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Farming improved tilapia strains a more economically
viable and environmentally friendly option
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Freshly chilled red tilapia are sold at a 40 percent higher price than
black tilapia of similar size at a hypermarket in Malaysia.

Traditionally, fish oil has been the major dietary lipid source used in commercial fish feeds, including
tilapia feeds. As global fish oil production is stagnating, increasing demand has inflated prices and
necessitated the use of alternative lipid resources in aquafeeds. Vegetable oils are viable alternatives,
as they are readily available and their production is sustainable and more cost-effective than for fish
oil.

Several studies have reported that vegetable oil can partially or fully replace fish oil in fish diets without
compromising growth performance in a variety of species as long as their essential fatty acid
requirements are met. However, vegetable oils do not contain the omega-3 long-chain polyunsatured
fatty acids (LC-PUFAs) known to be beneficial to human health.

Since it is generally known that dietary fatty acid composition is reflected in the farmed fish fillets, the
modification of the fatty acid profiles of fillets from fish fed vegetable oil sources is likely the most
stringent constraint of fish oil replacement in aquafeed. It is therefore not surprising that there is great
interest in understanding the capabilities of farmed fish in bioconverting the two basic 18:2 and 18:3
omega-3 essential fatty acids commonly present in vegetable oils into the longer-chain and more
unsaturated fatty acids of the omega-6 and omega-3 classes, respectively.

Feeding trial

The authors previously showed that the genetically improved farmed tilapia (GIFT) strain of Nile tilapia
was more efficient in utilizing dietary protein compared to red hybrid tilapia. Lipid digestibility was also
slightly higher for the GIFT tilapia.

Recently, the authors conducted a study to determine if the improved growth performance of the GIFT
strain is also related to differences in the overall efficiency of their fatty acid metabolism, and whether
tilapia genotypes play a role in the ability of the fish to utilize dietary fatty acids. The authors were also
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interested in estimating the fishes’ capability to produce long-chain polyunsaturated fatty acids (LC-
PUFAs) from dietary linoleic acid (18:2 omega-6) and alpha-linolenic acid (18:3 omega-3).

The authors conducted a feeding trial using the GIFT strain of Nile tilapia developed by the WorldFish
Center and red hybrid tilapia. The fish received semipurified diets based on fish oil or blended vegetable
oil for 14 weeks.

The vegetable oil-based feed was formulated using 15 percent olive oil, 15 percent sunflower oil, 30
percent linseed oil and 40 percent refined, bleached, deodorized palm olein, which was added at a level
of 10 percent of the total diet. The fatty acid composition of the diet was formulated to mimic the
major fatty acid classes of the fish oil diet.

LC-PUFAs were completely absent in the vegetable oil diet. Eicosapentae-noic acid (EPA, 20:5 omega-3)
and docosahexanoic acid (DHA, 22:6 omega-3) were the main omega-3 PUFAs in the fish oil diet, while
the omega-3 PUFA content of the vegetable oil diet was solely provided by 18:3 omega-3.

Results

Results showed that the blended vegetable oil could totally replace fish oil as the dietary lipid source for
tilapia without negatively impacting (P > 0.05) growth performance. GIFT tilapia fed the fish oil or
vegetable oil diets contained 9.41 and 9.61 grams lipid/100 grams, respectively. This was significantly
higher than the lipid content observed in red hybrid tilapia fed the same diets.

Tilapia fed the diet with vegetable oil and no PUFAs longer than C18 accumulated significant amounts
of omega-6 and omega-3 LC-PUFAs. Specifically, total omega-3 LC-PUFA content was over 24 mg/gram
of lipid — about double the amount found in the initial fish.

The DHA content in the tilapia fed the vegetable oil diet (GIFT, 113 mg/100 grams; red hybrid tilapia, 85
mg/100 grams) was approximately a third of that in fish fed the fish oil diet (GIFT, 321 mg/100 grams;
red hybrid tilapia, 335 mg/100 grams). However, arachidonic acid (ARA, 20:4 omega-6) content was
slightly higher in tilapia fed the vegetable oil-based diet.

At harvest, GIFT and red hybrid tilapia fed the diet with blended vegetable oil contained 127 mg and 96
mg EPA+ DHA/100 grams, respectively which still represented significant amounts of these benéeficial
omega-3 fatty acids for human consumers. Within the broader context of the perceived impacts of
aquaculture on global omega-3 LC-PUFA supply and availability, the present results indicated that
tilapia farming can be a net producer of omega-3 fatty acids. This bodes well for the farming of tilapia,
which is already often seen as an environmentally friendly farmed species.
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Genetically improved Nile tilapia are more efficient net producers of
long-chain polyunsaturated fatty acids and better able to utilize non-
marine dietary lipid sources.

Fatty acid metabolism

Irrespective of dietary treatment and genotype, all fish showed an active ex novo production
(liponeogenesis) of saturated and monounsaturated fatty acids. In fish fed the vegetable oil diet, the
fatty acid neogenesis recorded in GIFT tilapia was three-fold higher than in red hybrid tilapia, while the
beta-oxidation of saturated and monounsaturated fatty acids was 1.7-fold lower.

Therefore, it seems GIFT tilapia may require higher tissue contents of saturates and monoenes than red
hybrid tilapia and are achieving this by increasing fatty acid neogenesis and, at the same time, partially
reducing the oxidation of these needed fatty acids. Providing improved strains of farmed tilapia with
higher dietary levels of saturated and monounsaturated fatty acids may result in improved growth
performance and feed utilization.

Bioconversion

The diet with blended vegetable oil led to higher apparent in vivo fatty acid beta-oxidation compared to
the fish oil diet, irrespective of genotype. This was basically due to the significantly higher oxidation of
18:3 omega-3 and 18:2 omega-6, which were abundantly supplied with the diet and oxidized to supply
dietary energy. However, some of the dietary 18:3 omega-3 and 18:2 omega-6 was bioconverted into
more physiologically important LC-PUFAs.

The tilapia showed quite efficient 18:3 omega-3 bioconversion up to the production of DHA. Tilapia fed
the vegetable oil diet recorded efficient delta-6 and delta-5 desaturation and elongation of both omega-
3 and omega-6 PUFAs. GIFT tilapia exhibited the more abundant fatty acid bioconversion activities of
both fatty acid classes (Fig. 1).
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Fig. 1: Apparent in vivo desaturation, elongation and beta-oxidation
for 18:2 n-6 and 18:3 n-3 in tilapia fed a fish oil or blended vegetable oil
diet for 14 weeks. Different letters indicate statistical significance.

In tilapia fed the vegetable oil diet, the bioconversion of 18:2 omega-6 to longer and more unsaturated
fatty acid was quite efficient, resulting in similar final content of arachidonic acid in tilapia fed the fish
oil diet, which provided a dietary source of this fatty acid. The GIFT tilapia fed the vegetable oil diet had
higher contents of ARA, EPA and DHA than red hybrid tilapia.

Dietary lipid source significantly contributed to higher apparent in vivo delta-6 desaturase and elongase
activity on 18:2 omega-6 and 18:3 omega-3, with fish fed the vegetable oil diet having significantly
higher activities (Fig. 1). Delta-6 desaturase activity on 18:2 omega-6 and 18:3 omega-3 was
significantly higher in GIFT tilapia compared to red hybrid tilapia. In fish fed the fish oil diet, the dietary
supply of 18:3 omega-3 was minimal, and thus the majority of delta-6 desaturation acted on 18:2
omega-6.

Perspectives

Overall, total fatty acid beta-oxidation and delta-5 and delta-6 desaturation were higher in fish fed the
diet with vegetable oil compared to values for fish on the fish oil diet. Independently from the diet, GIFT
tilapia showed significantly better and more efficient fatty acid neogenesis and bioconversion activities
compared to red hybrid tilapia.

This observation, coupled with the ever-increasing need for replacing fish oil in aquafeed formulations,
further reinforces the zootechnical advantages of culturing these improved Nile tilapia strains.
Therefore, the farming of improved tilapia strains is not only a more economically viable option, but
also a more environmentally friendly one, as the cultivation of these tilapia strains may rely less heavily
on marine-derived raw materials for aquafeed production.

Editor’s Note: This article was based on a paper published in the journal Aquaculture (20717).

(Editor’s Note: This article was originally published in the March/April 2011 print edition of the Global
Aquaculture Advocate.)
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