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Blending with alternative fats can meet nutritional requirements of
marine species

Continued reliance on marine feedstuffs for aquafeed production has been an ongoing issue relative to the continued
growth and long-term sustainability of the aquaculture industry. Although aquaculture’s demand for fishmeal continues to
grow, the United Nations Food and Agriculture Organization’s 2008 State of World Fisheries and Aquaculture stated: “Given
the difficulty in replacing fish oils ... it is clear that competition for fish oil is likely to be a more serious obstacle for some
sections of the aquaculture industry.”

Fish oil replacement in diets has proven somewhat difficult for salmonids and marine finfish, which collectively consume
more than 80 percent of all fish oil used in aquafeeds. Most taxa in these categories have high energy demands, but are
relatively intolerant of carbohydrates as sources of dietary energy. Further compounding the problem of higher lipid
demand, most of these taxa exhibit dietary requirements for long-chain polyunsaturated fatty acids (LC-PUFAs)
arachidonic acid, eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA), in addition to the essential fatty acids
linolenic acid (LNA) and alpha linolenic acid.

Although alternative sources of LC-PUFAs, such as fungal and algal oils and meals, are being developed and increasingly
commercialized, at present, fish oil is the most practical source of LC-PUFAs for aquafeeds. As a result, the levels of fish
oil used in feeds for marine carnivores remain high. For cobia, for example, typical feed formulations contain 5to 15
percent lipid, primarily in the form of fish oil.

Through blending with alternative fats and oils, however, it may be possible to meet the high demands of carnivorous
marine fish while reducing inclusion rates for fish oil in aquafeeds intended for these taxa.
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As a marine carnivore with high growth rates, cobia are considered a species for which replacement of fish
oil in diets may be difficult. But after six weeks of culture, most production performance criteria were
unaffected by fish oil sparing with soybean oil.

Fish oil spared with soybean oil

To this end, the authors evaluated the effects of graded substitution of dietary fish oil with soybean oil in feeds for juvenile
cobia cultured in a recirculation aquaculture system. The test feeds contained 100, 67, 33 and 0 percent fish oil (Table 1).
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Table I. Experimental feed formulation and composition
(% dry matter). Fatty acid composition values expressed
as relative percentage fatty acid methyl esters.

100% 67% 33% 0%
Ingredient Fish Oil Fish Oil Fish Qil Fish Qil

Menhaden fishmeal 49.5 49.5 49.5 495
Wheat bran 288 28.8 288 288
Comn gluten meal 150 15.0 150 150
Menhaden fish oil 3.6 24 1.2 0
Soybean oil 0 1.2 24 36
Carboxymethyl cellulose 20 20 20 20

Micronutrient premixes 1.1 1.1 Il 1.1

Proximate Composition

Dry matter 9038 90.6 90.6 922
Protein 488 49.6 48.6 4838
Lipid 10.6 1.3 121 122
Ash 132 13.0 13.1 130
Fatty Acid Composition
140 73 63 5.4 44
160 222 212 202 192
180 4.0 41 42 42
Total SFAs 339 319 300 282
16:1n-7 9.2 78 6.5 53
18:In-7 28 26 24 22
18:In-9 9.7 1.3 130 14.6
Total MUFAs 228 228 227 228
16:2n-4 1.2 Il 09 08
16:3n-4 1.4 12 1.0 09
18:2n-6 14 17.5 235 292
20:4n-6 1.2 1.0 0.9 0.8
n-6 132 19.1 244 303
18:3n-3 1.7 24 3.1 3.7
18:4n-3 20 1.7 1.3 09
20:4n-3 Il 09 0.7 05
20:5n-3 104 88 73 58
22:5n-3 21 1.7 1.4 Il
22:6n-3 9.5 78 6.2 4.7
n-3 270 235 20.1 168
Total PUFAs 43.3 453 472 49.0
Total LC-PUFAs 245 20.6 16.8 13.1
Total MC-PUFAs 159 222 283 342
n-3:n-6 20 1.2 08 06

SFAs = saturated fatty acids, MUFAs = monounsaturated fatty acids, MC-PUFAs = medium-chain polyunsatu-
rated fatty acids, LC-PUFAs = long-chain polyunsaturated fatty acids.

Table 2. Production performance by dietary treatment,
L.S.-means * standard error. Means with common letters
are not significantly different.

100% 0% P
Parameter Fish Qil Fish Oil value
Survival (%) 100 100 100 100 -
Intial 61.50 + 1.40 62.50 + .40 61.80 + 1.40 63.50 = 1.40 0.74
weight (g)
Final 16750 + 3802 | 16350+ 380% | 15730 +3.80* | 14680 +3.80° | 002
weight (g)
Weight 17200 £ 9.00 | 162.00 £ 9.00 155.00 £ 9.00 132,00 £+ 9.00 0.06
gain (%)
Specifc 239 £ 009 229 £ 009 222+ 009 1.99 £ 0.09 0.06
growth rate
(% body
weight/day)
Feed intake 345+ 0.09° 345 +£0.09°® 3234009 %® 299 +009°® 0.02
(% body
weight/day)
Feed- 1.39 £ 003 1.45 £ 0.03 1.40 = 0.03 146 £ 0.03 0.44
conversion
ratio

As a marine carnivore exhibiting high growth rates, cobia are considered a species for which fish oil replacement may be
difficult. But after six weeks of culture, most production performance criteria were unaffected by fish oil sparing with
soybean oil (Table 2). Differences were observed for final individual weight, individual consumption and feed intake, but
only the 0 percent fish oil dietary treatment group was statistically distinct from the 100 percent fish oil control group.

The estimated and analyzed compositions of the experimental feeds suggested essential fatty acids deficiency may have
been a causal factor in the differential production performance observed. The slight, though significant, reduction in feed
intake suggested acceptance of the feed without fish oil might have also been a contributing factor.

Although fish may be able to differentiate between feeds based on lipid content, it is assumed that reduced intake is a
consequence of nutritional inadequacy, not palatability per se. This is the most likely explanation of the results.
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Although there appeared to be a slight preference for the 100 percent fish oil and 67 percent fish oil feeds from the
beginning (suggesting palatability issues), intake and consumption of the 33 percent and 0 percent fish oil feeds
continued to decline over time (suggesting progressive dietary utilization issues or deficiency states). Using growth as the
most responsive criterion of performance, analysis indicated 1.9 percent EPA and DHA is needed in the diet to maintain
growth in juvenile cobia.

Although production performance was relatively robust, cobia fillet fatty acid composition was greatly altered by dietary
inclusion of soybean oil. As increasing amounts of fish oil were replaced, soybean oil-associated fatty acids became
enriched within the fillet. This was not surprising, given the well-established paradigm of diet as the primary determinant
of tissue fatty acid composition in fish.

It appears that cobia are somewhat unique in terms of how they metabolize and traffic certain fatty acids. Specifically,
cobia appear to demonstrate preferential inclusion of oleic acid in their fillet lipids across a broad range of dietary
concentrations. Conversely, LNA began to be excluded from the fillet lipids at higher dietary concentrations.

In other species, LNA has been shown to “outcompete” other fatty acids for deposition within fillet lipids, whereas oleic
acid was only “passively” included at levels mirroring dietary content. These apparent distinctions between cobia and
other fish suggest LNA-rich lipids may be more suitable for cobia than originally anticipated, whereas oleic acid-rich lipids
may be less useful.

Perspectives

Soybean oil can replace a substantial amount of fish oil in aquafeeds for cobia. Production performance is largely
unaffected by partial replacement of fish oil with soybean oil, though tissue fatty acid composition is significantly altered,
even at low levels of fish oil substitution. However, juvenile cobia appear to exhibit a dietary requirement for intact LC-
PUFA.

Several apparent distinctions in fatty acid metabolism in this species have potential importance for feed formulation and
manipulations of tissue composition and quality, and merit further research.

Editor’s Note: This article was derived from a paper by the authors that was recently accepted for publication in
Aquaculture Nutrition.

(Editor’s Note: This article was originally published in the July/August 2010 print edition of the Global Aquaculture
Advocate.)
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