
8/1/2023 Algae shows promise as alternative DHA source in rainbow trout diets - Responsible Seafood Advocate

https://www.globalseafood.org/advocate/algae-shows-promise-as-alternative-dha-source-in-rainbow-trout-diets/?headlessPrint=o.(*… 1/6

Health &
Welfare

Algae shows promise as alternative
DHA source in rainbow trout diets

2 July 2014
By Dr. Kyla M. Zatti , Chuyuan Zhang , Cláudia Figueiredo-Silva , Dr. Andreas Lemme  and Dr. Murray
D. Drew

Increasing lipid digestibility could enhance DHA retention
and DHA content in �sh products

The rapid growth in the aquaculture industry has put pressure on demands for feed ingredients from
marine origins, particularly �sh oil. Since the world’s total production of �sh oil is static, and global
demand for aquafeeds exceeds the available supplies, alternatives to �sh oil need to be considered.

Due to the availability and lower cost of oilseed crops, vegetable oils appear to be a logical replacement
for �sh oil in feed. However, while �sh oil is an excellent source of omega-3 long-chain polyunsaturated
fatty acids (LC-PUFAs), most vegetable oils are relatively poor sources of these fatty acids and in
particular are devoid of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).

Studies have shown that replacement of �sh oil with vegetable oils in salmonid diets signi�cantly
lowered the composition of EPA and DHA in �sh tissues, thereby compromising the nutritional and
bene�cial health properties of consuming the �sh. Therefore, the replacement of �sh oil with vegetable
oils while maintaining adequate levels of EPA and DHA in �sh products remains a signi�cant challenge
for the industry.

(https://www.globalseafood.org)

https://www.globalseafood.org/
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Microalgae
A more promising �sh oil replacement is microalgae. Rich in omega-3 fatty acids, microalgae are
single-celled organisms that range in size from a few micrometers to a few hundred micrometers. They
have the ability to produce EPA and DHA and are the primary source of these lipids in marine
environments.

(https://events.globalseafood.org/responsible-seafood-summit)

The growth trial evaluated the use of DHA-rich algae biomass to increase the fatty acid content of
rainbow trout tissues.

https://events.globalseafood.org/responsible-seafood-summit
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Of the estimated 30,000 species of microalgae, only a few hundred have been investigated for their
chemical compositions. Only a few are currently of commercial signi�cance as nutritional supplements
in human and animal nutrition and for use in cosmetics and biofuel production. Currently, microalgae
are used in aquaculture as pigments and as an LC-PUFA source in larval feeds for mollusks, shrimp and
abalone. More recently, the omega-3 content of microalgae has been of particular interest as a potential
�sh oil replacement.

Trout trial
In research by the authors conducted at the Prairie Aquaculture Research Centre to evaluate the
potential of algae biomass as an alternative DHA source in aquafeed, triplicate groups of rainbow trout
with individual body weights of about 70 g were set up in a randomized 84-day trial in which the �sh
were fed one of four diets. The control diet (F.O.) was based on �sh oil as a source for key fatty acids. In
diet C.O., �sh oil was replaced with canola oil. Diet FO+CO had equal amounts of �sh oil and canola oil,
while diet CO+A contained a 70:30 blend of canola oil and an algae product with 12.5 percent DHA.

The diets were formulated to contain 386.2 g/kg digestible crude protein and 17.58 MJ/kg digestible
energy, and met all other nutrient requirements of rainbow trout. Canola oil was added to balance the
diet for digestible energy, and the CO+A and the CO+FO diets were formulated to contain the same level
of DHA. The �sh were fed twice daily to visual satiety, and feed intake was measured weekly.

Before the experiment, six �sh were selected at random from the whole population to determine initial
whole body fatty acid content. The �sh were randomly collected, killed, pooled and homogenized for
analysis. After the last day of feeding, three �sh from each tank were randomly processed in the same
manner.

Results
Partial or total replacement of �sh oil with canola oil or a blend of canola oil and algae had no
signi�cant effect on trout growth performance (Table 1). As expected, the whole body fatty acid
composition of �sh generally re�ected that of the diets. Whole body lipid content and lipid retention
e�ciency were not signi�cantly affected by the feed treatments (Table 2).

Zatti, Mean growth performance data of rainbow trout,
Table 1

Parameter Diet
C.O.

Diet
F.O.

Diet
CO+FO

Diet
CO+A

Standard
Error

P
Value

Initial weight (g) 68.5 70.6 66.7 70.5 2.837 0.73

Final weight (g) 216.9 230.0 209.7 220.6 10.529 0.61

Average daily gain (g) 1.8 1.9 1.7 1.8 0.132 0.78

Feed intake (g/�sh) 198.5 201.1 181.6 204.6 5.340 0.60

Speci�c growth rate
(%/day) 1.4 1.4 1.4 1.4 0.078 0.97

Feed-conversion ratio 1.4 1.3 1.2 1.4 0.085 0.62

Table 1. Mean growth performance data of rainbow trout fed different diets.
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Zatti, Body content and retention e�ciency, Table 2

The sources of oil did not signi�cantly impact the �nal lipid contents of the �sh (P = 0.11). Whole body
EPA and DHA contents were higher with �sh oil-based feed than in the other dietary treatments, but
similar between the CO+FO and CO+A groups, suggesting that algae can effectively supply omega-3
fatty acids. Also interesting was the fact that total or partial replacement of �sh oil with canola oil or
the canola blends enhanced alphalinolenic acid content, mainly due to the high level of the fatty acid in
these diets.

There was no signi�cant difference in total lipid retention among the dietary treatments. Apparent
retention of total lipid ranged from 67.8 to 77.7 percent, suggesting that about 22 to 32 percent of the
lipid was used for energy. There was a trend (P = 0.09) toward higher retention of EPA in the C.O. and
CO+A �sh compared to the other two groups.

Furthermore, the retention of EPA in �sh in the C.O. and CO+A treatments was over 100 percent,
indicating a net synthesis of this fatty acid. Fish that received the diet with canola oil only had
signi�cantly higher DHA retention than �sh fed the other three diets. As expected, EPA was less
e�ciently retained than DHA in the bodies of the rainbow trout.

Perspectives
The replacement of �sh oil and particularly DHA in aquaculture diets is one of the central problems
threatening to constrain the growth of aquaculture. Although feeding diet with canola oil and algae in
this trial resulted in lower DHA content and poorer DHA retention than those in �sh that received the �sh

Parameter Diet
C.O.

Diet
F.O.

Diet
CO+FO

Diet
CO+A

Standard
Error

P
Value

Content (mg/g)

Total lipid 150.90 122.30 117.00 146.30 6.12 0.11

Alpha-linolenic acid 1.39c 4.03b 4.09b 7.23a 0.66 < 0.01

Eicosapentaenoic
acid 11.63a 2.09b 3.43b 1.92b 1.22 < 0.01

Docosahexaenoic
acid 16.44a 5.26b 7.50b 8.68b 1.25 < 0.01

Retention (%)

Total lipid 77.70 67.80 68.80 77.30 3.82 0.76

Alpha-linolenic acid 48.40 22.20 42.70 43.50 4.34 0.12

Eicosapentaenoic
acid 55.30 145.10 21.10 109.30 19.41 0.09

Docosahexaenoic
acid 111.50b 688.90a 66.50b 72.70b 101.16 0.02

Table 2. Body content and retention e�ciency of lipid and major omega-3s in trout after 84 days.
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oil diet, algae has the potential to replace �sh oil in canola-oil-based diets. Fish fed the CO+A feed had
�nal DHA content and apparent DHA retention similar to �sh that received the CO+FO diet, while growth
performance was not compromised.

Increasing the lipid digestibility of algae could likely further enhance DHA retention and DHA content in
�sh products. Extracting oil could be a possible approach to achieve greater digestibility from the algal
product, but this would increase the costs of using algae oil signi-�cantly. Since extrusion of �sh feed
can increase the digestibility of nutrients, a further recommendation would be to determine the optimal
extrusion parameters required to maximize the digestibility of the algae/canola oil feed.

(Editor’s Note: This article was originally published in the July/August 2014 print edition of the Global
Aquaculture Advocate.)
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