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Polyphenol applications in aquaculture

Juan Javierre, Layn Natural Ingredients

Aquaculture is considered one of the fastest-growing food production sectors. In 2022,
fisheries and aquaculture production reached an all-time high of 223.2 million tons, worth
arecord USD 472 billion and contributing an estimated 20.7 kg of aquatic animal foods per
capita. This constituted about 15% of the animal protein supply, reaching over 50% in
several countries in Asia and Africa. While capture fisheries production has remained
largely unchanged for decades, aquaculture has increased by 6.6% since 2020, to a new
record of 130.9 million tons in 2022 contributing over 57% of aquatic animal products used
for direct human consumption and valued at USD 313 billion. For the first time, production
of animal species from aquaculture (51%) surpassed that from capture fisheries.

However, the rearing of fish under intensive stocking densities usually induces stressful
effects and encourages the spreading of infections pathogens, such as bacteria, fungi,
viruses, and parasites, among the fish population. The emergence of bacterial, viral,
parasitic, fungal, and protozoal diseases of fish may cause high mortality, decreased
production rates, and relatively high economic loss, with almost six billion dollars lost per
year. On the other hand, the fish immune system may not be able to counteract the
negative consequences of these infections, particularly when concurrent infections
appear. The use of high levels of antibiotics might cause the development of antibiotic-
resistant bacteria. Hence, there is an urgent need to find alternatives to replace antibiotic
use in aquaculture.

Plant-extracts and stress



Plant extracts have been extensively used as an alternative to antibiotics and
immunostimulants in fish farming. Published research shows that polyphenol-rich extracts
have numerous beneficial effects in aquaculture: anti-stress, antibacterial, growth-
promoting, immunostimulatory, and antioxidant responses. Polyphenols-rich extracts
promote the overall health status of fish by enhancing the immune system, raising fish
resistance against challenging infectious agents, decreasing the inflammatory status, and
reducing oxidative stress.

In aquaculture, stress has several sources, as follows:

e Physical: temperature, photoperiod, dissolved oxygen (hypoxia, hyperoxia), sound,
turbidity

e Chemical: non-optimum levels of water quality parameters (ammonia, nitrite,
nitrate, hardness, pH, alkalinity, carbon dioxide), pesticides, pollution, diet,
metabolic waste.

e Biological: stocking density, micro-organisms (pathogenic and nonpathogenic),
macro-organisms (parasites), lateral swimming requirements, predators.

e Procedural: handling, hauling, stocking, disease treatment, feeding, or
transportation.

In general terms, stress causes the oxidative status of target cells to increase. Under these
circumstances, the excess of ROS production cannot be neutralized by the antioxidant
enzymes equipment of fish. The activation of certain cell pathways results in metabolic
issues, such as decreases intestinal barrier function increased transcription of pro-
inflammatory cytokines, peroxidation of cell membrane lipids, interference with innate and
acquired immunity processes, and even DNA interference altering protein synthesis.

Polyphenol-rich extracts in aquafeeds

There is growing scientific evidence on the use of polyphenol-rich extracts as functional
feed additives in fish feed. Recent scientific literature provides proof of their biological
activity and related health benefits for farmed fish. Plenty of papers highlight the potential
roles of polyphenols and polyphenol-rich extracts in improving fish performance
parameters, proximate body composition, activity of the digestive enzymes, and diversity of
the gut bacterial community. Additionally, they reveal significant roles in the attenuation of
oxidative stress, boosting the fish's oxidative status, improving the immune responses, and
enhancing the resistance against infectious diseases.

Itis worth noting that primary immune response and inflammation are intertwined with cell
oxidative status. An increase of cell ROS results in enhanced pro-inflammatory cytokine



release and interferes with the cell's innate immune response. This may be important in
species with primitive immune systems, such as crustaceans.

For instance, research has shown that pomegranate extract improved the innate immune
response in olive flounder, Nile tilapia, rainbow trout, rohu, common carp, and golden
pompano. In some cases, this enhanced response resulted in lower susceptibility to
parasitic and microbial pathogens.

Tea polyphenols have been extensively researched for at least 20 years. Major discoveries
include improvement of oxidative and immunity status of salmon, common carp, grass
carp, hybrid sturgeon, hybrid grouper, Nile tilapia, black carp, Koi carp, yellow croaker, and
grey mullet. Other studies report improvement of the response to microbial challenges
(Vibrio or Photobacterium), adaptation to ammonia stress, better response to high-fat
diets, and improvement of liver health and lipid metabolism. Green tea extracts have also
shown the ability to control melanosis in chilled crustaceans, preserving the desired
market traits.

Resveratrol is a lignan (class of polyphenol) widely found in many plants. Research has
shown it has interesting properties for aquaculture, including: reduction of oxidative status
caused by high-fat diets, decreasing inflammation and immunological response, providing
antioxidant activity, modulating the intestinal microbiota, and enhancing growth
performance. The species subject of this research are turbot, Prussian carp, common carp,
Pacific white shrimp, tilapia, rainbow trout, snakehead, Atlantic salmon, and blunt snout
bream.

Ferulic and chlorogenic acids are hydroxycinnamic phenol acids (a class of polyphenols)
present in many plant extracts. They have shown properties interesting for aquacultural
species. Chlorogenic acid was shown to reduce the activity of white spot virus on
crustaceans, improving survival and reducing virus transmission. Chlorogenic acid
reduced ammonia toxicity and protected liver in yellow catfish; improved lipid metabolism
and oxidative status of largemouth bass fed high-fat diets; improved flesh quality of grass
carp, and positively impacted growth and oxidative status of Pacific white shrimp under
salinity and nitrite stress.

Ferulic acid has been reported to have stress-relief properties in several aquacultural
species. For example, stress caused by oxidized fish oil in river prawns and tilapia; heat
stress also in tilapia, microbial stress in oriental river prawn and common carp;
inflammatory stress in blunt snout bream; and toxic stress in common carp and grass carp.
When fed to non-stressed species, researchers observed improved growth and



performance of Pacific white shrimp, rainbow trout, blunt snout bream, yellow croaker, and
Nile tilapia.

Many other polyphenol-rich extracts are being researched. Among those,
proanthocyanidins from grape seed extract, quercetin and rutin from Sophora japonica
extract, fucoidans from brown seaweed, ginseng extract, magnolia bark extract, and many
others. The fields of interest range from intestinal microbiota communities and barrier
function, to disease resistance and antimicrobial properties.

This underscores the need for aquaculture to ascertain its role as an essential source of
food protein. If aquaculture is poised to add an additional growth of 22% by 2030, it should
also comply within the scope of Blue Transformation - a responsible and sustainable
approach that designs a healthy and environmentally sound production system.

Polyphenol-rich botanical extracts do have a role in this strategy, and Layn Natural
Ingredients is uniquely placed as the world leader in the supply of these ingredients, which
will have a key role in the future fish and crustacean production
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