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Aquafeeds

In�uence of eating habits and habitats
on omega-3 composition and growth
in farmed �sh
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Freshwater and herbivorous �sh growth is less a�ected by
low PUFA dietary levels
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Omega-3 long-chain polyunsaturated fatty acids (n-3 LC-PUFAs) such as eicosapentaenoic acid (20:5n-
3, EPA) and docosahexaenoic acid (22:6n-3, DHA) offer protective bene�ts against various pathological
conditions, including atherosclerosis, obesity, in�ammation and autoimmune diseases. Marine �sh and
seafood are the primary sources of omega-3s in the human diet. However, the inclusion of �sh oil in
aquafeeds is declining due to limited availability, �uctuating prices, and sustainability concerns.

Due to limited availability, �uctuating prices, and sustainability concerns, the aquaculture sector is
increasingly replacing �sh oil with vegetable oil in aquafeeds. To comprehensively explore the
dependence of growth performance and n-3 LC-PUFA composition on dietary n-3 LC-PUFA levels in
cultured �sh with varying feeding habits (herbivorous, omnivorous, and carnivorous) and habitats
(marine and freshwater), we employed a Bayesian meta-analysis (a type of statistical inference that
views probabilities as the likelihood of an event happening) to quantitatively analyze data from 81
selected studies from the published literature.

This article – summarized (https://creativecommons.org/licenses/by/4.0/) from the original
publication (https://doi.org/10.3390/ani14142118) (Wu, Y. et al. 2024. Bayesian Meta-Analysis:
Impacts of Eating Habits and Habitats on Omega-3 Long-Chain Polyunsaturated Fatty Acid
Composition and Growth in Cultured Fish. Animals 2024, 14(14), 2118) – reports on a study that for the

This study – the �rst of its kind to employ Bayesian statistical
methods – carried out a meta-analysis using omega-3 long-chain
polyunsaturated fatty acids (PUFAs) levels in aquafeeds as the
primary variable to analyze their impact on PUFA content and growth
in cultured �sh. Photo of yellowtail (Seriola sp.), one of the species in
the publications reviewed in this study, by User: (WT-shared)
Pbsouthwood at wts Wikivoyage (CC BY-SA 3.0,
https://creativecommons.org/licenses/by-sa/3.0, via Wikimedia
Commons).

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ani14142118
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�rst time used a Bayesian meta-analysis approach, collecting research data from 81 published
scienti�c articles to quantitatively analyze the effects of dietary n-3 LC-PUFA levels on their composition
and growth performance in cultured �sh.

For detailed information on the study design, data collection and analysis, refer to the original
publication.

(https://link.chtbl.com/aquapod)

Composition of dietary fatty acids
In the research reports covered, the overall fatty acid percentages of EPA and DHA in feeds were
skewed. Therefore, we categorized the different feed treatments in each study into control and
experimental groups. The control group comprised the group with the highest percentage of n-3 LC-
PUFAs (typically using �sh oil as the fat source). The experimental groups were further divided based
on the percentage of n-3 LC-PUFAs relative to the control group into four intervals: 0–25 percent, 25–50
percent, 50–75 percent, and 75–100 percent, denoted as 0 < replacement levels, RL ≤ 25, 25 < RL ≤ 50,
50 < RL ≤ 75, and 75 < RL ≤ 100, respectively.

We collected data and, where necessary, calculated the percentages of SFAs, MUFAs, n-3, n-6, as well as
EPA and DHA relative to the total fatty acids for the �ve aforementioned groups. With the increasing
replacement of �sh oil with vegetable oil, the proportion of EPA and DHA in feeds and the differences in
this proportion among studies are gradually decreasing.

Fig. 1: Percentages of various fatty acids in the feeds used in the
research reports covered in this study. Additional �gure information at
the original publication. Adapted from the original.

https://link.chtbl.com/aquapod
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The control group of some research reports showed a proportion of EPA close to zero. These studies
administered DHA alone instead of �sh oil. The differences between n-3 PUFAs and n-6 PUFAs among
groups are consistent with the fact that plant oils generally have lower levels of n-3 PUFAs and a higher
content of n-6 PUFAs. Furthermore, the absence of EPA and DHA in plant oils allows for the content of
n-3 LC-PUFAs in feeds to directly re�ect the level of �sh oil substitution by vegetable oil.

Final body weight
A slight reduction in the n-3 LC-PUFA content had a limited impact on the �nal body weight, FBW, with
carnivorous �sh even exhibiting a positive effect, as indicated by a 95 percent CrI falling below 0. Of the
total of 24 studies analyzed, 10 reported effect-size values within [0.006, 1.379], while the remaining 14
studies had a range within [−0.3061, −8.9756]. Marine �sh dominated this classi�cation with 20
studies, while 4 studies focused on freshwater �sh, aligning with the distribution characteristics
observed in pooled effect-size intervals.

Overall, from the perspective of FBW, our analysis results revealed that marine �sh and carnivorous �sh
have a high demand for dietary n-3 LC-PUFAs, followed by freshwater �sh. The FBWs of omnivorous
and herbivorous �sh, on the other hand, were less responsive to changes in n-3 LC-PUFAs in feed.

Speci�c growth rate

Fig. 2: The impact of dietary n-3 LC-PUFA levels on the FBWs of
carnivorous, omnivorous, herbivorous, marine, and freshwater �sh.
Additional �gure information at the original publication. Adapted from
the original.
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The pooled effect size of the speci�c growth rate, SGR, in carnivorous, omnivorous, herbivorous, marine,
and freshwater �sh showed similarities with the FBW at different oil substitution levels.  Carnivorous
�sh and marine �sh did not show signi�cant differences compared to the control when the dietary n-3
LC-PUFA replacement level was less than 50 percent of the value in the control group. However, when
the level exceeded 50 percent of the control group, the SGR performances of carnivorous �sh and
marine �sh were suboptimal. Freshwater �sh, on the other hand, only exhibited decreased SGR values
when the replacement level surpassed 75 percent of the control group. In the present study, herbivorous
and omnivorous �sh showed the insensitivity of the SGR to changes in the content of dietary n-3 LC-
PUFAs.

Our �ndings are consistent with previous studies on growth performance using frequency-based meta-
analyses. Other researchers have reported that substituting 50–100 percent of �sh oil with various
plant oils (including canola oil, linseed oil, and soybean oil) also has an unfavorable impact on �sh
growth. In addition, the substitution of 100 percent �sh oil with plant oil also had a signi�cant negative
effect on the growth of both freshwater and marine �sh. As in the present study, the impact on marine
�sh was more pronounced than in freshwater �sh. Another study revealed a signi�cantly negative
pooled effect size of substituting �sh oil with plant oil on the SGR of marine and carnivorous �sh. In
this regard, there is evidence indicating that dietary plant oil can trigger growth hormone resistance in
marine �sh. Additionally, the role of dietary n-3 LC-PUFAs in enhancing immune function may
collectively contribute to the impact of dietary n-3 LC-PUFA levels on the growth performances of
marine and carnivorous �sh.

Liver EPA and DHA

Fig. 3: The impact of dietary n-3 LC-PUFA levels on the SGRs of
carnivorous, omnivorous, herbivorous, marine, and freshwater �sh.
Additional �gure information at the original publication. Adapted from
the original.
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The impact of changes in the ratio of dietary n-3 LC-PUFAs on the hepatic content of EPA was generally
consistent in different �sh species, with higher levels of dietary n-3 LC-PUFAs often resulting in higher
liver EPA proportions. This observation is not surprising, as numerous studies indicate that the fatty
acid composition in �sh body fat broadly re�ects the proportion of fatty acids ingested.

We observed differences in the liver EPA content of �sh with different feeding habits and habitats at
varying substitution levels of n-3 LC-PUFAs in the feed. In carnivorous and marine �sh, reducing dietary
n-3 LC-PUFAs to 0–25 percent of the control signi�cantly decreased the liver EPA content.

The response of liver DHA to oil substitution and varying dietary n-3 LC-PUFA levels was similar to that
of liver EPA, wherein a noticeable decrease in the liver DHA content was observed when aquafeeds
contained reduced levels of n-3 LC-PUFAs. When the substitution level was between 0 and 50 percent,
there was no signi�cant difference in liver DHA content compared to the control, but when the oil
substitution level was between 50 and 100 percent, the 95 percent CrI of liver DHA of freshwater �sh
showed a clear above-zero range.

For carnivorous �sh and marine �sh, there was a signi�cant overlap in 95 percent CrI of liver EPA
between the 25–50 percent and 50–75 percent oil substitution levels, whereas this phenomenon was
less pronounced in the 95 percent CrI of liver DHA. This suggests that liver DHA, compared to EPA, was
more dependent on changes in dietary n-3 LC-PUFAs.

Fig. 4: The impact of dietary n-3 LC-PUFA levels on liver EPA of
carnivorous, omnivorous, herbivorous, marine, and freshwater �sh.
Additional �gure information at the original publication. Adapted from
the original.
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Muscle EPA and DHA
In general, the performance of EPA and DHA in the �sh muscle was similar to that in the liver in
response to changes in dietary n-3 LC-PUFAs. However, the response of muscle EPA and DHA to
changes in dietary n-3 LC-PUFAs appeared to be more sensitive than in the liver. This is consistent with
the fact that the skeletal muscle primarily plays a role in retaining EPA and DHA. Nevertheless, the
proportions of muscle EPA and DHA exhibited different responses to changes in dietary n-3 LC-PUFAs
depending on the �sh category.

Regarding muscle EPA, carnivorous and herbivorous �sh exhibited remarkable differences in response
to changes in dietary n-3 LC-PUFAs. Indeed, in all four groups of this study, the 95 percent CrI of the
SMD for muscle EPA in carnivorous �sh was signi�cantly greater than 0, indicating that increasing the
amount of n-3 LC-PUFAs in the feed can effectively enhance the levels of muscle EPA in this type of
�sh. On the other hand, the 95 percent CrI of herbivorous �sh only demonstrated an above-zero range in
the highest oil substitution-level group.

Fig. 5: The impact of dietary n-3 LC-PUFA levels on liver DHA of
carnivorous, omnivorous, herbivorous, marine, and freshwater �sh.
Additional �gure information at the original publication. Adapted from
the original.
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Compared to muscle EPA, muscle DHA showed a higher sensitivity to changes in dietary n-3 LC-PUFA
levels. Except for herbivorous �sh, the muscle DHA of other �sh species in the four groups considered
in this study all showed an above-zero range for the 95 percent CrI. Additionally, except for marine �sh,
which showed a slightly higher 95 percent CrI, the 95 percent CrI of muscle DHA remained similar
across �sh species as the substitution level increased. Since the biosynthesis of DHA is downstream of
EPA, the similarity in the effect of dietary n-3 LC-PUFA levels on the muscle DHA content of different �sh
species may indicate that their biosynthetic capacities for DHA may be comparable. Since some lower
aquatic organisms have the ability to synthesize n-3 LC-PUFAs, the dietary requirements of �sh for DHA
are likely to meet primarily through the trophic chain.

Fig. 6: The impact of dietary n-3 LC-PUFA levels on muscle EPA of
carnivorous, omnivorous, herbivorous, marine, and freshwater �sh.
Additional �gure information at the original publication. Adapted from
the original.
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Insights into dietary omega-3 levels a�ecting growth of
marine and carnivorous Fish
The �ndings of the present study demonstrate that both the growth performance and accumulation of
omega-3 fatty acids in marine and carnivorous �sh are highly sensitive to the dietary content of n-3 LC-
PUFAs. Thus, gaining a deeper understanding of the intermediary metabolic processes involving n-3 LC-
PUFAs in marine and carnivorous �sh is of signi�cance for improving their aquaculture production and
quality.

Unlike terrestrial animals, �sh, particularly carnivorous �sh, tend to utilize amino acids rather than
carbohydrates to supply energy needs. The protein requirement for carnivorous �sh is typically around
46 percent. Amino acid usage for energy metabolism in �sh is consistent with their weak carbohydrate
digestion and breakdown capabilities. Some studies found that �sh also tend to utilize amino acid
breakdown energy rather than carbohydrates for lipid synthesis.

Although carnivorous �sh preferably use amino acids to obtain energy, various studies have
demonstrated the potential of carnivorous �sh to utilize dietary carbohydrates for growth. A sterol
regulatory element-binding protein is a potent transcription factor with a major role in the control of
lipid biosynthesis, and also participates in the regulation of carbohydrate metabolism-related enzymes
in carnivorous �sh.

Modulating the proportion of n-3 LC-PUFAs in feed may be one approach to enhancing the ability of
�sh, particularly marine and carnivorous species, to utilize dietary carbohydrates. High-carbohydrate or
high-fat diets are prone to trigger metabolic dysregulation, and the relatively weak glucose-utilization

Fig. 7: The impact of dietary n-3 LC-PUFA levels on muscle DHA of
carnivorous, omnivorous, herbivorous, marine, and freshwater �sh.
Additional �gure information at the original publication. Adapted from
the original.
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ability in �sh may exacerbate this progression. In teleost �sh (about 96 percent of all �sh species),
dietary supplementation with n-3 LC-PUFAs exerts varying effects on glucose metabolism, but the
impact of n-3 LC-PUFAs on resting-state circulatory glucose levels in carnivorous �sh appears to be
minimal.

The n-3 LC-PUFA-mediated enhancement of �sh growth performance, especially in marine and
carnivorous species, may be due to the improvement of insulin sensitivity and the consequent
utilization of dietary carbohydrates. Our recent report also shows that n-3 LC-PUFAs can improve the
growth performances (https://doi.org/10.1007/s11160-024-09852-4) of marine and carnivorous �sh,
which could be due to improved insulin sensitivity.

However, the impact of dietary n-3 LC-PUFA content on growth performance is not always signi�cant
and may interact with other factors such as temperature, dietary lipid content, and salinity. For instance,
dietary n-3 LC-PUFAs may not bene�t the growth of carnivorous �sh at certain replacement levels, and
higher water temperatures might enhance the contribution of saturated fatty acids
(https://doi.org/10.1016/j.aquaculture.2004.09.011) to growth. 

Perspectives
This study was the �rst to employ Bayesian statistical methods and conduct a meta-analysis using
omega-3 fatty acid levels in aquafeeds as the primary variable to analyze their impact on n-3 LC-PUFA
content and growth in cultured �sh. The methodology herein used avoided the impact of residual oil in
�shmeal, which is approximately 10 percent w/w and may be an overlooked factor when studying the
�sh oil requirements of farmed �sh.

Wanted: More omega-3s. But from where?

Cargill and Australia’s Nuseed are both investing large sums of money
in the development of a genetically modified canola oil rich in DHA.
Meanwhile, a leading nutritionist casts doubts on the necessity of
omega-3s from fish.
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The results of this study can contribute to the optimization of �sh oil levels in aquafeeds and promote
the development of more sustainable aquaculture practices. Our �ndings showed that the growth
performances of freshwater and herbivorous �sh were less affected by low levels of n-3 LC-PUFAs in
the feed. In contrast, for optimal growth of marine �sh, dietary n-3 LC-PUFA levels should be at least
approximately 7 percent of the total fatty acids (mean value of the 50 < RL ≤ 75 group). In terms of
nutritional value, and with the exception of herbivorous �sh, changes in the proportion of dietary n-3 LC-
PUFAs were directly re�ected in the muscle n-3 LC-PUFA content of cultured �sh.

Further promising research efforts include incorporating n-3 LC-PUFA-rich algae and bacterial oil into
the diet and developing transient gene therapy methods to express exogenous enzymes that enable
omega-3 fatty acid biosynthesis in culture �sh without producing genetically modi�ed organisms.
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