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Aquafeeds

Study replaces dietary fish oil with microalgal oil
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By Ewen McLean, Ph.D., F.T. Barrows, Ph.D., Kelly Alfrey, Loc Tran, Ph.D. and J.Y. Mével, Ph.D.

Results show enhanced survival of challenged Pacific white shrimp

Results of this feeding study with Pacific white shrimp clearly show that shrimp, and likely many other
species, can be cultivated without fishmeal and fish oil. Photo by Fernando Huerta.

Informed consumers and environmental lobbyists have thrown down a gauntlet to the aquafeed industry. This challenge, familiar to all, concerns the reduction, or preferably,
elimination of fishmeal (FM) and fish oil (FO) from aquaculture feeds. The principal motivation behind this challenge is a desire to ensure the future viability of world fish stocks
and, by extension, the ecosystems from which they are harvested. Many fisheries have reached sustainable yield or are overfished; some are in recovery, others have collapsed
and a few have become extinct. With the global population burgeoning by about 1 percent or 75 million people per year, all sources of food-grade protein are precious and must be
defended vigorously.

It has been suggested that most fish used for reduction to FM/FO is suitable for human consumption (https://doi.org/10.1111/faf.12209) and should, therefore, be diverted to
that purpose; if not immediately, certainly in the near future. The substitution of FM/FO from aquafeeds thus represents a moral/ethical imperative. Aquaculturists have studied
the feed and feeding habits of cultured animals for centuries but the possibility of substituting marine resources from manufactured feeds has a more recent history (e.g., Grassl,
E.F. 1957. Pelleted dry rations for trout propagation in Michigan hatcheries. Trans. Am. Fish. Soc., 86, 307-322).

There are now many examples (https:/doi.org/10.1016/j.aquaculture.2005.11.010) of the complete elimination of the FM component of fish feeds, even for carnivorous species.
Similar observations have been made also with cultured shrimp [Reid, B., McLean, E., Craig, S.R. 2004. Performance characteristics of shrimp (Litopenaeus vannamei) fed a
certified organic feed versus an investigational organic aquafeed. In: Proceedings of the 5th International Conference on Recirculating Aquaculture, Roanoke, VA, USA, July 22 to
25, pp. 539-542]. More difficult however, has been the replacement of dietary FO.
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Many farmed species are able to synthesize some fatty acids but others, such as the omega-3 long chain polyunsaturated fatty acid (omega-3 LC-PUFA) docosahexaenoic acid
(DHA; 22:6 omega-3), must be derived from the diet. omega-3 LC-PUFAs are intimately involved in numerous biological functions in aquacultured organisms and humans (Fig. 1).
Half a century ago researchers from Aalborg North Hospital, Denmark, reported that a diet rich in omega-3 LC-PUFA (https://doi.org/10.1016/S0140-6736(71)91658-8)
substantially reduced serum cholesterol, triglycerides, B-lipoprotein and pre-B-lipoprotein in Inuit. Lowered levels of these different lipid types were associated with a reduction in
heart disease and diabetes mellitus, an effect that stimulated interest in examining the health benefits of dietary fish oil.
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Fig. 1: The advantages of increased dietary intake of omega-3 LC-PUFA are extensive. DHA-EPA, generally
regarded as a single nutritional element, impact control processes that regulate normal growth, development
and metabolism. Bioactive metabolites of omega-3 LC-PUFA influence especially health status, including
cardiovascular wellbeing, immunity and processes of inflammation. At the cellular level, they modulate cell
and organelle membrane structure and function, cell electrophysiology and regulate nuclear receptors and
transcription factors.

More than 8,000 clinical trials later it is now well-established that eicosapentaenoic acid (EPA; 20:5 omega-3) and DHA are conditionally essential in man and positively modify a
range of physiological functions (Fig. 1) to the extent that nutritional guidelines advise regular consumption of seafood - rich sources of both EPA and DHA.

If the health benefits of seafood are to be maintained, substitution of FO in aquafeeds must preserve the levels of conditionally essential omega-3 LC-PUFA in the flesh of the final

aquafeed must not have negative effects on the health or growth performance of the farmed animal.

Our study examined the functionality of microalgal oil rich in DHA and EPA (Veramaris® Vera Oil®), and the benefits of MrFeed® Pro50®, a sustainable and functional ingredient
able to replace FM. The oil product was derived from the heterotrophic protist Schizochytrium limacinum (Family Thraustochytriaceae). Specifically, the trial compared the
response of Pacific white shrimp, Litopenaeus vannameij, fed algal oil-based diets against experimental and commercial feeds and assessed their ability to withstand challenge
with the bacterium Vibrio parahaemolyticus, causative agent of early mortality syndrome/acute hepatopancreatic necrosis syndrome (EMS/AHPNS) which has been responsible
for significant losses in shrimp production on a global basis.

Study setup

PCR-evaluated SPF shrimp of ~3 grams were randomly placed into 120-liter plastic tanks filled with 100-liter 20 ppt brackish water and serviced by an airlift-based biofilter (28.14
+0.75 degrees-C, pH 7.87 £ 0.05, and DO, 6.82 + 0.01 mg per liter, and a 12:12-hour light/dark cycle). The 40-day trial comprised a one-day adaptation period, a 28-day feeding
period, one-day EMS/AHPND immersion challenge, and a 10-day post-challenge mortality study. A stocking density of 20 shrimp per tank was used (200 shrimp per cubic meter)
and the experiment comprised eight groups with four replicates.

The bacterial isolate used was collected from EMS/AHPND infected Penaeus vannameifrom a shrimp farm in Loc An, Vung Tau Province, Vietnam. Tryptic Soy Broth + 2 percent
sodium chloride (TSB+) was inoculated with a consistently virulent strain of V. parahaemolyticus, incubated for 24 hours, and added directly into tanks to achieve a density of
7.5x10% CFU/mL, which was expected to kill 90 percent positive control shrimp within 10 days of challenge. Positive controls and treatment tanks were subjected to an immersion
challenge while non-inoculated, negative controls were treated with sterile TSB+, meaning that the shrimp were not challenged with the bacteria.

Shrimp were fed their respective diet to satiation 4 times daily (5-10 percent body weight) for the duration of the trial. Feed amount was adjusted based on tank biomass and

shrimp feeding behavior. Feed consumption, general behavior and survival throughout the trial was recorded daily at 08.30, 11.00, 14.30 and 20.00 h. Shrimp were fed one of 6
experimental or a positive and negative commercial diet (Grobest Feed #2; Table 1). Complete formulee are available on request.

McLean, microalgal oil, Table 1

Ingredient Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
Fishmeal 25 0 0 0 0 0
Poultry meal 0 23 0 11 11 13
Soybean meal, non-GMO 25 24 22 22 20 26.1
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Ingredient
ME-Pro lot 260/3418
Menon MrFeed® Pro50®
Lysine
Methionine
Threonine
Whole cleaned wheat
Vitamin premix-Open Blue
Mineral premix-Open Blue
Stay C (L-Ascorbat-2-Mono)
Canola oil
Fish oil - menhaden
DHA
Veramaris Vera Oil®
Monocal 21%
Cholesterol
Wheat gluten
Lecithin
PROXIMATE
Crude protein (%)
Crude fat (%)

Ash (%)

Crude fiber (%)
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Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
0 0 22 0 0 0
0 0 0 17 17 18
0.6 0.7 12 1.5 1.5 0.58
0.25 0.15 0.4 0.4 0.65 0
0 0.2 0.4 0.4 0.65 0
33 353 3245 39.55 29.8 27.19
1.25 1.25 1.25 1.25 1.25 1.25
1 1 1 1 1 1
0.5 0.5 0.5 0.5 0.5 0.5
2.1 0.64 44 0 0 0
34 3.36 3.09 4 0 0
0 0 0 0 55 0
0 0 0 0 0 2.1
0.8 28 42 42 42 28
0.1 0.1 0.1 0.1 0.1 0.1
5 5 5 5 5 5
2 2 2 2 2 2
COMPOSITION
37.54 37.56 38.01 37.46 37.52 38.57
10.86 9.86 9.33 10.82 9.08 9.20
9.62 8.95 10.11 7.52 10.14 7.01
1.58 1.54 24 25 217 1.26

Table 1. Ingredient formulation (kg/MT) and proximate composition of diets used to feed L. vannamei.

Results and discussion

Surviving shrimp doubled their weight over the trial period. Negative control groups fed the commercial diet returned a 97.1 + 3.42 percent survival over the trial duration. Infection
using V. parahaemolyticusinoculum, however, resulted in mortalities across all challenged groups (Fig. 2). The lowest survival rates were experienced by shrimp fed diet 3 > diet 2
>diet 1 >diet 4 > Grob+ > diet 5 > diet 6 (Fig. 2). Shrimp survival for those fed with the Veramaris®/Menon® diet 6 was significantly (P < 0.01) greater than all other challenged
groups. All other experimental groups and the positive commercial feed returned similar mortality rates (P > 0.05; Fig. 2).
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Fig. 2: Percent survival of different groups of Pacific white shrimp fed various diets and immersion challenged
by V. parahaemolyticus, the cause of EMS/AHPNS. Com -/+ = negative/positive commercial control. Different
superscripts signify significant differences (P < 0.05) between treatments.
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FO and FM are finite resources. Their supply can fluctuate due to natural events such as El Nifio, which, in turn, may be impacted by global climate change. Moreover, there is
increasing competition for FO by sectors such as the pharmaceutical, cosmetic and animal feed industries and pressure is being brought to bear to use forage fish for human
food. Traditional users of FO include makers of paint, lubricants and coatings, and the tanning, rubber, edible oil, soap and synthetic wax industries. It is unlikely, therefore, that FO
supplies will be able to match current needs when paired with a rapidly growing aquaculture sector. Even in the unlikely event that other consumers reduce FO use, its cost will
inevitably increase.

A reduction/elimination of FO from aquafeeds is thus fundamental to support projected growth trajectories while also providing the business with a greener bearing. The
observations here determine that 100 percent of FO can be successfully replaced in aquafeeds by oil derived from the thraustochytrid S. limacinum. This protist is characterized
by high lipid content and is particularly rich in DHA. Additionally, the Veramaris®/Menon® MrFeed®-containing diet - diet 6 — returned statistically significant higher levels of
survival than the positive control commercial feed or experimental diet.

These results support the benefits associated with MrFeed® Pro50® inclusion, reflected as a higher shrimp survival rate related to enhanced immune capability. As reported by
Zendejas Hernandez (Challenges in shrimp nutrition and sustainability. Aquaculture America, Honolulu, Hawaii, USA. Feb. 9 to 12, 2020. 727.), the high nucleotides and small-
chain peptide content of MrFeed® Pro50® improves shrimp nutritional status and immune responsiveness.

Aquafeed moonshots at the F3 ‘talent
show’

At the F3 (fish-free feed) Companies Got Talent event in Burlingame,
Calif., last week, alternative (non-marine) aquafeed ingredient
companies spoke of decoupling aquaculture from fishmeal and fish oil in
their quest for greater sustainability.

@ Global Aquaculture Alliance

Other studies that have added microalgae to crustacean diets report an immunostimulatory effect. For example, addition of the single cell green algae Chlorella, replacing 6 to 8
percent of the FM component of the feed, increased haemocyte count and prophenol oxidase (PO) activity in postlarvae of the giant freshwater prawn. PO is a major innate
defense mechanism akin to the complement cascade of mammals.

Like our findings with the V. parahaemolyticus challenge and Veramaris®/Menon®, Chlorella-based diets appeared to enhance resistance
(https://onlinelibrary.wiley.com/doi/abs/10.1111/are.13004) to Aeromonas hydrophila infection. Incorporation of the halophytic (salt-tolerant) microalga Dunaliella salina at 2
percent of the diet of black tiger shrimp enhanced antioxidant status and elevated survival rate from white spot syndrome virus
(https://www.researchgate.net/publication/265105885_Antioxidant_status_of_Penaeus_monodon_fed_with_Dunaliella_salina_supplemented_diet_and_resistance_against_WSSV).
Future studies with Veramaris®/Menon®-based diets and shrimp will investigate immune system dynamics to enhance our current understanding of the benefits of this FO/FM
replacer for shrimp and fish.

Another issue that has become more prominent in general relates to food safety. It is now clear that some forage fish used in FM/FO reduction may be contaminated with
persistent organic toxins such as dioxins and furans, heavy metals and other pollutants that may bioaccumulate in farmed animals. These toxicants have the potential for
negative impacts on a variety of physiological control processes in cultured organisms and end users. While new technologies reduce and remove some of these contaminants
during FO manufacture, additional expense is incurred.

Perspectives

Dueto its controlled production environment S. limacinum avoids all problems associated with environmental contaminants and thereby represents an untainted ingredient. The
mass cultivation technology for Schizochytriumis already well developed and it is anticipated that large quantities of Vermaris® will be produced imminently as a FO replacer for
aquafeeds. The present study categorically demonstrates that shrimp, and likely many other species, can be cultivated without FM and FO, thereby enabling aquaculture
expansion to continue unabated, despite fluctuations in FM/FO resources.
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