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Where we stand..

2050 ANIMAL PROTEIN © & J >

10 BILLION

2019 2050

Source: Global Seafood Alliance

In a resource-constrained

v I N

world, AQUACULTURE is an Protein retention 31% 21% 18% 15%

attractive option to cater Energy retention 23% 10% 14% 27%

future protein needs Feed conversion ratio 1.1 2.2 3.0 4-10
Edible meat/100 kg feed 61 kg 21 kg 17 kg 4-10 kg

Source: NOFIMA
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Do we have the basis to achieve this
growth ?

Biological Ocupation of coastal

Animal Performance
Welfare & health
Biological “pollution”
e Alien /exotic
species
* Liscapees

Production Sys§éms
(RAS, IMTA, off-shore)

Environmental Consumers

Sustainable feed resources Food safety

Food quality & health
value

Integrated systems

Ethical farming

standards
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Besides covering the nutritional requirements
of fish, aquafeeds are evolving

Biologic Guarantee that
fish are a rich-
source of healthy
nutrients to
consumers

Promote the well-beilng
and optimal
functionalities of fish
(e.g 1lmmune status)

Strategic use of finite
marine-harvested
resources (fishmeal and
fish oil)

Low-pollution feeds



Fish (seafood) are a rich source of..

PROTEIN VITAMIN A

Highly diges@ible source
of sxsentiel aminoscids

thatths body casnot

OMEGA-3 FATTY ACIDS

Frevewnts the development of
candiovascular divsasss. These
maring Taliy aolds {EFA and DHA)
am aizo kay for biain davelopment

VITAMIND

Iimperiast for bulkiing assi
mmininining hasithy bonss
e o rottentr VITAMIN Bi2
sadaxidant thyreld madniolinen piays sssential mles in red bood
oull formation, oull sssisbeliers ned

Essential role
in protection
against several
human diseases




Over the years the composition of
aquafeeds has changed

% FM in formula % FO in formula , Do ,
€0 - 50 - The sustalnability drive towards
50 - T omem B " Bream & Bass a reduction of fishmeal and fish
= Salmon 25 - w Salmon
s===1ro s Trout ' ' .
40 - Trout 2o o1l 1n aquafeeds can potentially
20 . alter the nutritional value of
20 10 - fish
10 - 5
0 ' ! ' ! ' (1] T T T T T
1995 2000 2005 2010 2015 2020 1995 2000 2005 2010 2015 2020
replacement of replacement of fish
fishmeal by o1l by vegetable
vegetable proteins oils
and LAPs
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Consumers are also changing..

FOODS

WITH BENEFITS

WHO'S WILLING TO PAY MORE?

For Millennials and
GEN 7, HEALTHY FOODS
1s more than a trend..

. COOD = —— Can we make a better
FQQD o fit between farmed

............

I PORGASE DECIIONS I fish and consumer
p———... ~expectations?
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Biofortification of aquaculture fish

Specific changes on the formulation of AQUAFEEDS can be an elegant tool
to tailor the fish composition with selected nutritional/health
beneficial compounds

Fish feed Fish fed with the Fish fillets with
supplemented with  biofartified fead higher content of
target nutrient target nutrient




Biofortification approach

When embracing a biofortification concept, we should never loose sight of
consumer benefits and perception

Biofortification targets should be:

* Familiar nutrients (already known to be present in fish or clearly
valued)

* From natural and sustainable sources (good fit with a healthy food
concept)

* In strict compliance with all legal and safety use limits

* Industrially relevant (e.g. market availability, cost, manufacture
process)

Moreover, the biofortification strategy should
* Not compromise the growth performance and welfare of the fish
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Biofortification targets

Online survey to Portuguese consumers (n=778)

Participants were requested to identify two nutrients groups

suitable for fortification in farmed gilthead seabream
Mediterranean region)

(out of an 8 list option)
(the major farmed species in the

Source: Ramalho-Ribeiro et al. (2019). Aquaculture. DOI:

hiepss//doi.org/10. 10&67/45 . aguaculture . 2048.11.002 - -
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https://doi.org/10.1016/j.aquaculture.2018.11.002

We have elected iodine, selenium, wvit D
and HUFAs (EPA+DHA) as targets

Iodine deficiency (ID) is the world's leading cause of preventable brain damage.

Up to 360 Million European citizens are exposed to ID disorders
Euthyroid Project: https://cordis.europa.eu/project/id/634453

Suboptimal selenium status is reported to be widespread throughout Europe, the UK

and the Middle East
Stoffaneller and Morse (2015). Nutrients. DOI: https://doi.org/10.3390/nu7031494

In 74% of the countries covered (17 EU countries) by the study, average EPA + DHA

intake was below EFSA’s recommendation
Sioen et al. (2017). Annals of Nutrition & Metabolism. DOI: https://doi.org/10.1159/000456723

Vitamin D deficiency (< 20 ng/ml serum 25(OH)D) occurs in <20% of the population
in Northern Europe, in 30-60% in Western, Southern and Eastern Europe and up to
80% in Middle East
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https://cordis.europa.eu/project/id/634453
https://doi.org/10.3390/nu7031494
https://doi.org/10.1159/000456723
https://doi.org/10.1530/EJE-18-0736

Nutrient sources

Seaweeds (L. digitata, S. latissima) When possible

* lodine

* Other trace minerals

* Antioxidants - o

consumers

Microalgae

 Omega-3 fatty acid (DHA)
* Selenium

« Carotenoids

* Antioxidants

Selenised-yeast
* Selenium




Todine and Selenium biofortification 1in
rainbow trout

* Control diet: 1.9 mg iodine/kg and 0.25 mg selenium/kg

* LAM diet: 0.4% macroalgae (Laminaria digitata), 1odine level of 22.7
mg/ kg

* SE diet: 0.01% selenised-yeast, selenium level of 0.5 mg/kg

* LAMSE diet: macroalgae (0.4%) and selenised-yeast (0.01%)

_ EU Legal limit in aquafeeds
Rainbow trout lodine: 20 mg/kg feed

From 240 g (IBW) to 740 g Selenium: 0.5 mg/kg feed

(EBW) (maximum 0.2 mg/kg as organic Se)
48 fish/tank i

Fed by hand, ad l1ibitum
91 days of feeding



Biofortification of rainbow trout

Relative to control fish, dietary supplementation
resulted 1in:
* ©6-fold 1ncrease of I content in trou
e 2.9-fold increase of Se contents in
fillets
* No effects on growth performance cri-

e N h 1t t
A 160 0 pSEeldR o s3I RTER L EEELS

fillets contributed to EFSA’s Daily
Recommended Intake (DRI)

 13% DRI for iodine

* 98% DRI for selenium

. 115% DRI for wvitamin D3
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Iodine fortification in gilthead

seabream

Glilthead seabream
From 250 g (IBW) to 500 g (FB"
35 fish/tank

Fed by hand, ad 1libitum
118 days of feeding

CTRL: 2.4 mg iodine/kg feed
KI: 26 mg iodine/kg feed
LAM: 426 mg iodine/kg feed

Feeding seabream with a diet containing

1.00 -
OCTRL c
080 - B Potasium iodide
"s' 060 - B Laminaria
5
o 040 -
c
-
s 0.20 -
in 13%
E o0 3%
ﬂg;;' —

10% of Laminaria digitata led to a 6.5-
fold increase of fillet i1iodine content

A 160 g portion fortified seabream
fillets covered 80% of the DRI for

iodine

Steam-cooking resulted

losses of 1odine fillet content
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Iodine fortification in gilthead

seabream

Glilthead seabream
From 250 g (IBW) to 500 g (FB"
35 fish/tank

Fed by hand, ad 1libitum
118 days of feeding

CTRL: 2.4 mg iodine/kg feed
KI: 26 mg iodine/kg feed
LAM: 426 mg iodine/kg feed

Feeding seabream with a diet containing

1.00 -
OCTRL c
080 - B Potasium iodide
"s' 060 - B Laminaria
5
o 040 -
c
-
s 0.20 -
in 13%
E o0 3%
ﬂg;;' —

10% of Laminaria digitata led to a 6.5-
fold increase of fillet i1iodine content

A 160 g portion fortified seabream
fillets covered 80% of the DRI for

iodine

Steam-cooking resulted

losses of 1odine fillet content



Selenium fortification in gilthead

seabream
CTRL diet: 0.41 mg Se/kg feed (as sodium selenite)
* SS diet: 1.07 mg Se/kg feed (from sodium selenite)
* YEAST: 0.94 mg Se/kg feed (from selenised yeast)
e MICRO: 0.98 mg Se/kg feed (from microalgae
Nannochloropsis sp.)
* MACRO: 1.09 mg Se/kg feed (from macroalgae Saccharina
sp.)
Gllthead seabream
From 14 g (IBW) to 49 g
(FBW)
65 fish/tank
Triplicate tanks per
dilet
Fed by hand, ad libitum
61 days of feedlng




Selenium fortification in gilthead

seabream

No effect on overall performance criteria (FBW, SGR, FCR,
TNTAKE . PER)

100 -
Whole-body Se retention (% intake) £ b
80 - .
T 2 l]l CTRL
41.8 8 60 - ss
b . . 1 é‘ 0. " YEAST
22.0 22.0 19.9 E m MICRO
a a a g 20 - B MACRO
SELENIUM 0

Selenium
CTRL ' S§ » YEAST = MICRO = MACRO

CTRL showed a lower Se

Whole-body Se retention digestibility than those fed all
was higher in CTRL

other Se-supplemented diets



Selenium fortification in gilthead
%aelgihvgo?ea—'ggdy selenium galn was not 25 1

affected by supplemental Se-forms
(P>0.05)

g
15 -
Selenium supplementation improved g
several biomarkers of the antioxidant §uh
status of fish -] i
5 .

Se-supplementation led to higher fecal
and metabolic losses (P<0.05)

CTRL YEAST MKCRO MACRO

- " SeGain " Fecal Selosses 1 Metabolic Se losses
Se sources can have an impact on losses

Supra-requirement Se supplementation in seabream requires a delicate balance between
the benefits to fish oxidative status and health and its potential environmental impact




Vitamin D3 fortification of gilthead

seabream and trout
EU Legal limit in aquafeeds

CTRL: vitamin D;: 42 ug/kg 75 ug/kg feed = 3 000 1U/kg feed

D3: vitamin D;: 75 ng/kg For salmonids
HyD: 25-hydroxyvitamin D: 75 pg/kg 1.5 mg/kg feed = 60 000 IU/kg feed

32 trout (IBW: 240 g) per
tank

51 seabream (IBW: 191 g) per tank
Stocked in 1000 L tanks
Temperature: 22-27°C

Feeding: 84 days

Stocked in 1000 L tanks
Temperature: 13-15°C




% DRV ofvitaminD

— — #
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Vitamin D3 fortification of gilthead
seabream and trout

120 - . . . .
Within the maximum authorised
100 - - level in fish feeds (3000
IU/kg), an increase of dietary
80 - vitamin D; was not an effective
strategy to fortify trout and
60 - seabream fillets with vitamin
D
40 - ’
20 - Specilies differences on Vit D3
fortification efficacy, with

0

higher potential in fattier
Rainbow trout Gilthead seabream fis h l ike sa lmon ids
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A pressing topic i1s the EPA and DHA
content in fillets

Changes on the EPA+DHA content {g/100 g) in fish fillets

between the years 2000% and 2015 One portion of farmed

salmon (130-150 g) still
provides 1.5 g of EPA
and DHA, a dose which
covers the weekly
recommendation (EFSA,
2012) for healthy adults

SALMON SALMON SALMON BARRAMUNDI SEABREAM
NORWAY SCOTLAND AUSTRALIA AUSTRALIA.  MEDITERRANEAN

® 2000's scenarlo = 2015's scenarlo

;:_—-«-,H:_ Eﬂ Sources: NIFES {2016), Sprague et al. {2016}, Nichols et al. (2014}, Vasconi et al. (2017)
e e T e 2 e o e



We need novel n-3 HUFA sources

Global availability of oil sou@telsal availability of fatty acids

‘H‘HHHHM \HH‘H‘H 1Nl ‘H‘HHHH” ‘HH““"‘ Il

1 =~ 1.1 MT/year
ture uses >70% of available

1
HA are essential to marine

* EPA and DHA rich algae o0i1ls and biomasses (e.q.

Schizochytrium)
—*" EPA-and.DHA rieh transgenic.plants (Camelina; - rapeseed) —— . == = =
T AT e N A e e P e e e N P e e P . SEE =



Fermentation algae oils

Thraustochytrids of the genera Schizochytrium and Aurantiochytrium accumulate

DHA-rich oils
VERAMARIS: EPA & DHA-rich Schizochytrium oil

Algae o0ils are gaining industrial relevancy and
scale
I+-- “-—=—m="4tsf-= == =13 =--=- - cost-effective

m Fsh cil (min 27% EPA-+DHA)

= Salmon ol (by-products)
Algae ol (60°%6 EPA+DHA)
B Aurantiodrytrinam biomass (26% DHA)

] - Focus on the relevant
€/ton of EPA+DHA nutrient unit cost

= The good news is that
we have a solution to

grow!!!!

Algae oils contain specific lipids classes (e.g. glycolipids, oxylipins) which may have bio-activities




But we should also try to improve n-3
HUFA retention

Retention of combined EPA and

300% -
DHA 1n seabream fillets 1s
o - '
’ﬁzma relatively low (17-25% of
2 .
EE 200% - intake)
L2
—
S 150% - , ,
5 Retention of DHA 1s generally
o
< 100% - é more than double that of EPA
o
50% - . . -
Optimal ratios of fatty acids
0% | . . . Metabolic programming (epigenetics)
0 5 10 15 20 Genetic selection
DHA Inclusion level (g kg-1 of diet)
— R - T - T - =
T e e e
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Functional role of microalgae 1in
gilthead seabream

Control diet: practical formulation
ALGAE diet: with 2.5% of microalgae (Phaeodactylum tricornutum) rich 1n
fucoxanthin

Gilthead seabream
From 230 g (IBW) to 415 g (FBW)
30 fish/tank

Fed by hand, ad 1ibitum
84 days of feeding




Functional role of microalgae in gilthead
seabream

ALGAE did not impact odour, flavour,
whiteness, and fatness sensorial perception
in cooked fillets

A consumer panel (n=100) characterised
algae-fed seabream as having a more vivid
and typical operculum pigmentation

Algae-fed seabream showed a lower whole-body
lipid content, although without affecting
fillet fat content.

Fucoxanthin has been shown to increase hepatic
carnitine palmitoyltransferase activity and
hepatic carnitine level, inducing lipid

mobilization
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Is biofortification industrially

feasible i1in fish?
FEED MILL |

Availability of fortification raw

materials oK

Increase in feed formulation cost <3-8% (depending of nutrient target and source)

Current feed manufacturing process No changes

Legal compliance OK

N

Production performance No changes

Animal welfare OK

Biofortification efficacy Generally OK, but wvariable with species and target
nutrient

Legal compliance OK

Sustainable ingredients OK

. Natural & healthy image OK




Biofortification of farmed fish is an efficient and
cost-effective approach to raise the intake of
shortfall nutrients and mitigate associated
deficiencies in humans

* Golng above current maximum authorised limits 1in feeds can help us

achieve higher levels of nutrient biofortification in fillets,
without apparent detrimental effects to fish

* Higher dietary dose does not always mean higher fortification
efficiency

Constmersd ndiétarye needst amdotieal the-welatedthorised
expecbi€idnsfiiust be considered when formulating
aquafeeds

..and communicated




Thank you for your attention
Jorge Dias
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