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MEETING DIETARY EPA AND DHA REQUIREMENTS OF SHRIMP:
IMPROVING HEALTH, WELFARE, AND PERFORMANCE

SUMMARY:

Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are Omega-3 essential fatty acids

(EFA) vital for the survival, health, performance, and, eventually, product quality of farmed shrimp
species. Traditionally, EFA dietary requirements have been met with fish oil (FO) and fish meal (FM).
Yet, supply limitations and environmental considerations are driving the use of more sustainable
ingredients such as vegetable or marine algal oils. The former, however, are low in Omega-3 fatty
acids, which negatively affect shrimp welfare, growth performance, and fatty acid profile, and thus
hinder the quality of the product. In contrast, marine algal oil is high in EPA & DHA Omega-3, making it

a consistent and favourable alternative to FM and FO.

Veramaris® natural marine algal oil is a sustainable source of EPA and DHA that meets shrimp
optimum dietary requirements which is at least 1% of EPA & DHA in the diet and improves its health,
robustness, and growth performance throughout production in challenging farming conditions.
Nevertheless, EFA requirements throughout the life cycle of farmed shrimp remain still unresolved.
In order to develop nutritionally complete diets and fully exploit shrimp production potential, a
thorough understanding of the nutritional requirements at all development stages is necessary.

THE ESSENTIALITY OF ESSENTIAL
FATTY ACIDS

Lipids are considered to be the most important dietary
nutrients for shrimp owing to their role as chemical
messengers, key components of cell membranes, and
source of energy and essential fatty acids (EFA) (1). EFA
are polyunsaturated fatty acids (PUFAs) that cannot be
sufficiently synthesized by animals, and therefore must
be acquired through the diet (2). EFA are divided into two
main families. The first, Omega-3 (n-3) PUFA, includes
alpha-linolenic acid (LNA; 18:3n-3), eicosapentaenoic acid
(EPA; 20:5n-3), and docosahexaenoic acid (DHA; 22:6n-3).
The second, Omega-6 (n-6) PUFA, includes linoleic acid
(LOA; 18:2n-6) and arachidonic acid (ARA; 20:4n-6).

Amongst many other functions, EFA are required for
normal metabolic and endocrine functions, reproduction,
cellular synthesis and ionic regulation, development and
function of the nervous system, and for the process of
moulting in shrimp (3-6). EPA and DHA in particular are
recognized as the most indispensable EFA (1,7,8). These
are vital for potentiating shrimp growth, feed efficiency,
and survival (9,10), and thus have higher nutritional
value. Aside from performance and welfare, dietary EFA
also shape the nutritional profile of the shrimp — hence
affecting product quality (4).
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EFA are also of special interest for their role on the
immune system of shrimp. They are precursors of
eicosanoids, which act as mediators of the immune
response (11,12). More specifically, ARA-derived
eicosanoids are pro-inflammatory. Dietary ARA has been
reported to modulate the immune responses of shrimp
induced by microcystin-LR (MC-LR) stress, which causes
great harm to shrimp (6). On the other hand, eicosanoids
derived from EPA and DHA are anti-inflammatory (13).
Although both n-3 and n-6 fatty acids (FAs) are essential
components, a ratio skewed in favour of n-3 FAs is,
however, favourable: research in mammals, fish, and
invertebrates has established that a high n-3:n-6 ratio
promotes the synthesis of anti-inflammatory molecules
that may impact the immune response and increase
resistance to disease and stress (7,14-16). Higher n-3
FAs levels also avoid negative effects on FA composition,
thus ensuring a high quality of the products (5,17,18).
However, more research in shrimp species is still needed
to determine the optimum levels of EFA as well as their
ratios to meet shrimp demands and also deliver a high-
quality product for end-consumers (19).
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THE CHALLENGING ROAD TOWARDS
SUSTAINABILITY IN AQUAFEEDS

Pacific white shrimp (Litopenaeus vannamei) is the
leading cultured shrimp species worldwide (20). As
the demand for shrimp continues to grow, so does the
demand for feed. For years, the primary source of lipids
for aquaculture feeds has been fish oil (FO) and fishmeal
(FM) (7,18). Indeed, approximately 70% of the annual FO
supply goes towards aquaculture (21). However, feed
sustainability has become a critical issue for the shrimp
farming supply chain. The global availability of FO and FM
is limited by the capacity of fisheries, many of which are
already fished at or above sustainable limits (14), leading
to unpredictable availability, higher costs, and variation
in the quality of these sources of EFA. Apart from the
commercial considerations, increasing environmental
and social concerns regarding the exploitation of
wild fisheries and the use of FO and FM in aquafeeds
catalysed changes in feed formulations.

Finding more sustainable alternative ingredients with
consistent EPA and DHA levels addressing shrimp
Omega-3 demands has become an urgent issue.
Vegetable oils (VOs) have been used as an alternative
to FO and FM in aquafeeds for decades (4). Indeed, the
substitution of FO and FM by VOs has reduced the use of
FMin shrimp feeds from 20% in the late 90s to less than
10% nowadays (22). Additionally, replacing expensive
ingredients such as FO in aquafeeds substantially curbs
the costs of shrimp feed, which represents a significant
fraction of production costs. While this could spur growth
and economic sustainability of the industry (18), the use
of VOs entails negative consequences for shrimp and the
final consumer. Importantly, shrimp nutrition and health
are not optimal when VOs are used due to their high
contentin Omega-6 and low contentin Omega-3 (4). This
disrupts the n-3:n-6 ratio and promotes the synthesis of
pro-inflammatory molecules, thus affecting the shrimp'’s
immune response and decreasing its stress and disease
resistance capacity (11). Nevertheless, recent research
efforts have focused on modifying VOs, particularly
canola oil, to enhance the Omega-3 levels and validate
its use as an alternative ingredient to FO (23). However,
and despite their potential in supporting shrimp growth
without negatively affecting their fatty acid profile (24),
genetically modified (GM) VOs are neither rich in EPA or
DHA, have levels below that of FO and do not contain
both EPA & DHA. Moreover, the introduction of these
products entails challenging issues associated with
consumer perception and acceptance of GM organisms
(25) in the food chain.
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VERAMARIS® ALGAL OIL: FROM THE
NATURAL SOURCE TO SHRIMP FARMS

Marine algal oil has recently become a promising source
of EFA: algal oil is a rich source of Omega-3, with high
levels of EPA and DHA. The interest in marine algae
originates from a better understanding of marine food
webs: marine algae are the principal primary producerin
our oceans and the food source of zooplankton, which
are consumed by shrimp or fish that are caught and
turned into FO for aquafeeds. Based on this, Veramaris®
turned to marine algae as the original source of EFA to
produce a sustainable alternative that naturally supports
shrimp growth, health, and development.

Veramaris® algal oil is the world's first natural oil from
marine algae high in EPA & DHA Omega-3 (65%). The high
concentration in Omega-3 ensures a naturally balanced
n-3:n-6 ratio. Moreover, only a small concentration of
algal oil (< 2%), is needed to reach shrimp'’s nutritional
requirements (EPA & DHA levels of 1% of diet). These
qualities make algal oil a better lipid source than other
ingredients, and with a more stable production. Indeed,
one tonne of Veramaris® algal oil yields as much EPA and
DHA as up to 66 tonnes of forage fish. This breakthrough
innovation can supplement and even replace marine
ingredients, hence reducing the marine footprint of
shrimp farmers and allowing the aquaculture industry
to grow more sustainably. Moreover, due to its stable
production, supply and price variability are minimized,
thus offering increased market security. Veramaris® algal
oil can be used in conjunction with the Optimum Omega
NutritionTM (OON) guidelines. OON guidelines are based
on an expert review of current science to help farmers
meet shrimp Omega-3 and Omega-6 requirements,
thereby supporting shrimp welfare and performance in
challenging conditions.

Multiple scientific trials have demonstrated that
Veramaris® algal oil supports shrimp performance
and survival equally well as FO and FM (internal data).
Moreover, shrimp fed with Veramaris® algal oil were
reported to be at least three times richer in EPA & DHA
Omega-3 than those fed with a conventional FO-based
diet (internal data). Additional trials also demonstrated
an increased resistance to pathogens: the replacement
of FM and FO by Veramaris® algal oil, together with a soy-
based commercial product (MrFeed® Pro50), in the diet
of Pacific white shrimp significantly (p < 0.01) improved
survival after challenge with Vibrio parahaemolyticus,
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the causative agent of early mortality syndrome (26).
These results support the use of Veramaris® algal oil in
shrimp feeds and show how they improve aquaculture
productivity without compromising the conservation of
natural resources.

UNFINISHED BUSINESS: DEFINING EFA
REQUIREMENTS FOR FARMED SHRIMP

Meeting dietary omega requirements, specifically EPA
and DHA, is crucial in farming conditions that constantly
challenge shrimp with, for instance, changes in salinity
and temperature, and with disease outbreaks. The
current optimum considerations for EPA and DHA
inclusion in shrimp feeds are at least 1% in the diet to
better support shrimp robustness by counteracting
the negative effects of biological and environmental
stressors (27-29). More specifically, expert opinion
suggests EPA & DHA Omega-3 inclusion of not less than
0.4 -0.6% of the diet in L. vannameij, and up to 1.1% in
giant tiger prawn (Penaeus monodon) (Table 1, Figure 1).

Despite all the research efforts in EFA requirements, they
remain obscure (3,4). So far, the nutritional requirements
of L. vannamei remain incomplete, and mostly focus

Besides, the industry needs to better integrate scientific
findings and research into shrimp feed formulations. A
downward trend has been noted in the levels of EPA and
DHA in commercial shrimp feeds, with a reduction of a
16% between 2014 and 2016. This is likely associated
with the replacement of FM and FO by vegetable
ingredients and its compensation with phospholipids
and protein (27). This highlights how the disregard of
scientific research regarding shrimp EFA requirement
levels can be widely detrimental for the industry.
Undeniably, research shows that the reduction in
essential lipids such as EPA and DHA significantly impacts
shrimp growth, feed conversion, and protein efficiency
(27). Addressing the dietary EFA shrimp requirements,
both in terms of research and its implementation in
aquafeeds, will be an essential step forward and enable
the sustainable growth of the industry in the long run.

Overall, it is evident that further research efforts
are required to comprehensively define quantitative
nutritional requirements for EFA throughout the life
cycle of farmed shrimp, and the optimum ratio of n-3:n-6
in particular. This information must eventually be used
to develop nutritionally complete, sustainable, and cost-

TABLE 1

01-1g 0-0,1 02-05 02-0,5 0,5-1,1 >2:1 1-1.5:1-2
1-10g 0-0,1 01-0,5 02-05 04-1 >2:1 1-15:1-3
10-40g 0-0,1 01-04 02-04 04-0,8 >2:1 1:1-3

Expert opinion on requirements of essential fatty acids in Pacific white shrimp and Giant tiger prawn under laboratory and farm conditions to support adequate

growth, survival, and health. Values expressed in % of diet.

on a single life stage. The differences in requirements
observed in studies of post-larvae and juvenile stages of
Pacific white shrimp, see for instance Mayra L. Gonzalez-
Felix et al. (30) and Wang et al. (31), evidence the need
for better knowledge on the PUFA requirements for this
species at different life stages (32). A precise definition
of the requirements for larval, juvenile, and adult stages
will aid to fully exploit the grow-out potential of shrimp.

Veramaris® | Optimum Omega Nutrition™ | May 2022

effective diets that are specific to the needs of different
development stages of farmed shrimp, from nurseries to
grow-out farms. This is not only required to meet shrimp
nutritional demands, but also the changing retailer
sourcing values and consumer sentiment. Ultimately,
these advances will promote the future expansion and
sustainable development of the shrimp aquaculture
industry.
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TOTAL EPA & DHA REQUIREMENT

Data from lab and farm conditions

1.2 0.8 04 o‘.4% 1%
% of diet O minimum [l optimum

OPTIMUM OMEGA NUTRITION™
Supported with Veramaris natural marine algae
oil rich in EPA, DHA & ARA essential fatty acids

Figure 1. Expert opinion on shrimp EPA & DHA Omega-3 requirements throughout the production cycle. Further research is required
to comprehensively define EPA & DHA nutritional requirements throughout the life cycle of shrimp and their optimum ratios.
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