

(190.4 and 197.7%, respectively) and canola meal fines with and without 

supplementation (177.2 and 187.4%, respectively). This difference was not statistically 

significant (P>O.l) due to higher variability within treatments. Specific growth rate was 

similar for air-classified pea protein with and without supplementation (4.0 to 4.1 %) and 

for canola meal fines with and without supplementation (3.8 to 3.9%), but was 

significantly better (P<O.05) for dehulled peas without supplementation (4.0%) than for 

dehulled peas with supplementation (3.9%). Similarly, feed intake was greater for 

dehulled peas without supplementation (2.17 kg/28 days; P<O.05) than for dehulled peas 

with supplementation (1.93 kg/28 days). Feed intake did not vary for the other two plant 

sources with and without supplementation. Feed conversion was better (P<O.05) for 

dehulled peas with thin distillers' supplementation (0.9) than for dehulled peas without 

supplementation (1.1); feed conversion did not differ for air-classified pea protein or 

canola meal fines with and without supplementation (1.0 and 1.1, respectively). Protein 

efficiency was much improved (P<O.OOl) for dehulled peas with supplementation (2.1) 

relative to dehulled peas without supplementation (1.8). Protein efficiency was similar for 

air-classified pea protein and canola meal fines with and without supplementation (2.0 

and 1.8, respectively). 

Weeks 1 -12 

Analysis of feed intake and growth parameters for the 12-week trial period using 

orthogonal contrasts revealed no differences (P::;0.05) in feed intake and growth of trout 

fed air-classified pea protein or canola meal fines with or without supplementation of thin 
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distillers' solubles. Significant differences were detected for dehulled peas with and 

without supplementation (Table 3.21). Weight gains for the dehulled pea diet with and 

without thin distillers' solubles (4.30 and 4.19 kg, respectively) were similar for the 12

week period. Final tank weight (30 fish/tank) was similar for both treatments, ranging 

from 5.26 to 5.36 kg. Additionally, specific growth rate (1.9%) was identical for the two 

treatments. Total feed intake for the dehulled pea diet (4.59 kg) was significantly higher 

(P<0.05) than for the dehulled pea/thin distillers' solubles diet (4.11 kg), with a resulting 

superior (P<O.Ol) feed conversion for the supplemented dehulled pea diet (0.9) relative to 

the non-supplemented dehulled pea diet (1.1). Similarly, protein efficiency was higher 

(P<O.OI) for the dehulled pea/thin distillers' solubles diet (2.0) than the dehulled pea diet 

(1.8). The hepatosomatic index was higher (P<0.05) for the dehulled pea/thin distillers' 

solubles diet (1.3) than for the dehulled pea diet (1.1). Dressout percentage was similar 

for both treatments (88.0 to 88.5%). 

3.3.4 Discussion 

The reference diet used in this experiment was formulated to approximate the 

Guelph Salmonid C-203 research diet (Cho 1990). The Guelph Salmonid C-203 diet is a 

nutritionally complete, production-type reference diet that has been shown to produce 

good growth in rainbow trout and Atlantic salmon under proper rearing conditions (Cho 

1990). The primary plant protein source in this diet is soybean meal, which is included at 

a level of 18% of the total diet. Feed intake values for the reference diet were slightly 

higher at the beginning of the trial than published values for 35 g fish, but were 

comparable to published values as the fish increased in weight and the trial progressed, 

indicating that the palatability of this diet was not a problem (Cho 1992). Fish fed the 

reference diet had good weight gains and optimal feed conversion efficiencies. These 

results agree with earlier research demonstrating that soybean meal can partially replace 

fish meal in rainbow trout diets with no adverse effects (Cho et al. 1974). In fact, several 

authors have reported an improvement in rainbow trout growth performance when diets 

included a limited alternative protein source compared to trout fed diets based solely on 

fish meal (Gomes and Kaushik 1989, Gouveia et ale 1993, Gomes et al. 1995). 
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Table 3.15 Nutrient composition of ingredients used for the comparison of growth of rainbow 
trout utilizing soybean meal, dehulled peas, air-classified pea protein or canola meal 
fmes as an alternate protein source (n=4) 

Nutrient composition (g kg-I DM)a 
Whole 
peas 

Dehulled 
peas 

Air-
classified 
pea protein 

Canola 
Meal 

Canola 
meal 
fines 

Soybean 
meal 

Thin 
distillers' 
solubles 

Crude protein 
Ether extract 

207 
12 

225 
13 

409 
25 

388 
46 

429 
54 

514 
12 

425 
50 

ADF 91 23 45 216 147 62 30 
NDF 180 86 125 274 272 107 200 
Ash 31 30 48 85 130 86 84 

\0 
00 

Gross energy 
(kcallkg) 
Starch 

4432 

540 

4618 

583 

4729 

233 

4812 

11 

4984 

14 

4919 

18 

4682 

21 
aThe moisture content (g kg -1) of the ingredients are as follows: whole peas (112), dehulled peas (128), 
air-classified pea protein (101), canola meal (94), canola meal fines (115), soybean meal (125), thin distillers' 
solubles (933). 



Table 3.16 Feed intake, weight gain, specific growth rate (SGR), feed conversion ratio (FeR) and protein 
efficiency ratio (PER), of rainbow trout fed soybean meal, dehulled peas, air-classified pea protein 
or canola meal fmes as the principal plant protein source to (n=4) in weeks 1 to 4 

Reference diet Dehulled pea diet Air-classified pea Canola meal fines SEMa 

protein diet diet 

Growth performance for weeks 1 - 4 
Initial weight (kgt 1.08 1.06 1.10 1.08 0.025 
Final weight (kg) 1.81 1.80 1.88 1.81 0.042 
Weight gain (%)C 69.3 69.9 71.0 68.3 2.14 

\D Weight gain (kg 4 weeks-I) 0.75 0.74 0.78 0.73 0.024 
\D SGR (%)d 1.9 1.9 1.9 1.9 0.051 

Feed intake (kg 4 weeks-I) 1.21 1.22 1.25 1.28 0.084 
FCR (g g-I)e 1.6 1.7 1.6 1.8 0.11 
PER (g g-Il 1.2 1.2 1.2 1.1 0.077 

aSEM denotes standard error of the mean. 
b30 fish/tank
cWeight gain (%) = (final weight - initial weight)/initial weight x 100.
dSGR = (In final weight -In initial weight)/time (days) x 100.
epCR = dry feed intake/wet weight gain.
fpER =wet weight gain/protein intake.
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Table 3.17 Feed intake, weight gain, specific growth rate (SGR), feed conversion ratio (FeR) and protein 
efficiency ratio (PER), of rainbow trout fed soybean meal, dehulled peas, air-classified pea protein 
or canola meal fines as the principal plant protein source (n=4) in weeks 9 to 12 

Air-classified pea Canola meal fines SEM
a 

Reference diet Dehulled pea diet 
protein diet diet 

Growth performance for weeks 9-12 4Initial weight (kgt 3.31 3.26 3.34 3.17 0.07
Fiplllwelg1tt (kg) !U9 ~;SS J.63J;18 0.15 
Weight ga!h (%t '.. 116.9" 19z;? 207,], 187.1 ~.o~L
",e1ibt S:lii (tt14 wwitts") 1,90 ill tlJ 2.~9 2,~t M!? 
801\ (%) •.0 4tO 4.0 ;~\J 0.t,12 
feea iptfl"e (kg 4week~·') 1.96 2.17 2.21 2111 Q~ If)

~

o FeR (gg.I)' 1.0 1.0 1.0 1.1 0.034o 
PER (g g.l)f 1.9 1.8 2.0 ,1.8 0.063 

aSEM denotes standard error of the mean. 
b30 fish/tank
cWeight gain (0/0) =(final weight - initial weight)/initial weight x 100.
dSGR =(in final weight ~ In initial weight)/time (days) x 100.
epCR =dry feed intake/wet weight gain.
fpER =wet weight gain/protein intake.
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Table 3.18 Feed intake, weight gain, specific growth rate (SGR), feed conversion ratio (FeR), protein efficiency 
ratio (PER), hepatosomatic index (881) and dressout percentage (DO) of rainbow trout fed soybean 
meal, dehulled peas, air-classified pea protein or canola meal fines as the principal plant protein 
source (n=4) for weeks 1 to 12 

Reference diet Oehulled pea diet Air-classified pea Canola meal fines SEMa 
. 

protein diet diet 

Growth performance for weeks 1-12 
Initial weight (kgt 1.08 1.06 1.10 1.08 0.025 
Final weight (kg) 5.19 5.55 5.63 5.18 0.15 
Weight gain (%)C 
Weight gain (kg 12 weeks·l) 

379.2 
4.10 

405.3 
4.30 

410.4 
4.53 

381.9 
4.10 

13.22 
0.14 

SGR(%)d 1.9 1.9 1.9 1.9 0.03 
Feed intake (kg 12 weeks· I ) 4.34 4.59 4.78 4.56 0.22 
FCR (g g-l)e 1.1 1.1 1.1 1.1 0.03 

""'"'" 0 
""'"'" 

PER (g g-l)f 
HSI (g 100g-l)g 

1.8 
1.0 

1.8 
1.1 

1.8 
1.1 

1.7 
1.1 

0.05 
0.03 

00 (%)h 87.8 88.3 87.3 86.8 0.43 

aSEM denotes standard error of the mean. 
b30 fish/tank 
cWeight gain (%) = (final weight - initial weight)/initial weight x 100. 
dSGR = (In final weight -In initial weight)/time (days) x 100.
epCR =dry feed intake/wet weight gain.
fpER = wet weight gain/protein intake.
gHSI = (liver weight/body weight) x 100.
hOO = (dressout weight/body weight) x 100.



Table 3.19 Effect of the addition of thin distillers' solubles (TDS) on feed intake, weight gain, specific growth rate 
(SGR), feed conversion ratio (FeR) and protein efficiency ratio (PER) of rainbow trout fed dehulled peas, 
air-classified pea protein and canola uleal fines as the principal plant protein source (n=4) for weeks 1 to 4 

Dehulled peas Air-classified pea protein Canola meal fines Contrast8 

0% 4% SEMb 0% 4% SEMb 0% 4% SEMb DP ACP CMF 
TDS TDS TDS TDS TDS TDS 

Growth performance for weeks 1 - 4 

Initial weightC 1.06 1.07 0.028 1.10 1.06 0.025 1.08 1.08 0.024 NSg NS NS 
(kg) 
Final weightC 1.80 1.77 0.054 1.88 1.81 0.036 1.81 1.73 0.036 NS NS NS 
(kg) 
Weight gain 69.9 65.2 1.86 71.0 71.4 1.90 68.3 60.8 2.70 NS NS NS 
(%) 
Weight gain 0.74 0.70 0.029 0.78 0.75 0.019 0.73 0.65 0.026 NS NS NS 
(kg 4 week-I) 
SGR(%)d 1.9 1.8 0.044 1.9 1.9 0.042 1.9 1.7 0.068 NS NS NS 

0 
~ Feed intake 1.22 1.08 0.051 1.25 1.20 0.082 1.28 1.29 0.066 NS NS NS 
N (kg 4 weeks· l

) 

FeR (g g-I)e 1.6 1.4 0.12 1.6 1.5 0.14 1.8 2.0 0.13 NS NS NS 
PER (g g-I)f 1.2 1.3 0.036 1.2 1.2 0.074 1.1 1.2 0.10 NS NS NS 

80rthogonal contrasts were: dehulled peas: 0% thin distillers' solubles vs. 4% thin distillers' solubles.
air-classified pea protein: 0% thin distillers' solubles vs. 4% thin distillers' solubles.
canola meal fines: 0% thin distillers' solubles vs. 4% thin distillers' solubles.

bSEM denotes standard error of the mean.
c30 fish/tank.
dSGR = (In final weight! In initial weight)/time (days) x 100.
eFCR = dry feed intake/wet weight gain.
fpER = wet weight gain/protein intake. ~S denotes non-significance.
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Table 3.20 Effect of the addition of thin distillers' solubles (TDS) on feed intake, weight gain, specific growth rate 
(SGR), feed conversion ratio (FeR) and protein efficiency ratio (PER) of rainbow trout fed dehulled peas, 
air-classified pea protein or canola local fines as the principal plant protein source (n=4) for weeks 9 to 12 

0% 
Dehulled peas 

4% SEMb 
Air-classified pea protein 
0% 4% SEMb 0% 

Canola meal fines 
4% SEMb DP 

Contrasta 

ACP eMF 
TDS TDS TDS TDS TDS TDS 

Growth performance for weeks 9 - 12 
Initial weight 3.26 3.22 0.087 3.34 3.36 0.079 3.17 3.15 0.077 NSg NS NS 
(kg)C . 
Final weight 5.36 5.26 0.14 5.63 5.55 0.21 5.18 5.06 0.12 NS NS NS 
(kg)C 
Weight gain 197.7 190.4 4.91 207.1 207.6 9.59 187.4 177.2 12.07 NS NS NS 
(0/0) 
Weight gain 2.10 2.04 0.066 2.29 2.19 0.13 2.01 1.91 0.092 NS NS NS 
(kg 4 weeki) 
SGR(%)d 4.0 3.9 0.016 4.0 4.1 0.084 3.9 3.8 0.088 <0.05 NS NS 

-0 
l.J,) 

Feed intake 
(kg 4 weeks*l) 
FCR (g g*t)e 

2.17 

1.1 

1.93 

0.9 

0.043 

0.012 

2.21 

1.0 

2.16 

1.0 

0.12 

0.036 

2.11 

1.1 

2.08 

1.1 

0.062 

0.051 

<0.05 

<0.05 

NS 

NS 

NS 

NS 
PER (g g-tt 1.8 2.1 0.023 2.0 2.0 0.071 1.8 1.8 0.081 <0.001 NS NS 

aOrthogonal contrasts were: dehulled peas: 0% thin distillers' solubles vs. 4% thin distillers' solubles. 
Air-classified pea protein: 0% thin distillers' solubles vs. 4% thin distillers' solubles. 
canola meal fines: 0% thin distillers' solubles vs. 4% thin distillers' solubles. 

bSEM denotes standard error of the mean. 
c30 fish/tank. 
dSGR =(In final weight! In initial weight)/time (days) x 100. 
eFCR =dry feed intake/wet weight gain. 
fpER = wet weight gain/protein intake. 
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Table 3.21 Effect of the addition of thin distillers' solubles (1'OS) on feed intake, weight gain, specific growth rate, 
(SGR), feed conversion ratio (FeR), protein efficiency ratio (PER), hepatosomatic index (HSf) and dressout 
percentage (DO) of rainbow trout fed dehulled peas, air-classified pea protein or canola meal fines as the 
principal plant protein source (n=4) for weeks 1 to 12 

Oehulled peas Air-classified pea protein Canola meal fines Contrasta 

0% 4% SEMb 0% 40/0 SEMb 0% 40/0 SEMb OP ACP CMF 
TOS TOS TOS TOS TOS TOS 

Growth performance for weeks 1 - 12 
Initial weightC 1.06 1.07 0.028 1.10 1.06 0.025 1.08 1.08 0.024 NS NS NS 
(kg) . 
Final weightC 5.36 5.26 0.14 5.63 5.55 0~21 5.18 5.08 0.12 NS NS NS 
(kg) 
Weight gain 405.3 390.8 5.12 410.4 425.8 14.5 381.9 369.9 17.8 NS NS NS 
(%) 
Weight gain 4.30 4.19 0.11 4.53 4.49 0.19 4.10 3.98 0.13 NS NS NS 
(kg 12 week-I) 
SGR(%)d 1.9 1.9 0.013 1.9 2.0 0.034 1.9 1.8 0.048 NS NS NS-0 

~ Feed intake 4.59 4.11 0.10 4.78 4.58 0.24 4.56 4.51 0.13 <0.05 NS NS 
(kg 12 weeks-I) 
FCR (g g-I)e 1.1 0.9 0.013 1.1 1.0 0.027 1.1 1.1 0.049 <0.01 NS NS 
PER (g g-I)f 1.8 2.0 0.025 1.9 1.8 0.051 1.7 1.8 0.095 <0.01 NS NS 
HSI (g 100g-l )g 1.1 1.3 0.049 1.1 1.1 0.067 1.1 1.0 0.044 <0.05 NS NS 
00 (%t 88.5 88.0 0.36 87.9 87.4 0.25 87.0 87.6 0.60 NS NS NS 
aOrthogonal contrasts were: dehulled peas: 0% thin distillers' solubles vs. 4% thin distillers' solubles. 

Air-classified pea protein: 0% thin distillers' solubles vs. 4% thin distillers' solubles. 
canola meal fines: 0% thin distillers' solubles vs. 4% thin distillers' solubles. 

bSEM denotes standard error of the mean.
c30 fish/tank.
dSGR =(In final weight/In initial weight)time (days) x 100.
eFCR =dry feed intake/wet weight gain. fpER = wet weight gain/protein intake.
gHSI =(liver weight/body weight) x 100. hOO = (dressout weight/body weight) x 100
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Feeding of the dehulled pea diet produced no obvious palatability problems as 

feed intake compared favourably to the reference diet. Despite a slight improvement in 

overall weight gain and feed intake for the entire trial with reference to the soybean meal 

diet, these trends were not found to be significant due to high variability within replicates. 

Trout fed dehulled peas, included at a level of 25% of the total diet, performed well with 

similar feed conversion (1.1), specific growth rate (1.9%) and protein utilization (1.8) as 

the soybean diet. These results are in agreement with earlier research with rainbow trout 

and European sea bass which indicated that inclusion of up to 40% raw peas in the diet 

did not induce palatability problems, and growth performance and nutrient utilization 

were not adversely affected (Gouveia et ala 1993, Gouveia and Davies 1998). Likewise, 

inclusion of 25 to 40% of expanded or extruded peas in the diet resulted in significantly 

increased weight gain and specific growth rate and resulted in similar, or improved, feed 

conversion and feed intake relative to a fish meal reference diet and a commercial grower 

diet (Gouveia et al. 1991, Kaushik et al. 1993, Gouveia and Davies 2000). 

The air-classified pea protein diet exhibited the greatest overall weight gain and 

total feed intake for the duration of the trial. However, these trends were not statistically 

significant. Specific growth rate (1.9%), feed conversion (1.1) and protein efficiency ratio 

(1.8) were identical to the soybean meal diet. Concentration of pea protein through 

removal of starch increased digestible energy (67%) and protein digestibility (91 %) of 

dehulled peas to 88 and 99%, respectively, in silver perch (Allan 1997). However, growth 

studies were not conducted. 

The inclusion of 20% canola meal fines, as a replacement for soybean meal, did 

not cause palatability problems, and growth performance and nutrient utilization were not 

adversely affected. Feed intake for the 12-week period was slightly higher than, and 

weight gain identical to, the soybean meal diet. Additionally, there was no apparent age 

effect. In contrast, addition of 30% sieved canola meal in trout diets did not improve 

specific growth rate or feed conversion relative to conventional canola meal and resulted 

in reduced performance relative to a herring meal control diet (McCurdy and March 

1992). 

The quality of canola protein in meeting the essential amino acid requirement of 

salmonid fishes is considered equal to herring fish meal protein and superior to soybean 
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protein (Tacon and Jackson 1985, Higgs et al. 1995a). However, phytic acid (Hardy and 

Sullivan 1983), glucosinolates (Hilton and Slinger 1986, Leatherland and Hilton 1988) 

and fibre (Hilton and Slinger 1986) have been implicated in reducing the nutrient value of 

canola products. Sieving canola meal to remove coarse fibrous particles decreased the 

fibre level and increased protein content. A high content of hulls and indigestible 

polysaccharides in conventional canola meal may decrease dry matter digestibility and is 

thought to exert a greater negative influence on nutritional value than the presence of 

other antinutritional compounds (Hilton and Slinger 1986, Mwachireya et al. 1999). 

Phytic acid in canola meal may complex with protein at acid pH and/or with polyvalent 

cations at intestinal pH, thereby reducing their availability (Higgs et al. 1995). The effect 

of phytate on growth performance and weight gain in rainbow trout fed canola products 

has been variable (Spinelli et al. 1983, Teskeredzic et al. 1995). A moderate 

concentration of phytate occurs when conventional canola meal is sieved (McCurdy and 

March 1992, Mwachireya et al. 1999). This apparently had no deleterious effect on 

weight gain, protein utilization or specific growth rate of young fish (35 g) or on juvenile 

fish (177 g). It is possible that extrusion reduced phytate levels sufficiently in the diets 

since toasting and autoclaving were found to decrease levels of phytic acid in rapeseed 

products by 9 to 43% (Mansour et al. 1993). Glucosinolates have variable effects on fish 

growth and performance, depending on level and fish age/size (Hardy and Sullivan 1983, 

Higgs et al. 1983, Hilton and Slinger 1986, Leatherland and Hilton 1988). Young fish 

have higher thYroid activity, hence the response to glucosinolates in the diet may be 

greater (Hardy and Sullivan 1983). Results from the present trial indicated that growth 

rate did not differ significantly from the soybean meal diet. Moreover, there was no 

apparent age effect. Glucosinolates are heat labile to some extent; one possibility is that 

the extensive heat treatment encountered in extrusion reduced the level in the meal 

(Mansour et al. 1993). 

Feed intake and growth performance of rainbow trout fed dehulled peas, air

classified pea protein or canola meal fines as the primary plant protein in the diet were 

similar, or superior, to those obtained with a diet having soybean meal as the primary 

plant protein, indicating that these three products are of potential value for trout diet 

formulation. Of particular interest was the trend for greater weight gain, with similar feed 
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conversion, for air-classified pea protein relative to the other plant protein sources. Air 

classified pea protein has the advantage of an increased protein content in comparison to 

dehulled peas (40.9 vs. 22.5 % CP dry matter basis) which is of benefit when replacing 

fish meal and soybean meal, two ingredients with high protein levels, in fish diets. The 

benefit of extrusion processing of the four plant protein diets should also be noted, 

particularly with regard to starch utilization. The starch content for all dietary treatments 

(11.5-16.9%) was within the limits considered acceptable for-coldwater fish (NRC/NAS 

1993). The hepatosomatic index, a measure of the weight of the liver in relation to the 

body weight, was similar for all treatments, indicating that in extruded diets, starch 

digestion and metabo~ism was adequate, particularly for the pea ingredients with higher 

starch content. Extrusion may also have value in decreasing antinutritional factors such as 

lipoxygenase (which can affect the palatability of raw pea products), phytate and 

glucosinolates. 

Previously, it was observed that the feeding response to diets with significant 

levels of canola meal and air-classified pea protein was increased with the 

supplementation ~f thin distillers' solubles at a level greater than 3% of the diet, 

indicating that the product may offer potential as a feed enhancing compound for rainbow 

trout. In the present trial, 4% (DM basis) of thin distillers' solubles was added to diets 

over a longer feeding period. It has been suggested that feed stimulants lose their potency 

if fed for prolonged periods (Mackie and Mitchell 1985). Additionally, in the present 

trial, growth parameters were measured for young fish (33 g) and for older fish (177 g) in 

order to determine the possibility of an age difference in response to thin distillers' 

solubles. The addition of thin distillers' solubles had no significant effect on feed intake, 

growth or nutrient utilization of the air-classified pea protein diet or the canola meal fines 

diet. Significant differences were apparent for the dehulled pea diet. While total feed 

intake for the 12-week period decreased with the addition of thin distillers' solubles, 

weight gain was not significantly different, resulting in a lower feed conversion for the 

dehulled pea/thin distillers' solubles diet. Protein utilization was also more efficient. The 

addition of thin distillers' solubles to the dehulled pea diet did not affect feed intake and 

growth performance of the smaller size category, but significant differences were 

detected for older fish. 
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It appears that the trout gradually lost their preference for the thin distillers' 

solubles products as reflected by the trend for decreased consumption of all experimental 

diets supplemented with thin distillers' solubles with time, although only the dehulled 

pea/thin distillers' solubles diet was significantly lower. Appetite can also be influenced 

by other factors. For example, a nutritionally imbalanced diet may reduce feed 

consumption, while external factors such as water quality parameters and overcrowding 

can lead to stress and reduced feed intake (Mackie and Mitchell 1985). It is unlikely these 

factors influenced the present trial since the diets were fonnulated to meet nutrient 

requirements, water quality parameters were constant during the trial and overcrowding 

was not evident. 

The palatability enhancing characteristics of thin distillers' solubles were 

proposed to be proline, glutamic acid and nucleic acids, compounds that are reported to 

be potent stimulators of trout gustatory receptor cells and are highly palatable substances 

for trout (Marui et al. 1983, Jones 1989, Hara 1994). Thin distillers' soluble were 

subjected to several severe processes during diet preparation; these included drum drying 

(temperature reaching 112°C) and extrusion (temperature reaching 116°C and pressure 

between 350-510 psi). Amino acid destruction has often been a concern with the high 

temperature, pressure and shear associated with extrusion. Careful control of these 

conditions ensures that protein quality is maintained. Increased digestibility of all 

essential amino acids, even lysine, has been reported when the processing temperature 

did not exceed 155°C (Said 1999). However, the effect of extrusion on the gustatory 

stimulating aspect of specific amino acids is unknown. Additionally, a browning of the 

pea and canola/thin distillers' solubles mixtures was noticeable during the drum drying 

procedure, likely indicating interaction of the protein with carbohydrate (Maillard 

browning), resulting in the possible loss of lysine and other amino acids. Therefore, the 

reduction in the palatability enhancing ability of thin distillers' solubles could be the 

result of the fish becoming accustomed to the taste of this product over a longer feeding 

period, or due to the possible destruction or alteration of the amino acids involved in 

gustatory stimulation. 

In conclusion, the overall results of this study indicate the lack of any negative 

effects associated with the use of dehulled peas, air-classified pea protein or canola meal 
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fines relative to the use of a reference diet utilizing soybean meal as a primary plant 

protein. Growth performance of trout fed diets containing the three experimental plant 

protein sources was similar to that observed with the soybean meal treatment. The use of 

dehulled peas, air-classified pea protein or canola meal fines may allow the feed producer 

more flexibility in formulating a nutritious diet at the lowest cost by adding other suitable 

ingredients, such as the three evaluated in this trial, and decreasing the dependence on 

soybean meal. Supplementation of diets with thin distillers' solubles, while exhibiting 

short term feed enhancing properties, was not effective at increasing feed consumption of 

dehulled pea, air-classified pea protein or canola meal fines diets over a longer feeding 

period. 
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4. GENERAL SUMMARY AND CONCLUSION 

Saskatchewan exports of primary agricultural products represent almost 40% of 

the total Canadian value ofprimary agricultural products (Sask. Ag. and Food 2000). The 

research presented in this thesis focused on two important agricultural crops of 

Saskatchewan - peas and canola. The value of these crops to this province, in terms of 

quantity produced, is enormous. Saskatchewan produced 45 percent of Canada's 1999 

canola crop, with total canola meal production re~ching 2.6 million tonnes (Sask. Canola 

Development Commission 2000). Worldwide, Canada is the largest producer of peas 

with the greatest amount of production occurring in Saskatchewan. Seeded acreage in 

2000 was slightly over two million acres, making peas the largest specialty crop produced 

in the province (Sask. Ag. and Food 2000). Enhanced market opportunities for the use of 

peas and canola, either locally or abroad, would be beneficial to producers in western 

Canada. The aquafeed industry may provide a unique opportunity for processed pulse and 

oilseed crops since feeds for use in aquaculture are the fastest growing sector of the 

animal feed industry worldwide (McCallum 1997). 

Fish meal is the preferred protein source in carnivorous fish diets because of its 

high protein quality and content and palatability (Wilson and Halver 1986). Most 

commercial trout diets currently contain 30% fish meal (Hardy 1999). However, fish 

meal is one of the most expensive ingredients in aquafeeds (Hardy 2000). Additionally, 

supplies of fish meal are static, if not decreasing (Hardy 2000). Fish nutritionists have 

often tried to use less expensive plant protein sources to partially, or totally, replace fish 

meal. Of the plant protein sources, soybean meal is used as the major alternative protein 

source in many fish diets. As an aquafeed ingredient, peas and canola meal have been 

shown to compete successfully with soybean meal in trout diets (Hardy and Sullivan 

1983, Gouveia et al. 1991, Kaushik et al. 1993). Inclusion of plant protein above 25 to 

50% of the total diet frequently results in reduced growth attributed to an improper 
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balance of essential amino acids, the presence of antinutritional factors and/or poor 

palatability. 

The first part of this project focused on palatability issues associated with the use 

ofplant protein sources. Poor palatability may be linked to antinutritional factors found in 

plant ingredients. Palatability can be increased by processing the feed ingredient to 

remove or destroy antinutritional factors, or alternatively, substances known to enhance 

feeding activity can be added to the diet. Thin distillers' solubles are fermentation 

residues from yeast fermentation of cereal grains in the industrial production of ethanol. 

Distillers' byproducts have been successfully used as a protein source in warmwater 

aquatic diets (Webster et al. 1992, 1993, Tidwell et al. 1993, Wu et al. 1994). However, a 

different aspect of thin distillers' solubles was investigated involving the evaluation of 

the effectiveness of thin distillers' solubles as a short-term palatability enhancer when 

used together with canola meal or air-classified pea protein in rainbow trout diets. An 

amino acid analysis of thin distillers' solubles identified glutamic acid and proline to be 

present in high concentrations. Additionally, nucleic acids were reported to be abundant 

(Ingledew 1999). These compounds are observed to be potent stimulators of gustatory 

receptor cells, and highly palatable substances to rainbow trout (Marui et al. 1983, Jones 

1989, Hara 1994). The results of experiments one and two indicated that canola meal and 

air-classified pea protein are palatable ingredients suitable for inclusion in rainbow trout 

diets leading to feed consumption equal to (for canola meal), or slightly lower than (for 

air-classified pea protein), a commercial trout ration. Feed consumption of both plant 

protein sources was not increased with supplementation of a commercial palatability 

enhancer. However, feeding response of both plant protein sources increased (P:::;O.05) 

with supplementation of thin distillers' solubles at a level ~ 3.3% ofthe diet. 

Extensive research has been directed at the digestibility and nutritive value of 

canola meal and further processed canola products for salmonid fish (Higgs et al. 1995a). 

In contrast, limited information is available on the digestibility of processed pea 

ingredients by rainbow trout. Consequently, experiment three studied the effect that 

dehulling, subsequent air classification of dehulled peas, and extrusion of dehulled peas 

had on pea nutrient, energy and dry matter digestibility. Thin distillers' solubles was also 

evaluated due to the encouraging results with the use of this product as a palatability 
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enhancer in trout diets. It was observed that pea protein, regardless of processing, was 

highly digestible and compared favourably to digestibility of soybean meal and com 

gluten meal, two plant protein sources with high protein digestibility in fish. Removal of 

the fibrous hull of peas was not beneficial in increasing the digestibility of raw peas. Air 

classification, with subsequent autoc1aving, produced a pea ingredient with superior 

protein, energy and dry matter digestibility relative to raw/whole, raw/dehulled and 

raw/extruded peas. Extrusion of dehulled peas greatly increased starch digestibility, but 

this did not result in a similar increase in digestible energy. As a result, extruded/dehulled 

peas had moderate energy and dry matter digestibility relative to autoclaved air-classified 

pea protein. It was also observed that thin distillers' solubles were a highly digestible 

ingredient, and when combined with pea ingredients at a low level had no effect on pea 

digestibility. 

Processing of pulses and oilseeds provides concentrated protein fractions with 

negligible levels of some antinutritional factors (McCurdy and March 1992, Allan 1997, 

Mwachireya et al. 1999). Protein and starch in peas can be separated by dry milling and 

air classification (Owusu-Ansuh and McCurdy 1991). The resulting pea protein fraction, 

while not pure, is appropriate for aquafeed formulation due to the concentrated protein 

level and lower starch component. Conventional canola meal may be sieved to remove a 

significant level of fiber, while concurrently concentrating the protein (McCurdy and 

March 1992, Mwachireya et al. 1999). Experiment four evaluated the benefits obtained 

from further processing of peas and canola meal. Feed consumption and growth of 

juvenile rainbow trout fed dehulled peas, air-classified pea protein, or sieved canola meal 

was compared to a proven reference diet containing soybean meal. Additionally, the 

effectiveness of thin distillers' solubles at increasing feed intake over a long period of 

time (12 weeks) was evaluated. This coincides with a common rationale for the use of 

flavours in the feed industry, that being to mask dietary ingredient changes that 

reportedly may cause animals to temporarily reject feeds. Palatability of the dehulled pea, 

air-classified pea protein, and canola meal fines diets were similar to that of the soybean 

meal diet. Supplementation with thin distillers' solubles did not increase consumption of 

the pea or sieved canola meal diets. This was attributed to reduced preference due to 

familiarity with the taste and/or the destruction of amino acids necessary for gustatory 
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stimulation during diet processing. Nevertheless, there were no negative effects 

associated with the use of dehulled peas, air-classified pea protein or canola meal fines 

relative to soybean meal, resulting in similar feed intake and growth in rainbow trout 

regardless of the plant protein source. 

It can be concluded that peas are a palatable, nutritious ingredient suitable as a 

plant protein source in rainbow trout diets. Air classification of dehulled peas produced a 

highly desirable pea ingredient containing a higher concentration of protein and a lower 

concentration of starch with superior digestibility relative to whole, dehulled or extruded 

peas. Inclusion of 20% air-classified pea protein in rainbow trout diets resulted in high 

feed intake, desirable weight gain, and favourable feed conversion. Similarly, sieving of 

conventional canola meal produced a palatable, h~gh protein ingredient. Inclusion of 20% 

canola meal fines in the diet resulted in high feed intake, good weight gain, and 

favourable feed conversion. Further processing of peas and canola meal is therefore 

beneficial in producing palatable, nutritious ingredients suitable for rainbow trout diet 

formulation. 

The utilization of thin distillers' solubles as a palatability enhancer for rainbow 

trout, while proving to be effective in the short-term, did not increase feed intake of diets 

containing significant levels of plant protein in a long-term situation. A future 

recommendation would be to determine the effect of the thermal treatments used for diet 

processing on the gustatory stimulatory activity of this ingredient. 

113



5. REFERENCES CITED 

Ackman, R.G. and Kean-Howie, J. 1995. Fatty acids in aquaculture: Are w-3 fatty 
acids always important? In C.E. Lim and D.J. Sessa (Editors), Nutrition and 
Utilization Technology in Aquaculture. AOCS Press, Champaign, IL, pp. 82-104. 

Adelizi, P.D., Rosati, R.R., Warner, K., Wu, Y.V., Meunch, T.R., White, M.R. and 
Brown, P.B. 1998. Evaluation of fish-meal free diets for rainbow trout, 
Oncorhynchus mykiss. Aqua. Nut. 4: 255-262. 

Adron, J.W. and Mackie A.M. 1978. Studies on the chemical nature of feeding 
stimulants for rainbow trout, Salmo gairdneri Richardson. J. Fish BioI. 12: 303
310. 

Agriview, 2000. Vol. 16, No.8, October 2000. ISSN 1200-8001. Pub. By Saskatchewan 
Agriculture and Food. 

Allan, G.L. 1997. Potential for Pulses in Aquaculture Systems. In Proceedings of 
International Food Legume Research, Conference III, Adelaide, Austrailia, 
September 22-26, 1997, pp. 2-12. 

Alonso, R., Orue, E., Hutron, J. and Marzo, F. 1998. Physicochemical changes in 
Pisum sativum L. and Phaseolus vulgaris L. proteins induced by extrusion 
cooking. In A.J.M. Jansman, G.D. Hill, J. Huisman and A.F.B. van der Poel 
(Editors), Recent advances of research in antinutritional factors in legume seeds 
and rapeseed. Proceedings of the third international workshop on 'Antinutritional 
factors in legume seeds and rapeseed'. EAAP Publication No. 93, 1998. 
Wageningen, The Netherlands, pp. 421-424. 

Anderson, S. 1999. Commercial vitamin and carotenoid product forms and their 
performance in aquaculture feeds. In Aquaculture Nutrition, Management and 
Feeds Preparation, Practical Short Course Series. College Station, Texas. 

AOAC, 1990. Official Methods of Analysis, 15th edition, Vol. 2. Association of Official 
Analytical Chemists, Inc., Arlington, VA, 1298 pp. 

Aquaculture Outlook. March, 1999. Economic Research Service, U.S. Department 
of Agriculture, Washington, DC. 

114 



Atema J. 1980. Chemical senses, chemical signals and feeding behavior in fishes. In J.E. 
Bardach, J.I. Magnusun, R.C. May and J.M. Reinhart (Editors), Fish Behavior 
and Its Use in the Capture and Culture of Fishes. ICLARM, Manila, pp.57-101. 

Austreng, E. and Refstie, T. 1979. Effect of varying dietary protein level in different 
families ofrainbow trout. Aquaculture 18: 145-156. 

Banos, N., Baro, J., Castejon, C., Navarro, I. And Gutierrez, J. 1998. Influence of 
high-carbohydrate enriched diets on plasma insulin levels and insulin and IGF-I 
receptors in trout. Regul. Pept. 77: 55-62. 

Barney, W.K. and Chang, H. 1980. Environmental assessment of stillage control. In 
2ndProceedings of U.S. Department of Energy Environmental Control 

Symposium. Pp 252-261. Reston, VA. 

Barton, B.A. 1996. General biology of salmonids. In W. Pennell and B.A. Barton 
(Editors), Principles of Salmonid Culture. Elsevier Science, Amsterdam, The 
Netherlands, pp. 29-86. 

Beauchemin, K.A., Rode, L.M., Baron, V.S., Acharya, S. and Jones, S.D.M. 1997. 
Ethanol co-products from traditional and non-traditional feedstocks for ruminants. 
In Proceedings of the 1997 Ethanol Research and Development Workshop. 
Agriculture and Agri-Food Canada, pp. 78-81. 

Beitz, D.C. 1993. Lipid metabolism. In MJ. Swenson and W.O. Reece (Editors), Dukes' 
Physiology of Domestic Animals, 11 th ed. Cornell University Press, Ithaca, NY, 
pp. 453-472. 

Bell, J.M. 1993. Factors affecting the nutritional value of canola meal: A review. Can. J. 
Anim. Sci. 73: 679-697. 

Bergot, F. 1979. Carbohydrate in rainbow trout diets: Effects of the level and source of 
carbohydrate and the number of meals on growth and body composition. 
Aquaculture 18: 157-167. 

Bergot, F. and Breque, J. 1983. Digestibility of starch by rainbow trout: Effects of the 
physical state of starch and of the intake level. Aquaculture 34: 203-212. 

Bowen, S.H. 1987. Dietary protein requirements of fishes - A reassessment. Can. J. 
Fish. Aquat. Sci. 44: 1995-2001. 

Buhler, D.R and Havler, J.E. 1961". Nutrition of salmonoid fishes: IX Carbohydrate 
requirements of Chinook salmon. J. Nutr. 74: 307-318. 

Bureau, D.P. and Cho, C.Y. 1994. Ingredient quality: An essential factor in the 
formulation of cost-effective aquaculture diets. In Expanding Agriculture Co

115



product Uses in Aquaculture Feeds Workshop Proceedings. Des Moines, Iowa, 
pp. 234-258. 

Bureau, D.P., Harris, A.M. and Cho, C.Y. 1998. The effects of purified alcohol 
extracts from soy products on feed intake and growth of chinook salmon 
(Oncorhynchus tshawytscha) and rainbow trout (Oncorhynchus mykiss). 
Aquaculture 161: 27-43. 

Cain, K.D. and Garling, D.L. 1995. Pretreatment of soybean meal with phytase for 
salmonid diets to reduce phosphorus concentrations in hatchery effluents. Prog. 
Fish Cult. 57: 114-119. 

Campbell, L.D. and Schone, F. 1998. Effects of antinutritional factors in rapeseed. In 
A.J.M. Jansman, G.D. Hill, J. Huisman and A.F.B. van der Poel (Editors), Recent 
advances of research in antinutritional factors in legume seeds and rapeseed. 
Proceedings of the third international workshop on 'Antinutritional factors in 
legume seeds and rapeseed'. EAAP Publication No. 93, 1998. Wageningen, The 
Netherlands, pp. 377-386. 

Canadian Council on Animal Care. 1984. Guide to the Care and Use of Experimental 
Animals. Volume 2, pp. 30-45. 

Caprio, J. 1984. Olfaction and taste in fish. In L. Bolis, R.D. Keynes, S.H.P. Maddrell 
(Editors), Comparative Physiology of Sensory Systems. Cambridge University 
Press, Great Britain, pp. 257-284. 

Caprio, J. 1988. Peripheral filters and chemoreceptor cells in fishes. In J. Atema, R.R. 
Fay, A.N. Popper, W.N. Tavolga (Editors), Sensory Biology of Aquatic Animals. 
Springer-Verlag, NY, pp. 313-338. 

Castell, A.G., Guenter, W. and Igbasan, F.A. 1996. Nutritive value of peas for 
nonruminant diets .. Anim. Feed Sci. Tech. 60: 209-227. 

Cerioli, C., Fiorentini, L., Prandini, A. and Piva, G. 1998. Antinutritional factors and 
nutritive value of different cultivars of pea, chickpea and faba bean. In AJ.M. 
Jansman, G.D. Hill, J. Huisman and A.F.B. van der Poel (Editors), Recent 
advances of research in antinutritional factors in legume seeds and rapeseed. 
Proceedings of the third international workshop on 'Antinutritional factors in 
legume seeds and rapeseed'. EAAP Publication No. 93, 1998. Wageningen, The 
Netherlands, pp. 43-46. 

Cheeke, P.R. 1998. Toxins in protein supplements and grain legumes. In Natural 
Toxicants in Feeds, Forages, and Poisonous Plants. Interstate Publishers Inc., 
Danville, IL, pp. 163-209. 

Cho, C.Y. 1990. Fish nutrition, feeds and feeding: With special emphasis on salmonid 

116



aquaculture. Food Rev. Int. 6(3): 333-357. 

Cho, C.Y. 1992. Feeding systems for rainbow trout and other salmonids with reference 
to current estimates of energy and protein requirements. Aquaculture 100: 107
123. 

Cho, C.Y., Bayley, H.S. and Slinger, S.J. 1974. Partial replacement of herring meal 
with soybean meal and other changes in a diet for rainbow trout (Sa/mo 
gairdneri). J. Fish. Res. Board Can. 31: 1523-1528. 

Cho, C.Y. and Cowey, C.B. 1991. Rainbow trout, Oncorhynchus mykiss. In R.P. Wilson 
(Editor), Handbook of Nutrient Requirements of Finfish. CRC Press, Boca Raton, 
pp. 131-143. 

Cho, C.Y. and Kaushik, S.J. 1990. Nutritional energetics in fish: energy and protein 
utilization in rainbow trout (Sa/mo gairdneri). World Rev Nutr Diet. 61: 132-172. 

Cho, C.Y., Slinger, S.J. and Bayley, H.S. 1982. Bioenergetics of salmonid fishes: 
Energy intake, expenditure and productivity. Compo Biochem. Physiol. 
73B: 25-41. 

Clarke, W.C., Virtanen, E., Blackburn, J. and Higgs, D.A. 1994. Effects of dietary 
betaine/amino acid additive on growth and seawater adaptation in yearling 
chinook salmon. Aquaculture 121: 137-145. 

Cowey, C.B. 1994. Amino acid requirements of fish: a critical appraisal ofpresent 
values. Aquaculture 124: 1-11. 

Coyle, S., Najeeullah, T. and Tidwell, J. 1996. A preliminary evaluation of naturally 
occurring organisms, distillery by-products, and prepared diets as food for 
juvenile freshwater prawn Macrobrachium rosenbergii. J. Appl. Aqua. 6: 56-66. 

Dabrowski, K., Poczyczynski, P., Kock, G. and Berger, B. 1989. Effect of partially or 
totally replacing fish meal protein by soybean meal protein on growth, food 
utilization and proteolytic enzyme activities in rainbow trout (Sa/mo gairdneri). 
New in vivo test for exocrine pancreatic secretion. Aquaculture 77: 29-49. 

De Silva, S.S and Anderson, T.A. 1995. Fish Nutrition in Aquaculture. Chapman & 
Hall Aquaculture Series 1. Chapman & Hall, London, 319 pp. 

Ewan, R.C. 1993. Vitamins. In M.J. Swenson and W.O. Reece (Editors), Dukes' 
Physiology of Domestic Animals, 11 th ed. Cornell University Press, Ithaca, NY, 
pp.503-516. 

Food and Agriculture Organization of the United Nations (FAO). 1998. The State of 
World Fisheries and Aquaculture. ISSN 1020-1489, pp. 3-19. 

117 



Forster, I., Higgs, D.A., Dosanjh, M.R. and Parr, J. 1999. Potential for dietary phytase 
to improve the nutritive value of canola protein concentrate and decrease 
phosphorus output in rainbow trout (Oncorhynchus mykiss) held in 11°C fresh 
water. Aquaculture 179: 109-125. 

Gall, G.A.E., 1992. The Rainbow Trout. Elsevier Science, Amsterdam, The Netherlands, 
pp. 1-10. 

Giduck, S.A., Threatte, R.M. and Kare, M.R. 1987. Cephalic reflexes: Their role in 
digestion and possible roles in absorption and metabolism. J. Nutr. 117: 1191
1196. 

Gomes, E.F., Corraze, G. and Kaushik, S. 1993. Effects of dietary incorporation of a 
co-extruded plant protein (rapeseed and peas) on growth, nutrient utilization and 
muscle fatty acid composition of rainbow trout (Oncorhynchus mykiss). 
Aquaculture 113: 339-353. 

Gomes, E.F. and Kaushik, S.J. 1989. Incorporation of lupin seed meal, colzapro or 
triticale as protein/energy substitutes in rainbow trout diets. In Proceedings of the 
Third International Symposium on Feeding and Nutrition in Fish. Toba, Japan, 
pp.315-324. 

Gomes, E.F, Rema, P. and Kaushik, S.J. 1995. Replacement of fish meal by plant 
proteins in the diet of rainbow trout (Oncorhynchus mykiss): digestibility and 
growth performance. Aquaculture 130: 177-186. 

Gouveia, A. and Davies, S.J. 1998. Preliminary nutritional evaluation of pea seed meal 
(Pisum sativum) for juvenile European sea bass (Dicentrarchus labrax). 
Aquaculture 166: 311-320. 

Gouveia, A. and Davies, S.J. 2000. Inclusion of an extruded dehulled pea seed meal in 
diets for juvenile European sea bass (Dicentrarchus labrax). Aquaculture 182: 
183-193. 

Gouveia, A., Oliva-Teles, A., Gomes, E. and Rema, P. 1991. Effect of 
cooking/expansion of three legume seeds on growth and food utilization by 
rainbow trout. In Fish nutrition in practice: 4th international symposium on fish 
nutrition and feeding. Les Colloques No. 61, Biarritz, France, pp. 933-938. 

Groot, C. 1996. Salmonid Life Histories. In W. Pennell and B.A. Barton (Editors) 
Principles of Salmonid Culture. Elsevier Science, Amsterdam, The Netherlands, 
pp.97-218. 

118



Gupta, Y.P. 1983. Nutritive value of food legumes. In S.K. Arora (Editor), Chemistry 
and Biochemistry of Legumes. Edward Arnold Ltd., London, England, pp. 287
327. 

Hajen, W.E., Higgs, D.A., Beames, R.M. and Dosanjh, B.S. 1993a. Digestibility of 
various feedstuffs by post-juvenile Chinook salmon (Oncorhynchus tshawytscha) 
in sea water, part 1. Validation of technique. Aquaculture 112: 321-332. 

Hajen, W.E., Higgs, D.A., Beames, R.M. and Dosanjh, B.S. 1993b. Digestibility of 
various feedstuffs by post-juvenile chinook salmon (Oncorhynchus tshawytscha) 
in sea water, part 2. Measurement ofdigestibility. Aquaculture 112: 333-348. 

Halver, J.E. 1989. Fish nutrition. Academic Press, San Diego, 798 pp. 

Halver, J.E. 1996. Nutrition of Salmonids. In W. Pennell and B.A. Barton (Editors), 
Principles of Salmonid Culture. Elsevier Science, Amsterdam, The Netherlands, 
pp. 613-653. 

Hara, T.J. 1973. Olfactory responses to amino acids in rainbow trout, Sa/rna gairdneri. 
Compo Biochem. Physioi. 44A: 407-416. 

Hara, T.J. 1994. The diversity of chemical stimulation in fish olfaction and gustation. 
Rev. Fish BioI. Fish. 4: 1-35. 

Hardy, R. 1999. Low Pollution Feeds for Sustainable Aquaculture. In Aquaculture 
Nutrition, Management and Feeds Preparation, Practical Short Course Series. 
College Station, Texas. 

Hardy R.W., Fornshell, G.C.G. and Brannon, E.L. 1999. Species Focus: Rainbow 
Trout. International Aqua Feed Magazine. Issue 2, 1999, pp. 10-13. 

Hardy, R.W. and Sullivan, C.V. 1983. Canola meal in rainbow trout (Sa/rna gairdneri) 
production diets. Can. J. Fish. Aquat. Sci. 40: 281-286. 

Hardy, R.W. 2000. New developments in aquatic feed ingredients, and potential of 
enzyme supplements. In Cruz-Suarez, L.E., Ricque-Marie, D., Tapia-Salazar, M., 
Olvera-Novoa, M.A. Civera-Cerecedo, R., (Editors). Advances en Nutricion 
Acuicola V. Memorias del V Simposium Internacional de Nutricion Acuicola. 19
22 Noviembre, 2000. Merida, Yucatan, Mexico. 

Helfman, G.S., Collette, B.B. and Racey, D.E. 1997. The Diversity of Fishes. 
Blackwell Science, Malden, Massachusetts, 528 pp. 

Higgs, D.A., Fagerlund, U.H.M., McBride, J.R., Plotnikoff, M.D., Dosanjh, B.S., 
Markert, J.R. and Davidson, J. 1983. Protein quality of Altex canola meal for 

119



juvenile Chinook salmon (Oncorhynchus tshawytscha) considering dietary protein 
and 3,5,3'-triiodo-L-thyronine content. Aquaculture 34: 213-238. 

Higgs, D.A., Prendergast, A.F., Dosanjh, B.S., Beames, D.M., Deacon, G. and Hardy 
R.W. 1994. Canola protein offers hope for efficient salmon production. In D.D. 
Mackinlay (Editor), High Perfonnance Fish. Fish Physiology Association, 
Vancouver, BC, pp. 377-382. 

Higgs, D.A., Dosanjh, B.S., Prendergast, A.F., Beames, R.M., Hardy, R.W., Riley, 
W. and Deacon, G. 1995a. Use of rapeseed/canola protein products in finfish 
diets. In C.E. Lim and DJ. Sessa (Editors), Nutrition and Utilization Technology 
in Aquaculture. AOCS Press, Champaign, Illinois, pp. 130-156. 

Higgs, D.A., Macdonald,' J.S., Levings, C.D. and Dosanjh, B.S. 1995b. Nutrition and 
feeding habits in relation to life history stage. In C. Groot, L. Margolis, W.C. 
Clarke (Editors), Physiological Ecology of Pacific Salmon. UBC Press, 
Vancouver, BC, pp. 161-290. 

Hilton, J.W. and S.J. Slinger. 1981. Nutrition and Feeding of Rainbow Trout. Canadian 
Special Publication of Fisheries and Aquatic Sciences No. 55. Department of 
Fisheries and Oceans, Ottawa, 12 pp. 

Hilton, J.W., Cho, C.Y. and Slinger, S.J. 1981. Effect of extrusion processing and 
steam pelleting diets on pellet durability, pellet water absorption, and the 
physiological response of rainbow trout (Sa/rno gairdneri). Aquaculture 25: 185
194. 

Hilton, J.W., Atkinson, J.L. and Slinger, S.J. 1983. Effect of increased dietary fiber on 
the growth of rainbow trout (Sa/rno gairdneri). Can. J. Fish. Aquat. Sci. 40: 81
85. 

Hilton, J.W. and Slinger, S.J. 1986. Digestibility and utilization of canola meal in 
practical-type diets for rainbow trout (Sa/rno gairdneri). Can. J. Fish. Aquat. Sci. 
43: 1149-1155. 

Hoover, R., L. Cloutier, S. Daltons and F.W. Sosulski. 1988. Lipid composition of 
field pea (Pisurn sativurn cv Trapper) seed and starch. Starch 40:336-341. 

Ingledew, W.M. 1999. Yeast - could you base a business on this bug? In T.P. Lyons, 
K.A. Jacques (Editors), Under the Microscope - Focal Points for the New 
Millennium - Biotechnology in the Feed Industry. Proceedings of Alltech's 15th 

Annual Symposium. Nottingham University Press, pp. 27-47. 

Jones, K.A. 1989. The palatability of amino acids and related compounds to rainbow 
trout, Sa/rno gairdneri Richardson. J. Fish BioI. 34: 149-160. 

120 



Jones, K.A. 1990. Chemical requirements of feeding in rainbow trout, Oncorhynchus 
mykiss (Walbaum); Palatability studies on amino acids, amides, amines, alcohols, 
aldehydes, saccharides, and other compounds. J. Fish BioI. 37: 413-423. 

Kaushik, S.J., Cravedi, J.P., LaDes, J.P., Sumpter, J., Fauconneau, B. and Laroche, 
M. 1995. Partial or total replacement of fish meal by soybean protein on growth, 
protein utilization, potential estrogenic or antigenic effects, cholesterolemia and 
flesh quality in rainbow trout, Oncorhynchus mykiss. Aquaculture 133: 257-274. 

Kaushik, S.J., Medale, F., Fauconneau, B. and Blanc, D. 1989. Effect of digestible 
carbohydrates on protein/energy utilization and on glucose metabolism in rainbow 
trout (Salmo gairdneri). Aquaculture 79: 63-74. 

Kaushik, S.J. and de Oliva-Teles, A. 1985. Effect of digestible energy on nitrogen and 
energy balance in rainbow trout. Aquaculture 50: 89-101. 

Kaushik, S.J., Vachot, C. and Aguirre, P. 1993. Potential utilization of extruded peas 
in the diets of rainbow trout. 6th international symposium on fish nutrition and 

. feeding. Hobart, Australia. 

Kim, J.D. and Kaushik, S.J. 1992. Contribution ofdigestible energy from carbohydrates 
and estimation of protein/energy requirements for growth of rainbow trout 
(Oncorhynchus mykiss). Aquaculture 106: 161-169. 

Klopfenstein, T. 1985. Distillers by-products ... backed by forty years of research. Dis. 
Feed. Conf. Proc. 40: 9-19. Cincinnati, Ohio: Distillers Feed Resource Council. 

LaDes, J.P. and Jansman, A.J.M. 1998. Recent progress in the understanding of the 
mode of action and effects of antinutritional factors from legume seeds in non
ruminant fann animals. In A.J.M. Jansman, G.D. Hill, J. Huisman and A.F.B. van 
der Poel (Editors), Recent advances of research in antinutritional factors in 
legume seeds and rapeseed. Proceedings of the third international workshop on 
'Antinutritional factors in legume seeds and rapeseed'. EAAP Publication No. 93, 
1998. Wageningen, The Netherlands, pp. 219-232. 

Laverack, M.S. 1988. The diversity of chemoreceptors. In J. Atema, R.R. Fay, A.N. 
Popper, W.N. Tavolga (Editors), Sensory Biology of Aquatic Animals. Springer
Verlag, NY, pp. 287-312. 

Leatherland J.F. and Hilton, J.W. 1988. Thyroidal compensation in rainbow trout 
(Salmo gairdneri) fed canola meal. Fish Phys. Biochem. 5: 199-207. 

Liener, I.E. 1994. Implication of anti-nutritional components in soybean foods. Crit. 
Rev. Food Sci. Nutr. 34: 31-56. 

121 



Lovell, T. 1998. Nutrition and Feeding of Fish. Kluwer Academic Publishers, Norwell, 
Massachusett, 267 pp. 

MacCrimmon, H.R. 1971. World distribution of rainbow trout (Salmo gairdneri). J. 
Fish. Res. Board Can. 28:663-704. 

Mackie, A.M. and Mitchell, A.I. 1985. Identification of gustatory feeding stimulants for 
fish - application in aquaculture. In C.B. Cowey, A.M. Mackie and J.G. Bell 
(Editors), Nutrition and Feeding in Fish. Academic Press, London, pp. 177-189. 

Mansour, E.H., Dworschak, E., Lugasi, A., Gaal, 0., Barna, E. and Gergely, A. 
1993. Effect of processing on the antinutritive factors and nutritive value of 
rapeseed products. Food Chern. 47: 247-252. 

Marchetti, M., Tossni, N., Marchetti, S. and Bauce, G. 1999. Leaching of crystalline 
and coated vitamins in pelleted and extruded feeds. Aquaculture 171: 83-91. 

Marquardt, R.R. and Bell, J.M. 1988. Future potential of pulses for use in animal 
feeds. In R.J. Summerfield (Editor), World Crops: Cool Season Food Legumes. 
Kluwer Academic Publishers, The Netherlands, pp. 421-444. 

Marui, T. 1992. Protein nutrition ofrainbow trout. Aquaculture 100: 191-207. 

Marui, T., Evans, R.E., Zielinski, B. and Hara, T.J. 1983. Gustatory responses of the 
rainbow trout (Salmo gairdneri) palate to amino acids and derivatives. J. Compo 
Physiol153: 423-433. 

McCallum, I. 1997. Opportunities and constraints for feed peas and chickpeas in 
aquaculture feeds. Notes for Presentation to the Saskatchewan Pulse Grower 

Association. October 25, 1997.24 pp. 

McCurdy, S.M. and March, B.E. 1992. Processing of canola meal for incorporation in 
trout and salmon diets. J. Amer. Oil Chem. Soc. 69: 213-220. 

McKechern, J. 1998. Personal communication. Pound-Maker Agventures Ltd., Lanigan, 
SK. 

Molyneaux, M. and Lee, C.M. 1998. The U.S. market for marine nutraceutical products. 
Food Techno!. 52 (6): 56-57. 

Mommsen, T.P. 1998. Growth and metabolism. In D.H. Evans (Editor), The Physiology 
ofFishes, 2nd ed. CRC Press, NY, pp. 65-97. 

Mommsen, T.P. and Plisetskaya, E.M. 1991. Insulin in fishes and agnathans: History, 
structure, and metabolic regulation. Rev.Aquat. Sci. 4: 225-259. 

122



Mustafa, A.F., McKinnon, J.J. and Christensen, D.A. 2000. The nutritive value of thin 
stillage and distillers grains for ruminants. A review. Asian-Aus. J. Anim. Sci. 
2000: 1609-1618. 

Mwachireya, S.A., Beames, R.M., Higgs, D.A. and Dosanjh, B.S. 1999. Digestibility 
of canoIa protein products derived from the physical, enzymatic and chemical 
processing of commercial canola meal in rainbow trout Oncorhynchus mykiss 
(Walbaum) held in fresh water. Aqua. Nut. 5: 73-82. 

NRCINAS (National Research CouncillNational Academy of Sciences). 1981. 
Feeding value of ethanol production by-products. Washington, D.C.: National 
Academy Press. 

NRCINAS (National Research CouncillNational Academy of Sciences). 1993. 
Nutrient Requirements of Fish. National Academy Press, Washington, D.C., 114 
pp. 

Nelson, J. S. 1994. Fishes of the World. 3rd ed. New York: John Wiley & Sons. 

Oliva-Teles, A., Gouveia, A.J., Gomes, E. and Rema, P. 1994. The effect of different 
processing treatments on soybean meal utilization by rainbow trout, 
Oncorhynchus mykiss. Aquaculture 124: 343-349. 

Organization for Economic Co-operation and Development (OECD). 1997. Review 
of Fisheries in OECD Member Countries. Pp. 18, 250. 

Orue, E., Butron, J., Alonso, R. and Marzo, F. 1998. The effect of germination and 
extrusion on the nutritional quality of peas (Pisum sativum L. cv. Ballet). In 
A.J.M. Jansman, G.D. Hill, J. Huisman and A.F.B. van der Poel (Editors), Recent 
advances of research in antinutritional factors in legume seeds and rapeseed. 
Proceedings of the third international workshop on 'Antinutritional factors in 
legume seeds and rapeseed'. EAAP Publication No. 93, 1998. Wageningen, The 
Netherlands, pp. 417-424. 

Owusu-Ansah, Y.J. and McCurdy, S.M. 1991. Pea proteins: A review of chemistry, 
technology ofproduction, and utilization. Food Rev. Inter. 7:103-113. 

Parrizas, M., Planas, J., Plisetskaya, E.M. and Gutierrez, J. 1994. Insulin binding and 
receptor tyrosine kinase activity in skeletal muscle of carnivorous and omnivorous 
fish. Am. J. Physiol. 226: RI944-RI950. 

Pfeffer, E. 1995. Carbohydrate utilization and its determination. J.Appl. Ichthyol. 11: 
175-182. 

123



Pfeffer, E., Beckmann-Toussaint, J., Henrichfreise, B. and Jansen, H.D. 1991. Effect 
of extrusion on efficiency and utilization of maize starch by rainbow trout 
(Oncorhynchus mykiss). Aquaculture 96: 293-303. 

Pfeffer, E., Kinzinger, S. and Rodehutscord, M. 1995. Influence of the proportion of 
poultry slaughter by-products and of untreated or hydrothermically treated legume 
seeds in diets for rainbow trout, Oncorhynchus mykiss (Walbaum), on apparent 
digestibilities of their energy and organic compounds. Aqua. Nut. 1: 111-11 7. 

Pieper, A. and Pfeffer, E. 1980. Studies on the comparative efficiency of utilization of 
gross energy from some carbohydrates, proteins and fats by rainbow trout (Salmo 
gairdneri). ·Aquaculture 20: 323-332. 

Pratt, S. 2000. Poor pea crop in France good news for Canada. In The Western Producer. 
August 17, 2000. Pp 13. 

Rana, K.J., 1995. FAO Fisheries Department Review of the State of World Aquaculture 
Aquatic Environments and Use of Species Groups. Fisheries circular 886.1. 

Refstie, S., Helland, S.J. and Storebakken, T. 1997. Adaptation to soybean meal in 
diets for rainbow trout, Oncorhynchus mykiss. Aquaculture 153: 263-272. 

Refstie, S., Svihus, B., Shearer, K.D. and Storebakken, T. 1999. Nutrient digestibility 
in Atlantic salmon and broiler chickens related to viscosity and non-starch 
polysaccharide content in different soyabean products. Anim. Feed Sci. Techno!. 
79: 331-345. 

Reichert, R.D. and MacKenzie, S.L. 1982. Composition of peas (Pisum sativum) 
varying widely in protein content. J. Agric. Food Chem. 30: 312-317. 

Riche, M. and Brown, P.B. 1996. Absorption of phosphorus from feedstuffs fed to 
rainbow trout. Aquaculture 142: 269-282. 

Rumsey, G.L., Hughes, S.G. and Winfree, R.A. 1993. Chemical and nutritional 
evaluation of soya protein preparations as primary nitrogen sources for rainbow 
trout (Oncorhynchus mykiss). Anim. Feed Sci. Techno!. 40: 135-151. 

Rumsey, G.L. and Ketola, H.G. 1975. Amino acid supplementation of casein in diets of 
Atlantic salmon (Salmo salar) fry and of soybean meal for rainbow trout (Salmo 
gairdneri) fingerlings. J. Fish Res. Board Can. 32: 422-426. 

Said, N. 1999. Introduction to Dry Extrusion, Full Fat Soybean Processing, and 
Recycling of Secondary Resources by Dry Extrusion. In Aquaculture Nutrition, 
Management and Feeds Preparation, Practical Short Course Series. College 
Station, Texas. 

124



Salonek, C.J. 1995. Grain byproduct recovery. In T.P. Lyons, D.R. Kelsall, J.E. Murtagh 
(Editors), The Alcohol Textbook. Nottingham University Press, pp. 247-259. 

Sargent, J., Bell, G., McEvoy, L., Tocher, D. and Estevez, A. 1999. Recent 
developments in the essential fatty acid nutrition of fish. Aquaculture 177: 191
199. 

Saskatchewan Agriculture and Food. 2000. November estimate of 2000 crop 
production. www.agr.gov.sk.ca. 

Spannhof, L. and Plantikow, H. 1983. Studies on carbohydrate digestion in rainbow 
trout. Aquaculture 30: 95-108. 

Spinelli, J., Houle, C.R. and Wekell, J.C. 1983. The effects of phytates on the growth 
of rainbow trout (Salmo gairdneri) fed purified diets containing varying quantities 
of calcium and magnesium. Aquaculture 30: 71-83. 

Steffens, W. 1981. Protein utilization by rainbow trout (Salmo gairdneri) and carp 
(Cyprinus carpio): A brief review. Aquaculture 23: 337-345. 

Steffens, W. 1989. Principles ofFish Nutrition. Ellis Horwood Limited, England, 384 pp. 

Stefanyshyn-Cote, B., Fleury, M. and Ellwood, L. 1998. Research Summaries: Canola 
and Peas in Livestock Diets. Pp. 5, 6. 

Stickney, R.R. 1994. Principles ofAquaculture. John Wiley & Sons, NY, 502 pp. 

Stickney, R.R., Hardy, R.W., Koch, K., Harrold, R., Seawright, D. and Massee, K.C. 
1996. The effects of substituting selected oilseed protein concentrates for fish 
meal in rainbow trout Oncorhynchus mykiss diets. J. World Aqua. Soc. 27: 57-63. 

Sugiura, S.H., Dong, F.M., Rathbone, C.K. and Hardy, R.W. 1998. Apparent protein 
digestibility and mineral availabilities in various feed ingredients for salmonid 
feeds. Aquaculture 159:177-202. 

Sugiura, S.H., Raboy, V., Young, K.A., Dong, F.M. and Hardy, R.W. 1999. 
Availability of phosphorus and trace elements in low-phytate varieties of barley 
and com for rainbow trout (Oncorhynchus mykiss). Aquaculture 170: 285-296. 

Tacon, A.G.J. and Jackson, A.J. 1985. Utilization of conventional and unconventional 
protein sources in practical fish feeds. In C.B. Cowey, A.M. Mackie and J.G. Bell 
(Editors), Nutrition and Feeding in Fish. Academic Press, London, pp. 119-145. 

Takeda M. and Takii, K. 1992. Gustation and nutrition in fishes: application to 
aquaculture. In T.J. Hara (Editor), Fish Chemoreception. Chapman & Hall, 
London, pp. 271-287. 

125



Teskeredzic, Z., Higgs, D.A., Dosanjh, B.S., McBride, J.R., Hardy, R.W., Beames, 
R.M., Jones, J.D., Simell, M., Vaara, T. and Bridges, R.B. 1995. Assessment 
of undephytinized and dephytinized rapeseed protein concentrate as sources of 
dietary protein for juvenile rainbow trout (Oncorhynchus mykiss). Aquaculture 
131: 261-277. 

Tidwell, J.H., Webster, C.D., Yancey, D.H. and D'Abramo, L.R. 1993. Partial and 
total replacement of fish meal with soybean meal and distillers' by-products in 
diets for pond culture of the freshwater prawn (Macrobrachium rosenbergii). 
Aquaculture 118: 119-130. 

Tolman, G.H. 1995. Effect of hot aqueous ethanol treatment on antinutritional factors, 
protein denaturation and functional properties in raw pea and pea protein isolate. 
Anim. Feed Sci. Tech. 56: 159-168. 

Tramontano, W.A. and Jouve, C. 1997. Trigonelline accumulation in salt-stressed 
legumes and the role of other osmoregulators as cell cycle control agents. 
Phytochemistry 44: 1037-1040. 

Tyler, R.T., C.G. Youngs and F.W. Sosulski. 1981. Air classification of legumes. I. 
Separation, yield, and composition of the starch and protein fractions. Cereal 
Chem. 58: 144-148. 

Vose, J.R., Basterrechea, M.J., Gorin, P.A.J., Finlayson, A.J., and Youngs, C.G. 
1976. Air classification of field peas and horsebean flours. Chemical studies of 
starch and protein fractions. Cereal Chern. 53: 928-936. 

Vose, J.R. 1977. Functional characteristics of an intermediate amylose starch from 
smooth-seeded field peas compared with com and wheat starches. Cereal Chem. 
54: 1141-1151. 

Vose, J.R. 1980. Production and functionality of starches and protein isolates from 
legume seeds (field peas and horsebeans). Cereal Chem. 57: 406-410. 

Vose, J.R., Basterrechea, M.J., Gorin, P.A.J., Finlayson, A.J. and Youngs, C.G. 
1976. Air classification of field peas and horsebean flours. Chemical studies of 
starch and protein fractions. Cereal Chem. 53: 928-936. 

Walton, M.J. and Cowey C.B. 1982. Aspects of intermediary metabolism in salmonid 
fish. Compo Biochem. Physiol. 73B: 59-79. 

Webster, C.D., Tidwell, J.D. and Yancey, D.D. 1991. Evaluation of distillers' grains 
with solubles as a protein source in diets for channel catfish. Aquaculture 96: 179
190. 

126



Webster, C.D., Tidwell, J.H., Goodgame, L.S., Yancey, D.H. and Mackey, L. 1992. 
Use of soybean meal and distillers grains with solubles as partial or total 
replacement of fish meal in diets for channel catfish, Ictalurus punctatus. 
Aquaculture 106: 301-309. 

Webster, C.D., Tidwell, J.H., Goodgame, L.S., and Johnsen, P.B. 1993. Growth, body 
composition, and organoleptic evaluation of channel catfish fed diets containing 
different percentages of distillers'grains with solubles. Prog. Fish Cult. 55: 95
100. 

Whistler, R.L. and Daniel, J.R. 1985. Carbohydrates. In O.R. Fennema (Editor), Food 
Chemistry. Marcel Dekker Inc., NY, pp. 69-133. 

Whitear, M. 1992. Solitary chemosensory cells. In T.J. Hara (Editor), Fish 
Chemoreception. Chapman & Hall, London, pp. 103-125. 

Wilson, R.P. 1995. Lipid nutrition in finfish. In C. Lim and D.J. Sessa (Editors), 
Nutrition and Utilization Technology in Aquaculture. AOCS Press, Champaign, 
IL, pp.74-81. 

Wilson R.P. and Halver, J.E. 1986. Protein and amino acid requirements offishes. Ann. 
Rev. Nutr. 6: 225-244. 

Wu, Y.V. and Stringfellow, A.C. 1982. Com distillers'dried grains with solubles and 
com distillers' dried grains: dry fractionation and composition. J. Food Sci. 47: 
1155-1157. 

Wu, Y.V., Rosati, R., Sessa, D.J. and Brown, P. 1994. Utilization of protein-rich 
ethanol co-products from com in tilapia feed. J. Amer. Oil Chem. Soc. 71: 1041
1043. 

Yancey, P.H., Clark, M.E., Hand, R.D., Bowlus, R.D. and Somero, G.N. 1982. Living 
with water stress: Evolution of osmolyte systems. Science 217: 1214-1222. 

Yurkowski, M., Bailey, J.K., Evans, R.E., Tabachek, J.L., Ayles, G.B. and Eales, 
J.G. 1978. Acceptability of rapeseed proteins in diets of rainbow trout (Salmo 
gairdneri). J. Fish. Res. Board Can. 35: 951-962. 

127



AppendixA. 

Prairie Aquaculture Research Centre. 
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Prairie Aquaculture Research Centre 

The Prairie Aquaculture Research Centre (PARC) was constructed during the 

summer of 1998. The recirculating system consists of 30 - 360 L fiberglass tanks and a 

2000 L receiving tank that houses fish not utilized in research experiments. All of the 

tanks are connected to one filtration system. Water continually flows from the individual 

tanks to the sump tank where settling of feed and fecal wastes occurs. Water is drawn 

from the sump tank into the biological filter which contains thousands of tiny plastic 

beads. These beads provide available surface area for beneficial bacteria to live. 

Nitrifying bacteria are involved in converting toxic ammonia and nitrite into non-toxic 

nitrate. The biological filter is regularly backwashed to remove sludge buildup. After 

filtration the water flows through a heater/chiller unit used to maintain a constant water 

temperature in the system. The water then flows through an ultraviolet disinfection unit 

used to destroy harmful pathogens. Following this, the water proceeds over a waterfall, at 

which time CO2 is removed from the water, and into the header tank which feeds the 

individual tanks by gravity. 

The first batch of fish, rainbow trout fingerlings, were introduced into the facility 

in January, 1999. Rainbow trout are the preferred experimental fish, although Coho 

salmon have also been used. Trials conducted since that time include palatability studies, 

digestibility trials and growth experiments. To date, research trials have focused on 

utilizing locally grown plant protein sources and byproducts to incorporate into aquafeeds 

to provide low-cost, environmentally friendly feeds. 
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PARC Schematic Model: 

In.lireIN 
Ihrt:cr/chiller 

5% 

5% Fecal 
Colloctim 

130



Figure 1: Bank of culture tanks 

Figure 2: Individual culture tank 
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Figure 3: Settling column used for fecal collection 

Figure 4: Sump tank 
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Figure 5: Biological filter 

Figure 6: In-line ultraviolet treatment 
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Figure 7: Waterfall used for stripping CO2 

Figure 8: Header tank 
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