MASTEROPPGAVE

Course code: AK305F Name / Candidate noAnastasia Haiksen/1

Fishery byproductsCalanus finmarchicuand mesopelagic fish species as

alternatives to fish meal and fish oilfieds for Atlantic salmo(Salmo salaL).

Date: 15.11.2020 Total number of pageg4

) NORD

universitet www.nhord.no



Abstract

Norwayaimsto becomé he wor | d’ s | e withiaprgducgoa ebfmdliondonsn at i on
of aquaculture productsy 2050 The demand for feed will increase accordinglige world's

fish resources are already fully exploited or overexptband increased use pfant based
ingredientsmay not be considered sustainable. The aim of this thesis was therefore to
investigate the potential for increased use of three marine derived feed ingréast s, by
products,C. finmarchicusand mespelagic fish are marine ingredients, that have potential to
replace fish meal and fish oil in aquafeeds for Atlantic salbay have generally a favorable
nutritional profile andcontainall the nutrient®ieededo satisfy the nutritional requirements o

Atlantic salmon Fish meal produced from fyroducts have similar nutritional profile to fish

meal produced from reduction fisheri€s finmarchicusave a high protein content and a well
balanced amino acid profjléavorable for salmonid$/esopelagidish species have a protein
contentslightly lower than fish meal with agssential amino acicomposition close to that of

fish meal The lipid content of fisheries hyroducts,C. finmarchicusand mesopelagic fish
speciesmay vary amongspecies and seas. They arer i ¢ h I n t he n-3 I
pol yunsat ur at e d-PUFA)espgcialyEPA dnselDHA .NTheBe are @lso some
limitations with these ingredientsish meal produced from kyroducts have high ash content.
Mesopelagic fish species may contain seveoakaminants anteavy metalshat may limit

the incorporation level in feedhelipids in C. finmarchicusandB. glacialeare storechiswax

esters, that are poorly digestadhigh incorporation leveAvailable volumes of byroducts

from the Norwegiarfisheriesis relatively low but full utilization of all by-products should

still be a goalThe current harvesting technology and cospraicessing zooplankton into oil

and meal is limiting the potential of usizgoplanktonas feed ingredients he nutitional
composition ofC. finmarchicusmakes ita promising ingredient that can be important as a

future feed ingredienfThe enormous biomass of mesopelagic ffeghresent a big potential as

a future feed ingredient in salmon fedthis resource is howev, one of the least investigated

in terms of distribution, abundance, fishing methods and product develofBustdinable
management is deemed necessary before mesopelagic fish stocks can be harvested and used as

a feed ingredient in feeds for salmon.
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1. Introduction

1.1 Development of aquaculture

Aquaculture production is increasing worldwittehow accounts flomore tharhalf of the total

food fish supply and the percentage is increasing every {#d,(2017) More than 220
species of fish and shellfish are being farm{@AO, 2012). Global aquaculture production in
2016 was 110,2 million tons, it included 8@nillion tons of food fish and 30,1 million tons of
aquatic plants as well as 800 tons of nofiood products (ornaments). Farmed food fish
production included 54,1 million tons of fin fish, 17,1 million tons of mollusks, 7,9 tons of
crustaceans and 9380 tons of other aquatic animals (turtles, sea cucumbers, sea urchins, sea
frogs and edible jellyfish (FAO, 2017).

The Norwegian aquaculture production is small in the global scale but is characterized by
production of highly valuable specidis.2018 tle total production from Norwegian aquaculture

reached %52 928kg, of which 1,36tons salmorsalmo salamere produced (SSB).

1.2 Fish meal and fish oil

Growth in auaculture production is expected to incraagbe futureandmore aquafeeds will
beneeded to feed the growtiore than 70% of the total global aquaculture production depends
on supply of external feed inputs (Tacon, 201Bjets for farmed fish have primarily been
based on marine resources. Pelagic fish species such as anchoviegs sastliing and
mackerel have been traditionally used as ingredients for fish meal and fish D894 30
million metric tons (mmt) of reduction fish (1/3 of the global fish catch) have been removed
from the marine food web to produce fish meal anddikfor animal feeds and other industrial
purposegNaylor et al, 2009. The use offish oil and fish meain aquaculture isnore than
tripled from 1992 td2006 (Nayloret al, 2009) In 1992 aquaculture consumed around 15%
and 20% of global fish mealnd fish oil spplies respectively (Tacon, 2008n 2006the
numbers wer&8% of available fish meal and almost 89% of available &g (Tacon and
Metian, 2009)

Globally, 31.4% of fish stocks assessed are classified as overfisttesifbyod and Agridture
Organiation of the United Nations (FAQO017%. The proportion of stocks overfished varies

geographically from 40% in the southeast Pacific, southwest Atlantic and across the eastern and



western central Atlantic and 59% in the Mediterranean anckEBaa (Blanchardt al, 2017).

Limited supplies and increasing awareness among consumers and governments of the
ecological consequences and environmental impacts of human activities, have been forcing the
necessity to mitigate pressure on reduction fisiseand find alternative ingredients of protein

and oil from more susilmable sources (Naylagt al, 2000, Deutchet al, 2007, Tacon and
Metian, 2008).

1.3Plant- based protein and oil as alternatives to fish meal and fish oll

Plant based protein amail sources have been identified to have the greatest potential to replace
fish meal protein and fish oiDifferent plant derived mals and concentrates from oilseeds,
such as soybean, rapeseed (canola) and sunflower; grains, wheat and corn glutdnssas wel
legumes (beans, peas, and lupins) have all brplored agishmeal and fish oil replacement
with varying degrees of success (Forsteal.,1999; Barrowt al, 2007;Gaylordet al.,2009).

Soy protein isa global commodityand cost effective subute for marine proteinSoy protein

has a favorable amino acid profile and is commonly accepted, both qualitatively and
quantitatively, by most fish species (Watanabe, 20021990 approximately90% of the
ingredients in Norwegian salmon feed wé&@m marine origin. The use of marine ingredients

in fish diets were reduced @round 30%n 2013, and was further reduced to 25% in 2016
(Ytrestagylet al, 2015 Aaset al, 2019).

A fish-in-fish-out ratio, i.ea weightequivalent unit of wild fish usedtproduces unit of
cultured fish is animportant indicatoffor the use of marine ingredients to produce new fish
products For the aquaculture sector as a whole, the ratio of wildifigb farmed fish out

(FIFO) based on feed ingredients Haeen redcedfrom 1.04 in 1995 to @2 in 2015 (IFO).

For salmonid production, the FIFO ratio has decreasedth Marine nutrient dependency
ratios which stands for the amount of marine oil and protein required to produce 1 kg of salmon
oil and protein was 0.in 2013(Ytrestgylet al, 2015).Thus,0.7 kg of marine protein was used

to produce 1 kg of salmon protein, showing that the Norwegian farmed salmon is a net producer

of marine protein.



1.3.1 Nutritional limitations

Compared to marine ingredients, mia have certaimutritional limitation. Plant protein
ingredients haveelatively low crude proteinhigh crude fiber contentpresence of anti
nutritional factorsand plant oil is lacking thdong chained polyunsaturated fatty acids
(LcPUFA) (Ruyteret d, 2000,Hemre et al., 200Kaushik 2008,Krogdahlet al, 201Q NRC,
2011; Bouet al, 2017, Chengt al, 2018).

The amino acigrofile in plantprotein differ from fishmealPlant proteis areoften low in
lysine and methiane compared to fish meglGatlin et al, 2007) Several studies have
investigatel the potentiabf plant protein ingredient® replace fish meaSomestudies have
concluded that marine ingredients can be replaced without negative eftattgrowth
performance, nutrient utilizatn and health of fish (Kaushik, 199Bodehutscoreét al, 1995,
Refstie Set al, 20, Espeet al, 2006, 2007Burr et al, 2012,Metochiset al, 2017). Other
studies however, hawhown negative effec{&aushiket al, 2004,Barrowset al.,2007,Uran
etal, 2009 Burr et al,2012.

Plantoils are typically rich in C18:%6 poly unsaturated fatty acids and monounsaturated fatty
acids (MUFA), but |l ack the n-EPAdndDHAthatdreai N p o
characteristic of marine fish o{lTurchini et al, 2011). Marine fish species have limited
capacity to synthesizei cosapentaenoic acid (EPA; 20: 5n-
22:6n-3) and arachidonioti aci dni(ARA&ci @20¢ AbAS
l inoleic acid (LA; 18:2n-6) ,attytatids hageftobeaddedd e | o
to thefeeds (Glencross, 2009pcher, 2010)In addition to lower contentoh —3 | ong ¢ h a
polyunsaturated fatty acidahigher inclusion of plants oil results imfavourablen-3/n-6 ratio

in aqua feedsassosiated wittcompromised fish healti¢an, 2009 Praatoomyoet al, 2017,

Bouet al, 2017 Sisseneet al,, 201§.

Plant ingredients have high carlydhnate content and wide rangeof antinutritional factors,
including protease inhibitors,déns, saponins and phytic acigKkrogdahlet al, 2010) The

ability of fish to utilize dietary carbohydrates as energy sources varies, both among and within
species. Carnivorous fishéave limited capacity to utilize complearbohydratesind high
amount of starch in the feedompared to herbivorous fishd$e nain reason for this is that
carnivore fish have a digestive apparatus adapted to utilize protein and lipid in thidi¢ged

level of digestiblestarch in the dieteducedigestibility and resulin reduced growth of
salmonidqXie et al,, 1973,Hemreet d., 1995.



Phytic acid, which is the major phosphorus compomemplantbased ingredients affects the
digestibility of proteinand availability ofphosphorous and othdretary elementsSpinelli et

al., 1983,Storebakkeret. al, 1998, Sajjadet al.,2004). Digestibility of phytate phosphorus

very poor, since fish do not possess phytase in the digestive(ittaat.2006, Denstadéit al.,

2006 Kumaret al, 2013. Phytic acid can bind to Zn2+, Fe2+ or Caiins, and by forming
salts with these mals, decrease their intestinal absorption and utilizafldna, 2006).
Replacingdietary fish meal by plant feedstuffich in low digestible phytate, most of the
phytate P ends up excr esudmd iniwatér @utrdaptcatiomoat toethe
antinutritional factors are easily removed from plant ingredients during production, phytic acid,
however require enzymatic treatment with phytase.

Another challenge wherfish meal and fish oiare substituted bylant ingredients is the
influence on nutrient content or flesh quality. A number of studies have shown that replacing
fish oil, which is the main dietary source of th8& tong-chain polyunsaturated fatty acidgth

plant oils has influenced nutritional va of the final product (Rosemid et al, 2001, Rara&t

al., 2005, Menoyaet al, 2010,Sissenekt al, 2018). Gatlin (2007) showed that 40% of the
studies that investigated effects of plant protein sourcéisginquality (flavor, color, odor and
texture), reported significant effect.

1.3.2Environmental and socieeconomic effects

Use of plant ingredienteduce the pressure anild fish stocksandused to be promoted as a
sustainable alternative to the mme ingredient§Tacon and Foster, 2003, Tacon and Metian,
2008, 2009). However, theroduction of terrestrial feed ingredients can be associated with
land use intensification, high enerdgpendency ratios, greenhouse gas emissions, and
significant presure on freshwater resourc@oissyet al, 2011,Troell et al, 2014, Pahlovet.

al., 2015Blanchardet al, 2017 Malcorpset al.,2019. Many of these crops are also consumed
directly by humans and provide essential nutrition forioeome householddigh pressure on

these resources for aquafeeds use can potentially increase price levels and volatility,
aggravating food insecurity among the most vulnerable populations (Efoell, 2014)
Increasedpressureon cropresourcesnay have adversgocioeconomicand environmental

effects, and is arguing against increased use of -p&s#d ingredients in aquafeeds.



1.4Low trophic and microbial ingredients

The negative environmental footprint associated with use of plant ingredients has intensified
the research for novel ingredietitsat are not directly consumed by humanswahath can be
producedvithout use of agricultural lantNovel ingredientshat may be used as substitutes for
fish meal and fish oiin diets forcarnivorous fish such as Atlic salmon arenicroalga such

as diatoms and dinoflagellat€Bbbettset al,2011,Kiron et al, 2016, Sgrenseet al, 2016,

insect meal and oil (Belghét al,2018 Bruniet al,2019, euphausiidéOlsenet al,2006, Olsen

et al, 2011 Kousoulakietal, 2013 and calanoid copepods (Olseinal, 2004, Olsen, 2010)
Singlecell proteins have also been used as alternative resources to a differen{@siiintet

al., 2007, Nayloret al.,, 2009,CaballereSolareset al., 2017.

1.5 Aim of this thesis.

More than90% of ingedients used iNorwegian aquigeds are importedS{gmat Norgg
Many factors can directly or imekctly affect the availability of these resources, startinghfr
political conflicts, pandemg& and natural disasters, but also smdieal challenges, can
jeopardee availability andmarket situationFuture growth of Norwegian salmon production
should take place with more use of ingredients produceNomway. Exploring potential of

novel feed ingredient includes assessment of :

1 availanlity, both in volune, but also regulatory,
1 nutritionalquality

1 possihlity to handle and use iréd production.

In this thesis | willfocus on theesources thatre available in large quantities and not currently
utilized to a large extent in Nwegain agafeed: by-products from commercial gadiform
fisheries,Calanus finmarchicuand mesopelagis fish species. All the three resourcebecan
obtained in the Nrwegainwaters and by Brwegian shareholder8y-products are already
commercially used iaquafeeds butill there is a potential to increase the utilizatiéalanus
finmarchicusis utilized in production of niche commodities by one commercial stakeholder.
Knowledge about mesopelagic fish species is still scarce, but is expected to haat a gre
potential for commercial uselhe aim of this thesis is to investigate the potential of the novel

marine ingredients as future ingredients in feeds for salmonids.



2. Fisheryby-products

The Norwegian government has ambition that the seafood indysshouldaim for a higher
degree of utilization of byproducts, and the golto bring to landand utilize100% of the by
products Norwegainwhite paperl0 (20152016), Norwegainwhite paperd5 (20162017),

Blue opportunities, 2019 It is however nbimplementedby low, as it should be technically
achievalbe and economically profitable. The high demand for marine ingredients should be a
high motivation for the industry to use more-fmpducts, however, still there is too much

unexploited byproductsin Norway and world wide.

2.1By-product: definition

The EC regul at i on(EO®Nrl%2008adoptemhy?t Qriober2008)tasd
Norwegian regulation for animalia fproduct (animalietprodiktforskriften), adopted on 14.
September 201@lefinea ni ma | by-products as whol e carcas
not intended for human consumptidmdaythe definition is used on ady-products, edible or

not intented for human consumptjdaft during the production of the main prod(Rustad,

2007) The term includes the side streams from slaughtering of the fish and left over after
filleting. Themain byproductsin the fisheries sector includasads, liver, gonads, trimmings,
backbor, skin,bones, stomachs andissmi ng b | atde ’edefnd asphdats that

cannot be used for feed and mgstfor destruction.

A general definition of byproducts includes also discards ordoya t chiesc ar ecatch or by
refer to fsh that is caughtind subsequentlyhrown overboat and inclués undersized
marketable species, commercial species that are unwanted due to legislation, low market value

or any other reason, and noommercial species ranging from benthic invertebrates to
cephalopods and figiBellido et al, 2011) Discards of mostish and crustacean speclesve
beenprohibitedin Norwaysince 1987, while the EU has implemented mandatory landing for

all species of fish in 2019(Regulation (EU) No 1380/2013)Also in the regulatory
comprehensi on, there is a difference betwe:¢

consumption, discards and wafRustadet al,2003)

In this thesis byproducts refer to all types of fproducts, that is left after processingfish

for human consumption , amdn be recycled after treatment.



2.2 Main origin of fish by-products.

The main origin of the byproduct derive from trimmings a@fmmercially harvested fish in
Norway such asod, pollock, haddock and others as well agmsan (from aquaculture and
wild), herring and mackerel By- products come from wild caught fish or aquaculture

processing.

Processing of fish to different products generate a vast numbepobbycts. Fillet production
contribute with trimmingsskin, backbone, head, liver, gads and viscera.adiform species
arealsoused forclipfish productiorand saltfish productio.he main byproducts frontlipfish
production and salt fisproduction are mainly heads, visceganad, heads, backbonand
swimming bladderSome studieshowedthat hie product yieldor gadiform speciebor fillets
is around 480, and the rest i®y-products Guerardet al 2005 in Rustacet al., 2007,
Kristbergssoret al, 2007) (Fig.1). Othestudiesshowed thaproduction of od fillets generates
2/3 of the whole body weight as4pyoducts §lizyteet al, 2005 Falchet al, 2006).

Roe and milt .
2% . Skin
Viscera 3%
5%

Liver
5%

Backbone

Fillet
12%

43%

Cut-offs
6%

Head
24%

Figure 1 Products and rest raw materials from shore processing of cod (Arason et al., 2009).

The amount dffishdepengan spdcies, size, season and fishing ground étalch
al, 200&). The data from four gadiform speciessadus morhudcod),Pollachius
virens(saithe) Melanogrammus aeglefinfsaddock) androsme brosméusk), show that
the viscera (allnner fractions) makes up 4P5% of the whole body weight, the heads make
15-20% and the backbone and trimmings make w8Q% alchet al, 200@). An average
daily catch of gadiforms from a trawling vesseah produce up td0 000kg fillets, which will
generate 1706€1000kg by-products depending on species (Fadthl, 2006)



2.3By-products: regulation.

The definition, processing and useariimal byproducts is harmonized within the EEBC
1069/2009 andeC 142/201) andis ratified in the Norwegin animaliebiproduktforskriften.
Animal by-products are placed in three categorigsfining how the material shodl be
processed and use@ategory 1 is the highest risk category and includes material that should
be kept away from any food chain. Categdproducts are also considered as high risk material
and include i.a. animal byroducts that contain residues of drugs or pollutant as well as
products of animal origin not suitable for human consumption. Category 3 isrskomwaterial

that may be uskfor feeds for animals that are used for human copom Most of this
material originate from the parts of animals that are fit for, but not intended for human
consumption If treated correctly, théyproducts used in aqua feeds, are category-3 by

products.

2.4 Global fisheries and utilization of byroducts.

The total fish productior{including fish, crustaceans, mollusks and other aquatic animals
reached 179 million tonm 2018(FAOQ). It is assumedhat 35% of the global harvest from
fisheries ad aquaculture production is either lost or wasfedund 88% of the total utilized
fish productionwas usd for direct human consumption ad@% was used for nefood
production.The total global capture fisheries production reached 96,4 millionito8818
(FAO). Annual discards from global marine capture fishebesveen 2010 and 2014 were
accounted fo®.1 million tons,or approximately10% of the total catch (FAO)It is further
estimated that around 11.7 million tons of byprodsigroduced globiéy in processing plants
that are noutilized for production of marinengredients (Jacksoat al, 2016). The latter
authors also suggested that Asia (excluding China) and Europe have potdrgiaflion
tonsand 0.6 million tons unexploited 4pyoducts that potentially can be processed into
marine ingredientsApproximately 15 % of thglobal by-productsfrom fisheriesis used for
human consumption, while the rest is used for the production of fishmeal, silage and animal
feed An indication of he share of raw material from different sources used for production of
fishmeal suggested that 19% of fish meal and 26% of fish oil originated from{r@dhycts
from the capture fisherie&ig. 209 Fig. 3.



Fish meal

= Whole capture fish (71%)
= By-product from wild capture (19,1%)
= By-product from aquaculture (9,9%)

Figure 2 Sourceof raw material for the prduction of fishmeah percentage (Jackson and
Newton, 2016)

Fish ol

= From whole fish = From by-products

Figure 3 Source of raw material for the production of fish oil in percentage (Jackson and
Newton, 2016)



2.5Fisheries and utilization & by-products in Norway

2.5.1Fisheries and structure of the fishing fleet

One limitation for full utilization of byproductsis the structure of the fishirfteet (Arasonet

al., 2009). Almost all byproductsfrom onshoreslaughtering of fish islrealy almost fully
utilized (Olafseret al, 2012). The largest potential fmcreaseditilization of by-products is

to the byproductsgenerated onboard hese byproducts area larger degree dumped at sea
due to inadequate processiagifities and laclof space Qlafsenet al, 2012, Sjgmat Norge
2013)

The Norwegian fleet is complego is the fishing pattern. The flesinsisting of a wide range

of vessels from small orman boats to large ocegoing vessels, some of them with fillet
fabric onboardThere are 5980 vessels and 11055 fishermen registered in Norway in 2019
(Fiskeridirektorate020. Regulatory, the Norwegian fleet is divided into two groups, coastal
fleet and oceagoing fleet. The coastal fleet consists of vessels betweéeméter Img to
vessels with hull capacity under 500 metric toRshing geassuchas nets, lines, danish seins

are used for fishingnd the fish ipartially gutted at sea and partially on lafitle largest boats

in the coastal fishing fleet are often fishing gmveral days in a row without landing. this

case all fish is gutted at sea.

The ocean fleet can be roughly divided into trawlers, auto liner boats and purse sein boats. Purse
sein boats fish on pelagic fish species, while trawl and auto line areymagd in whitefish
fisheries. Most of catch on a trawler are headed and gutted. A number of trawlers have a fillet
production on board, these types of trawler generate trimmings, heads and viscera. Some of the
factory trawlers havéishmeal and fish oiproduction on board, where all of the-psoducts

are processedf all the fleet groups, the oceagoing fleet utilized less bgroducts, while

the coastal fleet only discard7®0 tonn of the total of 17800 tonnin 2018 (SINTEF, 2020

The main targt species are herring, cod, capelin, mackerel, saithe, blue whiting, and haddock.
The pelagic fleet catches herring and mackerehuman consumption, and blue whiting, sand

eel and Norway pout that are used in productiofisbineal and fistoil eitheron land or on

board the vessels. Most of the fish used for human consumption, is delivered for processing and
freezing on land, some vessels have fillet production on board. Fpeotycts from fillet

production are either usédr fish mealor oil or in the production of silage concentrate.
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2.5.2Utilization of by-products.

In 2018 aroun®60000met ri ¢ t ons of by-products were ge:
mill ton fish and mollusks, caught and produced in Norway dddryvegian vessels (SINEF,

2020. Almost 31% was exploited. According to the statistics, the pelagic and aquaculture
sectors utilize 100% of the available-psoducts. The gadifom fisheries are not yet using all

the potential, however, the utilization degree hasemsed from 8% in 2017 to 6% in 2019

320000 ton byproducts originated from the gadiform fisheries (SINTEF, 2019). The total
amountof utilized byproducts was 18@00 ton, while the amourtf unutilized byproducts

was 116400 ton.Approximatelyl13% of byproductare used for direct human consume, 72%

are used as feed for fish and animals, whereby 57% are used in aquaculture feed for salmon and
other marine specieBy-products used for bienergy amounts to approximatelyp%
(SINTEF, 2020.

2.6 By-products: diemical composition.

The nutrient content of fish meal depends on the type of raw materials and manufacturing
process used in the production. In general, fish meal produced from whole fish contains 66
74% crude protein,-81% crude lipids, and < 12% adHuaet al, 2019). Fish meal produced

from by-productshas a somewhat different composition and may cob&bv % crude protein,

7-14% crude lipids and 123% ash(Huaet al, 2019. Fish meal produced froayproducts
derived from gdiform species, contans 6667% crude protein,-11% crude lipids and 21

23% ashThe protein contents in byroducts is slightly lower than in the whole fish, due to

less muscle and more bones in the product. Gadiform fishes are generally lean, and the lipid

content is therefoin the lower range.

2.6.1Dry matter, crude protein and amino acid composition.

The role that proteins and amino acids play in the structure and metabolism is critical for all
living organisms. Tie minimum protein requirement for Atlantic salmisnestimated to be
between 34% and 48% of the feed, dependingthenlife stage (age and size)rdeein
requirement decreassith increasing fish sizéNRC, 2011). The protein contents in-by

products is significantly higher than the minimum requirements. Tw@hary amino acids
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are used by cells in protein biosynthesis, ten of them are essential, as they cannot be synthesized
by the fish itself and must be acquired through the diepp®yucts contain all the 20 amino

acids and the amino acid pattésndatively similar tofish meal from anchovy (Table 1).

Lysine (Lys) is considered to be the first limiting amino acid (AA) in fish as in higher
vertebrates (Abboudit al.,2006) Content of lysine (7.3%) of crude protein (@higher than

the requiremetnof this amino acid for Atlantic salmon, which is 5.0%C# (Espeet al.,2007

in NRC, 2011).

The level of methioninen fish meal from byproducts is twice the amount in soy protein
concentrate, but slightly lower, than in fish meal from anchovy. Nleskerss, the content of
methionine(2.71% of CP)is higher than the minimum requirement reported for Atlantic
salmon, 1.73% of CP (Esp al, 2008 in NRC, 2011)Methionine is proved to the first
limiting amino acid in many fish diets, containing higkels of plant protein sourceG¢ff et

al., 2004 Mai et al.,2006, Gatliret al.,2007,Savolainen, 2010, Jirgd al, 2013). Low dietary
levels of methionine have been shown to suppressth of marine species (Wilsp2002,
Gatlinet al, 2007).

The level of histidin(2.16% of CP)is lower than soyprotein concentrate and fish meal from
anchovy, but is covering the minimum requirement of salmonids (NRC, 2011). Histidin is not
only an essential amino acid important for growth, but it is also imgddathe prevention of
cataract in Atlantic salmorS@lmo salai.) smolts (Breclet al.,2005,Waagbeet al.,2010).

Tablel Crude protein and amino acid composition of fish meal from anchovy, fish meal from
white fish byproduds, and soyrotein concentrate (ated basis) (NRC, 2011).

Fish meal anchovy| Soyconcentrate Fish meal white, byroducts

mechanically extracted
Dry matter (%) 92 92 92
Crude protein(%) | 6540 63.63 62.00
Arg 3.68 4.64 4.02
His 1.56 1.58 1.34
Iso 3.06 2.94 2.72
Leu 5.00 4.92 4.36
Lys 5.11 3.93 4.53
Met 1.95 0.81 1.68
Cys 0.61 0.89 0.75
Phe 2.66 3.28 2.28
Tyr 2.15 2.30 1.83
Thre 2.82 2.47 2.57
Tryp 0.76 0.84 0.67
Val 3.51 3.06 3.02
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2.6.2Lipid content.

Studies orlipid content and comgsition in byproducts from gadiform speciésve shown,
that these sgriesstore their lipids mainly in the liveand thdipid depotin this orgarcontained
betweerb4 and69% of lipids in cod saithe and haddock and 43% in tusk (Fa&thl, 2006a).
Theviscera and trimmings contain lower amount of total lipids, ranging from 2 to 9% in viscera
and as low as 1% in trimmingBhe head, trimmings, backbone and vis¢bed composenore
than60% of the available bgroducts,accountsonly for approximately % of the available
lipids (240 kg lipids from a average daily catch) (Falehal, 2006a) Liver makes between 4
-6% of round weight in cod, haddock and saithe (Fatcdl., 2006b) Lipids storedin the liver
are primarilytriacylglycerols (90%) while muscle and gonads contain phospholipids with
higher levels of polyunsaturated fatty acids (PUF&sIchet al,2006a). According to Falch
polyunsaturated fatty acids (PUFAs) made upd8% and 3463% of the total fatty acids in
liver and viscergFalchet al, 20064..

2.6.3Vitamins and minerals.

Fish meal from byproducts is generally good source of vitamins (Tablg.2/itamin B12 is
significantly lower, than in anchovian fish meal, however otheroBplex vitamins are
comparable. Briitamins are cdactors in the intermediate metabolism of protein, carbohydrates
and lipids, and vitamin B deficiency signs are reduced growth and appetite and accumulation
of fat around internal organs and fatty liver (Torstereteal, 2008 Espeet al, 2016 in Hemre

et al. 2016)

Table2 Vitamin composition of fish meal from white fishgsgducts, presscake meal, fish
meal, anchovy, méanically extracted, and sgyotein concentrate (NRC, 2011).

Fish meal. Byproduct Fish meal, anchovy Soyprotein concentr

Biotin 0.08 0.23 0.32
Choline 3.09 4.40 2.60
Folacin 0.35 0.20 0.60
Niacin 59.0 100.® 28.00
Pantothenic acid | 9.90 15.00 16.30
Vit B6 5.92 4.64 6.00
Riboflavin 9.10 7.10 2.90
Thiamin 1.70 0.10 6.00
Vit A

Vit B
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Vit B12 89.90 352 -
Vit E 8.90 5.00 2.40
Vit K - 2.20 -

Minerals concentration in bgroducts is comparable to those of soyprotein concentrate and
fish mealanchovy exceptconcentrations of calcium and phosphdfTable 3. High amounts

of Ca and Regresshe quality of ingredient, as the@ye assumed to reduce the bioavailability
of certain trace elements, particularly zinc (Olseal, 2019).

Table3 Mineral composition of fish meal from white fishpducts, presscake measiH
meal, anchovy, mechanically extracted, and soybean protein concentrate (NRC, 2011).

Fish meal. Byproduct Fish meal, anchovy Soy protein concerdte

Dry matter (%) 91 92 92
Cdcium 7.31 3.73 0.30
Phosphorus 3.81 2.43 0.65
Sodium 0.78 1.10 0.04
Chlorine 0.50 1.00 0.04
Pottasium 0.83 0.90 2.11
Magnesium 0.18 0.24 0.29
Sulfur 0.48 0.54 0.42
Copper 5.90 9.03 23.0
Iron 181.® 220.® 140.®
Manganese 12.40 9.50 30.60
Selenium 1.62 1.36 0.10
Zinc 90.00 103.0 52.0

2.7 Challenges.

2.7.1Techmological constrains.

Stable and sustainable supply is deemed necessary for continuous and profitable production of
ingredients from byproducts(Thorkelssoretal., 2009. The byproducts are landed in many
places along the coast, and good logistics adldrtological solutions must be developé&dth

aboard and on lande8sonality of the catches is also a factor that need to be considered and
that can be

problematic in planning | arge-sc

Raw material and correct hdimg of the raw materials are crucial for the quathyg final

product To ensure high quality, it i's i mportant
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production andit is advantageous to start productionlmrard the fishing vesselack of space

lack of optimal conservatiomand not enough manpower-board most fishing vessefsake

this alternativechallenging.If there is no space for handling the-fmpducts onboard the

vessel, the production have to take place on laikiseet al. (2002 showel that cod could be

landed ungutted and gutted on shore withird&2hours after catch, depending on the season,
without reducing the quality of the fish or t
stored ungutted for up to 48 hours, while fe
within 12 hours. This wil/l al | omshorelantinge ct i on
facilities and transportation to processing plants (Grimsmal, 2009) However, oly the

vessels, fishing close to the shore, are capable of deliveripgooycts within 12 hours.

2.7.2Biochemical constrains.

By-products that incides parts of fishwith high enzymatic activity, i.e. gastrointestinal tract,
containing highly active digestive enzymestf&ent rapid autolysis and liquification of the
by-product (Rustadet al, 2011) Due to the fact that the enzymatic activity ftihe
gastrointestinal tract is relatively high,
degradation even at low storage temperat(Resstadet al., 2011) Proteolysis lead to break

down of proteins into amino acids, while lipases and phogsas lead to the formation of

free fatty acids, which reduces sensory gqual
especiallythosefrom fatfish, contain high amounts of oil that is highly suscepfilm@xidation

because of thpolyunsatuatedfatty acids. Intestines and gills have high bacterial numbers, and

are highly susceptible to microbial spoilage. In addition, the microbial flora on equipment and
people handling the fish and by-products ma
ensure high quality of product, it is important to separate easily degradable parts from the more
stable fractions and treat these with special.¢dygienic handling of the raw materiala key

for high quality of the products and a ki&y successfulitilization and processing of by
productg(Thorkelssoret al.,2009).
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2.7.3Ethical consideration

Large amount of fish bproducts are currentlyot utilized. From an ethical aspect this is not
acceptable and byroducts can also add value to fisherids present, theéotal cost of bringing
ingredients to shore magxceed the expected market price (Grimsetoal, 2015. The
development is however positive, and the utilization eptyducts is increasing. Uiktion

og byproducts from the pelagitisheries and aquaculture has more or less reached the
maximum, while contribution from the white fish fisheries is constantly increa3iognsure
betteruseof fish by-products, it is important to develop teciogies to store and keep the
products, ad the valuable components, as well as to encourage the stakeholders and focus on

the market.
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3. Calanus finmarchicus

Zooplankton igrophic levelbetween the primary producers (phytoplankton) and organisms on
higher trophic levels in themarine food web, including marine fish and marine mamrmi&is.
Norwegian seafood federation, Norways largest assosiation for seafood industry, has in it vision

“ SeafoadbR080change oihordeacrediice eneironmantalndpact h a t
of seafood industrya segnificant share of raw materiéds seafood productioshoud come

from the lower trophic level, including marine algae, zooplankton and phytoplarisjemat

Norge, 2017)One zooplankton species of economical intergSalanusfinmarchicus Since

2019, the Norwgian government is allowing commercial harvestin@ofinmarchicusafter

several years issuing only research concessions.

3.1 Calanus spp

The Calanus specieS, finmarchicus, C. glacialiandC. hyperboreusre tle most important
species and the prime herbivores in the Arctic and northernBaadg, 1991, Weydmaret

al., 2008,Sgreidect al 2008). The three species are distributed in Arctic waters, including the
Norwegian Sea, the Barents Sea, the White Seaitttic Ocean, the Greenland Sea and the
coastal waters bordering Siberia, East Canada and Alaska. They have different and distinct
centerdor overwintering (Hircheet al,1996 Falk-Peterseret al, 2009.

3.2 Calanus finmarchicus

C. finmarchicuss the dominant Calanus species in the Norwegiara8das one of the largest
marine resources in the entire Northeast Atlar8tock assessment indicates thagtanding
population ofC. finmarchicusalone is approximately 780 million tons in the NordiSeas

(Melle et al, 2014).The biomass estimate is however, highly uncertain, as the population
numbers vary considerably between the years and throughout the year. Despite the uncertainty,
it has been recognized for a long time, tBatfinmarchicushas asignificant potential for
harvesting and value creatidhis assumed thafalanus sppn Norwegian Sea, Icelandic sea

and Greenland sea have a production potential betweeBQIRfillion tons wet weight per

year (Tokle, 2008)Thus the potential for ilization is significant, and according to the results
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of the Calanus program, carried out from 2000 to 2005, harvesting of Calanus is technically
possible.Researcltoncessions havieeen used taollect scientific proof that commercial
fisheries based astrict regulation and quotas, will not have a negative effect on the st@ck of
finmarchicus or other marine resourcedome studies even point to no effect or even positive
effectsharvesing this plankton.A data stimulation suggests that withdrawall6% of the
biomass would lead to double increase in the total biomass in the following generation and that
even 50% extraction will not have a decisive effect on subsequent generations (®agbktad
2005, Tokle, 2@®8).

Zooplankton plays a key role ihe lipid-based energy flux in the Arctic. It converts lewergy
carbohydrates and proteins in ice algae and phytoplankton inteehéglyy lipid compounds,

which are then transferred through the food chain as the major source of energy for the large
stoks of fish, birds and marinfmammals in the Arctic (Lee, 197%argentet al. 1986,Falk-
Peterseret al 199Q 2000, Lee et al 2006). It is assumed that only-B0% of the energy
transferred between each trophic level is converted to biomass at theveXPlrsonst al,

1988). Thus, a sustainable fishing at lower trophic levels, is claimed to provide datthny

gain in potential harvestable biomass (Pitcher, 2008).

3.3Biology of C. finmarchicus

The biology including the lipid composition Gf finmarchicushas been a subject for extensive
research over the years (reviewed3aygentt al, 1986 Kattneret al, 1987, Hirche, 1996 ee

et al., 2006, Pederseet al, 2014. Calanus finmarchicubas a ongear life cycle in Barents

and the Norwegian éas. During the life cycle the copepods go through reproduction and
development in surface waters before overwintering in diapause at depth. Diapause depth is
usually between 400 m and 2000 m in the open ocean and 100 m and 150 m. in coastal habitats
(lochs and fjords) (Hirche 19961eathet al, 1999 Visseret al, 1999,Kaartvedt200Q Falk-
Petersenet al. 2009).

3.3.1Life cycle

Calanusspawns in Aprid May during or just after the phytoplankton bloom peak (Taeics
1991 Niehoff et al, 2002,Madsenet al 2008, FalkPeterseret al, 2009) (Figure %
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Figure 4 Timerelated plankton bloomis the Arctic Oceans (FalkPetersenet al.,2009)

The new generation develops through six naupli-N1) and five juvenile copepditestages
(CI-CV) which finally develop into the adult female or male stage (CVIf or CVIm,
respectively) lceeet. al, 2006, FalkPetersa et al.,2009 (Figure 5
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Figure 5 Schematic representation of the Calanus life cycle

The stage | copepodites-212 mg dry mass (DM)) develop to the lipidh overwintering
stage IV (4670 mg DM) and stage V copepodites (430 mg DM) by Juneduly (Falk
Peterseret al, 2009). The copepodites 1V descend to deep water in Juhdy, whee they



undergo diapause (FallPdersenet al, 2009). The ovewintering stage, mainly stage V
copepodites, develops into males and females in January. Females develop ovaries between
January and March and during late winter (FebruApyil) the populaibn migrates into the

surface waters, ready to spawn. The animals are then transported by surface currents.

In the CIV and especially the CV copepodite stage the copepods accumulate large amounts of
lipids, predominantly wax esters stored in a lipid deall¢Peterseret al 2009,Clark et al

2012. Accumulation of wax esters begins in stage IV copepodites in sguimgner and
reaches maximal levels in stage V copepodites prior to overwinteringe{ladel971,Scott,

2000).

3.3.2Energy utilization

When descending to deep waters in the aututnrfinmarchicushas gained enough energy to
survive during starvation periods up to 9 months as well as to produce gonads by the end of the
diapause before ascending to the surface in the spiegonset of veical migration is trigged

by a high lipid level, and that the copepodits that do not reach the sufficient leve) the
phytoplankton bloom, mbto females and start a new generation (Irigaeal., 2004, Clark

et al 2012 Bergvik, 2012) Estimations suggestthat aly around 5% of the stored lipids are
consumed during overwintering (Jonasdottir, 1999). Adult females maintain a considerable
amount of lipid when they reach the surface which later is used to produce eggs before the

phytoplankton bloomwhen food levels are still low.

3.4 Chemical compositiorof C. finmarchicus

C. finmarchicugsonsist of app80-82% water, 1611% protein, 8% lipids and 2% ash (Utne,
1974, Vanget al, 2013)

3.4.1Lipids

The lipid content o€C. finmarchicuslependgreatly on the stages of development,
season, and location of samplifRedersert d., 2014). Compared to most fish oils and krill

oil, which mainly consist of triacylglycerols and phospholipids, the lipidS.dfnmarchicus
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is mainlywax esters (WE)onsisting of longhain monounsaturated fatty alcohols esterified
to saturated or unsaturated fatty acids (Peder2@il). Calanususe the WE to regulate
buoyancy and vertical migration, gonad formation and as atknng energy store during the
diapawse (Jonasdottet al, 1999; Visseet al, 1999). By changing the density of the WE layer,
theC. finmarchicusan stay at sea depth during diapaugboumt utilizing energy (Table)4

Table4 Lipid class composition of late cepodite stages and adult in C. finmarchicus
sampled in different periods and presented as % total lipids-IFatkrseret al(1987).

% of total lipids
Lipid class June Oktober March
Triacylglycerols 8.9 1.3 Nd
Sterols 1.2 2.6 3.2
Free fatty acids 0.2 Nd 1.7
Wax esters 85.4 88.1 84.9
Phopspolipids 4.2 7.3 10.3

Nd- not detected

It is believed that the WE composition of the copepods reflects both their marine habitat, the
relative rates of ingestion and the fatty acid composition of the specifiogdagktonspecies

they feed on (Lee, 197Kattneret al, 1987,Falk-Peterseret al, 2009). Triacylglycerols and

wax esters reflect the dietary fatty acids, whereas phospholipid fatty acids reflect biosynthetic
pathways and membranesttural requiremes (Lee, 1974 The total amount of lipids and

WE in calanoid copepods depend on the latitude (reviewed by Sargent aiidteatien, 1988,

in Pedersen, 20)4 The Arctic species contain the highest amounts, due to low water

temperature.

The lipid reservesf C. finmarchicusopepodite stages PV may compose almost 60% of its
total dry weight (Kattneet al, 1987 J6nasdattiet al, 1999,Scottet al, 2000,Leeet al, 2006).
The WE content has been found to be as high a®@®06 of the total lipids, while
triacylglycerols (TAG), phopspolipids (PL), and free fatty acids (F&#&)minor constituents
(Table 5.
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Table5 Total lipid and storage lipid class data of C. finmarchicus (eeal 2006)

Total lipid (TL) WE (% of TL) TAG

(% of dry weight) (% of TL)
Copepodite IV 53 44 10
Copepodite V 34 68 5
Female 24 62 6

The WE ofC. finmarchicuscontain fatty alcohols that are mainly monounsaturated, Z0:1n
(gondoic acid) and 22:1h1 (cetoleic acid) may constitute 62 to 93% ad tipids, while the
saturated alcohols 14:0 (myristic acid) and 16:0 (palmitic acid) makerp from 8 to 24%
(Pederseret al, 2007 Falk Petrsenet al 2009. The very high amounts of de novo
synthesized 22:1 and 20:1 fatty alcohols and acids isra st exceptional higenergy value
lipids (Falk Petrsenet al 2009). The content of polyunsaturate@d fatty acids in the WE
may account for 280% of the total fatty acids content, dominabyd18:4r3 and 20:5f8

(Table §.

Table6 Fatty acid composition (%) derived from C. finmarchicus oil, FFA and wax esters

(Vang, 2015)

Fatty acid Qil FFA Wax ester
14:0 14.7 4.7 154
16:0 9.3 21.2 7.6
16:1 n7 6.7 4.1 6.4
16:2 n4 1.0 0.6 0.9
16:3 n4 25 1.7 24
18:0 1.0 7.9 0.8
18:1 n9 4.1 2.9 4.0
18:1 n7 25 1.8 24
18:2 n6 0.9 11 0.8
18:3 n3 1.3 1.2 1.1
18:4 n3 12.4 8.0 11.4
20:1 n9 5.9 1.3 6.0
22:1n9 9.0 1.7 8.8
20:5n3 14.4 17.0 11.6
24:0 0.7 0.5 0.6
24:1 n9 0.8 0.6 0.6
22:6 n3 7.7 18.3 4.1
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>SAT 25.7 34.3 24.4
>MUFA 441 30.0 40.4
xPUFA 40.2 48.0 32.2
n-3 35.8 44.6 28.1
n-6 0.9 11 0.8

The fatty acid composition of TAG @. finmarchicudipids are similar to the pattern found in
TAG of fish oils (McGill et al, 1992in Pedersemt al, 2014). The PL ofC. finmarchicusare
also characterized by a very high tamt of n3 fatty acids (Table)7 The amount of EPA and
DHA in PL of C. finmarchicuss close to the amount &PA (23.6528.10% ) and DHA
(16.7121.03%) present in the PL in oikteacted from krill. Some studies indicated that
bioavailability of EPA and DHA is higher, when these form-& RUFA appear in the form of
PL, making, for example, krill oil superior to fish oil that contains EPA and DHA as TAG
(Rossmeisekt al, 2012, Uvenet al, 2011 in Xieet al,, 2018)

Table7 Fatty acid composition (mass %) of triacylglycerol and phospholipids in C.
finmarchicus, late copepodite stages and ad@tairce Albers et al (1996), Fraser et al
(1989) (in Pedemn et a) 2014)

Triacylglycerol Phospholipids
Fatty acids JuneAugust! | March? June august! | March?
20:5n3 8.7 7.4 19.2 23.1
22:6n3 5.8 51 37.4 30.9
>SFA 52.7 30.9 32.7 24.5
> MUF A 18.1 28.7 5 2.8
> A3 PUFA 23.9 26.1 59.9 59.1

A significant amount of stearidonic acid (SDA, 18:8)is also found in addition to EPA and
DHA. Stearidonic acid is an inteediate metabolite betweerinolenic acid (ALA) and EPA

in the n3 biosynthetic pathway and is assumed to be a superior precursor to EPA compared to
ALA, because SDA is not dependent on the rate limiting enzfealesaturasein the
conversion from ALA to the EPAQalderet al, 2013 LenihanGeelsetal., 2013).

The n3 PUFA may account for 4045 % of total fatty acids i€. finmarchicudatecopepodite
stages CIV and CWKattner et al. 1987 Bogevik et al, 2009. Still, the level of 20:513 and
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22:6 -n3 increases from approximately 13 to 209 40 to 30 40% respectively between
copepoditestage V and females (FalReersenret al, 2009).

3.4.2 Astaxantin

Astaxanthin is the most commonly occurring carotenoid in copepods, it may contribute to as
much as 8590% of the total pigment (Pederse002). Studies of copepod carotenoids have

shown concentrations ranging from 5880 ug/g based on dry weight (Lotocled al, 2001;

Lotockaet al, 2004). It is believed that one of the central functions of astaxanthin (esters) in
calanoid copepods is antidant protection of storage lipids. The common know nam@. of
finmarchicus s “red feed” which reflects its the
to the large quantity of lipophilic carotenoid pigments, and Calailuntain 1500ug/g of
carotenoids, which is a considerably higher content, compared to other natural crustacean
sources. High content of carotenoid make Calanils excellent natural alternative to synthetic

astaxanthin as feed ingredients to organic farmed salmon (ldyde2009).

3.4.3Protein and amino acids composition

In general copepods have a high protein contenb6284 DM) and a favourable amino acid
profile. All 20 amino acids arpresentin C. finmarchicug§Wiborg, 1974. The table below
represent the typicah@no acid profile ofC. finmarchicusanalyzed in Mi 1973 anaf the
commercially available product called Calar®sPowder: Aqua, produced by Calanus AS
(Table8).

Tade 8 Amino acid content in C. finmarchicus (g/ 100groten).

Amino acid contenin C. Calanus® Powder: Aqua, produced by
finmarchicus (Wiborg1974) Calanus AS
Arginine 7.11 5.96
Histidine 1.92 2.54
Isoleucine 3.72 5.41
Leucine 5.92 8.05
Lysine 6.67 6.80
Methionine 2.28 3.06
Phenylalanine 2.88 5.15
Threonine 3.25 4.99
Tryptophan 1.01 1.99
Valine 6.17 6.15
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Alanine 5.85 6.31
Aspartic acid 7.37 9.44
14 cystine 0.71 1.64
Glutamic acid 10.20 12.18
Glycine 6.89 6.04
Proline 2.94 4.01
Serine 3.11 4.43
Tyrosine 3.70 5.83

C. finmarchicuscontan a well balansed profile of essential amino acids, that suits the

requirements of Atlantic salmo (salaj

3.5Harvestingof C. finmarchicus

Since the end of the 1950s, small amount€ofinmarchicusave been harvested in Nowa
(Larsen, 2009 During the 1990s, there was a growing interestatanus spas a potential

feed ingredient in aqua feed for the fast growing aquaculture industry. In 2006, the Ministry of
Trade and Fisheries issued the regulation, prohibiting the Norwegians veds#isatad land
calanus, krill and zooplankton in the Noe#ast Atlantic, ICES zonesdXIV. It was decided,

that athorough evaluation of stocks and ecological consequences was ndmdert a
commercial harvest of zooplankton could be initiated.

In theperiod 20032007, the Norwegian Directorate of Fisheries granted permission to conduct
experimental fishing of up to 100 tons@f finmarchicugwet weight) every year. During this
period, between 6 and 98 tons were harvested annually (Fiskeridirekt@ts@). In 2008 a
Tromsg based company Calanus AS received a five year permit to carry out a research based
harvestof up to 1,000 tons of this zooplankton per year. The fishing operation could be
conducted in the areas from the Norwegian baselinemiMlorwegian economic zone and in

the fishing area around Jan May@&mgure 6) The annual catch between 2008 and 2012 varied
between 27 tons and 133 tons, and the fishing took place mainly in the coastal waters.
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Figure 6 Map of tie coastal waters, defining the fjordline, baseline and other lines.

In 2013 a new 5 year permission was issued to Calanus AS. The company was given permission
of harvesting 100 tons of the annual quota in areas between the baselinedjandi lthes.In
2014, the permit to conduct fishing in the coastal waters was extém800tons Table 9 and

figure 7).

Table9 Catch pr year(Rafisklagetegiste)

Year Catch (t) Year Catch (t)
2003 17 2012 133
2004 6,5 2013 110
2005 52,5 2014 280
2006 98 2015 513
2007 70 2016 649
2008 88 2017 760
2009 - 2018 1362
2010 27 2019 352
2011 128 2020 (per 01.10 -
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Figure 7 The locations of harvesting

3.6 New regulation regime

During all these gars of experimental harvesting. finmarchicus the participants had to
collect and report the information on the distributiod aomposition of the catches,-lpatch

of fish eggs, larvae and undersized fish. Based on the scientific research aridrthation
collected from the test fishing, the Directory of fisheries in cooperation with the Marine
research institute, formulated a management pla@.fonmarchusand opened for commercial
fishing in 2019The catch quota was set at ZBD tons foharvesting in Norwegiaaconomic

zone (N@Shorth of 62 ° N, west of 24 ° E and beyond 12 nautical miles (nm) in the Jan Mayen
zone. Limited permissions for harvesting 3000 tons in the coastal wenegranted to ten
participants divided into a category, assigned to corporations with no active fishermen,
according to th@articipant Ac86, and a category 2, assigned to corporations owned by active
fishermen When allocating permissions in the category 1, the Directorate of Fisheries
prioritized the ators who would facilitate furthegprocessing either on land in Norway or on
board the harvesting vesséldditionally, Calanus AS was assigned a permit to harvest 5,000

tons ofC. finmarchicusannually until 2022 in coastal areas.
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3.7Challenges.

3.7.1Public acceptance

However, opening of the commercial harvestingcofinmarchicusn 2019 has been a highly
disputed and criticized decisio@. finmarchicughroughout its whole life cycle is the main
food for fish larvae and fish fry in addition to ddpelagic fish It is also the main food for
Norwegian springspawning herring. (Tiller, 2008Repletion or overfishing in the low trophic
level of the food web may have severe negative effects on the ecosyyeraich of eggs,
larvae and fry of vadus fish species is also mentioned as a significant negative effect of the
CalanusharvestingTrawling over the spawning grounds or larvae drift, will inevitably lead to
a certain degree of bgatch of fish larvae and eggé/hether these arguments areatfically
justified or not, the public acceptance is anywaycial for development use Galanusspas
feed ingedients or functional food for humanghe available data suggest tlt@nsumers
willingness toaccept nevproducts is negatively affectég fearif a product can cause physical
damage or represent a threat to biodivergagivoronskaia, 2008 Public acceptancglay a

significant role in the development of markets forC. finmarchicus

3.7.2Technologicallimitations

Ten permissions foharvesting 3000 tonn of Ginmarchicusin the coastal zone have been
issued since opening of the commercial harvesting in 20b% oneof those have been
activated.A limiting factor that might explainthe slow start of commercial fisheries is the
current harvesting technology. The current technology is limited to harvesting on surface
dwelling stages, which is significantly spread in the surface, making trawling complicated and
time-consuming. Harvesting of. finmarchicuss carried out with a pelagitrawl, and the
harvest methods are based on filtration of water through very #séed nets, with mesh size

of 0.5 mm (0.75 mm og 1.08 mm) (Lars&@@09). The period of catch is limited to a few
summer and early autumn months, when the copepods havedestage CACV, containing

most lipids.

A new technology oharvestingCalanus sy bubbleinduced upwelling, was tested in 2011.
The idea of bubble flotatieanhanced harvesting is boing the target species up to the ocean
surface with the help dir bubbles. Concentrating the copepods at the surface enables a more
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energy efficient methodor harvesting and reduce tlg-catch of other marine organisms
(Grimaldoet al, 2011).This tedinology is still being tested and not yet available for comrakrci
use.

Onboard handling is another challenging fadifinmarchicusand other zooplankton species
contain endogenous enzymes thatise autolysis rapidly after death if they are not inactivated.
Several studies have shown that the enzymes are actineemnoderate freezing temperatures
(-20 to-15° C), leading to enzymatic degradation of lipids and formation of FFA during long
time storage Kolakowska, 19860hman, 1996Bergvik et al, 2019. Rapid freezing and
storage below -70-C or I mmedi ate | ipid extr
suggested to avoid enzymatic hydrolysis of lipidsCalanus sp (Ohman, 1996). Another
alternative to inactivate the autolytic enzymes by heatimgediately after the harvest has been
suggestedBergvik et al, 2012). None of these methods are however applicable on board the
fishing vessels currently employed in the harvest ofinmarchicus A short storage time at
-20- C f r ountl precesing mightreduce levels of FFA. This alternative press the
fishing area clogeto the shore, which is unfarable from the ecological and resource
management point of viewA future plankton fishery will thus require vessels with the ability

to instantlyfreeze or process the plankton to prevent it from deteriorating

3.7.3Nutritional limitations

As earlier mentionedhe lipids ofC. finmarchicusappear mostly as wax esters (WE), unlike
fish oils and krill oil, that main lipid classes are TAG andg@fwlipids respectively. WE are
generally more hydrophobic than TAG and are therefore more difficult to emulsify during the
digestion processBpgevik, 2011). Pelagic fish such as herring, sardines and anchovies are
directly consuming zooplankton and am®kitionarily adapted to digest the WE and to absorb
free fatty alcohols to a large extent (§antet al.,1979,Place, 199p Atlantic salmon (8Imo

salar) is also able to adapt to increased dietary intake of WE@odimmarchicudy increasing

bile production and lipolysis activity (Bogevigt al, 2009). It can tolerate up to a 37,5%
inclusion of WE infeed oil, while higher inclusion results in reduced digestibility and growth
(Olsenet al, 2004, Bogevik2011).
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4. Mesopelagic fish.

Small specis of fish, living in the twighlight zone in the deep waters, are the organisms that

most likely dominatethewbd’ s t ot al fi shes biomass. Despi
remain one of the least investigated components of the@gesan system. lonstitutes a large

potential resource, which has so far been little utiliz&tiere has however been a growing

interest in these species lately, as apparently this biomass can contribute to the I@igderm
Growthinitiative set by the European Union, & .ustainaby/ unlocking the potential of seas

and oceans (FAO, 2020). Althoughluncertain to what extend mesaogpgt species is austable

food for humansthese species stilepresent an interesting feed resource and they might be a

very interestingiew resource for the fishmeal and fish oil industry.

4.1 Mesopelagic zone, mesopeladigh- habitat and biomass.

The mesopelagic zone (twilight zone) is a zone beteween 200 and 1000 meters. It makes up
about 60% of the earth's surface and 20% of teaw's volume, constituting a large part of the

total biospheréIMR, 2017) Mesopelagic fish, small fish, living in the twighlight zopday

an important role in oceanic energy dynamidsey are predators of zooplankton (Gjgsaeter

al, 1980, Choyet al, 2013 and prey for fish (Olaset al, 2005), seabirdetryet al, 2007,

and marine mammalsGpetschet al, 2018,Gimeneset al., 2018, Pusineriet al, 2018).
Mesopelagic fish move upwards to the epipelagic zorfieed ordrifting zooplanktorduring

the night and thereafter migratewn several hundred meters to their daytime depths (Salvanes

at al, 2001, Klevjeret al, 202Q. This migration called"d i e | verti,actslasami gr at
pathway for carbon transpoffish actively transport orgenand inorganic carbon from the
surface waters by metabolizing the surfdegived foodand transform it in deeper ocean layers

via mortality, faeces and respiration of €avisonet al.,2013) This migrationconstitutes

the largest vertebrate migraii in the biosphere due to the substantial biomass of this fish
(Irigoien et al, 2014. Without this pump, the partial pressure of atmospherig @Quld be

twice its current valugFAO, 2020). Most mesopelagic species have developed several
adaptations ta life under low light intensity: sensitive eyes, dark backs, silvery sides, ventral
light organs, and reduced metabolic rates for deeper living fish.

30



Theyare abundant along the continental shelf in the Atlantic, Pacific, and Indian Oceans and
in deep fords, and are less abundant offshore and in Arctic andsaiic watersSome species
are distributed worldwide, and many are circumpolar, especially in the Southern Hemisphere
(Salvane=t al, 2001) The mesopelagic zone is the habitat of approximatigrs hundred

species.

Gjgseeter and Kawaguchi (1980) and Lam and Pauly (2005) suggested that it was approximately
1000 million tonnes of mesopelagic biomass. Recently, the biomass was calculated to 10,000
million tonnes, 10 times more than first estimatétyoien et al, 2014). This number is
equivalent to 100 times the annual catch of traditional fisheries (FAO, 20i8at the same

time suggested, that most of the gear used to obtain the available information might
underestimate the present biomasy] that the numbers are considerably higher (Gjgsdeter

al, 1980, Kaartvedet al, 2012, Irigoieret al, 2014)

A number of studies carried out in the Norwegain sea, have shown that considerable nutrient
dense biomascan be found there (Haegal, 2017, Olsenet al, 2019). The species variety is

low, and the biomass consists of mainly six species: two species of mesopelagic fish, the glacier
lanternfish Benthosema glaciaJeand the silvery lightfishMaurolicus mueller); the decapod
Eusergestes aticus the decapod genu$asiphaea the euphausiid Northern Kkrill
(Meganyctiphanes norvegicand the scyphozoan helmet jellyfigReriphylla periphyllig

(Olsen et al., 201%Viechet al, 202Q. The largest stocks of mesopelagic fish in the Norwegian
Seaare northern spotted fisB¢€nthosema glacialendsalmon herringNlaurolicus mueller)
(Alvheim et al., 202Q Wiechet al, 202Q. The continuation of the presentation of mesopelagic

fish will be focused on trsetwo species.

In the Norwegian Sea arifbrds, the M. muelleriforms acoustically visible scattering layers
(SLs), while the deeper living. glacialeappears acoustically more scattered and less dense
(Standalet al, 2020). Distribution of both species depend on seasonally changing variables
including light, temperature, salinity, food abundance and piscivorous predators (Grghaldo
al., 2020).
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4.2 Biology.

4.2.1 Northern spottet fish (Benthosema glaciale).
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Figure 8 Northern spottet fish (Benthosema glacjale

Northern spotted fish or glacier lantern fish, is the most common species of lanternfish and an
important part of mesopelagic ecosystem in northern North Atlantic (Eaftall, 2010). It

reside at depth between 3860 m during daytime and 4200 m diring night. This species
range between-25.5 cm in length, but can be up to 10,3 cm. The main prey is calanoid
copepods, amphipods and euphasi@ise of the important characteristic of the lanternfishe is

its glowing effect due to the presence of thetpphores systeatically arranged on their body
(Catulet al, 2011)

4.2.2 Salmon herring (Maurolicus muelleri)

Figure 9 Salmon herring (Maurolicus muelleri)

Salmon herring oMueller's pearlsidsilvery lightfish is a bathypgagic marine fish, found in
the depth range 251524 m, but usually between 3@00 m. Common length is 4 cm, can be
up to 8 cm. It is a cyclic selective feeder of copepods and euphasiids.
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4.3 Chemical composition.

Mesopelagic fisliepresents a large st@ing biomassbut is the leastinvestigated biomasses

both in terms of distribution and abundance, as well as the nutrient candenitritional value.

Resent research on mesopelagic species in the Norwegian sea are carried out to study the
chemical conposition. Analysis have shown thaeveral of the mesopelagic species were
nutrientdense, containing high levels of vitamin A1, calcium, selenium, iodine, EPA and DHA
(Olsenet al.,2019,Alvheim et al, 2020, however the level of wax esters and acssration

of a heavy metal cadmium B. glacialemight be achallenge Qlsen et al., 2019iechet al.,

2020.

A number ofstudes on chemical composition d8 glaciale and M muelleri showed that
mesopelagispeciesre richin lipids and proteinAlvheim et al, 2020 Grimaldoet al, 2020.

Most of the nutrients analyzed are similar to or higher than those for heZrihgrengusand
blue whiting M. poutassou)commonly used to produce fishmeal and fish foit the
aquaculture industry (Tablé@)

Table 10 Chemical compositioof protein, total fat and dry matter in two mesopelagic fish

species caught in three fjords in western Norway (mean + SD), herring and blue whiting
(Alvheimet al.,202Q Sathivelet al 2003, Derkab et al, 2017)

Protein g/100g Total fatg/100 g Dry matter%
M. muelleri 12.3+0.4 17.8+8.1 33.318.1
B. galciale 14.0+0.5 13.7+3.7 30.8+3.9
C. harengus 145 8.8 26.1
M. poutassou 16.917.5 2.74.2 22.324.0

4.3.1Proteinand amino acids compositio

Mesopelagic fish is a good protein source and is comparabériag and blue whitingrable
1). The essential amino acid composition of bdh glaciale and M. muellerwere well
balanced and similar tblue whiting B. glacialehas higher level®f certain amino acids
thanM. muelleri particularly valine, leucine, phenylalanine, methionine and lydiable 1).

Compared to requirement fagssential amino acsd loth mesopelagic specibave an amino
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acid pattern that cover the requirementdssential amino acids reported for Atlargamon
(Table 1.

Table11 Amino acid composition (% of dietary protein) and amino acids requirements for
Atlantic salmon (Salmo salanL

M. muellert B. glacialef M. poutassotr Amino acids requirements

for Atlantic salmon(% of
CP)***

Arg 5.10+0.24 5.70+0.29 5.24 4.80

His 1.90+0.11 2.10+0.14 1.75

Iso 3.40+0.20 3.80+0.16 4.17

Leu 6.40+0.37 7.30£0.32 7.32

Lys 7.00+0.44 8.20+0.36 8.38 5.00

Met 2.50+0.06 3.10+0.30 2.77 1.73

Phe 3.70+0.18 4.10+0.18 3.67 2.66

Thr 3.70+0.23 4.00£0.19 3.95 2.60

Try 1.00+0.07 1.00£0.04 0.98

Val 4.20+0.32 5.90+0.29 4.69

*Olsen et al., 2019; *www.sjomatdata.hi.no** NRC (2011)

4.3.2Content of lpid and fatty acids

M. muelleriand B. glaciale has several fat stores in the body, especially around the digestive
tract, the gonads, the liver, by the light organs, under the fish skin and intramusculady (Falk
Peterseret al, 1986). These lipid staseare used for both energy storage and neutral buoyancy
and explain high lipid content in the mesopelagic fish species in the Norwegiaffral&a
Petersemt al, 1986).The lipid content of dry matter vary between 88%for B. glacialeand
40-55% forM. muelleri. The snallersizesfish below 30mm in both species, have lower lipid
contentranging 25-30% of dry masgSkarpeid, 20190Isenet al, 2019 Wiechet al.,2020,
Nordhageret al.,2020.

A significant difference betweddl. muelleriandB. dacialeis that the depot lipid is stored as
triacylglycerols in the formeandas wax esters in the latter (Nordhagéal, 202Q. Only trace
amounts of wax esters is observed/inmuelleri(Falk-Peterseret al., 1986, Skarpeid, 2019
Wiechet al,2020). The conent of wax lipids iB. glacialehas beengported to be 82990%
of the total lipid contenf{Wiechet. al, 202Q Nordhageret al, 2020. Wax esters are more
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hydrophobic tharthree acyl glycerol{AG) and poorly digested in most mammals, inahgd
humansConsequently, high intake may cause digestive disturbances such as stomach cramps,
steatorrhea (absorption problems) a&madiorrhoea (oily diarrhoeaMesopelagic fishs not
harvested and used foumansconsumption (Catutt al.,2001;IMR, 2017). Unlike humans,
salmonids canligest andabsorb wax esters, although the digestiomwax estersare slower

than TAG. Howevera medium amount of wax esters (30% of the lipid) in the feeds are proved

to be well utilized by the Atlantic salmorS@lmosdar) (Olsenet al.,2014)

High amounts of monounsaturated fatty acids were founill.iimuelleriandB. glaciale,
mainly 18:1R9, 20:1 R9, 20:1r11 (gadoleic acid) and 22:1n(cetoleic acid), followed by
SFA andthe lowest proportion of PUFf&alk-Peersenet al, 1986,Skarpeid, 2018Alvheim

et al, 2020Q. It is assumed that cetoleic acid, which is especially higB. iglacialespecies,
stimulates the capacity of Atlantic salmon cells to produce EPA and DHAipgdvethe
retention of EPA and DHARuyteret al, 2016) Although the amount of PUFA is relatively
low, the levels of 2015%3 (EPA)and 22:6-3 (DHA) in the lipids carstill be compared to those
in surface pelagic fishes, like mackemrdine (Babyet al, 2014,Koizumi et al, 2014)and
blue whiting (Table 1R The levels of EPA and DHA contents foundNh muelleriandB.
glaciale, on average,.03 and 10 g 100gtlipid, and 222 and 224 g 100y lipid, respectively.
In generalB. glacialehad higher levels of EPA and DHA when compareditanuelleri
although they were also characterised by having a much higher variation in3dt@&-RUFA
content, regardlesof fish size (Olsest al.,2019)

Table12 Absolute and relative values of selected fatty acids in 2 mesopelagic fish from three

fiords in western Norway, and for comparison Blue whitiMicfomesistius poutasspu
(mean = SD) (Aheimet al, 2020

B. glaciale M. muelleri M. poutassou
g/100 gt ww 9/100 g ww g/100 g* ww*

Sum SFA 0.90+0.21 3.78+2.04 0.74

18:1n9 1.35+0.43 1.35+0.79 0.44

20:1n9 0.53+0.17 1.52+0.89 0.21

Sum MUFA | 4.03+1.14 7.82+4.41 1.25

Sum nr6 0.21+0.05 0.31+0.15 0.10

20:5n3 0.41+0.10 0.61+0.% 0.23

22:6n3 0.68+0.13 1.11+0.57 0.53

Sum nr3 1.54+0.35 2.44+1.31 0.92

Sum PUFA | 1.85+0.41 2.89+1.52 -

* www.Sjomatdata.hi.no
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Compared to commercially available fish oils, the mesopelagic species conitégmeal
amounts of DHA compared to EPRHA is assumed to be critical as a structural component
to PL, while EPA has been recognized to be an essential bioactive FA{Bbu2017). It is
demonstrated that while DHA alone can maintain a healthy fish,iEBAliet cause a range of
physiological and biochemical benefits beyond those achieved by inclusion of DHA alone
(Glencrosset al, 2017. Thedifference of DHA level compared to EPA in the mesopelagic

fish is however unsignificant, the ratio is suggédsio bed.05 (Alvheimet al, 2020.

4 .3.3Vitamins, mineralsand undesirable substances

Gopakumaet al (1983) reported that lanternfishes are a good source of potassium, sodium and
calcium. Most of the values observed by Olsen are in the same ratiggsaseported for
herring, capelin and anchovy meals, with exception for phosphorus which was lower than
regular fish mea{Olsenet al, 2019) BothspeciesB. glacialeandM. muelleriare also proved

to contain high levels of vitamin Al (retinol) (Ofset al, 2019).Concentrations of heavy
metals and organic pollutants are generally lo®.iglacialeandM. muelleriin the Norwegan

sea andreshown to be far below the maximum levels giveithe feed regulation (Wiech M

et al, 2020

4.4 Harvestirg and regulations.

In the last 50 years, a number of attempts to commercialize mesopelagic fisheries for the
production of fishmeal have been carried out (IMR, 2017). However, establishing economic
fishing has been unsuccessful for a long time, mainlytalleck of research and investment in
technology development (IMR, 2017). Following a new global estimate of this resource
(Irigoienet al 2014) and an increasing need for marine raw material for fish feed, a new attempt

to develop a fishery for mesopgla speciesvas intiated in Norway in 2015. The Institute of

Mari ne Research | aunched the "Mesopelagic 1In
been invested in research and experimental fisilegearch on mesopelagic ecosystems has

also beerfncludedintheEAMNansen Programme’s Science Pl an
which aim is tounderstand the biology, diversity, and ecological role of mesopelagic fish and
jellyfish (FAO).
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Globally, only a few attempts have been made to develop carraheresopelagic fisheries in

the Gulf of Oman and ithe southern parts of Iceland. Otherwisis till in the experimental
stage.Over5000 tonnes of lighspotted fish (ampanyctodes hectojisvere landed during an
experimental harvesting South Afica in 2018 (Bjegrdiaet al,2020). An experimental cruise

in Norway during two threenveeks periods in summer 2019 gave significant results (around
1500 tonnes, salmon herring and krill) which was delivered for fish meal and oil production.
The catch size as relatively small, but considering that this is a fishery under development and
a very short harvesting period, the catch result must badksazed as promising (Bjgridet

al., 2020).

The Directorate of Fisheriggmasissueda number of experimentgermissiondor fishing of
mesolagic species in Norwayirectorate of Fisheries, 2018)wo longterm permits have

been issued to two fishing companies for the period-20P2.The permits apply in Norway's
economic zone north of 62 ° N outside 12 r@ltmiles from the baselines at bottom depths of
1000 meters or deeper and in international waters in the Irminger Selition,four shipping
companies were granted permissions for harvesting south of 62N in the North Sea and four one

year permissionfor harvesting north of 62 2019

While most commercial fish stocks in the north Atlantic are regulated with total allowable catch
(TAC) and individual vessel quotas, neither TAC's nor rules for bycatch are yet implemented

for harvesting mesopeladiish in Norway.

4.5 Challenges.

4.5.1 Ecological challenges

Mesopelagic community is a key resource for higher trophic levels, being a prey for key
fisheries stocks and marine mammals as well as it plays an essential role in carbon export and
thus climate regulation (Hudsoet al, 2014, St Johet al, 2016).Overexploitation of this
communitycan potentiallyresult intradeoffs related to climate regulation and conservation

of biodiversity.lt is therefore crucial to ensure good knowledge of tloglieersity in the
mesopelagic community and the role that the various species play in the marine ecosystems,

beforea largescale commercial harvesting cstaurt.
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4.5.2Technological limitations.

Mesopelagic fish have at times proved difficult to casihthe capture technology must be
developed to harvest such organisms efficiently (Bjeetlal, 202Q. The experimental cruise,
carried out in the Norwegian waters in 2019, showed that the vessels without sorting grind in
their trawl, had the best chit size (Bjgrdaét al.,2020. Absence of a sorting grind results in
significant amounts of quote&gulated species as-bgtch. Consequently, mesopelagic fishery
may contribute to higher fishing mortality for quetgulated species, such as herring,

maderel, blue whiting and seith.

Mesopelagic zone is inhabited by diverse taxa such as myctophid and stomiiform fish, pelagic
small shrimps, squids and various groups of gelatinous zoopla(®&imsia Seoaneet al,

2020). Harvesting of intended species dahfficult with the existing technology. Future
harvesting of mesopelagic fish will be a mixed species requiring knowledge of both the
community composition and the chemical composition. It is further suggested to develop a
combined reatime optical antbr multifrequency acoustic system that will help to improve
species identification or/and a selective trawl that target only fish &abesunwanted species
(Standakt al, 2020)

The profitability of a future mesopelagic fishery depends on the typsiaadf the pelagic
trawler, the distance to the fishing areas, the price of fish and the type of strategynéull
mesopelagic fishery of combined fishery with other commercial pelagic species) (®taaidal
2020). It is yet unclear whether todaglsepsea pelagic vessels are suitaldelarge enough

to develop a sufficient largecale mesopelagic fishery. Anyway, taking into consideration the
current technology and its operating costs, a future commercial mesopelagic fishery is only
possible if te demand and, hence, the price for mesopelagic catches increase (Btellezo
2019)

4.5.3 Nutritional limitations.

Mesopelagic fish are small fatty fish with thin skimd is readily spoiling after harvestiftduss

et al 1995). They are fragile ardisintegrate quickly. The fish skin dissolves when the fish is
hauled on boardand the physical damage result in easy access for enzymes and spoilage
bacteria Enzymatic and bacteriological changesecrapid quality detioration.Moreover, the

large amount of polyunsaturated fatty acid in fish lipids makes them highly susceptible to
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oxidation,resulting in the development of étbvors, and loss of nutritional quality. Harvesting

technology, handling and storage on board shadddess these challenge

High levels of wax esters B glacial, high levels of cadmium, arsenic and fluoride in krill and
shrimp, that are predominating species in the mixed mesopelagic layers, as well as high levels

of chitin, may limit the use of the mesopelagic speciesfagd ingredient.
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5. Discussion.

The Nor wegi anamigtiorvie that Noeway 'by050 will become the world s
leading seafood nation, producirfy million tons of sstainable aquaculture products
(Parliament epport no. 22 (20122013)). This isalmost four times thamount of the current
seafoodproduction.Two main challenges thateed to be resolved to reach such ambitious
goal are salmon lice and demand for feed (PwC seafood barometer2@it&sed production
will demand more high qu#yi aqua feeds. The world's fish resources are already fully
exploited or overexploited, gbe probability of increasing the supply of fish meal and fish oil
from reduction fisheries minimal. In order to relieve the pressure on wild fish resources, mos
of the fish meal and oil in the aquafeeds have being substituted by plant ingre@li@nis.
based ingredients as alternatives for marine ingredients have some limitations, such as
unbalanced amino acid profile (Berggeal.,1998, Breclet al.,2005),poor digestibility (Green

et al, 2013, Hartviksen2014 Boomanet al, 2019 , lack of r3 long chain polyunsaturated
fatty acids (Belkt al, 2002, Berget al, 2009 Menoyoet al, 201Q Bouet al.,2017), presence

of antinutritional factors (Krogdal et al.,2010), and high fiber conterAinesenret al, 1995
Hemre et al, 1996, Polakofet al, 2012, Kamalamet al, 2017). Moreover, significant
environmental and soceconomic effect®f increased use of plabfased ingredients have
emerged (Boissgt al, 2011, Pahlovet al.,2015). Demand for novelternative sources of key
ingredients for aquafeedsusgent.

Fish meal and fish oil of good quality are ingredients with superb nutritgpredity for fish

The protein in fish meal is highly digésie and contains all essential amino acids in a favorable
composition. Fish oil 1s particularly rich
LC-PUFA), especially EPA and DHA. Alternative ingredients with similar nutrient
composition as inish meal and oil are therefore preferable. The long ch&iffiatty acids are
mainly obtained from marine environment, and it may therefore be logical to accentuate the
search for alternatives sources there.

The novel marine ingredients addressed in ttinésis, have favorableutritional profile and
generally all the nutrients to satisfy the nutritional requirements of Atlantic safFistnmeal
produced from byproducts have similar nutritional profile to fish meal produced from
reductionfisheries. However, high ash content in {products is not necessarily positive
because it reduces the energy density of theffaedrmed fish C. finmarchicushave a high

protein content (4462% DM) and a welbalanced amino acid profil&esopelagic fish species
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have lower protein content (351% DM), but it is still comparable to the protein content of
herring and blue whiting (Alvheirat al, 2020. The composition of essential amino acid in the
mesopelagic fish angell balancedOlsenet al, 2014) and the coemt can very well cover the
requirement of Atlantic salmon One limitation for use of esopelagic fish speciesay be

that they alsocontain several contaminants and substances that potentially can cause negative
health effect, like heavy metals andanic pollutant¢Olsenet al.,2019 Wielchet al, 2020.
Although the levels are below the allowed limjtg is anyway a concern thgive negative

perception by the customers

The lipid content of fisheries Byroducts,C. finmarchicusand mesopetc fish species is
superior to planbased ingredients and comparable to fish oil from reduction fisheries. Between
54 and69%of lipids in cod saithe and haddoake stored in liver, so if liver is sorted out, the
rest of byproducts from white fish flserieswill generatea product with low amounts &pids
(Falchet al, 2006a).The amount of liver available from the Norwegain fisheries is however
limited. Calculating that liver makes&% ofround weight in cod, haddock and saithe (Falch

et al, 20@Bb), no more than 40 thousand tons liver, or 25 thousand tons lipid were available
from the Norwegin white fish fisheries in 201RImost 90% of ipids storedin the liverare
triacylglycerols which is similar to fish oil produced from whole fish. Tifeet makes liver

more suitable in aguafeeds th&h finmarchicusaandB. glaciale AlthoughC. finmarchicugs
proved to be an excellent source of lipid)%lipids of its totaldry weight), most of the lipids
reserves (8®0%) are stored in form of wagsters (Kattneret al 1987 Smith, 1990,
Joénasdottir, 199%cottet al, 2000,Leeet al, 2006) The content of warstersn B. glacialeis
reported to be 82990% of the total lipid contenfWiechet. al, 202Q Nordhageret al., 2020.

Wax esters are poly digested in mammals and humans, and cause digestive disturbances such
as stomach cramps, steatorrhea (absorption problemkg¢aodhoea (oily diarrhoea). Atlantic
salmon is proved to be able to digest and absorb wax esters, there is howeverran uppe
recommended level of 30% of the dietary lipids in feed for Atlantic salmon, that the fish is able
to utilize without negate consequences (Olset al, 2004, Bogevik, 2001 All the three
studied ingredient contain EPA and DHA, comparable to fismaileaie thus superior to plant
based ingredients. Thgiality that make€. finmarchicusa particularlyinterestingresource in
salmon feed is high content of caratehpigment, that makes Calamisan excellent natural

alternative to synthetic astaxaimth
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Based on protein and lipid content, amino acid pattern and fatty acid compadittbe,three
studied ingredientseem to have a good potential as a feed ingrediéete are however a
number of challenges, associated with each of tiAdtimoughthe Norwegian government has
recently issued licenses for commercial harvestin@.ofinmarchicus the participation has
beenlimited. According to the data from the Directory of Fisheries, 350 @nsnmarchicus

were landedn 2019 and none so far i20 (per 01.10.20Complexharvestingtechnology

and limited production capacity are mentioned assignificant limiting factor.New
technological solutions for harvesti®y finmarchicus are being actively tested (GRetter
Pedersen, Calanus Afers.com). Commercial technologies for efficient harvesting is still not
available. Specific solution for targeted harvesting of mesopelagic fish has been proposed, but
not yet implemented (Grimaldet al, 2020). Increased utilizatiorof byproducts has been
prioritized by Norwegian government from a resource utilization perspective, and most of the
available byproducts are alegly being exploited (SINTEF, 20RO hereis still a potential to
increase the utilization, especialisom the whitefish sectorOn board vessels, space is a
limitation and often the bproducts is thrown overboard. Although larger vessels seem to have
better premise for storage and processing gfroglucts, the ocean going vessels produce least
by-prodwcts in Norway (SINTEF, 2020 Fishermen should be either encouraged to collect and
make use of byroducts with some economic benefits, or obligated to do s@dpyldory

requirements.

According tothe remrt from SINTEF, 1371322 tones feed were used in Atlantic salmon
aquacultue in Norway in 2017. The feed contains many different ingredi€mgsie 9, the
major parts are crepased proteins (40%), where soy protein is the main ingredient (29.55%),

and cropbased oil (20%), which is a 100% rapeseed oil.
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Feed composition

S

Micro ingredients (3%) Crop-based oil (20%)
Crop-based protein (40%) Crop-based starch (10%)
m Fish meal/ reduction fishery (12%)Fish meal/ by-products (5%)
m Fish oil/ by-products (4%) m Fish oil/reduction fishery (8%)
m Alagae oil (0.02%) L]

Figure 10 Feed igredients used for fish fe@d 2017 (data from three major feed producers)
(SINTEF, 2019)

The mesopelagic biomass is estimated to b@d00milliontons in the world ocean (Irigoiest

al., 2014). There is no specific number for bass in the Norwegian sea, it is however assumed
to be considerableRoughly 2,1 million tons of mesopelagic fish (with an average protein
content of 13%)s neededo fully replace the use of soy protein in salmon feeNorwegian
aquaculture in 201 Additional 1,2 million tons of mesopelagic fistte needetb replace fish
meal. The enormous biomass of mes@uit fish makeghis resource good alternatie in

aqudeeds

The biomass ofC. finmarchicusn the Nordic seas (Norwegian, Icelandic and Greenlaas) se

is estimated to 780 million tones (Melleet al, 2014). A Norwegian quota for commercial
fisheries is 259000 tons annuallyBased on the size of quota and the fact @hdinmarchicus
consist ofL0-11%protein and 8% lipids, a commercial harvesg can theoretically contribute
with 25000 tons proteins and over @Q0 tons lipids. The commercial feeds for farmed Atlantic
salmon, consisted of 300 tons of ciiogsed protein, 164 000 tons of fish meal from reduction
fisheries. Almost 275 thousand ®af cropbased rapeseed oil and 104 @des fish oil from
reduction fisheriesapresented the lipid contetiitis highly unlikely that protein and oil from

C. finmarchicuswill make a big contribution as feed ingredient in salmon taking into account

the low quotathe current harvesting technology and cost of obtaining oil foaplankton.
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The unique nutritional composition &. finmarchicusmakes it however a valuable niche
product, for example, as ingredient in starter feed, an astaxamhipraein meal and oil
component or feeding attractan{Calanus AS).

According to SINTEF (2020almost 100% of byroducts for pelagic fisheries and %ilfrom
gadiform fisheries are already being utilized, so there is a relatively small amount of unutilized
volume left. Aroun®,5million ton fish was dischged by Norwegian vessels in 208 those

over 700 thousand tons of gadiform species (SSB, 2020). The white fish fisheries generated
around 32M00 tones byproducts, while 18000 tons of those were litied (SINTEF, 2020.
Approximately 57% of byproducts were usad aquaculture feed for salmon and other marine
speciedn 2018. If there were 100% utilization ofpyoductsfrom white fish fisheriesthis

would have generated 75 thousand tons extrathgnts for aqua feeds. Assuming 65% protein
content in byproducts from gadifom species, 49 thousand tons of protein can potentially be
used in salmon feed. This constitutes 17% ofrtipgorted soy protei@281000 tonsand 30%

of the fish meal prein from reduction fisheries (approximately 1@3D tonsusel in salmon

feed in Norway in 2017SINTEF, 2@9). Based on available volumes of-pyoducts form the
Norwegian fisheriesespeciallyin case ofproducts from thevhitefish fisheries, it is hardg
realistic to consider bproducts as a potential replacement to fish meal and fish oil and plant
based ingredients in Norwegian aquafe@dsnaximum utilization of all byproductsshould
however beargued for, in order taontribute to ecologicalljand e€onomicallysustainable

developmenandincrease activity in the coastal districts

The production cost for one kilo Atlantic salmon has been constantly increasing since 2012.
The main share of the production cost increase was feed Pastsdeafood baroater 2017)

The Covid19 pandemic hafurtheraggravated the problem of expensive imported aquafeed.
Economic viability is an important sustainability element and should be systematically taken
into accountNorwegian ingredients may not be competitiveriported sources, if the price is
significantly higher, unless the use of alternative ingredients have economic or regulatory
incentives,that encourage substiton away from fishmeal and fisbil and plarntbased

ingredients.

In order to produce 5 mibin tons of aquaculture products in the future, which is 4 times more
than today, the Norwegian producers will have to increase the amount oaéeeddingly or
optimize the feed formulations to achieve the most efficient feed conversion ratios (FCRS).

Either way, the growth should be sustainal##.Norwegian fisheries are a subject of well
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planned management. Regulation and control regime reduces the risk for overexploitation of
wild fish stocks.Utilizing all parts of the fish, also bgroducts, is @rranted both from an
ethical and ecological point of viewPerceived mvironmental sustainability of the fishing
industry, economic and social benefits from creating processing jobs, will ultimately contribute
to the longterm sustainabilityand publicaccept for production of aquafeealsd aquaculture

in general Utilization of C. finmarchicuss far more ontroversial by society, than fish by
products.Although stock assessment wenell documentedgrior to issuing the commercial
concessionsharvestig of C. finmarcicusvas disputedDespite sustainable managemédniv
harvesting and production volumes, the puldpnion is negative to the harvesting ©f
finmarchicus Negative perception of harvesting organisms low in the trophic food web in
generd, as well asharvesting methods and areas intipatar, may eventually restridhe
possibility for utilization ofC. finmarchicusas ingredient for aquafeedsliesopelagic fish
remain one of the least investigated biomasses in terms of distributiordaaicen fishing
methods and product developmebnsustainable utilization can hawegative effecisby

reducing biodiversity andby c ompr omi si ng t he oceans rol e
Comprehensivénvestigatims aredecisivefor establising an extensig knowledge Public
attitude towards potential harvesting of these resources is difficult to prédectotion of
acceptability is complex andepends on among otheultural and social factordUCN).
Importance otommunication, to make the knowledd®at novel ingredientshorecoherent

and acceptable, should not be underestimated.

Understanding the environmental impact of aquafeeds is important for assessing and improving
the environmental performance of aquaculture (Paratryphah, 2004). Toolssuch ad.ife

Cycle Assessment (LCAdre used to studgnvironmental impacts of feed ingredienttfe

cycle assessment is a methodological framework to estimate the environmental impacts
attributed to the life cycle of a product (ISO, 2008)number of gidies are carried out on
different ingredients, using the LC/A&muel Fitwi et al, 2013,Silva et al, 2018,Maiolo et

al., 2020).Sustainability is usually evaluated in three dimentiensnpomic, environmental and

social, and all of them are eventyakssential for sustainable productiddourcing new
ingredients fomquafeed require thorough assessment of many dimensions including nutritional
quality as well as sustainabilityThe Norwegian seafood federation, Norways largest
assosiation for seafoadn dust r vy, has iIin +ta bliseoaoahdndgead:
commitedto sustainable production and consumption for Norwegain seafood induisssly

l inked to the UN’s s uThe federatiantsigbests tlacenerdnmentaie n t
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impact can be reduced by replacing phaassed ingredients in aquafeeds withinly marine
ingredients by 2030. The main requirements for future development, isalthatarine

resources i ncl udi n gust'be mandgedsuswminaflResearch and develogimt,

financed and carried out by both the community and the industry itself, will be amtamip
prerequisite for success (Sjgmat Norge, 2017).nnovat i on shoul d be mea
years,” said Ocean Harvest T ¢he Global lowlaply fors CE O
aquaculture leadership conference panel in October 202herefore even more important

not to haste with implementing novel resources until the knowledge is profound.
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