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FISH OIL REPLACEMENT

• Aquaculture uses most of the world’s fish oil

• Fish oil is a high quality source of energy and LC-PUFAs

• Price and availability are issues

• Increased demand for alternative oil sources (e.g. soybean oil, linseed oil)

• Dietary fatty acids usually reflect tissue fatty acids composition

Fatty acids
Oils

Fish oil Linseed oil Soybean oil

18:2n-6 (Linoleic acid) 0.6 12.7 51.0

18:3n-3 (α Linolenic acid) 0.4 53.3 6.8

20:4n-6 (ARA) 0.4 - -

20:5n-3 (EPA) 8.1 - -

22:6n-3 (DHA) 4.8 - -

Source :NRC (2011)

Presenter
Presentation Notes
We used to be really dependent on wild fisheries but we get now over 50% from aquaculture production. 
Fish oil has been an essential ingredient in aquaculture field since we started feeding fish. Fish oil  
in present-day aquaculture, because of environmental and economic consideration, there is an ever increasing utilization of alternatives to substitute marine ingredients, with fish oil commonly being replaced by vegetable oils. 
There are a lot of studies looking at the effects of substituting different oil sources for fish oil because we know fish oil is going to be a limiting ingredient. No matter what source of oil you use, fish all grew fine. So now scientists realize that changing the amount of omega 3 in fish possibly can change the potential health benefits for human. 




Freshwater Fish

Marine Fish

EPA, DHA H. Shmeeda, Am J Physiol Regulatory Integrative Comp Physiol 283, 392 (2002)

PUFA

HUFA

• PUFA : Poly unsaturated Fatty Acids       C≥18 and double bond ≥2
• HUFA : Highly unsaturated Fatty Acids   C≥ 20 and double bond ≥2

Human

linoleic acid (LA) 

α-linolenic acid (ALA)

linoleic acid (LA) 

α-linolenic acid (ALA)

ESSENTIAL FATTY ACIDS



CURRENT RESEARCH PROJECTS

Study 1.
Balancing dietary lipid and cholesterol to increase fillet omega-3

deposition in rainbow trout fed a soy-based diet.

Study 2.
Evaluation of Cargill omega-3-fortified canola oil as a fish oil

substitution fed to rainbow trout (Oncorhynchus mykiss)

Presenter
Presentation Notes
In mammals, the availability of dietary cholesterol has been shown to affect the fatty acid metabolism [15–18], however, there have been only a few studies investigating dietary supplementation of cholesterol in fish feed. These were all implemented using diets containing abundant levels of fish oil,



CURRENT RESEARCH PROJECTS (STUDY 1)

Study 1.
Balancing dietary lipid and cholesterol to increase fillet omega-3

deposition in rainbow trout fed a soy-based diet.

Objective:
• To determine if dietary cholesterol in different ratio of soybean oil /

linseed oil can manifest any effect on growth, feed utilization

performance, and fatty acid metabolism in rainbow trout

Presenter
Presentation Notes
There are a lot of studies looking at the effects of substituting different oil sources for fish oil because we know fish oil is going to be a limiting ingredient. No matter what source of oil you use, fish all grew fine. So now scientists realize that changing the amount of omega 3 in fish possibly can change the potential health benefits for human. 
In mammals, the availability of dietary cholesterol has been shown to affect the fatty acid metabolism [15–18], however, there have been only a few studies investigating dietary supplementation of cholesterol in fish feed. These were all implemented using diets containing abundant levels of fish oil,




Soybean oil Linseed oil
300mg / 100g 700mg / 100g

PHYTOSTEROL

CHOLESTEROL
• Cholesterol is a sterol, present in cell membrane and brain

• Precursor for all steroid

• 80% of the liver cholesterol converted to bile acids

• Cholesterol comes from two sources (diet & liver)

• Requiring 18 acetyl-CoA, 18ATP, 16NADPH and 4O2 molecules

• Regulate FA metabolism by stimulating fatty acid β-oxidation and the conversion of

ALA to DHA (Norambuena et al., 2013)

• “Plant sterols”

• Inhibits intestinal cholesterol absorption

CURRENT RESEARCH PROJECTS (STUDY 1)

Presenter
Presentation Notes
This slide shows you the importance of cholesterol not only for human but also in fish. So most of the time you probably only hear bad things about cholesterol, but the body actually needs it to function properly. It is used to make all of the cells of our body and is used to make steroid hormones such as estradiol vitamin D cortisol.. and cholesterol comes from two sources, the food you eat and your liver. Roughly 85% of cholesterol is synthesized in your body and rest of it come from your diet and most of cholesterol is reabsorbed from intestine. And 80% of the liver cholesterol is converted to bile acids that break down the fat molecules. Another important role of cholesterol in fish is that cholesterol regulate FA metabolism by stimulating fatty acid B-oxidation and the conversion of ALA to DHA. 
Bigggest challenge has been associated with the fact that plant proteins are very different. Basically, most plants play defense. Plants don’t want animals to eat their seed or eat their product so they evolved their mechanisms to either make the material taste bad to affect their metabolism or their digestive capacity. Phytosterol is one of them. Phytosterols, also known as plant sterols, lower blood cholesterol level. Like I mentioned, roughly 90% of cholesterol is reabsorbed from intestine but this phytosterol inhibits intestinal cholesterol absorption. Soy oil contains 300mg/100g of phytosterol and linseed oil contain almost twice more phytosterol that soy oil has. Without phytosterol, cholesterol is absorbed from the intestine into the blood stream but with phytosterol, this plant sterols block cholesterol from being absorbed into the blood stream and more is removed from the body.  
It can be argued that current aquafeeds, being low in cholesterol content, are forcing cultured fish to constantly produce cholesterol;
but an important consideration is that cholesterol biosynthesis is a rather expensive metabolic exercise, requiring 18 acetyl-CoA, 18
ATP, 16 NADPH and 4 O2 molecules per molecule of cholesterol produced [27].





DIET
Main ingredients (%)

Animal
protein

Plant 
protein Fish oil Soy oil Linseed 

oil Cholesterol

Diet 1 (Control) 100 - 100 - - -
Diet 2 (FO100) -

100

100 - - -
Diet 3 (SO100) - - 100 - -
Diet 4 (SO100+CHOL) - - 100 - 0.14
Diet 5 (SO75/ LO25) - - 75 25 -
Diet 6 (SO75/ LO25+CHOL) - - 75 25 0.14
Diet 7 (SO50/ LO50) - - 50 50 -
Diet 8 (SO50/ LO50+CHOL) - - 50 50 0.14
Diet 9 (SO25/ LO75) - - 25 75 -
Diet 10 (SO25/ LO75+CHOL) - - 25 75 0.14
Diet 11 (LO100) - - - 100 -
Diet 12 (LO100+CHOL) - - - 100 0.14

STUDY DESIGN (STUDY 1)

Presenter
Presentation Notes
This is the design of study. 12 diets were formulated to identify the best ratio of soy and linseed oil and with and without cholesterol. Dietary cholesterol supplementation will be at a level of 0.14 % of diet to mimic the amount of cholesterol in fish oil based diet which is diet 2. 




• Initial weight : 18.8 ± 0.3g (mean ± SD)
Donaldson X USDA-UI selected strain

• 25 fish / 145-L tank, triplicates
• Flow-through system, 15℃ spring water
• Apparent satiation (2 times/day) for 12 weeks
• Fish were batch-weighed every three weeks

EXPERIMENTAL CONDITION (STUDY 1)

Presenter
Presentation Notes
Experimental condition Two different trout strains were used for this study.
The initial body weight was 18.8 g.
Stocking density is 25 fishes per 145 liter tank in triplicate groups.
The feeding trial is being conducted in a flow through system with 15 degree celcius spring water.
Fish are fed two times a day with the apparent satiation feeding for 12 weeks. 
Fish will be batch-weighed every three weeks




GROWTH RESULTS (STUDY 1)

a
a

b b
b

b b b b b
b

a

180

185

190

195

200

205

Weight Gain (g / fish)

0.40
0.50
0.60
0.70
0.80
0.90
1.00
1.10

FCR

• The weight gain of fish fed diet FM/FO, PM/FO or LO100+C 
was greatest (P< .05).

• FCR was similar among dietary treatment groups (P> .05).  



Study 2.
Evaluation of Cargill omega-3-fortified canola oil as a fish oil

substitution fed to rainbow trout (Oncorhynchus mykiss)

Objective:
• To provide an evaluation of the omega-3-fortified canola oil in trout

feeds and specifically the effects on trout performance, and EPA and

DHA tissue composition over a complete production cycle.

CURRENT RESEARCH PROJECTS (STUDY 2)

Presenter
Presentation Notes
The ultimate objective is to formulate feeds that not only support early growth, but improve long-term health and survival of the fish, and result in a product that meets the needs of consumers. 



OMEGA-3-FORTIFIED CANOLA OIL

• Plant-based source of n-3 LC-PUFA via a genetically modified canola oil.

• EPA : DPA : DHA ratio of 9.9 : 2.4 : 1.5

• More sustainable solution to using fish oil-based aquafeed

CURRENT RESEARCH PROJECTS (STUDY 2)

Fatty acids
Oils

Fish oil Omega-3 fortified 
canola oil

20:5n-3 (EPA) 16.0 9.13

22:5n-3 (DPA) 0.98 2.28

22:6n-3 (DHA) 8.99 0.91

EPA+DPA+DHA 25.9 12.3



Ingredient (%)
Diets

Diet 1
FO 6.4 / CO 0

Diet 2
FO 3.2 / CO 8

Diet 3
FO 0 / CO 16

Fishmeal sardine 20 20 20
Poultry by-product meal 12.5 12.5 12.5
Soybean meal 11.5 11.5 11.5
Soy protein concentrate 5.5 5.5 5.5
Wheat gluten meal 1.5 1.5 1.5
Corn protein conc, 75% 13.5 13.5 13.5
Wheat flour 16.2 16.2 16.2
Dicalcium phosphate 1.4 1.4 1.4
Trace mineral mix 0.1 0.1 0.1
Vitamin Premix, ARS 702 1.0 1.0 1.0
Choline chloride 0.6 0.6 0.6
Stable C (35%) vitamin 0.2 0.2 0.2
Fish oil 6.43 3.21 -
Poultry fat 9.57 4.79 -
Omega-3 canola oil - 8.00 16.0
Nutrients (% as-fed basis)

Protein 46.7 46.7 46.7
Fat 20.3 20.3 20.3
Gross energy (kcal/kg) 5452 5451 5450
C20:5n:3 (EPA, %) 1.25 1.47 1.69
C22:6n:3 (DHA, %) 0.81 0.59 0.38
EPA + DHA (%) 2.06 2.06 2.06

STUDY DESIGN (STUDY 2)

Presenter
Presentation Notes
This is the design of study. 12 diets were formulated to identify the best ratio of soy and linseed oil and with and without cholesterol. Dietary cholesterol supplementation will be at a level of 0.14 % of diet to mimic the amount of cholesterol in fish oil based diet which is diet 2. 




Diets
Diet 1

FO 6.4 / CO 0
Diet 2

FO 3.2 / CO 8
Diet 3

FO 0 / CO 16

Weight Gain (g / fish) 154 152 154

Feed per fish (g DM/fish) 119 119 120

Feed Conversion Ratio 0.94 0.95 0.95

Specific Growth Rate (% / d) 2.69 2.68 2.69

Survival (%) 100 97.5 100

12-WEEK GROWTH RESULTS (STUDY 2)



Thank you for 
your attention!
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