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Chapter 1: General Abstract 

The feed production cost in tilapia diets is driven by the prices of its ingredients such as 

fishmeal (FM) and soybean meal (SBM). Fishmeal and soymeal combined with other ingredients 

provides fish with the nutrients required for growth and sustaining life. Soybean meal is used as an 

alternative to fishmeal, but prices for this traditional ingredient have increased significantly in recent 

years as a result of high market demand from other industries. Consequently, there has been an 

increase interest by tilapia nutritionists and feed manufacturers to find less expensive, alternative 

feedstuffs for use in tilapia diets. 

Camelina (Camelina sativa) is an oil seed crop grown in higher latitudes especially along the 

US - Canada border, northern China and northern Europe. Camelina after removal of most of the 

edible oil has been proposed as a fish feed ingredient. 

A sixty-day feeding trial was conducted and diets were formulated to contain various levels 

of camelina inclusion  (0, 5, 10, 15, 20 and 25%) for the “camelina meal” while the “camelina oil” 

was formulated to contain one level (4.7%) of oil and was divided as “raw” and 4.7 “wash”. The 

results indicated that that fishes fed diets containing camelina ingredients had growth performance 

and feed utilization results that were similar to fish fed the commercial diet (P>0.05). There were 

significant differences (P<0.05) for body organ indices and body composition. The 15% camelina 

meal diet was the lowest cost experimental diet per kilogram gain and therefore, this alternative 

ingredient might be a potential replacement for soymeal in a more cost effective feed formulation.  

The fatty acid composition of tilapia fillets was also analyzed at the end of the feeding trial. 

The inclusion of camelina meal and oil in tilapia diets resulted in significant increases in the Omega-

3/Omega-6 ratio in fillets when compared to the control. The 15% camelina meal provided the best 
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results of the experimental diets yielding significantly higher polyunsaturated fatty acid (PUFA) and 

lower saturated fatty aid (SFA) than the control diet.  

On a commercial scale, tilapia commercial feeds differ in both formulated nutrient levels and 

ingredient composition. In intensive system culture, natural food is limited making it important that 

all nutrients are supplied through a complete pelleted diet. An advantage to feeding a pelleted diet is 

that the pellet-type feed enables the farmers, feed formulators and manufactures to design a diet that 

provides an optimal nutritional mix for tilapia. 

Precise levels in the protein and lipid percentages of tilapia diets can reduce feed costs and 

also reduce the amount of underutilized protein and lipids stored as fat in tilapia. Feed comprises of 

over 60% of the variable cost in the intensive aquaculture operation; if feed prices were to increase, 

it would be a substantial amount for tilapia producers to absorb. Therefore an improved diet 

formulation designed for tilapia can increase profitability 

Results indicated that the experimental diets (28% Crude Protein (CP)-Amino Acid (AA), 28% 

CP and 40% CP) performed similar to the control diet (32% CP) as it relates to fish growth. The 

experiment conducted on a commercial scale at an operating farm found that feeding tilapia the 

lowest protein level diets (28% CP) resulted in higher biomass gain per raceway, biomass gain per 

fish and significantly higher protein efficiency ratio (PER) when compared to the control diet (32% 

CP). The 28% CP diet also had the second best FCR value and most importantly higher returns 

based on its FCR when compared to the control diet (32% CP). 
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Chapter 2: General Introduction  

Nile tilapia (Oreochromis niloticus) has considerable potential for aquaculture in many tropical 

and subtropical regions of the world (Fitzsimmons, 2012). Commercial tilapia feeds contain 

approximately 10% fishmeal and 20 to 30% soymeal. Since tilapia feed costs contribute to a large 

portion of the operating costs of intensive culture, special attention has been given to the partial or 

total replacement of fishmeal and soymeal by less expensive protein sources in fish diets (El-Sayed, 

1998). 

The feed production cost in tilapia diets is driven by the prices of its ingredients such as 

fishmeal (FM) and soybean meal (SBM). Fishmeal and soymeal combined with other ingredients 

provides fish with the nutrients required for growth and sustaining life. Feed comprises of over 60% 

of the variable cost in the intensive aquaculture operation (Webster et al., 1999); if feed prices were 

to increase, it would be a substantial amount for tilapia producers to absorb.  

Tilapia commercial feeds differ in both formulated nutrient levels and ingredient 

composition. The differences in both formulated nutrient levels and ingredient composition may be 

due to the tilapia life stages and/or farming method and the ability of these animals to use “natural” 

feedstuffs present in the culture environment. As a result, most of the commercial feeds that are 

formulated to meet the needs of tilapia cultured in a pond environment may not be optimal for 

meeting the needs of tilapia grown in the high intensity culture systems; the type of system utilized 

in the Western region of the United States.  

Formulations that optimize dietary protein to energy ratio are necessary to support the rapid 

growth rates and immunological demands of fish cultured in these high intensity systems. This 

increased precision in protein to energy ratio will also potentially reduce feed costs providing lower 
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cost protein sources are utilized. The use of alternative cheaper feed ingredients will also reduce the 

operational cost of commercial tilapia farming and lead to a more sustainable industry.  

Fishmeal (FM) and Soybean meal (SBM) are currently the leading source of protein used in 

feeds in the aquaculture industry. The cost in US Dollars per metric ton for FM has increased from 

about $624 in March 2004 to $1,729 in March 2014 while SBM has increased from $343 in March 

2004 to the current value of $506.9 in March 2014 (Index mundi, 2014). Since the demand for these 

two main protein sources continues to be high, researchers have focused on identifying and 

developing alternative ingredients as a protein source in fish feeds. 

The high demand for FM and SBM by other industries such as the fertilizer, cattle, swine 

and house pets (cats and dogs) has contributed to the increased price for these commodities within 

the aquaculture industry. Currently, the growing global demand for farmed seafood is increasing due 

to population growth and rising acceptability of farmed fish by consumers.  Therefore, there are real 

and significant economic incentives to find less expensive and locally available protein sources to 

replace fishmeal and soybean meal as a source of protein in the diets of farmed fish.  

Research has found that camelina, which is an oil-bearing plant from the Cruciferae family, 

and farmed in the fields of northern United States is a potential substitute for both fishmeal and 

SBM in commercial aquaculture. Once most of the edible oil has been removed from camelina, the 

byproduct (press cake) is proposed as a viable fish feed ingredient. The assessment of this alternative 

protein source, it’s advantages and disadvantages, as well as targeted inclusion levels in tilapia feeds 

can allow feed formulators and nutritionists to prepare more cost effective diets for intensive tilapia 

production systems. 

  



5 
 

Chapter 3: General Literature Review 

3.1 Tilapia 

 “Aquaculture production has continued to show strong growth, increasing at an average annual 

growth rate of 6.3 percent from 34.6 million tons in 2001 to 59.9 million tons in 2010. The value of 

aquaculture production was estimated at USD119.4 billion in 2010” (FAO, 2012). Tilapia is also a 

strong contributor to this growing industry with the global production of tilapia alone reaching 

approximately 3.5 million metric tons in 2011 (Fitzsimmons et al., 2012). 

Tilapia, the second most important group of farmed fish after carp (Cyprinus carpio) and the most 

widely grown is produced in many countries (Winfree and Stickney 1981), but most of the global 

production comes from Asia and Latin America. The use of tilapias in warm-water aquaculture 

systems dates back to ancient Egyptians started tilapia farming for human consumption between 

2000–2500 BC (Chimits 1957; Bardach et al., 1972).  

Tilapias are omnivorous, warm water fishes that belong to the family Cichlidae (order 

Perciformes). The three genera of tilapia include Oreochromis, Sarotheradon and Tilapia and are further 

classified under 70 known species, all of which are native to Africa, Jordan and Israel (Philippart and 

Ruwet, 1982, McAndrew, 2002).  

When compared to most fresh water fish, tilapia can tolerate a wider range of environmental 

conditions such as salinity, dissolved oxygen, temperature, pH, and ammonia levels and are not 

easily susceptible to disease. It is these factors that make tilapia an ideal farmed fish. 
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3.2 Tilapia Diets 

Fish reared in intensive recirculating systems have different nutritional requirements than 

those in the wild. Wild tilapia graze on blue-green algae and bacteria. The grazing utilizes a large 

amount of energy for searching, finding and digesting this type of food. Therefore, tilapias have to 

ingest more calories relative to farm-raised fish to meet the energy required for feeding. 

In intensive system culture, natural food is limited making it important that all nutrients are 

supplied through a complete pelleted diet. An advantage to feeding a pelleted diet is that the pellet-

type feed enables the farmers, feed formulators and manufactures to design a diet that provides an 

optimal nutritional mix for tilapia. 

3.3 Protein requirement for Tilapia 

Protein is responsible for the largest part of the cost of most prepared feeds. It is a major 

dietary nutrient affecting the growth performance of fish (Lovell, 1988). Several factors such as fish 

size or age, dietary protein source, energy content of the feed, water quality and culture conditions 

have been reported to affect protein requirements of tilapia.  

The protein requirement for tilapia during larval stages is high and ranges from 35 to 50%, 

but decreases with increasing fish size (Winfree and Stickney, 1981; Jauncey and Ross, 1982; Siddiqui 

et al., 1988; El-Sayed and Teshima, 1991). Tilapia fingerlings protein requirement ranges from 30 to 

40%, while adult tilapia require 20 to 30% dietary protein for optimum performance. Tilapia 

broodstock require 35 to 45% dietary protein for optimum reproduction, spawning efficiency, and 

larval growth and survival (Gunasekera et al., 1996; Siddiqui et al., 1998; El-Sayed et al., 2003).  
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Furthermore, tilapia at all stages of development requires ten essential amino acids 

(methionine, threonine, tyrocine, lysine, arginine, isoleucine, histodine, valine, luecine and proline) to 

support growth and must be supplied by the diet. 

3.4 Lipid requirement of Tilapia 

Dietary lipids (fats and oils) play an important role in membrane structure and function and 

also assist in the absorption of fat-soluble vitamins. They serve as precursors for steroid hormones 

and provide a major source of energy. In feeds, dietary lipids serve as digestible sources of essential 

fatty acids. There is some uncertainty regarding the optimum lipid requirements of tilapia and the 

variations are apparent between the various life stage and species. A dietary lipid content of 18% in 

the diets of red hybrid tilapia spared protein for growth and a diet containing 30% dietary protein 

and 18% dietary lipid was recommended by De Silva et al.,    

Winfree and Stickney (1981) found that the optimum dietary lipid concentration was 5.2%, 

for tilapia up to 2.5g, decreasing to 4.4% for fish up to 7.5g. Jauncey (2000) suggested that to 

maximize protein utilization, dietary fat concentration should be between 8% and 12% for tilapia up 

to 25g, and 6% to 8% for larger fish. Ng and Chong (2004) found that the minimum requirement of 

dietary lipids in tilapia diets is 5%, however, better growth and protein utilization have been 

described for diets with 10%-15% lipids. Typically, commercially available tilapia feeds contain 4%–

5% dietary lipid (Orachunwon et al., 2001). 

Tilapia has a requirement for Omega-6 (linoleic) fatty acids, and to a lesser extent, a 

requirement for Omega-3 (linolenic) fatty acids. The optimum dietary levels for both Omega-3 and 

Omega-6 acids have been estimated at about 1% for red belly Tilapia, Tilapia zillii, and 0.5% for Nile 

Tilapia, Oreochromis niloticus (Ng, 2005; Lim et al., 2011) 
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Similarly, to provide the optimal dietary fatty acids to support growth and feed conversion in 

farmed raised fish, the final fatty acid content of tilapia at harvest, particularly, the fatty acid content 

of the fillets has to be taken into consideration. The beneficial long chain polyunsaturated fatty acid 

(LC-PUFA) content in farmed raised tilapia especially those cultured in intensive systems may be 

lower since they are fed diets containing plant oils rich in Omega-6 fatty acids (Karapanogiotidis et 

al., 2006; Weaver et al., 2008). In contrast, tilapia grown in extensive or semi-intensive systems that 

are rich in phytoplankton, have fillet fatty acid contents comparable with those of wild Tilapia and 

have higher levels of decosahexanoic acid (DHA) and eicosapentaenoic acid (EPA) than intensively 

farmed fish (Karapanogiotidis et al., 2006).  

3.5 Carbohydrates requirement of Tilapia 

In tilapia feeds, carbohydrates are included as a cheap source of energy and for improving 

pellet-binding properties. Nile tilapias are capable of utilizing high levels of various carbohydrates of 

between 30 to 70% of the diet (Shiau, 1997). Carbohydrate utilization by tilapia is affected by a 

number of factors such as the source of carbohydrate, other dietary ingredients, fish species and size 

and feeding frequency (El-Sayed, 2006). In 1997, research by Stickney found that tilapia could better 

utilize complex carbohydrates such as starches when compared to disaccharides and 

monosaccharides. Later in 2006, Stickney further stated that the inclusion of soluble non-starch 

polysaccharides (NSP) in the form of cellulose in Nile tilapia diet increased the organic loading of 

the culture system.   

3.6 Vitamins requirement of Tilapia 

Vitamins are important for health and optimum growth of tilapia, especially in intensive 

systems where external food source is unavailable and the tilapia depends solely on the nutrients 

available in the feed.  
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Vitamin requirement values are dependent on the stability and bioavailability of the vitamin 

compound that is used in the feed formulation. Hu et al. (2006) found that antioxidants present in 

the diet, such as Vitamin C can spare Vitamin E in diets for hybrid tilapia while choline can be 

spared by betaine. Beta-carotene can be bio-converted to vitamin A with a conversion ratio of about 

19:1 (Hu et al., 2006). Lim and Webster (2006) found that Vitamin E requirement is influenced by 

dietary lipid level; if Nile tilapia is fed diets with 5% lipid it requires 50-100 mg/kg vitamin E but if 

the diet’s lipid content increases to the 10 to 15% range, then the Vitamin E requirement increases 

to 500 mg/kg diet.    

Vitamins obtained from natural food in fertilized ponds, endogenous vitamins present in 

feed ingredients and the microbial biosynthesis of some vitamins in the gut may contribute 

significantly to the vitamin requirements of tilapia. However, in intensive forms of aquaculture, 

ascorbic acid (Vitamin C) deficiency is common because tilapia cannot synthesize ascorbic acid and 

therefore relies on the fish feed as their only source for this vitamin. Juvenile O. niloticus require a 

dietary level of 79 mg ascorbic acid per kilogram of diet for maximum growth (Shiau and Jan 1992). 

Vitamin E protects unsaturated fatty acids since it is a strong antioxidant. A deficiency in 

Vitamin E may lead to extreme effects as a consequence of oxidized lipids (congestion, 

hemorrhages, lordosis, exophthalmia, etc.) In addition, it may cause anorexia, reduced growth and 

death. The use of antibiotics in feed reduces the vitamin synthesizing capacity of fish.  

Vitamin B12 is entirely produced by Nile tilapia in normal conditions but is required in the 

diets when fish receive antibiotic treatments. Nutrient dense diets and the increased growth rates 

that are encouraged in commercial tilapia farms have also been shown to increase the tilapia’s 

required dietary levels of some vitamins (Shiau and Lin 2006).  
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Lim and Webster (2006) recommended that vitamins should be included in modern 

practical-type tilapia diets and high-density culture systems of the Western United States to meet the 

increased vitamin needs of tilapia raised under commercial type growth demands. 

3.7 Mineral requirements of Tilapia 

Tilapias are able to absorb minerals from the culture water, which makes it difficult to 

determine their mineral requirements.  Stickney (1997) found that Nile tilapia reared in fertilized 

ponds fed diets containing either complete mineral mixes or deficient in either calcium, 

phosphorous, magnesium, sodium, potassium, iron, zinc, manganese or iodine had their weight gain, 

food conversion ratio and protein efficiency ratio affected by the addition of phosphorous. 

Although, tilapia can absorb minerals from the culture water, its feed should also contain 

supplemental mineral premixes to ensure that sufficient levels are available to protect against mineral 

deficiencies caused by reduced bioavailability that may occur when plant phosphorus sources are 

used in tilapia feeds.  

The amount of minerals to be added in the diet depends on the source of the element. Shiau 

and Su (2003) reported that ferric citrate is only half as effective compared to ferrous sulphate in 

meeting the iron requirement of tilapia. The use of plant-based feed ingredients have a high phytic 

acid content which appears to bind metal ions such as calcium, phosphorus, magnesium, manganese, 

zinc and iron rendering them unavailable. When phosphate groups are hydrolyzed through the 

action of phytase enzyme, phytic acid loses its the ability to bind to metal ions. Fish lack phytase 

enzyme in their gastrointestinal tracts and hence cannot utilize the phytate bound phosphorus or 

other metal ions. Therefore, the addition of microbial phytase in the diet of Nile tilapia would 

significantly improve fish growth (Furuya et al., 2003; Portz et al., 2003) and feeds are usually 

supplemented with phosphorus in the form of mono or di-calcium phosphate to improve mineral 
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absorption. Variations in the quantitative values reported in literature can also be expected due to 

differences in dietary ingredients used. 

In Nile tilapia, the following are deficiency signs:  

1) Calcium- reduced growth, poor feed conversion and bone mineralization (Arai et al., 1974), 

2) Magnesium- whole-body hypercalcinosis; and manganese- reduced growth and skeletal 

abnormalities. Dabrowska et al. (1989) found in Nile tilapia, excess magnesium (0.32%) in a 

low-protein (24%) diet produced severe growth retardation and showed a significant 

decrease in blood parameters, haematocrit and haemoglobin content, and magnesium 

deficiency in a high-protein (44%) diet caused whole-body hypercalcinosis. A dietary 

magnesium content of 0.059-0.077% was found to be adequate for optimum performance 

of this species. 

3.8 Feed Ingredients  

Recently, attention has been given to tilapia nutrition with emphasis on protein and lipid 

requirements since these nutrients are generally more digestible to tilapia than carbohydrates. 

Fishmeal is not only valued for its protein by feed manufacturers but for other factors such as 

having the best amino acid profile, high digestibility, lack of anti-nutritional factors and high 

palatability. The partial replacement of dietary fishmeal with plant protein has been successfully 

accomplished in a number of teleost fishes (Tacon, 1993). Even though fishmeal is the single most 

expensive major ingredient in aquaculture feeds (Tacon, 1993), it is widely used as the main source 

of dietary protein for many commercially farmed fish species. Candidate ingredients that are 

practical alternative feedstuffs to fishmeal for aquafeeds must possess some of the desired factors 

previously mentioned above, in addition to wide availability, competitive price, as well as ease of 

handling, shipping storage and use in feed production (Gatlin et al., 2007). 
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Most animal byproduct meals, including poultry byproduct meal (PBM), hydrolyzed feather 

meal (HFM), blood meal (BM), and meat and bone meal (MBM) have high protein contents and 

favorable essential amino acid (EAA) profiles (NRC, 2011). However, these ingredients may be 

deficient in one or more of the essential amino acids (EAA), especially lysine, isoleucine and 

methionine (Tacon and Jackson, 1985). The by-products mentioned above have already played an 

important role as ingredients in aquaculture feeds; both poultry by-products and blood meal have 

proved to be partial substitutes for fishmeal (Kureshy et al., 2000).  

The use of plant materials instead of fishmeal may have serious drawbacks, including a lower 

level of Omega-3 acids and anti-nutritional factors that will extend the time it takes for a fish to 

reach harvest size. Furthermore, the presence of anti-nutritional factors in untreated foodstuff 

results in anorexia and poor feed conversion when used at high dietary concentrations. The presence 

of endogenous anti-nutritional factors within plant feedstuffs is believed to be the largest single 

factor limiting their use within compounded animal and fish feeds at high dietary levels (Tacon and 

Jackson, 1985). This has resulted in extensive research being performed to treat plant ingredients to 

eliminate anti-nutritional components so they can be used in the manufacturing of aquaculture diets 

(Tacon and Jackson, 1985).  

It is important to evaluate the nutritional value of alternative ingredients and formulate diets 

based on mixtures of such ingredients, which can replace FM in tilapia diets. Knowledge of 

digestibility of these various ingredients is a basic requirement for formulating diets (Cho and 

Kaushik, 1990); the nutritional value of a diet should be expressed on the basis of its digestible 

protein (DP) and digestible energy (DE). However, even at the same level of DP and DE, Gomes et 

al. (1995) found a depression of voluntary feed intake with diets where 100% of animal protein was 

replaced by plant proteins.  
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 Currently, the most important new ingredient is from aquaculture production itself. When 

fish is processed for human consumption, fins, viscera bones and heads are removed during 

processing. These parts are called trimmings and have high protein content. The industry has 

therefore started to process trimmings into fishmeal, and it is estimated that approximately 25% of 

all fishmeal production now comes from trimmings (International Fishmeal and Fishoil 

Organization (IFFO), 2011). If aquaculture production increases as projected by Allen (2008), then 

trimmings may become an even more important source of sustainable fishmeal supply. Global 

aquaculture production still adds to world fish supplies; however, if the growing aquaculture industry 

is to sustain its contribution to world fish supplies, it must reduce wild fish inputs in feed and adopt 

more ecologically sound management practices (IFFO, 2011). 

3.9 Feed formulation and formulated feeds 

  “Least Cost Feed Formulations” are widely used for formulation feed and is dependent 

upon nutritional requirements of the fish and available ingredients. The “least cost formulations” 

which are derived from the use of computer programs examines the nutritional characteristics of 

many ingredients at the same time.  The program selects the mix of ingredients that meet all 

nutritional requirements at the lowest manufacturing cost.  The feed manufactured would meet the 

“Guaranteed Analysis” on the manufacturer’s label; this indicates to the purchaser the ingredients 

used and the expected percentage of protein, fat, moisture, ash, and fiber and other information 

regarding the feed composition.  

The formulation and ingredient composition of commercial tilapia diets is generally the 

proprietary information of the manufacturer. There are some cases, where the list of ingredients 

used is specified on the feedbag due to labeling laws. A complete list of ingredients used in 

formulations is found in experimental tilapia diets and published in various journals. Conversely, the 
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lists of ingredients used in formulations found in experimental tilapia diets and published in various 

journals do not reflect the typical commercial tilapia feeds used in intensive systems.  

Although a typical commercial tilapia diet may contain the following formula; soybean meal 

(42%), fishmeal (5%), poultry fat (4.7%), wheat middlings (30.8%), fish oil (3%) corn protein 

concentrate (12.2%), dicalcium phosphate (2.5%), vitamin premix (1%), Stay-C35 (0.2%), trace 

mineral (0.1 %), choline CI 50%(0.6), each manufacturer may have their own unique formulation.  

Generally, feed formulation methods involve quantifying the amount of feed ingredients that 

is required to form a single uniform pellet for the fish. The pellets will supply all of the required 

nutrients and involves a good knowledge of the target species and feed ingredients.  Intensive tilapia 

farmers depend on commercial feed producers to manufacture fish diets; effective quality control 

and assurance by the manufacturer are essential to ensure stable and uniform batches. 

On an intensive tilapia farm, the high volume of production requires that the dietary needs 

of the fish be carefully identified and specifically met. Diet formulation enables the aquaculture 

industry to maintain some uniformity in levels of feed production. Most feed mills use the same 

formulations for extended periods of time, so that the feed quality remains consistent over time. 

Feed quality can also be easily predicted if the same diet formula is used and all other factors remain 

unchanged.  
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Chapter 4:  General Objectives 

The overall objectives of this study were to: 

a) Evaluate the suitability of camelina press cake and oil as new ingredients in the diets of 

tilapia (Oreochromis niloticus); 

b) Determine whether the inclusion of camelina in tilapia diets can alter the fatty acid profile in 

the tilapia fillets; and 

c) Optimize commercial tilapia diet formulations for intensive culture systems utilized in the 

Western region of the United States.  
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Chapter 5: General Materials and Methods 

5.1 Camelina experiments 

5.1.1 Experimental Design 

A 60-day feeding trial with juvenile tilapia was conducted based on diets formulated and 

manufactured at the US Fish and Wildlife Service Fish Technology Center in Bozeman, MT.  Eight 

isonitrogenous diets for the trial were formulated to contain various levels of camelina (0%, 5%, 

10%, 15%, 20% and 25%) for the “camelina press cake.” The “camelina oil” was considered at one 

level of inclusion of oil, 4.7% which was divided under two variations due to the processing 

techniques used to extract the oil: “raw” and “washed.” A commercial tilapia diet (35% CP, 5% CL) 

was used as the control. Diets ranged in moisture content from 3.5% to 4.4%; gross energy ranged 

from 4,784.3 kcal/g to 4,854.1 kcal/g; crude lipid ranged from 5.8% to 8.6% and the crude protein 

ranged from 35.5% to 37.3% (Table 1).  
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Table 1. Formulations of experimental diets using camelina ingredients. 

 

Prices for individual ingredients per ton were obtained from the feed manufacturer. Since the 

cost per ton of camelina press cake/ camelina meal was unavailable, the price obtained per ton of 

cottonseed meal was substituted; the cost of the camelina oil was based on the cost per liter of 

canola oil. These values were then used to calculate the cost per kilogram for each of the 

experimental diets. The estimated cost per kilogram of biomass gain varied from $1.49/kg to 

$1.94/kg (Table 6).   

 

Ingredients

raw wash

Camelina, Press cake 0 5 10 15 20 25 0 0

Camelina oil 0 0 0 0 0 0 4.7 4.7

Soybean meal 42 38 34 30 26 22 42 42

Wheat flour 28.5 28.2 27.9 27.6 27.3 27 28.5 28.5

Poultry fat 4.7 4 3.3 2.6 1.9 1.2 0 0

Corn Protein Concentrate 12.2 12.2 12.2 12.2 12.2 12.2 12.2 12.2

Menhaden Fish Meal 5 5 5 5 5 5 5 5

Menhaden fish oil 3 3 3 3 3 3 3 3

Stay-C 35 0.2 1 1 1 1 1 1 1

Vitamin premix ARS1 1 1 1 1 1 1 1 1

TM ARS 6402 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Dicalcium Phosphate 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

Choline Cl 50% 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

Methionine 0 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Analyzed composition of diets

Moisture % 4.1 3.7 3.8 4.4 3.8 4 3.5 3.7
Crude lipid % 6.6ab 7.7ab 8.0ab 6.9ab 7.6ab 8.6a 5.8b 6.9ab

Crude protein % 37.3 36.7 36.3 36.3 36.3 35.5 36.5 36.7
Gross energy (kcal/g) 4,803.80 4,784.30 4,824.30 4,790.30 4,852.40 4,854.10 4,823.70 4,815.10

Inclusion (%)

Camelina oil

1 Vitamin premix Ag. Research Service (ARS) contributed per kilogram of diet: vitamin A (as retinol palmitate), 10,000 IU: vitamin D 3, 720 

IU: vitamin E (as DL% tocopherylacetate), 530 IU: niacin, 330 mg: calcium pantothenate, 160 mg: riboflavin, 80 mg: thiamin mononitrate, 50 

mg: pyridoxine hydrochloride, 45 mg: menadione sodium bisulfate, 25 mg: folacin, 13 mg: biotin, 1 mg: vitamin B12, 30 ug. 2 Trace Minerals 

Ag. Research Service (TM ARS) contributed in mg/kg of diet: zinc, 37: manganese, 10: iodine, 5: copper. All values are mean±SE of the 

replicates of diets (n=2). a,b  mean values with different superscript in the same row are significantly different from each other (P<0.05). 

Camelina meal

Inclusion (%)
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5.1.2 Fish Holding Facility 

Fish were cultured in an intensive system that comprised of 36 fiberglass tanks, 200 L with a 

water depth of 0.50 m. A header tank supplied clean water to culture tanks through a series of pipes. 

The circular self-cleaning tanks were aerated using an air stone. Clean water was supplied to each 

culture tank through inlet pipes and the effluent water was drained through standpipes. Water from 

inlet pipes was jetted in such a way that it induced a circular flow to facilitate self-cleaning. The use 

of an outer jacket at each standpipe, with an opening at its base created the circular flow required to 

move the water to the filter. The flowing water allowed the removal of solid wastes from the tank, 

which included feces and uneaten feed together with dissolved wastes such as carbon dioxide and 

nitrogenous compounds by the filters. The filters comprised of a series of tanks containing bio–discs 

which served both as mechanical and biological filters. The filtered water was then drained into a 

holding tank and then pumped back to the header tank for aeration. A small amount of water from 

the system was continuously replaced to avoid accumulation of excretory products, principally 

nitrate.  

5.1.3 Experimental Fish and Feeding Procedures 

The fish used in this experiment were Nile tilapias (Oreochromis niloticus) which were selected 

from the Environmental Research Laboratory (ERL), University of Arizona. They were grown to an 

average individual biomass of 40g ± 0.2g on a commercial tilapia diet at the ERL Greenhouse.  At 

the start of the feeding trial, fish from the previously described population were randomly selected 

and stocked into 200-L tanks in a recirculating culture system at 5 fish per tank and acclimated to 

experimental conditions for 1 week.  Fish were individually weighed prior to the start of the 

experiment in order to obtain fish of uniform size. During the acclimatizing period, tilapias were fed 

a commercial tilapia diet (35% CP, 5%CL). After the acclimation period the fish were netted from 
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each tank using a fine mesh hand net and bulk weighed. Diets were randomly assigned, with four 

replicates per treatment. Throughout the feeding trial, the fish were fed their respective experimental 

diets at 3% of the estimated body weight in their appropriate tanks, with a half ration twice per day, 

every day.  

At the end of the 8-week experiment, individual fish weights, fillets, viscera weight and liver 

weight were collected to calculate the weight gain (WG), relative growth rate (RGR), feed 

conversion ratio (FCR), protein efficiency ratio (PER), hepatosomatic index (HSI), and 

viscerasomatic index (VSI). Fillets and liver samples were frozen immediately after collection and 

were transferred and stored at -80 °C until proximate composition and fillet fatty acid analyses were 

conducted (Table 7). The camelina diets used in this experiment were also stored at -80 °C until the 

fatty acid analysis was conducted (Table 3). After 8 weeks of feeding, fish were fasted for 24 hour 

before the collection of tissue samples for compositional analyses. 

All diets (Table 1) were formulated to meet or exceed National Research Council (NRC) 

requirements for tilapia (NRC 1993). Diets were manufactured (3 mm diameter pellets) by cooking 

using a twin-screw extruder (Buhler AG, Uzwil, Switzerland) and dried in a pulse-bed drier to less 

than 10% moisture.  

Water quality characteristics; dissolved oxygen, temperature were monitored daily while the 

pH, ammonia, and nitrates were monitored bi-weekly. Water temperature and dissolved oxygen 

(DO) were measured in the tanks twice daily (9:00 and 15:00) at a depth of 0.15 m using an oxygen 

meter (Model 85, YSI Industries, Yellow Springs, OH, USA). This was done to ensure that DO 

levels in the tanks were optimal for fish growth and well being. The un-ionized ammonia tests were 

performed using DREL/2 HACH kits (HACH Co., Loveland, CO, USA); pH tests were done with 

a pH meter (Digital Mini-pH Meter, model 55, Fisher Scientific, Denver, CO, USA).  
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5.2 Commercial diets trial 

5.2.1 Experimental Design 

A 6 month feeding trial with juvenile tilapia was conducted based on previous experiments 

conducted at the University of Arizona, Environmental Research Laboratory (ERL) which used 

juvenile tilapia and the US Fisheries and Wildlife Fish Technology Center in Bozeman, MT 

laboratory using both juvenile and mature tilapia. The previous experiments were a factorial 

treatment design with diets formulated to contain three levels of dietary protein (28, 32, and 36%) 

and three levels of dietary lipid (3, 6, and 9%). A combination of a 28% dietary protein and 6% 

dietary lipid was chosen for formulation the diets in this experiment based on the results obtained 

from the experiments conducted at US Fisheries and Wildlife Fish Technology Center in Bozeman, 

MT. In addition, two other diets were also formulated for this trial; a higher dietary protein and 

energy level (40% CP, 8% CL) and a diet supplemented with the amino acids (AA) methionine and 

lysine (28% CP, 6% CL - AA, Table 2) while a commercial tilapia diet (32%CP, 5%CL) was used as 

the control. The 40% protein diet was formulated based of formulations used for trout diets. The 

formulations for both the 40%CP and control diets were not available to be included in this 

dissertation.  
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Table 2. Formulations of experimental diets for commercial trials. 

 

5.2.2 Fish Holding Facility 

The facility at the commercial farm comprised of a flow through system that had specially 

designed plastic-lined rectangular raceways. Water for the raceways came from a fresh spring aquifer, 

which provided warm (85 °F, 29.5 °C), salty water (4 ppm) that was well suited for the development 

of high quality tilapia.  

Ingredients Control

28% CP-AA 28% CP 40% CP 32% CP

Fishmeal 30.3 30.8 N/A N/A
Soybean meal  28.0 28.0 N/A N/A
Wheat, Soft White  20.0 20.0 N/A N/A
Blood meal         4.0 4.0 N/A N/A
Poultry by-product     2.7 2.7 N/A N/A
Menhaden #3        2.7 2.7 N/A N/A
Poultry Fat (Mix)   2.6 2.6 N/A N/A
Dicalcium phosphate 2.5 2.5 N/A N/A
Blend oil(Spray)   2.0 2.0 N/A N/A
Soy lecithin   1.0 1.0 N/A N/A
Vitamin pre-mix  1.0 1.0 N/A N/A
Wheat Gluten      1.0 1.0 N/A N/A
Stay-C 35% (C)   1.0 1.0 N/A N/A
Choline Chloride 60   0.5 0.5 N/A N/A
Mold Inhibitor, Myco    0.1 0.1 N/A N/A
Trace minerals    0.1 0.1 N/A N/A
Lysine HCL      0.3 0.0 N/A N/A
Methionine DL      0.2 0.0 N/A N/A

Analyzed composition of diets 28% CP-AA 28% CP 40% CP Control

Moisture % 6.8 7.8 7.1 6.2
Crude lipid % 5.9 a 5.6 a 8.2b 2.1c

Crude protein % 27.9a 26.9 a 39.6b 32.1c

Gross energy (Cal/g) 4,453a 4,393b 4,684c 4,213d

Commercial experimental diets

N/A - feed formulation details were not available for publication. a,b,c,d mean values with 
different superscript in the same row are significantly different from each other (P<0.05).
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The rectangular self-cleaning tanks were aerated using Polyvinyl chloride (PVC) pipe in 

which holes were made and then covered with an insulated material that created a bubble curtain. 

Clean water was supplied to each culture tank at a rate of 1.26 liters per second through inlet pipes 

and the effluent water was drained through standpipes. Water from inlet pipes flowed in such a way 

that it induced a circular flow to facilitate self-cleaning and allowed the removal of solid wastes from 

the raceway. The waste included tilapia feces, uneaten feed and dissolved wastes such as carbon 

dioxide and other nitrogenous compounds were emptied into the specially designed filtered-drainage 

systems. The water, which was removed from the raceways, was used to irrigate field crops.   

5.2.3 Experimental Fish and Handling Procedures 

The fish in this experiment were Nile tilapias (Oreochromis niloticus), which were selected from 

the hatchery of the commercial farm. They were grown to an average individual biomass of 16.95 g 

± 0.5 g on a commercial fingerling tilapia diet.  The tilapia were randomly selected from this 

hatchery and stocked at an estimated density of 2,630 fish per raceway and were fed the control diet. 

Seven (7) weeks after stocking fishes were weighed and the new biomass at the commencement of 

the commercial feed trial was 354 kg ± 12 kg or average individual biomass 151.98 g ± 5.4 g. The 

tilapias were cultured in 12 raceways 38-m3 with an initial water depth of 0.50 m. The dietary 

treatments were not randomly assigned to each of the raceways. This was to avoid diets being 

wrongfully assigned to the raceways and allow simplicity in feeding the fishes by farm workers. 

However, diets were assigned in replicates of three for each treatment. The experimental diets were 

fed to apparent satiation thrice daily (at 7:00 am, 12:00 pm and 3:00 pm), weekly, for six months. 

Apparent satiation was defined as all the feed the fish will consume in a 15 minutes period. 

Sampling of 60 fish was done once a month for two months. After that, the subsequent 

sampling size was reduced to thirty fish. This was due to the difficulties in capturing the fish as they 
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grew and to reduce the stress and mortalities that occurred during sampling. Throughout the feeding 

trial, each diet was fed to the fish in their appropriate raceways three times per day to satiation.  

Ten fish were euthanized with tricane methane sulfonate (MS-222: 100 mg L-1 water) at the 

start, middle and end of the experiment and kept in -20 °C for determination of initial, middle and 

final body composition and body indices.  

At the end of the trial, fish weights, viscera weight, fillet weight and liver weight were 

collected to calculate weight gain (WG), relative growth rate (RGR), feed conversion ratio (FCR), 

protein efficiency ratio (PER), hepatosomatic index (HSI), and viscerosomatic index (VSI). Fillet 

and liver samples were frozen immediately after collection and were transferred and stored at -80 o C 

until proximate composition analyses. Fishes were fasted for 24 hour before collection of tissue 

samples for compositional analyses. At harvest fishes were separated into three size classes, large, 

medium and small. Those that were large (600 g and above) and medium (300 g -600 g) were sold 

while the small fishes (less than 300 g) were discarded.  

Water quality characteristics; dissolved oxygen, temperature, salinity, pH, ammonia, and 

nitrates were monitored monthly. Water temperature, dissolved oxygen (DO) and unionized 

ammonia were measured in the raceways monthly a depth of 0.75 m using an oxygen meter (Model 

85, YSI Industries, Yellow Springs, OH, USA). Unionized ammonia and pH were measured using 

DREL/2 HACH kits (HACH Co., Loveland, CO, USA).  The salinity was measured using a 

refractometer (YSI 85, YSI Industries, Yellow Springs, OH, USA) 

5.2.4 Proximate Analysis of diets and whole body composition 

Proximate analysis (moisture, crude protein, crude lipid, energy) was performed according to 

standard methods (AOAC, 1993). Moisture content was determined by drying samples to constant 



24 
 

weight in an oven at 105°C (3 hrs for diets and tissues). Crude Protein (N x 6.25) values were 

determined by Dumas method on a Leco TruSpec nitrogen determinator. Gross energy was 

determined using isoperibol bomb calorimetry (Parr 1281, Parr Instrument Co. Inc., Moline, IL, 

USA). Lipid content was determined by petroleum ether extraction using an Ankom XT 10 

according to AOAC (1995). 

5.2.5 Fatty acid analysis 

Frozen fillets were individually thawed, homogenized and fat was extracted from 0.3 g using 

chloroform/methanol ratio, following the methodology by Bligh and Dyer (1959). Subsequently, 20 

µL of a 1% pentadecanoic acid (15:0) in dissolved methanol was added to each of the sample as an 

internal standard. Folch organic extraction was performed by adding 3 mL of 0.88% potassium 

chloride (KCl) and 5 mL of 2:1 dichloromethane (DCM) and centrifuging at 1500 x g for 5 minutes. 

The DCM layer was removed and place into a new clean glass dram vial extraction. This step was 

repeated thrice and thereafter the hydrophobic DCM extract was dried with nitrogen. Fatty acid 

methyl ester (FAME) analysis was performed for both fillets and diets by adding 0.5 mL of 

borontrifluoride methanol (BF3) to the hydrophobic extract and heating at 60 °C for 30 minutes, 

followed by addition of 0.5 mL of DDO2 water and 0.5µL hexane. Fatty acid methyl esters were 

separated and quantified by gas chromatography mass separation, GC-mass spectrometry, as 

conducted in similar studies done by Donato et al. (2003). The resulting fatty acid profile of each 

experimental diet that was analysed is shown in Table 3 and the fatty acid profiles of the fillets are 

shown in Table 7. 
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Table 3. Quantification of fatty acids in tilapia (Oreochromis ni lo t i cus) diets with camelina 
ingredients. 

 

5.3 Growth and Nutrient Retention Efficiency Calculations 

The following formulae were used: 

a) Biomass Gain (BG) = [final weight (g) - initial weight (g)] 

b) FCR= dry diet fed (g)/ weight gain (g) 

c) Relative Growth Rates (RGR, %/day) = [ln(final wt) – ln(initial wt)]/# of days grown 

d) Hepatosomatic index (HSI) = Liver weight (g)/ whole body weight (g) * 100 

e) Visceral somatic index (VSI) = Visceral weight (g)/ whole body weight (g) * 100 

f) Fillet ratio (FR) = 2 *Fillets weights (g)/ whole body weight (g) * 100 –Camelina studies 

g) Fillet ratio (FR) = 2 Fillets weights (g)/ whole body weight (g) * 100  

h) Protein efficiency ratio (PER) = weight gain in fish (g)/protein intake (g)  

Control

Fatty acids 0 5 10 15 20 25
4.7 oil 

(raw)

4.7 oil 

(wash)
0

Pentadecylic (15:0) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Palmitic (16:0) 18.9a 17.4 ab 16.1 ab 14.5 ab 13.4 ab 12.4 ab 10.3b 16 ab 19.9a

Stearic (18:0) 4.1  ab 3.9  ab 3.7 ab 3.5 ab 3.2 ab 3.1 ab 2.7a 2.7a 6.9b

Oleic (18:1 n-9) 26.4a 24.6 ab 22.8 ab 20.6 ab 19.2 ab 17.6 ab 14.9b 15b 25.4 ab

Linoleic (18:2 n-6) 20.8 20.5 20 19.1 19.4 18.8 17.3 17.7 20.7

ALA (18:3 n-3) 2.6a 5.1 ab 7.6 ab 9 ab 12.3 ab 14.9b 19.2b 19.6b 2.4b

AA (20:4 n-6) 0.7a 0.7 a 0.8 ab 1.1 ab 1 ab 1 ab 2.1 b 2.1 b 0.7 a

EPA (20:5 n-3) 5.3 a 5.4 ab 5.6 ab 6.8 b 6.2 ab 6.2 ab 6.5 ab 6.4 ab 6.2 ab

DHA (22:6 n-3) 5.1 ab 5.2 ab 5.3 ab 5.8 a 5.1 ab 5.2 ab 5.2 ab 5.1 ab 2.5 b

EPA+DHA/AA 14.9 a 15.1 a 13.6 ab 11.5 ab 11.3 ab 11.4 ab 5.6b 5.5 b 12.4 ab

∑ Saturated Fatty Acid (SFA) 23.2ab 21.5ab 20ab 18.2ab 16.8ab 15.7ab 13.2 a 18.9ab 27 b

∑ Monounsaturated Fatty Acid (MUFA) 26.4a 24.6 ab 22.8 ab 20.6 ab 19.2 ab 17.6 ab 14.9b 15b 25.4 ab

∑ Polyunsaturated Fatty Acid (PUFA) 34.5 ab 36.9 ab 39.3 ab 41.8 ab  44 ab  46.1 ab  50.3 a 50.9 a 32.5 b

∑ n-3 13 ab  15.7 ab 18.5 ab 21.6 ab 23.6 ab 26.3 ab 30.9 a 31.1 a 11.1b

∑ n-6 21.5 21.2 20.8 20.2 20.4 19.8 19.4 19.8 21.4

n-3/n6 0.6 a 0.7 ab 0.9 ab 1.1 ab 1.2 ab 1.3 ab 1.6b 1.6 b 0.5 a

PUFA/SFA 1.5 ab 1.7 ab 2.0 ab 2.3 ab 2.6 ab 2.9 ab 3.8 a 2.7 ab 1.2 b

Experimental diets1

1All values are the replicates of diets (n=2). a,b  mean values with different superscript in the same row are significantly different from each other 

(P<0.05). 

Camelina Inclusion (%)
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i) Energy retention efficiency (ERE) = energy gain in fish (g)/energy intake (g) x 100 

j) Protein/Energy Ratio (P/E) = crude protein (mg)/ gross energy (kcal)  

Note: 

1. Fillets include the skin and pin bones for the camelina diets; 

2. Fillets did not include the skin and pin bones for the commercial diets. 

5.4 Data Analysis 

One way analysis of variance (ANOVA) was used to determine differences between 

treatment means which were deemed significant at P<0.05. Post-hoc analysis was done where 

significant differences existed between treatments means using Tukey’s Test (Steele and Torrie, 

1980). Analyses were performed using SPSS software version 21 (SPSS Inc.). 
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Chapter 6: Camelina ingredients as an inclusion in tilapia diet   
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6.1 Abstract  

Soybean meal is used as an alternative to fishmeal, but the prices for this traditional 

ingredient have increased significantly in recent years as a result of high market demand from other 

industries. Consequently, there has been an increased interest by tilapia nutritionists and feed 

manufacturers to find less expensive, alternative feedstuffs for use in tilapia diets. 

Camelina is an oil seed crop grown in higher latitudes especially along the US - Canada 

border, northern China and northern Europe. Camelina after removal of most of the edible oil has 

been proposed as a fish feed ingredient. Tilapias were selected for this study because they are natural 

consumers of plant materials, have a convoluted gut structure with the appropriate gut flora and pH 

for digesting plant ingredients such as camelina.  

The objectives of this study were to evaluate the use of camelina ingredients on growth 

performance, feed utilization, its effects of on body indices and composition and determine the 

optimal levels of camelina inclusion for tilapia growth in re-circulating systems. Diets for the trial 

were formulated to contain various levels of camelina inclusion  (0, 5, 10, 15, 20 and 25%) for the 

“camelina meal” while the “camelina oil” considered one level of oil (4.7%) which was divided into 

two variations due to the processing techniques used to extract the oil:  “raw” and “washed”. A 

commercial tilapia diet (35%CP, 5%CL) was used as the control.  

Results indicated that the biomass gain, relative growth rate (RGR) and feed conversion ratio 

(FCR), were not significantly different (P>0.05), between the various level of inclusion for the 

“camelina meal” and “camelina oil.” However, there were significant differences (P<0.05) body 

organ indices and for body composition. The 15% camelina meal diet was the lowest cost 

experimental diet per kilogram gain and therefore, this alternative ingredient might be a potential 

replacement for soymeal in a more cost effective feed formulation.   
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6.2 Introduction 

Aquaculture is a rapidly growing industry around the world. Due to this growth, the demand 

for traditional ingredients used in feed production is about to exceed the supply and has started to 

affect the maintenance and sustainability of the industry. 

Tilapia is commercially reared primarily for food consumption and has a global production 

of over three million metric tons (mt) in 2010 (FAO, 2012). However, the increased cost of feed 

over the past few years has reduced the profitability of tilapia production. Soybean meal is the most 

significant source of protein in the diet for Nile tilapia, but the price of soybean meal has increased 

recently. Replacement of soybean meal by cheaper alternatives is therefore necessary, but total 

replacement of soybean meal by alternative ingredients in feed for Nile tilapia and its hybrids has 

been not achieved (Soares et al., 2001: Zhou and Yue, 2010). This is due to the effects of anti-

nutritional factors (trypsin inhibitor, glucosinolates, phytic acid, etc.) on growth when compared to 

animal ingredients. In addition, the nutrients found in plants may be less bioavailable than those 

found in animal ingredients (Francis et al., 2001). This can lead to reduced growth and feed 

conversion efficiency can compromise fish health if ingredients are incomplete or if the amino acid 

content is imbalanced (Glencross et al., 2007).  

SBM is commonly used as a cost-effective feed ingredient for many aquaculture animals 

(Storebakken et al., 2000) and is the most widely used plant protein source in fish feeds (El-Sayed, 

1998). However, other plant protein sources generally cost less than both fishmeal and SBM and 

their use in the production of fish feed would be beneficial in reducing feed costs (Barros et al., 

2002). 

Research has found that camelina is a potential substitute for soymeal in commercial 

aquaculture. Camelina sativa is a crop that is underutilized and contains high quality protein, valuable 
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oil, and fiber. Camelina may be used, potentially in many industries such as the animal feed industry, 

which may seek this product as an ingredient. It may be incorporated into beauty products in the 

cosmetic industry, used as a food ingredient within the culinary industry, and even for biofuel and 

other similar industrial applications.  

 Camelina sativa by-product called “camelina seed meal or camelina press cake” comprises of 

approximately 5% to 10% residual oil, 45% crude protein, 13% fiber, 6.6% ash, 5% minerals and 

some minor levels of vitamins (Zubr, 2003a). These values may vary depending on the variety of 

camelina grown, growing conditions, fertilizer and other inputs, the method of extraction (solvent 

versus cold pressed) and the quantity of oil left in the meal/press cake after oil extraction. Because 

of the high crude protein content, oil seed meals are considered economically important and can be 

used as nutritive supplement in animal feed (Zubr, 2003a). In addition, Camelina sativa oil has a high 

content of Omega-3 fatty acid, which is important when used to manage and prevent several chronic 

diseases in humans.  

The presence of antinutritional factors such as glucosinolates could limit the effectiveness of 

Camelina in feed (Russo and Reggiani, 2012), however simple cooking processes such as heating or 

baking can reduce (Osman, 2007) the impacts of the antinutritional effects. 

The assessment of alternative protein sources (their advantages and disadvantages) as well as 

their proper inclusion levels in tilapia feeds can allow feed formulators and nutritionists to prepare 

more cost effective diets for intensive tilapia production systems.  
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6.3 Literature Review 

Tilapias are known as an easily reared and harvested food fish making it the second most 

cultivated species in the world (Winfree and Stickney 1981). The main commercial advantages of 

tilapia include fast growth, resistance to disease especially at optimum temperatures for growth 

(Thomas and Michael, 1999). 

Global production of tilapias (Oreochromis spp.) has been growing at a rate of 10% since 2001 

making this group of fish as one of the most important and fastest growing aquaculture species 

(FAO, 2012).  

Soybeans are the leading oilseed crop produced globally, presently, it is the most commonly 

used plant protein source in fish feeds (El-Sayed, 1998) and is one of the most nutritious of all plant 

protein sources (Lovell, 1988). Its high protein content, high digestibility and relatively well-balanced 

amino acid profile allows for its use as a more cost-effective feed ingredient than fishmeal in 

aquaculture (Storebakken et al., 2000).   

The price for this traditional dietary ingredient has increased dramatically in recent years as a 

result of high market demand by aquaculture and other industries. As a result, there has been 

considerable interest by tilapia nutritionists and feed manufacturers to find less expensive, alternative 

feedstuffs for use in tilapia diets; one such proposed oil seed crop is camelina.  

Camelina sativa (L.) is a long established oilseed crop with the common names such as “false 

flax” and “gold of pleasure.” The cultivation of the crop may have begun around 3,000 B.C. in 

Mediterranean areas and then spread into areas of Europe. It was grown as early as 600 B.C. along 

the Rhine River Valley (Putnam et al., 1993).  Initially, camelina was a weed growing with flaxseed 

(hence the name, “False flax”) in the United States. It belongs to the family Cruciferae 
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(Brassicaceae); other members of the Brassicaceae family include oilseeds like mustard, rapeseed 

canola, crambe and vegetables like cabbage, cauliflower and broccoli.  

The Romans cultivated camelina for cooking, lamp and massage oil (Hatt 1937). 

Archeological excavations in Scandinavia and Europe have shown that camelina seed was used as an 

ingredient in porridge and bread for human consumption 2000 years ago (Hatt 1937 and Zubr, 

2003a). Currently, the seeds are used for the production of edible and biofuel oil.  

In 2004, Montana State University (MSU) Agricultural Experiment Research Center 

conducted a study on nine different oilseed crops for biofuel production and camelina emerged as a 

potential oilseed crop for commercial production across Montana and the Northern Great Plains. 

Estimates indicate that the camelina acreage ranged from 7,000 to 20,000 acres in 2006 and 24,000 

acres in 2007 (McVay and Lamb, 2008). Farmers can expect a seed yield per acre ranges from 816 to 

907 kg with 40.6 to 45.7 cm of rainfall or 1,088 kg per acre if irrigation is provided (Ehrensing and 

Guy, 2008).  

Camelina meal (or press cake) is the by-product from the production of oil by pressing the 

camelina seeds. This by-product was used as a protein concentrate in fodder for animals (Wacker 

1934; Andersson and Olsson, 1950) and presently used as a source of biofuel. Camelina oil is a 

major product from the camelina seeds and the average yield of oil from the seeds is 30-40% dry 

matter (DM) (Budin et al., 1995, Rode, 2002, Zubr, 2003).   

Camelina germinates and emerges well before most cereal grains and is usually planted either 

in fall or spring. It takes between 85-100 days to grow under different climatic and soil conditions 

except in heavy clay and organic soil (Zubr, 1997).  A few characteristics of the plant is that it 

reaches 30 to 90 cm (Figure 1a) in height; the leaves are arrow-shaped, 5-8 cm long with smooth 

edges and each stem bears small yellow flowers that are pale yellow to green (Figure 1d) with 4 
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petals (5-7 mm in diameter); it has branched smooth or hairy stems that become woody at maturity 

(Zubr, 1997).  

 

a                        b.                     c.                      d. 

Figure 1. Image of camelina: a-plant; b-capsule with seed; c-seeds; and d-flower. 

6.3.1 Camelina Seed 

Camelina, a relative to canola, is a drought resistant seed crop that is adapted to cooler 

climates. Camelina seeds are pale yellowish brown color and are very small, approximately 1,000 

seeds/gram (Figure 1c) depending on the variety and growth conditions (Schuster and Friedt, 1998). 

The seeds usually germinate and emerge before most cereal grains and humid and unfavorable 

weather conditions can cause seed damage and lower seed yield (Zubr, 1996). The seeds are 

enclosed in a pear-shaped capsule, usually 5 mm in diameter (Figure 1b) that contains about 10 to 25 

oval shaped seeds that are yellow in color (Schuster and Friedt, 1998) (Figure 1). The color of the 

seeds typically turn dark brown or reddish when ripening and during storage. Camelina can be 

harvested using existing wheat harvesting equipment with a screen of 3.6 mm installed over the 

lower sieves (Lafferty et al., 2009; Enjalbert and Johnson, 2011), however care must be taken to 

avoid the shattering of the seeds during this process. At the time of harvesting the seeds’ moisture 

content is approximately 11% and is reduced to less than 8% for storage to prevent mold and 
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mycotoxins. The seeds usually have an oil content of 30 - 40% Dry Matter (DM), crude protein 45 

% DM and crude fiber 12.5 - 17 % fat free DM (Zubr, 2002).  

6.3.2 Camelina Oil 

In Slovenia, camelina oil had been used as edible oil and traditionally as a home remedy for 

stomach and duodenal ulcers, treatment of burns, wound and eye inflammations (Rode, 2002). The 

use of the oil as a home remedy and as a treatment may be attributable to the high percentage of 

polyunsaturated fatty acids (linolenic acid, 18:3, n-3 and linoleic acid, 18:2, n-6) that contain anti-

inflammatory properties (Budin et al., 1995). Camelina seeds produce golden-colored oil with a 

delicate, almond-like flavor. Carotenoid, which is a plant pigment that can be converted to vitamin A 

and chlorophyll, have been found using UV spectroscopy in camelina oil (Sizova et al., 2003). The 

oil typically contains up to 64% polyunsaturated, 30% monounsaturated, and 6% saturated fatty 

acids (Sizova et al., 2003) and is high in Omega-3 fatty acids, which is essential in human and animal 

diets. In addition, this oil is uniquely rich in powerful antioxidants, primarily tocopherols (vitamin E) 

and is among the highest of all natural tocopherol sources and has a reasonable shelf life without the 

need for special storage conditions (Sizova et al., 2003). 

Currently in the US, a major portion of camelina oil that is produced is used by the cosmetic 

and biofuel industries. Due to the high Omega 3 (n-3) fatty acid content of camelina oil, it may be 

better suited for the food industry instead of the cosmetic and biofuel industries.   
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6.3.3 Extracting Camelina Oil 

There are two methods used for extracting oil from camelina: 

a) Mechanical extraction  

The most common and lowest cost method of oil extraction is by the use of a mechanical 

oilseed crusher which involves the heating and crushing of the seeds, and allows for the separation 

of the oil from the seed meal (Kahn and Hanna, 1983). The resulting press cake contains 

approximately 10% oil by weight and is considered to have an extraction efficiency of 75% (Boateng 

et al., 2010).  

The oil obtained by this method is referred to as Crude, Virgin or Unrefined camelina oil. It 

is golden yellow in color and has a typical mustard kind of odor with mild nutty notes. The 

unrefined camelina oil is more susceptible to degradation by light than by temperature (Abramovic 

and Abram, 2006). Natural antioxidants (Tocopherols) present in camelina oil may contribute to a 

shelf life 12 to 24 months without any change in flavor and aroma of the oil under ambient storage 

conditions (Crowley and Frohlich, 1998).  

b) Solvent extraction method  

In the solvent extraction method, hexane is used which raises the extraction efficiency to 95% 

(Esteban et al., 2011). Another solvent-mediated extraction technology uses either 5% methanol and 

water or a two-phase system that consists of a 10% solution of ammonia in ethanol (Naczk et al., 

1985). 

The oil obtained under this method of extraction is pale yellow to colorless with a mild nutty 

aroma. The shelf life of refined camelina oil is 6 to 9 months (Crowley and Frohlich, 2008). Refined 
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Camelina oils are cold pressed using Taby Press (Sweden) or Kolvet Press and chemically refined 

where the oil is degummed, neutralized, bleached, winterized and deodorized under a vacuum with 

steam injection. 

6.3.4 Camelina meal or press cake 

Camelina press cake is a by-product that remains after the oil is extracted from the camelina 

seeds by pressing and is usually brown in color. The resulting cake contains approximately 10% oil 

by weight (Boateng et al., 2010). The press cake contains 42.5% protein (Zubr, 2003a), 11.7% crude 

fiber, 6.6% ash and 27.2% non-nitrogenous matter (Mikersch, 1952). It contains desirable nutritional 

content in the residual oil, crude protein and fiber, which makes the camelina meal or press cake an 

important nutrition supplement that may be used commercially in tilapia feed formulations.  

Camelina sativa amino acid profile is comparable to other oilseeds such as rapeseed, soybean 

and flax. Zubr (2003a) found that camelina seeds contained 18 amino acids, 9 of which are essential: 

arginine, glycine, isoleucine, leucine, lysine, phenylalanine, proline, threonine, valine, methionine, and 

cystine.  

The three glucosinolates found in camelina meal (Matthaus and Zubr, 2000) include tannins, 

glucocamelin and sinapine. Tannins are known to have anti-digestive effects as they form complexes 

with proteins, enzymes, and essential amino acids (Belitz and Grosch, 1999). Camelina meal may 

also contain Trypsin Inhibitor Activity (TIA, 12-28 mg/g) and glucosinolates that may limit the 

effectiveness of camelina used as a feed ingredient.  

However, plant-breeding programs that target the reduction of TIA in camelina are being 

conducted (Budin et al., 1995).  Furthermore, TIA was successfully reduced in soybean meal from 
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22.1 mg/g to 2.1 mg/g by heating for 40 minutes (Zubr, 2003a); a similar cooking process like 

heating, baking, etc. could potentially help to reduce the TIA in camelina seeds and meal. 

6.4 Objectives 

The objectives of the experiment were as follows: 

(1) Evaluate growth performance and feed utilization of tilapia diets where soybean meal (SBM) 

was gradually reduced and replaced with camelina ingredients; 

(2) Evaluate the effects on body indices of tilapia when SBM is replaced with camelina 

ingredients; 

(3) Evaluate the effects on body composition of tilapia when SBM is replaced with camelina 

ingredients; 

(4) Determine the cost per kilogram gain in fish weight, for each diet in the feed trial. 
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6.5 Hypotheses 

1. Growth performance and feed utilization of tilapia fed different experimental diets with 

various levels of camelina ingredients would be significantly different.  

2. Body Indices would be significantly different with the various levels of camelina ingredients. 

3. Body composition would be significantly different with the various levels of camelina 

ingredients for the moisture, crude protein, crude lipids and energy levels. 

4. Diets with camelina ingredients will cost less than the control diet, per kilogram of fish 

weight gain. 

6.6 Material and Methods 

(Please refer to chapter 5.1, 5.3-5.4) 
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6.7 Results 

6.7.1 Growth performance  

Table 4. Growth performances and feed utilization of tilapia fed camelina and control diets. 

 

The mean initial weight of the fish ranged from 39.6 g to 41.5 g per fish, and there was no 

significant difference in fish weights among the treatment groups (P> 0.05) (Table 4). After 60 days 

(8-weeks) of conducting the feeding trial with the camelina ingredients (camelina press cake and oil) 

the weights of fish more than doubled. The weights obtained from fishes fed the camelina 

ingredients were not significantly different (P> 0.05) to the control.   

The relative growth rate per fish (RGR) and feed conversion ratio (FCR) was not significantly 

(P>0.05) different among the treatments; they ranged from 0.015 to 0.017 and from 1.6 to 2.3, 

respectively. The protein to energy ratio varied from 1.33 to 1.72 and was not significantly (P>0.05) 

different across the treatments. 

 

 

Control

Percentage Inclusion 0 5 10 15 20 25
4.7 oil 

(raw)

4.7 oil 

(wash)
0

Initial weight per fish (g) 40.3± 0.7 40.3 ± 0.5 41.5±1.4 39.5± 0.7 39.8±0.3 39.6 ± 0.8 41.2±0.2 41.4± 1.0 41.1±0.4

Final weight per fish (g) 93.1 ±7.3 99.4 ± 3.5 103. 4± 2.1 98.0 ±4.6 88.2±2.1 94.0 ± 3.2 97.5±5.2 92.9± 1.1 101.4±5.4

Biomass gained per fish (g) 52.8 ±6.7 59.2 ± 3.7 62.5±2.4 58.5± 4.3 48.3±1.8 54.4 ± 3.9 56.5±5.2 51.5± 1.9 60.3 ± 5.2

RGR1 per fish
0.016 ± 
0.001

0.017 ± 
0.001

0.018 ± 
0.001

0.017 ± 
0.001

0.015 ± 
0.000

0.016 ± 
0.001

0.016 ± 
0.001

0.015 ± 
0.001

0.017 ± 
0.001

FCR2 2.3 ± 0.7 1.6 ± 0.1 1.7 ± 0.1 1. 7 ± 0.2 2.0 ± 0.2 1.9 ± 0.2 1.8 ± 0.2 2.1 ± 0.1 1.7±0.2

Experimental diets

All values are replicates of tanks (n=4). Fish weights were obtained by weighing 5 fish/tank. 1Relative growth rate (RGR). 2 Feed conversion 

ratio (FCR). a,b mean values with different superscript in the same row are significantly different from each other (P<0.05). 
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6.7.2 Body Organ Indices 

Table 5. Body organ indices of tilapia fed camelina and control diets. 

 

The mean visceral somatic index (VSI) ranged from 5.8% to 7.8% (Table 5). The VSI were 

not significantly different (P>0.05) from each other. 

The mean hepatosomatic index (HSI) ranged from 1.5% to 2.6% (Table 5). Fishes fed 0% 

camelina had the highest HSI while those fed the “raw” camelina oil had lower HSI. Thus the HSI 

were significantly different (P<0.05) from each other. The other HSI were not significantly different 

(P>0.05) from each other. 

The mean fillet ranged from 27.1% to 32.5% (Table 5). The fillet percentages were not 

significantly (P>0.05) different across the diets. 

  

Control

Body Indicies/ 

Percentage Inclusion
0 5 10 15 20 25

4.7 oil 

(raw)

4.7 oil 

(wash)
0

Total weight (g) 104.5 ± 9.1 99.0± 14.1 90.8 ± 6.8 97.8 ± 5.1 93.5 ± 9.0 98.0± 10.4 94.1± 10.5 93.7  ± 8.7 104. ± 13.9

Visceral somatic index 
(VSI %)

5.8 ± 0.4 5.8 ± 0.64 7.4 ± 0.84 6.5 ± 0.6 5.9 ± 0.4 7.8  ± 0.7 7.2  ± 0.7 5.8  ± 0.5 6.4 ± 0.6

Hepasomatic index 
(HSI %) 2.6 ± 0.3a 1.9 ± 0.4ab 2.5 ± 0.3 ab 2.00 ± 0.2 ab 2.4 ± 0.3 ab 2.4  ± 0.3 ab 1.5  ± 0.2b 1.8 ± 0.2 ab 2.2 ± 0.3 ab

Fillet (%) 30.7 ±1.2 29.7 ± 1.5 32.5 ± 0.9 27.9 ± 3.8 31.0 ± 1.3 30.1 ± 1.9 27.1  ± 2.4 28.1 ± 2.6 31.9 ± 1.6

Experimental diets

All values are mean±SE of the replicates of tanks (n=4). Body organs were obtained by weighing and dissecting 5 fish/tank. a,b  mean values 
with different superscript in the same row are significantly different from each other (P<0.05). 
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6.7.3 Body Composition 

6.7.3.1 Moisture  

 

Figure 2. Effects of diets on moisture content of body composition. 

 All values are mean±SE of the replicates of tanks (n=4). Fish proximate analyses were 
obtained by evaluating 2 fish/tank. a ,b mean values with different superscript on the bar are 
significantly different from each other when P<0.05. 
 

The mean moisture content ranged from 69.26% to 73.36% (Figure 2) and remained stable 

among the camelina meal inclusions, oil inclusions and the control. There were no significant 

differences in body moisture among the diets (P>0.05). 
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6.7.3.2 Energy  

 

Figure 3. Effects of diets on energy in body composition. 

All values are mean±SE of the replicates of tanks (n=4). Fish proximate analyses were 
obtained by evaluating 2 fish/tank. a ,b mean values with different superscript on the bar are 
significantly different from each other when P<0.05. 
 

The mean energy in the body composition ranged from 1630.49 to 1852.05 kCal/g (Figure 

3.). There was no significant difference (P>0.05) among all of the diets.  
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6.7.3.3 Crude Protein  

 

Figure 4. Effects of the diets on protein in the body composition. 

All values are mean±SE of the replicates of tanks (n=4). Fish proximate analyses were 
obtained by evaluating 2 fish/tank. a ,b mean values with different superscript on the bar are 
significantly different from each other when P<0.05. 
 

The mean protein ranged from 15.76% to 21.06%. The diet that contained 15% camelina 

level had higher body crude protein (P<0.05) when compared to 10% camelina meal, “wash” oil and 

the control (Figure 4).  

a 

4.7 raw  
oil 

b b b 
ab ab ab ab 

ab 
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6.7.3.4 Crude Lipids 

 

Figure 5. Effects of the diets on lipid in the body composition. 

All values are mean±SE of the replicates of tanks (n=4). Fish proximate analyses were 
obtained by evaluating 2 fish/tank. a ,b mean values with different superscript on the bar are 
significantly different from each other when P<0.05. 
 

The mean lipid ranged from 5.87% to 8.30%. There were no significant differences (P>0.05) 

in body lipids among the diets (Figure 5).  
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6.7.4 Estimated cost of the diets/kg gain for formulated experimental diets 

Table 6. Estimated cost of the diets/kg gain for formulated experimental diets 

 

The estimated US Dollar (USD) cost per kilogram fish-weight gain varied from $1.49/kg to 

$1.94/kg (Table 6). The 15% camelina meal diet had the lowest cost ($)/kg gain followed the by the 

control, 5%, 10%, 25% camelina meal diets and the 4.7% camelina oil (raw) diets, respectively. The 

highest cost ($)/kg gain was 0% camelina meal inclusion followed by 4.7% camelina oil (wash). 

These costs were influenced by the cost of ingredients and the biomass gain for each of the diets. 

  

Camelina 
Camelina levels 

of inclusion

Estimated cost 

per kg of feed 

Amount of 

Feed fed
Biomass gain 

Estimated cost 

per kg gain

% ($) (g) (g) ($)

0 $0.98 104.6 52.8 $1.94 
5 $0.96 95.4 59.2 $1.55 

10 $0.94 106.2 62.5 $1.60 
15 $0.92 94.5 58.5 $1.49 
20 $0.92 96.8 48.4 $1.84 
25 $0.87 102.2 54.4 $1.63 

4.7  (raw) $0.93 98.8 56.5 $1.63 
4.7 (wash) $0.93 107.0 51.5 $1.93 

Control 0 $0.84 110.0 60.0 $1.54 
Estimated feed cost per kilogram gain = [Amount of feed fed (g) / biomass gain (g)] x estimated cost of feed per 
kilogram of feed.

Press cake 

Oil 



46 
 

6.8 Discussion  

6.8.1 Growth Performance and Feed Utilization 

The results of this experiment indicate that inclusion of camelina meal up to 25% and oil 

inclusions of 4.7% may be incorporated in diets for tilapia without significantly (P>0.05) affecting 

their growth or feed utilization. 

Tilapia, under this study performed better than Atlantic cod (Gadus morhua) and Atlantic 

salmon (Salmo salar) when fed diets containing camelina ingredients. Hixson and Parrish (2014) 

found that cod fed camelina oil had a lower final weight than cod fed the fish oil diet; the Cod fed 

100% camelina oil (CO) with 15% camelina meal (CM) had a lower final weight than those fed 

100% CO and 100% CO Solvent extracted fish meal. Furthermore, Ye (2013) found in their 

experiment, a declining trend in weight gain from 5% to 20% from solvent extracted camelina meal 

(SECM) in Atlantic salmon. The differences in results between this study and those conducted on 

Atlantic cod and salmon may be attributed to the specialized digestive system of tilapias, which are 

omnivores; they have a convoluted digestive tract with the appropriate gut flora (Dempster et al., 

1995) a stomach pH of 2 (Moyle, 1976), which aids in better and more efficient digestion of plant 

material.  

It has been suggested that the inclusion of plant ingredients into fish diets can negatively 

affect taste and texture to the fish, reduce palatability and consequently feed consumption (Francis 

et al., 2001); this is expected to affect growth rate. In addition, camelina meal also contains anti-

nutritive compounds, such as glucosinolates and sinapine, which can also affect diet digestibility and 

reduced feed intake (Matthaus and Angelini, 2005).  This present study used tilapia diets with 

inclusion levels up to 25% for camelina meal and 4.7% camelina oil (raw and wash), which did not 
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significantly affect feed utilization and growth rates and suggest that the diets were sufficiently 

palatable for tilapia.  

When considering camelina meal as an ingredient for tilapia diets, rapeseed meal successfully 

replaced 50% of dietary fishmeal in diets for common carp (Dabrowski and Kozlowska, 1981) while 

good growth was obtained in juvenile tilapia (Sarotherodon mossambicus) with a diet containing 41.8% 

rapeseed meal (Jackson et al., 1982).  Since rapeseed and camelina are of the same family 

(Brassicaceae), the findings of these studies would suggest that good growth rates could also be 

obtained for tilapia at higher levels of camelina, beyond the 25% camelina meal inclusions that was 

used. 

6.8.2 Body Organ Indices 

The hepatosomatic index (HSI) varies as a function of dietary protein, carbohydrates and 

lipid level (Nematipour, 1992).  Hixson et al. (2013) and Hixson and Parish (2014) found that there 

was no effect on the HSI for Atlantic cod when camelina was used in the diet. The findings in this 

study differed since it was found that fish fed ‘raw’ camelina oil diet had lower HSI, while those fed 

the diet with 0% camelina meal diet had higher HSI.  This may be due to the source and amount of 

fat used in our diet.  

The 0% camelina meal inclusion had the highest amount of poultry fat, which was 4% while 

the raw oil had no poultry fat. Camelina oil is highly unsaturated (Omega-3 series PUFA) (Turchini 

et al., 2010). In addition, there is usually an increase in body fat content with increasing body size in 

fish fed maximum rations (Cui et al., 1996) that may have resulted in higher HSI in 0% camelina 

meal diet. Hussein et al. (2001) reported that there was significant (P<0.01) increase in HSI with 

increasing dietary canola meal in the diets of O. niloticus.  
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The visceral somatic index (VSI) is used to determine the rate of fat accumulated in whole 

body of the fish. This study found that neither camelina meal inclusion levels up to 25% nor 

camelina oil of 4.7% had any significant (P>0.05) effects on VSI of juvenile tilapia. Similar results 

were obtained from studies conducted by Yigit and Olmez (2009) with canola meal inclusion levels 

up to 50%, which found that VSI was also unaffected in tilapia fry.  

6.8.3 Body Composition  

The data on body composition allows for assessment of the efficiency of nutrients 

transferred from feed to fish and helps to predict the overall nutritional status (Turchini, et al. 2009). 

Kanazawa, et al. (1980), observed that there was no significant difference in the percentage of 

protein, ash, and moisture of whole body composition of rainbow trout fed diet supplemented with 

flaxseed oil or equal proportions of fish oil and flaxseed oil. Yigit and Olmez (2009) and Davies et 

al. (1990) found that diets containing different levels of canola meal did not result in noticeable 

differences in body levels of moisture, protein and fat in tilapia. Similarly, Polat (1999) in T. zillii, El-

Saidy and Gaber (2003) in Nile tilapia, found no effects of dietary mixtures of plant protein on 

whole fish body composition. In this experiment, it was found that energy, moisture and lipid body 

composition were not affected (P>0.05) by the diets.  

However, the diet with 15% camelina meal yielded significantly (P<0.05) higher body 

protein levels when compared to 10% camelina meal, 4.7% camelina oils (wash) and the control. 

Changes in protein contents in fish body composition could be linked with changes in the synthesis 

and/or deposition rate in the muscle (Fauconneau, 1984).  
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6.8.4 Cost Effectiveness 

The diet that contained 0% camelina meal had the highest estimated feed cost per kilogram gain 

because the amount of soymeal in the diet was higher than the other experimental diets. The cost for 

soymeal has risen from about $343 U.S dollars per metric ton in March 2003 to $ 507 U.S dollars 

per metric ton in 2014 (Index mundi, 2014).  

The 15% camelina meal inclusion had the lowest price per kilogram gain when compared to the 

control and other diets. The lowest cost per kilogram gained may be attributed to the low amount of 

feed consumed by the fish fed the 15% camelina meal inclusion diet.  

Camelina is cultivated for its oil since it is used as a source of biofuel, however, its byproduct, 

camelina meal is currently underutilized and has no assigned cost. This research has found that 

camelina meal can be incorporated in tilapia diets without affecting growth. Studies have considered 

both economic and biological evaluation of dietary protein sources for tilapia. The studies have also 

demonstrated that sources like cottonseed meal (CSM) and a mixture of SBM, CSM and sunflower 

meal for Nile tilapia (El-Sayed 1990, El-Saidy and Gaber, 2003) were more profitable than fishmeal 

based diets even at 100% replacement. Moreover, Coyle et al. (2004) indicated that efficient and 

economical tilapia growth could be obtained by feeding diets using a combination of distillery by-

products, meat and bone meal, and SBM.  Hixson (2013) found that camelina oil could be used as a 

partial replacement of fish oil in Atlantic cod diets.  

In this study, camelina meal up to 25% and 4.7% oil inclusions (wash and raw) was used and the 

results indicate that camelina may be a viable substitute for soymeal without affecting growth 

performance and feed utilization. Although, all the camelina meal inclusion levels in the experiment 

can be used to replace soymeal, there was a trend, which indicated that the 15% camelina meal 

inclusion had good growth, feed utilization, and significantly (P<0.05) higher protein levels as it 
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relates to body composition. Davies et al. (1990) recommended an inclusion level of 15% rapeseed 

meal in the diet of tilapia (O. mossambicus) fry. Rapeseed meal and camelina meal are of the same 

family; feed trials on tilapia using these ingredients performed well at the 15% inclusion level and 

suggests that this level of camelina inclusion is optimal for tilapia based on good growth 

performance and the ability of tilapia to digest plant protein efficiently (Popma and Masser, 1999).  
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6.9 Conclusion 

Tilapia fed diets containing camelina ingredients performed similar to tilapia fed the 

control/commercial diet. There were no significant differences in growth and feed utilization 

however, there were significant in body organ indices and body composition; the 15% camelina diet 

performed significantly better than the control diet when considering the protein in whole body 

composition. 

Given that proteins are very costly in feed nutrition, nutritionists target the protein use in the 

diets to maximize growth at the least cost. Camelina meal and oil inclusion may perform as well or 

better than traditional dietary protein sources. The 15% camelina meal inclusion diet was the lowest 

cost experimental diet per kilogram gain and therefore, this alternative ingredient might be a 

potential replacement for soymeal in a more cost effective feed formulation.   
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Chapter 7: Fatty acid profile of fillet in Nile tilapia (Oreochromis ni lo t i cus) fed camelina  
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7.1  Abstract  

Eight different diets were formulated for Nile tilapia, which were cultured in recirculating 

tanks for 60 days and then analyzed for their fatty acid profile. Diets for the trial were formulated to 

contain various levels of camelina inclusion  (0, 5, 10, 15, 20 and 25%) for the “camelina meal” while 

the “camelina oil” considered one level of oil (4.7%) which was divided into two variations due to 

the processing techniques used to extract the oil:  “raw” and “washed”. A commercial tilapia diet 

(35%CP, 5%CL) was used as the control.  

The objective of the experiment was to evaluate the fatty acid composition of fillets in Nile 

tilapia (Oreochromis niloticus) fed camelina diets.  

The Saturated Fatty Acid (SFA) were significantly (P<0.05) lower in the fillets of tilapia fed 

the 15% camelina meal diet when compared to the fillets of tilapia fed the control diet. Dietary 

monounsaturated fatty acid (MUFA) levels were lower as camelina inclusion was increased and this 

trend was also observed with the MUFA levels in the fillets. Polyunsaturated fatty acid (PUFA) in 

the experimental diets resulted in higher amounts of PUFA in the fillets when compared with the 

control diet. There were significantly (P<0.05) higher levels of PUFAs and Omega-3’s in tilapia fed 

the 15% camelina meal when compared to the control diet. High amounts of alpha-linolenic acid 

(ALA), oleic and linoleic (18:2n-6) acids were detected in all of the camelina diets, all of which are 

important dietary requirement for tilapia. In this study it was found that DHA was the highest for 

fillet-PUFA while they were the lowest in the dietary PUFA. This experiment lasted for 60 days 

using juvenile tilapia and found that the camelina diet was sufficient to significantly modify the 

Omega-3 and DHA of tilapia fillets. The Omega-3 to Omega-6 ratios of the experimental diets was 

all significantly (P<0.05) higher than the control diet.  
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Overall, the 15% camelina meal inclusion yielded significantly (P<0.05) higher PUFA and 

lower SFA than the control diet.  
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7.2 Introduction 

The aquaculture industry is expanding rapidly and finding alternative ingredients for 

aquaculture feeds that are economically viable and sustainable has proven to be a challenge for the 

aquaculture sector; nevertheless continued research over the years has yielded significant progress 

(Tacon and Metian, 2008; Turchini et al., 2009).  

Although, there is an increase in the total global consumption of fish and soy oils, the 

average dietary oil inclusion levels more specifically, fish oil within aquafeeds have been decreasing. 

The reasons for this decrease are due to a combination of decreasing market availability of oil from 

capture fisheries, increasing market cost and increased global use of cheaper plant and animal 

alternative lipid sources (Tacon and Metian 2008). Visentainer et al. (2005), Menoyo et al. (2007), 

Martins et al. (2009) and Tonial et al. (2009) found that the use of different vegetable oils could 

substitute for a significant amount of dietary fish oil without compromising fish growth and feed 

utilization efficiency. 

On the other hand, some authors have noted that oil replacements results in the 

modification of the fish fillet fatty acid make-up, which may alter the quality of the farmed end 

product (Bell et al., 2010; Turchini et al., 2010). The quality of farmed fish is important and should 

be taken into consideration especially when evaluating the suitability of other oils as possible dietary 

fish and soy oil alternatives (Ng and Bahurmiz, 2009). There have been concerns about whether the 

quality of the cultured end product derived from farmed fish meets the expectations of consumers 

(Tocher et al., 2004; Karalazos et al., 2011). Consumers prefer quality products with the health 

benefits similar to those found in wild fish (Liu et al. 2004; Torstensen et al. 2005; Bandarra et al., 

2006). In an effort to meet the consumers’ demand for a healthier diet and products of good quality 

nutrition, many researchers have worked towards improving the diet formulations. The 
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improvement of fish feed formulations can lead to the production of fish fillets that contains a high 

content of polyunsaturated fatty acids (PUFA), which may result in beneficial fatty acid (FA) profile, 

especially for the high demand Omega-3 (Caballero et al., 2002).  

Because tilapia fillet FA profile is influenced by its diet (Visentainer et al., 2005) increased 

interest in assessing the incorporation of fatty acids beneficial to health into its muscle tissues 

through feed formulations has grown over the years. Studies have found that camelina may be used 

as an oil substitute in fish feed because of its high content of essential fatty acids, in particular 

Omega-3 levels and may be used in commercial aquaculture feeds.  

As a result of the high energy content of lipids in fish diets, increasing its level is desirable to 

aquaculture farmers. Higher lipid levels result in a greater protein sparing, improvements in feed 

conversion, and a decrease in the amount of waste produced by fish (Ghanawi et al., 2011; Ramos 

2008). However, Kennedy (2007) and Ramos (2008) have found that increasing the oil content in 

fish diets can lead to changes in the body composition and slaughter yields. The result can negatively 

impact the market quality of fish due to an unnecessary deposition of fat in the visceral, liver and 

tissues (Bandarra et al., 2006; Manning, 2006). 

Fish tissues have high nutritional value and therefore are particularly recommended as a 

dietary component (Zmijewski et al., 2006). Depending on the species and what the fish may 

consume, their tissues may be a good source of long-chain (number of carbons ≥ 20) 

polyunsaturated fatty acids (n-3 LC-PUFAs), which has beneficial and even therapeutic effects on 

human health (Ackman, 2000). The long-chain polyunsaturated fatty acids (LC-PUFA) of the 

Omega-3 series (n-3) found in fish tissues, primarily the high concentrations of eicosapentaenoic 

acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3) remains one of the major attractions 

for fish consumers in developed countries.  
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7.3 Literature review 

Fatty acids are long, straight chain carboxylic acids found in fats and oils (Mc Murry, 2004). 

They are generally characterized as saturated (no double bonds), monounsaturated (one double 

bond), polyunsaturated (more than two double bonds) or highly unsaturated fatty acids (more than 

four double bonds). Of the fatty acid profile, the Omega-3 and Omega-6 are of primary importance; 

these long chain polyunsaturated fatty acids (LC-PUFA) are derived from two different 18-carbon 

chain fatty acid. Steffens (1997) stated that the Omega-3 series are derived from alpha-linolenic acid 

(ALA) which include eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) while the 

Omega-6 series are derived from linoleic acid (LA) and includes arachidonic acid (AA). PUFAs may 

be beneficial in the prevention and treatment of many diseases such as cardiovascular diseases, 

certain types of cancer and diseases with an immuno-inflammatory component. Studies have 

suggested that PUFAs may also play a role in the cerebral development and function (Kolanowski 

and Laufenberg, 2006). 

Most fish products are typically low in fat content, high in protein and an excellent source of 

Omega-3 fatty acids. Incorporating oil-seed feed ingredients that are rich in PUFAs and antioxidant 

substances may result in the production of meat with improved fatty acid composition (Prola et al., 

2011). Studies have shown that oilseed crops such as Camelina sativa may improve the fatty acid 

profile of fish products.   

Camelina is an oilseed crop belonging to the Brassicaceae family with agronomic low-input 

features (Putnam et al., 1993). Zubr (2003a) reported that the average content of seed crude protein 

ranged from 39.2% to 47.4% of dry matter and the average content of crude fiber was 12.5% to 

16.8% of dry matter of camelina grown and harvested simultaneously at different locations in 

Germany, Denmark, Ireland, Finland and Sweden. In 2010, Zubr found that carbohydrates such as 
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monosaccharaides, disaccharides and oligosaccharides were present in low amount in the camelina 

seed and its meal. The oil content, fatty acid composition and other nutrient profiles of the camelina 

meal may vary due to the cultivar and season when the crop is planted; processing method and other 

agronomic factors (e.g. soil type). 

Camelina seeds are composed of 30% to 43% oil (Zubr, 1997). The analysis of oil produced 

from camelina seeds has found that 90% of the lipid are fatty acids and 50% of the fatty acids are 

polyunsaturated – linoleic acid (18:2, n-6), alpha-linoleic acid (18:3, n-3), and Erucic acid (22:3, n-9) 

(Zubr and Matthaus, 2002; Ruxton, 2007). This FA profile of the camelina is comparable to that of 

common vegetable oils like soya oil, sunflower oil, rapeseed oil, olive oil, etc. (Abramovic and 

Abram, 2005; Angelini, 1997; Goffman et al., 1999). Camelina also contains high levels of 

tocopherols and phenolic compounds, some of which help make the oil more resistant to oxidative 

rancidity than other highly unsaturated oils such as flax (Zubr, 1997; Hrastar et al., 2009; Abramovic 

et al., 2007).  

Zubr and Matthaus (2002) stated that camelina oil on average contains 28.07 ppm of alpha-

tocopherol (α-T), 742 ppm. Zubr, 2010, found that camelina seed had high levels of 18.8 µ g/g-1 

thiamin (B1), 194 µ g g-1 niacin (B3) and 11.3 µ g g-1 pantothenic acid (B5) as it relates to the 

vitamin content. The iron (Fe) content comprised of 329 µ g g-1 was high with considerable amount 

of manganese (Mn) 40 µ g g-1 and zinc (Zn) 40 µ g g-1.  

Camelina meal contains 33.9% to 45% crude protein, 12% fat, 10% to 12.4% fiber, and an 

energy content of 4600 to 4800 kcal/kg (Zubr 1997; NRC, 2011) all of which are lower than 

soybean meal but comparable to rapeseed press cake (Ryhanen et al., 2007). Camelina meal has 

desirable levels of PUFAs with alpha-linolenic acid (18:3 n-3) as the major Omega-3 fatty acid and 

ranges between 27.9% to 40.3% and linoleic acid (18:2 n-6) that ranges from 12.9% to 24% (Zubr, 
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1997; Shukla et al., 2002; Eidhin et al., 2010a; Hrastar et al., 2012; Frohlich et al., 2012). The major 

mono-unsaturated fatty acid is oleic acid (13.3% to 19.4%), followed by eicosenoic acid (20:1, 10.2% 

to 16.4%) (Zubr, 1997; Shukla et al., 2002; Eidhin et al., 2010a; Hrastar et al., 2012; Frohlich et al., 

2012) while other monounsaturated fatty acids include palmitoleic (16:1) and erucic acids (22:1, less 

than 2%) (Zubr, 1997).  

The high concentration of polyunsaturated fatty acids and protein present in the camelina 

meal makes it a valuable addition to animal diets. Camelina inclusion, especially its oil in diets can 

enhance the biological value of diet, by changing the proportion of Omega-6: Omega-3 fatty acids 

(Skjervold, 1993). The incorporation of camelina in the diet has been found to increase the 

intramuscular concentration of Omega-3 fatty acid (Ryhanan et al., 2007).  

Overall, the high concentration of Omega-3 fatty acids and protein content suggests that 

consumption of camelina as an ingredient is beneficial to human and animal health (Karvonen et al. 

2002; Frohlich and Rice, 2005; Pilgeram et al., 2007). It is therefore recommended to include 

Omega-3-rich plant oils in commercial tilapia feeds formulated for use in intensive systems 

(Karapanogiotidis et al., 2006). Diets that incorporate the 18 carbon fatty acids such as 18:2n-6 

(linoleic acid) and 18:3n-3 (alpha-linolenic acid) are usually converted to the metabolically essential 

20 and 22 carbon fatty acids such as 20:4n-6 (arichidonic acid, ARA), 20:5n-3 (eicosapentaenoic acid, 

EPA) and 22:6n-3 (docosahexaenoicacid, DHA). Some freshwater fish species have higher capacity 

to convert C18 PUFA to the longer C20 and C22 than marine fish, although there are exceptions. 

Tocher et al., (2002) and Agaba (2005) found that tilapias are known to possess some ability to 

elongate and desaturate alpha-linolenic acid to DHA and EPA.   

Farmed tilapia, with elevated levels of Omega-3 PUFA, may convey significant health 

benefits to consumers. A rich source of PUFAs especially eicosapentaenoic acid (EPA) and 
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docosahexaenoic acid (DHA) have shown a number of beneficial effects on the cardiovascular 

system (Mori et al., 1999; Bucher, 2002; Lecerf, 2009; Russo, 2009) and may have anticarcinogenic 

properties (de Deckere 1999; Augustsson et al., 2003), alleviate inflammatory disorders (Calder, 

2006), and have a positive effect on the immune system (Ruxton et al., 2007; Damsgaard et al., 

2007). Other studies have suggested that a good source of Omega-3 PUFAs also influences good 

brain functions (Taepavarapruk and Song, 2010), counteract against various psychological disorders 

including attention deficit hyperactivity disorder (ADHD) and depression (Amminger et al., 2010).  

 

 

. 
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7.4 Objectives 

The objective of the experiment was to evaluate the fatty acid composition of fillets in Nile 

tilapia (Oreochromis niloticus) fed camelina diets.  

7.5 Hypotheses 

The fatty acid composition of fillets in Nile tilapia (Oreochromis niloticus) fed camelina diets 

would be significantly different from the fillets of the control group, and among the fillets of the 

other levels of camelina-fed tilapia. 

7.6 Material and Methods 

(Please refer to chapter 5.1 and 5.2.5) 
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7.7 Results 

Table 7. Quantification of fatty acids in fillets of Nile tilapia (Oreochromis ni lo t i cus) fed 
camelina and control diets 

 

7.7.1 Saturated Fatty Acid (SFA) Profile 

The camelina-fed tilapia yielded fillets that were lower in SFA than the control/commercial 

diet.  Palmitic acid (16:0) and Pentadecylic acid (15:0) were slightly lower in all of the fillets of the 

camelina-fed tilapia when compared to the control diet-fed tilapia. Stearic acid (18:0) levels in 

tilapia’s fillets seem to decrease to 3% of the fillet’s fatty acid profile with diets at 10% to 15% 

camelina meal. Levels of SFA in fillets increased when tilapia were fed higher levels of camelina meal 

in their diets and peaked to 10% for the diet that contained 25% camelina meal. This result matched 

the SFA recorded in the fillets of tilapia that were fed the control diet. 

Control

Fatty acids1 0 5 10 15 20 25
4.7 oil 

(raw)

4.7 oil 

(wash)
0

Pentadecylic (15:0) 7.9± 0.5 6.2±0.5 7.2±0.5 7.1±0.7 7.2±1.4 8.4±0.8 8.1±0.6 7.7±0.8 7.8±1.2
Palmitic (16:0) 28.8±2.0 27±0.4 27.8±1.2 27.3±1.9 26.9±0.9 26.0±0.6 27.9±1.1 25.0±0.9 29.6±0.8
Stearic (18:0) 3.1±0.2a 8.9±0.3b 3.2±0.2 a 3.0±0.3 a 8.8±0.8 b 10.0±0.5 b 8.3±0.7 b 9.4±0.6 b 10.0±0.5 b

Oleic (18:1 n-9) 18.4±1.1 a 24.5±1.3 b 21.1±1.4 
ab

19.9±1.6 
ab 16.4±0.9 a 18.8±1.0 a 20.6±0.8ab 18.8±1.1 a 22.4±1.0 

ab

 Linoleic (18:2 n-6) 15.3±0.6 a 13.8±0.3 
ab

14.2±0.4 
ab

14.8±0.7 
ab

13.0±0.3 
ab 11.9±0.6 b 12.4±0.4 b 12.3±0.3 b 12.3±0.6 b

ALA (18:3 n-3) 1.4±0.2 a 1.8±0.2 a 2.2±0.3 a 3.4±0.4 ab 3.2±0.7 ab 4.6±0.3 b 5.0±0.9 b 6.0±0.5 b 1.4±0.2 a 

AA (20:4 n-6) 2.8±0.6 2.6±0.4 3.4±0.4 2.6±0.2 3.2±0.5 2.8±0.4 2.6±0.3 3.0±0.5 2.9±0.5
EPA (20:5 n-3) 1.9±0.2 a 1.4±0.1 ab 1.5±0.2 ab 1.5±0.1 ab 2.0±0.2 a 1.6±0.1 ab 1.8±0.2 a 1.7±0.1 ab 1.1±0.0 b

DHA (22:6 n-3) 20.4±2.0 a 13.7±1.1 19.6±2.0 a 20.4±0.7 a 19.2±1.7 
ab

16.0±0.7 
ab 12.6±1.5 b 16.0±1.2 

ab 12.4±0.5 b 

EPA+DHA/AA 7.8 6.7 6.2 8.4 6.6 6.3 5.6 5.9 4.6

∑ Saturated Fatty Acid (SFA) 39.8 ab 42.1 ab 38.1 ab 37.4a 42.9 ab 44.3 ab 44.2 ab 42.1 ab 47.4b

∑ Monounsaturated Fatty Acid (MUFA) 18.4 24.5 21.1 19.9 16.4 18.8 20.6 18.8 22.4
∑ Polyunsaturated Fatty Acid (PUFA) 41.8 ab 33.4a 40.8 ab 42.7b 40.7 ab 36.9 ab 35.2 ab 39.1 ab 30.1a

∑ n-3 23.7 ab 17.0 ab 23.2 ab 25.4a 24.5 ab 22.2 ab 20.2 ab 23.7 ab 14.8b

∑ n-6 18.1 16.4 17.6 17.4 16.2 14.6 15 15.3 15.3
n-3/n6 1.31a 1.03 ab 1.32 a 1.46ab 1.5 b 1.52b 1.35 ab 1.55 ab 0.97c

PUFA/SFA 1.05 ab 0.79 ab 1.07 ab 1.14a 0.95 ab 0.83 ab 0.80 ab 0.93 ab 0.64b

Experimental diets

1All values are the replicates of tanks (n=4). Fish fillets were obtained by dissecting 2 fish/tank. a,b,c mean values with different superscript in the 

same row are significantly different from each other (P<0.05). 

Camelina Inclusion (%)
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The total SFA profile indicates that a camelina meal in the range of 10% to 15% will yield 

fillets with the lowest SFA profile; the 15% camelina meal yielded fillets with 37.4% total SFA which 

was found to be significantly (P<0.05) lower than the control diet’s 47.4% total SFA. 

7.7.2 Polyunsaturated Fatty Acid (PUFA) Profile 

The fillets showed desirable levels of polyunsaturated fatty acid (PUFA) with camelina meal 

that were at levels better than the control/commercial diet. Both the camelina meal and the oil 

inclusion resulted in increased PUFA levels in the fillets.  

Docosahexaenoic acid (DHA; 22:6 n-3) and Linoleic acid (18:2 n-6) were the leading PUFAs 

that increased in the tilapia’s fillets for the 15% camelina meal inclusion. Alpha-linolenic acid (ALA; 

18:3 n-3) showed slightly increasing benefits in fillet with increasing levels of camelina meal 

inclusions, however arachidonic acid (AA; 20:4 n-6) and eicosapentaenoic acid (EPA; 20:5 n-3) were 

unaffected by the addition of camelina meal at all inclusion levels. 

The 4.7% camelina oil “wash” diet resulted in higher PUFA than the 4.7% oil “raw” and the 

control/commercial diets with total PUFA reaching 39% of the total fatty acid profile of the fillets.  

DHA (22:6 n-3) and ALA (20:4 n-6) were the PUFAs that increased in the fillets of the tilapia fed 

the 4.7% camelina oil “wash”; AA, EPA and Linoleic acid were at similar levels to that of the 

control diet. 

Fillet total PUFA increased to 42% of the fatty acid profile at camelina meal inclusion of 

15%; levels gradually decreased at higher meal inclusion levels. The 15% camelina meal diet was 

significantly different (P<0.05) from the control diet’s PUFA content, yielding higher and more 

desirable PUFA levels in the fillets. Furthermore, all experimental camelina inclusion diets (meal and 

oil) produced tilapia fillets with higher PUFA percentages than the control/commercial diet.  
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7.7.3 PUFA - Omega-3 

DHA (22:6 n-3) and ALA (18:3 n-3) are desirable PUFA – Omega-3’s and showed the highest 

percentages in the fillets for the camelina meal diets at 15% (20.4% and 3.4% respectively) and the 

4.7% camelina oil “wash” (16% and 6% respectively) when compared to the control/commercial 

diet (12.4% and 1.4% respectively). The 15% camelina inclusion diet provided fillets with 

significantly (P<0.05) higher total PUFA’s than the control/commercial diet. 

7.7.4 PUFA – Omega-6 

Linoleic acid (18:2 n-6) was observed in higher concentrations (14.8%) in the fillets of the tilapia 

fed the camelina meal at optimum inclusion levels at 15% camelina meal inclusion. Diets with 4.7% 

camelina oil seem to have little or no effect on Omega-6 fatty acids in the fillets and performed 

similar to the control/commercial diet; Linoleic acid percentages in the fillet were 12.4% for 

camelina ”raw” oil; 12.3% for camelina “wash” oil; and 12.3% for the control/commercial diet. 

However, the 0% camelina diet provided fillets with significantly (P<0.05) higher Omega-6 PUFA 

than the control diet.  

7.7.5 PUFA - Omega-3 / Omega-6 Ratio 

The Omega-3 fatty acid in the tilapia fillets peaked to 20.4% at the 15% camelina meal 

inclusion and tapered to 16% at the 25% camelina meal inclusion; the Omega-6 fatty acid also 

peaked to 14.8% at the 15% camelina meal inclusion, but tapered slowly to 11.9% at the 25% 

camelina meal inclusion. This difference in rate in decline between the Omega-3 and Omega-6 fatty 

acids results in an Omega-3/Omega-6 ratio that seems to increase with increasing levels of camelina 

meal inclusion.  
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The diets with camelina meal inclusion ranging from 15% - 20% had its Omega-3/Omega-6 

ratio of approximately 1.5 whereas the control diet had its n3/n6 ratio of approximately 1.0 

indicating higher Omega-3 than Omega-6 fatty acids in the fillets of the camelina fed tilapia. The 

Omega-3/Omega-6 ratio for all experimental diets was significantly different (P<0.05) than the 

control. 

7.7.6 Carbon Chain – 18 versus 20 

The 20-chain fatty acids in tilapia fillets were not affected by the addition of camelina meal or oil 

and were similar to the control diet. 

The 18-chain fatty acids in tilapia fillets were slightly increased by the inclusion of camelina meal at 

levels above 10% meal. This is as a result of the noted benefits of increasing levels of camelina meal 

(and oil) on ALA (18:3 n-3) in tilapia fillet. Although Oleic acid (18:1 n-9) was decreased in fillets of 

the 10% and 20% camelina meal diets, an increase was noted between the 20% – 25% ranges for 

this monosaturated fatty acid (MFA) which results in the trend of the 18-chain fatty acid to indicate 

an increase in fillet levels with increasing camelina levels.  
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7.8 Discussion 

Dietary lipids can affect the fatty acid composition of tilapia and many other fish species 

(Stickney et al, 1983; Huang et al., 1998; Ng et al., 2001). Karapanagiotidis et al. (2006) found that 

there are elevated levels of saturated fatty acids (SFA) and mono unsaturated fatty acids (MUFA) in 

the fillets of intensively farmed tilapia due to the increased fat deposition characterized mainly by 

SFA, MUFA and linoleic (LA) in the diets.  

It was found in this research that dietary fatty acid incorporation did occur in the fillets. 

Saturated Fatty Acid (SFA) in fillets is undesirable; one of the goals of designing tilapia diets is to 

minimize SFA in the fillet. The SFA was significantly (P<0.05) lower in the fillets of tilapia fed the 

15% camelina meal diet when compared to the fillets of tilapia fed the control diet. Dietary 

monounsaturated fatty acids (MUFA) levels were lower as the camelina inclusion was increased and 

this trend was also observed with the MUFA levels in the fillets. Camelina ingredients such as its 

meal and oils are usually low in SFA and MUFA. 

In addition this research found that camelina ingredients provided higher PUFAs in the 

experimental diets and resulted in higher amounts of PUFA in the fillets when compared with the 

control diet. There were significantly (P<0.05) higher levels of PUFAs and Omega-3’s in the tilapia 

fed the 15% camelina meal inclusion when compared to the control diet.  

The reason for the high levels of PUFAs was because camelina meal and its oil comprises of 

desirable levels of PUFAs, thus the incorporation of camelina in the diet increased the intramuscular 

concentration of Omega-3 fatty acid. This finding is similar to research performed by Skjervold 

(1993) and Ryhanan et al. (2007).  Bell et al. (2004), Justi et al. (2003), and Menoyo et al. (2005) have 

found that the fatty acid composition of fish tissues especially the n-3 and n-6 fatty acid content in 

tilapia is closely related to the dietary fatty acid profile, as was confirmed in this study.  
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High amounts of alpha-linolenic acid (ALA), oleic and linoleic (18:2n-6) acids were detected 

in all of the camelina diets used in this study and research has shown that the linoleic series fatty 

acids are a dietary requirement for tilapia (Bell et al., 1995). Souza et al. (2007) and Steffens (1997) 

stated that the Omega-3 series, eicosapentaneoic acid (EPA) and docosahexaenoic acid (DHA) are 

derived from alpha-linolenic acid (ALA).  

Tilapia has the ability to desaturate and elongate C18 EFA such as alpha-linolenic acid 

(ALA) to longer chain of polyunsaturated and highly unsaturated fatty acids (Tocher et al., 2002, and 

Agaba, 2005). In this study, it was found that the DHA levels were highest in the fillets while they 

were the lowest in the diets. This suggests that the fish were converting the C18 FA’s to long chain 

PUFA. 

Increasing dietary levels of PUFA modified the fatty acid composition of the dorsal muscle in 

tilapia (Ng et al., 2001; Justi et al. 2003; Visentainer et al., 2005; Hsieh et al. 2007; Lim et al., 2011). 

Our research found that the 15% camelina meal diet yielded significant (P<0.05) and favorable 

levels of PUFA when compared to the control diet.  

Justi et al. (2003) found that Oreochromis niloticus fed on a diet with addition of flaxseed oil (high 

in Omega-3 fatty acid) for 30 days had the highest index for Omega-3 PUFA and the best n3/n6 

ratio. Other studies conducted with adult Nile tilapia have shown that 45 days is the shortest time 

required for the inclusion of flaxseed oil to significantly increase the total Omega-3 and DHA 

content of tilapia muscle (Tonial et al., 2009). This study was conducted for 60 days using juvenile 

tilapia and found that the camelina diets were sufficient to significantly (P<0.05) modify the Omega-

3 and DHA content of tilapia fillets. The findings indicate that oilseed crops such as flaxseed and 

camelina will increase the Omega-3 fatty acid content thereby improving (increasing) the n-3/n-6 

ratio. Thus, this indicates that it is possible to favorably change the body composition of tilapia and 
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produce fish with Omega-3/Omega-6 ratio of polyunsaturated FAs that is optimal for human 

dietary needs via changes in tilapia diet (Steffens 1997 and Sargent et al., 1989).  

It is suggested that a ratio of 1:1 - 5:1 for Omega-3 to Omega-6 would constitute a healthy 

human diet (Osman, 2001). The n-3: n-6 ratio in freshwater fish fluctuates between 0.5 and 3.8 

(Steffens, 1997; De Silva et al., 1998). However, the Omega-3 to Omega-6 ratios in this study ranged 

from 1.03 to 1.55 for the fillets fed the experimental diets and were all significantly (P<0.05) higher 

than the control diet’s Omega-3/Omega-6 ratio of 0.97. Based on this study it suggests that tilapia 

may provide a well-balanced Omega-3/Omega-6 ratio that is suitable for the human diet.  

Some of the chronic degenerative diseases today are believed to have their origins in an 

imbalance of Omega-3 and Omega-6 fatty acids in diet. Although, Omega-6 fatty acids are essential 

for normal immune function and blood clotting, large amounts of Omega-6 fatty acid may promote 

abnormal blood clotting and have a negative effect on the human immune system.  

It is important for humans to maintain high levels of EPA/AA ratio since this was shown to 

promote the formation of prostaglandin E3 (PGE3) from EPA (Zeng et al., 1998; Bagga et al., 2003). 

PGE3 is believed to block inflammation, while AA derived PGE2 may stimulate inflammation. It was 

shown that both EPA and DHA are converted into anti-inflammatory mediators known as resolvins 

and protectins (Serhan, 2005; Serhan 2007).  

The amount of DHA in tilapia fed camelina ingredients in this study was consistently higher 

than tilapia fed the control diet and was significantly (P<0.05) higher in the 15% camelina meal 

inclusion diet. DHA fatty acids have been the subject of numerous studies in the past few decades, 

being important for their various benefits to human health, including lowering the risk of 

cardiovascular diseases (Leigh-Firbank et al., 2002; Penny, 2002, Whelan et al., 2009), anti-

inflammatory and antithrombotic effects (Simopoulos, 2002), reduction of blood cholesterol levels 
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and cancer prevention (Lee and Lip, 2003) and is also required for adequate brain development 

(Taepavarapruk and Song, 2010). Furthermore, a reduction in the levels of beta amyloid plaque, the 

substance associated with Alzheimer’s disease, was shown to occur in aged laboratory mice fed diets 

enriched with DHA (Manning et al., 2006).    
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7.9 Conclusion 

This research found that the inclusion of camelina meal and oil in tilapia diets resulted in 

significant increases in the Omega-3/Omega-6 ratio in the fillets when compared to the control. The 

15% camelina meal inclusion provided the best results of the experimental diets yielding significantly 

higher PUFA and lower SFA than the control diet.  Based on the findings of this study, it will be 

beneficial to include the Omega-3-rich camelina ingredients in the diets of tilapia reared in intensive 

systems in the Western region of the United States.   
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Chapter 8: Optimizing commercial tilapia diet formulations for the intensive culture 
systems utilized in the Western region of the United States. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



72 
 

8.1 Abstract 

Feed for aquaculture represents more than 60% of the operating costs in intensive systems, 

while the protein ingredients are the most expensive component of the diet. An improved diet 

formulation designed for tilapia can increase profitability and reduce the environmental impacts of 

underutilized protein being wasted in the form of excreted ammonia.  

Attempts have been made to address the high cost of feed by reducing the feeding rates, which 

reduces the yield and profit. Therefore solutions are required to re-establish profitability to the 

tilapia industry, especially those cultured in intensive systems.   

The objectives of this study were to evaluate growth, feed utilization, body composition and 

body indices of tilapia diets using different levels of protein (28%, 40% and a 32% control) and 

amino acid supplementation (methionine and lysine (28% CP-AA)) and determine the most cost 

effective diet on a commercial scale.  

Results indicated that the experimental diets (28% CP-AA, 28% CP and 40% CP) performed 

similar to the control diet (32% CP) as it relates to fish growth. This experiment conducted on a 

commercial scale at an operating farm found that feeding tilapia the lowest protein level diets (28% 

CP) resulted in higher biomass gain per raceway, biomass gain per fish and significantly higher PER 

when compared to the control diet (32% CP). This diet also had the second best FCR value and 

most importantly higher returns based on its FCR when compared to the control diet (32% CP). 
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8.2 Introduction 

Fagbenro (1999) reported that feed cost is the major constraint in aquaculture. As the intensity 

of production increases, feed prices also increase and therefore represents the largest fixed cost (De 

Silva and Anderson, 1995). In intensive systems, the utilization of nutritionally complete feeds is 

critical to the success of the industry. Feed affects the capacity of the fish to reach their full growth 

potential thus, effective feed formulation is very important in fish nutrition. 

Formulated feeds of high quality are used in intensive systems to achieve fast growth rates, 

higher yields and large sizes of fishes (700-900g) within a short period of time. However, many 

factors have an effect on metabolism, e.g. age of fish, time of day, body size, and activity of fish, 

breeding season, light, temperature, feeding frequency and feed composition (Yager and 

Summerfelt, 1993). Farmers rearing fishes in intensive systems depend mainly on commercial feeds 

to meet the nutritional requirement of the animal. The global production of industrially 

manufactured aqua feeds in 2013 was about 34.4 million metric tons (Alltech, 2014). 

Tilapia commercial feeds are mainly dry sinking pellets and extruded floating pellets. One of 

the major goals in formulating feed is to meet the requirements of protein and essential amino acids 

(EAAs) of the species. Generally fishmeal is the ideal protein source because of its high quality of 

protein and its EAA profile, but is generally expensive and sometimes unavailable. Usually tilapia 

can be fed with a high percentage of plant proteins and is therefore economically practical to replace 

fishmeal with alternative protein sources such as oilseed meal and cakes, legumes and cereal by-

products animal by-products, and aquatic plants. However, most of these ingredients are deficient in 

some EAA and therefore require supplementation with other feedstuffs. Most plant ingredients are 

deficient in lysine and methionine but the incorporation of different plant ingredients may assist 

with a balanced amino acid profile. In addition plant ingredients contain many anti-nutritional 
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factors (such as gossypol, glucosinolates, saponins, trypsin inhibitors etc.) that limit their use in 

compound feeds or require removal/inactivation through specific processing (such as heating, 

cooking etc.). There are also several non-conventional protein sources that may be suitable for 

tilapia such as camelina, Chlorella, Spirulina, corn and wheat gluten among many others.  

Fish feeds an integral part of aquaculture and one of the most important factors to its 

development. If nutritionists can formulate feed correctly, it will increase the performance and 

reduce the costs of feed. This may improve growth performance and feed utilization of the fish, 

which may enable farmers to increase the profit margin of the farm.  
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8.3 Literature review 

The success of fish farming invariably depends on the provision of suitable and economical 

fish feed (Delgedo and Minot, 2003). Feed for aquaculture represents more than 60% of the 

operating costs (Tan and Dominy, 1997; Lim and Webster, 2006) in intensive systems, while the 

protein ingredients are the most expensive component of the diet (Li et al., 2012). In 2009, it was 

estimated that aquaculture utilized 63.0 percent of the world’s fishmeal for its feeds (International 

Fishmeal and Fish Oil Organization, 2011). Fishmeal used in aquatic feed has increased from 0.96 

million tons in 1992 to 3.06 million tons in 2006 (Tacon et al., 2007).   

Among the major commercial finfish species, tilapias “the aquatic chicken” have become a 

major source of protein around the world, primarily because of their outstanding adaptability under 

a wide range of environmental conditions and excellent growth on a variety of natural and prepared 

diets (Lim and Webster, 2006; Davis et al., 2010, Kevin Fitzsimmons, 2013).  

Traditionally, tilapia has been cultured using extensive systems but this is being replaced by 

semi-intensive and intensive production systems due to expansion of the industry and the 

development of new technology. As the stocking rate increases, natural food decreases and more 

nutritionally complete feeds are needed. In intensive culture systems because feed is the most 

expensive item, the development of cost-effective feeds using cheap and locally available plant and 

animal protein sources can be a great contribution to its sustainable aquaculture development in the 

future.  

Protein that is consumed by tilapia is vital for its growth, cell maintenance, and reproductive 

functions. Inadequate dietary energy will restrict growth potential, as vital organs will be fueled by 

the limited energy source from protein, which will occur in priority over muscle tissue gain. 

Conversely, excessive dietary protein will be wasted and this is not desirable because of its high cost. 
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Therefore, an optimal dietary protein to energy ration (P/E) should be taken into account when the 

fish diet is formulated. The ability of a fish to utilize dietary protein is related to both the dietary 

protein level and the availability of non-protein energy sources (Sanz et al., 2000).  

The protein requirement of tilapia diminishes with age and size. Higher protein 

concentrations are required for fry (30–56%) and juvenile (30–40%) and lower protein levels (28–

30%) for larger tilapia (Winfree and Stickney, 1981; Jauncey, 1982; Al Hafedh, 1999). Similar to 

dietary protein, the optimum dietary protein to energy (P:E) ratio for rapid and efficient gain of 

juvenile tilapia decreases with increasing size of fish. The nutrient needs of tilapia decreases as fish 

age because of decelerating growth rate of fish as they near maturity. However, excess protein in 

relation to energy can actually reduce growth due to the metabolic demands of nitrogen excretion. If 

insufficient non-protein energy is available or if the protein is of poor quality, protein will be de-

aminated in the body to supply energy for metabolism.  Excessive energy is also problematic 

because this may reduce feed intake, produce fatty fish and inhibit the utilization of other nutrients 

(Winfree and Stickney, 1981) 

Balance ratios of protein to non-protein energy in diets can spare dietary protein from 

energy metabolism and then increase its utilization for fish growth (Nankervis et al. 2000; Morais et 

al. 2001; Wang et al. 2006; Schulz et al., 2008; Ahmadr 2008). In addition, dietary protein 

requirements vary considerably depending on water temperature and quality as well as the culture 

system for a specific fish species (NRC, 1993).  

Fishmeal is a well established, widely used and an expensive protein component (Carter and 

Hauler, 2000; Engin and Carter, 2005). However, fishmeal combined with other animal and plant 

protein sources, can lead to a reduction of the cost of diets (Morales et al., 1994; Hardy, 1996) and 

minimize environmental pollution (phosphorus and nitrogen discharges from aquaculture facilities). 
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Several authors have found that the complete or partial incorporation of fishmeal with plant-based 

protein is possible without loss of growth performance (Jauncey and Ross, 1982; Kaushik et al., 

2004; Brinker and Reiter, 2011). In addition, selection of feed ingredients is one of the most 

important factors for the formulation and commercial production of quality feeds for any aquatic 

species (Zamal et al., 2008; Koumi et al., 2009). 

Economical ingredients and protein sources from rendered animal protein, such as blood 

meal (BM), poultry byproduct meal (PBM), hydrolyzed feather meal (HFM) and mechanically 

deboned meat (MDM) or meat and bone meal (MBM), could be used at various percentages of 

inclusion in aquafeed formulations to improve cost effectiveness (Tacon, 1993; Allan et al., 2000; 

Bureau et al., 2000; Kureshy et al., 2000; Stone et al., 2000).  

These protein sources have been tested successfully in feeds for fish species such as rainbow 

trout (Steffens, 1994; Bureau et al., 2000), Nile tilapia (El-Sayed, 1998), and mirror carp (Yilmaz et al, 

2003). If these ingredients are incorporated into the feed with appropriate ratios, the EAA 

deficiencies can be overcome, thus improving the quality of the diet (Tacon et al., 1983). Otubisin 

(1987) reported that up to 50% of fishmeal could be successfully replaced within tilapia feeds with 

poultry byproducts. Serwata et al. (unpublished data) recently confirmed excellent digestibility for 

protein and amino acids for poultry byproduct meals (PBM); feather meal/PBM blended products 

and a refined blood meal for rainbow trout. Tacon et al. (1983) found that hexane extracted MDM 

or MBM: BM (4:1) supplemented with methionine successfully replaced up to 50% of FM protein in 

Nile tilapia fry diets. Additionally, Davies et al. (1989) found that optimum MBM/BM ratios could 

replace up to 75% of FM in diets fed to O. mossambicus fry. It was also found that diets containing 

MDM or MBM or high MBM/BM ratios (3:1 and 2:3) performed better than FM even at a 100% 

substitution level. Dominy and Ako (1988) reported that blood meal products could replace marine 
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proteins in grow-out feeds. In contrast, BM and HFM are not efficiently utilized by tilapia due to 

low digestibility and poor EAA profiles (Viola and Zohar, 1984 and Bishop et al., 1995). 

Plant based proteins are similar to fishmeal in terms of the protein content, apparent protein 

and amino acid digestibility (Hardy, 2006). But, the amino acid profile of the plant protein sources is 

not similar to the amino acid of some of the fish species that are used for fishmeal (Hardy, 2006). 

Among the plant based protein sources, soybean has become one of the best ingredients and its 

utilization has rapidly increased in tilapia feeds. Its availability, consistent quality, high protein 

content with good amino acid profile and low cost, is the most studied plant feedstuff in aquaculture 

diets (Lim and Dominy, 1989).  

Soybean products have the most balanced amino acid composition for aquaculture feeds of 

all major plant feedstuffs (Lim and Akiyama, 1992). The two major kinds of soybean meal available 

are conventional soybean meal (43-44% protein) and dehulled soybean meal (47-49% protein). 

These are obtained after the oil has been extracted from the soybean. When the oil is solvent-

extracted, the product has about 44% crude protein if the soybean hulls are included or 48% crude 

protein without the hulls (NRC, 1993). Soybean meal without the hulls has a reduced fiber content 

of approximately 3.4% compared to the meal containing hulls, which has 6.2%. Together they have 

a lipid content of 1% due to the efficient solvent extraction process (NRC, 1993). Additionally, full-

fat soybean meal (FFSBM) is produced by heat-treating whole soybeans and has a crude protein 

content of approximately 38% (as-fed basis) and a lipid level of approximately 18%, providing high 

levels of linoleic and linolenic acids (Lim and Akiyama, 1992). When processing soybean to produce 

the meal, adequate heat control is required for processing to prevent overheating. Overheating 

results in binding of the amino acids with carbohydrates causing reduced digestibility of the amino 

acids, especially lysine.  
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In 1978, Davis and Stickney studied the interaction between dietary protein levels (15, 22, 29 

and 36%) and the ratios of FM and SBM (0, 33, 67 and 100% of dietary protein) in practical diets for 

juvenile blue tilapia (Oreochromis aureus). All test diets, except the 36% protein diet with 100% FM 

were supplemented with methionine. At low-protein levels (15, 22 and 29%), the SBM-based diet 

could not meet the EAA requirements and thus lower growth rates were obtained as compared to 

the FM-based diet. Nevertheless, when the protein level was increased to 36%, the performance of 

fish fed SBM-based diet was adequate and comparable to that of the FM-based diet.  

Wee and Shu (1989) demonstrated that Nile tilapia (Oreochromis niloticus) fed boiled full-fat 

SBM at a level of 58.3% of the diet had similar weight gain, feed efficiency, apparent protein 

digestibility and net protein utilization as fish fed a diet with 52.4% solvent-extracted soybean meal. 

Tudor et al., 1996, found that Nile tilapia fed diets containing from 35% to 56% soybean flour and 

corn gluten as protein sources had similar weight gain and feed efficiency as fish fed diets containing 

as much as 6% FM. Nile tilapia fed a diet containing 55% SBM supplemented with 1% methionine 

and 0.5% lysine significantly improved weight gain and feed efficiency over fish fed the control diet 

containing 20% menhaden FM and 30% SBM (El-Saidy and Gaber, 2002).  

Protein is responsible for the largest part of the cost of most prepared feeds and is a major 

dietary nutrient affecting performance of fish (Lovell, 1988). Protein requirements could be due to 

different reasons; including fish stocking density, feeding rate, feeding quality, fish size, and water 

temperature (Green and Teicher-Coddington, 2000). 

However, there is no specific requirement for protein per se for fishes, but instead they 

require a combination of essential amino acids. Tilapia requires 10 essential amino acids (methionine, 

threonine, tyrocine, lysine, arginine, isoleucine, histodine, valine, luecine and proline) that must be 

supplied by the diet. These essential amino acid requirements can be met by the use of a balance of 
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both plant and animal proteins, and if necessary, by the inclusion of synthetic amino acids in the 

complete feed. 

Amino acid supplementation of diets increased performance of Nile tilapia (Odum and 

Ejike, 1991), hybrid tilapia (Oreochromis niloticus, O. aureus) (Robinson, 1991).  In commercial diets, 

both lysine and methionine appears to be the most limiting amino acids. Methionine is an essential 

amino acid for fish (Lovell, 1988) and it is usually the first limiting amino acid in many fish diets, 

especially those containing higher levels of soybean meal protein source (Furuya et al., 2004). Lysine 

is another major limiting amino acids in fish nutrition and is related to fish growth and fillet yield. 

Thus, lysine and methionine supplementation is necessary in feed formulation to enable improved 

fish growth and health (Espe et al., 2008; Graciano et al., 2010). 

Globally, commercial feeds for tilapia usually have protein levels that are below the 

recommended levels to decrease the production cost (Li et al., 2012) and farmers rely on other 

natural protein sources to supplement the nutritional requirement of the fish. Because many of the 

commercially available feeds are formulated for tilapia cultured in semi intensive systems, they may 

not be optimal for meeting the nutritional requirements of tilapia grown in the high intensity culture 

systems in the Western region of the United States.  
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8.4 Objectives 

The objectives of the experiment were: 

(1) Evaluate growth performance and feed utilization of tilapia diets using different levels of 

protein (28%, 40% and 32% control) and amino acid supplementation (methionine and 

lysine, 28% CP-AA); 

(2) Evaluate the effect of using different levels of protein (28%, 40% and 32% control) and 

amino acid supplementation (methionine and lysine, 28% CP-AA) on body indices of tilapia; 

(3) Evaluate the effect of using different levels of protein (28%, 40% and 32% control) and 

amino acid supplementation (methionine and lysine, 28% CP-AA) on body composition of 

tilapia; 

(4) Determine the most cost effective diet. 
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8.5  Hypotheses 

1. Growth performance and feed utilization of tilapia fed the experimental diets would be 

significantly different with the various levels of protein; 

2. Body Indices of tilapia would be significantly different between the various diets; 

3. Body composition of tilapia would be significantly different with the various levels of 

protein for the moisture, crude protein, crude lipids and energy levels; 

4. Experimental diets will be more cost effective than the control/commercial diet. 

8.6 Material and Methods 

(Please refer to chapter 5.2, 5.3-5.4) 
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8.7 Results 

8.7.1 Growth performance  

Table 8. Growth performance and feed utilization of tilapia fed experimental diets. 

 

 Biomasses gain for fish per raceway ranged from 778.2 kg to 942.6 kg, biomass gain per fish 

ranged from 352.7 g to 575.9 g, survival range from 61.2% to 86.1% and ERE ranged from 39.6% 

to 44.4%. The biomasses gain for fish per raceway, biomass gain per fish, survival and ERE were 

not significantly (P>0.05) affected by the various protein and lipid levels tested (Table 8).  

Control diet

28 % CP-AA 28 % CP 40 % CP  32% CP 

Initial weight of raceways at 
stocking (kg)

363.0 ± 13.7 386.2 ± 30.3 323.0 ± 33.7 345.3 ± 9.7

Final weight of raceways at 
harvest (kg)

1141.2 ± 10.9 1328.8 ± 74.0 1118.0 ± 19.3 1126.8 ± 25.4

Biomass gained/raceway (kg) 778.2 ± 21.5 942.6 ± 52.5 794.9 ± 26 781.4 ± 17.4

Avg. Initial weight/fish  (g) 153.3 ± 5.7 171.24 ± 11.8 134.56 ± 10.7 148.8 ± 4.4

Avg. Final weight/fish (g) 652.7 ± 22.2 747.1 ± 166.3 679.1 ± 32.5 501.5 ± 2.6

Avg. Biomass gained/fish (g) 499.4 ± 16.9 575.9 ± 166.6 544.6 ± 26.7 352.7 ± 5.9

Survival (%) 65.4±2.8 79.7±14.9 61.2±3.2 86.1±2.1

Weight gain/day (g) 2.99 ± 0.1 3.18 ± 0.9 3.40 ± 0.2 1.75 ± 0.0

FCR1 1.6 ± 0.1ab 1.5 ± 0.1 ab 1.32 ± 0.0a 1.86 ± 0.0b

RGR2 0.009 ± 0.0001 0.008 ± 0.0013 0.010 ± 0.0004 0.006 ± 0.0002

PER3 2.24±0.07a 2.50 ± 0.14a 1.92 ± 0.06b 1.77 ± 0.03b

ERE4 44.4±1.3 41.9±1.4 39.6±1.4 41.3±0.9

P/E5 62.6±1.3 a 61.3±1.8 a 84.5±1.5 b 76.2±1.4 c

All values are mean±SE of the replicates of raceway (n=3).  1Feed conversion ratio (FCR). 2 Relative growth rate (RGR).  3Protein efficiency ratio 

(PER). 4Energy efficiency retention (ERE). 5Protein to energy ratio (P/E). abc mean values with different superscript in the same row are 
significantly different from each other (P<0.05). 

Experimental diets
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The PER values ranged from 1.77 to 2.50. The 28% CP-AA (2.24) and 28% CP (2.50) were 

significantly different (P<0.05) to the 40% CP (1.92) and control diet (1.77). Fishes fed the lower 

protein and lipid levels had a higher PER value when compared to those fed a higher protein and 

lipid levels. 

The FCR values ranged from 1.32 to 1.86. The lowest FCR of 1.32 was obtained with the 

40% CP diet while the highest FCR of 1.86 was obtained from the 32% CP control diet. These were 

significantly different (P<0.05) from each other but not from the other experimental diets.  

The P/E values ranged from 61.3 to 84.5. The 28% CP, 6% CL-AA and 28%CP, 6% CL 

had the lowest P/E values when compared to the 40% CP, 8% CL and control (32 CP, 2% CL) 

diets which were higher. The crude lipid level tested for the control diet was 2% CP. The control 

diet (32 CP, 2% CL) P/E value was lower when compared to the 40% CP, 8% CL diet. 

The proximate analysis for the commercial experimental diets (28% CP-AA, 28% CP and 

40% CP) met the target crude protein and crude lipid levels; targeted levels of proteins were 28% 

and 40% while the targeted lipid level was 6% for the 28% CP diets and 8% for the 40% CP diet. 

The control diet manufactured by a commercial feed company targeted protein level was 32% which 

was reflected in the proximate analysis but the targeted lipid level of 5% was not met and found to 

be 2% (Table 2). 
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8.7.2 Body Organ Indices 

Table 9. Body organ indices of tilapia fed experimental diets. 

 

Fish fed the 40% CP showed the highest fillet yields and lowest VSI, but the 32% control 

diet provided the lowest HSI percentage when compared to the experimental diets (Table 9).  There 

was no significant difference (P> 0.05) recorded among any of the experimental diets and the 

control diet. 

  

Control

28% CP-AA 28% CP 40% CP 32% CP 

Total weight (g) 603.1 ± 57.2 530 ± 43.2 749.5 ± 73.8 495.5 ± 29.3

Fillet (%) 29.3 ± 0.7 27.7 ± 0.7 30.7 ± 3.3 29.6 ± 0.6

VSI (%) 10.99 ± 0.7 10.25 ± 0.6 8.96 ± 0.6 9.12 ± 0.5

HSI (%) 1.62 ± 0.2 1.45	  ±  0.1 1.51 ± 0.2 1.31 ± 0.1

Experimental diets

All values are mean±SE of the replicates of raceway (n=3). Body organs were obtained by 

weighing and dissecting 5 fish/raceway. a,b  mean values with different superscript in the same 
row are significantly different from each other ( P<0.05). 



86 
 

8.7.3 Body Composition 

8.7.3.1 Moisture 

 

Figure 6. Effects of the diets on moisture content of body composition. 

All values are mean±SE of the replicates of raceway (n=3). Fish proximate analyses were 
obtained by evaluating 5 fish/raceway. a ,b mean values with different superscript on the bar 
are significantly different from each other when P<0.05. 
 

The mean moisture in the body ranged from 69.87% to 71.79% (Figure 6). The moisture 

content remained stable among the diets. There were no significant differences (P>0.05) in body 

moisture among the diets. 
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8.7.3.2 Protein 

 

Figure 7. Effects of the diets on protein content of body composition. 

All values are mean±SE of the replicates of raceway (n=3). Fish proximate analyses were 
obtained by evaluating 5 fish/raceway. a ,b mean values with different superscript on the bar 
are significantly different from each other when P<0.05. 
 

The mean protein in the body ranged from 14.01% to 14.89%. The mean protein was 

constant among the diets and was not found to be significantly different (P>0.05) from each other 

(Figure 7). 
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8.7.3.3 Energy 

 

Figure 8. Effects of the diets on energy content of body composition. 

All values are mean±SE of the replicates of raceway (n=3). Fish proximate analyses were 
obtained by evaluating 5 fish/raceway. a ,b mean values with different superscript on the bar 
are significantly different from each other when P<0.05. 
 

The mean energy in the body ranged from 1,740 Cal/g to 1,977.10 Cal/g (Figure 8); there was 

no significant difference (P>0.05) among any of the diets.  
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8.7.3.4 Lipid 

 

Figure 9. Effects of the diets on lipid content of body composition. 

All values are mean±SE of the replicates of raceway (n=3). Fish proximate analyses were 
obtained by evaluating 5 fish/raceway. a ,b mean values with different superscript on the bar 
are significantly different from each other when P<0.05. 
 

The mean lipid in the body ranged from 8.56% to 10.76% and the values were not 

significantly different (P>0.05) from each other (Figure 9). 
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8.7.4 Water quality 

Table 10. Average water quality of raceways used for experimental diets. 

 

Salinity and pH were 7.6 ± 0.0 ppt and 7.6 ± 0.0 respectively and were constant among 

raceways. The total ammonia-nitrogen ranged from 0.33 ± 0.08 to 0.44 ± 0.13 ppm; the 28% CP-

AA recorded the highest mean ammonia levels among the raceways. The mean water temperature 

ranged between 28.3 ± 0.3 o C to 28.5 ± 0.4 oC and the mean dissolved oxygen concentration ranged 

from 5.18 ± 0.07mg/l to 5.27 ± 0.08mg/l. Water quality measurements were not significantly 

different (P>0.05) among treatments (Table 10). 

 

 

 

 

 

Control 
32% CP 28% CP-AA 40% CP 28% CP

Raceway 8, 9, 10 11, 12, 13 14, 15, 16 17, 18, 19

Temperature (○C) 28.3 ± 0.31 28.3 ± 0.40 28.5 ± 0.42 28.3 ± 0.40

Dissolved oxygen (mg/l ) 5.18 ± 0.07 5.24 ± 0.08 5.27 ± 0.08 5.19 ± 0.09

Ammonia (ppm) 0.33 ± 0.07 0.44 ± 0.13 0.37 ± 0.08 0.33 ± 0.07

pH 7.6 ± 0.00 7.6 ± 0.00 7.6 ± 0.00 7.6 ± 0.00

Salinity (ppt) 7.6 ± 0.00 7.6 ± 0.00 7.6 ± 0.00 7.6 ± 0.00

Experimental diets

All values are mean±SE of the replicates of raceway (n=3).  a,b  mean values with different superscript on the same 

row are significantly different from each other (P<0.0)5.
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8.7.5 Fish size class 

Fish size legend 

 

 

Figure 10. Fish size class 

All values are mean±SE of the replicates of raceway (n=3). ab mean values with different 
superscript on the bar are significantly different from each other when P<0.05. 

 

At the time of harvest (Figure 10), the mean number of large fish ranged from 1,565 (28% 

CP diet) to 1,370 (40% CP diet).  The numbers of large fish obtained from the raceways fed the 
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various diets were not significantly different (P>0.05). The average number of medium size fish that 

were harvested ranged from 371 (control diet) to 143 (40% CP diet), the numbers of medium size 

fish obtained from the raceways fed the various diets were not significantly different (P>0.05). 

8.7.6 Returns based on feed utilization and farm gate prices 

Table 11. Tilapia returns over feed cost at farm gate prices. 

 

The average returns per kilogram of tilapia ranged from $0.64 to $0.73 while the highest returns 

ranged from $1.87 to $1.97. The 40% CP diets were expensive, the 28% CP-AA and 28% CP prices 

were similar and the control diet was the cheapest (Table 11). 

  

Control

28% CP-AA 28% CP 40% CP  32% CP

Feed Conversion Ratio1 1.60±0.05 ab 1.50±0.05 ab 1.32±0.04 a 1.86±0.04b

Average return2  ($/kg fish) 0.70±0.05 0.73±0.05 0.64±0.05 0.70±0.03

Highest return3 ($/kg fish) 1.93±0.05 1.97±0.05 1.87±0.05 1.93±0.03

The feed costs and farm gate fish prices that were provided by the feed manufacturer and the commercial farm were 
privileged information. The average and highest returns were based on this information and reflected through the 

Feed Conversion Ratio obtained from the diets. 
1Feed Conversion Ratio (FCR) = dry feed fed (g) / weight gain (g).
2Average return = [Average farm gate price per kg of tilapia]  - [FCR  x cost of feed per kg] . 
3Highest return = [Highest farm gate price/kg of tilapia]  - [FCR  x cost of feed per kg]. 
a,b mean values with different superscript in the same row are significantly different from each other (P<0.05). 

Experimental diets



93 
 

8.8 Discussion 

8.8.1 Growth Performance and Feed Utilization 

The initial stage in reducing feed costs is identifying the most expensive component in feed 

formulations; this is generally the macronutrient, protein (Li et al., 2012). Protein is the dietary 

nutrient that is prioritized in nutritional studies (Meyer and Fracalossi, 2004) because studies show 

that sufficient supply is needed for rapid fish growth (Lovell, 1988).  

The research found that there were no significant (P>0.05) effects on growth for Nile tilapia fed 

the various diets (32% CP control, 40% CP and 28% CP) and amino acid supplementation (28% 

CP-AA, methionine and lysine).  

The protein and lipid levels of the experimental diets in this study were formulated within the 

optimal nutritional requirement range for tilapia.  Adequate energy level provided by tilapia diets 

allow the dietary protein to be spared for growth (El-Sayed, 1987). However, increasing energy may 

produce fatty fish, reduce feed consumption and inhibit the utilization of other feed ingredients 

(Andrews and Page, 1973; Takeda et al., 1975; Shiau and Huang, 1990 and El-Dahhar and Lovell, 

1995). If there are insufficient energy levels, dietary protein will be used as an energy source (Phillips, 

1972; Prather and Lovell, 1973; Cowey, 1979 and Helland and Gisdale-Helland, 1998) resulting in 

reduced growth rates. 

The protein requirement for maximum performance of tilapia varies. Cisse (1988) found that 

adequate growth were attained in mature tilapia fed 20% CP when fishmeal and cottonseed meal 

were used as the primary source of protein. El-Sayed (2004); Al Hafedh (1999); De Silva and 

Radampola (1990) found that adult tilapias require 20-30% dietary protein for optimum 

performance, but Kesamaru et al. (1982) have demonstrated that O. niloticus showed the best growth 
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rate on a diet of 40% protein. El-Sayed and Kuwanna (2008) found that increasing dietary protein 

from 30%CP to a higher value of 40%CP produced significantly better growth for female and male 

tilapia reared in mono-sex culture tanks. Ahmad et al. (2004) found that adult tilapia fed 35% and 

45% protein levels had similar growth rates. The protein ranges used in this study were similar to the 

ranges used in the experiments above, and supports those findings. 

Furthermore, it was found that supplementing the tilapia diet with methionine and lysine 

resulted in minimal benefits in growth and feed utilization. The reason this occurred may be because 

all of the experimental diets and the control diet contained fishmeal as an ingredient, which already 

contains methionine and lysine; the diets may have already met the amino acid dietary requirements 

for tilapia. Viola et al. (1988) and Santiago and Lovell (1988) found minimal benefits of lysine or 

methionine addition in hybrid tilapia grown up to 450 grams. In addition, Kasper et al. (2000) found 

that methionine supplementation had no positive effects on final mean weight, survival, and FCR 

for juvenile Nile tilapia and confirms the findings of this study. 

The lowest significant (P<0.05) FCR was obtained from the fish fed the diet containing 40% 

protein while fishes fed the control diet had the highest (P<0.05) FCR. The low FCR of the 40% CP 

diet suggests better-feed utilization through the extraction of more nutrients from the diet. Wee and 

Tuan, 1988 and Coyle et al., 2004 found that better FCR values were obtained with increasing 

dietary protein levels up to 42.5% and that high-energy diet produced the lowest FCR.  

In contrast, the highest FCR (recorded by the 32% CP control diet) may have resulted from 

low quality feed ingredients and levels of crude lipids that did not reach the formulation target 

during the manufacture of the control diet (Chow and Schell, 1980). The proximate analysis results 

for the control feed used in this experiment found that the control diet had a lower lipid level than 

value indicated on the manufacturer’s label.  



95 
 

Protein Efficiency Ratio (PER) is used as an indicator of protein quantity, quality in fish diet 

and balance of amino acids. In this study, PER was significantly influenced by the experimental 

diets; there was a trend that indicated the PER decreases with higher dietary protein levels. This may 

have resulted from an increase in use of dietary protein as a source of energy when high protein 

diets are fed to fish. The decrease of PER with increasing dietary protein level have also been 

reported by various authors for different tilapia species (Jauncey, 1982; Wee and Tuan, 1988; Kim et 

al., 1991; Kheir, 1997; Ahmad et al., 2004).  

 Shiau and Huang (1989) suggested that lipids might spare protein as long as the caloric 

requirements are met, thus permitting more efficient utilization of protein; similar findings were 

obtained in studies performed by Phillips (1972); Prather and Lovell (1973); Cowey (1979) and 

Helland and Gisdale-Helland (1998). Dietary energy regulates the feed intake and also affects 

growth, protein efficiency ratio, body lipid accumulation, financial profit and the quality of pond 

water (Lovell, 1998). Studies on varying levels of both dietary protein and energy concentration have 

demonstrated that fish have the capability to spare protein when other energy sources such as lipids 

are added to the diet (Mc Googan and Gatlin, 2000). On the contrary, the control diet of this study 

contained 2% dietary lipid and resulted in fish with low PER which may indicate that the tilapia were 

utilizing the protein as a source of energy.  

Protein retention efficiency in fish is affected by several endogenous and exogenous factors 

(Halver and Hardy, 2002). One of the main reasons associated with the diet efficiency is the Protein 

to Energy ratio (P/E). The optimum P/E ratio is economically important to fish farmers to 

maximize fish production at a minimal cost. Omnivorous or herbivorous species typically require 

low P/E ratios when compared to carnivorous species, while larger fish require a lower P/E ratio 

than smaller fish (Winfree and Stickney 1981). 
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 The P/E ratio ranged from 84.5 mg protein/Cal (40% CP, 8% CL) to 61.3 mg protein/Cal 

(28% CP, 6% CL). The values for 28% diets (28% CP, 6% CL and 28% CP6% CL -AA) were 

significantly different (P<0.05) from the 40% CP, 8% CL and the control diet (32% CP, 2% CL).  

The high-level protein diets (40% CP, 8% CL and 32% CP, 2% CL) yielded tilapia with 

higher P/E ratio while the low protein 28% CP, 6% CL diet yielded the lowest P/E ratio. The P/E 

ratio obtained in this study for the 28% CP, 6% CL exhibited the highest growth rates which may 

indicate that the dietary protein was efficiently utilized; this was confirmed by the high PER 

recorded for this diet. The control diet had the second highest P/E ratio and lowest growth rate, 

which might have resulted in dietary protein being catabolized and used as an energy source for 

maintenance first, and then for growth as reported in NRC (1983); Phillips (1972); Pratherand and 

Lovell (1973); Cowey and Sargant (1979); Helland and Gisdale-Helland (1998).   

Fish fed the low protein diets (28% CP, 6% CL and 28% CP6% CL -AA) had lower P/E 

values, higher protein efficiency ratio, higher VSI and higher body lipid. In addition, the 28% CP 

diet had the lowest fillet yield. This research supports Tibbett et al. (2005) statement that feeding a 

low digestible protein/digestible energy diet can improve protein utilization but results in 

undesirable levels of lipid deposition.  

8.8.2 Fish Survival  

Tilapia survival was below 87% and may have been attributable to the failure of the pumps 

that regulate the water volume and velocity for the raceways. As a result, the growth, biomass gain 

and water quality may have been equally impacted and did not lead to significant (P>0.05) 

differences for these factors. 
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However, the lowest survival came from the tilapia of the raceways that were fed the 40% 

CP diet; these raceways resulted in lower fish density in the raceways and better relative growth rates 

while those fishes fed the control diets had the highest survival and fish density but experienced 

poor growth rates. Similarly, Khattab et al. (2004) studied the effects of stocking density and dietary 

protein level on performance of Nile tilapia, which were stocked at densities of 15 and 30 fish per 

100 liters of water and were fed diets of 25%, 35% and 45% crude protein. The maximum growth of 

fish (initial size 1.8-2.5 g) was obtained with the 45% protein level diet at the low stocking density 

while the 25% protein diet in fish stocked at high density resulted in poor growth rates.  

Other researchers have also found that an increase of stocking density inversely affected 

growth of Nile tilapia (El-Sayed, 2002 and Ayyat et al., 2011). The affected growth may be due to 

social interactions such as competition for food and space that can negatively affect fish growth 

(Canario et al., 1998; Irwin et al. 1999; Ellis et al., 2002).  

8.8.3 Body composition 

Fish body composition appears to be largely influenced by feed composition (Ng et al., 2001 

and Nematipour, 1992). This experiment found no significant (P>0.05) difference among the 

various diets for body composition for moisture, protein, lipid or energy content. Similarly, Polat 

(1999) in T. zillii, El-Saidy and Gaber (2003) in Nile tilapia, did not find any effects of dietary 

mixtures of plant protein on whole fish body composition.  

Al Hafedh (1999) found no significant influence of dietary protein level (25 to 45%) on body 

protein content of Nile tilapia, which was similar to the finding in this experiment. Our study found 

that fishes fed diets with high dietary protein and lipids did not have high lipid content in their 

bodies.  Changes in lipid contents in fish body could be linked with changes in their synthesis 

and/or deposition rate in the muscle (Fauconneau 1984; Abdel-Tawwab et al. 2004). Shearer (1994) 
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found that the fish body composition could vary depending on the size, source and availability of 

energy. 

8.8.4 Body indices 

The hepatosomatic index (HSI) varies as a function of dietary protein, carbohydrate and 

lipid level (Hilton, 1982 and Serrano et al., 1992). Many fishes tend to store fat around the visceral 

organs during periods of intense feeding (Welcomme, 1967). Fat is generally stored for high-energy 

molecules which they can use when there are reduced feeding activities. Generally, lipids are digested 

and metabolized more easily when compared to carbohydrates and also serve as a better source of 

energy for protein sparing (El-Sayed, 2006).  

This study found that the fillets, VSI, HSI values were not affected by the diets. Although 

there were indications that the 40% diet had higher fillet yields and HSI and lower VSI, it was not 

significantly (P>0.05) different to all other experimental diets. Nematipour et al., 1992, reported that 

the HSI values in hybrid striped bass did not change when fed diets containing high lipids levels.  

The 40%CP yielded fish with the highest total weights and the highest fillet percentages of 

the experimental and control diets. Studies have shown that there is some correlation between body 

weight and fillet where the shape of an animal is directly related to its weight and has been reported 

to be related to fillet yield of fish (Bosworth et al., 1998, Bosworth et al., 2001 and Cibert et al., 

1999).  

8.8.5 Water quality 

Nile tilapia can grow at salinity concentrations of up to 36 parts per thousand, but optimal 

performance measures salinities up to 19 parts per thousand (El-Sayed 2006). They can tolerate low 

dissolved oxygen concentration down to 0.1 mg/L (Magid and Babiker, 1975); however, optimum 
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growth is obtained at concentrations greater than 3 mg/L (Ross, 2000). The optimal growing 

temperatures are typically between 22 oC (72 oF) and 29 oC (84 oF) but most tilapia species are unable 

to survive temperatures below 10 oC (50 oF), and growth is poor below 20 oC (68 oF) (Sarig, 1969; 

Morgan, 1972; Caulton, 1982; Mires, 1995; Stickney 1979; Abdel-hakim et al., 2002 and Abdel-

hamid, 2009).   

During this experiment, water quality parameters measured (dissolved oxygen, pH, 

temperature, salinity and ammonia) were within the recommended range for Nile tilapia growth and 

development.  

The 28% CP-AA diet caused the ammonia level in the raceways to increase, which may have 

occurred because of excess nitrogen generated from the amino acids in the diet, but it was not 

significant (P>0.05) from the ammonia levels of the other raceways. The findings indicate that the 

experimental diets had no negative effect on the water quality of the raceways.  

8.8.6 Fish size class 

 No significant differences were recorded for fish sizes among the experimental diets. This 

indicates that tilapia diets with dietary protein ranging from 28% to 40% should yield fish of similar 

sizes and performs as well as the commercial diet (control) with 32% dietary protein content. 

8.8.7 Returns based on feed utilization and farm gate prices 

It was found that the 28% CP diet had the best average and high returns when compared to 

the other experimental diets, based on the FCR and farm gate tilapia prices (Table 11).  Although, 

the 40% CP diet had the best FCR and weight gain per day; the cost per kilogram of the diet was 

higher than the other diets and will result in least returns during periods of average and high tilapia 

demand. 
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Increasing dietary protein levels is not always associated with significant increase in growth 

rate (El-Saidy and Gaber, 2005), but the high-protein diets add costs to production due to rising 

prices on fish meal and alternative protein sources (Rana et al., 2009).  

Providing adequate energy with dietary lipids can minimize the use of more costly protein as 

an energy source (Lee and Putnam, 1973; and Watanabe, 1977). According to Charles et al. (1984) 

fish size and production in aquaculture determine the price, which in turn depends on growth and 

feed. 

In order for a farm to be profitable, feeds must perform well at a reasonable cost. The cost of 

feed per unit fish production usually has an impact on the profit margin and can be achieved by 

comparing feed records and growth rates. An estimate of cost per unit production should be 

conducted on a regular basis during the production cycle to ensure profitability.  
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8.9 Conclusion 

 The experimental diets (28% CP-AA, 28% CP and 40% CP) in this research performed 

similar to the control diet (32% CP) as it relates to fish growth. This experiment conducted on a 

commercial scale at an operating farm found that feeding tilapia the lowest protein level diets (28% 

CP) resulted in higher biomass gain per raceway, biomass gain per fish and significantly higher PER 

when compared to the control diet (32% CP). This diet also had the second best FCR value and 

most importantly higher returns based on its FCR when compared to the control diet (32% CP). 

Feed costs are the largest operation cost in aquaculture and its importance is increasing as it 

relates to the intensity of production. The feed formulation, quality of ingredients and composition 

may influence the ability of tilapia to reach their full growth potential. Therefore, the optimization of 

feed formulations may reduce costs and increase productivity, which may improve the profit margin 

on a commercial farm.  
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